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part-time. Yet, the phenomenon of two worlds is sociologically and psycho-
logically real, especially as it applies to newer technologies. ’

It is not easy for teachers to navigate between these two worlds, worlds in
which the norms, values, and language can be different. As we argue later, a
complete understanding of teaching with technology involves breaking down
this false dichotomy between pedagogy and tcchnnlégy. This tension bbctween
educators and technologists can complicate the teacher’s role greatly, con-
comitantly discouraging effective technology integration. Chapter 13 by Bull

ell, and Hammond offers insight into just how these institutional barricr;
can {and need to} be reduced.

Classroom contexts are varied and diverse

surrounding all the things that teachers should know about technologies and
how to use them in their classrooms are the circumstances, or contexts, in
which each teaches. As we argue more fully later, there is no such thing as a
“pertect solution” to the problem of integrating technology into a curriculum.
Instead, integration efforts should always be custom-designed for particular
subject matter ideas in specific classroom contexts.

In several ways, the contexts of teaching retlect several divides, each of
which further complicates the issue of technology integration in classrooms.
One divide, for example, is between the digital natives (the first generation of
students to live and grow up entirely surrounded by digital technology) and
the digital imimigrants (the teachers who have “migrated” to this technology
later in life) (Prensky, 2001). The natives represent a challenge to immigran't
teachers, because of differences in comfort levels and knowledge of techno-
?ogy‘ and a concomitant clash of culture, language, and values. Another divide
is the well-known digital divide between those who have access to the latest
technology, and those who do not (see Digital Divide.org, 2006). This divide
takes many forms, and has complex implications for how teachers approach
these contexts, as is addressed in Chapter 10 by Kelly.

Teaching with technology as a wicked problem

Technology integration has often been considered a kind of problem-solving,
the Igoal of which is to find the appropriate technological solutions to peda-
gogical problems. However, matters are not this clear-cut. Integrating techno-
logy in the classroom is a complex and ill-structured problem involving the
convoluted interaction of multiple factors, with few hard and fast rules that
apply across contexts and cases.

One fruitful way of thinking about the complex problem of teaching with
technology is to view it as a “wicked problem™ (Rittel & Webber, 1973). Rittel
and Webber argued that wicked problems, in contrast to “tame” problems
{such as those in mathematics, chess, etc.), have incomplete, contradictory,
and changing requirements. Solutions to wicked problems are often difﬁcu]t,
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to realize (and maybe even recognize) because of complex interdependencies
among a large number of contextually bound variables. Wicked problems,
they argue, cannot be solved in a traditional lincar fashion, because the
problem definition itself evolves as new solutions are considered and/or
implemented. Rittel and Webber stated that while attempting to solve a
wicked problem, the solution of one of its aspects may reveal or create
another, even more complex problem. Moreover, wicked problems have no
stopping rule—and solutions to wicked problems are not right or wrong,
simply “better,” “worse,” “good enough,” or “not good enough.” Most
importantly, every wicked problem is essentially unique and novel. There are
so many factors and conditions—all dynamic-—that no two wicked problems
are alike. Accordingly, solutions to wicked problems will always be custom-
designed. For this reason, there is no definitive solution to a technology inte-
gration problem. Each issue raised by technology integration presents an ever
evolving set of interlocking issues and constraints,

Rittel and Webber show that the biggest mistake that one can make when
tackling a wicked problem is to think of it as a “normal” or “tame problem”
that can be tackled in conventional ways. Wicked problems always occur in
social contexts—in the case of technology integration, that of classrooms. The
diversity of teachers, students, and technology coordinators who operate in
this social context bring different goals, objectives, and beliefs to the table, and
thereby contribute to the wickedness of this problem. Indeed it is the social,
psychological complexity of these problems—rarely their technical complex-
ity—that overwhelms standard problem-solving approaches. These solutions
become a source for learning, leading to newer knowledge, and unintended
consequences, that can lead to more wicked problems, which in turn can lead
to newer knowledge and so on in a continuous spiral or development. This
process of problem-seeking, problem-solving, and knowledge generation does
not typically end when all possible problems are solved but rather when exter-
nal factors (such as running out of time, money, information, support, or
other resources) come into play. As Simon argues, in contexts such as these,
the best we can hope for is satisficing, i.e. achieving a satisfactory solution, an
outcome that, given the circumstances, is good enough.

Describing teaching as a wicked problem, full of complexity and ill-
structuredness, does not suggest that this problem lacks structure. Il-struc-
turedness demands that understanding a typical case in the domain in question
requires understanding a variety of complex concepts (and their contextually
defined interactions), and that these concepts interact in patterns that are not
consistent across cases, Complexity often emerges from a smaller set of
tractable and understandable phenomena that interact with one another.

The wicked problems of technology integration require us to develop new
ways of confronting this complexity. We argue that at the heart of good
teaching with technology are three core components: content, pedagogy, and
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teclinology and the relationships between them. It is these interactions,
between and among these components, playing out differently across diverse
contexts, that account for the wide variations seen in educational technology
integration. These three knowledge bases (content, pedagogy, and techno-
logy) form the core of the TPCK framework. We offer an overview of the
framework below, though more detailed descriptions may be found in other
published reports (Koehler, Mishra, Hershey, & Peruski, 2004; Koehler &
Mishra, 2005a, 2005b; Mishra & Koehler, 2006). It is important to note that
this perspective is consistent with other researchers and approaches that have
attempted to extend Shulman’s idea of pedagogical content knowledge (PCK)
to the domain of educational technology.”

The TPCK model

The TPCK framework builds on Shulman’s (1987, 1986) descriptions of ped-
agogical content knowledge to describe how teachers’ understanding of tech-
nologies and pedagogical content knowledge interact with one another to
produce effective teaching with technology. (See note #3 for an overview of
the evolution of these ideas.) In this model (see Figure 1.1}, there are three
main components of knowledge: content, pedagogy. and technology. Equally
important to the model are the interactions among these bodies of know-
ledge. represented as pedagogical content knowledge (PCK), technological
content knowledge (TCK), technological pedagogical knowledge (TPK), and
technological pedagogical content knowledge (TPCK).

Content knowledge

Pedagogical knowledge

Pedagogical content
knowledge

Technological content

knowledge Technological pedagogical

knowledge

Technological
pedagogical content
knowledge
Technoiogical knowledge

Contexts

Figure 1.1 The TPCK framework and its knowledge components.
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The goal of describing each of these bodies of knowledge is not to engage in
philosophical discussions about the nature of knowledge. Although many
philosophers have typically defined knowledge as “justified true beliel” and
have spent decades, if not centuries, attempting to understand cach of these
words, the definition of knowledge used here is more pragmatic and is influ-
enced by scholars such as Dewey, Schon, and Perkins (Dewey, 1934; Dewey &
Bentley; 1949; Perkins, 1986; Schon, 1983, 1987, 19961, Perkins in particular
poses a provocative metaphor: that of “knowledge as design™ {Perkins, 1986}
In fact he goes on to argue that knowledge can be considered a ool that is
designed and adapted to a purpose. As he says:

To think of knowledge as design is to think of it as an implement one
constructs and wields rather than a given one discovers and beholds.
The kinesthetic imagery implicit in knowledge as design fosters
an active view of understanding worthy of emphasis in teaching and
learning.

ip. 132)

In this view of knowledge, the truth-value of the knowledge is less import-
what has also been called

ant than what you can do with that knowledge
usable knowledge (Kelly, 2003; Lagemann, 2002; National Rescarch Council
[NRC], 2002). We briefly describe each component of the TPCK madel below.

Content knowledge (CK)

Content knowledge is knowledge about the actual subject matter that is 1o be
learned or taught. The content to be covered in middle school science or
history is different from the content to be covered in an undergraduate course
on art appreciation or a graduate seminar on astrophysics. Knowledge of
content is of critical importance for teachers. As Shulman [1986) noted, this
would include: knowledge of concepts, theories, ideas, organizational frame-
works, knowledge of evidence and proof, as well as established practices and
approaches towards developing such knowledge. Knowledge and the nature
of inquiry differ greatly between fields and it is important that teachers under-
stand the deeper knowledge fundamentals of the disciplines in which they
teach. In the case of science, for example, this would include knowledge of
scientitic facts and theories, the scientific method, and evidence-based reason-
ing. In the case of art appreciation, such knowledge would include knowledge
of art history, famous paintings, sculptures, artists and their historical con-
texts, as well as knowledge of aesthetic and psychological theories tor evaluat-
ing art. The cost of not having a comprehensive base of content knowledge
can be quite prohibitive; students can receive mcorrect information and
develop misconceptions about the content area (National Rescarch Council,
2000; Pfundt & Duit, 2000). Yet content knowledge, in and of itself; is an ill-
structured domain, and as the culture wars (Zimmerman, 2002) and the
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Gireat Books controversies ( Bloom, 1987; Casement, 1997; Levine, 1996) as
II as court battles over the teaching of evolution (Pennock, 2001) demon-
strate, Issues of content can be areas of significant contention and disagree-
iment. The bulk of the chapters in this book describe haw differences among
content knowledge domains are reflected in differing strategies to integrate
educational technologies in teacher education and classroom practice.

W,

Pedagogical knowledge (PK)

Pedagogical knowledge is deep knowledge about the processes and practices
or methods of teaching and learning and encompasses (among other things)
overall educational purposes, values, and aims. This is a generic form of
knowledge that applies to student learning, classroom management, lesson
plan development and implementation, and student evaluation. It includes
knowledge about techniques or methods used in the classroom, the nature of
the target audicnce, and strategies for evaluating student understanding. A
teacher with deep pedagogical knowledge understands how students con-
struct knowledge and acquire skills, and how they develop habits of mind and
positive dispositions towards learning. As such, pedagogical knowledge
requires an understanding of cognitive, social, and developmental theories of
learning and how they apply to students in the classroom,

Pedagogical content kiruwt'('dgv (PCK)

Pedagogical content knowledge is consistent with, and similar to Shulman’s
idea of knowledge of pedagogy that is applicable to the teaching of specific
content. PCK covers the core business of teaching, learning, curriculum,
assessment, and reporting, such as the conditions that promote learning and
the links among curriculum, assessment, and pedagogy. An awareness of
common misconceptions and ways of looking at them, the importance of
forging links and connections between different content ideas, students’ prior
knowledge, alternative teaching strategies, and the flexibility that comes from
exploring alternative ways of looking at the same idea or problem are all
essential for effective teaching,

Central to Shulman’s conceptualization of PCK is the notion of the trans-
formation of the subject matter for teaching. Specifically, according to
Shulman (1986), this transformation occurs as the teacher interprets the
subject matter, finds multiple ways to represent it, and adapts and tailors the
instructional materials to alternative conceptions and students’ prior know-
ledge. An excellent example of such a transformation can be seen in John
Lee’s Chapter 6 on the application of TPCK to social studies. As Lee argues,
social studies does not exist as a distinct discipline but rather is configured
from multiple sources including history, geography, political science, eco-
nomics, behavioral sciences, cultural studies, and more. According to Lee, the
domain of social studies emerges as a consequence of the pedagogical decision
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to educate students about civic preparation. In other words, without this ped-
agogical decision, the domain of social studies would not exist.

Technology knowledge (TK]
Technology knowledge is always in a state of flux—more so than the other
two “core” knowledge domains in the TPCK framework (pedagogy and
content). This makes pinning it down notoriously difficult. Earlier in this
chapter, we described the manner in which technology continually chungcs;_
and how keeping up-to-date with it can become a full-time job, in and of
itself. This also means that any definition of technology knowledge is in
danger of becoming outdated by the time this text has been written, cditud._
proofread, and published.” That said, we believe that there are certain ways of
thinking about and working with technology that can apply to all technology
tools. o 7

In that sense, our definition of TK is close to that of fluency of information
technology (FITness) as proposed by the Committee of Information Techno-
logy Literacy of the National Research Council (NRC, 1999). They argue that
FITness goes bevond traditional notions of computer literacy to requilrc that
persons understand information technology broadly enough to .1}1[_1-1}' it pro-
ductively at work and in their everyday lives, to recognize when information
technol(.)gy can assist or impede the achievement of a goal, and to cmnir.m;il}y
adapt to changes in information technology. FlTness therefore requires a
deeper, more essential understanding and mastery of information technology
for information processing, communication, and problem-solving than does
the traditional definition of computer literacy. Acquiring TK in this manner
enables a person to accomplish a variety of different tasks using inh)rmalin_ﬂ
technology and to develop difterent ways of accomplishing a given task. This
conceptualization of TK does not posit an “end state” but rather sees it dc»:'cl—
opmentally, as evolving over a lifetime of generative, open-ended interaction

with technology.

Technological content knowledge (TCK)

Technology and knowledge have a deep historical relationship. Progress in
ticlds as diverse as medicine and history, or archeology and physics have coin-
cided with the development of new technologies that afford the representa-
tion and manipulation of data in new and fruittul ways. Consider Roentgen's
discovery of X-rays or the technique of Carbon-14 dating and the influence of
these technologies in the fields of medicine and archeology. Consider also
how the advent of the digital computer changed the nature of physics and
mathematics, and placed a greater emphasis on the role of simulation in
understanding phenomena.” Technological changes have also offered new
metaphors for understanding the world. Viewing the heart as a pump, or tbe
brain as an information-processing machine, are just some of the ways in
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which technologics have provided new perspectives for understanding phe-
nomena i the world, These representational and metaphorical connections
are not superficial.

Fhevotten have led to fundamental changes in the nature
of the discipline itself,

Understanding the impact of technology on the practices and knowledge
of a given discipline is critical if we are to develop appropriate technological
tools for educational purposes. The choice of technologies affords and con-
strains the types of content ideas that can be taught. Likewise, certain content
decisions can limit the types of technologies that can be used.

Technology
constrains the ty

pes of possible representations but conversely affords the
construction of newer and more varied representations, Furthermore,
technological tools can provide a greater degree of flexibility in navigating
across these representations.

This book contains many examples of the manner in whict

fions are changed with the mtroduction of technology.
Grandgenett’s Chapier 7 examples of fr

1 Tepresenta-
For instance, consider
actals, which require the computa-
created and to be taught. Fractals, as
we conceive of them now, would not be possible without the computational
and visual representational power of the digital computer. McCrory's
Chapter 9 on science and DePlatchett’s Chapter § on art provide excellent
examples of how new technologies are changing rie very nature of physics
and art, respectively,

Thus, we can define TCK as an underst

tional power of the computer to be

anding ot the manner in which
technology and content influence and constrain one another. Teachers need
to master more than the subject matter they teach, they must also have a decp
anner in which the subject marter (ar the kinds of
representations that can be constructed) can be changed by the application of
technology. Teachers need to understand which specific technologies are best
suited for addressing subject-matter learning in their domains and how the
content dictates or perhaps even ¢f

undeistanding of the m

hanges the technology—or vice versa,

[n some ways, TCK is the most neglected aspe
tions in the TPCK framework, As Tl
“suggests that teachers’ experience
ferent content arcas” {(p.46).

ct of the various intersec-
1wompson (2006) savs, this framework
s with technology need to be specific to dif-
[his monograph attempts 1o redress this neglect
by asking scholars in different disciplinary contexts to describe how techno-
logy and content are reciprocally related in their particular domains.

Technological pedagogical knowledge (TPK)

Technological pedagogical knowledue is an understanding of how teaching
and learning changes when particular technologies are used. This inciudes
knowing the pedagogical affordances and constraints of a r

ange of techno-
lagical tools as they relate to disciplinarily and developmentaily appropriate
pedagogical designs and strategies. This requires getting a deeper understand-
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ing of the constraints and 7:if|'m‘_d‘mcc5 of technologies and the disciplinan
contexts within which they function. _ - R
Consider the whiteboard example prm'ldAcd c‘u'l-lcl. As we -LL\‘L _ fmm,
nature of this technology—which has hcu‘] in use for a !(‘mg tmﬁ——:ﬁ:;d e
ways pre-supposes the kinds of functions it can Serve, It 1.\7 LI;\,LE‘-lI-]\-,I ;p o
the front of the classroom and under the control of the 10;1:.-In . b )11:}‘] ! .LHU m
imposes a particular physical order in the cla_ssmnm. P.()I- L.\ld-l.'l'll kl.‘ ! l;m; o
a whiteboard can determine the placement (‘:»T' tables and thlll‘h .Vnk11 ‘., .i]ﬁ h
nature of student—teacher interaction. For m.»l:mgc‘.thc lCdL,lik,l 17(1:1‘1 ; " ‘.(m
ownership of the whiteboard, and stu(i‘cnts can use il Ul.ll_\' “{M‘I_]‘ L: :[Lm‘ tmc
by the teacher. However, it would be ]l]fl)]'l'CCt to sav th‘m n.u.(‘ lli tu\'. iy
w'ay in which whiteboards can be used. U'nc has u_nl\' lurm_mpan u l\:”hr,,
whiteboard in a brainstorming mecting in ;1.busmc>m uf!ims 1-(; e ;l £;1 h,;,
different use of this technology. In such a setting, the whiteboard 1'; x:cl\_Lm me
the purview of a single individual. but rather it can be .U:fl_‘(l l'x\ rl.n\ ;(l:-‘L\ .
group, and it becomes the focal point éll'UL-ljki wh:cl? discussion .1|?L 4 \l‘m\? .
tiation/construction of meaning occurs. Thus an 1m|mn.t1nl -1?.1“.::”‘ [hcn.]
developing creative flexibility with available tools in order to repurpose
for specific pedagogical purposes. o e o
TPK becomes particularly important because n::r; pupL;;rr“. “m:\mh )
S esig or educational purposes. Sottware programs as
gﬁan::lli:a::;tl g;t;é;?e:{uft(::r IL\\-"()I'CL l’()\\’trl)(})int. Excel, Entourage, and MSN
;\rii’s;cnga:} are usually designed for a businesses cn\'imrllmuj:;ll,‘ I:u)rl hL‘i!l:lLl:l;r
web-based technologies such as blogs or podcus.l.s are flumgmlc U‘l ‘}im} o !
entertalnment/communication/social networking. lL‘;lL‘llL:l'h I'IL;L }u ‘ 11:::
tunctional fixedness, and develop skills to look bcyogcl the mnm‘a i‘-llt-?‘:.? "
logy and “reconfigure it” for their own pcdagt‘\gual -p‘l‘li:;.psr.g.x!.ll \ -l.”.;‘]i(w\-
requires a forward-looking, creative, and np_cn-mnuiud hlLL |1:1h nl ‘ L.k o “,m
not for its own sake, but for the sake of ‘ui\“n‘ncn:g student ‘ul.l ning ;7:7
understanding. Harris in Chapter 12 on in-service I.CJ.CIK‘I‘ cdlu-mlriuTi 1‘11_ “m
duces the idea of activity types as one way of assisting nfn-'liu [L-J:,z.uh
develop such an open-minded perspective on repurposing of technology.

Technological pedagogical content knowledge (TPUK)

TPCK is an emergent [orm of knowledge that goes hc.\um.i all lhr';‘c' u:m;i
ponents (content, pedagogy, and technology). IL“..‘}‘II.‘M\'U:,'IL\!]. pt"&- J-t.:llli.,:u:{
content knowledge is an understanding that emerges from fm]mnl‘:i;l.]:;tfclﬁ
content, pedagogy, and technology kmm"lcdgc._ )L“Ik'it.jll‘\l.ﬂ‘:%fl:ll }I—-T; k”:‘w
and deeply skilled teaching with technology, TPCK is arh_lt]u_;;n't :}( o
ledge of all three concepts individually. We argue that TPC - 71‘1 1-]L, ‘).r.thc
cff(;ctivc teaching with technology and requires an uﬂ‘durnmiumg ( e
representation of concepts using technologies; pedagogical techniques tha

i “h content; knowledge of what
use technologies in constructive wavs to teach content; knowledge of wl
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makes concepts difficult or easy to learn and how technology can help redress
some of the problems that students face; knowledge of students’ prior know-
ledge and theories of epistemology: and knowledge of how technologies can
be vsed to build on existing knowledge and to develop new epistemologies or
strengthen old ones.

By simultaneously integrating knowledge of technology, pedagogy, and
content, TPCK is a form of knowledge that expert teachers bring into play any
time they teach. Each “wicked problem” or situation presented to teachers is a
unique combination or weaving together of these three factors, and accord-
ingly, there is no single technological solution that applies for every teacher,
every course, or every view of teaching. Rather, solutions lie in the ability of a
teacher to flexibly navigate the space defined by the three elements of content,
pedagogy, and technology and the complex interactions among these ele-
ments in specific contexts. Ignoring the complexity inherent in each know-
ledge component, or the complexity of the relationships among these
components, can lead to oversimplified solutions or failure. Thus, teachers
need to develop fluency and cognitive flexibility not just in each of these key
domains (T, P, and C) but also in the manner in which these domains interre-
late, so that they can effect solutions that are sensitive to specific contexts.
This is the kind of deep, tlexible, pragmatic, and nuanced understanding of
teaching with technology that we advocate in this monograph and is further
examined by the other chapters in this volume.

The act of seeing technology, pedagogy, and content as three knowledge
bases is not straightforward. As we have said before:

separating the three components (content, pedagogy, and technology)
. is an analytic act and one that is difficult to tease out in practice.
In actuality, these components exist in a state of dynamic equilibrium
or, as the philosopher Kuhn {1977) said in a different context, in a
state of “essential tension” ... Viewing any of these components in
isolation from the others represents a real disservice to good teaching.
Teaching and learning with technology exist in a dynamic transac-
tional relationship (Bruce, 1997; Dewey & Bentley, 1949; Rosenblatt,
1978) between the three components in our framework; a change in
any one of the factors has to be “compensated” by changes in the

other two.
{Mishra & Koehler, 2006, p. 1029)

This compensation is most evident whenever a new educational techno-
logy suddenly forces teachers to confront basic educational issues and recon-
struect the dynamic equilibrivun among all three elements. This view inverts the
conventional perspective that content simply needs to be converted to fit a
new technology—that is, the pedagogical goals and technologies are derived
trom the content area. Things are rarely that simple, particularly when newer
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technologies are employed. The introduction of the Internet—particularly the
rise of online learning—is an example of the arrival of a technology that
forced educators to think about core pedagogical issues such as how to repre-
sent content on the web, and how to connect students with the subject matter
and with one another (Peruski & Mishra, 2004 ).

In this context, consider the example of cognitive flexibility hypertexts
(CFTs) as espoused by Spiro and his colleagues (Spiro, Feltovich, Jacobson, &
Coulson, 1991; Spiro & Jehng, 1990). Over the vears, many CFL hypertexts
have been developed by academics, often for use in rescarch. By their nature,
these hypertext environments arc constrained to specialty software projects
with focused subject matter, with limited availability to other users outside of
universities. Thus, most of the work in this area has been restricted to publica-
tions, research papers, and journal articles. The advent of community-
developed hypertexts and encyclopedias, user-generated metadata (also known
as social bookmarking), and their use at popular web sites such as Wikipedia,
Furl, Delicious, YouTube, and Flickr has suddenly moved core CFT ideas from
the research lab into the real world. Educators are now realizing the construc-
tivist power of folksonomies,” and other user-created tagging/categorization
schemes, to reconfigure how we understand texts and the relationships among
them. In this context, it is the advent of a new technology that “drives” the
kinds of decisions we make about content and pedagogy, by highlighting or
revealing previously hidden facets of the content, by cnabling connections
between diverse domains of knowledge, or supporting newer forms of peda-
gogy. The decision to usc hypertext, for example, by necessity restricts the type
of pedagogical representations available, and the content that may be represen-
ted, thus forcing teachers to select curriculum content that is most appropriate
given the affordances of this particular technology.

This influence of technology on pedagogy and content (as the previous
examples showed) is not unidirectional. A good example of how the pedagog-
ical constraints of schools can restrict how technology is designed and used
relates to the use of educational computer games. A study comparing com-
mercial games with educational games found that commercial games often
were more demanding than educational games in terms of cognitive effort as
well as in time required for mastery (Heeter ¢f al, 2003). Educational games
were easier to install, easier to learn, less complex, shorter, less challenging to
play, and required less social interaction than commercial games. Heeter and
colleagues asserted that these qualities resulted mainly from the need to fit
game-playing into standard school schedule 45-50 minute timeslots. What
was clear from the study was that the constraints of working within a school
setting led to design solutions that limited playability, particularly related to
the length and complexity of game play, and thus limited what students could
learn from the game. The authors argue that constraining games to a tormat

that is playable in classroom settings may pose a bigger challenge to designers
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interested in creating fun, educational games than the need to integrate cur-
riculum-based subject matter. This emphasis on pedagogy through play leads
Heeter and colleagues to argue that educational games are schizophrenic, in
that they continually try to serve two masters, content learning and fun.

The above examples are intended to illustrate the complex ways in which
content, pedagogy, and technology interact with varying levels of success.
Teaching with technology is a difficult thing to do well. The TPCK framework
suggests that content, pedagogy, and technology have roles to play individu-
ally and together. Teaching successtully with technology requires continually
creating, maintaining, and re-establishing a dynamic equilibrium between
each component. It is worth noting that a range of factors influence how this
cquilibrium is reached, including subject-matter specific ones {hence the
content component ol the model), and therefore we recommend the other
chapters in this volume for guidance on how subiect-matter areas impact
teachers’ TPCK. However, we do suggest that there are some general implica-
tions for teachers who try to achieve this equilibrium, and we explore what
this view implies for teaching practice. That is the focus of the next section.

Teacher knowledge in practice, or teachers as curriculum designers

Our description of the unique and case-specific nature of wicked problem
solving, and the kinds of knowledge required to function in such contexts,
strongly supports the idea that there is no general solution to a teaching
problem for every context, every subject matter, every technology, or every
classroom. In making his argument for knowledge as design, Perkins suggests
that practitioners have to “learn to sec through design-colored glasses™ and,
“be inventive” (p. 361 in how we approach the problems in our fields. Joseph
Schwab {1983} offered an apt description of the complexity of the teacher’s
role and the kinds of flexibility teachers need to possess in order to succeed in
classroom environments. This description is also an important reminder that
the teacher is the primary, if not exclusive, conduit for any changes that can
oceur in the classroom. As Schwab says:

Teachers will not and cannot be merely told what to do ... Teachers are
not assembly line operators, and will not so behave ... There are thou-
sands of ingenious ways in which commands on what and how to teach
can, will, and must be modined or circumvented in the actual moments
of teaching, Teachers practice an art. Moments of choice of what to do,
how to do it, with whom and at what pace, arise hundreds of times a
school day, and arise differently every day and with every group of stu-
dents. No command or instruction can be so formulated as to control
that kind of artistic judgment and behavior, with its demand for fre-
quent, instant choices of ways to meet an ever-varying situation,

(p.245)
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What this quote makes clear is that curricula do not exist independenthy of
teachers. Teachers are “an integral part of the curriculum constructed and
enacted in dassrooms” (Clandinin & Connelly, 1992 p. 3635 The weacher,
Dewey argued, is not merely the creator of the curricuium, but is a part of it:
teachers are currculum designers. The idea of teachers as curriculum design-
ers is based on an awareness of the fact that implementation decisions lie pri
marily in the hands of particular teachers in particular classrooms. Teachers
are active participants in any implementation or instructional reform we seek
to achieve, and thus require a certain degree of autonomy and power in
making pedagogical decisions. Teachers construct curricula through an
organic process of iterative design and refinement, negotiating among, exist-
ing constraints, to create contingent conditions for learning. This process, of
enacting teaching (with or without technology} in ways that are uniguely
shaped by their personalities, historics, ideas, beliefs, and knowledge, has been
called bricolage.” Curriculum design as bricolage emphasizes situational cre-
ativity and flexibility, through tacticallv and contingentlyv selecting and unse-
lecting elements from what is available. Teachers constantly negotiate a
balance between technology, pedagogy, and content in ways that are appro-
priate to the specific parameters ot an ever-changing educational context.

This view of teaching has significant implications for teacher education
and teacher professional development. We list some of them below.
Approaches that merely weach skills {technology or othenwvises do not go fir

criengh

Learning about technology (how to use email, word processing, or the latest
version ol a computer operating system) is different than learning what to do
with it. Clearly, a solid understanding of knowledge in cach individual
domain would be the basis tor developing TPCK. Developing these know-
ledge bases is necessary but clearly not sufficient. For instance, teaching
technology skills alone (the T in our model) does little to help teachers
develop knowledge about how to use digital tools to teach more eftectively
(TP}, navigate the relationships between technology and content representa-
tions (U1 or how to use technology to help students learn a particular topic
[TPC). Likewise, isolating learning about curriculum content (1, or general
pedagogical skills (P}, will not necessarily help teachers develop an under-
standing of how to put this knowledge to good use.

The spiral-fike development of TPCK
In this chapter we have argued that digital technologies, in particular, require
a greater level of thought and work on the part of the teacher secking to inte-

grate them in their teaching. The TPCK framework, however, should not be
seen as being specific to just the application of newer digital technologies.

Teacher educators need to be sensitive to the fact that all technologies come




22 - ML) Koehler and P. Mishra

:..-..‘m pedagogical affordances and constraints, and in that sense the TPCK
!ax}:mcwnrk can be applied to any technology, as the range of examples used in
this chapter, from whiteboard to wikis, testifies. Thus, teacher-training pro-
grams may seek to develop TPCK in a gradual and spiral-like manner, begin-
ning possibly with more standard and familiar technologies (areas in which
teachers may already have developed TPCK), and méving on to more
advanced or non-familiar technological solutions.

The ieed for a greater emphasis on the demands of subject matter

This is thc.* main theme of this book, and one that is highlighted in every
chapter of this volume. Instead of applying technological tools to every
content arca unitormly, teachers should come to understand that the variou;;
affordances and constraints of technology differ by curricular subject-matter
cnnt.cn( or pedagogical approach. For example, a teacher interested in inte-
grating technology into history education may consider the use of primary
sources available on the Internet, while another may choose to have students
develop hypertexts that focus on the inter-linked cause—effect relationships
between historical events. A mathematics teacher may focus on the represen-

tational capabilities of technology (graphs, symbols, etc.), or on different
methods of proof.

Practice (in curriculum design and teaching) is an important route to learning

It is not always the case that conceptual learning precedes the ability to apply
that knowledge to practice. Learning in complex and ill-structured dnmainls
often happens best through working through problems or cases (Shulman
_1986: Williams, 1992)—that is, warking with the wicked problems posed b\!’
Integrating technology intv effective practice. When designers tackle these
problems, their solutions are generative, in that each solution leads to newer
knowledge, and unintended consequences, which are likely to lead to further
wicked problems. The learning of new concepts and their inter-relationships
comes from practice; not the rote application of general principles. Teacher
‘ec‘iucators must find ways to provide preservice teachers multiple opportun-
Ities to work through these problems of practice before they enter their first
classrooms, whether by internships, case-studies (traditim;al or video), or
ijhie_m—based learning scenarios. This is much easier said than done, and) the
1ssues/concerns in this domain are discussed in Chapter 11 by Niess.

Context is important to learning and situating teacher knowledge

Because teaching is a complex and ill-structured problem, there are few—
perhaps no—geueral principles that apply in every situation, In short, context
matters. Solutions to “wicked problems” require nuanced understanding that
goes beyond the general principles of content, technology, and pedagogy. A
deep u anding of the interactions : ies of o
p understanding of the interactions among these bodies of knowledge, and
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how they are bound in particular contexts (including knowledge of particular
students, school social networks, parental concerns, etc.}, imparts the kind ot
flexibility teachers need in order to succeed. [n viewing teachers as curriculum
designers, we acknowledge that they actively adapt to multiple contexts and
changing conditions, rather than trying to apply general approaches. Chapters
11 and 12 by Niess and Harris, respectively, investigate the implications of
viewing the TPCK framework through the lens of teachers as curriculum

designers.

Conclusion

In his book Life in the Classroom (1968], Philip Jackson reported the results of
one of the first studies that attempted to describe and understand the mental
constructs and processes that underlic teacher behavior. In representing the
full complexity of the teacher’s task, Jackson made conceptual distinctions
that fit the tcacher’s trame ot reference—for instance, the preactive and the
interactive stages of teaching—and drew attention to the importance of
describing the thought processes and planning strategies of teachers (the so-
called “hidden side of teaching”) in an attempt to develop a more complete
understanding of classroom processes. Jackson's pioncering work led to a
flurry of research studies that focused attention on teachers’ thinking and
decision-making processes (Clark & Peterson, 1986), a line of research that
hopes to “understand and explain how and why the observable activities of
teachers’ professional lives take on the forms and functions they do™ (p. 2351
A major goal of this research was to understand the relationships between two
key domains: teacher thought processes; and teachers’ actions and their
observable effects. In this manner we sec the current work—this chapter as
well as the others in this book—as extending this tradition of research and
scholarship. We need to develop better techniques for discovering and
describing how knowledge is implemented and instantiated in practice, and,
just as importantly, how the act of doing influences the nature of knowledge
itself. The “knowledge as design™ notion has at its heart this interactive, bi-
directional relationship between thought and action, embedded within ill-
structured, complex contexts.

Reitman (1965) described ill-defined or ill-structured problems as those
“whose definition included one or more parameters, the values of which are
left unspecified” (p. 112). The classic example he gave was the problem of
composing a fugue, which in its simplest form has just one requirement: that
of having the quality of “fugueness.” Of course, this requirement also contains
within itself a range of cultural, technical, historical, and psychological values
and constraints—its “context,” as it were. We particularly like this example as
an analogy to instruction, because teaching is similar to creating. original
music of multiple genres, not only fugues, and represents one of the highest
forms of human achievement, which requires the creative dovetailing and
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melding of both technical and aesthetic skills. The TPCK framework offers
insight, we hope, into how the myriad complexities and tensions of teaching
and learning can be brought together to mutually develop teachers” and stu-

dents” knowledge.
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ihutions of the nwo authors o this artic

were equal. We rotate the order of author-
- We would like 1o thank the members of the AACTE Tnnovation and
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inolog Committee tor initating this project and tor providing feedback on a previous

nof this chapter. Thanks are also due to Jim Ratclifte, Leigh Graves Wolf, and sue

rtt.

- There dre two reasons to include both older and newer technologies in our definition.
First, the

distinction between older and newer technologies is fuzzy. Given the rapid rate
of technology change, it is difficult to pinpoint exact
lagy woes from being “new” o “old.” Second,
side i today’s world. the MP3 Player and the radio, whiteboards and web-based learning
management svstems (LMS] Any framework that considers technology ntegration i
teachmg needs to secept and consider how these difterent technologics work together in

at what point a particular techno-

ide variety of technologies exist side-by-

s of course is net to sav that all technologics are the same «clearly
ifferences between analog and digital technologies, as described else-
where in this chapter) but rather that our tramework can (and does) accommaodate a

today's assroom, T
there are signihcant d

range of technologies.

AT 4 of TPCK tthough ot the term® has been around for a while. A precursor to the

mention ot the triad of content, theory (as opposed to pedagoay,
and technology in Mis (1998], though within the context of educational software
design. A more specific focus wa
empted the current diagrammatic conceptualization of TPCK. Keating and Evans (20013
and Zhao 20037 describe TPCK as well, while other authors have discussed similar

Pierson 11999, 20011 whose work almost exactly pre-

ideas, though often under different labeling schemes. These include inregr
tGunter & Baumbach, 2004 };

nd Franklin, 2004 Irving: 20061, Others who have

demonstrated & sensitivity ta the relationships between content, pedagogy, and techno-
include Hughes (2004, MeCrory (2004}, Margerum-Leys and Marx (20021, Niess
20051, and Stough and Connell (20061, Onr conception of TPCK has developed over
time through a series of publications and presentations fe.g., Kochler, Mishra, Hershey,
& Peruski, 20045 Koehler & Mishra, 200534, 2005b: Koehler, Mishra, & Yahva. 2007,
Mishra & Koehler, 2003, 20060; Mishra, Kochler, Hershev, & Peruski, 20021, the most
fefinitive one of which is Mishra and Kochler (2006, An updated reference fist is main-
http:/fwwwtpek.org,

fogy

ti
Lo the risk o sounding outdated i a few years (months?} we argue that, at this time,
knowledge of technology would include 4 basic understanding of the full range of digital
hiologies tvideo, Internet, computers, peripheral dev

s, etc.) and commonplace edu-

cational technologies such as print media and overhead projecrors. It alse includes the
ability to use important and relevant software tools (including word processing. email. and
spreadsheets]. Increasingly, knowledge o technologs has come to include newer technolo-
gies made popular through the advancement of the Internet and gaming rechnologes. For
instance knowledge of blogs and wikis, podeasting and taggingisocial bookmarking. video
games and simulations are increasingly becoming s part of the technologies that teachers
necd to be familiar with,

5. Though physics and mathematics approach simulation from somewhat oppoesite direc-

tions, physics from the side of grounded experimentation and mathemarics from a more

act axiomatic method, it is interesting to note that they both “meet” in the re

virtual.

abs
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6. Community-devcloped hypertexts, such s Wikipedia, have quicklv developed a1 i
hyper-linked corpus of intormation by stmultancoush circumventi

of

the bottlened

the traditional approach ithe restricted subject-matter focus and a li

tited set of experts

who could author the textl. Tolksonomies also expand the development of hvpertests

through collaborative, open-ended categorization schemes for web pages, online photo
graphs, and web links. Folksonomics can be best understood by comparmg thei with tax-
onomies {such as the Dewey Decimal Svstem or Linne
Wt fe
vocabularies™ that other users have to conform to. A folksonomy, on the o
unsystematic, emergent, bottom-up categorization scheme in which the mam users

W1 system for categorizing |

creatures). Taxonomies are often developed by ase “experts.”and have “controllied
1y isan
the

authors of the labeling systeni. As must be obvious, tolkonomies are often chaotic ar

idiosyncratic. Folksonomies are inherently open-ended and can theretore respond quickiv
to changes and innovations in the wav users categorize Internet content (Wikipedia

he word “curriculum™ has a complex and tangled dennitional historv. Traditionally,

teachers have come to be seen as separate from curriculum. and various programs fauch as
programmed instruction, teaching machines, compute

the vears, attempted to limit the teacher’s role in curri

wssisted learning. ete have, over
lum development. However, it has

become clear that teacher-proof curricula do not do justice to the teacher agency or the

realities of classrooms. Our definition of curriculum is consistent with Clandi and
Connelly's 11992} view that the teacher is an integral part of the curriculum constructed

and enacted in classrooms,

8. The word bricolage comes from the French bricofenr, which 15 narmally trans as
“handyman” or “tinkerer.” The pedagogic sense of the word was introduced by Papert
[1980] and then again in Turkle and Papert (19923, based onan carlier use by Levi-Stra

1962). The idea here is that there are two fundamentally difterent wavs of approacimg s
problem. The “engincering” way involves making carcful plans and writing cvervihing
down in full detail ahead of time, while the way of the bricaferr is that of domyg the best
with what is at hand, under existing constraints and within extant contexts. This dea is
also close to that of Simon’s (19571 idea of satisficing as being the goal of design,
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