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Creativity, Digitality, and 
Teacher Professional 

Development:
Unifying Theory, Research, and Practice

ABSTRACT

This article describes the development of a trans-disciplinary framework for creative teaching using 
technology. In recent years, the authors of this paper (and collaborators) have sought to better under-
stand the role of creativity in educational technology. Our approach seeks to inform theory, research, 
and practice. In this piece we step back to provide a big-picture view of the process of developing a 
theoretical framework for creative, transformational teaching with digital technology. We describe the 
development of our ideas over time, through research projects focused on highly creative teachers and 
their practices. We describe how we have applied these ideas in teacher education courses devoted to 
creativity and technology, and developed rubrics for evaluating creative products. At a meta-level we 
aim to provide a rich example of the reciprocal nature of theory, research, and practice in educational 
technology. Through this we hope to provide one example of how such a theory/research/practice de-
velopment process works, with the goal of informing future work of this type.
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INTRODUCTION

You can’t pursue any kind of inquiry without a 
relatively clear framework that’s directing your 
search and helping you choose what’s significant 
and what isn’t...If you don’t have some sort of a 
framework for what matters — always, of course, 
with the proviso that you’re willing to question 
it if it seems to be going in the wrong direction 
— if you don’t have that, exploring the internet 
is just picking out the random factoids that don’t 
mean anything...You have to know how to evalu-
ate, interpret, and understand...The person who 
wins the Nobel Prize is not the person who read 
the most journal articles and took the most notes 
on them. It’s the person who knew what to look 
for. And cultivating that capacity to seek what’s 
significant, always willing to question whether 
you’re on the right track — that’s what education 
is going to be about, whether it’s using computers 
and the Internet, or pencil and paper, or books.  
Noam Chomsky

Theoretical frameworks play a critical role in 
the development of any field. In fact, it has been 
argued that the explicit use of theory is essential 
for the development of scientific understanding 
of a domain. This is of particular importance for 
research in fields such as educational technology, 
where the broad generalizations of theory have to 
work with the intricate realities of practice – both 
of which lie within a broader context of a rapidly 
changing technological landscape.

The challenges are obvious. Scholars seeking 
to develop theory, conduct research in order to 
develop abstract generalizations. They do so by 
finding patterns of causation and explanation 
from the complexities of the continually evolving 
“wicked problems” (Koehler & Mishra, 2008; 
Rittel, 1972; Rittel & Weber, 1973) of teaching 
with technology. Practitioners in the field, on the 
other hand, focus on the here and now, and see 
theory as often being disconnected from their daily 
lives as professionals. Thus, if theory or research 

in educational technology is to be of use to the 
practitioners, it must manage to both capture the 
richness of the lived experience of the educa-
tor, and identify broad themes and perspectives 
that work across cases. This implies that theory 
generation in fields such as educational technol-
ogy must develop in a transactional relationship 
between research and practice, where each is 
valued for what it has to offer to the final theory 
or framework being developed.

How exactly such a transactional relationship 
works, though, is harder to describe. In our experi-
ence, specifically through the development of the 
TPACK framework, this is a complex and zigzag 
process, which rarely if ever matches the deductive 
scientific method often seen in textbooks. Practice, 
research and theory-development often occur in 
parallel, in a dialectic relationship, or in spirals 
of increasing complexity. This is why it becomes 
important that we have rich case studies of this 
process. Over the past few years we (the authors 
of this chapter) have been involved in just such a 
rich series of design experiments, to better under-
stand the role and nature of creativity in teaching 
and learning specifically using digital tools. We 
have written and presented our work in a variety 
of venues and contexts: as theory, practice and 
research (Henriksen & Mishra, 2013; Henriksen, 
Mishra, & The Deep-Play Research Group, 2014; 
Mishra, Koehler, & Henriksen, 2011; Mishra, & 
The Deep-Play Research Group, 2012; Mishra, 
Henriksen, & The Deep-Play Research Group, 
2012; Mishra, Henriksen & The Deep-Play Re-
search Group, 2013).

Too often, research in educational technology 
has been characterized as being a-theoretical in 
nature, merely providing descriptions of phe-
nomena—represented usually by descriptive 
case studies of interesting uses of technology for 
pedagogical purposes. A general dissatisfaction 
with this approach has led to a push for making 
educational research more scientific. This has led 
to the development of certain criteria by which 
to judge educational research. Either explicitly or 
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implicitly these criteria include a cluster of ideas, 
suggesting that educational research needs to 
emphasize facts (over opinion), develop precision 
in measurement (over mere observation), focus 
on quantification (over qualitative descriptions), 
and the development of better analytical tools 
(such as blind trials and controlled experiments). 
Though we agree that all of these issues are im-
portant for educational researchers to consider, we 
also believe that this list, by focusing on surface 
details of what constitutes science, misses the 
most important aspect of what makes research 
scientific. We argue that science is characterized, 
most importantly, by the infusion of theory and 
theoretical frameworks. In fact, it has been argued 
“theory alone is the distinguishing feature of the 
scientific enterprise… (and that) the activity is 
not science unless it involves an explicit theory” 
(Bernard & Ritti, 1990, p. 1).

We have argued elsewhere that theoretical 
frameworks provide us with a structure that lets 
us systematically study the phenomena under 
question, allows us to make predictions, and helps 
us guide practice (Mishra & Koehler, 2006). An 
explicitly articulated theory defines and gives 
meaning to the questions we ask, and helps us 
identify and select variables and measures, as well 
as allowing us to interpret the results. In fact, we 
would argue that even those who suggest that they 
are engaged in purely descriptive research do have 
theories that underlie their work. It is simply that 
these theories have remained implicit, and have not 
been articulated explicitly. Without these implicit 
theories (often called naïve or folk theories) it 
would be impossible to determine what to study, 
and how. The danger with such naïve theories, of 
course, is that, due to their unseen nature, they are 
not amenable to reflection, analysis and correction. 
As Mishra & Koehler (2006) write in the paper 
introducing the TPACK framework:

Theories, frameworks or models can be seen 
as conceptual lenses through which to view the 
world. They help us in identifying objects worthy 

of attention in the phenomena we are studying, 
highlighting relevant issues (and ignoring ir-
relevant ones). They can work as classification 
schemes by providing insights into the nature and 
relationships of the objects under scrutiny (Mishra 
& Koehler, 2006, p.1043).

The development of a theoretical framework, 
however, is a complicated process. This is fur-
ther compounded in practitioner-based fields 
such as educational technology —where abstract 
theoretical ideas often run aground when faced 
with the complexities of practice. Though chal-
lenging, this is an important goal for all research 
and scholarship—not just in education. It thus 
becomes an important goal of scholars working at 
the intersection of research, theory and practice to 
document and describe the process of generating 
a theoretical framework.

In this article we describe the complicated 
process of development of a trans-disciplinary 
framework for creative teaching using technology. 
We have been engaged, over the past six years, in 
conducting what scholars might term a “design 
experiment” (The Design-Based Research Col-
lective, 2003) that seeks to better understand the 
role of creativity in teaching and learning. Our 
approach has had a dual-focus—on the develop-
ment of theory, while simultaneously informing 
practice. In this piece, we describe: the develop-
ment of our ideas over time; through research 
projects that seek to study highly creative teachers 
and their practices; the instantiation of these ideas 
within multiple teacher education courses devoted 
to creativity and technology; and the development 
of rubrics to evaluate creative products. Through 
this process we seek to provide a rich example the 
reciprocal nature of theory and practice develop-
ment in educational technology. Our hope is that 
by exposing this process we provide one example 
of how such a theory/research/practice develop-
ment process works, and hopefully through that 
inform future work of this nature.
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In this paper we seek to step back from im-
mediacy of the work to provide a big-picture 
view of the process of developing a theoretical 
framework for creative, transformational teach-
ing with digital technology. We describe how our 
initial ideas informed our research agenda and its 
instantiation in practice, and how this in turn fed 
back and influenced the development of instru-
ments to measure our creativity—with a reciprocal 
influence on our theoretical ideas. Though this is 
a work that is far from complete, we believe that 
capturing and describing the manner in which this 
process has played out thus far, can offer insight 
into this complex process of theory generation.

THE BACKGROUND

As we begin exploring our entry into the subject of 
creativity, let us cover some background that helps 
make the case for just how important creativity 
is in areas of thinking and learning – and why it 
was of interest to us, and should be of interest to 
the reader.

In recent decades, creativity has increasingly 
become a topic of intense interest to the field of 
education (Plucker, Beghetto, and Dow, 2004). As 
a psychological trait, there are social, emotional, 
cognitive, and professional advantages associated 
with creativity (Sternberg & Lubart, 1996). Par-
ticularly when we consider the complex problems 
and environments of the world today, there is a 
definite need to focus more attention on creative 
thinking for students and educators (Cropley, 
2003; Robinson, 2011; Sawyer, 2011).

Creative thinking is considered to be a neces-
sary and valuable criterion for accomplishment in 
our high-tech, global, and interdependent society 
(Florida, 2002; Pink, 2005; Robinson, 2003; 
2011). As the issues faced by society become 
more multifaceted, and knowledge becomes more 
profuse and diverse, innovative problem solvers 
are needed from K-12 and beyond (Zhao, 2012). 
In life, the ability to learn, improve, and grow 

relies on creative thinking and new construction, 
so creative people are often quite at an advantage 
throughout different aspects of life, and in mak-
ing impact within their professional disciplines 
(Cropley, 2003; Sternberg, 2006; Subotnik, 
Olszewski-Kubilius, & Worrell, 2011). Given all of 
this, many educational scholars have emphasized 
the importance of developing thoughtful and ef-
fective frameworks for thinking about creativity 
in 21st century contexts, for the field of education 
at present and into the future (Jeffrey & Craft, 
2004; Sternberg, 2006; Sternberg, Kauffman, & 
Pretz, 2002).

Building on Existing Work

Our work on creativity in teaching and learning has 
its precedents in, and builds upon, three previous 
lines of work. The first line of work was related 
to the integration of technology in teaching, i.e. 
the TPACK framework. Our work on the TPACK 
framework suggested the importance of consid-
ering teacher creativity thus bringing the idea of 
creativity to foreground of our thinking. Once 
creativity became something we were interested 
in, it led us to attempting to better define what 
creativity is. The second line of work we build 
upon is a definition of creativity from existing 
research in this area, which specifically draws 
from Besemer and O’Quin’s (1999) work on the 
creative product semantic scale. We believe that 
focusing on how creative products are evaluated 
is of greater importance to educators than under-
standing personality characteristics of creative 
individuals (which has been the main focus on 
research on creativity). The third, and final, line 
of work that influenced our thinking came from 
Michele and Robert Root-Bernstein’s work on 
trans-disciplinary creativity. This work empha-
sizes the value of thinking both within and across 
disciplines and identifies ways of thinking (or 
cognitive tools) that cut across disciplinary bound-
aries. It was in bringing these three independent 
lines of inquiry together that we have over the past 
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six years managed to develop a productive line 
of theory, research, and teaching. In the sections 
below we describe each of these lines of work 
and how it led to our current conceptualization 
of creativity and the creative process.

Building on the Past

Part 1: The limitations of 
the TPACK framework

In 2006 Mishra and Koehler introduced the 
TPACK framework. This framework, building 
on Shulman’s work on Pedagogical Content 
Knowledge (PCK), suggested that the successful 
integration of technology for teaching requires 
teachers to have a sophisticated and integrated 
form of knowledge that emerged from the inter-
actions between three different knowledge bases, 
knowledge of content, pedagogy, and technology. 
They suggested that TPACK in its application was 
a creative act, in which individual educators en-
gage in specific contexts of practice. The TPACK 
framework has been incredibly successful, with 
the 2006 article receiving over 2400 citations on 
Google Scholar; and the TPACK scholar commu-
nity, at TPACK.org, has compiled a bibliography 
of over 400+ articles. Yet, despite this success, 
the TPACK framework has two significant limita-
tions—each of which, in its own way pushed us 
towards thinking about the role of creativity in 
teaching and learning. Taking each in turn.

The first limitation of the TPACK framework 
(that pushed us towards thinking of creativity) was 
that the framework does not speak to the over-
arching goals of education. It is relatively neutral 
analytic tool, which can be used for drill and prac-
tice as well as for inducing higher order thinking 
(Mishra, Koehler, & Henriksen, 2011). What was 
clear that one of the goals of education needed 
to be the development of more creative students 
and teachers, and that this goal aligned with the 
broader discourse in the field often contextualized 

as 21st century learning. Clearly, given the neutral 
nature of the TPACK framework, a discussion 
of the broader goals of the framework needed to 
come from outside of framework. Creativity, as 
contextualized above, was clearly something that 
needed to be addressed.

The second limitation of the TPACK frame-
work is that it does not provide a process as to 
how technology integration actually takes place. It 
was clear that technologies often do not determine 
how they are to be used in pedagogical settings 
with specific content areas. What is needed is 
a thoughtful practitioner, the teacher, who cre-
atively navigates the affordances and constraints 
of specific technical tools with the requirements 
of representing content for particular pedagogical 
approaches. It is clear that digital tools are often 
not designed for educational purposes and need to 
be repurposed in order for them to the integrated 
in teaching. This is because though different tools 
have different pedagogical affordances, the context 
within which the tools are used play a critical 
role in determining their success. Technology 
can also provide novel pedagogical opportunities 
that offer a new “zone of possibility” (Kereluik, 
Mishra, Fahnoe, & Terry, 2013, p.128; see also: 
Dirkin, 2009; Dirkin & Mishra, 2010; Mishra & 
Kereluik, 2011) beyond our current psychological 
understandings, explanations, and justifications. 
Because technologies develop so rapidly, often 
outpacing developments of our psychological 
conceptions, technology integration can pose 
important conceptual and practical challenges 
for educators. The idea of “zone of possibility” 
suggests that tools don’t determine the outcomes 
but they do constrain or support certain practices, 
and this brings teacher creativity to the forefront.

In our writing the importance of creativity 
often emerged through an emphasis on the idea 
of design, in which the teacher is a designer of 
learning experiences. The interplay between the 
elements of technology, pedagogy, and content 
occurs in a complex educational landscape, in 
which teachers must be able to solve problems 
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creatively, and use technology as a solution to 
issues of content and pedagogy. How this process 
actually works was unclear—and prompted our 
first discussions on the importance of creativity 
for teaching and learning with digital tools.

Part 2: Defining Creativity Based 
on Besemer & O’Quin

As we got more interested in creativity we 
faced the challenge of defining what it was. Our 
review of the literature indicated that scholars 
have struggled to concretely define the construct, 
thus lacking agreement on what it is and how it 
should be defined (Baker, Rudd, & Pomeroy, 
2001; Friedel & Rudd, 2005; Marksberry, 1963; 
Sternberg, 1999). For example, Plucker, Beghe-
tto, & Dow (2004) determined after a review of 
90 or more articles from peer-reviewed journals, 
that only 38% of these articles offered an actual 
definition of the term creativity. Despite all of 
the attention paid to creativity, particularly in 21st 
century learning contexts, we came to realize that 
it was an ill-structured construct that was seen by 
different people in different ways.

Therefore, in starting to consider a framework 
for creativity for our research and practice in 
educational technology, it became important to 
ensure that we had properly defined it. It needed 
to be defined in a manner that would speak to 
our own work and experience, as well as one 
that could be more generally applicable to other 
contexts, and of course be grounded in creativity 
scholarship overall.

A general review of the literature on creativity 
shows that most definitions do give, as a common 
base, at least two common factors, which include 
novelty (newness, originality, freshness, unique-
ness, etc.) and effectiveness (value, usefulness, 
quality, etc.). This reflects the fact that creative 
work is novel in that it creates something that 
did not exist before (at least in that particular 
context or instance). But novelty alone is not 

enough – it must be connected to the value, qual-
ity, or usefulness of the work – it must also have 
value, quality, or be effective towards a purpose 
(Zhou & George, 2001). Sternberg and O’Hara 
(1999) suggested adding another component to 
the common definitional elements of novelty and 
effectiveness. They state that the factor of “task 
appropriateness” (p.255) is a way to account for 
the importance of context in creative work. This 
suggests that creative products (ideas, artifacts 
etc.) are sensitive to context, and must be judged 
within the domain they were created for – which is 
their “task appropriateness” or contextuality. For 
instance, a creatively constructed mathematical 
proof, or beautiful piece of artwork, will be quite 
different from each other, and even different still 
from other creative acts across other disciplines 
(Mishra, Henriksen, & the Deep-Play Research 
Group, 2012).

Our final definition emerges from Besemer’s 
(1998) work on the creativity product analysis 
matrix. Besemer (1998) claimed that a creative 
product captures the essence of the creative pro-
cess, to a certain extent. She referred to the dearth 
of creativity of product measures, and proposed 
the need for empirical studies to test and confirm 
measures for judgment of product. She also noted, 
and our observation conforms, that most measures 
of product work only in specific domains, which 
limits their usefulness. In addition, other measures 
use product as a “dependent variable and use it as 
a measure of a person’s performance on a creative 
task” (p. 334).

Besemer’s (1998) Creative Product Analysis 
Matrix (CPAM) is a domain neutral measure of 
product that can be used to evaluate a work of 
art, a new product design, or results of a creative 
process. This measure includes three related fac-
tors: Novelty, Resolution, and Elaboration and 
Synthesis. Each of these factors covers certain 
aspects that reflect the creativity of the product. 
Novelty speaks of originality of different kind 
and the element of surprise. Resolution covers 
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the valuable, logical, useful and understandable 
aspects of the product, that is, how well the product 
does what it is supposed to do. Elaboration and 
Synthesis is the “style” factor (p. 335). This factor 
measures the organic, elegant, and well-crafted 
aspects of the product. It covers the essence of 
the beauty of the product. Besemer (1998) found 
that her three-factor model was adequate to assess 
creativity of the products that she used. The model 
supported difference of opinion with consistency. 
Therefore, as she concluded, this matrix could be 
used as a backdrop to assess creative products.

The formal definition we offered worked along 
the similar dimensions as Besemer argued. These 
three definitional indicators are important, because 
they reveal how creativity can connect broadly 
with, and be judged within, multiple domains. 
We first introduced our definition in a Mishra 
and Koehler (2008) article, which laid out the fact 
that creativity has three general components – it is 
Novel, Effective, and Whole. We suggested that this 
idea of wholeness captures both the issue of style 
as laid out by Besemer as well as contextuality as 
specified by Sternberg and others.

Thus, we suggest that a creative solution is 
NEW, i.e. it is Novel, Effective, and Whole – or 
in other words, creativity is a goal driven process 
of developing solutions that are Novel, Effec-
tive, and Whole. The fact that we emphasized 
the evaluation of creative products (over other 
definitions) has significant implications for how 
this definition can be actually used by educators 
to evaluate creative works designed by students. 
We will discuss this later when we speak of our 
work in this area.

Part 3: Trans-Disciplinary Creativity

A third and critical precursor to our work in 
this area has to do with what has been described 
as trans-disciplinary creativity. The idea of trans-
disciplinary is that there are ways of thinking 
that span domains, across the arts and sciences. 
This is an idea that has been touched upon by 

important thinkers in education and psychology. 
Many key educational thinkers have suggested that 
creativity, the arts, and imaginative thinking, are 
central to learning and thinking across a variety of 
disciplines (Bruner, 1990; Dewey, 1934; Eisner, 
2004; Vygotsky, 1978).

Overall, our view of trans-disciplinary cre-
ativity has two strands: one that more generally 
describes how creative people work and function 
– how they get ideas and cross-pollinate them be-
tween disciplines; and another strand that focuses 
on how they think – the cognitive skills and habits 
of mind that help creative people think across dis-
ciplines. Both of these strands of trans-disciplinary 
creativity developed out of the work of Robert and 
Michele Root-Bernstein, most clearly expressed 
in their book Sparks of Genius, as well as in a key 
research study they conducted around scientific 
creativity among highly accomplished scientists.

The first strand of the theory reflects the fact 
that the ability to think creatively in any discipline 
is deeply connected to thinking in other, seemingly 
unrelated, subject areas. The Root-Bernsteins 
(1996, 1999, 2003) noted that creative artists 
think in similar ways that creative scientists do. 
And the converse holds true as scientists often 
engage in artistic activities and avocations that 
shape their thinking and insights. At a general 
level, trans-disciplinary creativity suggests that 
though disciplines have distinct differences, criti-
cal similarities between creative thinkers exist. 
As Caper (1996) noted, “Artistic creation and 
scientific investigation become hard to distinguish 
in their essence” (p.867).

So, trans-disciplinary thinking describes the 
way that creativity involves cross-pollinating 
ideas between disciplines – pulling on ideas from 
one area to inspire creativity in another. This was 
demonstrated quite clearly in a study done by 
Root-Bernstein (1996) of forty scientists (includ-
ing several Nobel Prize winners). This group of 
scientists were surveyed and interviewed on think-
ing skills, creative beliefs, and creative pursuits, 
hobbies, avocations, etc. The surveys/interviews 
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explored how their creative hobbies, avocations, 
and thinking skills connected to their success 
and scientific accomplishment over time. Most 
notably, significant correlations were established 
between scientific accomplishment/innovation 
and the tendency to have varied creative pursuits 
and avocations (particularly music and the visual 
arts). Accomplished scientists have varied creative 
interests and avocations, which they specifically 
attribute as strongly contributing to their profes-
sional creativity (giving credit to creative pursuits 
for motivating and improving their scientific think-
ing, innovation, and insights). This underscores 
a link between disciplines at the level of creative 
thought (Root-Bernstein, 1996), and in this first 
thread of trans-disciplinary creativity, shows that 
creative people draw inspirations from widely 
varied source material – bringing in ideas from 
their personal avocations to feed their professional 
creativity.

The second strand of the trans-disciplinary 
framework deals with meta-level cognitive creative 
skills, used by exceptional innovative thinkers. 
In the book Sparks of Genius, historical data 
noted by the Root-Bernsteins (1999), show that 
creative people generally use a subset of thirteen 
cognitive skills for thinking across disciplines. 
Working forward from the skills posed in this 
book, the Mishra, Koehler & Henriksen (2011) 
article, developed a compressed, but representa-
tive, set of skills. These seven thinking tools are 
the trans-disciplinary skills, as follows: Perceiv-
ing; Patterning; Abstracting; Embodied thinking; 
Modeling; Play; and Synthesis. In brief, these 
tools are defined as follows:

1. 	 Perceiving. This is the first step to under-
standing anything. Observing involves pay-
ing close attention to information gathered 
through the five senses, with intent focus 
and curiosity. This also involves the mental 
recall component of sense memory.

2. 	 Patterning. This tool works in two parts, 
including the act of recognizing patterns 
and forming them. This involves identifying 
a repeating form or a plan in a seemingly 
arbitrary arrangement, as well as the ability 
to combine components or processes in a 
regular way to create a pattern.

3. 	 Abstracting. This involves capturing the es-
sential nature of a thing. Abstracting means 
concentrating on one feature of a thing or 
process, in order to boil it down-to basics 
and grasp its essence. One key aspect of this 
is analogizing or comprehending a practi-
cal similarity between seemingly different 
things.

4. 	 Embodied thinking. This tool involves two 
skills, which feed into each other—kines-
thetic thinking and empathizing. Kinesthetic 
thinking is thinking with the body while 
empathizing requires imagining oneself in 
someone else’s position, walking in their 
shoes, feeling what they might feel.

5. 	 Modeling. This process involves repre-
senting something complex or difficult to 
experience, in real or theoretical terms, 
in order to study its nature, composition 
or purpose. Dimensional thinking, paired 
with abstractions and analogies, help create 
models of things or processes that explain 
the real world.

6. 	 Playing. This is something that we do just 
for the fun of it. It may involve creating 
new rules or breaking the existing ones of 
established procedures. Simply put, play is 
using knowledge, body, mind and abilities 
for the pure enjoyment of using them. When 
imaginative or innovative people play with 
things or concepts or processes, they may 
open doors to new ways of thinking and 
transform ideas.

7. 	 Synthesizing. The final cognitive tool ties 
together all of the previous ones. It entails 
putting different ways-of-knowing together, 
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into synthesized knowledge. When we fully 
understand something our feelings, senses, 
knowledge and experiences come together in 
a multi-faceted and cohesive way. A person 
feels what they know and knows what they 
feel.

These skills are described in more detail in the 
2011 article from Mishra, Koehler, & Henriksen. 
They argue that these tools, or habits of mind, 
comprise a framework for trans-disciplinary 
creativity and can serve as the basis for the kinds 
of curricula that are essential for the “conceptual 
age” (Gardner, 2007; Pink, 2005). While this ar-
ticle was published in 2011, it actually pre-figures 
work that was done earlier. Given the vagaries of 
publishing schedules and some of the other aspects 
of academic life and research we noted, most of 
the writing and thinking of this article occurred in 
2008-2009. So that, when one of our first major 
research studies based on this framework began 
to develop in 2010, it was based upon constructs 
laid out in this 2011 article. This is just another 
key reflection of the web-like, branching, and non-
linear path that the development of a program of 
research, theory and practice may take.

Synthesizing the pieces of our work. We 
have described the three key strands of work 
(TPACK, defining creativity and the work on 
trans-disciplinary creativity) that worked as 
the foundation of the work that we engaged in 
next. One way of thinking about this is that the 
work around TPACK defined the need for this 
work—clearly teachers and students needed this 
emphasis on creativity. The strand around defining 
creativity focuses on what it is that we are aiming 
for. Building on Besemer’s work the definition 
products allowed us to identify the goals that we 
would like to achieve. Finally, the Root-Bernsteins’ 
work on trans-disciplinary creativity and avoca-
tions as guiding creative output provided us with 
a preliminary roadmap of how we could achieve 
the goals of enhancing creativity in our students. 
Taken together these three approaches scaffold the 

work that we will describe below. Specifically, as 
follows, we will speak to (a) a research study of ac-
complished teachers that focuses on their creative 
output and processes; (b) a master’s level course 
that utilized the trans-disciplinary framework of 
7 skills to help teachers become more creative 
in their teaching; and (c) the development of a 
rubric to evaluate creative artifacts that come 
from this course.

A FIRST RESEARCH 
PROJECT: LEARNING FROM 
CREATIVE EDUCATORS

Laying the Groundwork: 
Foundations of the Study

The development of a research program such 
as the work that we are doing at Michigan State 
University often begins in theory and practice. But 
it also requires that some exploratory work into 
the phenomena occurs early on in the program, in 
order to understand some basic foundations, and 
to see that there really is a case for the phenomena 
at hand, in real world terms.

With respect to our program on creativity and 
trans-disciplinary thinking, some of this early work 
into trans-disciplinary thinking skills, in connect-
ing it to the practices of excellent teachers, came 
in the form of a dissertation study. Elements of 
that study are already slated for a Teachers College 
Record article (Henriksen & Mishra, in press), and 
have appeared in other publications (Henriksen 
& Mishra, 2013; Henriksen, 2014).

In this particular study focused broadly on 
creativity among exceptional teachers, Henriksen 
(2011) examined whether such teachers used 
trans-disciplinary thinking skills, and how they 
implemented them into their successful teaching 
practices. This trans-disciplinary thinking aspect 
of the study will be the focus of a more in-depth 
research article, but since the study itself was one 
of several building blocks for the line of research 
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discussed in this chapter, we will broadly outline 
the basics and give a sense of its place in the larger 
program and trajectory of our work.

This study was grounded in seven trans-disci-
plinary skills identified above. Root-Bernstein had 
shown how trans-disciplinary thinking as a whole 
played out in the work and thought processes of the 
most creative and talented scientists. However, this 
phenomenon had never been studied among the 
best and most creative teachers. So, as one of her 
research questions, Henriksen (2011) examined 
whether such teachers use these thinking skills, 
and how these play out in their classrooms and 
teaching practices.

Crafting the Research: 
Methods of the Study

This qualitative study involved in-depth inter-
views teachers who had either received, or been 
a national finalist for, the National Teacher of 
the Year award. As National Teacher of the Year 
winners/finalists, these award-winning teachers 
most certainly qualified as successful and talented 
(as with the scientists noted in Root-Bernstein’s 
work), but they can also be considered as creative. 
There is a strong body of work in educational re-
search that asserts and demonstrates that creative 
teaching is effective teaching, and that these two 
constructs overlap quite a bit. So, creative teach-
ers are effective teachers (Anderson, 2002; Bain, 
2004; Bleedron, 2003, 2005; Chambers, 1973; 
Cropley, 1967, 2001; Davidovitch & Milgram, 
2006; Esquivel, 1995; Fasko, 2000-01; Milgram, 
1979; Newcomb, McKracken, & Warmbrod, 1993; 
Renzulli, 1992; Torrance, 1981, 1995). More-
over, Henriksen examined 15 randomly chosen 
applications for National Teachers of the Year 
(all of which were publicly available information 
online); and found that all of these had implicit 
and explicit mentions of creativity in their teaching 
philosophies, practices, and examples.

All interview data from long, in-depth (1 ½ 
to 2 hour) interviews with eight National Teacher 

winners/finalists, was transcribed, and then coded 
in three iterations of coding, to identify salient 
themes. The three rounds of codes helped to de-
velop a set of themes that was both based on the 
research questions of the study (framed around 
creativity and trans-disciplinary thinking), and 
emergent (any interesting ideas and common 
themes that seemed to emerge). An inter-coder 
reliability measure was applied with a secondary 
coder, for a reasonable and acceptable measure of 
76% (Hruschka, Schwartz, John, Picone-Decaro, 
Jenkins, & Carey, 2004). And several of Creswell’s 
eight verification techniques for qualitative re-
search were also used, to verify the methodological 
practices (Creswell, 1998; 2005). For more detail 
on the other aspects of this study not covered in 
this chapter, see Henriksen and Mishra (in press).

Looking Across the Data: 
Findings of the Research

This study showed that, across the board, trans-dis-
ciplinary skills were thought of as highly valuable 
and frequently used by these eight and successful 
and accomplished teachers; and that these skills 
help to enrich their effectiveness and classroom 
creativity. Not only did all of the teachers in the 
study talk more generally about the ways that they 
value these skills, they also gave specific details 
on their implementation. Each of the teachers in 
the study gave examples and noted the ways that 
each of these skills played out in their classrooms 
and teaching practices.

Generally speaking, each skill seemed to 
function in a slightly different way, as was noted 
in the way that the teachers’ spoke about them. 
While we are not able to go into complete detail 
or review of the data in this space (since this 
part of the study is slated as the complete focus 
of another article), we will give a quite overview 
of the themes of how these skills play out, with a 
brief example or quote from one of the teacher’s 
in this study.
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Perceiving, with all of its focus on careful 
observation, was noted as a skill that helped these 
teachers to build an understanding of their stu-
dents and their learning progress, along with the 
classroom overall. It became part of developing 
a sensitive awareness to the profession practice 
of teaching. And several of the teachers noted 
its criticality as the first step to understanding 
anything, as a skill that they worked to impart to 
students. One National Teacher of Year winner, 
Sarah Wessling, stated it as such,

I teach my students critical thinking skills for my 
language arts courses, and the first step is always 
observation. If we are not careful observers, we 
have no chance of doing any of the other work 
that we need to do to be creative, so observation 
is the first step…I set out to be a careful observer 
as a teacher.

Patterning was discussed as a ways to help the 
teachers understand classroom/learning trends, 
and to help students see connections. While pat-
terning in some ways played out as a skill they tried 
to develop in their students across disciplines, it 
was also something that they saw as necessary in 
broader terms in their teaching. Another teacher 
in the study, a middle school science teacher, 
noted that,

As you become more expert in the age level at 
which you’re teaching, you see patterns. When I 
approach a new topic, I immediately start to chunk 
it out into what would I see as a flow from the 
viewpoint of an 11 and 12 year old mind. What 
is it that they know and what’s the foundation? 
What can I find out what they know about it? 
Where do I go from there? What are the sizable 
chunks? What’s the angle of the attack? What’s 
the way to make it relevant to their lives? That 
is a pattern of teaching, and in the structure of 
the day…I find I have to have a pattern to help 
accommodate attention spans.

Abstraction was discussed as being a skill that 
was valuable as a pedagogical approach to help 
in explaining complicated ideas or processes in a 
more relatable form. Toward this end, the teachers 
gave numerous instances of how abstraction plays 
out across different teaching topics and themes. 
For example, Cindi Rigsbee, a middle and high 
school language arts teacher, described how she 
begins with a smaller encapsulation of an idea to 
get toward something bigger and more complex. 
She stated that,

I start off the year teaching students all the ele-
ments of a short story so that they’re ready to 
understand the elements of a novel. We abstract 
out from, in very small pieces, the things that 
they are going to see in a bigger way which will 
be harder to pinpoint as quickly, like plot. In a 
novel characters are going to be so much more 
developed than they are in a short story. Setting 
- in a short story it may be one place, in a novel 
it’s going to change and will be different places. 
Theme - there can be several themes in a novel 
whereas a short story is probably going to focus 
on just one thing.

Embodied thinking was thought to be invalu-
able for helping to make learning experiences 
active and engaging. The award-winning teachers 
in this study were able to provide varied examples 
of how bodily thinking and empathy (the two com-
ponents of embodied thinking) helped students 
to physically connect with ideas. For instance, 
Michael Geisen, a National Teacher winner in 
2008, commented that,

I get kids up and moving and acting things out. 
Oftentimes they’re playing out the role of molecules 
or something like that. When we’re learning about 
the seasons and what causes the seasons - the path 
of the sun through the sky - we get up and actu-
ally trace the path of the sun through the sky with 
our arms…We trace that arc out, then we might 
make it into a little dance move, like “Oh, yeah! 
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It’s wintertime!” Then in the summer it’s a much 
higher arc and starts way up in the northeast…
Whenever possible I’ll go through a lot of differ-
ent exercises where they’re actually using their 
bodies to understand a science idea.

Modeling was a way of making learning more 
real and tangible to students, through representing 
objects or ideas that might otherwise be hard to 
understand. The teachers described how models 
happen everywhere in teaching, whether in creat-
ing a schema for writing in language arts, or for 
ideas in math and science. Models help make 
ideas, or different to grasp objects or concepts, 
into a more concrete thing. One National Teacher 
finalist who taught elementary school, noted that 
they were useful even with little children, in mak-
ing geometric shapes more tactile. She noted that,

When we’re studying polyhedrons, I have stu-
dents actually make them with toothpicks and 
gumdrops…we’re making little models to give a 
demonstration of how they work or look. And we 
do stuff like that all the time. Again, the students 
are creating something, they’re using their hands, 
they’re talking about it, and they have that ac-
countable talk. They’re using all different modes 
of thinking within modeling.

Playing was viewed by the teachers as a criti-
cal way to make learning fun and promoting a 
curiosity for ideas and learning in their students. 
Since intellectual play is crucial to being able to 
engage with ideas, and get excited and motivated 
to learn more, each of the teachers reflected on 
how meaningful play was a part of their teaching 
practice. Alex Kajitani, a middle school math 
teacher, talked about how play makes learning 
from, and saves students and teachers from the 
more “humdrum” aspects of standard curricula. 
He described it as such,

Play is…I think it’s actually crucial and it’s nec-
essary. The truth is as teachers we often have to 

deliver the exact same kinds of lessons. So some 
days when I have all my classes doing the exact 
same thing, I deliver the same lesson five times. 
Sometimes I just have to let things get weird or 
let things get fun. I do different characters to talk 
about how math relates to different subjects. One 
special character is ‘the Math Comedian,’ and he 
tells jokes…The students love it. 

Synthesizing involved the totality of who these 
teachers are and how they bring their knowledge 
together and use the previous skills for more com-
prehensive and creative learning. This particular 
skill can feel a bit more abstract to talk about, 
since it involves a kind of synthesized knowledge, 
where we know what we feel and we feel what we 
know. But it came about strongly in this study, in 
terms of how these award-winning teachers view 
themselves and who they are, as being deeply con-
nected to teaching practice. The overall theme of 
this full study was we teach who we are, which is 
where the entire synthesis piece came in. Sarah 
Wessling, the 2010 National Teacher winner, 
summed it up as such,

Outside pursuits always factor into your thinking 
about your classroom or your students - all the 
time…I think that we teach who we are, and I 
know that I teach who I am. So, if I am really into 
kickboxing, I see how facets of that experience 
connect to things that we’re learning in class…I 
think that’s true all of the time, that whatever it 
is that interests you…how that energy manifests 
itself in the fabric of the classroom.

IMPORTANT TAKEAWAYS: 
SUMMARIZING THE RESEARCH

A major piece of this study was in the finding 
that trans-disciplinary skills are not only valu-
able in the thought process of highly successful 
teachers – they are also frequently used in their 
classroom practice. Every teacher in the study 
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provided several concrete examples and spoke in 
detail about the ways that these trans-disciplinary 
skills integral to effective and creative teaching 
practice. In general, how they used each of these 
skills tended to revolve around a particular theme 
of teaching and learning. Observation enhances 
awareness of classroom dynamics, and of stu-
dents and their learning progress. Patterning was 
important for helping teachers to understand and 
assess trends in classroom situations, events, and 
again, in student learning. Abstraction was often 
used as a technique to help clarify and explain 
complex ideas in a more clear and understandable 
form for students. Embodied thinking was a way 
of making learning more active and exciting, by 
connecting ideas to physicality. Modeling was 
noted as an effective tool for making learning more 
comprehensible, by making ideas, objects and 
themes, more realistic and concrete for students. 
Play was essential to creativity in teaching and 
learning, because it is what makes learning fun 
for teachers and students, and helps to develop a 
sense of curiosity about ideas. Synthesizing overall 
became a function of who each of these teachers 
is as a person. This skill was reflected in how 
connect to creative thinking in both their teaching 
and their lives. The notion that we teach who we 
are therefore became central to these teachers, 
and was exemplified throughout the study. Over-
all, the trans-disciplinary (or creative-cognitive 
skills) discussed with these accomplished teachers 
were seen as being highly relevant within creative 
teaching practices, each in its own way.

APPLYING RESEARCH AND 
THEORY INTO PRACTICE: 
CREATIVITY IN OUR TEACHING

Even as we were engaged in research (on the cre-
ative practices of the most accomplished teachers) 
and developing our definitions of creativity, our 
team was invited to develop a course on creativ-
ity to be taught in the Master’s of Educational 

Technology Program at our college. The MAET 
program is grounded in the TPACK framework 
(AACTE, 2008; Mishra & Koehler, 2006) with 
an expectation that graduates will, over time, 
develop and demonstrate knowledge that is deep, 
complex, fluid, and flexible, so as to meet the 
demands of current and future learning contexts. 
This is done by an approach called “deep-play” 
(Koehler et. al., 2011), which is an engagement 
with rich problems of pedagogy, technology, and 
content and their interrelationships. This is seen 
as a creative process, seeking to construct new 
ways of seeing the world, and new approaches 
to using technology, in order to develop innova-
tive pedagogical solutions. As described in the 
TPACK framework, we believe that the best way 
to learn about educational technology, design, 
research and scholarship is by actually engaging 
in educational technology design, research, and 
scholarship. In our master’s program this means 
real-world engagement with tools, pedagogies 
and their relationship to content domains. In our 
approach, participants engage in deep conversa-
tions about their practices through opportunities to 
experiment and play with ideas, tools and subject 
matter and finally, reflect on their own learning.

Though creativity had been a critical part of 
the program overall, there was no specific course 
devoted to it. The work we had been doing in this 
area seemed appropriate to develop a course that 
would focus on creativity in teaching and learn-
ing. Thus, in the fall of 2008 we offered the first 
version of a course with that title: Creativity in 
Teaching and Learning. It was at that point that 
our work, which had only existed in the realm of 
theory and research, descended into the marshy 
swamplands of practice.

At the foundation of this course was the idea 
of trans-disciplinary creativity – specifically the 
7 trans-disciplinary skills that we had identified 
in Mishra, Koehler and Henriksen (2011). We be-
lieved that an emphasis on this form of knowledge 
(trans-disciplinary knowledge) allows learners to 
both be immersed in disciplinary practices, and yet 
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also transcend them. Thus, trans-disciplinary ap-
proaches eschew traditional distinctions between 
art and science, applied and pure knowledge. This 
approach seeks to find commonalities between 
strategies and habits of thought used by creative 
individuals in any discipline. By emphasizing these 
7 cognitive tools learners move beyond looking 
for one correct solution, towards an approach 
that integrates different solutions, viewpoints, or 
perspectives.

These 7 cognitive tools were interwoven 
through the design of the master’s seminar. Stu-
dents spent 2 weeks engaged with each of the 7 
cognitive tools during which they participated in 
reading Sparks of Genius, completed a range of 
assignments, and developed and carried out think-
ing exercises. Each module had an activity-based 
assignment that motivated students to utilize each 
of these trans-disciplinary cognitive skills.

Since our course is fully online, our students 
participate from all over the world. Most of our 
course participants are teachers, educators, and 
experts in their fields. While some of these teachers 
recently started their practice, others have been in 
the profession from a long time and hold expertise 
in what they do. Their topic areas also vary from 
arts to science, math to history, to technology 
and more. Some of these participants also teach 
students with special needs. The commonality is 
that they come to the course with a desire to learn 
and create, with little to no technical knowledge 
of research in creativity in teaching and learning. 
This somewhat levels the playing field for all of 
them and makes the course assignments more 
engaging and personal. A few key themes about 
the design of the course and the assignments that 
should be identified upfront are as follows.

First, students early on in the semester identify 
a content area that they teach in, and explore ideas 
in this area through different lenses. Throughout 
the semester, the same key concepts are explored 
in different ways—pushing the participants to 
“re-see” the same content through different trans-

disciplinary lenses. Second, technology, though 
critical for the implementation of these assign-
ments, is never foregrounded. Rather, students 
are expected to independently find the appropri-
ate tool that is best suited for their work. Third, 
and finally, all the assignments are open-ended 
with no predetermined guidelines about the final 
nature of the projects to be delivered. Combined 
with the range of topics being covered and the 
range of technologies being used, it should be no 
surprise that the kinds of student work that emerge 
throughout the semester differ greatly from each 
other. This diversity, of course, offers significant 
challenges to the instructors who have to offer 
feedback and grades to the participants on the 
work they complete for the course.

EXAMPLES IN ACTION: WHAT 
DO THESE IDEAS LOOK LIKE 
IN STUDENT WORK?

To give a better sense of how these ideas occur in 
student work and projects, we describe how we 
took the theoretical ideas of trans-disciplinary 
thinking and applied them to the design of the 
coursework. We offer specific descriptions of 
assignments and of one example of student work 
for each of the skills.

Perceiving. This module activity required 
course participants to choose a well-known or 
familiar image, artifact, sound, song, movement, 
taste, scent, or other part of their core sensory 
understanding of their respective topic areas, 
to observe this familiar thing and to re-image it 
in a new form. During their observations of the 
chosen item, each of them focused both on how 
s/he experience her/his topic, and what it looks, 
sounds, feels, tastes, smells, and moves like.

Upon completing observing their items, all 
participants re-imagine and re-present it in their 
work space. Their re-imagined representation 
should communicate the topic in a way that ap-
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peals to a different sense than originally identified 
and be represented in an appropriate way (chosen 
by them). They represent and report their topic 
in a way that is most applicable to them: a video, 
song, poem, written paragraph, etc., and through 
a 500-word essay, reflecting back to the readings 
for this module.

Sample student work. A second-grade teacher 
whose topic was interacting with non-fiction chose 
the National Geographic logo as her familiar 
image. She then re-imagined the logo using two 
modes of representation: video and poem. She 
created a short stop-motion animation film, and a 
poem. The following is an excerpt from this poem.

The realm of nonfiction 
Wrapped up in a simple, yellow frame
Stands for more than just its surface
It stands for the people
The places
The events
That make up our being
The realm of nonfiction

Wrapped up in a simple, yellow frame
Is our yesterday
Our today
And our tomorrow

Patterning. This module activity was divided 
into two parts for the course participants. First, 
identifying existing patterns in their topic areas, 
and second, coming up with a new pattern that 
could be applied to the same content. This was 
followed by a 500-word essay reflecting on the 
activity and readings.

Sample student work. In this example, a middle 
and high school math teacher sought to identify 
patterns in prime numbers. Although he found no 
evidence to describe an overall pattern between 
these numbers, he came up with several visual 
representations to create new patterns between 
them. This image (Figure 1) depicts one of his 
representations. He called this pattern ‘prime 
waves’, where he plotted sinusoidal waves for 
each prime number increasing the phase by the 
value of the prime number.

Figure 1. Pattern of prime numbers in the form of sinusoidal waves
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Abstracting. In this module activity, the course 
participants were expected to explore various 
abstractions for an idea, topic, object, or person 
related to their content area or topic. Then, they 
abstracted a single element from their respective 
topic areas and created their own representations 
of the abstraction through two different mediums, 
with a goal of showing the essential quality of 
their topic areas through two complimentary 
means. As always, this activity was supported by 
a 500-word reflection.

Sample student work. A technology coach at 
an international school worked on the topic of 
digital citizenship. He explored the idea that words, 
once put into the Internet, cannot be taken back. 
He employed an analogy of squeezing a tube of 
toothpaste and how difficult it is to get it back in 
(see Figure 2). In addition to this, he then created 
an audio clip commenting on how “friendship 
can be fragile,” and we need to be more careful 
with what we say to people on the Internet. Both 
these abstractions represented the idea of Internet 
etiquette of being a good digital citizen.

Embodied Thinking. In this module, the 
course participants were asked to think of aspects 
in their respective topic areas that are normally 
considered as something they think about with their 
own bodies. They were then asked to express their 
potential body experiences for their topics using 
any creative modality of their choice to display the 
transitional process of thinking with their bodies.

Sample student work. In this example, a middle 
school social studies teacher explored the cycle of 
Chinese dynasties as running in circles or going 
on a merry-go-round. She expressed her emotions 
of feeling this circular motion via a palindromic 
poem and an image of a circle made of this poem, 
where she explored how running in circles feels 
tiring and relieving at the same time.

dynasty
unending circle
new ruler beginning
increasing popularity
favor gaining
power coming with peace

Figure 2. Squeezed tube of toothpaste was used to show analogy with words said on the internet. They 
cannot be taken back. An example of abstracting.
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but struggle causes change
switching rulers
repeating itself
in cycle
cycle in
itself repeating
rulers switching
change causes struggle but
peace with coming power
gaining favor
popularity increasing
beginning ruler new
circle unending
dynasty

Modeling and Dimensional Thinking. This 
module activity required our course participants 
to consider one aspect of their topic areas dimen-
sionally and create a graphic representation of the 
many dimensions. To do this, they looked at their 
topic areas from different perspectives. Like all 
the other modules, they reflected on this activity 
using a 500-word essay.

Sample student work. A US and World History 
teacher used the modeling activity to look at the 
World War II, specifically the Nazi movement, 
from the perspective of German people. She mod-
eled their feelings in a burning flame (Figure 3), 
and showed what emotions gave them warmth on 
the surface, and were also fueling the movement 

Figure 3. A model of the emotions of German people towards the newly-formed Nazi party during the 
Second World War
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in the core. She used the following graphical 
representation for this activity.

Playing. In this module, the course participants 
looked at the last six modules and identified where 
play had occurred and what specific aspects of it 
had emerged. Having identified this, they created a 
meaningful and playful activity for the individuals 
(students, colleagues, etc.) they work with, and 
reflected on this activity using the 500-word essay.

Sample student work. A teacher of English and 
Theater chose the topic Educational Musicals and 
created a playful activity where he imagined an 
object (say a ball) and transformed it into a new 
imaginary object while miming the transforma-
tion. Each student then followed this process by 
taking the center stage and creating a new object. 
The following images show them playing on stage 
(Figures 4, 5).

Synthesizing. In this final module, each student 
was asked to demonstrate a synthesis of his/her 
work in the course by creating three sales pitches 

intended to sell a new, creatively enriched curricu-
lum to his/her school administrators and fellow 
teachers. The three pitches were made using an 
essay called the White Paper, an elevator pitch, 
and a tweet of 140 characters or fewer.

Sample student work. An outreach coordina-
tor of the Art and Science at a middle school 
working on bridging the gap between the two 
disciplines took algorithms as his topic area and 
worked throughout the semester at representing 
the aesthetics in computer programming. In his 
synthesis, he underscored the inherent beauty in 
computer programming through his white paper 
where he connected to previous readings, noting 
how “Writing a program ‘can be like composing 
poetry or music…programming can give us both 
intellectual and emotional satisfaction’ (Knuth, 
1974, p. 670).” For his elevator pitch, he created 
a multimodal Prezi presentation (Figure 6) where 
he emphasized on the thinking skills satisfied by 
computer programming and algorithms. He also 

Figure 4. Showing module activity Play where one of our course participants (seen in center in Figure 
4) is demonstrating how the activity will be played
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Figure 5. Showing module activity Play where one of our course participants (seen in center in Figure 
4) is demonstrating how the activity will be played

Figure 6. A slide from Prezi-based elevator pitch for the synthesis module
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wrote a tweet (Figure 7) in the form of a computer 
code, pitching his ideas and website to a wider 
audience.

Besides these seven assignments, there was a 
second thread of assignments focused on students’ 
personal creativity. This line of assignments 
emerged from our research that showed that cre-
ative individuals are creative across disciplines 
(as shown in the Henriksen dissertation study). In 
these assignments (Called the “Creative I”) stu-
dents explored different three aspects of creativity 
and connected it to their personal and professional 
lives. The first aspect they explore is that of defin-
ing the creative process, which they do through 
interviewing a creative person, such as an artist, 
songwriter, designer or scientist. The students 
then reflect on the interview and what it means 
to them as individuals. The second part of the as-
signment expands on the idea of cross-pollination 
of ideas across disciplines, by asking participants 
to represent ideas from the class through rewrit-
ing the lyrics of an existing song. The third, and 
the final, part of this series of assignments asks 
participants to think about a space that they find 
engaging and conducive to creativity. Through 
exploring the architecture of space, asks them to 
explore this space physically and mentally to think 
and feel what makes it special. They also take 5 
to 15 photographs of this space from multiple 
perspectives to capture the elements that make this 
space interesting. Like the other two assignments, 
they are asked to reflect on this activity. Together 

these three assignments constitute of the Creative 
‘I’ assignment that takes the findings of Henriksen 
(2011) and puts them to practice.

TAKEAWAYS AND CHALLENGES 
FROM TEACHING CREATIVITY

Three noteworthy processes and outcomes were 
evident in students who participated in the course. 
First, students reported struggling through several 
of the activities for many of the cognitive tools. 
As the course was composed of a diverse mix of 
teachers, over the years, their content areas have 
ranged from kindergarten literacy to adult medi-
cal education, and from heat transfer to the lived 
experiences of soldiers in World War I. Many 
students reported that they had initial difficulty in 
thinking about their topics in new ways, using the 
seven cognitive tools. This speaks to the difficulty 
faced by teachers who have not been pushed to 
thinking creatively about their content and suggests 
that this is something that needs further work if we 
are to fostering transformative, trans-disciplinary 
teaching and learning.

Second, despite the frustrations and tensions, 
it was clear that many students enjoyed doing the 
work. After overcoming their initial reluctance to 
re-think and re-imagine their content areas stu-
dents overwhelmingly reported enjoyment, and 
more importantly professional growth. Students 
reported that re-thinking their content areas made 

Figure 7. Tweet pitch from a student in CEP 818 course as a part of the Synthesis module
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them understand them more fully and rendered 
them more able to help their students understand 
the content material on a deep and integrated level.

Third and finally, students were able to think 
deeply about their own learning of the material, 
and even more importantly, however students 
were able, to integrate the material into their own 
teaching. Students were able to demonstrate their 
learned understanding of the seven cognitive tools 
and also their ability to teach with these tools in 
curriculum plans and activities they developed 
for their students.

Finally, an important challenge faced by the 
instructors of the course, as mentioned above, has 
to do with evaluating the work being done by the 
students. Despite the obvious demonstrations of 
creativity by the students in representing their 
content through varied means and schemes, it was 
difficult to come up with a consistent, reasonably 
rigorous approach towards providing feedback to 
the students and evaluating their work at the end 
of the semester. This does not of course come 
as a surprise to those of us engaged in teaching 
creativity, but it does speak to the need for better 
evaluation approaches for creative output. It is to 
this that we turn next.

Evaluating the Creative Artifact: 
The Development of a Novel, 
Effective, Whole Rubric

Up to this point, in looking across the development 
of our program of research theory, and practice 
around creativity, we have described various 
aspects of our framework. This includes how we 
began with a definition for the term (Novel, Effec-
tive and Whole), how and why we developed the 
trans-disciplinary framework for creativity, and 
how it has become a part of our teaching practice 
through the Master’s course on creativity in teach-
ing. And in recent years, we have been bringing 
these aspects together, in using the Novel, Effec-
tive and Whole definition, to evaluate some of the 

creative artifacts (a few of which are described 
above), created by students in the course.

This reveals just one further example of how 
theory and practice can spur on new directions 
for research. Toward this end, we have recently 
created and been using a flexible rubric, based 
on the Novel, Effective, and Whole definition, to 
evaluate creativity shown in the artifacts created 
by students in CEP 818. This research began as 
we started to realize that despite the importance 
of creativity in teaching and learning, the topic 
often gets short shrift because it is thought of as 
difficult to evaluate – too subjective for teachers 
to use in considering student projects. And while 
we cannot and should not be rigidly defined or 
evaluated, it is still important to have a somewhat 
objective gauge on it, to consider how it plays out 
in products or projects, and to give teachers a way 
to assess creative products. Lord William Thomson 
Kelvin once noted that an inability to measure a 
thing that we are speaking of is a “meager and 
unsatisfactory” kind of knowledge (Thomson, 
1891, p, 80-81). In order to really understand what 
creativity means, and how it functions within a 
discipline such as teaching, it was important not 
only to develop a meaningful definition, but also 
to gauge it in students work (Mishra, Henriksen 
& the Deep-Play Research Group, 2013).

As instructors, we had been observing some 
of the unique and interesting project work that 
students in CEP 818 created for the course. And 
while individual student projects were certainly 
diverse and rooted within the context that each of 
these teachers (our students) worked within – we 
recognized that many were quite creative for their 
context, while some others didn’t feel like they 
displayed quite as much creativity. This required 
us to consider what makes some of the student 
work more creative and some of it less so, and 
how do we operationalize and measure that (not 
necessarily for grading purposes, but at least in 
the context of research on creativity).

As we considered ways that other researchers 
had studied or evaluated creativity in student work, 
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we needed a sense of the existing instruments for 
creativity measurements. So we began to conduct 
a content analysis of existing instruments for 
measuring creativity, through examination of 
two core APA databases of measures and instru-
ments. What we found was that among the pool 
of existing creativity measures, most instruments 
focused on things like personality inventories, 
or psychometric tests of individuals’ divergent 
thinking skills. Specifically, we found that of 83 
measures of creativity currently listed on APA’s 
PsycTESTS database, just 3 were devoted to 
evaluating products or artifacts. The rest of the 
measures were split between three broad catego-
ries: 29 instruments were self-reports measures of 
creativity; 12 were personality inventories and 11 
instruments measured attitudes and interests. And 
while these things are valuable in a psychological 
context, within the context of a classroom, they are 
not really things that a teacher has much control 
over. Teachers’ have most influence over either 
the climate of a classroom (creative environment), 
or the project work that their students produce 
(judgment of creative products). And both of 
those areas were among the smallest categories 
instrumentation, and somewhat lacking in avail-
able measures.

So, in connecting back to practice, we realized 
that our students were doing a wide-variety of 
open-ended and creative projects in the CEP 818, 
Creativity in Teaching and Learning course, and 
that this was a useful opportunity to begin inves-
tigating and evaluating the evaluation of creative 
products in teaching and learning. We decided to 
develop a flexible (somewhat open-ended) rubric, 
for assessing creative products/projects, and use 
this as research on our students work in the course.

Our decision to focus on measuring the end 
products of creative process stemmed from two 
reasons. One is that the creative process is some-
thing that cannot always be seen by the outsider. 
At the end of the day, what we have is just what 
the creative process produced. So, in our view, that 

was important to evaluate. Another reason came 
from our attention to actual classroom contexts 
where must regularly evaluate and judge student 
work. Though creative process is important and 
valuable, as educators we must develop better 
measures and rubrics to speak systematically about 
the creative products that students do. If we wish 
to emphasize open-ended assignments, project 
based learning, and creativity in education, this 
task becomes even more important.

A good rubric must define what it is that will be 
measured, and we had already developed a fairly 
clear definition for what we thought creativity 
is, based on Mishra & Koehler’s (2008) three-
part Novel, Effective, and Whole, definition. We 
described these components earlier in the paper, 
and each of these three aspects tends to touch on 
a different part of creativity:

So, working forward, we set up a measure that 
quite simply provides a score between 1 and 5 for 
each of these Novel, Effective, and Whole dimen-
sions. The rubric gives qualitative definitions at 
each score point as well as providing examples (or 
anchor artifacts) to give a scorer an idea of a range 
of products that may be expected at each point.

We started by having two researchers inde-
pendently look across and become familiar with 
each project in the data set. From the first three 
iterations (semesters) of the course, there were 
over 350 different student generated artifacts that 
we had collected. After the researchers developed 
a strong overall sense of the data, they began to 
work at applying the rubric, by conducting a 
preliminary coding of a subset of the projects. 
This preliminary coding went along with a series 
of back-and-forth discussions, aimed at building 
a shared and consistent understanding of how to 
apply each of the different score points between 1 
and 5, along each of the three NEW dimensions. 
Once consensus had been reached on the scoring 
guidelines for the projects/data, the researchers 
checked their own sense of the rubric and data, by 
doing an inter-rater reliability test (having the two 
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coders independently code 10% of the projects, 
and check scoring agreement). There was 87% 
agreement between the coders.

As noted, the rubric gives a definition for each 
score point and more importantly, gives some ex-
ample anchor projects to demonstrate and typify 
each of those number scores, with examples of 
projects from different contexts (i.e. anchor the 
coding with examples of what each score might 
look like, using examples of teaching artifacts 
that our students create based in different subject 
matters or contexts, etc.). The rubric definitions 
are somewhat brief, and are aimed at helping 
any coder/scorer understand a verbal description 
of the scoring. But the verbal definition of each 
score is not enough (since people can perceive 
qualitative descriptions/judgments differently). 
This is why the score point definitions for Novel, 
Effective, and Whole are given along with visual 
description offered by anchor examples. In terms 
of the definitions, a score of “1” for novelty would 
demonstrate: “Lack of anything unique or novel, 
and lack of content or substance to even offer op-
portunities for novelty.” While a score of “5” for 
novelty would offer: “Strong qualities of unique-
ness, in ways that could be exciting or interesting 
to learners – is very novel or different from other 
examples in the data set and shows a relatively 
very novel approach to teaching of subject mat-
ter (in relative terms to other teaching artifacts/
projects in the course).”

Thus far, the research from this first round 
of project coding has been described in another 

publication (Mishra, Henriksen & the Deep-Play 
Research Group, 2013), and is currently being 
written up in more detail for a journal article. 
Beyond this, we are currently engaged in rating 
a whole range of other, more recent student arti-
facts (from more current versions of the creativ-
ity course) as an ongoing test of this rubric. The 
rubric has become a part of our practice within 
the course, and is linked to our research and our 
trans-disciplinary framework for creativity.

LOOKING FORWARD, 
LOOKING BACK

Over the past six years or more we have been 
engaged in this work on better understanding how 
creativity can be brought into teaching and learning 
and the role that technology plays in this process. 
This had led to multiple publications (over 20) and 
conference presentations where we have shared 
our evolving conceptualization of our ideas. An 
important venue for our work has been the journal 
Tech Trends, taking advantage of an invitation to 
write a series of articles broadly under the rubric 
Rethinking Creativity and Technology in the 21st 
Century. This series has allowed us to explore 
and expand upon our research, to publish first 
drafts, as it were, of our ideas. This combined with 
articles written for other journals has meant that 
our work has been continually tested by reviewers 
and editors alike, pushing us to maintain both high 
quality and productivity. One key to our work is its 

Table 1. From Mishra & Koehler, 2008 (adapted from Besemer & O’Quin, 1999)

Creative solutions are…

Novel Fresh, unusual, unique, surprising, startling, astonishing, astounding, germinal, trendsetting, 
radical, revolutionary, influential, pioneering

Effective Valuable, important, significant, essential, necessary, logical, sensible, relevant, appropriate, 
adequate, functional, operable, useful, user-friendly

Whole Organic, ordered, style, arranged, organized, formed, complete, elegant, graceful, charming, 
attractive, refined, complex, intricate, ornate, interesting, understandable, meaningful, clear, self-
explanatory, well crafted, skillful, well made, meticulous
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collaborative nature. Though led by the first two 
authors of this chapter (with the third author as a 
group member) the Deep-Play Group is a shared 
commitment by a range of graduate students and 
faculty (some at other institutions) to push the 
boundaries of what we know about the application 
of new technology to creative pedagogy.

The diagram below provides a bird’s eye view 
of the work we have been engaged in.

The connections between different components 
of a program of research, theory and practice, (like 
what we have been trying to build in our current 
work), become inextricable and web-like in how 
they connect to each other. Sometimes research 
drives practice and sometimes vice-versa (or they 
may act on each other simultaneously in a back-
and-forth, dialectic relationship). And theory can 
emerge from research or practice, or it can push it 
along. As we reflect on our experiences of devel-
oping this ongoing area of work, it can be hard to 
look back and always say which aspect was driving 
which. Instead they often talk to each other in a 
dialogue, informing the work of the larger whole, 
in complex and often non-linear ways.

At one level we have reached a kind of point 
of cusp in this line of work. We have over time 
developed a framework that allows us to think 
deeply about the role of creativity in teaching and 
learning. We have applied it to teaching a master’s 
level seminar for practicing teachers (with some 
work also having gone into professional develop-
ment of teachers). That said, we have extensive 
plans for the future of this work, along multiple 
directions. These include looking at how new 
digital technologies such as 3D printing and com-
putational thinking can be used to instantiate these 
trans-disciplinary skills; an international survey 
on 21st century learning; the role of aesthetics in 
science learning (both in popular science video 
programs and in the daily work of scientists). We 
have tentative plans for two books, one emerging 
out of the Henriksen (2011) dissertation research 
focusing on exemplary teachers; and another, 

currently being planned, focusing on the habits 
of mind of significant trans-disciplinary thinkers 
(i.e. people who have succeeded in one domain 
even while having had significant training in some 
other domain, such as a mathematician who also 
excels in music or vice versa).

CONCLUSION

There are a few key themes that stand out in our 
work. First, as mentioned, is its intensely collab-
orative nature. Creativity is a wide and complex 
domain of inquiry and if we are to make headway 
in this area we have to marshal the intellectual 
resources and expertise of a wide range of indi-
viduals. In this the Deep-Play Research group 
has been key, providing a steady flow of graduate 
students with somewhat aligned interests and yet 
with enough diversity that pushes us as a group 
to think and work widely.

A second theme has been a willingness to take 
risk, at multiple levels. At one level it is a willing-
ness to put our ideas out there even as they evolve. 
We believe strongly that the best test of an idea is 
to have others question and probe it. At another 
level it is a willingness to take our ideas, as they 
are, and implement them in our practice (such as 
the creativity in teaching and learning course).

A third theme, and maybe the most important 
one, has been to focus on broad theory even while 
engaged in the nitty-gritty details of practice. It is 
this focus on theory that integrates much of what 
we do and that allows us to go beyond the informa-
tion given to explore new approaches and ideas.

Mishra and Koehler (2006) point to three spe-
cific benefits provided by theoretical frameworks: 
description, inference, and application

1. 	 Theories are descriptive allowing us to 
describe phenomena in powerful ways by 
providing concepts and terminologies to 
make sense of the world and explain things 
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Figure 8. A bird’s eye view of the design experiment of the reciprocal relationship between theory, 
practice and scholarship on creativity in teaching and learning with digital tools
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accurately. We believe that our work over 
the past 6 years or so has allowed us to get 
a better handle on some of the ideas essen-
tial for integrating creativity in pedagogical 
contexts.

2. 	 Theories are inferential, allowing us to make 
predictions about things we have not yet un-
derstood well enough to know what to look 
for and where to look. Our work on creativity 
allows us to make inferences about the kinds 
of contexts that would enhance creativity 
in teaching and learning and ones what 
would not. The work on trans-disciplinary 
creativity in particular offers an innovative 
lens for thinking about teacher training and 
professional development.

3. 	 Theories allow stakeholders in educational 
settings to guide real world applications by 
providing an appropriate level of analysis to 
bridge the gap between theory and practice, 
description and design. Our work has been 
deeply connected to bridging these gaps–
through our dual focus on broad theoreti-
cal ideas combined with a commitment to 
practice.

In conclusion, we must reiterate that this is on-
going work and this paper offers just a snapshot of 
a complex, winding, and non-linear process. And 
more than anything else it is the complex nature 
of this process of developing theory, research 
and practice that we highlight. If our experience 
tells us anything it is that building this bridge 
between theory and action, research and practice 
is a complex one. Our approach has been to take 
on all of them somewhat simultaneously allowing 
us to see just dialogic and transactional this act can 
be. The myth of the scientific method is that there 
is a simple linear line from facts to hypothesis to 
theory. Our experience shows that the real story 
is far more complex.

Sir Peter Medawar (1963) once wrote a paper 
provocatively titled “Is the scientific paper a 
fraud?” Answering that question in the affirma-

tive he wrote, “I mean the scientific paper may 
be a fraud because it misrepresents the process of 
thought that accompanied or gave rise to the work 
that is described in the paper (p. 377)” Nowhere 
is this complicated process reflected more clearly 
than in the zigzag manner in which our work has 
progressed.

This is akin to the “crippling deficit” inher-
ent in all narratives attempting to make sense 
of the past (even the immediate past, as in this 
article), as pointed out by Jorge L. Borges. As 
Borges wrote, in reviewing E. T. Bell’s classic 
Men of Mathematics, “the chronological order 
of its events doesn’t correspond to its logical and 
natural order. The definition of its elements very 
frequently comes last, [and] practice precedes 
theory” (quoted in Manguel, 1996, p. 22). A 
reader of this narrative may have faced a similar 
“deficit.” A keen reader, for instance, may notice 
a 2014 publication identified as being a thematic 
precursor to a dissertation proposal defended in 
2010, and other such time bending facts. Ideally, 
recent events and activities build on activities and 
events that are past, to show a linear, progres-
sive narrative. However, the vagaries of journal 
publishing schedules, the immediate pressures 
of teaching, the intricate negotiations with co-
authors, and the contingent, haphazard nature of 
life itself have sometimes played narrative havoc 
with what might otherwise be a clear timeline. In 
some sense, this contingency lies at the heart of 
the phenomenon we seek to understand: creativity, 
and its role in teaching and learning.

ACKNOWLEDGMENT

Author Note – We would like to thank the members 
(and friends) of The Deep-Play Research Group 
for all of their contributions over the years to the 
program of research, theory, and practice described 
in this article. Along with the three authors of 
this paper, this group of contributing individuals 
includes (in alphabetical order): William Cain, 



717

Creativity, Digitality, and Teacher Professional Development
﻿

Kristen DeBruler, Michael DeSchryver, Chris 
Fahnoe, Jon Good, Sarah Keenan, Matthew Koe-
hler, Carmen Richardson, Sandra Sawaya, Colin 
Terry, Laura Terry, and Aman Yadav.

REFERENCES

AACTE (Ed.). (2008). Handbook of technologi-
cal pedagogical content knowledge (TPCK) for 
educators. New York: Routledge.

Anderson, D. (2002). Creative teachers: Risk, 
responsibility and love. Journal of Education, 
183(1), 33–48.

Bain, K. (2004). What the best college teachers 
do. Massachusetts: Harvard University Press.

Baker, M., Rudd, R., & Pomeroy, C. (2001). 
Relationships between critical and creative think-
ing. Journal of Southern Agricultural Education, 
51(1), 173–188.

Bernard, T. J., & Ritti, R. R. (1990). The role of 
theory in scientific research. In Measurement 
issues in criminology (pp. 1–20). Springer New 
York. doi:10.1007/978-1-4613-9009-1_1

Besemer, S. P. (1998). Creative product analysis 
matrix: Testing the model structure and a com-
parison among products--Three novel chairs. 
Creativity Research Journal, 11(4), 333–346. 
doi:10.1207/s15326934crj1104_7

Besemer, S. P., & O’Quin, K. (1999). Confirm-
ing the three-factor creative product analysis 
matrix model in an American sample. Creativity 
Research Journal, 12(4), 287–296. doi:10.1207/
s15326934crj1204_6

Bleedron, B. (2003). An educational track for 
creativity & other quality thinking processes. 
Lanham, Maryland: The Scarecrow Press, Inc.

Bleedron, B. (2005). Education is everybody’s 
business. Lanham, Maryland: Rowman & Little-
field Education.

Bruner, J. (1990). Acts of Meaning. Massachusetts: 
Harvard University Press.

Caper, R. (1996). Play, experimentation and 
creativity. The International Journal of Psycho-
Analysis, 77, 859–869. PMID:8933214

Chambers, J. (1973). College teachers: Their ef-
fect on creativity of students. Journal of Educa-
tional Psychology, 65(3), 326–334. doi:10.1037/
h0035632 PMID:4766202

Creswell, J. W. (1998). Qualitative inquiry and 
research design: Choosing among five traditions. 
Thousand Oaks: SAGE Publications.

Creswell, J. W. (2005). Educational research: 
Planning, conducting, and evaluating quantitative 
and qualitative research (2nd ed.). Upper Saddle 
River, NJ: Pearson Prentice Hall.

Cropley, A. J. (1967). Creativity. London: Long-
mans, Green & Co LTD.

Cropley, A. J. (2001). Creativity in education & 
learning: A guide for teachers and educators. 
Psychology Press.

Cropley, A. J. (2003). Creativity in education & 
Learning. Bodmin, Cornwall: Routledge Falmer.

Davidovitch, N., & Milgram, R. M. (2006). 
Creative thinking as a predictor of teacher ef-
fectiveness in higher education. Creativity Re-
search Journal, 18(3), 385–390. doi:10.1207/
s15326934crj1803_12

Dewey, J. (1934). Art as Experience. New York: 
Putnam.

Dirkin, K. H. (2009). Three professors teaching 
online: The realization of teaching perspectives. 
Dissertation Abstracts International. A, The 
Humanities and Social Sciences, 69(10), 3917.



718

Creativity, Digitality, and Teacher Professional Development
﻿

Dirkin, K. H., & Mishra, P. (2010). Values, beliefs, 
and perspectives: Teaching online within the zone 
of possibility created by technology. In D. Gibson 
& B. Dodge (Eds.), Proceedings of the Society 
for Information Technology & Teacher Education 
International Conference 2010 (pp. 3811–3817). 
Chesapeake, VA: AACE. Retrieved from http://
editlib.org/p/33974

Eisner, E. W. (2004). Educational objectives—help 
or hindrance. The Curriculum Studies Reader, 2, 
85–92.

Esquivel, G. (1995). Teacher behaviors that foster 
creativity. Educational Psychology Review, 7(2), 
185–202. doi:10.1007/BF02212493

Fasko, D. J. (2000-2001). Education and creativity. 
Creativity Research Journal, 13(3 & 4), 317–327.

Florida, R. (2002). The rise of the creative class 
and how it’s transforming work, leisure, commu-
nity and everyday life. New York: Basic Books.

Friedel, C., & Rudd, R. (2005). Creative thinking 
and learning styles in undergraduate agriculture 
students. National AAAE Research Conference, 
(pp. 199-211).

Gardner, H. (2007). Five minds for the future. 
Boston: Harvard Business School Press.

Henriksen, D. (2011). We teach who we are: 
Creativity and trans-disciplinary thinking among 
exceptional teachers. (Doctoral Dissertation). 
Michigan State University. Retrieved from Pro-
Quest Dissertations and Theses.

Henriksen, D. (2014). Full STEAM ahead: Cre-
ativity in excellent STEM teaching practices. 
The STEAM Journal, 1(2), Article 15. Available 
at: http://scholarship.claremont.edu/steam/vol1/
iss2/15

Henriksen, D., & Mishra, P. (2013). Learning from 
creative teachers. Educational Leadership, 70(5).

Henriksen, D., & Mishra, P. (in press). We teach 
who we are: Creativity in the lives and practices 
of exceptional teachers. Teachers College Record.

Henriksen, D., & Mishra, P.Deep-Play Research 
Group. (2014). Twisting knobs and connecting 
things: Rethinking Technology & Creativity 
in the 21st Century. TechTrends, 1(58), 15–19. 
doi:10.1007/s11528-013-0713-6

Hruschka, D. J., Schwartz, D., John, D. C. S., 
Picone-Decaro, E., Jenkins, R. A., & Carey, J. 
W. (2004). Reliability in coding open-ended 
data: Lessons learned from HIV behavioral 
research. Field Methods, 16(3), 307–331. 
doi:10.1177/1525822X04266540

Jeffrey, B., & Craft, A. (2004). Teaching creatively 
and teaching for creativity: Distinctions and re-
lationships. Educational Studies, 30(1), 77–87. 
doi:10.1080/0305569032000159750

Kereluik, K., Mishra, P., Fahnoe, C., & Terry, L. 
(2013). What knowledge is of most worth: Teacher 
knowledge for 21st century learning. Journal of 
Digital Learning in Teacher Education, 29(4), 
127–140. doi:10.1080/21532974.2013.10784716

Knuth, K. D. (1974). Computer programming 
as an art. [online]. Communications of the ACM, 
17(12), 667–673. doi:10.1145/361604.361612

Koehler, M. J., & Mishra, P. (2008). Introducing 
tpck. Handbook of Technological Pedagogical 
Content Knowledge (TPCK) for Educators, 3-29.

Koehler, M. J., Mishra, P., Bouck, E. C., De-
Schryver, M., Kereluik, K., Shin, T. S., & Wolf, 
L. G. (2011). Deep-play: Developing tpack for 
21st century teachers. International Journal of 
Learning Technology, 6(2), 146–163. doi:10.1504/
IJLT.2011.042646

Manguel, A. (1996). A History of Reading. New 
York: Viking.

Marksberry, M. L. (1963). Foundations of creativ-
ity. New York: Harper & Row.



719

Creativity, Digitality, and Teacher Professional Development
﻿

Medawar, P. B. (1963). Is the scientific paper 
a fraud? Listener (London, England), 70(12), 
377–378.

Milgram, R. (1979). Perceptions of teacher be-
havior in gifted and nongifted children. Journal 
of Educational Psychology, 71(1), 125–128. 
doi:10.1037/0022-0663.71.1.125

Mishra, P., & Henriksen, D. (2012). Rethinking 
technology & creativity in the 21st century: On 
being in-disciplined. TechTrends, 56(6), 18–21. 
doi:10.1007/s11528-012-0608-y

Mishra, P., & Henriksen, D.Deep-Play Research 
Group. (2013). A NEW approach to defining and 
measuring creativity. TechTrends, 5(57), 5–13. 
doi:10.1007/s11528-013-0668-7

Mishra, P., & Kereluik, K. (2011). What 2lst 
century learning? A review and a synthesis. In M. 
Koehler & P. Mishra (Eds.), Proceedings of Society 
for Information Technology & Teacher Education 
International Conference 2011 (pp.3301-3312). 
Chesapeake, VA: AACE.

Mishra, P., & Koehler, M. (2006). Technological 
pedagogical content knowledge: A framework 
for teacher knowledge. Teachers College Re-
cord, 108(6), 1017–1054. doi:10.1111/j.1467-
9620.2006.00684.x

Mishra, P., & Koehler, M. J. (2008, March). 
Introducing technological pedagogical content 
knowledge. In Annual Meeting of the American 
Educational Research Association (New York, 
New York) (pp. 1-16).

Mishra, P., Koehler, M. J., & Henriksen, D. 
(2011). The seven trans-disciplinary habits of 
mind: Extending the TPACK framework towards 
21st century learning. Educational Technology, 
51(2), 22–28.

Mishra, P., & The Deep-Play Research Group. 
(2012). Rethinking Technology & Creativity in the 
21st Century: Crayons are the Future. TechTrends, 
56(5), 13–16. doi:10.1007/s11528-012-0594-0

Newcomb, L. H., McCracken, J. D., & Warmbrod, 
J. R. (1993). Methods of teaching agriculture. Dan-
ville, IL: The Interstate Printers and Publishers.

Pink, D. H. (2005). A whole new mind. New York, 
NY: Riverhead Books.

Plucker, J. A., Beghetto, R. A., & Dow, G. T. 
(2004). Why isn’t creativity more important to 
educational psychologists? Potentials, pitfalls, 
and future directions in creativity research. Edu-
cational Psychologist, 39(2), 83–96. doi:10.1207/
s15326985ep3902_1

Renzulli, J. (1992). A general theory for 
the development of creative productivity 
through the pursuit of ideal acts of learning. 
Gifted Child Quarterly, 36(4), 170–182. 
doi:10.1177/001698629203600402

Rittel, H. W. (1972). On the Planning Crisis: 
Systems Analysis of the” First and Second Gen-
erations (pp. 390–396). Institute of Urban and 
Regional Development.

Rittel, H. W., & Webber, M. M. (1973). Dilemmas 
in a general theory of planning. Policy Sciences, 
4(2), 155–169. doi:10.1007/BF01405730

Robinson, K. (2003). Mind the gap: The creative 
conundrum. Critical Quarterly, 43(1), 41–45. 
doi:10.1111/1467-8705.00335

Robinson, K. (2011). Out of our minds: Learning 
to be creative. John Wiley & Sons.

Root-Bernstein, R. S. (1996). The sciences and 
arts share a common creative aesthetic. In A. I. 
Tauber (Ed.), The elusive synthesis: Aesthetics 
and science (pp. 49–82). Netherlands: Kluwer. 
doi:10.1007/978-94-009-1786-6_3



720

Creativity, Digitality, and Teacher Professional Development
﻿

Root-Bernstein, R. S. (2003). The art of innova-
tion: Polymaths and the universality of the creative 
process. In L. Shavanina (Ed.), International 
Handbook of Innovation (pp. 267–278). Amster-
dam: Elsevier. doi:10.1016/B978-008044198-
6/50018-8

Root-Bernstein, R. S., & Bernstein, M. (1999). 
Sparks of genius: The thirteen thinking tools of 
the world’s most creative people. New York: 
Houghton Mifflin.

Sawyer, R. K. (2011). Explaining creativity: The 
science of human innovation. Oxford University 
Press.

Sternberg, R. (1999). Handbook of creativity (R. 
Sternberg, Ed.). New York: Cambridge Univer-
sity Press.

Sternberg, R. (2006). The nature of creativ-
ity. Creativity Research Journal, 18(1), 87–98. 
doi:10.1207/s15326934crj1801_10

Sternberg, R. J., Kaufman, J. C., & Pretz, J. E. 
(2002). The creativity conundrum: A propulsion 
model of kinds of creative contributions. Psychol-
ogy Press.

Sternberg, R. J., & Lubart, T. I. (1999). The 
concept of creativity: Prospects and paradigms. 
Handbook of Creativity, 1, 3-15.

Sternberg, R. J., & O’Hara, L. A. (1999). Creativ-
ity and intelligence. Handbook of Creativity, 13, 
251-271.

Subotnik, R. F., Olszewski-Kubilius, P., & Wor-
rell, F. C. (2011). Rethinking giftedness and 
gifted education: A proposed direction forward 
based on psychological science. Psychologi-
cal Science in the Public Interest, 12(1), 3–54. 
doi:10.1177/1529100611418056

The Design-Based Research Collective. (2003). 
Design-based research: An emerging paradigm for 
educational inquiry. Educational Researcher, 5–8.

Thomson, K. (1891). Popular lectures and ad-
dresses. In Three Volumes. London: MacMillan 
and Co.

Torrance, E. (1981). Creative teaching makes a 
difference. In J. K. J. C. Gowan (Ed.), Creativity: 
Its educational implications (2nd ed.; pp. 99–108). 
Dubuque, IA: Kendall/Hunt.

Torrance, E. (1995). Why fly? A philosophy of 
creativity. Norwood, New Jersey: Ablex Publish-
ing Corporation.

Vygotsky, L. S. (1978). Mind in society: the 
development of higher psychological processes. 
Cambridge: Harvard University Press.

Zhao, Y. (2012). World class learners: Educating 
creative and entrepreneurial students. Corwin 
Press.

Zhou, J., & George, J. (2001). When job dis-
satisfaction leads to creativity: Encouraging the 
expression of voice. Academy of Management 
Journal, 44(4), 682–696. doi:10.2307/3069410

KEY TERMS AND DEFINITIONS

Creativity: A process or way of thinking by 
which things that both novel and effective and 
produced. In addition to these elements of new-
ness/originality, and effectiveness/value, creative 
ideas or products also frequently have an aesthetic 
sense that is tied to context. In effect, this makes 
them Novel, Effective, and Whole (or NEW, as 
termed in the acronym described in the chapter 
by Mishra, Henriksen & Mehta).

Deep-Play Research Group: A research group 
comprised of faculty and students from Michigan 
State University (with collaborators from other 
institutions) focused on ideas and work that deals 
with issues of creativity, technology and 21st cen-
tury teaching and learning. For more information, 
see: http://www.deep-play.com.
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Design-Based Research: Research methods 
by which interventions are designed and applied 
in iterations in real-world settings in order to bet-
ter determine theory and generate new ideas and 
processes for learning and instruction.

Rubric: An instrument or measure designed 
to determine scoring and performance standards 
for a certain population, project or context.

Theoretical Framework: This is the structure 
that supports the theory of a research study or line 
of research endeavor. The framework describes 
the theory that connects to the line of research 
and explains why a given research problem is of 
interest for study. It organizes a use of theory to 
allow research to uncover the meaning, nature, and 
challenges of a phenomenon. This allows a line of 
research to provide knowledge and understanding 
to act in more informed and effective ways.

TPACK (Technological Pedagogical Con-
tent Knowledge): A framework for teacher 
knowledge for technology integration. This 
framework describes the kinds of knowledge that 
teachers must have about technology, pedagogy, 
and content -- as well as the complex interactions 
and intersections of these knowledge types. The 
interaction of these bodies of knowledge, both 
theoretically and in practice, produces flexible 
knowledge needed to successfully integrate tech-
nology use into teaching.

Trans-Disciplinary Thinking: A schema for 
thinking that involves thinking across disciplines 
and/or making connections between disciplines. 
This includes connecting between ideas or disci-
plinary content in different areas often thought of 
as disparate, but with connections and links that 
allow each different area to better explain the other.




