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Abstract
Innovative methods can change the paradigm of teaching mathematics and inspire teachers to espouse new ideas and gain new 
experiences. The flipped classroom (FC) is currently an innovative pedagogical approach that has high potential to transform 
the teaching of mathematics. In the case study described in this paper, we investigated one mathematics teacher’s transfor-
mation of teaching in two mathematics classrooms through implementing interventions based on FC methods; furthermore, 
we identified several key points of FC design as well as challenges and opportunities afforded by teaching mathematics in 
FCs. The results of the study showed that the tasks posed by the teacher, the implemented discourse, teacher feedback and 
scaffolding, and the teaching–learning environment were changed in FCs, although the approaches used by the teacher to 
analyze the tasks and students’ learning were similar to those used in non-FCs, which points out the strengths of traditional 
teaching approaches. The study indicates that although teaching mathematics in FCs created some difficulties for teaching, 
well-designed FCs offered a great opportunity to promote students’ mathematical thinking and understanding. Overall, the 
results highlight that through FC, teachers can develop students’ mathematical potential with FCs.
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1 Introduction

Digital technologies have the potential to change the con-
tent of school mathematics as well as to foster the develop-
ment of mathematical knowledge and understanding (Heid 
2005; Olive et al. 2009). New technologies present differ-
ent ways to interpret communication, collaboration, and 
social interaction (Beatty and Geiger 2009), and encourage 
a strong connection between mathematical knowledge and 
practice (Olive et al. 2009). Educators have attempted to cre-
ate and familiarize themselves with technological artefacts 
to enhance mathematics education (Lagrange and Kynigos 
2014). While these attempts have the power to change class-
rooms, research into how this change can be accomplished 

and its actual implementation frequently lag behind the 
speed of the digital evolution (Goos et al. 2020). The rapid 
dissemination of technology use in society has not reached 
education fully, at least before Covid-19 technology had 
still a rather marginal status in mathematics teaching and 
learning (Lavicza 2010). Hence, there is an increasing desire 
among mathematics teachers to use technology-enriched 
teaching approaches, consider the use of technology as 
part of their teaching activities, access resources, and share 
knowledge and experience with their colleagues (Hooks 
2015; Joubert et al. 2020).

Employing technology-supported reform-oriented 
approaches in mathematics teaching has become a necessity 
for the twenty-first century, even before the changes forced 
by the pandemic Covid-19 came into the public discussion. 
We can define the term of reform as “change or changes 
made to a system or organization in order to improve it” 
(Longman 2020). The flipped classroom (FC) is one of the 
reform-oriented approaches that can accelerate digital trans-
formation in teaching mathematics, contribute to technology 
integration into mathematics education, and engage students 
in mathematics. FC is described as a teaching reform (He 
2020) that changes teaching ideas, objectives of teaching, 
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teaching time, and teaching mode with the help of technol-
ogy (Jian 2020) in such a way that within FC instructors 
teach students in-class, and learners do homework by them-
selves at home (He 2020). FC is defined on first access as 
“school work at home and homework at school” (Bergmann 
and Sams 2012). Lecture videos, notes, slides, and articles 
are shared with students outside of the classroom, and teach-
ers have an opportunity to communicate and interact with 
their students by means of online learning management sys-
tems (LMSs), and then support deep learning through face-
to-face classroom activities. Flipping the teaching provides 
more time for active learning and problem-solving activities 
in the classroom (Lo and Hew 2017). McGivney-Burelle and 
Xue (2013) describe the main principles of FC as follows: 
(1) out-of-class time should be well-structured to prepare 
learners for class hours (2) teachers assess learners’ pre-
class activities (3) class time consists of collaborative and 
cooperative problem-solving activities and discussions, and 
(4) well-structured and highly organized implementation of 
a learning environment is based on scaffolding and feedback 
by the teacher. In essence, the FC approach has the poten-
tial to improve mathematics teaching and learning and use 
technology to accomplish these goals. Teachers should use 
technology strategically in such a way that all the students 
can access mathematics (National Council of Teachers of 
Mathematics 2011). FCs can provide this strategic use of 
technology and have the potential to improve mathematics 
teaching.

However, it appears that currently only a limited number 
of studies have examined the teaching experience of (sec-
ondary) mathematics teachers and their roles within the FC 
framework (Fredriksen 2020). The vast majority of studies 
in the FC context focus on students and their learning rather 
than teachers and teaching in (secondary) mathematics class-
rooms. In this study, we analyze the change of mathematics 
classrooms by FC from the perspective of the teacher. In 
addition, we identify the pros and cons of teaching math-
ematics in FCs. Overall, the study addresses the following 
research questions from the teachers’ perspective:

1. How does the flipped classroom transform mathematical 
teaching approaches?

2. What are the challenges and opportunities provided by 
teaching mathematics in the flipped classrooms?

2  Background

2.1  Concept of flipped classroom

Different names for FC pedagogy have been proposed 
so far, e.g., inverted classroom (Lage et al. 2000), class-
room flip (Baker 2000), flipped classroom (Bergmann and 

Sams 2012). Furthermore, FC has been defined in different 
ways, e.g., by Lage et al. (2000) as “Inverting the class-
room means that events that have traditionally taken place 
inside the classroom now take place outside the classroom 
and vice versa” (p. 32), although other definitions point out 
that FC is going beyond this approach. Bishop and Verleger 
(2013) offered a definition for FC that is composed of two 
parts, namely, interactive group work in the classroom, and 
computer-based instruction out of the classroom, including 
lecture videos. One of the more current and comprehensive 
definitions of FC has been developed by the Flipped Learn-
ing Network (FLN). According to this definition:

FC is a pedagogical approach in which direct instruc-
tion moves from the group learning space to the individual 
learning space, and the resulting group space is transformed 
into a dynamic, interactive learning environment where the 
educator guides students as they apply concepts and engage 
creatively in the subject matter. (FLN 2014).

A group of educators from the FLN suggested that teach-
ers should incorporate four pillars (F-L-I-P) into their teach-
ing practice, creating the widely used acronym FLIP:

 (1) F: Flexible environment: Teachers should rear-
range the teaching–learning environment to adapt to 
each lesson or unit to encourage either independent 
or group work. These newly created environments 
empower students to select the desired learning time 
and place.

 (2) L: Learning culture: In FC, class time should be 
devoted to inquiring, learning subjects and content-
specific concepts more deeply, and generating learn-
ing opportunities. Teachers in FC make use of scaf-
foldings to enable their students to find out specific 
topics by thorough implementation of student-cen-
tered approaches in the zone of their proximal devel-
opment (Vygotsky 1978).

 (3)  I: Intentional content: Teachers should constantly 
consider how they could benefit from the FC approach 
to support learners in enhancing deeper understand-
ing. Teachers need to decide on the content to be 
taught and materials the students should explore.

 (4)  P: Professional educator: Although the visibility of 
the professional educator’s role is less obvious in FCs, 
teachers in this environment are much more impor-
tant and frequently more challenged than in traditional 
classrooms. They should consistently observe stu-
dents, provide support, give comprehensive feedback, 
and assess students’ work.

Although FC has been defined in different ways, there is 
a consensus that FC is a student-centered pedagogy, giving 
teachers more time for implementing active learning activi-
ties, enabling social interaction and collaboration, creating 
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technology-rich environments in accordance with differenti-
ated learning, and presenting opportunities for students to 
move through the zone of proximal development (for details 
see Cevikbas and Argün 2017). In FC, the learning and 
teaching process is not confined to the classroom; students 
can progress at their own pace in an interactive way both 
in and out of the classroom (Davies et al. 2013), and teach-
ers can provide effective guidance for students rather than 
deliver information directly. In this study, the FC definition 
offered by the FLN (2014) was used, taking into account that 
lecturing videos are a crucial part of the FCs.

2.2  Affordances of a FC in teaching mathematics

The current generation of students has quite different charac-
teristics, expectations, and dispositions compared to students 
a few decades ago (Cevikbas and Argün 2017). Nowadays, 
students prefer to access information quickly, and, especially 
by using various digital technology channels, they desire 
to construct their own knowledge by enjoying themselves 
(Cevikbas 2018; Engelbrecht et al. 2020). Teaching methods 
and learning environments have to be adapted to respond to 
these changes. FCs provide students with a tailored learn-
ing environment by inverting traditional teaching approaches 
with the help of technology. In this way, FCs help to create 
high-quality mathematics teaching activities (Chen and Wen 
2019) and can develop students’ learning opportunities in 
mathematics. FCs encourage students to enhance their criti-
cal thinking abilities, assist in clarifying the goals of learn-
ing collaboratively, and think about mathematics problems 
before participating in classroom activities (Mazur et al. 
2015; Voigt et al. 2020). Teachers in FCs gain additional 
time to apply inquiry-based activities, problem-solving 
activities, hands-on activities and comprehensive analysis 
in their classrooms (Schmidt and Ralph 2016). They can 
spend class hours creatively and strategically and can inter-
pret students’ mathematical thinking (Fulton 2012). The FC 
approach transforms mathematics classrooms into laborato-
ries of inquiry, analytical thinking, and connectedness with 
other fields of STEM (Bergmann and Sams 2012).

While FCs benefit students by encouraging them to 
engage in mathematics from behavioral, emotional, and 
cognitive perspectives (Cevikbas and Argün 2017), they 
also benefit teachers by helping them to improve their pro-
fessional competencies and transforming classroom dynam-
ics. Radical changes in the teaching experiences generate 
persuasive ideas and authentic vision (Brown 2018). Due 
to the nature of FC, even if advanced use of technology is 
not required, teachers need at least basic competencies in 
using technology in mathematics teaching for implement-
ing the FC approach. This requirement allows them to 
learn new technologies and new teaching strategies (Brown 
2018). Teachers have an active role in FCs and can provide 

guidance and scaffolding to their students when they need 
professional support (Cevikbas and Argün 2017; FLN 
2014). They can also follow students’ learning progress 
and offer timely and comprehensive feedback. FCs increase 
teacher–student interactions (Bergmann and Sams 2012; 
Brown 2018; Cevikbas and Argün 2017; Lo and Hew 2017) 
and alleviate disciplinary problems in the classroom (Cock-
rum 2014). They also change classroom management and 
make classrooms more transparent; that is FCs make it pos-
sible for parents to follow teachers and students activities 
(Bergmann and Sams 2012).

2.3  Difficulties of teaching in flipped mathematics 
classrooms

Despite the numerous advantages of FCs in mathemat-
ics teaching, difficulties that teachers may encounter are 
reported in empirical studies. We can summarize the dif-
ficulties of flipped teaching along three basic categories: (1) 
paradigm shift, (2) content, and (3) technical requirements. 
The first difficulty refers to changing the pedagogical para-
digm of teaching and learning mathematics (Cevikbas and 
Argün 2017; Lo and Hew 2017). Students’ and teachers’ 
beliefs and perceptions can create paradigmatic barriers to 
flipped teaching and learning. There is a potential risk in 
FCs that students may skip the out-of-class tasks and come 
to the classroom without watching the lecture videos due to 
lack of independent learning responsibility. Another diffi-
culty is related to creating subject-specific content. Teachers 
need to have well-prepared lecture videos, notes, slides, and 
teaching materials to implement effective flipped teaching 
(Chen 2016; Lo and Hew 2017). In particular, it is difficult 
to find customized lecture videos or another type of con-
tent that effectively meets teachers’ and students’ needs and 
expectations. Although there are plenty of videos accessible 
on online platforms such as YouTube, Teacher Tube, Khan 
Academy, and so forth, existing videos do not cover or match 
all topics taught in school mathematics (Chen 2016). In this 
case, teachers have to create their own lecture videos, which 
is an extremely time-consuming task. Another difficulty for 
FC implementation is to have the technical requirements 
to teach and learn mathematics. The technical problems 
with accessing the Internet and mobile devices cannot be 
underestimated and may destroy the structure of FCs. FC 
practices do not work well without the Internet, and teachers 
should be able to use technology strategically in the pro-
cess of teaching mathematics. Organizing and operating the 
resources, tasks, students, and knowledge simultaneously 
can create complicated problems for teachers who need 
to improve their technology use competencies (Trigueros 
et al. 2020). In addition, while flipping the classes, teachers 
may have to deal with some additional challenges, such as 
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dissatisfaction, unwillingness, and bias against FC (Bagley 
2020; Chen 2016).

2.4  Theoretical framework

Many educators are still stuck with traditional teaching 
approaches, which are rooted within the paradigm of trans-
fer of knowledge by lectures, notes, and presentations. These 
approaches simply concentrate on knowledge memorizing 
and do not encourage critical thinking, problem solving, col-
laboration, engagement, and social interaction (Marzouki 
et al. 2017). Contemporary educational approaches promote 
interactive teaching and learning environments based on 
technology. FC pedagogy is one of the most adapted inno-
vative approaches for creating interactive teaching and learn-
ing environments, as it has the potential to enhance prob-
lem solving, collaboration, engagement, social interaction, 
and communication (Bergmann and Sams 2012; Cevikbas 
and Argün 2017). FC can improve teachers’ differentiated 
teaching experiences and allow them to guide and support 
their students in and out of the classroom. Overall, FC offers 
a relatively new teaching approach strongly connected to 
Vygotsky’s (1978) ideas based on social constructivist 
theory (Ahmed 2016; Jarvis et al 2014). From the social 
constructivist perspective, knowledge and meaning are 
socially constructed by interaction and higher-order cogni-
tive teaching–learning activities in FC. Learning is described 
as the creation of an environment in which students are 
active in constructing their own knowledge (Schreiber and 
Valle 2013). According to the Vygotskian approach a good 
teacher will create an interactive and useful environment by 
fostering discovery and socialization (Kim 2001; Schreiber 
and Valle 2013). Vygotsky (1978) introduced the concept 
of zone of proximal development (ZPD) pointing out that 
learners can proceed to the next zone of their proximal 
development with the help of more knowledgeable indi-
viduals. Based on the theoretical framework of social con-
structivism, teachers are expected to perform the following 
tasks in FCs (Bergmann and Sams 2012; Cevikbas 2018): 
(1) design an interactive classroom environment (including 
virtual classrooms) and help students to prepare for class 
hours by use of videos and online resources; (2) support 
students to construct knowledge and meaning by providing 
scaffolding and sufficient feedback; (3) promote the agency 
of students to think, inquire, communicate, interact, and dis-
cuss; (4) design and implement activities that foster active 
learning for their students; and (5) use dynamic assessment 
approaches. When used as an educational tool, technol-
ogy contributes to the development of social constructivist 
meaning by encouraging social interaction, communication, 
discussion, problem solving, engagement and collaboration. 
Therefore, social constructivism is one of the most adopted 
theories for technologically rich environments (Marzouki 

et al. 2017) and aligns with the benefits of FC pedagogy 
(Bishop and Verleger 2013; Jarvis et al 2014). Accordingly, 
we have embedded our FC research study within a social 
constructivist framework, which allows us to examine the 
changes of the mathematics teaching with FC interventions, 
determine the opportunities and challenges of flipped math-
ematics teaching, and construct an effective design of a FC 
for mathematics teaching.

3  Methodological approach

3.1  Research design

In this study, we employed qualitative research methods 
to investigate how mathematical teaching was changed by 
teacher’s FC interventions and explore opportunities and 
challenges inherent in flipped teaching. Qualitative research, 
especially case studies, are appropriate for the investigation 
of people’s knowledge, views, and experiences (Merriam 
and Tisdell 2016). Case studies focus on a bounded system 
by collecting data through multiple sources of information 
such as interviews, observations, audio-visual media, and 
documents (Creswell 2013). The most explicit examples of 
bounded systems are a single person, a group, an institution, 
or a subject (Merriam and Tisdell 2016). This study was 
designed as a qualitative case study, which is particularly 
appropriate for exploratory studies aiming for insight into 
flipped teaching experience and the design of FC, as well 
as the pros and cons of FCs in teaching mathematics. Our 
bounded system was a single mathematics teacher and we 
focused on her teaching experiences in two separate second-
ary classrooms.

3.2  Participants and data collection

The voluntary participants of the study were a mathematics 
teacher and 68 high school students at a public school in 
Turkey. The school was located in a neighborhood where 
families with medium socio-economic background resided. 
The participating teacher was selected based on volunteer-
ing principles and is named in this study Ece (pseudonym). 
Ece had 6 years of professional experience as a mathematics 
teacher and at the time of study was continuing her doc-
toral studies in the field of mathematics education in Turkey. 
Although she was familiar with student-centered teaching 
methods from her undergraduate and graduate education, 
she mostly applied direct instruction methods in her classes 
and the students were used to learning mathematics through 
a teacher-centered approach. Ece taught mathematics in 
three separate secondary classes (9th grade, 10th grade, and 
11th grade) for a total of 18 h per week. In this study, we 
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focus on her 10th grade and 11th grade classes. Using basic 
digital technologies and having Internet-based devices and 
stable Internet connection at home were required for all stu-
dents as well as the teacher, in order to conduct an effective 
FC implementation.

The main data sources of this research study were class-
room observations, video and audio recordings, semi-struc-
tured teacher and student interviews, and questionnaires. A 
significant part of case studies is the use of multiple data 
sources to prevent systematic faults and to resolve inconsist-
encies (Maxwell 2013). In this study, Ece’s teaching experi-
ence can be divided into two parts: Non-flipped teaching and 
flipped teaching. In the first part, Ece taught mathematics for 
4 weeks in the non-FC settings and we (more precisely, the 
first author of the paper) observed her in two non-FCs (10th 
grade and 11th grade) and recorded her teaching experi-
ences and classroom activities via audio and video record-
ers. Classroom activities and Ece’s teaching experiences in 
non-FCs were recorded with a video camera placed in the 
back corner of the classroom. In addition, Ece’s talks were 
recorded by a voice-recorder placed on the teacher’s desk, 
since Ece was generally close to the teacher desk while she 
was lecturing in non-FCs. In the second part, Ece flipped her 
mathematics classrooms for 4 weeks. She was observed in 
two FCs and her teaching experiences were recorded with 
a video camera. In FCs, Ece led group work, and walked 
around the classroom to guide students and follow their work 
most of the class time. In order to record the conversations 
between Ece and the students, voice-recorders were placed 
on each group’s desks. After the 4-week FC experience, we 
gave 68 students a questionnaire consisting of 15 open-ended 
questions asking about their views on the teacher’s teaching 
approach in FCs and non-FCs. Then, we performed semi-
structured interviews, each lasting about an hour, with the 
teacher and 13 students. For the selection of the students to 
be interviewed, the teacher’s opinions, students’ mathemat-
ics scores, and results in the questionnaires were used. We 
gathered the data from interviews about teaching approaches 
in FCs and non-FCs, opportunities and challenges of the FC 
approach, and the design of a FC. Figure 1 shows the data 
collection sequence of the study.

3.3  Design of the teaching environment

First, the participating teacher was offered individual pro-
fessional development concerning the FC approach. This 
professional development consisted of papers and teach-
ing material to enlarge her knowledge about FC design 
and implementation. Then, with the support of the first 
author, the teacher developed the FC design and created the 
related content. Lecture videos and notes, worksheets, and 
classroom activities related to polynomials and logarithms 
were prepared using online sources and audiovisual or text-
based materials. Three independent mathematics educators 
evaluated the appropriateness of the teaching materials that 
were prepared for the FC implementations. A single virtual 
classroom for the pilot study and two virtual classrooms 
for the main study were created using the Edmodo LMS 
(https ://new.edmod o.com/). The pilot study was conducted 
with the same teacher and 10th-grade students for 2 weeks 
based on two lecture videos shared on the learning platform. 
We observed the teacher’s performance in the pilot study 
and made some adjustments regarding the videos and the 
planned classroom activities. Additionally, the teacher was 
able to gain some teaching experience with flipped teaching 
before the main study. In the pilot study, we realized that the 
teacher had difficulties in managing the group work due to 
the crowded classroom and the high number of students in 
the class. We also realized that lecture videos should not be 
shared too early (for example, a week before) or too late (for 
example, a day before) before having the associated meeting 
in the classroom. Based on the teacher’s and the students’ 
feedback, the appropriate length of the lecture videos was 
determined to be between 10 and 20 min and should include 
examples, problems, solutions, prompt questions, and, of 
course, lecturing. Explanations about the basic structures 
of FC design adopted in this research are summarized in 
Table 1.

After the pilot study, observations were conducted last-
ing 4 weeks (24 course-hours with each course-hour lasting 
40 min) in traditionally organized classes (10th and 11th 
grades) where the teacher taught mathematics. The les-
sons were recorded by video camera in order to evaluate 
the teacher’s usual teaching approach and the usual teach-
ing atmosphere within the traditional teaching environment. 
Immediately afterwards, FC was implemented for 4 weeks 
(24 course-hours) in both of the classrooms. Six lecture 

Fig. 1  Data collection sequence 
of the study

https://new.edmodo.com/
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videos for the 10th-grade students and four lecture videos 
for the 11th-grade students were uploaded to the learn-
ing platform at least 2 days before the associated lessons. 
FC activities were applied in accordance with the design 
described in Table 1. In-class activities were observed and 
recorded by video cameras and voice-recorders. Teacher and 
students were interviewed and questionnaires were applied 
in the fourth week of the FC implementations.

3.4  Data analysis

In this case study, our bounded system consisted of a sin-
gle mathematics teacher and we focused on her teaching 
experiences in both FCs and non-FCs. In the data analysis 
process, firstly we watched the 48 video recordings and lis-
tened to the 26 audio recordings (interviews and classroom 
recordings) one more time and transcribed them verbatim. 
Then, we read the transcribed data from video-audio record-
ings, the completed questionnaires consisting of open-ended 
questions about the teaching approach of the teacher, and 
observation notes several times. Then, we encoded the data 
through the content analysis method (Miles and Huberman 
1994) and identified four categories for the first research 
question: (1) environment, (2) interaction, (3) feedback and 
scaffolding and, (4) assessment. We determined differences 
between teaching in flipped and non-flipped classrooms in 
terms of these themes that are important in teaching based 
on social constructivism (Marzouki et al. 2017; Palincsar 

1998; Vygotsky 1978). In social constructivism, knowledge 
is constructed by means of social interaction, communica-
tion and environment, in other words learning should not be 
considered in isolation from the environment and sociali-
zation (Kim 2001). Learners can proceed in their ZPD 
with scaffolding and specific supportive types of feedback 
given by teachers (Cevikbas and Argün 2017). Thurlings 
et al. (2013) conducted a review study and identified tim-
ing, characteristics and effects of FC as characteristic fea-
tures based on social constructivism as follows: (a) timing 
(immediately, when students are reminded of their actions/
when still relevant), (b) characteristics (focused on/related 
to task, related to goal and student’s perceptions of their 
performance; includes information about progress, targets 
at a suitable level, gives opportunity to respond, dialogue/
context of collaboration, encourages positive motivational 
beliefs and builds empathy), and (c) expected effects (sup-
ports learner to engage in action to close gap, engages stu-
dents in thinking) of feedback in social constructivist theory. 
Table 2 indicates some examples of the coding related to the 
feedback provided. According to the social constructivist 
approach, scaffolding is a temporary support provided by 
an expert who helps a learner understand how to perform 
a similar task that s/he may encounter in the future (Wood 
et al. 1976) and assessment is referred to as dynamic assess-
ment that provides a future measure of performance, sig-
nifying capacity. This capacity provides information about 
how the learner will perform individually in the future 

Table 1  Overview of design 
elements of FC

Environment Activities and Tasks Time

Out of class Lecture offering 10–20 min 
per each 
video

Taking notes from the lecture (for students) 5–10 min
Q&A on lecture video (teacher or students could ask and reply 

to questions whenever they wanted on LMS)
Flexible

Searching for additional source(s) Flexible
In class (over 40 min) A brief summary of video lecture 5 min

Q&A about lecture offered out of class 5–10 min
Active learning activities under the guidance of the teacher 20–25 min
Information about next lesson/lecture video 3–5 min

Table 2  Examples of coding of data concerning teaching in mathematics classrooms

Theme Category Code

Feedback Timing Immediate feedback, delayed feedback, feedback is given at the beginning of the lesson, feedback is given 
at the end of the lesson, feedback is given when students perform group work, feedback is given out of the 
lesson

Type Process-oriented feedback, i.e., feedback consists of hint, explanation, support, elaboration, inquiry, encourage
Result-oriented feedback, i.e., corrective, confirmative, evaluative
Based on source: teacher, peer

Frequency Number of feedback instances given in a lesson
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(Palincsar 1998). We employed content analysis (Miles and 
Huberman 1994) to ascertain challenges and opportunities 
inherent in the flipped mathematics teaching. Finally, two 
themes (1) challenge, and (2) opportunity for the second 
research question could be identified. Since we did not aim 
to compare the results related to mathematics teaching expe-
rience between the 10th grade and the 11th grade students, 
we analyzed the data collected from both groups together. 
After coding, code frequencies and quotations backing the 
results were identified. We used a code–recode strategy in 
which we recoded 30% of the research data after an interval 
of 6 weeks and achieved a consistency rate of 99% between 
these two encodings.

Furthermore, an additional mathematics educator carried 
out double coding of 10% of the data. The rate of inter-
coder reliability was computed using Miles and Huberman’s 
(1994) formula and was determined to be 92%. We examined 
our codes and worked on them until we achieved total reli-
ability. We shared our pre-results with the teacher, and she 
confirmed our results. The member check strategy allowed 
us to reduce some misinterpretations, errors, and prejudices 
(Maxwell 2013).

4  Results of the study

4.1  Transformation in teaching mathematics 
from the teacher’s perspective

For this study, the results of the transformation that FC inter-
ventions created in mathematics teaching are presented in 
four groups; teaching and learning environments, interac-
tion and communication, teacher feedback and scaffolding, 
and assessment strategies.

4.1.1  Teaching and learning environments

Before the intervention, Ece had taught in non-FCs by 
standing in front of the blackboard or sitting at the teacher 
desk. She used the direct instruction technique and asked 
her students to write down what she had explained or writ-
ten on the blackboard. Although there was a smartboard in 
the classroom, Ece preferred to use the blackboard in her 
lessons. The classroom observations of traditional teach-
ing by Ece revealed that she did not draw on technology or 
concrete materials in order to enhance the understanding 
of the students. Ece lectured based on only one course 
book and did not tailor her teaching to the knowledge, 
understanding, and experiences of the students; in con-
trast, she treated them as passive listeners. Ece did not 
assign her students tasks based on mathematical activi-
ties, and she did not conduct problem-solving activities in 
her traditional teaching. The student desks were located 

in a way that did not allow for group work, which had 
not been carried out before in the classes involved. We 
could observe in the non-FCs that while Ece was lecturing, 
the students from the back rows were engaging in some 
disruptive behaviors (playing games on smartphones, eat-
ing sunflower seeds, talking to peers, listening to music, 
etc.). It became obvious that the structure of the classes 
(being crowded, desks arranged in rows) and the teaching 
approach that Ece had adopted did not provide opportuni-
ties for active learning. Ece explained the change in math-
ematics classes through FC as follows:

Ece: In my ordinary classes, the time is already lim-
ited so I used the direct instruction method. I could 
not construct a student-centered environment. How-
ever, in FCs, as I transferred lecturing to outside of 
the classes, I saved time in class. I could identify the 
students’ pre-learning; then I assigned them to partici-
pate in group work and discussion sessions and ena-
bled them to take the responsibility of problem solving 
and learning. [quote from teacher interview, translated 
by first author].

In FCs, Ece created an interactive learning environment 
for students out of school in virtual classes based on the 
materials and the communication activities from the learn-
ing platform. In addition to audiovisual resources (videos, 
diagrams, graphics, tables), alternative text-based docu-
ments were shared with the students in these virtual class-
rooms. Ece gave her students ambitious pre-class tasks 
(watching videos, taking notes from the videos, questioning 
and answering on Edmodo, etc.) that should enhance their 
mathematical understanding. In this way, she could gain 
insight about the students’ levels of knowledge and under-
standing about the new topics based on their Edmodo shar-
ings, and could dwell more on the topics in which students 
had expressed that they had difficulty, before or within the 
classroom activities. Furthermore, group work as well as 
individual work was regularly conducted in every lesson in 
FCs, and the students performed collaborative group work 
in four-person round-table sessions. It could be observed 
that Ece had difficulties in guiding the group work due to 
the crowded classes and a chaotic and noisy atmosphere was 
evident in the classroom from time to time. Ece started to 
use the smartboard and GeoGebra in FCs. For instance, she 
asked students to make drawings related to the diagrams of 
logarithmic functions and helped them to comprehend the 
relationship between exponential function and logarithmic 
function (see Fig. 3). Ece created a flexible environment in 
the class, in which students could put questions to her when-
ever they wanted; she trained her students through problem-
solving activities and encouraged them to produce new ideas 
and new problem-solving strategies. Even if the solutions 
and ideas that students suggested were mathematically 
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incorrect, she listened to them in the lesson and enabled 
them to recognize their errors by asking questions. The 
students, who experienced that the teacher did not judge 
their ideas negatively, felt in themselves more comfortable, 
and their belief in their ability to learn mathematics was 
strengthened. A student described this change as follows:

Student 1: I did not take the floor in mathematics 
classes before. I sat in the back row. If I had already 
wanted to talk, there would not have been such an envi-
ronment to do it. But in FC, everyone is engaged in 
mathematical activities. There was a comfortable and 
interactive learning environment in the class, which 
pleased me. I did not feel myself alone while learning 
mathematics. I realized that I could learn mathematics 
better. [transcript from student interviews translated 
by first author].

4.1.2  Interaction

In her traditional teaching, Ece used to give a few examples, 
after explaining the topics at the blackboard and asked the 
students whether they had comprehended the examples, yet 
she did not create any opportunities in which students could 
make mathematical inquiries, and she did not include discus-
sions within group work in her lessons. Ece did not allocate 
time for the students to think aloud on the mathematics prob-
lems and ask their questions; she shared the mathematical 
information directly with the students in class. The students 
usually did not have the chance to express their own ideas 
in the course of working on the mathematical problems, and 
they had difficulties in communicating with the teacher and 
peers. Additionally, there was no communication between 
Ece and the students outside of the lessons and students 
could not interact with Ece or peers about learning math-
ematics outside of the school.

In FCs, Ece and her students had a chance to communi-
cate and interact outside of the classroom through Edmodo. 
She primarily encouraged her students to import their les-
son-related content into the learning platform Edmodo and 
ask their questions there. She replied to those questions on 
the platform and communicated with students out of school 
as well. She noted down the questions that students asked 
on Edmodo and guided classroom discussions around these 
questions and a few prompt questions (examples: What is 
the difference between a polynomial and a function? Do they 
mean the same thing? What is the degree of zero polyno-
mial? Can all polynomials be factored?). Ece wanted the 
students to develop hypotheses while solving problems and 
to justify their solutions using both oral and written math-
ematical expressions. A sample problem included in the 
problem-solving activities and a dialogue in one of the work-
ing groups in FCs is displayed in Fig. 2. The students worked 

in the groups collaboratively, generated ideas to solve the 
problems, shared their ideas with their peers, asked ques-
tions of each other and developed mathematical argumenta-
tions. As can be seen in Fig. 2, some of the ideas shared by 
the students were accepted (lines 23–24; 29–30), but some 
of them were refuted by other group members (lines 14–15; 
21–22–23). As can be seen, students communicated well and 
solved the problem in an interactive way. Ece followed the 
students closely in the collaborative group work, listened to 
their ideas carefully, and guided them.

Ece used technology in mathematics teaching extensively 
(virtual classrooms, videos, learning platform Edmodo, 
mathematical software GeoGebra, whiteboard, calculators, 
etc.) and gave students the chance to embody their ideas by 
engaging them in mathematical activities. Figure 3 shows a 
section from the activities related to logarithms that Ece per-
formed through GeoGebra (screenshot was taken from video 
recordings), and in Fig. 4 (the photo was taken in group work 
on polynomials), a section from the students’ learning activi-
ties related to polynomials in the FCs is displayed.

4.1.3  Teacher feedback and scaffolding

Based on the classroom observations and video recordings, 
it could be reconstructed that Ece used direct instruction in 
non-FCs in the first 25–30 min of the lessons, and in the last 
10–15 min, she gave algorithmic tasks to students consist-
ing of 4–5 mathematics questions on the blackboard and 
then asked students to work on them. These tasks were not 
suitable for developing students’ mathematical thinking, but 
served as practice of topics and themes covered in the first 
part of the lesson (example: Given that p(x) = x3 − 7x + 5 
and q(x) = x4 + 15x − 8, find p(x) + q(x). This is an example 
used by the teacher related to adding polynomials). It could 
be observed that neither feedback nor scaffolding was given 
as there was no interaction between Ece and her students in 
the first 25–30 min of the lessons. In the last 10–15 min of 
the lessons, the practice part, Ece gave the students tasks and 
provided feedback 4–5 times in a lesson according to student 
answers. Since there was not enough time available to exam-
ine all students’ solutions, she asked a few students to solve 
the tasks on the blackboard and gave feedback at the end of 
the lesson. This type of feedback was of corrective and con-
firmative nature. When students made mistakes in working 
on the task, Ece preferred to solve the task herself instead 
of providing scaffolding to the students. A dialogue from 
the interview with Ece displays the characteristic aspects of 
this teaching method.

Researcher: I have observed that you usually write 4-5 
mathematics questions on the blackboard in the last 
part of your lessons. How do you determine whether 
students understand the topic with them?
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Ece: I cannot examine all students’ solutions because 
time is limited. I ask him or her to pick one of them 
and solve the problems. If there are students who have 
made a mistake, I make them see the correct solution 
on the blackboard.
Researcher: Do you give feedback or scaffolding to 
your students?
Ece: If the solution is correct, I say “correct”. If it is 
wrong, I show why it is wrong.

Researcher: Do you give feedback or provide scaffold-
ing to all your students in the classroom at any time?
Ece: Actually, my feedback is limited. It is not possible 
for me to determine the needs of the students in the 
classroom and provide them with scaffolding. From 
time to time, I give homework to students to make up 
for their shortcomings.

Fig. 2  An example of math-
ematical problem-solving 
activities in the classroom and 
students’ dialogue within group 
work

1 Student 1: I don't understand, let's read the problem again. 
2 Student 3: Ok, Let's write what we know first, the first body temperature is 85.6 and the room 
3 temperature is 70. 
4 Student 2: He died at 9:45. 
5 Student 3: Watch out! These values are measured at 10 o'clock..  
6 Student 4: The second team was coming at 12. The body temperature was 82,6 and room 
7 temperature was 70. 
8 Student 2: Do we need to use room temperature? 
9 Student 3: Of course, but we need a formula for calculation (they found Newton's formula  
10 t=-10ln[(T-Rt)/(98.6-Rt)] from the Internet) 
11 Student 1: If we use Centigrade? 
12 Student 4: We should always use the same unit in the formula; it is Fahrenheit. 
13 Student 2: What is “t” in the formula? 
14 Student 4: Death time. 
15 Student 3: No, I think we will find the time elapsed after death, then subtract it from the measuring hour.
16 Student 4: “T” is the first temperature or the last temperature? 
17 Student 2: I think the difference between the two is T2 - T1, as we use for temperature problems in 
18 physics. 
19 Student 1: Why do we find the temperature difference? 
20 Student 2: Why are we given two temperature values if we are not going to use them? 
21 Student 1: Why should we care about temperature measured at 12? I think we will take the last measured
22 temperature. 
23 Student 3: No, we will see the same result from both of them. 
24 Student 4: Okay, let's take 10 a.m.  
25 Student 3: Does the body temperature always decrease as time goes on? 
26 Student 1: Decreases. 
27 Student 2: It remains stable after a certain period of time.
28 Student 1: Why does it stay stable? 
29 Student 2: How much can the body temperature decrease? Until room temperature. 
30 Student 4: It makes sense, I think just like you. 
31 Student 3: Let's solve the problem, the first temperature of the corpse is 85.6-70 / (98.6-70) = 
32 0.5454545454 Ouch! 
33 Cycle, let's take the ln of it.  
34 Student 4: While calculating via calculator, we must write this expression in brackets. The order of 
35 operation! 
36 Student 2: Approximately, “t” is 6,0613. Ali died at 04:00. 
37 Student 3: Let's also calculate according to the temperature measured at 12. Then we need to find 8 hours
38 logically. 
39 Student 1: Let's find and prove it. 
40 Student 2: Yes, I found the result to be 8.  
41 Student 1: Both solutions point to about 4 o’clock. 
42 Student 3: Clever! I felt like a detective. I wonder how to be a detective, calculations are fun. 
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In FCs, Ece provided group work in each lesson, gave 
worksheets to students, and guided their work and problem 
solving activities closely. Students worked on mathematical 
tasks for 20–25 min in the classroom and attended 5–10 min 
of question-and-answer sessions. Ece gave individualized 
feedback to her students, including explanations, hints, 
encouragement, support, inquiry, confirmation, and correc-
tion. In each lesson, Ece followed the students in their group 
work and gave immediate feedback to them, whenever it was 
needed. The difference in the quantity of feedback given 
by Ece in the two kinds of teaching approaches is a strong 
indicator of the changes in her teaching method: in a non-
FC lesson, she gave feedback 4–5 times, compared to 45–55 
times in a FC lesson. Ece did not provide scaffolding at all 
in non-FCs, she provided it 7–8 times in FCs. Students used 
a flexible and an interactive learning environment in FCs: 
they immediately contacted Ece when they needed scaffold-
ing or feedback. In this way, Ece was able to allocate more 

time to the students who needed more support. 88% of the 
students stated in the students’ questionnaire that they had 
received more feedback and scaffolding in FCs and they had 
understood the topics better due to the teacher feedback and 
scaffolding. In FCs Ece also gave feedback to her students 
outside of school with the help of Edmodo. Students who 
had watched the videos could ask questions of Ece in virtual 
classrooms, and Ece provided corrective, confirmative, and 
explanatory feedback to help her students. Table 3 shows the 
characteristics of scaffolding and feedback given by Ece in 
non-FCs and in FCs.

4.1.4  Assessment strategies

For non-FCs, Ece stated that she had graded her students 
according to two separate mathematics examinations held 
in one semester; in other words, she applied static assess-
ment methods. Examination scores were regarded as the 

Fig. 3  Logarithmic and expo-
nential functions

Fig. 4  Activities regarding polynomials
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only achievement criteria, and the students who attained an 
average of 50% and higher in these scores were accepted 
to receive the passing grade in the course. Ece did not take 
into account the students’ mathematical learning processes 
apart from these scores. The parents were informed of their 
children’s academic standing in parent–teacher meetings 
generally held once per semester.

In FCs, Ece observed her students’ learning activities 
more closely, provided them with personal feedback and 
scaffolding, allowed them to speak in the lesson, listened 
to their ideas, and gave them two additional quizzes that 
comprised 20 multiple-choice questions on the topics cov-
ered in the lecture videos, in addition to the compulsory 
examinations. However, she did not change her grading 
style and determined the students’ mathematics achieve-
ment solely according to the marks in the compulsory 
exams as in non-FCs. Different from non-FCs, in FCs, 
parents could communicate with the teacher directly and 
receive immediate feedback about the students’ academic 
standing as they could log in to the learning platform 
Edmodo with a parent account. The reason why Ece did 
not apply a dynamic assessment approach in FCs was 
examined within the interview with Ece. She expressed 
her concerns that the changing of her teaching approach 
was already hazardous for her and that changing the 
assessment method at the same time might have caused 
unpredictable strong reactions from students and par-
ents. As she wished to avoid community pressure (from 
students, parents, and school administration) she did not 
consider alternative dynamic assessment methods. She 
added that, while mathematics educators at universities 
were flexible in their courses, teachers of K–12 levels 
were under pressure from the triad: parents, students, 
and administrators. Apparently, Ece felt intimidated by 
the probable reactions and indeed could not completely 
implement the innovations she had planned into action as 
became clear in the following statement in the interview 
with her:

Ece: I underwent some training on active teaching 
methods, but the reality in practice is not as the one 
in theory. Power at the K–12 level in Turkey is in 
the hand of parents, students, and administrators 
instead of teachers, unfortunately. They sometimes 
attempt to interfere in even what and how you are 
lecturing in the class. Therefore, lots of teachers 
who have begun the job as idealists may become 
confined to traditional approaches. [transcript from 
teacher interview, translated by first author].

5  Summary of the key results

The results of the study point out that FCs provide chal-
lenges and opportunities for teaching in mathematics edu-
cation. With reference to the challenges of FCs, Ece, who 
underwent a change in her teaching routine, stated that she 
felt uneasy and incompetent at the beginning of the FC 
implementation. She thought that if she was not success-
ful in teaching using FCs, the good teacher impression that 
she had made on the students would be affected negatively, 
and thus she felt nervous. She also indicated that designing 
the FCs and producing content took lots of time and was 
demanding and that she needed the knowledge of how to use 
certain software in order to create high-quality lecture videos 
and edit them properly. She found it boring and exhausting 
to be constantly checking whether the students had watched 
the lecture videos and complained that the time she allocated 
for her social life got restricted when she kept in touch with 
all the students outside of school and needed to follow their 
development after class-time as well. Since the classrooms 
were crowded, it could be observed that sometimes a cha-
otic (noisy) atmosphere prevailed in the classes, and Ece 
was challenged in monitoring the students and their learning 
processes. It became a difficult task for Ece to involve two 
students who refused the change of the teaching approach. 
Ece stressed that she did not consider teaching with FC tech-
niques in the future because of all these difficulties.

Table 3  Characteristics of teacher’s feedback and scaffolding in FCs and non-FCs

a For a 40-min lesson, bfeedback type

Feedback and 
scaffolding

Non-FCs FCs

Out-of-class In-class Out-of-class In-class

Frequencya – Feedback 4–5 times
scaffolding

Feedback 10–15 times
scaffolding

Feedback 35–40 times
scaffolding 7–8 times

Typeb – Corrective, confirmative Corrective, confirmative, 
explanatory

Confirmative, corrective, encouraging, 
explanatory, hinting, inquiring, and 
supportive

Timing – End of the class hours In Q&A sessions Homogeneously distributed
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FCs provided some opportunities as well as challenges 
in terms of the teacher. In this vein, Ece gained experience 
in FCs and expanded her knowledge on innovative teaching 
approaches. She reflected that her job satisfaction increased 
as she made a great effort in teaching mathematics in the 
FCs. Ece had allocated enough time in the FCs for active 
learning activities that she could not implement in non-
FCs. She also accomplished the integration of technology 
in teaching mathematics in the FCs by use of the Internet, 
Edmodo, GeoGebra, lecture videos, smartboard, calcula-
tors, mobile devices, and online resources. Ece was able 
to identify missed learning progress by closely monitoring 
students’ learning activities in the FCs; she could give them 
feedback and scaffolding in a timely way. Because of FC, 
Ece increased the level of communication and interaction 
with her students and discovered more information about 
their mathematical learning activities outside the classroom.

6  Discussion, conclusion and limitations

The results of this case study are limited to the fact that only 
one teacher’s teaching experiences were analyzed, although 
the study comprised activities in two FCs and two non-FCs 
covering 8 weeks. The teacher was a well-educated (doctoral 
candidate) mathematics teacher with 6 years of professional 
experience; however, her FC experiences were limited to 
2 weeks of practice in the pilot study. These limitations have 
to be taken into account when interpreting the results. The 
main results of this case study highlighted that FC has the 
potential to transform mathematics teaching fundamentally, 
as the teacher changed her teaching in secondary mathemat-
ics classrooms quite considerably. The central elements of 
teaching—teaching and learning environments, interaction 
mode, feedback and scaffolding—provided by the teacher 
underwent a radical change through FC in accordance 
with the perspectives of social constructivism (Vygotsky 
1978). However, the teacher did not achieve a shift in her 
assessment methods, although she applied flipped teaching 
strategies in her classes. One reason the teacher gave was 
the fear that a failed FC implementation might produce an 
unfavorable reaction from the triad of students, parents, and 
school administrators. These concerns and emphasis point 
out that—at least in countries with a strong influence of edu-
cational administration—teachers are not free in the design 
of their teaching. Overall, this aspect highlights that there 
are paradigmatic obstacles in the transition from traditional 
teaching methods to innovative ones such as FC; amongst 
others, an obstacle is the need for change in the existing 
values and beliefs of stakeholders of education (Melville 
et al. 2013).

In FCs, the teacher managed to create an interactive and 
flexible teaching and learning environment, with students 

being engaged in mathematical activities in an interactive 
way, starting from pre-class activities. Students had plenty 
of work in FCs, such as watching the lecture videos, mak-
ing sense of the videos, participating in Q&A activities in 
Edmodo, engaging in problem-solving activities and discus-
sion sessions, and working collaboratively as well as inde-
pendently on mathematical problems. The teacher managed 
to engage students in discourses on mathematical tasks and 
learning activities in FCs and encouraged them to communi-
cate effectively. These attempts motivated students to think 
aloud about mathematical problems and tasks and to dis-
cuss their ideas in a relaxed atmosphere. Their mathematical 
communication skills improved, and they interacted with 
the teacher and their peers while working in groups. The 
flexible and interactive environment offered by FCs made 
students more interested in mathematics and contributed to 
their problem-solving skills. To summarize, these results 
showed that in line with the constructivist teaching-and-
learning approach, the teacher managed to encourage stu-
dents to be more active and engaged in FCs and enabled the 
students to foster their own construction of knowledge in 
social interaction and collaboration. Students could develop 
their own mathematical thinking by interacting with their 
teachers and by collaboration in classrooms (Kim 2001; 
Vygotsky 1978). The teacher exploited technology (smart-
board, calculators, GeoGebra, Edmodo, online sources, vid-
eos, Internet) as a tool in the physical classroom as well as 
in the virtual classroom, in order to allow a differentiated 
teaching approach and an interactive teaching environment. 
In FCs, the teacher was able to follow the students’ work 
closely, to provide immediate feedback on students’ learn-
ing performance, and to support students’ mathematical 
understanding with scaffoldings. This approach is in line 
with the social constructivist theory, where the role of the 
teacher is guiding students’ work and assisting students to 
develop their own solutions, not prescribing the solution 
(Schreiber and Valle 2013); good learning occurs in ZPD 
(Vygotsky 1978) by means of scaffolding. In principle FCs 
allow teachers to follow students’ learning activities and 
observe their reactions; thus, teachers can better under-
stand and meet students’ needs (Bergmann and Sams 2012; 
Cevikbas and Argün 2017; Chen and Wen 2019). Through 
the online learning platform used, the teacher learned more 
about her students’ out-of-class learning activities as well 
as in-class activities and customized her scaffolding and 
feedback strategies. Teacher feedback provides students 
with insight into their learning performance (Cevikbas and 
Argün 2016) and scaffolding offers students opportunities 
for their cognitive development. The teacher invested a high 
amount of work in order to improve students’ mathematical 
capacity by feedback and scaffolding in FC implementations. 
These efforts also strengthened her job satisfaction and pro-
fessional development. Although she closely followed the 
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students’ learning activities, she assessed students through 
a static assessment method. It was assumed that using this 
type of assessment method in FCs might have negative 
effects on students’ engagement in mathematical activities; 
thus, dynamic assessment approaches were considered to be 
more appropriate to evaluate FC activities. In a Vygotskian 
perspective, traditional static assessment strategies portray 
the student’s level of actual development, and dynamic 
assessment strategies uncover the student’s potential level 
of development (Palincsar 1998). From this perspective, it 
can be stated that the teacher failed to evaluate students’ 
potential development levels. We can consider that in this 
specific case, changing the assessment strategy was more 
difficult than changing the teaching method. More emphasis 
should be placed on this issue in future studies.

At a technical level, we identified that the length of the 
lecture videos in flipped secondary mathematics classrooms 
can be between 10 and 20 min, based on a pilot study and a 
teacher’s teaching experiences in FCs. The ideal length of 
lecture videos can vary, depending on different age groups. 
Some researchers recommended that the length of videos 
be less than 15 min (Bergmann and Sams 2012) or about 
10 min (Chen and Wen 2019). Videos should incorporate 
prompt questions, examples with solutions, and lecturing, all 
of which contribute to students’ mathematical thinking and 
development of mathematical meaning. The students pre-
ferred that the instructor in the videos be their own teacher, 
not any other. Furthermore, employing videos shared on 
different online platforms or social media channels that are 
not reviewed by any mathematics educator can cause prob-
lems concerning the validity of the content. Additionally, 
the adequate relation between the topic shared in the lecture 
videos and in-class activities was the critical point for the 
basic FC design. In this study, we found that FCs presented 
challenges as well as opportunities in teaching mathemat-
ics. The uncertainty of teaching in FCs for the first time 
made our teacher feel uncomfortable. She mentioned that it 
was troublesome and time-consuming to produce the con-
tent in the FCs. The study of Lo and Hew (2017) reported 
similar results and pointed out that the crucial issues in FCs 
included teachers’ heavy workload in creating content. The 
teacher also had difficulties in guiding the group work and 
wasted a lot of energy due to the large class size. As the con-
stant contact with students outside the classroom produced 
a high amount of work, it is recommended that teachers and 
students should determine a certain period for out-of-school 
communication and interactive discussions on learning plat-
forms in order to maintain a work–life balance. Although 
there were several opportunities for teaching mathematics in 
FCs, our teacher stated that she would not consider teaching 
mathematics in FCs in the future because of the difficulties 
mentioned above.

Overall, FC has the potential to change the paradigm of 
teaching mathematics and inspire teachers to generate new 
ideas and gain new educational experiences. However, it is 
necessary for teachers to consider whether they and their stu-
dents are ready for FCs and whether they have the families’ 
and administrators’ support. Although teaching mathematics 
in FC has some difficulties, well-designed FCs presents a 
great opportunity to boost students’ mathematical thinking 
and understanding using differentiated teaching in interac-
tive environments. To conclude, teachers who are mentally 
and technically ready to transform mathematics classrooms 
into FCs can strongly develop students’ mathematical capac-
ity in FCs. The results of the research revealed that FC is 
not a panacea (Lo and Hew 2017), but it can contribute to 
mathematics education. Further research should focus on the 
impact of teacher characteristics on the success of the intro-
duction of FCs, such as professional experience, teaching 
experience in FCs, competence in using kinds of required 
technology, and educational background. Teachers who 
are more experienced with technology in teaching than the 
teacher in our study, may give their students more effective 
feedback, may provide stronger scaffolding and more differ-
entiation in their teaching. Additionally, future studies may 
shed light on the role of technology in teaching mathematics 
in FCs. In this study, our teacher used technology as a tool to 
make her teaching differentiated and more interactive, but of 
course technology can provide many more possibilities for 
enriching the mathematics classrooms.
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