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ABSTRACT

Teacher educators have a responsibility to help prospective teachers in their professional growth. It is 
important that teacher educators not only teach prospective teachers about benefits of active learning in 
student learning, but that they also prepare future teachers in using pedagogical methods aligned with 
active learning principles. This manuscript provides examples of how mathematics teacher educators 
can promote prospective teachers’ active learning and professional growth by bringing together the 
Flipped Classroom method with video content on teaching and learning as well as workplace learning 
opportunities in a pedagogy course. The professional learning of prospective teachers is framed accord-
ing to the components of the Pedagogical Content Knowledge (Park & Olive, 2008; Shulman, 1986). 
Implications for future trends in teacher education are provided.

INTRODUCTION

One of the major goals in teacher education is to help prospective teachers understand, experience, and 
become proficient at desired methods of teaching that are proven to enhance student learning, such as 
active learning strategies. Recent developments in research on learning suggest the importance of ac-
tive learning in transferring factual knowledge learned in school to new settings and developing creative 
solutions to problems (Bransford et al., 2000). Active learning approach in education recommends that 
learners have opportunities to participate, actively engage and explore, and become mindful of the learn-
ing processes. In order to achieve this goal, teacher educators should provide a strong foundation and 
learning opportunities for prospective teachers in teacher education programs. Although being proficient 
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in one specific pedagogy requires long-term training and experience, prospective teachers who are edu-
cated and immersed in similar learning environments have a better chance in becoming teachers who are 
adapt at incorporating active learning strategies in their own teaching. It is evident that teacher education 
programs need to be revised and improved by considering the recent recommendations related to ben-
efits of active learning on student learning and changing role of teachers in classrooms (Niemi, 2002).

LITERATURE REVIEW

Active Learning and Nature of Mathematics

Recent research in learning recommends use of several different approaches in learning such as problem-
based learning, cooperative learning, project-based learning, etc. (Bell, 2010; Donnelly & Fitzmaurice, 
2005). One common aspect of such different approaches is the active role of the learners and their 
involvement in the inquiry process. Although benefits and challenges of implementing active learning 
have been frequently discussed in engineering education, there is room for research and dissemination 
of best practices on active learning in teacher education practices.

Before focusing on practices of teacher education, it is important to explore the nature of mathemat-
ics and how it fits the active learning recommendations. In the Standards for Mathematical Practices 
(Common Core State Standards Initiative, 2010), it is suggested that mathematically proficient students 
make sense of problems, engage in reasoning, analyze different situations and construct meaningful argu-
ments, model by using mathematical language, use tools in a strategic manner, pay attention to details as 
well as regularities and patterns in the process of problem solving. In their influential publication about 
habits of minds, Cuoco, Goldenberg, and Mark (1996) described general habits of mind which will not 
only serve in learning mathematics but also help become members of a learning society in the following 
way: being pattern snifters, describers, thinkerers, inventors, visualizers, conjecturers and guessers. It is 
apparent that such demanding practices and habits of mind will not be improved by traditional lecture 
where learners are the passive recipients of information. In contrast, learners are called to develop new 
ways of thinking rather than being consumers of information. A recent pedagogical method that has a 
potential to bring different aspects of active learning to come together and have an influence greater 
than the sum of their individual impact is the Flipped Classroom pedagogy that will be presented in this 
chapter for the particular use in mathematics teacher education.

The State of Teacher Education and Development of Prospective 
Mathematics Teachers’ Pedagogical Content Knowledge

One of the most frequently used theoretical constructs in describing knowledge needed for teaching 
is “pedagogical content knowledge” (PCK). PCK is described as “the special amalgam of content and 
pedagogy that is uniquely the province of teachers, their own special form of professional understanding” 
(Shulman, 1987; p. 8). PCK has been modeled in different ways, and in general it is theorized to include 
following aspects required for teaching: knowledge of students, knowledge of instructional strategies 
and representations, knowledge of curriculum, and knowledge of assessment (Magnusson, Krajcik, & 
Borko, 1999). Although PCK components are closely intertwined with each other, knowledge of students 
and knowledge of instructional strategies and representations are considered particularly helpful during 
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teaching as teachers implement strategies and representations based on their knowledge of students’ 
needs, understanding and interests (Alonzo, Kobarg, & Seidel, 2012; Borko, Roberts, & Shavelson, 
2008; van Driel, Verloop, & de Vos, 1998).

PCK has been defined as a situative and practical type of knowledge since teaching experience and 
different school contexts have been found influential in its development. Although beginning teachers 
also need to be equipped with this type of knowledge as they enter the profession (Wilson, Floden, & 
Ferrini-Mundy, 2001), teacher education programs which include teaching methods courses and math-
ematics subject may not be sufficient to help prospective teachers become ready for teaching in real 
classroom environments (Hasweh, 2005). There needs to be authentic field experiences interwoven in 
teacher education courses that will help prospective teachers become familiar with understanding and 
working with students before they enter the profession (Wilson, Floden & Ferrini-Mundy, 2001).

Recent studies suggest that even teacher candidates’ PCK can be improved during teacher educa-
tion classes in a way to help them become more knowledgeable professionals (Depaepe, Verschaffel, & 
Kelchtermans, 2013). Among different methods to improve prospective teachers’ PCK, incorporating 
video clips of teaching and learning (Santagata & Angelici, 2010; Santagata & Guarino, 2011) and shar-
ing reflections in the context of online communities in addition to classroom contexts have been found 
especially useful (Jang & Chen, 2010; Levin, 1999; Nicholson & Bond, 2003). Use of online commu-
nity reflections provides opportunities for learning from social interactions (Vygotsky, 1978), creates 
professional peer support and extends classroom discussions by providing opportunities of thoughtful 
feedback to peers through asynchronous communications. The model introduced in this chapter is aimed 
at improving PCK in mathematics teacher candidates by using the Flipped Classroom technologies, which 
incorporate both video viewing and building online and in-class communities for mathematics teachers 
candidates’ learning, which is supported by authentic field experiences as recommended by research.

Use of Video Technology in Teacher Learning

Recent research in teacher learning, which involves reflecting on video clips of teaching as a form of 
professional development goes back to Goodwin’s concept of professional vision (Goodwin, 1994). 
Professional vision requires the practitioners to be able to use a specialized type of knowledge about 
their field so that they have the ability to attend to and make sense of significant events particular to their 
fields. Although video technology in teacher learning is becoming widely popular, teachers may not 
necessarily be able to develop new visions about their practices solely as a result of watching classroom 
videos. In some cases of video viewing, teachers may have a tendency to become passive recipients of 
information and judge the content. In fact, video content can only be a useful tool for teacher learning 
when its use is carefully planned, guided and scaffolded by facilitators (Coles, 2013; Erickson, 2007).

It is recommended that video viewing practices are incorporated as early as possible in teacher educa-
tion courses such that prospective teachers are familiar with observations of teaching and learning and 
develop a professional vision (Santagata, Zannoni, & Stigler, 2007). Studies have indicated the benefits 
of viewing videos on prospective teacher learning repeatedly (Goudin & Chalies, 2015; Santagata et al., 
2007; Seidel et al. 2011). Perspective of the video clips of instruction (Miller, 2011), sources and nature 
of video clips used (Borko, Koellner, Jacobs & Seago, 2011; Seidel et al., 2005) as well as facilitation 
strategies (Blomberg et al., 2013; Coles, 2013) are crucial in the effectiveness of video-based teaching 
that aim to create lasting change and improvement for teachers. Prompts and scaffolding strategies have 
also been found influential in prospective teachers’ reflections. For instance, the lesson analysis frame-
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work was found to help prospective teachers develop their professional vision in better ways compared 
to another framework (Santagata & Angelici, 2010). Lesson analysis framework prompted prospective 
teachers to consider lesson goals of the lesson presented in the video clips, focus on student learning 
and make connections between teachers’ instructional strategies and student learning as evident in the 
video clip. Additionally, prospective teachers were asked to provide alternative strategies to the ones 
presented in the video so they were prompted to think and make decisions as if they were the teachers 
of the classroom in the video.

It is important to select and sequence video clips with the right scaffolding in order to obtain maximum 
benefits for teachers’ learning. Different types of video clips offer different opportunities for reflection. 
For example, videos that call for inquiry and have rich windows for reflection may be more beneficial to 
teachers (Borko et al., 2011). Additionally, video content should be in the zone of proximal development 
of prospective teachers and the context should be neither too complicated, nor too simple. Another dis-
tinction that has a potential to create differences in teacher learning is whether the video clips represent 
exemplary, typical or problematic cases of mathematics teaching and learning. Although exemplary 
cases offer models of good practices that could equip prospective teachers with effective strategies, they 
pose challenges in creating an inquiry-focused discussion and lead to evaluation of teacher practices that 
may not always be productive for teacher candidates’ learning (Sherin, 2004). On the other hand, typical 
cases where video clips demonstrate complexities of teaching and learning, and the best way to handle 
classroom situations is not immediately obvious may even be more productive for prospective teachers’ 
learning as such cases call for rich discussions and an inquiry-oriented stance (Sherin, Linsenmeier, & 
van Es, 2009). Teacher educators should present a combination of both exemplary and typical or prob-
lematic cases to maximize prospective teacher learning.

There are also debates in effectiveness of conducting field observations versus video analysis, consid-
ering several advantages and disadvantages to both sides. During field experience, the mentor teachers 
and the coordination between the mentor teachers and teacher educators shape the learning opportuni-
ties of prospective teachers. It is a problem that not all mentor teachers are as equipped with enough 
time, knowledge and tools in helping prospective teachers. Furthermore, when mentor teachers teach 
in traditional manners, prospective teachers don’t have exemplary models of teaching to learn from. In 
contrast, video content can be controlled and organized by the teacher educators, which can produce a 
better design aligned with learning outcomes. The disadvantage of the video content is that video clips 
may not be able to offer experiences that are as authentic as field experience. Due to this limitation, 
teacher educators should provide a context and prompts for reflection with video viewing activities. 
Embedding video content and deliberately making it conducive to active learning within Flipped Class-
room context with addition of authentic learning experiences may have a potential in creating highly 
qualified prospective teachers.

THE FLIPPED CLASSROOM METHOD

The Flipped Classroom method is an innovative pedagogical method, which provides video materials, 
readings and exercises as homework outside of the classroom meetings, before the actual class takes 
place. The Flipped Classroom method allows time for opportunities of active, problem- and project-
based collaborative learning during the in-class meetings with the guidance of an instructor (Bishop & 
Verleger, 2013; Tucker, 2012). The following definition of the Flipped Classroom method by Lage, Platt 
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and Treglia (2000) provides a rationale for naming of the terminology: “Inverting the classroom means 
that events that have traditionally taken place inside the classroom now take place outside the classroom 
and vice versa” (p.32). Although this definition may suggest that use of the Flipped Classroom method 
involves only changing the order of activities that takes place at home and in classrooms for learners, 
this method in fact requires incorporation of more sophisticated methods than simply changing the order 
of activities (Bishop & Verlenger, 2013).

The Flipped Classroom method requires not only changes in the order to activities, but also function 
of the content, role of the instructor, assessment practices, the learners’ responsibility and balancing the 
power between the instructor and the learner which require demanding phases of preparation and plan-
ning for the instructors (EDUCAUSE, 2012). The instructor is responsible for preparing content that is 
accessible for learners through different types of video clips (either featuring instructor or others, movies, 
documentaries, research data, etc.), readings and other types of media. When the content is engaging for 
the learners and applicable to their lives, there is a greater chance that they will be motivated to learn the 
content. Most importantly, the instructors need to design collaborative group learning activities during 
class time, which are in line with student-centered and active learning theory (Weimer, 2002). Learn-
ers are responsible not only for learning of foundational aspects of the topic before class time, but also 
assess their own learning and identify their strengths and weaknesses, which reinforces another aspect 
of active learning: self-regulation. In this manner, students may choose to ask help from their peers or 
the instructor based on their understanding or they may choose to view video material multiple times 
based on their individual motivation and needs as learners. Constructing one’s own learning by active 
engagement, and by participating in social interactions have been found influential on theories of learn-
ing (Piaget, 1963; Vygotsky, 1978) which are in line with the Flipped Classroom method.

During class time, the instructors are expected to act as facilitators in the sense that they prepare 
groundwork for meaningful discussion of the ideas presented before class time. One of the greatest benefits 
of the Flipped Classroom learning is that instructors have time to actually interact with students, facili-
tate discussions and monitor student learning. Direct instruction to help students remember, understand 
and apply knowledge (skills that are in the lower end of the spectrum, according to Bloom’s revised 
taxonomy as mentioned in Krathwohl, 2002) is provided mainly in the video materials and partially 
in the readings delivered before class time, which spares time for achievement of higher order learn-
ing skills such as analyzing, evaluating and creating (Krathwohl, 2002). Group work and collaborative 
learning are encouraged during class time. Because learners come to class with basic knowledge of the 
topic, through discussion and carefully planned activities, they are expected to enhance their abilities 
of analysis, synthesis and evaluation. Such processes are expected to help learners develop their critical 
and creative thinking skills. Assessment and self-regulation are important aspects of both active learning 
and the Flipped Classroom method. The instructor prepares formative and summative assessments to 
make sure that learners are able to reflect on their learning and prepare for future classes accordingly.

Using the Flipped Classroom Method in Teacher Education

As learners’ needs related to improving of critical thinking, creativity, innovation, collaboration, media 
and technology skills grow (Partnership for 21st Century Skills, 2011), the need for preparing better 
teachers in line with such life long learning goals become increasingly evident. In today’s society, teacher 
candidates should be prepared to employ innovative teaching methods and incorporate rich mathemati-
cal content within technological environments (Darling-Hammond & Bransford, 2005). However, it is 
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not realistic to expect teacher candidates to design learning environments that engage learners actively 
and prepare them for 21st century skills, when teacher candidates themselves have completely different 
experiences as learners educated within traditional classroom contexts.

The Flipped Classroom method can be one important context to help teacher candidates experience 
how to not only participate but also design environments for their own students that are conducive to active 
learning. Although the Flipped Classroom method may be demanding and may also pose challenges for 
instructors, there are many benefits of using the Flipped Classroom method in teacher education (Ray & 
Powell, 2014). One obvious affordance of this method is to help teacher candidates become accustomed 
to learning mathematics as well as mathematics pedagogies. In this manner, teacher candidates have 
a chance to increase their familiarity and motivation to use it in their future classrooms and help with 
their student’s active learning processes such as incorporating collaborative learning and formative as-
sessment practices, preparing video-based content for their students, etc. Another important motivation 
to use this method is aligned with preparing reflective teachers (Schön, 1996). Opportunities related to 
using of asynchronous video viewing and creating class time to discuss and reflect on the videos with 
colleagues by employing this method has the potential to help with teacher learning as proven with 
previous research related to incorporating video technologies in teacher learning (Ray & Powell, 2014). 
Just as research recommendations underline the importance of active learning of students, Flipped Class-
room method allows for prospective teachers to be immersed in both theoretical and practical aspects 
of teaching according to learners’ individual needs. Teacher candidates will have opportunities to learn 
delivered lesson material either on their own or within a group of peers, according to their needs and 
motivations, therefore allowing them to construct professional knowledge both individually and socially 
(Nizet & Meyer, 2014). The Flipped Classroom method promotes incorporation of video clips of teach-
ing and learning, which has been proven to help prospective teachers in developing professional visions 
as well as contribute to their pedagogical content knowledge. Watching teaching from the videos may 
help prospective teachers watch and replay the videos as much as they want and develop professional 
vision in their own pace.

A MODEL OF A TEACHER EDUCATION COURSE 
USING THE FLIPPED CLASSROOM METHOD

The Flipped Classroom method of teaching incorporates main principles of active learning: construc-
tion of knowledge individually and socially, aligned with individual needs and pace, self-regulated and 
reflective. In general mathematics teacher education curriculum mainly consists of mathematics content 
and mathematics teaching methods courses as well as field experience. A mathematics teaching methods 
course utilizing video technologies in the context of the Flipped Classroom method is provided as an 
example and motivation for other teacher educators.

This course is aimed at enhancing all aspects of pre-service teachers’ PCK and particularly their 
Knowledge of Students, which has a potential to help prospective teachers make pedagogical decisions 
during the complexity of teaching (Park & Oliver, 2008). This course is intended for prospective teachers 
who are in the early stages of the professional continuum, before they start the formal field experience. 
The experiences in this course have the potential to contribute to prospective teachers’ preparation before 
they are immersed in the K-12 school contexts.
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Implementation of Norms

Although the millennial learners are familiar with technology, it may take some time to get used to 
norms and ways of learning in flipped courses. Implementation of norms are even more important for 
prospective teachers as learners because they are likely to use the Flipped Classroom method in their 
future teaching. For learners, one of the requirements of this method is watching the video lectures/video 
content before coming to the class discussion. Because class discussions are rarely productive when 
this requirement is skipped, teacher educators may employ different methods to ensure that prospective 
teachers are prepared for the class discussion (Nizet & Meyer, 2014). Completing online quizzes or 
delivering an individualized short summary of the video content may be some methods to provide ac-
countability. When such assessment practices are incorporated in the overall course, learners are more 
likely to engage in insightful discussions about the content that are based on evidence from different 
resources such as video content, readings and not solely on leaner’s opinions. Although leaners’ personal 
opinions are valued in discussion, arguments are encouraged to be evidence based.

It is recommended that instructors have learners sign an agreement such that learners acknowledge 
responsibilities associated with accessing, viewing and uploading video content as part of the flipped 
courses (Ray & Powell, 2014). As part of viewing norms, prospective teachers should gain awareness 
about not sharing the materials with others, especially when clips involve consent from the subjects or 
copyrighted materials. Additionally, because prospective teachers may tend to evaluate or judge teach-
ers and students in the videos, norms may also involve providing reflections on the videos in productive 
manners. Typically, a productive reflection includes not only description or judgment of events, but 
reasoning between events, and focuses on significant aspects of teaching, mainly student learning (Davis, 
2006; Santagata & Angelici, 2010).

The Design of the Flipped Course

This course not only aims to implement the Flipped Classroom method to encourage active and reflective 
learning of prospective teachers but also help them engage in authentic learning experiences. The lesson 
goal is to help prospective teachers develop professional vision and pedagogical content knowledge by 
engaging in some of the core practices of teaching, and gain awareness of active learning pedagogies 
using the Flipped Classroom method. Taken into consideration of research recommendations related to 
teacher learning with video content and situated learning theories, the 14 weeks long course will include 
the following segments:

Part 1 (5 Weeks): Whole Class Instruction Lesson Analysis

Video Clips of Whole Class Instruction

Teacher educator will provide a variety of video clips of whole class instruction in mathematics teach-
ing, resulting from the TIMSS video study. These lessons and the interactive interface which allows for 
asking questions, inserting reflections and creating clips from parts of the instruction provides prospec-
tive teachers with referents for commonly used mathematics teaching terminology and help to create a 
shared professional language among peers. Additionally, video clips are not only useful for stimulating 
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discussion but they also have the potential to introduce new ideas and model types of teaching that 
prospective teachers have never experienced as learners.

Although the video content will include both exemplary and typical cases of teaching and learning 
mathematics, they will most likely not be immediately recognized as either type at the first glance, which 
will promote inquiry in prospective teachers. Using video clips of different contexts from different coun-
tries such as United States, Switzerland, Japan will help prospective teachers understand the importance 
of culture and traditions on teaching as well. In addition to the international video clips, there should be 
video clips, which will provide context of familiarity for prospective teachers, such as schools similar to 
where prospective teachers themselves may also work in the future. These video clips may come from 
the instructors’ research data or typical observations from local classrooms.

Introducing and using Lesson Analysis Framework

Prospective teachers may be prompted to provide reflections without any scaffolding in the beginning of 
the course, by simply answering the question: “What do you notice about the following video clip? Share 
your insights”. If prospective teachers share their insights on the online discussion board and prompted 
to comment on others’ reflections, they may start to become aware of the difficulty of such an open task 
due to complexities of teaching. After sharing first reflections on a video, the instructor may prompt the 
learners to consider differences between the productive and unproductive reflections on the discussion 
board, which has the potential to help prospective teachers regulate their awareness. Such scaffolding 
may help prospective teachers realize that judging teacher decisions, focusing on teacher characteristics 
and physical aspects of classroom may not result in their own development as professionals. The instruc-
tor may then introduce the Lesson Analysis Framework, which facilitates use of evidence in arguments 
(backing up claims on teaching and learning by providing evidence from the video), prompts prospective 
teachers to focus on student learning in relation to instructional decisions (being aware of relationship 
between teacher decisions and utterances and student learning and behaviors), and provide alternative 
strategies to what is observed in teaching (What would you do if you were the teacher of the classroom 
in the video clip?) (Santagata & Angelici, 2010).

The prospective teachers will be prompted to focus on not the teacher but nature of teaching which 
reinforces to focus away from personal characteristics of the teachers to their instructional strategies 
(Stigler & Hiebert, 2009). The prospective teachers will also be encouraged to consider lesson goals for 
student understanding and results of teacher decisions on the student learning processes, in the cultural 
activity of teaching. Using the Flipped Classroom approach for such activities ensures that all prospec-
tive teachers watch the same content, and they can watch the same content multiple times if they wish 
to and become more thoughtful in their reflections. The Flipped Classroom method allows prospective 
teachers to pace their learning based on individual needs and motivation.

Compared to conducting field experience, reflections of prospective teachers can be compared based 
on the shared language the video clips serve. Since every prospective teacher reflects on the same video 
clips, it is easier to assess their growth in comparison to each other, which is more difficult for teacher 
educators when prospective teachers reflect on field experience observations, unique for each prospective 
teacher. Furthermore, watching such videos as homework saves time for reflection during class time and 
orchestrating discussion on readings. Classroom activities in this stage may involve introducing similar 
mathematical tasks from the video materials and role-playing a video case in small groups with peers. 
For instance, when there is a mathematical discussion in a video material that appears not so productive, 
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the prospective teachers may be asked to simulate a similar discussion in productive ways as a teacher 
and a group of learners by actively constructing professional learning within the classroom community. 
Some prospective teachers will assume the role of learners and others the role of teachers.

Several readings that would be appropriate for this stage of the course include “The Teaching Gap” 
(Stigler & Hiebert, 2009), “Learning to observe: Using video to improve preservice mathematics teach-
ers’ ability to notice” (Star & Strickland, 2008), “Empowering the Beginning Teacher of Mathematics 
in Middle School (Chappell & Pateracki, 2004)”. By the end of this segment, prospective teachers are 
expected to develop awareness of the importance of focusing on student learning and relationship between 
student learning and teacher decisions, amidst the complexities of classroom teaching.

Part 2 (5 Weeks): Focusing on Student Thinking in Clinical Interviews

In this part of integrating video clips of teaching and learning into the flipped course, the prospective 
teachers are asked to focus on student thinking within one-to-one interactions with a teacher or a researcher, 
most often in the form of clinical interviews (Ginsburg, 1997). Students are informed about the tradition 
of conducting clinical interviews where teachers or researchers inquire about student thinking within 
the context of one-to-one interviews with students, without providing guidance to the students with the 
purpose of mainly understanding their thinking. Teachers may use this technique as a valuable tool in 
entering the children’s minds while researchers may test hypotheses on student thinking of mathematics.

As a first step, the prospective teachers will be informed about clinical interviews via assigned readings 
and asked to watch exemplary and problematic examples of conducting clinical interviews. Exemplary 
interviews are when the interviewers demonstrate appropriate inquiry and listening skills as they pose 
questions to the students and present tasks that are meaningful and rich. Problematic interviews may be 
examples when the interviewer does not dig deep into a student’s mind and misunderstands what student 
thinks, i.e. under-hearing or over-hearing student thinking (Even & Wallach, 2003). The instructor will 
provide scaffolding strategies to help prospective teachers’ attend to and interpret student understanding 
and make claims about student thinking by providing evidence from what is evident in the video clip.

Professional noticing of student thinking skills (Jacobs, Lamb, Philipp, & Schappelle, 2011) will be 
promoted by helping prospective teachers answer the following questions as they watch videos: What 
are some of the student strategies you see in the video clip? How do you interpret student understanding 
based on what you see in the video clip? What would you ask this student in order to help extend his/
her thinking, or how would you respond to this student? These scaffolding questions will help prospec-
tive teachers use evidence in their claims about student thinking and prepare them in making decisions 
about how to respond to student thinking in the moment of teaching. Such experiences have a potential 
to help prospective teachers prepare for building instruction based on student thinking in the complex 
environment of classrooms (Jacobs et al., 2011).

There are two different videos to facilitate prospective teachers’ understanding of student thinking 
via watching clinical interviews in this stage of the course. Firstly, prospective teachers will be asked 
to watch rather long (about 25-30 minutes) video clips of clinical interviews. They will be asked to edit 
the video clip such that it provides a summary of student thinking and constitute as evidence to report 
overall student understanding of a topic. The longer videos aim to enhance prospective students’ profes-
sional vision and professional noticing skills: their attending to student strategies and interpretation of 
student understanding by focusing on the most relevant evidence in the video. This will also enhance 
their knowledge of using media and technology. The second type of video clips are relatively short (3-5 
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minutes). In such videos, prospective teachers are asked to consider how they would respond to student 
thinking based on what students know in the video segment. Viewing and reflecting on such videos have 
the potential to contribute to prospective teachers’ knowledge of students, knowledge of assessment and 
even knowledge of instructional strategies.

It is important to have videos from one coherent mathematical topic, such as students’ algebraic 
thinking, a major focus on school mathematics. Because prospective teachers’ knowledge of students 
is naturally limited at the early stages of teacher education, readings on how students think about a par-
ticular topic like students’ general strengths and weaknesses in algebra or another focus topic should be 
provided in addition to video content. In class activities include:

1. 	 Conducting discussions around student thinking evident in the video clips with the evidence from 
readings and theory on student learning about a particular topic,

2. 	 Simulation of a clinical interview within groups of two during class time, which provides an op-
portunity for active learning.

Part 3 (4 Weeks): Conducting Clinical Interviews, Situated Learning

Although videos on both whole class instruction and individual student thinking may provide prospec-
tive teachers opportunities of developing professional vision and professional noticing skills, situated 
learning theories recommend that prospective teachers should become familiar with the context that 
they will work in and become engaged in practices that will help them grow as teachers such as lesson 
planning, conducting discussions, asking questions, assessing student understanding, etc. (Grossman 
& McDonald, 2008). In fact, such practices are identified as “high-leverage practices” that reflect the 
core work of teaching and necessary for preparing highly-qualified teacher candidates (Borko, Jacobs, & 
Koellner, 2010; Cummins Hlas & Hlas, 2012). As part of this course, prospective teachers are not solely 
required to watch and reflect on videos of teaching and learning but also engage in authentic practices of 
conducting clinical interviews and assessing student thinking. This will ensure prospective teachers have 
access to active learning opportunities instead of being passive recipients of knowledge about students.

Conducting clinical interviews may help prospective teachers’ learning especially in the context of 
university and school partnerships. For instance, in a study by Reinhold (2016), preparing mathemati-
cal tasks and conducting one-to-one interviews with elementary school children and reflecting on this 
process seemed to enhance prospective teachers’ “diagnostic sensitivity” (p. 2900), and learn to inquire 
deeply in students’ ways of thinking and prepare for mastering “diagnostic challenges” (p. 2900) in their 
classrooms. Furthermore, prospective teachers learned about types of questioning, how to listen students 
and changing tasks based on children’s utterances and work during one-to-one interactions. This prac-
tice also has a potential to help prospective teachers understand and become immersed in practices of 
conducting qualitative research as they make hypotheses, practice how to collect and interpret data as 
qualitative researchers, and make conclusions by using deduction and/or generalization (Reinhold, 2016).

In the flipped course proposed here, it would be ideal if prospective teachers have a chance to visit 
classrooms before their formal student teaching experience and conduct diagnostics assessments/clini-
cal interviews with students on a regular basis. Every prospective teacher is assigned to one student and 
work with the student for four weeks outside the classroom. The prospective teachers are then asked to 
prepare a diagnostics report at the end of this experience, which not only serves as their assignment for the 
teacher education course, but also help classroom teacher in understanding student thinking in a detailed 
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manner. As the classroom teacher and the prospective teacher exchange ideas about the particular student 
thinking, both parties benefit as professionals. After completing their report on student understanding of 
a specific topic or several tasks, prospective teachers present their own clinical interview performance 
on the online discussion platform and open it for scrutiny. Additionally, prospective teachers prepare and 
deliver a presentation about their clinical interview experience during a class meeting as a final project. 
Each prospective teacher is asked to provide constructive feedback on their peers’ clinical interview 
performance. This practice has a potential to help prospective teachers learn from each other and make 
arguments about student thinking in a collective manner by relying on evidence from the video clips.

This course being a flipped course format enables prospective teachers to have more time to conduct 
observations, select a student and interacting with the student within the context of clinical interviews 
for a period of four weeks, videotaping, editing and creating a video clip that will help not only for their 
own learning but also for the professional development of partner school teachers. Observing students 
in their own classrooms and providing feedback for the teacher of the student ensures that this task is 
meaningful for the prospective teachers, which may enhance their motivation as future teachers. After 
this experience, it is expected that pre-service teachers have the opportunity to understand student think-
ing not only in a clinical way, but also in a situated manner, co-constructing professional knowledge 
with the help of peers, practicing teachers, teacher educators and children they work with. Prospective 
teachers may also gain a perspective as novice researchers and such experiences may motivate them to 
conduct research in the field.

CONCLUSION

This chapter presented a model for teacher learning using the innovative approach Flipped Classroom 
method and video content. Course is supported by incorporation of online communities and work place 
learning within the context of conducting one-to-one clinical interviews with K-12 students. Teachers 
who have been trained by way of the Flipped Classroom method in their teacher education courses may 
find it easier to implement similar methods in K-12 classrooms compatible with active learning and the 
goals of Partnership for 21st Century Skills (2011).

This chapter aimed to provide motivation to use the Flipped Classroom method and research based 
strategies in implementing this method for active teacher learning. It is important to emphasize that the 
Flipped Classroom method or incorporating video technologies do not lead to immediate active learn-
ing and learner engagement. In fact, in some cases leaners may prefer to only passively view the video 
content without involvement in the material, when there is no analysis or decoding of the materials 
requested by the instructor. The instructor’s role is to design experiences that are authentic, meaningful 
and relevant for the prospective teachers where they are asked to actively engage and interact with both 
the given materials and peers. Also, assessment practices should be incorporated before, during and 
after classroom meetings in multiple ways to encourage learners’ involvement. Only then, the Flipped 
Classroom can be a method that can truly prepare prospective teachers for teaching 21st century skills, 
especially for teaching mathematics.

There is a need for teacher educators using innovative approaches and conduct research on pre-service 
teachers’ learning and share their experiences. This type of practitioner research may help disseminate 
good practices and insights on the most effective ways of implementing the Flipped Classroom method.
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NOTE

A version of this article was presented at the Eğitimde Değişim Konferansı, 10-11 December, 2016.

REFERENCES

Alonzo, A. C., Kobarg, M., & Seidel, T. (2012). Pedagogical content knowledge as reflected in teacher–
student interactions: Analysis of two video cases. Journal of Research in Science Teaching, 49(10), 
1211–1239. doi:10.1002/tea.21055

Bell, S. (2010). Project-based learning for the 21st century: Skills for the future. The Clearing House: 
A Journal of Educational Strategies, Issues and Ideas, 83(2), 39–43. doi:10.1080/00098650903505415

Bishop, J. L., & Verleger, M. A. (2013). The flipped classroom: A survey of the research. In ASEE 
National Conference Proceedings.

Blomberg, G., Renkl, A., Sherin, M. G., Borko, H., & Seidel, T. (2013). Five research based heuristics 
for using video in pre-service teacher education. Journal of Educational Research Online, 5(1), 90–114.

Borko, H., Jacobs, J., & Koellner, K. (2010). Contemporary approaches to teacher professional develop-
ment. In P. Peterson, E. Baker, & B. McGaw (Eds.), International encyclopedia of education (Vol. 7, 
pp. 548–556). Oxford, UK: Elsevier. doi:10.1016/B978-0-08-044894-7.00654-0

Borko, H., Koellner, K., Jacobs, J., & Seago, N. (2011). Using video representations of teaching in 
practice-based professional development programs. ZDM Mathematics Education, 43(1), 175–187. 
doi:10.1007/s11858-010-0302-5

Borko, H., Roberts, S., & Shavelson, R. (2008). Teachers’ Decision Making: from Alan J. Bishop to 
Today. In P. Clarkson & N. Presmeg (Eds.), Critical Issues in Mathematics Education: Major contribu-
tions of Alan Bishop (pp. 37–67). New York, NY: Springer. doi:10.1007/978-0-387-09673-5_4

Bransford, J. D., Brown, A. L., & Cocking, R. R. (Eds.). (2000). How people learn. Washington, DC: 
National Academy Press.

Chappell, M. F., & Pateracki, T. (2004). Empowering the beginning teacher of mathematics in middle 
school. Reston, VA: National Council of Teachers of Mathematics.

Coles, A. (2013). Using video for professional development: The role of the discussion facilitator. Journal 
of Mathematics Teacher Education, 16(3), 165–184. doi:10.1007/s10857-012-9225-0

Common Core State Standards Initiative (CCSSI). (2010). Common core state standards for mathemat-
ics. Washington, DC: National Governors Association Center for Best Practices and the Council of Chief 
State School Officers.

Cummings Hlas, A. (2012). A Review of High- Leverage Teaching Practices: Making Connections 
between Mathematics and Foreign Languages. Foreign Language Annals, 45(1), 76–97. doi:10.1111/
j.1944-9720.2012.01180.x



281

Promoting Active Learning in Mathematics Teacher Education
﻿

Cuoco, A., Goldenberg, E. P., & Mark, J. (1996). Habits of mind: An organizing principle for a mathematics 
curriculum. The Journal of Mathematical Behavior, 15(4), 375–402. doi:10.1016/S0732-3123(96)90023-1

Darling-Hammond, L., & Bransford, J. (Eds.). (2005). Preparing teachers for a changing world: What 
teachers should learn and be able to do. San Francisco, CA: Jossey Bass.

Davis, E. A. (2006). Characterizing productive reflection among preservice elementary teachers: Seeing 
what matters. Teaching and Teacher Education, 22(3), 281–301. doi:10.1016/j.tate.2005.11.005

Depaepe, F., Verschaffel, L., & Kelchtermans, G. (2013). Pedagogical content knowledge: A systematic 
review of the way in which the concept has pervaded mathematics educational research. Teaching and 
Teacher Education, 34, 12–25. doi:10.1016/j.tate.2013.03.001

Donnelly, R., & Fitzmaurice, M. (2005). Collaborative project-based learning and problem-based learn-
ing in higher education: A consideration of tutor and student role in learner-focused strategies. In G. 
O’Neill, S. Moore, & B. McMullin (Eds.), Emerging Issues in the Practice of University Learning and 
Teaching (pp. 87–98). Dublin: AISHE/HEA.

EDUCAUSE Learning Initiative. (2012). 7 things you should know about flipped classrooms. Retrieved 
from http://net.educause.edu/ir/library/pdf/ELI7081.pdf

Erickson, F. (2007). Ways of seeing video: Toward a phenomenology of viewing minimally edited foot-
age. In R. Goldman, R. Pea, B. Barron, & S. Derry (Eds.), Video research in the learning sciences (pp. 
145–155). Mahwah, NJ: Erlbaum.

Even, R., & Wallach, T. (2003). On student observation and student assessment. In L. Bragg, C. Camp-
bell, G. Herbert, & J. Mousley (Eds.), Proceedings of the 26th Annual Conference of the Mathematics 
Education Research Group of Australia (Vol. 1, pp. 316–323). Melbourne, Australia: Deakin University.

Ginsburg, H. (1997). Entering the child’s mind: The clinical interview in psychological research and 
practice. Cambridge, UK: Cambridge University Press. doi:10.1017/CBO9780511527777

Goodwin, C. (1994). Professional vision. American Anthropologist, 96(3), 606–633. doi:10.1525/
aa.1994.96.3.02a00100

Goudin, C., & Chalies, S. (2015). Video viewing in teacher education and professional development: A 
literature review. Educational Research Review, 16, 41–67. doi:10.1016/j.edurev.2015.06.001

Grossman, P., & McDonald, M. (2008). Back to the future: Directions for research in teaching and teacher 
education. American Educational Research Association, 45(1), 184–205. doi:10.3102/0002831207312906

Hashweh, M. Z. (2005). Teacher pedagogical constructions: A reconfiguration of pedagogical content knowl-
edge. Teachers and Teaching: Theory and Practice, 11(3), 273–292. doi:10.1080/13450600500105502

Jacobs, V. R., Lamb, L. L. C., Philipp, R. A., & Schappelle, B. P. (2011). Deciding how to respond on the 
basis of children’s understandings. In M. G. Sherin, V. R., Jacobs, & R. A. Philipp (Eds.), Mathematics 
teacher noticing: Seeing through teachers’ eyes (pp. 97–116). New York: Routledge.



282

Promoting Active Learning in Mathematics Teacher Education
﻿

Jang, S.-J., & Chen, K. C. (2010). From PCK to TPACK: Developing a transformative model for pre-
service science teachers. Journal of Science Education and Technology, 19(6), 553–564. doi:10.1007/
s10956-010-9222-y

Krathwohl, D. R. (2002). A revision of Blooms taxonomy: An overview. Theory into Practice, 41(4), 
212–218. doi:10.1207/s15430421tip4104_2

Lage, M. J., Platt, G. J., & Treglia, M. (2000). Inverting the classroom: A gate way to creating an inclusive 
learning environment. The Journal of Economic Education, 31(1), 30–43. doi:10.1080/00220480009596759

Levin, B. (1999). Analysis of the content and purpose of four different kinds of electronic communica-
tions among preservice teachers. Journal of Research in Computer Education, 39(1), 139–156. doi:10
.1080/08886504.1999.10782620

Magnusson, S., Krajcik, J., & Borko, H. (1999). Nature, sources and development of pedagogical content 
knowledge for science teaching. In J. Gess Newsome & N. G. Lederman (Eds.), Examining pedagogical 
content knowledge: The construct and its implications for science education (pp. 95–132). Boston: Kluwer.

Miller, K. F. (2011). Situation awareness in teaching: What educators can learn from video-based research 
in other fields? In M. G. Sherin, V. R., Jacobs, & R. A. Philipp (Eds.), Mathematics teacher noticing: 
Seeing through teachers’ eyes (pp. 51-65). New York: Routledge.

Nicholson, S. A., & Bond, N. (2003). Collaborative reflection and professional community building: An 
analysis of preservice teachers’ use of an electronic discussion board. Journal of Technology and Teacher 
Education, 11(2), 259-279. Retrieved September 2, 2016 from https://www.learntechlib.org/p/14609

Niemi, H. (2002). Active learning—a cultural change needed in teacher education and schools. Teaching 
and Teacher Education, 18(7), 763–780. doi:10.1016/S0742-051X(02)00042-2

Nizet, I., & Meyer, F. (2014). A flipped classroom design for pre-service teacher training in assessment. 
In J. Keengwe, G. Onchwari, & J. Oigara (Eds.), Promoting active learning through the flipped classroom 
model (pp. 71–90). Hershey, PA: Information Science Reference; doi:10.4018/978-1-4666-4987-3.ch004

Park, S. H., & Oliver, J. S. (2008). Revisiting the conceptualization of pedagogical content knowledge 
(PCK): PCK as a conceptual tool to understand teachers as professionals. Research in Science Educa-
tion, 38(3), 261–284. doi:10.1007/s11165-007-9049-6

Partnership for 21st Century Skills. (2011). P21 common core toolkit: A guide to aligning the common 
core state standards with the framework for 21st century skills. Retrieved on September, 2016 from 
http://www.p21.org/storage/documents/ P21CommonCoreToolkit.pdf

Piaget, J. (1963). Origins of intelligence in children. Norton.

Ray, B. B., & Powell, A. (2014). Preparing to teach with flipped classroom in teacher preparation programs. 
In J. Keengwe, G. Onchwari, & J. Oigara (Eds.), Promoting active learning through the flipped classroom 
model (pp. 1–22). Hershey, PA: Information Science Reference; doi:10.4018/978-1-4666-4987-3.ch001

Reinhold, S. (2016). Uncovering facets of interpreting in diagnostic strategies pre-service teachers use in 
one-on-one interviews with first-graders. In Proceedings of the Ninth Congress of the European Society 
for Research in Mathematics Education (pp. 2895-2901).



283

Promoting Active Learning in Mathematics Teacher Education
﻿

Santagata, R., & Angelici, G. (2010). Studying the impact of the lesson analysis framework on preser-
vice teachers abilities to reflect on videos of classroom teaching. Journal of Teacher Education, 61(4), 
339–349. doi:10.1177/0022487110369555

Santagata, R., & Guarino, J. (2011). Using video to teach future teachers to learn from teaching. ZDM 
Mathematics Education, 43(1), 133–145. doi:10.1007/s11858-010-0292-3

Santagata, R., Zannoni, C., & Stigler, J. (2007). The role of lesson analysis in pre-service teacher educa-
tion: An empirical investigation of teacher learning from a virtual video-based field experience. Journal 
of Mathematics Teacher Education, 10(2), 123–140. doi:10.1007/s10857-007-9029-9

Schön, D. A. (1996). Educating the reflective practitioner: Towards a new design for teaching and 
learning in the professions. San Francisco: Jossey-Bass, Inc.

Seidel, T., Prenzel, M., Rimmele, R., Schwindt, K., Kobarg, M., & Meyer, L. (2005, August). Do videos 
really matter?The experimental study LUV on the use of videos in teachers’ professional development. 
Paper presented at the 11th conference of the European Association for Research on Learning and In-
struction (EARLI), Nicosia, Cyprus.

Seidel, T., Sturmer, K., Blomberg, G., Kobarg, M., & Schwindt, K. (2011). Teacher learning from analysis 
of videotaped classroom situations: Does it make a difference whether teachers observe their own teach-
ing or that of others? Teaching and Teacher Education, 27(2), 259–267. doi:10.1016/j.tate.2010.08.009

Sherin, M. G. (2004). New perspectives on the role of video in teacher education. In J. Brophy (Ed.), 
Advances in research on teaching: Using video in teacher education (vol. 10, pp. 1-27). Oxford, UK: 
Elsevier.

Sherin, M. G., Linsenmeier, K. A., & van Es, E. A. (2009). Selecting video clips to promote math-
ematics teachers discussion of student thinking. Journal of Teacher Education, 60(3), 213–230. 
doi:10.1177/0022487109336967

Shulman, L. (1986). Those who understand: Knowledge growth of teachers. Educational Researcher, 
15(2), 4–14. doi:10.3102/0013189X015002004

Shulman, L. S. (1987). Knowledge and teaching: Foundations of the new reform. Harvard Educational 
Review, 57(1), 1–22. doi:10.17763/haer.57.1.j463w79r56455411

Star, J. R., & Strickland, S. K. (2008). Learning to observe: Using video to improve preservice mathemat-
ics teachers ability to notice. Journal of Mathematics Teacher Education, 11(2), 107–125. doi:10.1007/
s10857-007-9063-7

Stigler, J. W., & Hiebert, J. (2009). The teaching gap: Best ideas from the world’s teachers for improving 
education in the classroom. New York: Simon and Schuster.

TIMSS Video Study. (1999). Retrieved on September 10, 2016: http://www.timssvideo.com/about-site

Tucker, B. (2012). The flipped classroom. Education Next, 12(1), 82–83.



284

Promoting Active Learning in Mathematics Teacher Education
﻿

van Driel, J. H., Verloop, N., & de Vos, W. (1998). Developing science teachers pedagogical content 
knowledge. Journal of Research in Science Teaching, 35(6), 673–695. doi:10.1002/(SICI)1098-
2736(199808)35:6<673::AID-TEA5>3.0.CO;2-J

van Es, E. A., & Sherin, M. G. (2002). Learning to notice: Scaffolding new teachers’ interpretations of 
classroom interactions. Journal of Technology and Teacher Education, 571–596.

Vygotsky, L. S. (1978). Mind in society: The development of higher mental process. Cambridge, MA: 
Harvard University Press.

Weimer, M. (2002). Learner-centered teaching. San Francisco: Jossey-Bass.

Wilson, S., Floden, R., & Ferrini-Mundy, J. (2001). Teacher preparation research: Current knowledge, 
gaps, and recommendations. University of Washington, Centre for the Study of Teaching and Policy.

KEY TERMS AND DEFINITIONS

Clinical Interview: One-to-one interviews conducted with students in order to gauge their under-
standing, which could be used both for assessment and research (Ginsburg, 1997).

Flipped Classroom Method: Inverting in class and out of class activities such that there is more 
allocated time for active learning and teacher facilitation of meaningful discussion during class time. 
Homework is in general in the form of viewing video materials (which maybe supported by audio materi-
als and readings) and becoming familiar with the foundations of the content before coming to the class.

Professional Noticing: Learning to notice important aspects of classroom instruction is considered 
an important area of expertise for teachers. van Es and Sherin (2002) describe three significant aspects 
of noticing that constitute a basis for the conception of professional teacher noticing: 1. Identifying what 
is important or noteworthy about a classroom situation; 2. Making connections between the specifics of 
classroom interactions and the broader principles of teaching and learning they represent; and 3. Using 
one’s context to reason about noteworthy events (p. 573).

Professional Vision: Using specialized professional knowledge to attend to and interpret events 
related to one’s profession (Goodwin, 1994).

The TIMSS Video Study: “The TIMSS 1999 Video Study was a study of eighth-grade mathematics 
and science teaching in seven countries. The study involved videotaping and analyzing teaching practices 
in more than one thousand classrooms. Goals of TIMSS 1999 Video Study: investigate mathematics 
and science teaching practices in U.S. classrooms, compare U.S. teaching practices with those found 
in high-achieving countries, discover new ideas about teaching mathematics and science, develop new 
teaching research methods and tools for teacher professional development, create a digital library of im-
ages of teaching to inform U.S. educational policy, stimulate and focus discussion of teaching practices 
among educators, policymakers, and the public” (TIMSS Study, http://www.timssvideo.com/about-site).



InfoSci®-Books®-Books®

A Database for Progressive Information Science and Technology Research

Maximize Your Library’s Book Collection!
Invest in IGI Global’s InfoSci®-Books database and gain access to 

hundreds of reference books at a fraction of their individual list price.

The InfoSci®-Books database offers unlimited simultaneous users the 
ability to precisely return search results through more than 68,000 full-text 

chapters from nearly 3,000 reference books in the following academic research areas:

Business & Management Information Science & Technology • Computer Science & Information Technology

Educational Science & Technology • Engineering Science & Technology • Environmental Science & Technology 

Government Science & Technology • Library Information Science & Technology • Media & Communication Science & Technology

Medical, Healthcare & Life Science & Technology • Security & Forensic Science & Technology • Social Sciences & Online Behavior

www.igi-global.com

InfoSci
A Database for Progressive Information Science and Technology Research

www.igi-global.com

To � nd out more or request a free trial, visit: 
www.igi-global.com/eresources

Peer-Reviewed
Content:
• Cutting-edge research
• No embargoes
• Scholarly and professional
• Interdisciplinary

Award-Winning
Platform:
• Unlimited simultaneous users
• Full-text in XML and PDF
• Advanced search engine
• No DRM

Librarian-Friendly:
• Free MARC records
• Discovery services
• COUNTER4/SUSHI compliant
• Training available


