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    Chapter 1   
 The Development of Teachers’ Professional 
Learning and Knowledge 

             Ying-Shao     Hsu    

1.1           Background 

 Living in the world where technology keeps advancing, teaching with technology 
becomes a must-do for teachers to consider in their instruction of the  Net Generation . 
It matters not only for how it helps students construct their current learning but also 
for how it reinforces citizen’s technological literacy and drives technological 
advances forward. Facing students who are digital natives (getting used to new tech-
nology and the explosion of new information), teachers need to be smart about what 
and how technology-assisted instructional approaches are taken. Successful educa-
tional reforms in promoting teaching with technology cannot be achieved without 
teachers. Teachers are both the agents and the targets of change – leading, support-
ing, and infusing technology into their classrooms. 

 In countries where classrooms were supplied with educational technology like 
the USA, teachers’ actual usage of projectors, interactive whiteboards, and digital 
cameras was low at 72 %, 57 %, and 49 %, respectively, among those who reported 
having access to the technology, and 40 % rated their or their students’ use of com-
puters during instruction as  often  while another 20 % rated their and students’ use as 
 sometimes  (Gray, Thomas, & Lewis,  2010 ). Survey results from Project Tomorrow 
( 2008 ), a series of surveys conducted annually since 2007, also revealed that both 
teachers’ and students’ technology uses for educational purposes were at a low level 
(e.g., using computers to type up worksheets or complete assignments). School 
principals expected newly hired teachers to be profi cient in teaching with technol-
ogy; parents expressed positive attitudes toward digital learning–teaching 
approaches (e.g., mobile learning tools). Other agents, such as students and aspiring 
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teachers, used social networking tools and discussion boards frequently to assist 
communications in informal learning (Project Tomorrow,  2012 ,  2013 ). All of these 
survey results indicate the urgent demand for teachers’ professional knowledge and 
willingness to use technologies to assist their instruction. 

 Beyond pursuing the quantity of technology implementation in classrooms, more 
and more teachers and educators seek content knowledge instruction with appropri-
ate technology implementation. Integrative curriculum, where the borders of sub-
ject content are broken, is now becoming a trend for educators to pursue as a 
near-future or long-term goal. For example, more and more schools in the USA 
participate in science, technology, engineering, and mathematics (STEM) programs. 
These programs encourage teachers in these four subject areas to work together at 
developing an integrative curriculum with the purpose to build up students’ ability 
to solve complex interdisciplinary problems. The appropriateness of teachers’ uses 
of technology to assist their instruction not only determines students’ content 
knowledge comprehension but also develops students’ technological literacy 
(National Research Council [NRC],  2012 ; Yore,  2011 ). All these demands would be 
bounded by teachers’ knowledge about enriching curriculum and assisting students’ 
learning with appropriate uses of technology (e.g., knowing what representations 
are good for teaching certain types of subject content). 

 In fact, teachers’ knowledge is a complex construct blended with their longitudi-
nal input of knowledge and experiences. Besides confl icts between new knowledge 
to old knowledge systems, teachers’ knowledge grows even more complicated with 
personal experiences or diverse contextual confi nes. Though teachers’ knowledge is 
personally and dynamically changing, many educational researchers still endeavor 
to determine what composes teachers’ knowledge in instruction. Only when teach-
ers’ knowledge is unveiled can teacher education be more effectively designed and 
implemented. In the following pages, I present the components of teachers’ profes-
sional knowledge through historical progression and from different perspectives 
within the past three decades. An introductory discussion is also made to seek future 
directions for teacher education studies.  

1.2     Development of Pedagogical Content Knowledge 

 Effective teachers possess knowledge to structure and facilitate learning opportuni-
ties of specifi ed knowledge in comprehensible ways for the intended learners. 
Shulman ( 1986 ) proposed a teacher knowledge framework that integrated these 
critical ideas called pedagogical content knowledge (PCK). This integrative frame-
work was composed of teachers’ professional knowledge about subject matters 
called content knowledge (CK) and knowledge of instruction called pedagogical 
knowledge (PK). Shulman ( 1987 ) described PCK as “the blending of content and 
pedagogy into an understanding of how particular topics, problems, or issues are 
organized, represented, and adapted to the diverse interests and abilities of learners, 
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and presented for instruction” (p. 8). In other words, PCK refers to the  craft 
 knowledge  of content, teaching, learning, and context that teachers rely on when 
they help their students to construct understanding of a specifi c idea or domain. The 
choice of craft knowledge emphasizes that this knowledge fl ows from experience 
and practice and not necessarily from theoretical sources. 

 Teaching is part of a complex decision-making process in which factors involved 
in the process of teaching and learning need to be considered carefully before, dur-
ing, and after the actual event. These refl ective practices require anticipatory knowl-
edge for planning the learning–teaching experience, real-time evaluations on actions 
to monitor and adjust teaching, and post hoc refl ections on actions to inform future 
teaching. For such a process requiring teachers’ contemplation in different stages of 
instruction, Shulman ( 1987 ) suggested that PCK could be decomposed into (a) con-
tent knowledge, (b) general pedagogical knowledge, (c) curriculum knowledge, (d) 
knowledge of learners and their characteristics, (e) knowledge of educational con-
texts, and (f) knowledge of educational goals and intentions. Other researchers have 
added the importance of teachers’ knowledge about context and school culture 
(Cochran, DeRuiter, & King,  1993 ; Grossman,  1990 ), teacher beliefs (Kagan,  1992 ; 
Veal,  2004 ), and experiences (van Driel, Verloop, & de Vos,  1998 ) to the listing of 
considerations in PCK. Among these components, CK is viewed as the prerequisite 
knowledge in teacher development (van Driel et al.,  1998 ; van Driel, De Jong, & 
Verloop,  2002 ). Other components and experiences would be those that help teach-
ers envision, enact, and realize instruction in accommodating ways to meet the 
needs of learners and address the realities of the context. Knowledge about students’ 
misconceptions or alternative concepts would be part of the essence of teachers’ 
TPACK after considering content with pedagogical concerns based on their longitu-
dinal experiences. 

 Although PCK is viewed as the integration of the knowledge sets previously 
mentioned, some researchers have argued that PCK is a unifi ed construct and is 
dynamically changing. Cochran et al. ( 1993 ) suggested that PCK should be renamed 
as pedagogical content knowing (PCKg) to capture the in-the-moment aspect since 
teachers’ knowledge should not only be situated but also student centered and 
changeable. Gess-Newsome ( 1999 ) proposed a framework of PCK, a unitary holis-
tic interpretation, in which teachers’ knowledge of subject matter and pedagogy are 
contextually bounded and cannot be teased apart or deconstructed into individual 
components. Teachers’ experiences become one major source, infl uencing the acti-
vation of necessary knowledge and reinforcement of their further development at 
the same time. Magnusson, Krajcik, and Borko ( 1999 ) suggested that science teach-
ers need to develop knowledge of science curricula, understanding student science 
learning, instructional strategies, and assessment of scientifi c literacy and compre-
hension. All of these knowledge components are functionally and reciprocally nur-
tured and shaped by teachers’ orientations toward and experiences with science 
teaching. Briefl y, teachers’ beliefs, values, attitudes, experiences, and teaching 
goals play important, fundamental roles that determine the development and 
 transformation of teachers’ PCK. 
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 Both the integrative and transformative frameworks offer approaches to the 
development of teachers’ PCK from different points of views. The integrative 
framework emphasizes and identifi es the fundamental knowledge subsets contribut-
ing to the grand concept of PCK. This view of PCK, as a knowledge integration 
framework, has major infl uence on the design of most current teacher education 
systems since such knowledge can be easily carried out in different subsystems with 
courses delivered separately, that is, science content in academic department 
courses, pedagogy in general education courses, and science pedagogy in science 
education courses and science clinical experiences. However, based on teacher edu-
cation graduates’ criticism that their programs have been fragmented and lack prac-
tical relevance (Barone, Berliner, Blanchard, Casanova, & McGowan,  1996 ; 
Sandlin, Young, & Karge,  1992 ) and from a bottom-up point of view, it makes much 
more sense to view experienced teachers’ PCK as the goal for preservice teachers to 
achieve in the early years of their teaching careers as they become inducted into the 
teaching profession. Actual teaching experiences and practices would transform 
teachers’ CK and PK into unique PCK since factors of subject matter, individual 
student needs, curriculum goals, school climate, learning environment, and realities 
of time and classrooms are contextualized and demand careful considerations. Since 
preservice teachers’ concerns in internship settings are frequently focused on issues 
of survival, CK, and performance evaluation but not PCK building, the transforma-
tive framework of PCK provides teacher educators a unitary holistic view for an 
organic process that needs time to develop and grow within the teaching contexts.  

1.3     Development of Technological Pedagogical 
Content Knowledge 

 Discussions regarding PCK and teaching with technology date back to the early 
1990s. Dwyer, Ringstaff, and Sandholtz ( 1991 ) identifi ed fi ve stages of teachers’ 
evolution in using multimedia to assist their instruction (i.e., entry, adoption, adap-
tation, appropriation, and invention). Similar developmental progress (i.e., recog-
nizing, accepting, adapting, exploring, and advancing) was also identifi ed from 
teachers’ learning about certain technology to the consolidation of their technologi-
cal pedagogical content knowledge (TPACK; Niess et al.,  2009 ). Factors that infl u-
enced teachers’ achievements in teaching with technology include teachers’ 
motivation and commitment, external supports, and access to technology (Hadley & 
Sheingold,  1993 ). It was not until a decade later when Pierson ( 2001 ) suggested the 
term  technological pedagogical content knowledge  to emphasize the importance of 
teachers’ technological knowledge connected with the concept of teachers’ 
PCK. Niess ( 2005 ) also proposed a similar idea by using the term  technology- 
enhanced PCK . Both of these ideas emphasized the instructional use of technolo-
gies to improve the comprehensibility of target/abstract concepts, achievement of 
learning outcomes, and learning–teaching effectiveness. 
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1.3.1     TPACK as an Integrative Framework 

 In order to decompose what contributes to teachers’ knowledge in technology 
 integration, Koehler and Mishra ( 2005 ) and Mishra and Koehler ( 2006 ) proposed a 
framework called  technological pedagogical content knowledge  (see Fig.  1.1 ). 
Similar to Shulman’s idea that PCK is fundamentally an integrated body of knowl-
edge composed of the intersection of CK and PK, TPACK refers to the overlapping 
area of CK, PK, and technological knowledge (TK). In fact, the composition of 
teachers’ knowledge in technology integration was not as simple as merely adding 
TK into the PCK framework. The mutually integrated knowledge in the framework, 
including PCK, technological pedagogical knowledge (TPK), and technological 
content knowledge (TCK), also points out the knowledge that teachers need to 
engage in their instruction (Koehler & Mishra,  2009 ). Viewing TPACK as an exten-
sion of PCK, Graham et al. ( 2009 ) defi ned TPACK as the knowledge that teachers 
possess if they are able to know “a) how technological tools transform their peda-
gogical strategies and content representation for teaching particular topics, and b) 
how technological tools and representation impact a student’s understanding of 
these topics” (p. 71).  

 Mishra and Koehler ( 2006 ) did not limit their consideration to technological 
innovations for instruction – again, not to be confused with engineering and 

  Fig. 1.1    TPACK framework (Koehler & Mishra,  2009 , p. 63)       
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 technology as content domains based on design and research and development 
cycles.  Learning  technology by design , based on a longitudinal, research-based, 
teacher education method requiring student teachers to design instructional arti-
facts, has been used as the main approach for student teachers to develop their 
TPACK. The cyclic process of defi ning, designing, and refi ning the artifacts (e.g., 
instructional software, course design) that are contextualized within different sub-
ject topics and learners’ needs can help preservice teachers’ TPACK to develop, 
grow, and mature. In other words, the development of TPACK requires teachers to 
engage the integration of separate knowledge sets in a dynamic process for ensuring 
the interweaving of the component knowledge. 

 Following the idea of knowledge integration for TPACK, there are some impor-
tant sets of knowledge or competencies that teachers who possess TPACK or 
teach effectively with technology should acquire. Kabakci Yurdakul et al. ( 2012 ) 
proposed that the necessary competencies for teachers with TPACK to develop 
included the design (i.e., designing instruction), exertion (i.e., implementing 
instruction), ethics (i.e., ethical awareness), and profi ciency (i.e., innovativeness, 
problem solving, and fi eld specializations). Guzman and Nussbaum ( 2009 ) stated 
that competencies of designing and engaging proper evaluations, setting informa-
tion communication technology (ICT)-friendly learning environments, and retain-
ing positive personal beliefs should be included in the development of teachers’ 
TPACK. Therefore, it is possible to view the composition of teachers’ TPACK 
with at least two tiers in the notion of knowledge integration. The integrative 
knowledge body of CK, PK, and TK offers the basis for teachers to carry out their 
instruction with technology while there are some intervening feedback loops dur-
ing the enacted teaching that transform these knowledge components and their 
intersections.  

1.3.2     TPACK as a Transformative Framework 

 Similar to the approaches taken to analyze teachers’ PCK from an integrative frame-
work, there are also transformative frameworks when considering the development 
of teachers’ TPACK. Inherent in the transformative conceptualization of teacher 
education, which needs to be content specifi c, pedagogical, student centered, and 
situated (Cochran et al.,  1993 ), the TPACK transformative framework is viewed as 
a unitary holistic body of knowledge that urges teachers to support content repre-
sentations, learners, and pedagogy with careful consideration of the technological 
affordances (Angeli & Valanides,  2009 ). They proposed and defi ned the framework 
ICT–TPCK as:

  knowledge about tools and their pedagogical affordances, pedagogy, content, learners, and 
context are synthesized into an understanding of how particular topics that are diffi cult to 
be understood by learners, or diffi cult to be represented by teachers, can be transformed and 
taught more effectively with ICT, in ways that signify the added valued of technology. 
(Angeli & Valanides,  2009 , pp. 158–159) 
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   They claimed that functionality maps of instruction and available tools varied 
with situated contexts and individual students’ learning progress. Under this ratio-
nale, TPACK is a knowledge construct that transforms with rounds of instructional 
decisions about what, who, and how to teach with careful consideration of the tech-
nological affordances and available technological resources. 

 The ways teachers’ conceptualize TPACK determines the way their knowledge 
is developed. TPACK in an integrative framework assumes the additive compo-
nents of knowledge where preservice teachers acquire subsets of knowledge that 
are applied to the design and development of instructional artifacts as practices 
for their TPACK integration. However, TPACK in a transformative framework 
assumes that teachers’ TPACK transforms with experiences on designing and 
delivering content instruction with appropriate uses of technology and that it is 
the way teacher educators should follow to develop their students’ TPACK. 
Angeli and Valanides, in a series of studies that explored formats for teachers 
developing TPACK, found that being profi cient in one specifi c knowledge subset 
(e.g., CK, PK, TK, or TPK) would not ensure the likely development of TPACK 
(Angeli,  2005 ; Angeli & Valanides,  2005 ,  2009 ; Valanides & Angeli,  2006 , 
 2008a ,  2008b ,  2008c ). Full consideration of content, learners, and technological 
tools within the actual design would be one of the keys in teachers’ TPACK 
transformation. 

 The emphasis of teacher education in a transformative framework is the  mapping 
of knowledge of learners, pedagogy, representation, and tool affordances, as shown 
in Fig.  1.2  (Angeli & Valanides,  2009 ). This mapping, from constructivist learning 
theories, urges teachers to design instruction based on students’ current knowledge 
(e.g., alternative concepts) and then engage, challenge, and arouse students’ cog-
nitive or sociocognitive confl icts to promote a conceptual change ecology. With 
this view, it is easier for in-service teachers to start from the alternative concepts 
that students might have by calling on their previous teaching experiences while 
preservice teachers would need to seek external information (e.g., experienced 
teachers’ and teacher educators’ guidance or information). Assuming that experi-
enced teachers’ PCK can be the guidance for preservice teachers, the idea of setting 
up communities of practice for preservice and in-service teachers where experi-
enced teachers can demonstrate how they design and carry out the instruction 
could be another method to optimize the transformation of novice teachers’ 
TPACK. According to the collaborative learning framework for teachers (Jang & 
Chen,  2010 ), either guided or self-initiated repetitive cycles of use, comprehension, 
observation, practice, and refl ection in teaching with technology would be effective 
approaches to reinforce teachers’ TPACK development in terms of transformative 
points of views.  

 Both integrative and transformative frameworks were deemed to be useful for 
teachers to help students acquire knowledge in a technology-enriched information 
age as one of the goals for teacher education. Seamless connections between tech-
nology and instruction are ideal goals for teachers rather than merely pursuing 
techno-centric classrooms (Ward & Kushner Benson,  2010 ). In that way, having a 
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technologically literate disposition or habit of mind is the basic requirement for 
teachers who will need to keep updating themselves so as to know how to use ever- 
changing hardware and software (Ertmer & Ottenbreit-Leftwich,  2010 ). The true 
value of TPACK would be ensuring more effective subject content instruction with 
consideration of pedagogical needs and use of appropriate technologies for accom-
modating students’ learning needs. Since teacher knowledge is developed for and 
from teaching practices with technology in classrooms, the development of TPACK 
is an ongoing journey for preservice teachers, in-service teachers, and teacher 
educators.   
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  Fig. 1.2    ICT–TPCK in a situative instructional design model (Angeli & Valanides,  2009 , p. 160)       
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1.4     TPACK as Twenty-First-Century 
Instructional Knowledge 

 TPACK is an integrated set of knowledge, but at the same time, transformation 
occurs within/between the component knowledge as well as to the overall construct. 
Some other descriptors like situated, dynamic, and multifaceted (Cox & Graham, 
 2009 ; Doering, Veletsianos, & Scharber,  2009 ; Koehler & Mishra,  2008 ) imply 
TPACK is a knowledge construct that varies and matures with contexts and is hard 
to be generally defi ned. No matter how complicated it may be in its development, it 
is undeniable that TPACK is born and elaborated for satisfying student learning 
needs. Who to be taught (i.e., students) has great infl uence on what to teach (e.g., 
subject content) and how to teach (e.g., pedagogy, technological tools) while how to 
teach will play a supportive role to the instructional target (i.e., learning goals). 
Furthermore, it becomes more complicated when TPACK is expected to be a knowl-
edge framework that teachers rely on to develop students’ twenty-fi rst-century skills 
and competencies. Some researchers have proposed that the TPACK framework 
needs to be  transdisciplinary  (Kereluik, Mishra, & Koehler,  2010 ; Mishra, Koehler, 
& Henriksen,  2010 ). Besides CK learning, considering actual practices that teachers 
engage to enhance students’ cognitive skills like problem solving and critical think-
ing is important for twenty-fi rst-century education. By recapitulating the impor-
tance of accommodating student learning needs, TPACK should be student driven, 
content bound, and technology required but not technology prioritized. 

 Science teaching is a fi eld that demands higher quality of teachers’ TPACK. In 
contemporary views, science learning is involved with knowledge construction 
(Driver, Asoko, Leach, Scott, & Mortimer,  1994 ), conceptual change (Carey,  2000 ; 
Duit & Treagust,  2003 ), inquiry ability construction (Cuevas, Lee, Hart, & Deaktor, 
 2005 ; White & Frederiksen,  1998 ), and so on. Since misconceptions are common in 
science learning (Gil-Perez & Carrascosa,  1990 ; Gilbert & Watts,  1983 ), individual 
and social explorations of natural phenomena or data become necessary when stu-
dents construct their science knowledge. Unobservable natural phenomena or 
abstract concepts have to be represented for students to visualize. Therefore, tech-
nology with different affordances can be helpful to student knowledge construction: 
multimedia for science phenomena presentation, predefi ned simulation software for 
students’ modeling, and communication tools or platforms for collaborative learn-
ing. These science-specifi c disciplinary features make TPACK especially critical to 
science teachers since meaningful technological support and implementation can 
afford authentic science and engineering practices and scientifi c thinking in class-
rooms where the teacher-directed approach is pursued most of the time. 

 In the past few decades, science education researchers have devoted much time 
developing technologically assisted curricula or microcomputer-based experiments 
for helping students construct science CK and achieving scientifi c literacy. It was 
not until 2000 that researchers started paying attention to TPACK with regard to 
domain-specifi c content in science. Jimoyiannis ( 2010 ) in his technological peda-
gogical science knowledge (TPASK) pointed out content-specifi c knowledge 
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 components that science teachers are expected to develop, like “fostering scientifi c 
inquiry with ICT [and] student scaffolding” (p. 1263). Researchers spent more time 
on examining science teachers’ profi ciency in TPACK (Graham et al.,  2009 ; Lin, 
Tsai, Chai, & Lee,  2013 ), but comparatively fewer studies have been conducted 
about the development of science teachers’ knowledge and uses of certain techno-
logical devices (Jang & Tsai,  2012 ). Either specifi c competencies (e.g., science lit-
eracy, inquiry) or specifi c contents (e.g., plate movement, molecular collision) 
deserve quality technology-implemented instruction. Experienced science teachers’ 
ideas can be good resources when designing learning tools or software that pro-
motes students’ science learning. Their meaningful and fl exible uses of technology 
to assist science instruction can be practical exemplars for novice teachers to learn 
and observe. Networking among teacher communities comprised of individuals 
possessing varied scientifi c competencies can be another good approach to encour-
age sharing of science teachers’ teaching materials in diverse formats and learning 
goals. Investigations on the nature and approaches to develop general TPACK 
(interdisciplinary) are important, but domain-specifi c TPACK within other disci-
plines should be emphasized as well in science education. After all, discussions 
become more consolidated once real teaching contexts (e.g., target content and stu-
dents’ learning progress) are considered.     

   References 

    Angeli, C. (2005). Transforming a teacher education method course through technology: Effects 
on preservice teachers’ technology competency.  Computers & Education, 45 (4), 383–398.  

    Angeli, C., & Valanides, N. (2005). Preservice teachers as information and communication tech-
nology designers: An instructional design model based on an expanded view of pedagogical 
content knowledge.  Journal of Computer-Assisted Learning, 21 (4), 292–302.  

        Angeli, C., & Valanides, N. (2009). Epistemological and methodological issues for the conceptu-
alization, development, and assessment of ICT-TPCK: Advances in technological pedagogical 
content knowledge (TPCK).  Computers & Education, 52 (1), 154–168.  

    Barone, T., Berliner, D. C., Blanchard, J., Casanova, U., & McGowan, T. (1996). A future for 
teacher education. In J. Sikula, T. Buttery, & E. Guyton (Eds.),  Handbook of research on 
teacher education  (2nd ed., pp. 1108–1149). New York: Macmillan.  

    Carey, S. (2000). Science education as conceptual change.  Journal of Applied Developmental 
Psychology, 21 (1), 13–19.  

      Cochran, K. F., DeRuiter, J. A., & King, R. A. (1993). Pedagogical content knowing: An integra-
tive model for teacher preparation.  Journal of Teacher Education, 44 (4), 263–272.  

    Cox, S., & Graham, C. R. (2009). Using an elaborated model of the TPACK framework to analyze 
and depict teacher knowledge.  TechTrends, 53 (5), 60–71.  

    Cuevas, P., Lee, O., Hart, J., & Deaktor, R. (2005). Improving science inquiry with elementary 
students of diverse backgrounds.  Journal of Research in Science Teaching, 42 (3), 337–357.  

    Doering, A., Veletsianos, G., Scharber, C., & Miller, C. (2009). Using the technological, pedagogical, 
and content knowledge framework to design online learning environments and professional 
development.  Journal of Educational Computing Research, 41 (3), 319–346.  

    Driver, R., Asoko, H., Leach, J., Scott, P., & Mortimer, E. (1994). Constructing scientifi c  knowledge 
in the classroom.  Educational Researcher, 23 (7), 5–12.  

Y.-S. Hsu



13

    Duit, R., & Treagust, D. F. (2003). Conceptual change: A powerful framework for improving 
 science teaching and learning.  International Journal of Science Education, 25 (6), 671–688.  

    Dwyer, D. C., Ringstaff, C., & Sandholtz, J. H. (1991). Changes in teachers’ beliefs and practices 
in technology-rich classrooms.  Educational Leadership, 48 (8), 45–52.  

    Ertmer, P. A., & Ottenbreit-Leftwich, A. T. (2010). Teacher technology change: How knowledge, 
confi dence, beliefs, and culture intersect.  Journal of Research on Technology in Education, 
42 (3), 255–284.  

    Gess-Newsome, J. (1999). Pedagogical content knowledge: An introduction and orientation. In 
J. Gess-Newsome & N. G. Lederman (Eds.),  Examining pedagogical content knowledge: The 
construct and its implications for science education  (pp. 3–17). Dordrecht, The Netherlands: 
Kluwer.  

    Gilbert, J. K., & Watts, D. M. (1983). Concepts, misconceptions and alternative conceptions: 
Changing perspectives in science education.  Studies in Science Education, 10 (1), 61–98.  

    Gil‐Perez, D., & Carrascosa, J. (1990). What to do about science “misconceptions”.  Science 
Education, 74 (5), 531–540.  

     Graham, C. R., Burgoyne, N., Cantrell, P., Smith, L., St. Clair, L., & Harris, R. (2009). TPACK 
development in science teaching: Measuring the TPACK confi dence of inservice science teach-
ers.  TechTrends, 53 (5), 70–79.  

    Gray, L., Thomas, N., & Lewis, L. (2010).  Teachers’ use of educational technology in U.S. public 
schools: 2009 (NCES 2010–040) . Washington, DC: National Center for Education Statistics, 
Institute of Education Sciences, US Department of Education.  

    Grossman, P. (1990).  The making of a teacher: Teacher knowledge and teacher education . 
New York: Teachers College Press.  

    Guzman, A., & Nussbaum, M. (2009). Teaching competencies for technology integration in the 
classroom.  Journal of Computer Assisted Learning, 25 (5), 453–469.  

    Hadley, M., & Sheingold, K. (1993). Commonalities and distinctive patterns in teachers’ integra-
tion of computers.  American Journal of Education, 101 (3), 261–315.  

    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.  

    Jang, S.-J., & Tsai, M. F. (2012). Exploring the TPACK of Taiwanese elementary mathematics and 
science teachers with respect to use of interactive whiteboards.  Computers & Education, 59 (2), 
327–338.  

    Jimoyiannis, A. (2010). Designing and implementing an integrated technological pedagogical sci-
ence knowledge framework for science teachers’ professional development.  Computers & 
Education, 55 (3), 1259–1269.  

    Kabakci Yurdakul, I., Odabasi, H. F., Kilicer, K., Coklar, A. N., Birinci, G., & Kurt, A. A. (2012). 
The development, validity and reliability of TPACK-deep: A technological pedagogical con-
tent knowledge scale.  Computers & Education, 58 (3), 964–977.  

    Kagan, D. M. (1992). Implication of research on teacher belief.  Educational Psychologist, 27 (1), 
65–90.  

      Kereluik, K., Mishra, P., & Koehler, M. (2010). Reconsidering the T and C in TPACK: Repurposing 
technologies for interdisciplinary knowledge. In D. Gibson & B. Dodge (Eds.),  Proceedings 
of society for information technology & teacher education international conference 2010  
(pp. 3892–3899). Chesapeake, VA: Association for the Advancement of Computing in 
Education (AACE).  

    Koehler, M. J., & Mishra, P. (2005). What happens when teachers design educational technology? 
The development of technological pedagogical content knowledge.  Journal of Educational 
Computing Research, 32 (2), 131–152.  

    Koehler, M. J., & Mishra, P. (2008). Introducing TPCK. In American Association of Colleges for 
Teacher Education Committee on Innovation and Technology (Ed.),  The handbook of 
 technological pedagogical content knowledge (TPCK) for educators  (pp. 3–29). New York: 
Routledge.  

1 The Development of Teachers’ Professional Learning and Knowledge



14

     Koehler, M. J., & Mishra, P. (2009). What is technological pedagogical content knowledge 
(TPACK)?  Contemporary Issues in Technology and Teacher Education, 9 (1), 60–70.  

    Lin, T. C., Tsai, C. C., Chai, C. S., & Lee, M. H. (2013). Identifying science teachers’ perceptions 
of technological pedagogical and content knowledge (TPACK).  Journal of Science Education 
and Technology, 22 (3), 325–336.  

    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 edu-
cation  (pp. 95–132). Dordrecht, The Netherlands: Kluwer.  

     Mishra, P., & Koehler, M. J. (2006). Technological pedagogical content knowledge: A framework 
for teacher knowledge.  Teachers College Record, 108 (6), 1017–1054.  

    Mishra, P., Koehler, M. J., & Henriksen, D. (2010). The 7 trans-disciplinary habits of mind: 
Extending the TPACK framework towards 21 st  century learning.  Educational Technology, 
51 (2), 22–28.  

    National Research Council. (2012). In H. Quinn, H. A. Schweingruber, & T. Keller (Eds.),  A 
framework for K–12 science education: Practices, crosscutting concepts, and core ideas . 
Washington, DC: National Academies Press.  

    Niess, M. L. (2005). Preparing teachers to teach science and mathematics with technology: 
Developing a technology pedagogical content knowledge.  Teaching and Teacher Education, 
21 (5), 509–523.  

    Niess, M. L., Ronau, R. N., Shafer, K. G., Driskell, S. O., Harper, S. R., Johnston, C., et al. (2009). 
Mathematics teacher TPACK standards and development model.  Contemporary Issues in 
Technology and Teacher Education, 9 (1), 4–24.  

    Pierson, M. (2001). Technology integration practice as a function of pedagogical expertise.  Journal 
of Research on Computing in Education, 33 (4), 413–430.  

   Project Tomorrow. (2008).  21st century learners’ deserve a 21st century education: Selected 
national fi ndings of the speak up 2007 survey . Retrieved from   http://www.tomorrow.org/docs/
national%20fi ndings%20speak%20up%202007.pdf      

   Project Tomorrow. (2012).  Learning in the 21st century: Digital experiences and expectations of 
tomorrow’s teachers . Retrieved from   http://www.tomorrow.org/speakup/tomorrowsteachers_
report2013.html      

   Project Tomorrow. (2013).  2013 trends in online learning virtual, blended and fl ipped classrooms . 
Retrieved from   http://www.tomorrow.org/speakup/2013_OnlineLearningReport.html      

    Sandlin, R. A., Young, B. L., & Karge, B. D. (1992). Regularly and alternatively credentialed 
beginning teachers: Comparison and contrast of their development.  Action in Teacher 
Education, 14 (4), 16–23.  

    Shulman, L. S. (1986). Those who understand: Knowledge growth in teaching.  Educational 
Researcher, 15 (2), 4–14.  

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

    Valanides, N., & Angeli, C. (2006). Preparing preservice elementary teachers to teach science 
through computer models.  Contemporary Issues in Technology and Teacher Education – 
Science, 6 (1), 87–98.  

    Valanides, N., & Angeli, C. (2008a). Distributed cognition in a sixth-grade classroom: An attempt 
to overcome alternative conceptions about light and color.  Journal of Research on Technology 
in Education, 40 (3), 309–336.  

    Valanides, N., & Angeli, C. (2008b). Learning and teaching about scientifi c models with a com-
puter modeling tool.  Computers in Human Behavior, 24 , 220–233.  

    Valanides, N., & Angeli, C. (2008c). Professional development for computer-enhanced learning: A 
case study with science teachers.  Research in Science and Technological Education, 26 (1), 
3–12.  

    van Driel, J. H., De Jong, O., & Verloop, N. (2002). The development of preservice chemistry 
teachers’ pedagogical content knowledge.  Science Education, 86 (4), 572–590.  

Y.-S. Hsu

http://www.tomorrow.org/docs/national findings speak up 2007.pdf
http://www.tomorrow.org/docs/national findings speak up 2007.pdf
http://www.tomorrow.org/speakup/tomorrowsteachers_report2013.html
http://www.tomorrow.org/speakup/tomorrowsteachers_report2013.html
http://www.tomorrow.org/speakup/2013_OnlineLearningReport.html


15

     van Driel, J. H., Verloop, N., & de Vos, W. (1998). Developing science teachers’ pedagogical con-
tent knowledge.  Journal of Research in Science Teaching, 35 (6), 673–695.  

    Veal, W. R. (2004). Beliefs and knowledge in chemistry teacher development.  International 
Journal of Science Education, 26 (3), 329–351.  

   Ward, C. L., & Kushner Benson, S. N. (2010). Developing new schemas for online teaching and 
learning: TPACK.  MERLOT Journal of Online Learning and Teaching, 6 (2), 482–490. 
Retrieved from   http://jolt.merlot.org/vol6no2/ward_0610.htm      

    White, B. Y., & Frederiksen, J. R. (1998). Inquiry, modeling, and metacognition: Making science 
accessible to all students.  Cognition and Instruction, 16 (1), 3–118.  

    Yore, L. D. (2011). Foundations of scientifi c, mathematical, and technological literacies – Common 
themes and theoretical frameworks. In L. D. Yore, E. Van der Flier-Keller, D. W. Blades, T. W. 
Pelton, & D. B. Zandvliet (Eds.),  Pacifi c CRYSTAL centre for science, mathematics, and tech-
nology literacy: Lessons learned  (pp. 23–44). Rotterdam, The Netherlands: Sense.    

1 The Development of Teachers’ Professional Learning and Knowledge

http://jolt.merlot.org/vol6no2/ward_0610.htm

	Chapter 1: The Development of Teachers’ Professional Learning and Knowledge
	1.1 Background
	1.2 Development of Pedagogical Content Knowledge
	1.3 Development of Technological Pedagogical Content Knowledge
	1.3.1 TPACK as an Integrative Framework
	1.3.2 TPACK as a Transformative Framework

	1.4 TPACK as Twenty-First-Century Instructional Knowledge
	References


