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Abstract

In this paper, a new flipped classroom model at the university emerged. The innovation of the
model lies in the combination of two methods of the students' learning process: students work
together in small groups before the class (cooperative learning) and also conduct
presentations in groups within the class (group peer tutoring). Indeed, during the semester
students alternate in the roles of the tutor and the tutee in the classroom process. The teaching
experiment was carried out at the Department of Business Administration of the University of
Patras in the context of the Calculus course of the 1st semester. Of the 344 participating
students, 179 chose to follow the procedure of the flipped classroom while 165 the traditional
lecture. It was revealed that the proposed model of the flipped classroom induces the students’
academic performance of the students. In addition, this level of academic performance is
maintained even after the semester in mathematics and in courses in different cognitive
subjects. The proposed flipped classroom model that emerged, can offer benefits to the
educational process and the students in terms of both traditional and distance learning
environments.

Keywords: higher education, flipped classroom, group peer tutoring, cooperative learning,
student performance
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1. Introduction

The flipped classroom methodology is essentially the result of an innovative solution at the
heart of student-centered learning (Jenny Moffett and Mill 2014; Morton and Colbert - Getz
2017; Moravec et al. 2010; Prober and Khan 2013).

The “Flipped classroom” otherwise known as the “inverted classroom” (Sahin, Cavlazoglu,
and Zeytuncu 2015) and as a form of inverted learning is characterized by the traditional
lecture to be accomplished before the class while the work is completed inside the classroom
(Fung, Besser, and Poon, 2021; Bergmann and Sams, 2012; Pierce and Fox, 2012; Roehl,
Reddy, and Shannon, 2013; Lage, Platt, and Treglia, 2000). That is, a pedagogy in terms of
which the lecture material is given to students before class, while classroom time is dedicated
to discussion, problem-solving, assessment, individual learning, and presentation (Samaila,
Masood, and Chau, 2021; O’Flaherty and Phillips, 2015). Further, according to the definition
by Ojalvo and Doyne (2011) the student’s engagement with the content occurs inside the
classroom through the development of skills and practices, under the teacher’s guidance and
in collaboration with fellow students (Ojalvo and Doyne, 2011; Blair, Maharaj, and Primus,
2016).

Inverted learning has been applied for some years in higher education’ diverse cognitive
subjects (Brame 2013). Specifically for mathematics, inverted learning is one alternative to
in-classroom learning and teaching (Network 2014; Nouri 2016; Setyawan and Rohmah,
2021; Van Alten et al., 2019).

Meanwhile, a big challenge for universities is the transition period from secondary education
to tertiary education (Artigue, 2001; Wood, 2001; Wingate, 2007; McGhie, 2017; Postareff et
al., 2017). Especially for first-year students, this transition is determined by certain factors
able to affect students’ decision to leave or persist in their studies (Androulakis et al., 2021).
Especially in mathematics, the difficulties in transition are identified through ‘“upper
secondary school mathematics” and “advanced mathematics” as belonging to different
institutional practices (Kaisari and Patronis, 2010).

Speaking about the transition period, a major concern of this work was that first-year students
during quarantine could not visit the university classrooms and meet their peers and therefore
additional obstacles emerged in terms of the transition to higher education. Therefore, peer
group learning in the context of the flipped classroom is important to stand out towards the
enhancement of learning through student intercourse. As far as cooperative learning is
concerned, the emphasis is given to the learning autonomy of students before class while the
case of peer group tutoring focuses on students’ teamwork in terms of in-classroom activities.

At the same time, it could not be ruled out that the influence of the flipped classroom on
students’ learning outputs is an issue that has come under discussion. In fact, the
inconsistency of the use of activities within the classroom consists one of the principal
reasons for difficulties in regard to the conduction of comparisons (Fung, Besser, and Poon
2021).
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The main focus of the flipped classroom is to shift what students have traditionally done in
and outside of the classroom, such as presenting information and transmitting it through
teaching (Lag and Szle, 2019).

According to Zhao, He, & Su (2021) the adequate application of inverted learning that has
the potential to offer students education harmonized with the “knowledge-based society”
presupposes the removal from traditional educational frameworks towards innovative
pedagogical approaches that incorporate a learning environment assisted by communication
technology and information (Zhao, He, and Su, 2021). Indeed, the flipped classroom
pedagogy expresses the central concept of innovative pedagogy (Baker, 2000). Students in
terms of the latter are responsible for communicating their meanings through social interplay
(Baker, 2000; Farren, 2016; Zhao, He, and Su, 2021).

Actually, peer tutoring is usually supported by the reason of “learning through teaching.” This
view extends to the old adage “to teach is to learn twice,” requiring the revision of existing
knowledge and skills (Topping 1996). The lesson from fellow students is characterized by
taking on a concrete role: at any time during the process, one performs the role of teacher
while the others display the role of tutees. Teaching by fellow students usually has a high
focus on the content of the curriculum. The projects usually describe very specific interaction
processes in which the persons involved are likely to have specific or general training or both
of them. Further, their interaction can be guided by the supply of structured material, where
there may be a degree of student preference (Topping 1996).

Focusing on the subject of mathematics, the traditional teaching does not seem to be the
identical pedagogical approach (Harel and Trgalovd 1996; Skovsmose 1994). Some reasons
for this are that students in mathematics lectures may not pay the appropriate attention to the
professor’s explanations because they are concentrated on copying definitions, theorems from
the table (Freitag, 2020; Feudel and Fehlinger, 2021), which leads to difficulty in processing
information and understanding the content during the lecture (Fukawa-Connelly, Weber, and
Mejia-Ramos, 2017; Lew et al., 2016). Therefore, in the discipline of mathematics (Fung,
Besser, and Poon, 2021), it is important in terms of the effectiveness of the flipped classroom,
one material before the class -pre-class material-, the repetition in the classroom -revision
inside the classroom-, and the interaction’ activities such as teacher’s feedback, discussion,
and cooperative work by fellow students (Fung, Besser, and Poon, 2021). However, the
approaches of the flipped classroom present a structural diversity as the latter is related to the
activities that precede the class and those taking place within it (Hurtubise et al., 2015;
Jennifer Moffett, 2015; O’Flaherty and Phillips, 2015; Sharma et al., 2015; Morton and
Colbert-Getz, 2017).

Although the idea of reverse learning is gaining popularity (Love et al., 2014; Tang et al.,
2020), the effect of the flipped classroom is still ambiguous and its elements that could
encourage the student’s academic performance and perceptions are still weak (Bernard, 2015;
Bishop and Verleger, 2013; Chua and Lateef, 2014; Giannakos, Krogstie, and Chrisochoides,
2014; Lelean and Edwards, 2020; O’Flaherty and Phillips, 2015; Ward, Knowlton, and Laney,
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2018; Zainuddin and Halili, 2016; Zuber, 2016), mainly due to the inconsistency of
theoretical frameworks, methods and activities within the classroom (Lin and Hwang, 2019;
Lo and Hew, 2017; Zuber, 2016; Fung, Besser, and Poon, 2021).

Regarding academic performance, based on the central concepts and principles that
characterize active learning, the flipped classroom compared to the traditional teaching
should result in the advancement of students’ academic performance (Morton and Colbert-
Getz, 2017; Tune, Sturek, and Basile, 2013; Jensen, Kummer, and Godoy, 2015). The studies
that confirm this hypothesis are not numerous (Morton and Colbert-Getz, 2017; Michael,
2006; O’Flaherty and Phillips, 2015; Stockwell et al., 2015; Street et al., 2015). In the same
line of argument, according to (Blair, Maharaj, and Primus, 2016), existing research has
focused little on the correlation of the flipped classroom with the student’s results in the
exams, that is on whether the above pedagogical methodology contributes to the
encouragement of such learning outcomes. On the contrary, the majority of studies
investigate the effect of the flipped classroom on students’ experience (Blair, Maharaj, and
Primus, 2016), and students’ perceptions (Blair, Maharaj, and Primus, 2016; Bishop and
Verleger, 2013).

Based on the above, a basis is formed for further research of the flipped classroom’s
correlation with students’ academic performance.

Therefore, in the present research, a flipped classroom model is proposed and applied to
encompass as its main features “group peer tutoring” within the university classroom and
“cooperative-learning” outside and before it. The aim was to examine the effect of the
proposed flipped classroom model on students’ academic performance via the interpersonal
interaction and cooperation developed.

Therefore, the following research questions are illustrated:

1) How is the performance of students configured in the final exams of the flipped
classroom compared to the traditional?

2) What is the development of students’ academic performance within the semester, in
terms of the proposed flipped classroom model?

3) What is the development of students’ academic performance in the subject of
mathematics, up to one academic year later, in terms of the flipped classroom?

4) What is the development of students’ academic performance in other subjects of the
curriculum, up to one academic year later, in terms of the flipped classroom?

3. The Proposed Model: Theoretical and Methodological Perspectives
3.1 The Model

In the proposed model named Peer Learning Flipped Classroom (PL-FC) three objectives are
combined: cooperative learning, group peer tutoring and flipped classroom. Groups of
students shared experiences of cooperative learning participating in two contexts usually
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separated: in-class and out-class learning environments.
3.2 Theoretical Perspectives of PL-FC Model

Cooperative learning has been at the center of educational research during the last decades
(Slavin 1980; Roger and Johnson 1994; Felder and Brent, 2001; Herrmann, 2013;
Littman-Ovadia and Freidlin, 2022). Typology and different models of application have been
analyzed in detail from elementary to tertiary education (Johnson and Johnson, 2002; Kagan
and Kagan 1994). Specifically, in the model proposed in the present research, cooperative
learning is approached in a similar way as Kaufman et al. (1997) (Kaufman, Sutow, and Dunn,
1997) of which three applications in higher education are presented. The first application
concerns cooperative learning outside and before the university classroom with small groups
of students followed by group tutoring with a large audience in the university classroom.
Furthermore, peer tutoring is a teaching method that has been analyzed theoretically and
applied in various contexts widely (Moust and Schmidt, 1994; De Backer, Van Keer, and
Valcke, 2015). Indeed, based on the typology introduced by Topping (1996) and the approach
of Fineman (1981), (Fineman, 1981; Topping, 1996), in the present research the method of
same-year group tutoring is applied, where a group of students participates in rotational
presentations undertaken by a subgroup of them.

Both cooperative learning and peer tutoring are the basic components of peer learning (PL).
According to Topping (2005) peer learning “involves people from similar social groupings
who are not professional teachers helping each other to learn and learning themselves by so
doing” (Topping, 2005, 631). Moreover, in the proposed model peer learning is considered
independent of students’ ability level and therefore all students who participated were offered
the same opportunities for learning (Hew et al., 2021).

Cooperative
learning

Peer Learning

PL

Peer tutoring

Figure 1. Basic Components of Peer Learning

Peer learning and flipped classroom are combined in in-class activities (Danker, 2015). In the
present research, peer learning is also proposed in out-class activities illustrated in Figure 1.
This perspective has not been investigated as long as it has come to our notice. According to
Zheng & Zhang, (2020) “Since students in the flipped-classroom environment are required to

146 http://ije.macrothink.org



ISSN 1948-5476

\ M ac rot h i n k International Journal of Education
A Institute™ 2022, Vol. 14, No. 3

learn on their own before coming to class, peer learning could potentially help them decrease
their learning anxiety, increase their learning engagement, and/or improve their understanding
of the learning materials” (Zheng and Zhang, 2020, 5).

In the present research, subgroups of students formed tutoring groups composing the same
in-classroom group. By rotation, tutoring groups implemented flipped classroom involving a
specific subject. In this procedure, students change their roles during in-classroom activities
from tutees to tutors. On total, students’ out-class activities are based on peer learning (Boud,
1999; Topping, 2005; De Backer, Van Keer, and Valcke, 2015) and in-classroom activities
stand on the basis of group peer tutoring (Topping, 1996). Therefore, the novelty in the
proposed methodological context lies in cooperative learning outside and before the
classroom and simultaneously in group peer tutoring inside the classroom. These approaches
are combined to form the PL-FC model of flipped classroom as illustrated in Figure 2.

Selecting material

Out-class activities
HEEISSS SCHIRES Studying and discussing the subject
Watching videos
Undertaking a certain role

Preparing the teaching

-Teaching the subject as a team
-Answering in questions

-Discussing with their peers
In-class
activities

-Asking questions

-Interacting with their peers

Figure 2. The PL.FC Model

3.3 Methodological Perspectives
3.3.1 Participants and Process

The teaching experiment took place in the context of the compulsory course “Calculus” in the
winter semester of, 2020 in 344 first-year students at the Department of Business
Administration of the University of Patras. The duration of the application was six months. It
is noted that “Calculus” is an introductory course to students’ mathematical thinking and
simultaneously transitional from secondary to tertiary education. Its content had been formed
to create links between Elementary and Advanced Mathematics. Furthermore, because it is
taught in Business School it is enriched with problems in the context of micro and
macroeconomic theory. At the beginning of the semester, students were informed about the
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procedure and invited to participate. Two groups were created: the group of 179 students who
followed the PL-FC model and the rest 165 who chose the “traditional” teaching.

The context of the teaching experiment took was a large lecture course. Towards the
application of the PL-FC model procedure, illustrated in Figure 3, the course was redesigned
into small groups as suggested by Ferreri and O’Connor, (Ferreri and O’Connor, 2013). In
this respect, students were divided into groups, and each week in each tutoring group 3-4
students (tutors) undertook to teach a specific section of the course, creating original
educational material shown on rotational presentations. By this procedure, students in the
same group had to change their roles from tutors to tutees. Moreover, the supervision of the
process in each group was assigned to Ph.D. candidates.

Students, at the beginning and at the end of the academic semester, had to solve a problem
consisting of open questions in order to investigate possible changes in the issue of the
resolution process. Specifically, these problems indicated abilities such as algebraic
techniques, formulation of mathematical and economical contexts, construction and
interpretation of diagrams and interpretation of economical concepts in the context of the

problem.
Distance learning class
essays during semester and final exams

participation to
flipped class

participation to
traditional class

|

‘ Small groups of students l

subgroups of 3-4 students in each
group

Figure 3. The PL.FC Model Procedure

Microsoft Teams (MS Teams) was used as the main tool of the educational process (Martin
and Tapp, 2019). Lectures, tutoring, and flipped class were implemented via this tool. Each
tutoring group created its own MS Teams channel, where a fixed day and time for teaching
was set every week for each. All students regardless of their participation in the flipped
classroom took part in written essays during the semester and also in the final exams. These
written essays were given to students one week after the flipped classroom and the traditional
lecture completion on each section taught.
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Each week, the group of tutors had to prepare the educational material for their teaching and
post it in the online classroom. They could communicate with each other either via MS Teams
or any other digital media they preferred. During their meetings, they watched videos, shared
material, and discussed the topic of the teaching. They also divided the subject they had to
teach into sections and each of them undertook one. Several tutoring groups assigned roles to
their members such as the coordinator, the presenter, and the moderator of the final
presentation. They also held a final meeting in which they rehearsed their teaching material
and corrected possible mistakes. In terms of students’ perceptions on the experience of the
out-class activities, indicatively a student denoted: “We could not choose a more appropriate
method to achieve our goals than the collaborative method. It promotes cooperation and
constructive dialogue while providing us with the opportunity to engage in discussions, to ask
questions, and, above all, to work collectively, combining our knowledge. We divided the
parts, gathered the best possible information from a wider variety of sources, and each
worked with his/her part of teaching, exchanged views, asked questions, and came up with
the final teaching together.”

3.3.3 Inside the Classroom

During the teaching procedure, both the tutees and the supervisor had the opportunity to ask
questions to the tutors. The tutors in turn answered questions and, in several cases,
reconstructed or corrected some of their arguments. Therefore, an environment of discussion
and interaction was created that is essential (Cobb et al., 1997; Alre and Skovsmose, 2004) to
the learning process.

Tutors also had the opportunity to communicate via MS Teams with their team supervisor,
either in writing (chat) or via scheduled video conference, to answer their questions and give
them instructions for their teaching. In the educational process described, supervisors,
supported and guided students during their preparation, organized and coordinated the
meetings and solved problems that arose during the semester. Finally, supervisors at the end
of the semester evaluated each student on a 5-scale rating system; 20% was for the quality of
educational material that tutors used inside the classroom, 50% for the knowledge of the
subject and 20% assigned for the preparation and interest as perceived by supervisors during
students’ tutoring. Moreover, 10% was for the level of interaction between tutors and tutees.

4. The Proposed Model: Theoretical and Methodological Perspectives

Data processing was done with R software (R Core Team, 2022). The readr and readxl
libraries (Wickham, Hester, and Bryan, 2022; Wickham and Bryan, 2022), were used to read
the data, the summarytools, psych, kableExtra, apaTables and papaja libraries for statistical
analysis (Comtois, 2021; Revelle, 2022; Zhu, 2021; Stanley, 2021; Aust and Barth, 2022) and
for the graphical representations the libraries ggplot2 and ggpubr (Wickham et al., 2021;
Kassambara, 2020; Wickham, 2016) were used.
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Table 1. Performance of Students by Category and Type of Examination

n Mean Flipped mean Percentage of students per performance
Type of Yes No  Pvalue  Poor Below Average Above Excellent
Examination Average Average
Final Exams
Final Exams 344 484 532 432 ok 25.29 20.35 16.86 18.60 18.90
Problem solving at the beginning and end of the semester
FinalExplenatory 282 496 529 447 ok 6.32 54.65 12.27 16.73 10.04
ExplenatoryBegin 217  4.91 507 448 21.66 20.28 23.50 18.89 15.67
Results of midterm exams in theory
Part I Tehory 253 490 505 458 26.48 8.30 25.69 19.76 19.76
Part II Theory 244 454 470 4.17 0.00 45.90 24.18 13.93 15.98
Part III Theory 236 457 466 437 0.00 63.98 15.68 1.27 19.07
Part IV _Theory 223 454 464 427 0.00 56.50 19.28 0.90 23.32
Part V_Theory 195 463 500 343 ok 30.77 26.15 15.38 2.05 25.64
Results of midterm exams in exercises
Part I Exer 1 252 471 475  4.64 23.81 0.00 51.19 7.54 17.46
Part I Exer 2 245 512 559  4.09 ok 30.61 2.86 26.53 0.00 40.00
Part I Exer 3 253 554 572 514 22.92 0.00 0.00 77.08 0.00
Part I Exer 4 254 552 6.13 424 ok 23.62 0.00 0.00 76.38 0.00
Part II Exer 1 249 460 471 436 26.10 38.55 10.04 1.20 24.10
Part II Exer 2 252 452 457 441 0.00 63.49 11.90 0.79 23.81
Part III Exer 1 241 471 511  3.85 ok 20.75 38.59 1.66 28.63 10.37
Part III Exer 2 239 458 488 3091 ok 0.00 67.78 7.11 1.67 23.43
Part IV_Exer 225 467 476 443 0.00 52.00 23.11 8.89 16.00
Part V_Exer 204 458 464 438 0.00 58.82 13.73 0.98 26.47

Table 1 presents the averages of students’ performance by category and type of examination.

The columns capture the following:

* Column 1 represents the type of examination,

* n presents the total number of students participating in each examination category,

» mean is the average grade of all students,

* Yes expresses the average grade of students who participated in the flipped classroom, and

* No the average grade of students who did not participate,

* Pvalue “***” denotes statistical significance less than 0.001, “**” statistical significance
between 0.001 and 0.01, and “.” statistical significance between 0.05 and 0.10 for the

difference between “Yes” and “No” columns,

* Poor, Below.Average, Average, Above.Average, Excellent denotes the percentages of
students per their performance in each examination type.

From Table 1 it can be observed that in all student evaluations, the students who participated
in the flipped classroom have shown a higher-grade average than the performance of these

students who did not participate in it.
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Figure 4. Performance of Students in the Intermediate Examination Tests in Theory and
Exercises during the Semester

Figure 4 illustrates the performance of students in the intermediate writing essays
(examination tests) divided into theory and exercises. It is noted that the intermediate tests
were performed in the 2nd, 4th, 6th, 9th, and 12th academic week of the semester.

From the first row of subfigures of Figure 4 concerning the performance of students in theory
it emerged that students who participated in the flipped classroom (cyan region) compared to
those who did not participate (pink region) had: - better performance up to the 4th week, -
stabilization -still having a slightly better performance than students who did not participate
in the flipped classroom- from the 6th to 9th week, and - clearly better performance in the

12th week.

Focusing on the second row of Figure 4, in regard to the exercises, it is noticed better
performance in all weeks, more intense though in the 2nd and 6th academic week for students

who participated in the flipped classroom.

Students’ overall performance in theory and exercises during the semester is illustrated in
Figure 5. In Figure 5 it can be observed that the overall performance of the students who
participated in the flipped classroom is better throughout the semester, having a progressively
increasing performance over the academic weeks. Slight stabilization occurs in the 9th week
and secondarily in the 4th week, which both encompassed the most difficult sections of the
material that is Chapter 8 and Chapters 4-5. In contrast, in Chapters 6, 7 and 9, the difference
in the performance of students who participated in the flipped classroom was intensively

better than those who did not participate.
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Figure 5. Student overall Performance in the Intermediate Examination Tests during the
Semester

Focusing on the final exams see Table 1 it can be observed that the average grade in regard to
students’ performance who taught in the flipped classroom is 5.32 compared to the average of
4.32 represented by those students who did not participate in the flipped classroom. From
ANOVA Table 2 it appears that there is a statistically significant difference in the average
grade of students in the final exams intensively interrelated with the existence or not of their
participation in the flipped classroom (F(1,342) = 10.13, p=0.002, n*>=0.029, 90% CI [0.007,

0.064]).

Table 2. ANOVA Table of Students’ Performance in the Final Exams with Interpretive
Variable Their Participation in the Flipped Classroom

Df Sum Sq Mean Sq F value Pr(>F)
FlippedClass 1 86.88 86.88 10.13 0.0016
Residuals 342 2934.11 8.58

FlippedClass [_] FaLse [_] True

0.15-
- 0,10~
‘@
5
T 0.05-
0.00- ; r : :
2.5 5.0 75 10.0
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@]
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FinalExams

Figure 6. Boxplot and Density Plot of the Final Exam Grade in Calculus
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In Figure 6 are illustrated the density plot and the boxplot representing the grades of students
in the final examination who participated in the flipped classroom and those who did not
participate. It is noticed that are similar, showing a positive shift for students who participated
in the flipped classroom. The same conclusion is reached by looking at the result of the linear
regression for the final examination grade in relation to students’ participation in the flipped
classroom, see Table 3 where the measurable difference is 1.01 units in the final examination
(b=1.01, 95% CI [0.38, 1.63], t(342)=3.18, p=0.002). The pink area represents the
performance regarding the final examination grade of students who did not participate in the
flipped classroom. It is double-edged where the highest peak appears in very low
performance (below 2) while the second peak shows up in higher performance (around 7). In
contrast, the performance of students who participated in the flipped classroom is shifted to
the right, where the two peaks are about the same height. This positive shift of the curve is
interpreted as an overall boost in the performance of those students who participated in the
flipped classroom, while the similar height between the two cyan peaks reinforces the
assumption that for certain students this boost was more pronounced.

Table 3. Linear Regression of Students’ Performance in the Final Exams with Interpretive
Variable Their Participation in the Flipped Classroom

Estimate Std. Error T value Pr(>|t))
(Intercept) 4.3170 0.2280 18.93 0.0000
FlippedClassTRUE 1.0059 0.3161 3.18 0.0016

In order to investigate if the good performance of the students in the role of the tutor (variable
Edugrade.scaled) -as evaluated by the supervisors-, leads to a good performance in their final
exams, a linear regression was performed, illustrated in Table 4. This was in regard to the
grade in the final exams using as an interpretive variable the overall performance on the
concrete evaluation criteria -described in the methodology subsection “Inside the classroom”-
for students’ role as tutors. Therefore, it was found that the performance of students as tutors
has a statistically significant positive correlation with their performance in the final exams,
increasing by 0.19 points each final grade for each unit grade as tutors. In addition,
considering that the intercept is 4.3, it is noticed that the students who participated in flipped
classroom even with a medium performance as tutors, had a higher-than-average score in the
final exams.

Table 4. Linear Regression of the Exam Grade in Terms of Performance as an Instructor

Estimate Std. Error T value Pr(>|t))
(Intercept) 4.3026 0.4799 8.97 0.0000
FlippedClassTRUE 0.1910 0.0806 2.37 0.0188
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In order to determine whether the effect on students’ performance who participated in the
flipped classroom of Calculus is more permanent over time, the performance of the same
students was examined as follows:

» same semester: in a course of the same (lst) semester named Financial Accounting I
(BA107),

» six months later: in three courses in the 2nd semester, named Dynamic Mathematical
Models (DMY.FinalExams), Financial Accounting II (BA108), and Money & Capital
Markets (BA157),

* one year later: in two courses of the 3rd semester, that is Statistical Data Analysis
(SAD.FinalExams), and Accounting Statement Analysis (BA119).

Table 5. Students’ Performance from the Beginning of the Semester up to One Year later

n Mean Flipped mean Percentage of students per performance
Type of Yes No Pvalue Poor  Below Average Above Excellen
Examination Average Average t
Start of semester
Part 1 Tehory 253 490 5.05 4.58 26.48 8.30 25.69 19.76 19.76
Part 1 Exer 1 252 471 475 4.64 23.81 0.00 51.19 7.54 17.46
Final Exams
Final Exams 344 484 532 432 *k 25.29 20.35 16.86 18.60 18.90
FinalExplenatory 282 496 529 447 *k 6.32 54.65 12.27 16.73 10.04
Same semester (other course)
BA107.FinalExams 236 5.54 5.66 5.31 13.33 10.22 34.67 26.67 15.11
Six months later (other courses)
DMY.FinalExams 202 4.86 5.06 4.38 28.22 19.80 20.30 17.82 13.86
BA157 FinalExams 211 497 519 448 . 25.87 0.00 35.82 27.36 10.95
BA108.FinalExams 205 5.76  6.12  5.03 *k 7.43 27.72 29.70 22.77 12.38
One year later (other courses)
SAD.FinalExams 239 4.62 5.07 394 *k 26.78 26.78 19.67 15.90 10.88
BA199.FinalExa 172 524 539 476 10.18 25.75 37.72 17.96 8.38
ms

Table 5 illustrates students’ final exam grades for the above courses. It is noted that columns
in Table 5 are the same as these appeared in Table 1. It emerges that students who participated
in the flipped classroom performed better on average in all the courses examined.
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Figure 7. Grades of Students in the Final Exams of Six Courses of the 1st, 2nd and 3rd
Academic Semester

Figure 7 presents the boxplots for the grades of students’ grades in final exams of six courses,
two courses from each semester for the first three academic semesters. The first row shows
the courses that belong to the cognitive subject of quantitative methods (mathematics and
statistics) for the 1st, 2nd, and 3rd semesters, while the second row shows courses of other
cognitive subjects of the first three academic semesters. It is noticed that the gray dot in every
subgraph denotes the mean value of the final exam grade.

In Figure 7 it is illustrated that in the courses of quantitative methods (upper row of
subgraphs) the students who participated in the flipped classroom continued to have better
performance compared with those who did not participate in. In addition, the interquartile
range (width of cyan and pink orthogonal boxes) of the case studies of the students in the
flipped classroom is less than that of those who did not participate in the flipped classroom.
Moreover, the effect of the flipped classroom on students’ performance seems to acquire a
character of a permanent duration in the courses of mathematics. In further, in the rest of the
courses (lower row of subfigures) the differences in students’ performance are smaller, with a
tendency to shrink. This could be interpreted as a kind of positive change in their learning
approach towards mathematics, indeed maintained in the remaining courses for up to one
year later.

5. Discussion

The aim of the present research is to examine the effect of the proposed PL-FC model on
students’ academic performance during the semester as well as on the final exam level of
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Calculus and in subsequent courses up to one year later. The main pillars of the proposed
flipped classroom model are cooperative learning before and outside the classroom and group
peer-tutoring within it. The former is not common; however, it is part of the present study’s
educational experiment because in combination with the latter they structure the construct of
the positive correlation of the flipped classroom with the academic performance of students
mainly via the encouragement of students group interaction.

However, the research of Fung et al. (2021) indicated that the effect of the flipped classroom
on mathematics is still unclear in terms of students’ academic performance and their
perceptions to (Fung, Besser, and Poon, 2021). Research further indicated that the effective
flipped classroom brings the best academic result in comparison to the traditional approach,
consisting of discussion, teacher’s feedback, and teamwork work with fellow students.
Similarly, the rationale for shaping the PL-FC model of the present work was the emphasis on
collaborative work between students, inside and out of the classroom, expressed through
cooperative learning and group peer-tutoring.

According to Enfield (2013), the characteristic of the collaborative nature of the flipped
classroom is very essential as it offers students the opportunity to acquire skills and abilities
based on the learning and collaboration that develops between them (Enfield, 2013).

The results of the flipped classroom on student performance compared to the traditional are
mixed (Morton and Colbert-Getz, 2017); other surveys indicate a positive correlation (Tune,
Sturek, and Basile, 2013), while others show a neutral effect (Lape et al., 2014). Indicatively,
the flipped classroom is intended for students to perform the functions of application, analysis,
and evaluation of material and therefore, tasks exclusively requiring material recall are
unlikely to have a positive result within flipped classroom compared to the traditional.
However, there is the other side of the coin; although some educators believe in the positive
effect of the flipped classroom on student’s advancement in mathematics, this effect is still
weak (Lelean and Edwards, 2020; Lo and Hew, 2017; Strelan, Osborn, and Palmer, 2020;
Van Alten et al., 2019; Wagner, Gegenfurtner, and Urhahne, 2020; Fung, Besser, and Poon,
2021).

The present research reveals that students who participated in the PL-FC model performed
better in the final exams of Calculus at the end of the academic semester compared to those
who did not participate in. Therefore, the answer to the first research question reveals a
positive correlation between the application of the PL-FC model and students’ participation in
it. Accordingly, based on Stockwell et al. (2015) finding students who were involved in the
flipped classroom showed a better performance in the final exams compared with those who
did not participate (Stockwell et al., 2015).

Antidiametrically, according to Morton & Colbert - Getz (2017) the flipped classroom
compared to the traditional lecture, did not make any difference in terms of equipping
students with the ability to apply the material to the final exam. Also, the flipped classroom
compared to the traditional has no difference in the effect of recalling or recognizing the
material in the final exam (Morton and Colbert-Getz, 2017). Similarly, based to Fautch (2015)
there was no differentiation emerged in the performance of students involved in the flipped
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classroom in terms of the final examination (Fautch, 2015; Morton and Colbert-Getz, 2017).
In the same line of argument, according to Blair et al. (2016) no significant difference was
found in the flipped classroom’s application to students’ performance in the exams, while the
students in the flipped classroom who achieved high grades were few (Blair, Maharaj, and
Primus, 2016). Indeed, a number of studies have not shown a difference in student
performance within the flipped classroom in comparison with the traditional in various
subjects (Morton and Colbert-Getz, 2017; McLaughlin et al., 2013; Lape et al., 2014;
Fitzgerald and Li, 2015) including the undergraduate mathematics course (Morton and
Colbert-Getz, 2017; Lape et al., 2014).

Meanwhile, according to Morton & Colbert-Getz (2017) the flipped classroom if compared to
the traditional enhances students’ ability to analyze the material in the final exam (Morton
and Colbert-Getz, 2017). Indeed, in the present research and in response to the second
research question, students who participated in the PL-FC model answered the problem
solving -open-ended question- better in the final exam. That is, the students who participated
in the flipped classroom performed better on problem-solving in mathematics, formulating,
analyzing, interpreting, expressing, and developing their mathematical thoughts better even in
different contexts encompassing mathematics compared with those who did not participate in
the flipped classroom. In the same line of argumentation, through the practice of the flipped
classroom, the difficulty of students to remain vigilant in the classroom is addressed (Jungi¢
et al.,, 2015), and also via the high communication level within the classroom, the
comprehension of the lecture‘s content is further encouraged (Wasserman et al., 2017; Feudel
and Fehlinger, 2021). Furthermore, in the present work, it emerged that students who
participated in the proposed flipped classroom model gradually showed an advancement in
their performance on the exercises of each chapter examined during the academic semester.
Therefore, in addition to the grade in the final exams of the semester where they scored better,
their performance in the individual exercises of the thematic units was constantly improving
gradually.

In addition, in the context of the investigation of the third research question of the present
work, it appears that the effect of the flipped classroom with the methodology applied
contributes to a more permanent character of better student performance in mathematics.

It is interesting the detail emerged in regards to the “non-temporary” effect of the flipped
classroom on the benefits of students permitting in a way the connection of their participation
in the flipped classroom with certain skills’ reinforcement which continue to exist even after
the end of the academic semester. The maintenance of this “skills supply” is reflected mainly
in the academic performance of students progressively during and after the academic
semester, extended also in courses of other cognitive subjects beyond mathematics. Towards
this direction, in the present research and in the context of the fourth research question’s
investigation, a positive effect was identified on the academic performance of students in
mathematics and other cognitive subjects; this is due mainly to the inducement of students’
active role in the learning process and therefore their study.

Therefore, it seems that the flipped classroom process had two important effects on the
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academic image of the students who participated in it. The first is in regards to the change of
attitude towards the courses of mathematics and the second has to do with their overall
motivation in the cognitive subjects apart from mathematics.

Moreover, it emerged that in the courses of quantitative methods (mathematics and statistics)
during the first three academic semesters, the students who participated in the flipped
classroom continued to have better performance compared with those who did not participate.
In addition, considering that the intercept is 4.3, it is noticed that the students who
participated in flipped classroom even with a medium performance as tutors, had a higher
than average score in the final exams.

Of particular interest is the argument supporting the progressive movement from the
traditional approach to the flipped classroom, as if this progressiveness doesn’t exist then this
can lead to negative emotions due mainly to the lack of familiarity with the instructions and
the content taught to the students; so the “relaxed” atmosphere is likely to occur undermining
the learning outcomes (Lo, Hew, and Chen, 2017; Boev¢ et al., 2017; Strayer, 2012; Fung,
Besser, and Poon, 2021). One possible way to incorporate innovative teaching strategies is to
supplement the traditional lecture with new methods rather than completely replace the latter
(Missildine et al., 2013). Indicatively, according to Lombardini et al (2018), two flipped
classrooms were designed, the partially flipped and the full flipped in order to examine
student’s performance in a microeconomics course leading to the finding that students have
not been satisfied with the full flipped as happened with the partial because of the workload
(Lombardini, Lakkala, and Muukkonen, 2018; Zhao, He, and Su, 2021). In the present
research the traditional lecture was not sidelined, on the contrary it was part of the
educational process.

In general, it is important for the teacher to emphasize the configuration of the learning
environment and to listen to students’ approach to learning, in the context of pedagogical
decision making (Blair, Maharaj, and Primus, 2016); especially in subjects such as
mathematics often perceived by students as a subject with complexity (Gafoor and Sarabi,
2015; Fung, Besser, and Poon, 2021).

5.1 Limitations

A limitation of the present study is that it was carried out during the academic year
2020-2021 when restrictive measures against the Covid-19 pandemic were implemented.
Therefore, the proposed flipped classroom model was mainly employed as a distance learning
tool lacking the ideal circumstances of more intense interpersonal interactions inside the
classroom.

5.2 Theoretical Implications

The present study contributes to the existing literature by enhancing the research on the
positive effect of the flipped classroom on students’ academic performance. Parameters
emerge in the context of the PL-FC model application exerting their role, such as learning
autonomy, teamwork, student motivation, cooperative learning, and group peer-tutoring.
Group out-class activities were integrated into the PL-FC model on the ground of the flipped
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classroom pedagogy; perspective not adequately being investigated so far, as it has come to
our knowledge.

5.3 Practical Implications

The proposed PL-FC model enables students to perceive and solve problems within their peer
groups, as well as to function autonomously in their individual learning. More broadly,
students and teachers benefit from peer learning in terms of the flipped classroom which via
the PL-FC model can improve the academic performance and experience.

6. Conclusion and Further Research

The educational planning in higher education shows diversity in content (Lea and Callaghan,
2008), social norms, beliefs, local stories, and existing systems (Blair, Maharaj, and Primus,
2016).

The main findings of the present study focus on the positive effect of the proposed PL-FC
model on students’ performance in mathematics on the level of grades in the final exams as
well as via the intermediate examinations. It is of interest that students who participated in the
PL-FC model maintain a good level of performance over time equipping students with the
mechanism to cope with the study obligations, the academic requirements and learning
experiences.

Cooperative learning outside and before the classroom and group tutoring inside the
classroom consist simultaneously the two parallel pillars of the proposed flipped classroom
model; students’ learning experience is further reinforced via peer learning emphasizing a
novelty element of the present work.

The study of the flipped classroom on the basis of existing solid research approaches is
important and at the same time needs further investigation with a view to extract the
usefulness of the pedagogical method towards the quality of educational processes’
improvement and learning outcomes’ achievement.

Future research could focus on students’ differences in background, interests, intentions and
the so-called ““ability” and their effect on the conditions of flipped classroom interactions. In
addition to the quantitative approach, the qualitative could be conducted to enlighten different
aspects of the proposed PL-FC model’s effects on student learning processes. In further, it is
crucial to examine the permanent character of the proposed model effect on students’
academic performance, through its examination during the entire period of studies.
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