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Abstract

Flipped classroom has been found to positively influence student achievement but
the magnitude of the effect varies greatly according to discipline and local design, and
few studies have been methodologically rigorous enough to establish causal evidence.
Using a randomized controlled trial, this study addresses a gap in current knowledge
by exploring how student responses mediate the impact of flipped classroom on
academic achievement. The empirical setting is a first-year undergraduate macroeco-
nomics course with 415 students. Comparing students in the treatment group with
those in a traditional class, we find a positive, yet statistically insignificant effect on
academic achievement. However, this overall effect masks important mediating effects,
as students were unexpectedly reluctant to actively participate in the flipped class-
room intervention. Consequently, the intervention has a substantially greater effect on
academic achievement when controlling for the mediating effect of student participa-
tion which leads to consideration of the challenges of student resistance to flipped
classroom.

Keywords: Flipped classroom, Randomized controlled trial, Student participation,
Student resistance, Academic achievement

Introduction

Higher education curricula are increasingly being taught and learned fully or partially
online and blends of online and face-to-face learning have been promoted as combining
the best of both worlds to deliver higher quality education and keeping students engaged
(Graham et al., 2014; Vaughan & Cloutier, 2017). During the pandemic, most institutions
adopted online and blended learning but due to the speed of the transformation, deci-
sions on new formats were made without much time for considering the best fit of peda-
gogy and student learning. This accelerated and widespread use of online and blended
learning calls for more rigorous knowledge on the impact of these formats on student
learning including the flipped classroom (FC), a setup where technology is used to shift
content out of class, thus reserving in-class time for active learning approaches (Berg-
mann & Sams, 2014; Bishop & Verleger, 2013; Fisher et al., 2018; Lundin et al., 2018).
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The growing body of research on the effects of the FC counts several reviews and
meta-analyses (Akcayir & Akcayir, 2018; Cheng et al., 2019; Lundin et al., 2018; Strelan
et al,, 2020; van Alten et al., 2019) measuring both direct indicators of learning, such
as academic achievement, and indirect measures such as satisfaction, motivation, and
student engagement. Generally speaking, the FC format appears to positively impact
academic achievement (Strelan et al., 2020), but the degree of the effect varies greatly
according to discipline and local design, and few studies have been methodologically rig-
orous enough to establish causal evidence as many studies have been based on small
sample sizes and self-reported data (Forster et al.,, 2022; O’Flaherty & Phillips, 2015).
Moreover, most studies solely focus on the overall effect between FC and academic
achievement and only fewer studies explore the relation between the two in more detail
(for examples of studies that do, see Buhl-Wiggers et. al. (2023) on teacher heterogeneity
and Sun et. al. (2018) on heterogeneity of self-regulated learning).

Even though student responses to a changed learning environment is a key issue in
understanding the effectiveness of FC, less is known about how such responses mediate
the relationship between FC and academic achievement. FC is found to increase stu-
dent engagement (Elmaadaway, 2018; Fang et al., 2022; Merlin-Knoblich et al., 2019),
motivation (Awidi & Paynter, 2019), and satisfaction with learning (Martinez-Jiménez
& Ruiz-Jiménez, 2020). Moreover, findings show that FC increases interaction and feed-
back (Hussain et al., 2020), provides a more flexible learning experience (Price & Walker,
2021), and increases student participation (Aguilar et al., 2021; Foldnes, 2017). However,
others find challenges of student resistance which we here define as any possible negative
responses to the new teaching method (Tharayil et al., 2018). Student resistance to FC
may be caused by requirements for more self-regulated learning (Jovanovic et al., 2019;
Sun et al., 2018) or from higher workload demands on students (Burke & Fedorek, 2017;
Khanova et al., 2015). Other studies point to students’ anxiety towards FC (Porcaro et al.,
2016), preferences for teacher-led instruction (Hussain et al., 2020; Tomas et al., 2019)
or difficulties abandoning old learning habits (Chen et al., 2014). Despite this body of lit-
erature, to our knowledge, no study has hitherto been conducted on the mediating effect
of student responses to FC on academic achievement. We address this gap by providing
a more rigorous understanding of the effects of FC on academic achievement as well as
how students’ willingness to participate mediates the effect. Our research questions are:

1. What is the causal effect of FC on students’ academic achievement in a first-year eco-
nomics class?

2. How does student participation mediate the relationship between FC and academic
achievement?

The empirical context is a first-year macroeconomics course at a large Danish busi-
ness school. The course was redesigned based on the FC format to induce more active
learning and group work. This study has two main contributions to the literature on FC.
First, we conduct a randomized controlled trial (RCT) to study the effect of an interven-
tion inspired by FC on academic achievement. Second, we contribute to the growing
literature on the importance of student responses to FC, focusing particularly on student
resistance to FC. As a result, we gain deeper knowledge about possible reasons for the
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variation in effect sizes of academic achievement in FC, and we discuss possible chal-
lenges and how to address these.

Academic achievement and student responses in flipped classroom
The effect of flipped classroom on academic achievement
Studies investigating the effects of shifting to the FC format in higher education gener-
ally find positive effects on academic achievement, and a recent meta-analysis finds an
effect size of 0.48 SDs for higher education (Strelan et al., 2020). Although positive, this
overall effect size varies significantly by discipline (0.30 SD in IT to 0.98 SD in humani-
ties). In business education, which is the focus of this study, the average effect size is
0.38 SDs, yet this is based on only few studies, highlighting a need for more evidence in
specific disciplines including business and economics as well as social science in general.
Of the fourteen studies we identified in business and economics education, seven
showed positive results (Albert & Beatty, 2014; Calimeris & Sauer, 2015; Chen &
Hwang, 2019; Foldnes, 2016; Lento, 2016; Yamarik, 2007; Zhonggen & Guifang, 2016),
six showed no difference from a traditional format (Bergfjord & Heggernes, 2016;
Findlay-Thompson & Mombourquette, 2014; Haughton & Kelly, 2015; Lopes & Soares,
2018; Setren et al., 2021; Wozny et al., 2018) on average, and two showed that the effect
depends on students’ prior academic achievement (Asarta & Schmidt, 2017; Wozny
et al., 2018). Four studies use random assignment, but with similarly mixed results.
Foldnes (2016) finds that students in a team-based FC perform 8.9 percentage points
better on the final exam than students in the traditional lecture classroom, and Calim-
eris and Sauer (2015) show that FCs increase students’ average final exam performance
by 0.64 standard deviations. Others find no statistically significant effect on final exam
results (Setren et al., 2021; Wozny et al., 2018) on average although Wozny et. al. (2018)
find that high-achieving students show a positive effect of 0.16 standard deviations.
Accordingly, even in studies with rigorous experimental designs, the effect of FC has yet
to be established in the context of business and economics education, and the estimated
magnitude of the effect varies from modest to large.

Student responses to flipped classroom

The above variation in effect sizes might stem from differences in the underly-
ing responses of students to the FC format. Positive effects include increased student
engagement compared to traditional classroom approaches (Elmaadaway, 2018; Fang
et al., 2022; Merlin-Knoblich et al., 2019), increased motivation for learning (Awidi &
Paynter, 2019) and interest in the subject matter supported by various learning resources
and activities (Fang et al., 2022). Accordingly satisfaction is reported to increase (Mar-
tinez-Jiménez & Ruiz-Jiménez, 2020). Positive effects are also reported regarding the
opportunity for flexible learning including the use of videos for out-of-class learning
(Price & Walker, 2021) as students can watch the content repeatedly at their own con-
venience and later discuss it during in-class time (Cabi, 2018). Regarding time in-class,
studies of FC often emphasize active participation of students in in-class activities (Agu-
ilar et al., 2021; Foldnes, 2017) as well as the opportunity for asking questions to instruc-
tors or peers in-class (Albert & Beatty, 2014; Fang et al., 2022; Hussain et al., 2020) and
acquiring feedback and clarification (Cagande & Jugar, 2018; Chen & Hwang, 2019).
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While there are many and varied reasons for student resistance to learning in higher
education (Winkler & Rybnikova, 2019), various challenges are also mentioned in rela-
tion to FC—for more extensive reviews, see Akcayir and Akcayir (2018), Lundin et. al.
(2018), Senali et. al. (2022). These include increased work load (Khanova et al., 2015),
anxiety towards the new method (Porcaro et al., 2016) and difficulties abandoning old
learning habits (Chen et al., 2014). Moreover, resistance to FC learning is often attrib-
uted to the need for self-regulated learning (Sun et al, 2018) and thus particularly
pronounced at the first year of the undergraduate level where students are struggling
with academic socialization and require more scaffolding (Hussain et al., 2020; Tomas
et al,, 2019). Also, student expectations of a specific, more teacher-led format has been
found to increase resistance to the more active and collaborative FC format (Hao, 2016).
Such challenges are found to spur adverse learning behaviors including procrastina-
tion (Forster et al., 2022) and lack of attendance (White et al., 2015), which are forms of
resistance to participate in learning activities. Students’ acceptance of FC therefore dif-
fers according to characteristics as well as competences (Nouri, 2016).

The same mixed responses to FC can also be found among business and economics
students. Several empirical studies find that they prefer more interaction in the class-
room and therefore see FC as more conducive to learning than a traditional lecture
format (Butt, 2014; Phillips & Trainor, 2014; Prashar, 2015; Scafuto et al., 2017; Steen-
Utheim & Foldnes, 2018). However, other studies find that students respond negatively
to FC, even though it leads to better academic performance (Ferreri & O’Connor, 2013;
Strayer, 2012). Moreover, Findlay-Thompson and Mombourquette (2014) report mixed
results with some students appreciating the convenience of pre-recorded lectures and
opportunity for questions and feedback but others express dissatisfaction with lectures
not taking place in the classroom and find FC to impose heavier workload. Accordingly,
understanding student responses to FC both in- and out-of-class is crucial when trying
to understand the effectiveness of shifting to FC formats.

Methods

Setting

The setting is a standard first-year, second-semester macroeconomics course in a Dan-
ish business school’s largest undergraduate program with approximately 600 enroll-
ments each year. The exam is an end-of-term 4-h, closed-book exam counting 100%
of the grade. The macroeconomics course consists of a series of large class lectures as
well as weekly tutorial classes with approximately 40 students in each. There is no puni-
tive attendance policy in neither lectures nor tutorial classes. The empirical focus of
this study is the tutorial classes of this course as these are intended to be interactive,
promoting active learning by allowing students to ask questions and teachers to clarify
common misunderstandings. However, as students often come to class un(der)prepared,
instructors feel compelled to present the curriculum, turning the classes into ‘mini-lec-
tures’ with limited interaction. Hence, the intervention was motivated by the FC idea of
increasing in-class activity in the tutorial classes by shifting direct instruction online and
out-of-class while using in-class time for problem-solving in groups. Students had not
been introduced to the FC format in previous classes during their first semester.
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Intervention design

In learning economics, a critical task is to master the necessary mathematical skills that
requires procedural knowledge, defined as the ability to consciously choose and execute
step-by-step procedures in order to solve problems, acquired through intensive practice
(Rittle-Johnson & Schneider, 2014). Accordingly, the pedagogical design included sev-
eral learning components for activating student learning before, during, and after class.
As illustrated in Fig. 1, the treatment group engaged in collaborative groupwork on a
weekly assigned problem-set (referred to as the main problem-set) facilitated by instruc-
tors. To support preparation for groupwork, students in the treatment group had access
to an online homework platform, MyEconLab that provided extra problem-solving exer-
cises (referred to as the supplementary problem-set). Finally, to ensure clarification of
misconceptions, the treatment group had access to videos with guiding solutions to the
main problem-set.

The control group engaged in solving the main problem-set independently before
class, and an instructor showed the solutions in-class. To ensure that access to more
exercises did not drive the treatment effect, the control group received the same sup-
plementary problem-set in a PDF file but had no immediate feedback or online guidance
from MyEconLab.

Procedure
The effectiveness of this intervention was evaluated through an RCT where seven of the
fourteen classes were shifted to the new format, and the other seven were conducted
traditionally, serving as control group. The RCT was introduced to students through
e-mails and in-class before semester start. Students were informed of their rights to deny
consent to use of data. The institutional Ethics Council approved the research project
(approval number 22-020).

First, all students were randomly divided into a FC treatment condition and a control
group, stratifying each by gender, age, and high-school location. Next, each group was

Treatment Control
Supplementary problem set .
Before class (MyEconLab) Main problem set
Tutorial
classes In class Group work on main problem Instructor walk-through of
set. Instructor acts as facilitator main problem set
After class Explanatory videos of main Supplementary problem set
problem set (pdf)
Exam Sit-in 4 hours written exam Sit-in 4 hours written exam

Fig. 1 Pedagogical design
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randomly divided into seven classes, with fourteen classes in total. To avoid bias, each
instructor was randomly assigned both a treatment and a control class and we sched-
uled all classes for the same day with classes switching timeslots halfway through the
course. A research assistant monitored the classroom entrance to ensure that only stu-
dents assigned to the treatment classes gained access and online access was restricted to

the treatment group.

Data collection, measures, and descriptive statistics

Student background and first semester data come from the administrative database of
the business school. The remaining data consist of a combination of quantitative data
from the RCT on in-class and online participation and qualitative data about student
responses to FC from a student survey and semi-structured interviews. Figure 2 illus-

trates the data collection process.

Dependent variable

We focused on academic achievement measured by the grade received at the ordinary
exam (a 4-h, written, closed-book exam) on a 7-point scale (national standard), this
being the learning outcome of interest for the main quantitative analysis. For compa-
rability of results, we standardized each test score by subtracting the overall mean and
dividing by the standard deviation for the control group.

Pre-treatment control variables

To improve estimate precision, we included standard covariates such as age, gender,
high-school GPA, high-school location, and previous semester’s microeconomics grade.
The gender variable is a dummy, with females coded as one and males as zero. The vari-
able for high-school location is categorical and breaks down into three categories: capi-
tal area, non-capital area, and international. Students’ grade from previous semester’s
microeconomics course was included as an indicator of the proficiency-level needed for

learning economics.

Measures of student responses to flipped classroom

Our primary measure of student responses is in-class participation, which is available
for both treatment and control group. In-class participation both have a quantity (how
often do you come to class) and a quality component (how much do you learn while
being in class). We collected attendance data in every class and to measure each stu-

dent’s overall attendance level, we calculated the proportion of classes in which each

Weekly class attendance for all students
Weekly online participation for students in the flipped classroom

Endline
Baseline Video Video survey
survey recording #1 recording #2 Interviews  Exam
L | | |
I | ] ]
Feb 2 Mar 13 May 11 May 24

Fig. 2 Data collection during the semester of the RCT

Page 6 of 19



Buhl-Wiggers et al. Int J Educ Technol High Educ (2023) 20:41 Page 7 of 19

student had participated throughout the course. This in-class attendance measure
is used as the mediator when conducting mediation analysis. In addition, we video-
recorded each class twice and measured both groups’ interaction activity during class by
counting instructor-to-student and student-to-student interactions in both control and
treatment groups. We define interactions as initiating a question or response. Hence, if a
student asks a group member a question that counts as one student-to-student interac-
tion and the reply is another interaction. The same was done for student-to-instructor or
instructor-to-student interactions. Because the videos for each class were recorded only
twice during the semester and coded at the classroom level, these data are not included
in our main quantitative models but serve to describe how the nature of in-class partici-
pation changed for the intervention classes. Recordings were conducted in 12 classes as
two recordings failed due to technical problems.

For the treatment group only, we also measure the use of online materials as proxies
for out-of-class online student participation. These data are retrieved from MyEconLab
(the supplementary home assignments) and Panopto (the post-class videos). The pro-
portion of exercises a student attempted served as a measure of MyEconLab activity. For
the videos, we calculated the proportion of videos watched by each student.

In addition to the quantitative data, we use qualitative data to broaden the understand-
ing of students’ experiences with participating in a FC. Semi-structured interviews were
conducted with 24 students (12 from the control and from the treatment groups, respec-
tively). Students were recruited by invitation and participated on a voluntary basis. To
encourage expansive responses, we designed a short, semi-structured interview guide
with open questions (Lee & Aslam, 2017), covering students’ description of the learn-
ing experience, what they liked or disliked about the learning activities, their level of
satisfaction with the instructor, and their assessment of the social environment in class
and of their own contribution to learning. Interviews lasted between 20 and 45 min each
and were transcribed verbatim. Finally, students were invited to comment and reflect on

their learning experiences in an endline survey.

Analytical sample

The study population comprised 596 students enrolled in 2017. We arrived at our ana-
lytical sample (415 students) through three steps. First, we removed all the students who
dropped out during the course (46 students). Second, we excluded 11 students from the
control group for gaining access to the online materials, despite our efforts to minimize
spillover. Third, we excluded students who did not take the ordinary exam (146 students)
as the retake exam had a different format. Accordingly, the final analytical sample con-
sisted of 415 students (192 in the control and 223 in the treatment group) with attrition
comparable to previous years. Additional file 1: Appendix A, Fig. S1 illustrates the data
cleaning process. Additional file 1: Appendix B, Table S1 shows balance on pre-interven-
tion observable characteristics of the analytical sample.

Descriptive statistics
Table 1 presents descriptive statistics for the main variables.

The average student was 21.75 years old, 38% of the sample were female, and around
49% were from the capital area, whereas 13% were international students. The average
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Table 1 Descriptive statistics

Variables N Mean sD
Outcome
Final grade 415 5319 3.807
Controls
High school GPA 415 9.032 1.275
Grade in microeconomics 415 5535 3.345
Female 415 0.378 0.486
Age 415 21.749 1.690
Capital area 415 0487 0.500
Non-capital area 415 0.381 0.486
International 415 0.133 0.339
In-class participation
Attendance 415 0.549 0.277
Online participation
MyEconLab use 223 0.198 0.271
Video views 223 0483 0.345

high-school GPA was 9.0, which was higher than the national average of 7.5. The average
grade from the macro- and microeconomics course was 5.3 and 5.5, respectively. This
is somewhat lower than the scale average, which is 7 and signals that both macro- and
microeconomics were difficult for the students. The mean value of attendance was close
to 55%, with a minimum value of 0 and a maximum share of 1. As for the treated stu-
dents’ online participation, only about 20% opted to prepare for class. The videos were
more popular, with an average use of just below 50%.

Quantitative analysis
The overall treatment effect (total effect) of the FC intervention on academic achieve-
ment is described by the following model:

Outcome; = Bo + P1 T + Z yj Controlsiy +¢ i=1,2,...,N, (1)

where Outcome is the final grade of student i, and T is the treatment variable (a dummy
with value one for students in the treatment group and zero otherwise). Controls are
pre-treatment confounders. Also, instructor-fixed effects were added so we effectively
compared students taught by the same instructor. The parameter /5, is our coefficient
of interest and measures the change in academic achievement attributed to the FC
intervention.

As the total effect from estimating Eq. (1) may mask important and interesting student
responses occurring between treatment and outcome, mediation analysis is applied.
Accordingly, we add in-class attendance as the mediating variable to Eq. (1), adding a
second equation to capture the indirect path from the treatment through the mediator
to the outcome (Hayes, 2018):

Direct path:  Outcome; = ap + a1 T; + X 3;Controlsj; + apMediator; + ()
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Indirect path: Mediator; = bo + b1 T; + X djControls;; + ¢; (3)

The direct effect is a; from Eq. (2), and the indirect effect is estimated as a product of
parameters (a,*b;) from Egs. (2) and (3). When discussing statistical inference for the
indirect effect, we relied on the bootstrapping of standard errors, as this effect is the
product of coefficients from two different equations. Although 3, from Eq. (1) can be
interpreted as the total causal effect of FC on academic achievement, adding post-treat-
ment variables breaks the causal interpretation. Accordingly, an additional assumption
of no intermediate confounding factors is required for the indirect and direct effects to

be causally interpreted.

Qualitative analysis

To obtain more detail about students’ participation in the learning experience, we con-
ducted a qualitative investigation combining responses from the endline survey with
interview transcripts. Two authors coded the data in parallel, using deep emergence
(Suddaby, 2006) to identify relevant themes that either supported or challenged the
quantitative analysis findings. Drawing on thematic analysis (Braun & Clarke, 2006)
and grounded theory techniques (Strauss & Corbin, 1998), we generated initial codes
by coding text extracts at the semantic level, then searched and reviewed the codes for
themes across the data set. The authors met to compare notes on the emerging themes
and discuss differences or clarify inconsistencies (Silverman, 2014). If any doubt arose,
the authors coded the data anew, and the two sets of codes were compared to resolve any
inconsistencies. The codes were then refined and consolidated before writing the final
narrative. The themes identified are illustrated in Fig. 3, showing the data structure and

exemplary text extracts.

”| ask more questions”, “Great that you have to solve the problems on your own = independence”,
"This format supports independent work”,

“I would personally have learned more with teacher directed learning”, “I'm positive that the format
caused a worse grade for me”, “annoying that we cannot get traditional teaching in order to have a
template for the exam”

"there is room for everyone to ask questions and not only for the ones who always says something”,
”I talk more with the instructor”, ”It is better for providing input and discuss with the instructor”,
"questions for better understanding”

”not enough interaction with the instructor to make it worthwhile”, ”I miss to have it presented to
me by the instructor” , “too independent...not really teaching, | think”

”| prefer group work”, “good to discuss in the group” , “you work more in-depth with the
materials”, “you can more easily address what is difficult”

”I really hate that | cannot work with my other group”, “It was irritating that you always had to work
in groups, “collaboration does not add anything to learning, ”it is easy to agree on the wrong solution
ina group”, “I don’t learn from working in groups”

”...in groups where you don’t know people and therefore you dont what to ask questions to things
you don’t understand”, ”I didn’t like doing exercises with people | didn’t know”

"Well... luckily we have the videos, so you can just watch those and not attend”, ”[Videos] because |
could repeat content until | understood”, ”I did the exercises and then saw the videos — really good”,
"I haven’t attended, but | haven’t missed anything as we had the videos”

”nice to do the exercise in class as | don’t always get to do them at home”, ”I should have prepared
better before coming to class”, “I haven’t used that [MyEconLab)] at all”, “we came to class totally
unprepared”, “I did not get to use the videos or MyEconlab before coming to class”

”good to try to use MyEconLab before class”, “everybody is at the same level when they come to
class”, "My plan is to use it [MyEconLab] before the exam”, ”It has been great to be able to solve the
problems on MyEconLab before class and and then to have it repeated in-class”

Fig. 3 Key themes

Increased
independence

Resistance towards
new learning style

More interaction with the
instructor

Loss of teacher directed
instruction

Deeper learning with
collaboration

Waste of time learning
from/with others

Insecurity about collaboration

with “strangers”

Videos for repetition and
compensation

Lack of preparation before
class

Independent practice

Struggling
with new
roles

Hesitance to
collaborate

Mixed responses
to online activities
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Results

Average treatment effect on academic achievement

In Table 2 we report the results of estimating Eq. (1), which calculates the average effec-
tiveness of the FC intervention.

Table 2 shows that students in the treatment group, on average, scored 0.102 SDs
(p=0.140) higher in the final exam than the control group. However, the effect does
not differ significantly from zero for a two-sided test. If applying a one-sided test for a
positive effect, we obtain significance at the 10% level (p=0.070). The gender variable
is significantly negative and the two variables on prior academic achievement are, as
expected, both positively significant. The coefficient for students with an international
background is significantly positive at the 10% level, whereas students from the non-cap-
ital area compared to the capital area show no difference. Finally, age showed an insig-
nificant effect.

The total treatment effect estimates the overall difference in exam scores between
the treatment and control groups, thus considering all pathways through which the FC
affects the final exam grade. Still, to learn more about how shifting to FC impacts stu-

dent participation, we turn to mediation analysis.

Student responses to flipped classroom

Student in-class participation

The attendance level started at roughly 70% for both groups in week 1 and subsequently
declined over the 13-week period (Fig. 4). This decline was steeper for students in the
treatment group, suggesting that the intervention caused the level of attendance to
decrease.

Table 3 presents estimation results of the three types of mediation effects described in
Eqgs. (2) and (3): first, the total effect, which equates with the results in Table 3; second,
the direct effect, which estimates how the FC impacts academic achievement when the
level of attendance is kept constant; and, finally, the indirect effect, which measures how

the FC effect on academic achievement is influenced by attendance.

Table 2 Effects of flipped classroom on academic achievement

Variables Estimates Standard error t-statistic p-value
Treatment 0.102 (0.069) 148 0.140
Age 0.011 (0.020) 0.54 0.590
Female —0.236%** (0.075) —3.17 0.002
Non-capital area 0.046 (0.074) 0.62 0.535
International 0.193* 0.1171) 1.73 0.084
Grade in microeconomics 0.177%** (0.011) 16.07 0.000
High school GPA 0.147%** (0.028) 526 0.000
Observations 415

R-squared 0514

F-statistic 79.54

p-value for F 0.000

Robust standard errors in parentheses. The regression includes instructor fixed effects. Outcome is the standardized grade in
macroeconomics

*¥%5 < 0.01; *p < 0.05; *p < 0.10
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Table 3 Mediation effects for treatment on academic achievement

Statistics Total effect Direct effect Indirect effect
Coefficient 0.102 0.163** —0.061%**
Standard errors 0.069 0.072 0.025
t-values 1.480 2275 — 2597
p-values 0.140 0.023 0.009

For the total and direct effects, the standard errors are robust standard errors. For the indirect effect the standard errors are
bootstrapped standard errors. Previous controls including instructor-fixed effects are included in all regressions

***p<0.01; **p<0.05; *p<0.10

Table 3 shows a positive and statistically significant direct relationship between the
treatment and academic achievement indicating that, when the level of student attend-
ance is held constant, FC has a positive effect on academic achievement. From the total
effect, which equals 0.102 SDs (p=0.140), to the direct effect, which equals 0.163 SDs
(p=0.023), the size increases by over 50%. The indirect effect is negative (p=0.009) and
smaller in size than the total effect. To summarize, when subtracting the indirect effect
from the total effect, we see a much higher direct effect of the intervention, which is
significant at the 5% level. However, when interpreting these results, one should note
that the indirect and direct effects do not have the same causal interpretation as the total
effect without an assumption of no intermediate confounding factors. As this assump-
tion is rather strong, we interpret the direct and indirect effects only as associations
rather than causal effects. Additional file 1: Appendix C, Table S2 contains more details
on these estimation results.

As in-class participation is more nuanced than just attendance, we studied the activ-
ity during class in the two groups. Table 4 presents t-tests for equal means of number
of interactions per student—with other students, with the instructor, or in total. All
the tests lead to the conclusion that treated students had the highest activity level. The
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Table 4 Student and instructor interactions

Variable (1) (2) (3)
Student-to-student Student-to-instructor Total interactions
interactions interactions

Treatment 0.833%** 0.832** 1664***

(0.131) (0.332) (0.333)

Observations 12 12 12

R-squared 0.803 0.386 0.715

R-squared adjusted 0.783 0.325 0.686

F-statistic 40.65 6.291 25.04

p-value for F 0.000 0.031 0.001

Robust standard errors in parenthesis
***p<0.01; **p<0.05; *p<0.10

Table 5 Additional descriptives of online participation (treated students)

Obs: 223 MyEconLab (%) Video views (%)
Not used at all 48.88 6.73
Used 50% or more 11.21 4574
Used 90% or more 0.03 0.20

differences are strongest for student-to-student interactions (significant at the 1% level)
and weakest for the instructor-student interactions (significant at the 5% level).

The influences of online participation
If we focus exclusively on the students assigned to FC, the data allow us to also explore
the online participation.

As Table 5 shows, the use of the online options is rather limited for both alternatives.
Particularly in the case of MyEconLab, the percentage of students that used 50% or more
of the exercises is as low as 11%. For the videos, the corresponding number is 46%. This
suggests that students in the intervention did not compensate for their lower in-class
attendance with increased online participation. On the contrary, the correlation between
MyEconLab use and class attendance is 40%, suggesting that students who engage in
online activities are also more likely to attend classes.

In sum, we have showed that the FC was successful in increasing the in-class activity
level, yet this did not increase the learning effect on average as the treatment also caused
students to change their attendance pattern. Controlling for this change in attendance,
the new format increased student achievement. Moreover, students did not compensate
for their lower in-class attendance by increasing their online activity. With these results
in mind, we turn to the qualitative data to explore why students in the treatment group
were reluctant to participate in learning activities.

Reduced participation as a form of resistance to the new format

The most notable feature of the interviews and answers to open questions was the resist-
ance to engage in the FC format. Many students felt that “it did not work at all,” express-
ing anger and frustration about the format. They made such statements as “I was very
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sorry that I didn't have the ordinary format of teaching” or “I haven't much positive to
say about this course, as I really would have preferred to have ordinary teaching’

Three narratives illustrate students’ reluctance to the FC format and add nuance to
students’ level of participation: Struggling with new roles, Hesitance to collaborate, and
Mixed responses to online activities.

Struggling with new roles: Students’ express skepticism that the student-centered FC
format alters either their role as students or that of instructors. For example, students
found it “unfair to change to a format with less presentation by the instructor” As one
student put it: ‘I'm 100% confident that my take-away from the course would have been
much greater if I had had instructor-led instruction at the whiteboard’ Another student
expressed the same sentiment, commenting, “I missed the instructor’s going through the
material and showing me what’s right” Yet another student explained disapproval of FC:
“I know how I learn the best, which is by listening to the instructor going through the
materials”

Although negative statements dominated, some students also reported appreciation
for opportunities to ask questions during the problem-solving exercises and for instruc-
tors to elaborate on different aspects of the content during in-class sessions. This indi-
cates that positive emotional experiences align with willingness to participate. Moreover,
reflections from students support positive cognitive experiences: “You learn best by
trying to solve the problems yourself” and then in the classroom “focus[ing] on exactly
those specific problems you couldn’t solve [at home]”

Hesitance to collaborate: A second theme of unwillingness to collaborate was bluntly
voiced by a student: “I don't get any learning out of working in groups” Others found
such collaboration “really annoying” or “tedious” and directly blamed groupwork for
their decision not to attend class:

I didn’t come to class to sit together with other students who have exactly the same

questions as me, just for us to answer them ourselves.

Students were especially insecure “working on exercises with people I didn’t know”
At times this insecurity was so strong that some students decided to opt out of the in-
class learning activities for this reason alone: “I think many didn’t attend class because
they didn't know anyone in their class beforehand” While reluctance to participate
dominated students’ comments on groupwork, the data show more positive comments
regarding cognitive involvement, highlighting the relevance of peer-to-peer discus-
sion. One student found it “easier to remember the curriculum when you discuss with
or explain it to your group members,” concluding that “learning improved due to the
collaborative work” Another student summarized perceived beneficial experiences from
the FC, thus indicating alignment between positive cognitive involvement and willing-
ness to participate,

By working on the exercises in class, 1 feel that I have acquired a better understand-
ing than if they had just been explained to me quickly on the whiteboard, and I
would have had to concentrate on writing it down but not really have understood it.

Mixed responses to online activities: The third theme relates to students’ reflections
on why they were reluctant to participate in online activities. Students explained that
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they often found neither the time nor the motivation to do homework: “I'm not so good
at getting it done at home when there is so much else to do” This supports the quantita-
tive analysis, which shows that only a small number of students completed the exercises
on the online homework platform or watched all videos (see Table 5). As the following
quote illustrates, students understand that this lack of preparation impedes groupwork
in class:

Yeah, I guess I haven'’t prioritized it sufficiently. You know, when you also have other
things to do, like reading and stuff, but at least I have attended all the times I was
supposed to.

Students reporting to have cognitively engaged with the online materials commented
that they found the online homework system and the videos valuable tools for improv-
ing their understanding through feedback and enabled repetition of difficult topics, both
during the course and when studying for the exam. Some even got “enough out of sitting
at home with the videos and this MyEconLab platform?” Ironically, students who did not
engage in the homework appreciated the in-class groupwork because it provided exter-
nal motivation and structure for completing the exercises:

What I liked the best was that we could practice in-class while the instructor was
there ... ahh, in particular because you don’t always get to practice at home before-
hand, so that was really great.

All in all, the qualitative data show strong negative emotional responses to shifting
from instructor-directed to student-centered learning. Contrary to the aims of the inter-
vention, student responses indicate that the changes gave rise to some frustration, anger,
and resistance to participate, which in turn decreased attendance as well as academic

achievement.

Discussion

Results from the first research question showed a small positive but statistically insignifi-
cant effect of FC on academic achievement. The current study thereby aligns with previ-
ous studies in economics that find small or insignificant effects from FC on academic
achievement (Setren et al., 2021; Wozny et al., 2018). Exploring this insignificant effect
in more detail, results from the second research question showed that while FC provides
opportunities to enhance student learning for students that participate, it can also ham-
per learning by inducing resistance and adverse attendance behavior. In the following,
we discuss these findings and provide implications for practice.

An important point for discussion is how student participation mediates the rela-
tionship between FC and academic achievement. The intervention was designed
on the assumption that students would actively participate in the FC, but students
showed a noticeable reluctance to participate which in turn lowered academic
achievement. This finding resonates with previous research documenting lower
attendance due to students opting out of learning activities (White et al., 2015), but
is at odds with more recent findings showing a positive relationship between FC and
class attendance (Aguilar et al., 2021; Foldnes, 2017). This suggests that the relation-
ship between FC, participation and academic achievement is quite complex and may
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vary by context. While flexibility is often emphasized as a key advantage of technol-
ogy-supported learning (Miiller et al., 2023; Nouri, 2016), our results show that the
increased flexibility is not without its challenges as students can opt out of learning
activities before realizing their benefits. As our study was carried out in the context
of a first-year course, students’ readiness to participate in FC may have been an issue
and led to the resistance to participate. Previous findings show that first-year stu-
dents may not feel confident enough to take control of their learning and may prefer
teacher-led instruction rather than student-centered learning (Nerland, 2020; Tomas
et al., 2019).

Lack of attendance in the treatment group can be viewed as an act of resistance
and merits discussion. While resistance to learning is a well-known challenge, rea-
sons for student resistance in higher education are many and varied (Winkler & Ryb-
nikova, 2019). When students are presented with new learning opportunities, they
assess the risk in taking on the learning experience to their sense of self; in cases
where the dominant emotions evoked are frustration or fear, they are less willing to
engage in the learning activities than when they experience delight or pride (Lund
Dean & Jolly, 2012). Disengagement occurs when students do not accept the risk and
opt out of learning opportunities, either by distancing themselves from the oppor-
tunities and coping on their own or openly rejecting them, voicing their discontent.
In this case, they miss opportunities for learning designed by the instructor. Our
findings support previous findings which show that moving the instructor-led guid-
ance to solutions online, disincentivizes some students from coming to class (Hus-
sain et al., 2020; Tomas et al., 2019), as they do not regard collaborating with peers
as a productive means of learning. Accordingly, when students opt out of in-class
activities, the assumed benefits of identifying knowledge gaps through groupwork
disappear.

Finally, the challenges of FC have implications for both instructors and institu-
tions. Instructors may expect all students to approach classroom experiences posi-
tively and have the necessary psychological resources to cope with and learn from
what they perceive as uncertain or ambiguous situations. However, in this study, stu-
dents showed strong emotional responses, which calls for educator awareness about
the possibility of student distress and the need to support them in their learning
(Hao, 2016; Lai & Hwang, 2016). To increase the possibility for successful imple-
mentation of FC, more knowledge on how teachers can mitigate student resistance
before shifting current formats into new less well researched formats is needed as
also pointed to by Tharayil et. al. (2018). Institutions also have a responsibility to
support instructors in developing the necessary competences if they intend to
encourage teaching innovations and development of learning activities. Instructors
should feel confident about introducing new teaching and learning methods also
when students are resistant or unwilling to participate in learning activities; other-
wise, the risk is that instructors make safe choices and provide students with what
they are used to and immediately identify with, instead of making choices informed
by pedagogy and aspirations for enhanced student learning. This includes learning
from research on implementations of FC that do not have the expected effects to
avoid painting too rosy a picture (Abeysekera & Dawson, 2015).
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Limitations

Despite a rigorous experimental design, this study has some limitations that bear men-
tioning. First, we cannot rule out that the experiment itself affected the results with-
out a pure control group. A longer study timeframe is one way of addressing this issue,
because more time could mitigate concerns by making the participants more comfort-
able and accustoming them to the experiment (Baxter et al., 2015). We implemented the
intervention over the course of the entire semester, with our main outcome being the
result of a high-stake exam. Thereby we expect students to have done their best regard-
less of their participation in the experiment.

Second, using only attendance as a measure of student in-class participation prevents
us from ruling out the influence of other post-treatment confounding factors, such as
motivation, on the results. With our present data, we are unable to address this, but
we can nuance and support our findings by capturing students’ emotional and cogni-
tive responses by including students’ qualitative responses. Moreover, resistance to the
intervention may be caused by other pre-treatment factors that we have not looked for
in our study as for example self-organization, independent learning abilities, and prior
experiences with FC that may have been important influencers (Asarta & Schmidt, 2020;
Scheel et al., 2022).

Finally, the effects may not be generalizable to the overall student population, given
that we have only looked at first-year students in a specific disciplinary setting. We
therefore encourage replication in different contexts and for different groups of students.

Conclusion

This study has responded to calls for more methodological rigor by conducting an RCT
that enables causal interpretation of the effectiveness of FC. This enables quantification
of previous observations of mixed responses to FC and to provide evidence on the influ-
ence on students’ responses to new teaching formats. Based on the RCT, our findings
showed a statistically insignificant effect of FC on student achievement. However, this
effect masks important behavioral responses as the treatment also caused students to
change their attendance pattern. Controlling for this change in attendance the new for-
mat did indeed increase student performance. Exploring the reasons for the changed
attendance pattern in more detail we found that students resisted to participate as they
struggled with the shift from teacher-led instruction and demand for increased group
work which they found less conducive for learning than studying on their own. Such
resistance to participate in new teaching formats may thus hamper learning and should
be addressed by instructors and institutions to benefit from FC.
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