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Abstract

In this paper we describe a science teacher preparation program, implemented in Greece, aiming
at ICT integration in classroom practice. The development of this teacher preparation program
was guided by the various components of Technological Pedagogical Content Knowledge
(TPACK) while attempting to meet the professional development needs of science teachers. We
begin with an overview of this teacher preparation program. Next, we look specifically at pro-
gram components and correlate them with the knowledge bases for science education in secon-
dary schools, particularly Pedagogical Content Knowledge. This is followed by a review of recent
research findings that report the impact of the teacher preparation program on teachers’ views,
perceptions and abilities to integrate ICT in science classroom. Finally, we draw on the apparent
successes and challenges of the teacher preparation program to make suggestions regarding fur-
ther applications of the construct of TPACK in science teacher preparation.

Keywords: Technological Pedagogical Content Knowledge, ICT in education, teacher develop-
ment

Introduction

During the past decade a great discussion about the integration of Information and Communica-
tions Technologies (ICT) in education is evolving between researchers, policymakers and educa-
tors. A great amount of research has shown that the use of ICT as a learning tool, within meaning-
ful contexts of learning can lead to significant educational and pedagogical outcomes in the
schools and bring major benefits to both learners and teachers (see for example Webb (2005) and
references therein). In this framework, ICT is perceived to be inherent to the educational reform
efforts necessary for the 21st century society while they produce fundamental changes in key as-

pects of the nature of knowledge and the
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as an ‘add on’ effect to regular class-
room work (Jimoyiannis, 2009). Teach-
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ers, in general, are positive about students’ development in ICT knowledge and skills and show
great interest and motivation to learn about ICT (Jimoyiannis & Komis, 2006). Even though they
recognize the importance of introducing ICT in education, teachers tend to be less positive about
their extensive use in the classroom and far less convinced about their potential to improve in-
struction. In most cases, they continue to use computers for low-level supplemental tasks such as
word processing (lesson plans, worksheets, assessment tests, etc.) or getting information from the
Internet (Jimoyiannis & Komis, 2007; OFSTED, 2004; Waite, 2004).

Educational policy and consequent teacher preparation directives conceive ICT use in education
not in terms of a special event or an extra tool supplemental to the traditional instruction but in
terms of specific pedagogical dimensions. Existing research shows that technology seminars or
workshops that focus on developing operational skills about general purpose and/or specific edu-
cational software do not help teachers understand how ICT could interact with particular pedago-
gies and enhance learning in specific subject matters (Jimoyiannis, 2008; Zhao & Bryant, 2006).
In addition, top-down imposed policy decisions and technocentric models for ICT adoption ap-
pear to be unresponsive to the teachers’ perspectives, priorities, and classroom or general profes-
sional needs.

Since the 90’s various models to explore and promote the process of integrating ICT into the cur-
riculum have been proposed and established. Prominent among them were stage-based models for
ICT adoption or integration (Rogers, 1995; Russell, 1996, Toledo, 2005). The key idea was the
teachers’ and students’ development and movement from lower to higher levels of technology use
and integration in educational settings. In this framework, most ICT teacher professional devel-
opment initiatives tend to focus on technological aspects (i.e. how to use various tools) while
pedagogical and instructional issues (i.e. why and how to use those tools to enhance learning) are
often taken for granted (Jimoyiannis & Komis, 2007). As a result the application of ICT in school
settings has been driven more by the accordance of technology rather than the demands of peda-
gogy and didactics of subject matter.

The Technological Pedagogical Content Knowledge (originally TPCK, now known as TPACK)
was firstly proposed by Mishra and Koehler (2006) to describe an integrated framework to clarify
the critical parameters relating to technology integration in classroom settings, namely Content,
Pedagogy and Technology. This framework does not consider the above three key elements in
isolation, but rather in the complex relationships in the system they define. TPACK offers new
perspectives and options for looking at a complex phenomenon like technology integration in the
classroom. Moreover, it allows teachers, researchers, and teacher educators to move beyond over-
simplified approaches that treat technology as an “add-on” instead to focus upon the connections
among technology, content, and pedagogy as they play out in classroom contexts (Koehler &
Mishra, 2009).

The application of TPACK in teacher preparation initiatives is an under-investigated field and is
of interest at the international level. Hence the present study aspires to shed light on critical as-
pects of TPACK framework in science education. This article describes a professional develop-
ment model for science teacher trainers’ aiming at teacher preparation for ICT integration in
classroom practice. The development of this program was guided by the various components of
the TPACK model while attempting to meet the professional development needs of science
teachers.

The Notion of Technological Pedagogical
Content Knowledge

Historically, teacher education has been focused on the content knowledge while general peda-
gogy was an added course, treated in isolation of the content, with emphasis on general pedagogi-
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cal classroom practices independent of subject matter. During the last decades, teacher education
and professional development programs have shifted their focus from content knowledge to
pedagogical knowledge related to specific content. The key argument is that knowledge of subject
matter and general pedagogical strategies, though necessary, is not sufficient for capturing the
knowledge of good teachers. The advanced idea of Pedagogical Content Knowledge (PCK), in-
troduced by Shulman (1986), emphasizes on treating teachers’ subject knowledge (Content) and
pedagogy as mutually exclusive domains.

Built upon Shulman’s (1986) work describing PCK, Mishra and Koehler (2006) proposed the
concept of Technological Pedagogical Content Knowledge (TPACK) to describe teachers’ under-
standing of the complex interplay between technology, content, and pedagogy. Three areas of
knowledge constitute the core of this framework.

Content (C): Is the subject matter that is to be learned; 7" grade biology, 8" grade chemistry and
10" grade physics are all examples of content that are different from one another.

Technology (T): Encompasses ICT technologies such as general purpose software, the Internet
and related technologies, educational software, simulations, modeling tools, and more.

Pedagogy (P): Describes the collected practices, processes, strategies, procedures, and methods
of teaching and learning. It also includes knowledge about the aims of instruction, assessment,
and student learning.

The TPACK framework recognizes the complexity and interplay among the three constitutional
elements of contemporary learning environments (see Figure 1). However, the TPACK approach
goes beyond seeing these three knowledge bases in isolation. It emphasizes the connections and
the complex relationships between those dimensions of knowledge (constitutional elements)
while it defines three new areas of knowledge, namely Pedagogical Content Knowledge (PCK),
Technological Content Knowledge (TCK) and Technological Pedagogical Knowledge (TPK).

Technological Pedagogical
Knowledge

N~

Technological Content
Knowledge
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Pedagogy v
Pedagogical Content Technological Pedagogical

Knowledge Content Knowledge

Technology

Figure 1. Technological Pedagogical Content Knowledge
(adapted from Koehler et al. (2007)
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Pedagogical Content Knowledge (PCK): By considering Pedagogy (P) and Content (C) to-
gether we get Pedagogical Content Knowledge. According to Shulman (1986), PCK represents
the knowledge of pedagogy that is applicable to the instruction of specific science content.

Technological Content Knowledge (TCK): Similarly, T and C taken together yield the con-
struct of Technological Content Knowledge. This type of knowledge is useful for describing
teacher’s knowledge of how subject matter is transformed by the application of technology.

Technological Pedagogical Knowledge (TPK): T and P together describe Technological Peda-
gogical Knowledge which refers to a general understanding of the application of technology in
education without reference to a specific content. It includes the knowledge of how technology
can support specific pedagogical strategies and/or goals in the classroom.

Finally, if we jointly consider all three elements we get Technological Pedagogical Content
Knowledge (TPACK). Koehler and Mishra (2006) argue that true technology integration demands
understanding and negotiating the relationships between these three components of knowledge.
Good teaching is not simply adding technology to the existing teaching and content domain.
Rather, the introduction of technology causes the representation of new concepts and requires
developing sensitivity to the dynamic, transactional relationship between all three components
suggested by the TPACK framework.

In conclusion, this knowledge is different from knowledge of a disciplinary expert, or a technol-
ogy expert and also from the general pedagogical knowledge shared by teachers across disci-
plines. In other words, TPACK represents what teachers need to know about technology in educa-
tion and its value in subject matter instruction.

Literature Review

Since its formal introduction as a theoretical concept, TPACK has been transformed to a useful
framework to aid ICT integration in school practice. The TPACK framework offers opportunities
for looking at a complex phenomenon like technology integration in ways that are now amenable
to analysis and development. In addition, it offers several possibilities for promoting research in
teacher education (Lee & Tsai, 2010), guiding pre-service teachers’ education (So & Kim, 2009)
and in-service teacher professional development (Koehler et al., 2007; Koehler & Mishra, 2009;
Niess, 2005; Doering et al., 2009), and supporting teachers to integrate ICT in their classrooms
(Voogt et al., 2009).

The TPACK model offers substantive promise for improving teachers’ preparation to support
productive technology integration in their teaching. Although this framework appears as an ele-
gant and simple construct, in both textual and graphical forms, it is complex to comprehend and
apply it in educational settings. The implementation of this framework in teacher education has
been limited, in large part, to the original TPACK theorists’ own experiments with graduate stu-
dent seminars. This may be due to the fact that the framework has largely remained in the theo-
retical realm with no clear method for implementation or evaluation Cox (2008, p.19). While
Mishra and Koehler have provided definitions of each construct that articulate to some degree the
centers of these constructs (Mishra & Koehler, 2006; Koehler et al., 2007), the boundaries be-
tween them are still quite fuzzy, thus making it difficult to categorize borderline cases (Cox 2008,
p.22). Following, Aggeli and Valanides (2009) argue that the conceptualization of TPACK needs
further theoretical clarity. Their criticism is mainly focused on the current form of TPACK, which
does not make explicit the connections among content, pedagogy, and technology and appears to
be too general, primarily because it does not deal explicitly with the role of tool affordances in
learning.

600



Jimoyiannis

Previous research indicates that to reveal the complex mesh of the interrelations between content,
technology, and pedagogy in teaching practice is not an easy task. This creates a need to enhance
the theoretically sound TPACK framework. This paper has the ambition to extend the knowledge
of teachers’ perception and willingness to adopt TPACK model by embodying this framework in
authentic learning activities in their coursework.

Project Overview

Description of the Project

Technology integration in the schools is considered to be a significant national priority for the
Greek educational system which is further supported by EU policy. In this framework, a new am-
bitious initiative, aiming at teachers acquiring basic knowledge and skills towards integration of
ICT in the classroom, was established on 2007. The first phase of this programme aimed at the
education of 400 teacher trainers which were selected on their degrees, teaching experience, and
ICT qualifications. This phase was administered in five Greek Universities which established
specific University Teacher Training Centres (UTTC) supported by highly experienced staff.
Teacher trainers were divided in four groups in relation to their specialty, e.g. preschool and pri-
mary teachers, as well as three groups of secondary education teachers, namely literacy, mathe-
matics and science teachers).

The coursework lasted 350 hours in total, divided into six hours duration lessons per day which
were spread in an academic semester (approximately four months). The curriculum content com-
prised of two parts:

General theory modules: The lessons of this part lasted 170 hours in total and were common for
the various teacher trainers’ specialties. The models were described as Pedagogy, Learning Theo-
ries, ICT in Education, ICT tools (development ICT knowledge and skills), and Teacher Training
Methods.

ICT in science education: Teacher trainers were divided in separate groups according to their
subject matter. They received instruction in combination to extended individual and collaborative
coursework in the computer laboratory. The second part of the project coursework lasted 180
hours in total. It comprised of separate modules focused on science education principles, educa-
tional software and tools for science education, subject matter learning scenarios and students’
learning activities, development of novel-original learning scenarios and learning activities by the
teachers.

The UTTC at the University of Patras

The design and research context presented here concerns science teacher trainers’ preparation in
the UTTC established at the University of Patras, where the author was the co-ordinator of the
science education dimension of the project. The second part of the project coursework, 180 hour
in total, was designed and coordinated by the author using the TPACK framework. The partici-
pants were four science teachers’ chosen to attend to the project on a voluntary basis after their
request through an open call for participation. Three of them had an academic degree in Physics
and one in Chemistry. One teacher had a PhD in science education. Their teaching experience
was ranging from 10 to 25 years, in upper and lower secondary education.

Developing a TPACK Curriculum for Science Teachers’ Trainers

Science education constitutes a privileged subject matter when considering ICT integration and
the related issues to enhance teachers’ instructional potentialities and students’ active engagement
and learning opportunities. There is a range of efficient educational environments and applica-
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tions available for science education (e.g. simulations and modeling tools, microcomputer based
laboratories (MBL), Web resources and environments, spreadsheets and databases, etc.) which
offer a great variety of affordances for both students and teachers. The educational potential of
ICT-based learning environments for science education has been advocated by many researchers
(Jimoyiannis & Komis, 2001; Webb, 2005).

Developing TPACK in science education requires a curricular system that would reveal the com-
plex, multi-dimensional relationships by treating all three components in an epistemologically
and conceptually integrated manner. The first step in our attempt to design a science teacher
preparation program, based on the TPACK approach, was to clarify the constitutional compo-
nents and make explicit connections among science (content), pedagogy, and technology in a
meaningful and realistic context for secondary education. Following we give a brief description
of the elements and how they used to guide the development of a coherent curricular system for
teachers’ education.

Pedagogical Content Knowledge: The PCK science corpus includes pedagogical strategies and
techniques, representation and formulation of scientific concepts, knowledge of what makes those
concepts difficult or easy to learn, knowledge of students’ misconceptions, prior knowledge or
cognitive difficulties, knowledge of students’ theories of epistemology etc.

Technological Content Knowledge: The TCK in science incorporates issues of how science
subjects are transformed by the specific technological environments. For example, the changes in
the nature of science technology brings, new methods and tools used to solve science problems,
modeling methods in science, the use of simulation software in physics etc..

Technological Pedagogical Knowledge: The TPK in science includes the knowledge of how
technology can support specific pedagogical strategies in the classroom; for example, fostering
inquiry or collaborative learning. Table 1 presents the main components we have identify to de-
scribe and specify the Technological Pedagogical Content Knowledge in science education.

Table 1: Technological Pedagogical Content Knowledge in science education

TPACK components Knowledge components
Pedagogical Content Knowledge o Scientific Knowledge
e Science Curriculum
o Transformation of Scientific Knowledge
o Students’ learning difficulties about spe-
cific scientific fields
o Learning Strategies
o General Pedagogy
o Educational context
Technological Content Knowledge o Resources and tools available for science
subjects
o Operational and technical skills related to
specific Scientific Knowledge
o Transformation of Scientific Knowledge
o Transformation of Scientific Processes
Technological Pedagogical Knowledge e ICT-based learning strategies
« Fostering scientific inquiry with ICT
o Supporting information skills
o Student scaffolding
o Handling students’ technical difficulties
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The TPACK Model for Science Education

The second part of the project coursework was planned to follow a new mode for teacher prepara-
tion determined by an integrated framework combining TPACK model and authentic learning
approach (Herrington & Kervin, 2007). Considering that teachers are willing to learn and develop
new skills related to their instruction through designing authentic activities, i.e. learning activities
that are easily implemented and integrated in classroom settings. Therefore, teachers engaged in
solving meaningful instruction problems through authentic ICT-based learning scenarios and
activities with a sound pedagogical background. There was little direct instruction about particu-
lar software or tools during these courses. More common were spontaneous and short tutorial ses-
sions driven by the immediate requirements of the group to cover the needs of the project.

We followed a problem-based approach, which shifts the focus from content learning towards
problem solving as it provides a more realistic context for the teachers. This was a learner-
centered approach which used a design framework covering planning, developing, evaluating and
revising ICT-based learning and activities. The instructors rarely suggested or required the use of
any specific technology; the emphasis on design required teachers to propose software and hard-
ware solutions to their specific contexts and problems.

Furthermore, participants were exposed to detailed discussions of the pedagogical uses of various
ICT tools (simulations, modeling tools, spreadsheets, MBL settings, scientific Web resources,
ICT-based projects, WebQuests, Web 2.0 applications etc.) by identifying topics of special inter-
est, e.g. science curriculum, transformation of abstract scientific concepts through simulations,
learning and teaching strategies etc.

There are four distinct goals to this approach:

e to provide participants with stable representations of the various dimensions of the
TPACK model and a meaningful understanding of the benefits and the barriers in apply-
ing TPACK in science classroom settings;

e to allow science teacher educators to move beyond oversimplified approaches and views
of technology as an “add-on” element in classroom contexts and to focus upon the con-
nections among technology, content, and pedagogy;

e to develop teacher educators’ knowledge, skills and abilities to identify what type of
technologies and how they could be integrated in school practice to enhance students’
development in science education;

e to promote collaboration with colleagues to enhance their own learning and teaching to
develop TPACK knowledge, both as learners and as teachers.

Project Outcomes

Data Collection

The overall purpose of the project was to enhance science teachers’ knowledge and skills by de-
veloping a TPACK framework for their preparation. Specifically, the aims were to improve
teachers’ knowledge, skills and abilities to integrate ICT in science classroom, and to promote
their use of ICT-based interventions and strategies promoting conceptual change during class-
room practice.

Data about science teacher trainers were mainly collected through the transcripts of in-depth, au-
dio-recorded, semi-structured interviews carried out by the researcher, at the end of the program,
with all participants. The research questions aimed at a deeper investigation of
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o the representations and perceptions teachers developed about the various dimensions of
TPACK model

o the knowledge, skills and abilities to integrate technology into science instruction the
teachers believe that they have developed after their participation in the program

o the difficulties they expect to face at during their efforts to integrate ICT in science class-
room in secondary schools.

Main Implications

Three major themes that might provide insight into teachers’ experiences, perceptions and ideas
about TPACK model and its impact on ICT integration in the schools have been identified and
are presented here. These are linked to the research objectives above.

Teachers’ Representations and Perceptions of the TPACK model

The first project objective was to implement a model that could act as an integrated framework
for preparing science teachers to effectively integrate ICT in science classroom settings.
Data from the interviews indicated that the participants developed stable and convincing
representations about TPACK with respect to their subject matter, and a meaningful un-
derstanding of its value in science education. All the participants reported an increased will-
ingness and confidence in their ability to apply ICT in their own instruction. Indicative are the
following quotes:

“This program helped me to perceive and develop a totally different view for instruction... It is
very important that there exists a sound theory behind all this things; that technology steps on cer-
tain theories and it should be applied under a certain framework in order to be efficient in prac-
tice.”

“I learned too many things from this program though I used existing software for science subjects
at a competent level. I was not aware about pedagogy and its value in using ICT in the class-
room... [ think that this program was beneficial and had a positive impact to me. I believe that the
key point was the connection between theory and practice.”

“The pedagogical dimension of the project was very important for me, not only because I heard a
lot of things for the first time. This program game me a different lens to see my instruction... In
general, I though that I was very competitive with ICT. Every day I use computers and the Inter-
net. But I faced at issues that I did not know and I could not imagine that exist!! Hence, I have a
different view about technology and how it can be used for educational purposes.”

Teachers’ Perceived Knowledge and Skills to Integrate
Technology into Science Instruction

Participants reported in the final survey a change in their rationales for using ICT in science class-
room. Data from the interviews indicated that all participants developed increased TPACK
knowledge and skills with respect to their subject matter. Rather than primarily viewing technol-
ogy integration through a simple skill-based lens (e.g. presentation of simulations or other tools
through a video-projector) the program participants noted increased abilities to effectively inte-
grate ICT into science content and curriculum (e.g. students engagement in inquiry etc.).

Indicative are the following quotes:

“I was familiar with some software tools before entering the project; but I used to view them as a
confirmation medium of certain physical phenomena or processes, and not as a tool to support
students’ learning ...”
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“I had used many of that software in my classroom but in a different way; rather as a demonstra-
tion tool... I am now convinced that this approach will offer so many things to the students. It will
not offer opportunities for discovery and constructive learning. Every student should be engaged
and should work on his own computer... Hence, I have changed my view of how to use ICT in the
classroom.”

“Although most of the pedagogical knowledge was not new for me, this program was useful not
only because it helped me to clarify many aspects... The strong point of the approach followed in
this program is that it strengthens our sensitivity, as educators, to see the instructional way from
the other side, the students’ side; that is to say from learning to teaching...”

Main Difficulties to Integrate ICT in Science Classroom

The last research objective was to identify teachers’ main difficulties to integrate ICT in science
classroom. They consider TPACK as a promising model which effectively combines theoretical
and practical aspects of this issue. Moreover, teachers’ views and perceptions are strongly influ-
enced by broader contextual parameters of the educational system, namely

o the need to cover an extended content set by the science curriculum and the textbooks;

o the restrictions posed into instructional practices by the science textbooks;

e the need to prepare students for the final exams;

o the lack of time to prepare learning activities focused on their students’ needs;

o the inherent school resistance to changes, which forces most of the teachers to conform
their instruction to the established school culture and practices.

Epilogue
This paper elaborated on the design of the TPACK framework for science education and the de-
velopment of the course sessions in a program aiming at teachers’ preparation to integrate ICT in
science classrooms. The effects of the program on participants’ perceived skills and abilities on
TPACK, as well as their views about the value of TPACK in integrating ICT in the science class-
room were described. In addition, this exploration reveals the importance placed by the partici-
pants on the educational context determining the instruction of science subject matters in the
schools.

Teachers’ development on TPACK requires continued and authentic learning experiences with
opportunities for teaching in real class situations, and follow-up reflection and feedback. Teach-
ers’ TPACK development continues beyond training programmes and should be an integral part
of in-service teacher professional development.

Future initiatives and professional development programs should focus on coupling changes in
teachers’ pedagogical cultures and philosophies for teaching and learning with their training on
how to use appropriate ICT tools with their students. Direct instruction that focuses on one of the
TPACK components at a time would be relatively ineffectual in helping teachers develop an un-
derstanding of how these knowledge bases relate to each other.

Undoubtedly, there are a lot of things we do not yet know about TPACK, its development and its
adoption by the teachers. In addition, the high level of relation of TPACK with respect to subject
matter makes it difficult to determine how best to prepare teachers to cultivate this model and
integrate ICT in everyday school practice. The need to evaluate the effectiveness of the methods
used in teacher technology preparation programs, and to enhance our knowledge about the strong
and weak sides of TPACK model, is an open and very interesting research problem.
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