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Abstract: To understand how we might improve the teaching of mathematics, we must turn some of our 
attention toward the knowledge that teachers need to know for teaching. The Pedagogical Content 
Knowledge in an Educational Context (PCK-EC) model is proposed as a framework to support teachers, 
coaches and researchers in the examination of teacher knowledge within a specific context (school, topic) and 
with a particular focus. This framework combines the theoretical and practical aspects represented by five 
dimensions of teachers’ Attitudes and teachers’ knowledge (Subject matter, Technology, Learners’ cognition, 
Pedagogy) and supports it with an Educational Context that includes curricular, technological, social, 
cultural, and teaching - learning, contexts. 
 

 
 

Introduction  
 

The concept of Pedagogical Content Knowledge (PCK) has given us a way to represent and formulate 
teaching practice so that it can be understood and discussed (Shulman, 1986, p. 9). With it, we can examine “the 
capacity of a teacher to transform the content knowledge he or she possesses into forms that are pedagogically 
powerful and yet adaptive to the variations in ability and background presented by students” (Shulman 1987, p. 15). 
The PCK model has been used as a seed by several scholars to generate new frameworks to examine the teaching of 
mathematics (Grossman, 1990; Fennema & Franke, 1992; Rowland, Huckstep & Thwaites, 2003; Ball, Thames & 
Phelps, 2008; Park & Oliver, 2008; Petrou & Goulding, 2011).   

The great potential of new technological tools (the computer, blogging, internet, and others) for use in 
educational systems has increased the complexity of the teaching and learning situation and highlights the need to 
expand the PCK model. Pierson (2001) incorporated the concept of technological knowledge as one of the 
components of a model for teacher knowledge and suggested the technological–pedagogical–content knowledge as a 
reference for effective technology integration (p. 427). Koehler and Mishra (2008) continued developing the model 
to examine the use of technology in education, and proposed a framework based on the integration of technology, 
content and pedagogy called Technological Pedagogical And Content Knowledge (TPACK).  

The TPACK model has been a starting point for other approaches that include the use of Information and 
Communication Technologies (ICT) as one of the dimensions of teacher’s knowledge needed for teaching (Angeli & 
Valanides, 2009), and the inclusion of TPACK in an educational context (Doering, Veletsianos, Scharber & Miller, 
2009), among others. However, TPACK is considered an extension of the concept of PCK following the original 
research of Shulman (1986, 1987; Grossman 1989, 1990, 1991; and Koehler and Mishra 2008). Hence, we could 
consider that there is no need for having a separate framework involving technology in education or TPACK, but 
only the PCK concept. Niess (2011) indicates it is “conceivable, at some future point, the attention will be redirected 
to PCK as the knowledge that teachers need for teaching where digital technologies are included among the many 
other technological resources teachers have for teaching” (p. 307), and she highlights that differences between PCK 
and TPACK “may be less identifiable for the experienced teachers” (p. 311). 

Stoilescu (2011), indicates two major limitations with TPACK: the fact that TPACK “did not offer the 
possibility to systematically take into account teachers’ attitudes, opinions, philosophy, and paradigms for teaching” 



 
(p. 198), and “the lack of clarity in determining the level of integrating technology that a teacher displays in his or 
her classroom” (p. 199).  

The existence of several frameworks for studying the teachers’ knowledge for teaching constitutes a 
challenge for researchers, coaches and educators as they attempt to choose the most appropriate model. Curricular 
requirements, teaching and learning approaches, social and cultural interactions and other factors constitute the 
educational context that interacts with the teacher’s PCK and these, along with the topic being addressed, define 
their educational practice. Hence, a new model is proposed to illuminate the dimensions of the pedagogical content 
knowledge needed for teaching a particular topic in an educational context.  

The proposed model is called Pedagogical Content Knowledge in Educational Context (PCK-EC).  The PCK-
EC model includes the following dimensions: teacher’s Attitudes, knowledge of Technology, knowledge of 
Learners’ cognition, knowledge of the Subject matter (or content knowledge), and knowledge of Pedagogy which 
must be integrated with the educational context (see Figure 1). This model was influenced by the models proposed 
by Fennema and Franke (1992) and by Koehler and Mishra (2008). 

 
 

Literature Review 
 

The concept of pedagogical content knowledge (PCK) is directly related with teachers’ knowledge in the 
practice of teaching a specific topic. Shulman (1986, 1987) identified the components of teacher’s knowledge 
needed for teaching and proposed a theoretical framework based on seven different categories of teacher knowledge 
for effective teaching. Three of these categories focus on teaching: content knowledge, curriculum knowledge, and 
pedagogical content knowledge (Shulman, 1986; Angeli & Valanides, 2009; Petrou & Goulding, 2011). 

The pedagogical content knowledge (PCK) as a new concept developed by Shulman (1986) “includes the 
content specific representations, examples and applications that teachers use in order to make subject matter 
comprehensible to students together with the strategies that teachers use in order to overcome their students’ 
difficulties” (Petrou & Goulding, 2011, p. 12). The PCK also “includes an understanding of what makes the learning 
of specific topics easy or difficult: the conceptions and preconceptions that students of different ages and 
backgrounds bring with them to the learning of those most frequently taught topics and lessons” (Shulman, 1986, 
p.9). Shulman’s framework of PCK (1986, 1987) describes how content, pedagogy, and knowledge of learners are 
“blended into an understanding about how particular topics to be taught are represented and adapted to learners’ 
characteristics, interests, and abilities” (Angeli & Valanides, 2009).  

Shulman’s conceptualization of PCK has been criticized because it considers teacher knowledge as 
something transmissible, and learners as passive receptors for obtaining this knowledge. Authors such as Grossman 
(1990), Fennema and Franke (1992), Cochran, Derutier and King (1993), and Bullough (2001), recognized these 
issues and proposed different PCK models that address the dynamic and interactive nature of teacher knowledge, 
teaching contexts, beliefs about the purpose for teaching particular topics, and environmental contexts of learning. 
Indeed, the concept of PCK has been further interpreted as “engendering a variety of meanings” (Park & Oliver, 
2008, p. 262) and there are several definitions about what constitutes the PCK. Most of the definitions of PCK are 
consistent and maintain as a core foundation Shulman’s conceptualization, i.e. knowledge of subject matter, 
knowledge of pedagogy, and knowledge of learners’ conceptions and content-related difficulties. Finally, it is 
important to remember that PCK is specific to the teaching of particular topics and it is developed in classroom 
practice (Angeli &Valanides, 2009).  

Situating Shulman’s perspective of PCK in the teaching of mathematics we see that a teacher’s knowledge of 
the subject matter and knowledge of pedagogy alone are insufficient, but need to be integrated (Petrou & Goulding, 
2011). This inclusive perspective enables us to approach PCK in mathematics education as combining the need to 
know about mathematics with good pedagogical practice and other crucial understandings needed for teaching.  This 
broadens the question of what knowledge could be required for teaching.  It is important to clarify that the concepts 
of PCK have been developed in general and some of them have been adapted specifically to the teaching of 
mathematics.  A review of some of the evolving frameworks for conceptualizing PCK in mathematics, such as, 
Fennema and Franke (1992), Ball, Thames and Phelps (2008), Rowland, Huckstep and Thwaites (2003), and Petrou 
and Goulding (2011), elucidates how they are “not inconsistent; rather they build on each other”. This evolutionary 
process invites further efforts to develop and improve on the PCK foundation.  

 
 
 



 
Conceptualization of PCK in an Educational Context (PCK-EC) 
 

We can describe the PCK-EC utilizing relevant aspects of the previous PCK  and TPACK models to build a 
theoretical framework for studying the dimensions of teachers’ knowledge needed for teaching. The 
conceptualization of each one of the dimensions of teachers’ knowledge is based mainly on Fennema and Franke’s 
model of teachers knowledge (1992) and the Knowledge quarter developed by Rowland and colleagues (Rowland, 
2005, 2007; Rowland, Huckstep & Thwaites, 2003). The pattern characterized in the majority of the models (PCK 
and TPACK) is represented explicitly in Fennema and Franke’s (1992) framework which includes three main 
dimensions: knowledge of subject matter or content, pedagogical knowledge, and knowledge of learners’ cognition.  

Another aspect that we might consider relevant for conceptualizing the PCK-EC is the knowledge of 
materials, resources or tools that could be used in teaching, which is presented in the form of technology by Koehler 
and Mishra’s model (2008) and as the information communication technologies (ICT) by Angeli and Valanides’ 
model (2009). Then, we could consider that it is not necessary to conceptualize TPACK as an extension of PCK just 
because technology or ICT is added as one of the dimensions necessary for teaching practices. Technology may 
include any instructional material used in an educational context. Indeed in the model of PCK proposed by Shulman 
(1986), he included implicitly instructional materials as part of the curricular knowledge in regards to the programs 
designed for teaching, and those instructional materials may fit in Koehler and Mishra’s definition of educational 
technology as “the sum of the tools, techniques, and collective knowledge applicable to education, which includes 
both analog technologies (e.g., chalkboard, pencil, and microscope) and digital technologies (e.g., the computer, 
blogging, and internet)” (2008, p. 5). Keeping with this definition, one can say that technology could be another 
dimension of the teacher knowledge needed for teaching included in the PCK instead of viewing this as TPACK. 

It is also important to examine the central and external elements of Fennema and Franke’s model (1992), the 
“Context – specific knowledge” in which teachers work, and teachers’ beliefs about mathematics as components 
round out their conceptualization of teachers’ knowledge. In regards to the context, they point out; “the context is 
the structure that defines the categories of teachers’ knowledge and beliefs” (Fennema & Franke, 1992, p. 162), and 
the context in which teachers work is considered as situated because teachers could adapt their teaching knowledge 
in different contexts according to the situations presented in any of the classrooms in which the teaching practice 
occurs.  Interestingly they explicitly placed belief outside of their teacher knowledge model – although they 
acknowledge that it influences teaching practice. 

Indeed, considering that any component of teacher knowledge needed for teaching is situated in an 
educational perspective, we might say that an Educational Context is the structure that influences the ways in which 
the dimensions of teachers’ knowledge are integrated in the practice of teaching. Those dimensions of teachers’ 
knowledge may be adjusted according to the way teachers use their knowledge in a classroom.  

The PCK-EC includes five dimensions: teacher’s Attitudes, knowledge of Technology, knowledge of 
Learners’ cognition, knowledge of Subject matter or Content knowledge, and knowledge of Pedagogy. These 
dimensions are embedded in an educational context that comprises the curriculum, technological, social, cultural, 
and teaching–learning processes in which the teaching practice takes place (Figure 1). 

Hence, the PCK-EC model is framed as the teachers’ knowledge of Technology, Learners’ cognition, Subject 
matter, and Pedagogy, along with teachers’ Attitudes integrated with the educational context to define the practice of 
teaching. The arrows around the circle indicate that the PCK-EC is not static, it changes and it is transformed by the 
teacher.  

The dimensions of teachers’ knowledge are described as follows: 
• Teachers’ Attitudes “The way teachers define their role is based on not only their conceptions of 

learning, but also their beliefs about teaching. These perspectives of learning and teaching underlie both the 
choice of tasks teachers make and the way in which they use the tasks” (Sullivan & Mousley, 2001, p. 148). 
Teachers’ Attitudes may include their approaches, conceptions, opinions, or perspectives about teaching 
and learning. In practice, this affects what teachers consider fundamental for teaching a specific topic. 

• The Knowledge of Technology is the knowledge a teacher might have for using a particular 
technological tool (pencil, chalkboard, origami, Cuisenaire rods, software, digital devices) in their teaching 
practice. The Knowledge of Technology requires an understanding of the affordances and constraints of the 
technological tool (TT), what kind of content ideas could be taught, what strategies teachers could apply to 
facilitate students’ understanding, and what kind of constraints of TT might limit teaching or student 
learning. The Knowledge of Technology also includes the “creativity and flexibility with available tools in 
order to repurpose them for specific pedagogical purposes” (Koehler & Mishra, 2008, p. 17). In practice, a 



 
teacher could choose different technological tools for teaching according to their knowledge and attitudes 
with respect to the content subject matter and the use of that particular TT. 

• Knowledge of Learners’ cognition includes knowledge of how students gain “the knowledge of 
mathematics content being addressed, as well as understanding the processes the students will use and the 
difficulties and successes that are likely to occur” (Fennema and Franke, 1992, p. 162). In the practice of 
teaching, the knowledge of learners is represented by “the characteristics and preconceptions that students 
bring to a learning situation” (Angeli & Valanides, 2009, p. 158). Teachers need to identify students’ 
difficulties and obstacles in understanding a mathematic topic. This allows teachers to include students’ 
conceptions and misconceptions in their planning and to choose strategies that help to manage students’ 
understanding of mathematical content. 

• The Knowledge of Subject matter refers to teachers’ “knowledge of the concepts, procedures, and 
problem-solving processes within the domain in which they teach” (Fennema and Franke, 1992, p. 162). 
Thus, Knowledge requires that teachers know “the procedures, but also to understand the concept 
underlying them. They need to know that something is so, and also why it is so” (Petrou & Goulding, 2011, 
p. 14). In practice, this knowledge is illustrated in the way teachers present subject matter concepts and 
procedures, give explanations, make representations of concepts, use examples, and clarify students’ 
questions. 

• The Knowledge of Pedagogy refers to the knowledge needed by teachers in regards to “teaching 
procedures such as effective strategies for planning, classroom routines, behaviour management techniques, 
classroom organizational procedures, and motivational techniques” (Fennema & Franke, 1992, p. 162). In 
practice, the pedagogical knowledge is used to guide the development of student understanding following 
one or more learning theories.   

 
 

 
 

 
 

 
Figure 1. Pedagogical content knowledge in Educational Context (PCK-EC) 

 
 



 
 
Conclusion 
 

With the PCK-EC model, teachers (and coaches) can examine their educational practice more explicitly.   
With it, they can unpack and integrate their knowledge of Subject matter with the other dimensions in the model 
(Attitudes, Technology, Learners’ Cognition & Pedagogy) to transform and develop their knowledge when they are 
teaching a specific topic. This feature implies that the PCK-EC is interactive, dynamic, and it is transformed in 
teaching during classroom interactions either as “reflection-in-action” and/or “reflection-on-action” (Schön, 1983). 
The reflection-in-action refers to the knowledge developed and enacted during teaching practices which requires 
integrating all components of PCK to provide reasons, explanations, and justifications to students’ questions in 
situations that could be expected or unexpected (Park & Oliver, 2008). Reflection-on-action occurs after the 
teaching practice is completed and allows teachers to re-structure or modify the body of PCK for teaching a 
particular topic (Park & Oliver, 2008).  
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