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�Afterword

Now this is not the end. It is not even the beginning of the end. But it is, perhaps, the end of 
the beginning

~ Winston Churchill

A conclusion is the place where you got tired thinking
~ Martin H. Fischer

There is no doubt within the field of education that enhanced creativity and intel-
ligent uses of technology are essential for success in today’s society. Despite that 
acknowledgement, the field of education has struggled to successfully integrate 
them appropriately into educational contexts. A key reason for this, we argue, is that 
we often misunderstand both the nature of creativity and the creative process as well 
as the nature of technology and technological progress.

Creativity comes from the Latin root creo with connotations of “bringing into 
being,” “making,” or “giving birth to.” This idea of bringing something new into 
being was a power only available to the gods. Over the years this mystic sense of 
creativity as being a gift of the gods has never really disappeared. It remains visible 
in the idea that creativity is a special, unique talent that appears ab initio, ex nihilo, 
either by the grace of the gods or catching a lucky break in the genetic game of 
chance. What these approaches rarely recognize is the complex nature of creativity, 
as well as the foundational structures (cognitive, social, disciplinary, technologi-
cal) essential to support creative ideas and their dissemination. It is important to 
understand that creativity is not a magical trick or sleight of hand, but rather is the 
product of understandable processes and components. It is the result of factors 
within our grasp and comprehension. In this way, creativity is not just a special 
talent, but rather it is a way of thinking and working which can be learned, enhanced, 
and developed. Of course, that is not to say that it is simple or straightforward—
indeed, we hope that the chapters, topics, and viewpoints in the book have pointed 
to the richness and complexity of the construct. If anything, supporting creativity 
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in education means that we need to allow for a more complex and richer view of it. 
We must go beyond simply throwing up our hands and assuming it is an undefin-
able, subjective space of “magic” or conversely assuming that it is linear or that it 
always looks and works the same in all contexts. Understanding the common 
threads of creativity is important. So too is allowing for contextual ways that it 
emerges and considering the factors and environments that help it to flourish.

Similarly, we need to go beyond simplistic ideas of technology. The word tech-
nology comes from the Greek (techne) meaning “art” and “craft.” These words offer 
a different picture from conceptions of technology as being the mere mechanical 
application of scientific principles. This art or craft foundation in the root of tech-
nology is different from the tool-centric, mechanistic ways that technology is often 
systemically taught or presented to teachers and learners. Techne is also the root of 
the word technique—so it has further connotations of learning through doing, of 
approaches learned on the job, and of tacit and subtle knowledge—something that 
may not be easily codified and put into language.

As we noted, our attempt to demystify creativity and technology is not to posi-
tion it as a straightforward process. Clearly creative ideas do not emerge from a 
vacuum; they appear through the collision and cross-pollination of ideas (often from 
disparate disciplines or knowledge frameworks) which must be both embedded in a 
field of knowledge or a discipline. Yet at the same time, as we pointed out in an 
earlier chapter, they must also exist in an (in)disciplined as it were. Understanding 
creativity requires us to move fluidly between multiple poles which coexist—
between common threads and diverse realities, between analysis and intuition, 
between divergent and convergent thinking, both within disciplines and between 
them, and between broad systems and local contexts. It is comprehensible and 
accessible but also nuanced and challenging.

There are no magic tricks to becoming creative—rather it is in placing trust in the 
process. And the process involves developing a foundation of knowledge that is 
both grounded in a discipline even while covering a wide intellectual range across 
the landscape of ideas. It means being willing to take the risk of putting them 
together in new ways and sharing them with the world. It is a participatory process, 
in that the creator or creators do a part of the work, and the world does another part. 
The world has the final say on whether a product or idea or artifact is truly regarded 
as being creative, whether it is novel, effective, and whole.

Bringing these new conceptions of creativity and technology to the field of edu-
cation adds another layer to this complex mix. It requires us to go beyond ideas, into 
the pragmatics of actual classrooms, students, teachers, and practices—to the idea of 
technique. The word technique is related to the Latin root texere, meaning to weave 
or to construct. And “weave” as we know it today means to “interlace, especially to 
form a texture or design: to unite in a coherent whole; to move in a devious, winding, 
or zigzag course especially to avoid obstacles” (Merriam-Webster Dictionary).

A similar sort of weaving can be seen in the chapters of this book, threading 
together ideas of creativity, technology, and education, into a rich complex tapestry. 
Each of these topics is, in and of themselves, complex and rich topics that can and 
do have volumes devoted to them. Covering them together, in one book, in one 
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collection of interconnected chapters, is a challenging task. Clearly there is much 
more to be said and written about these topics and their interrelationships than can 
be covered here. We hope we have provided ideas, perspectives, and examples that 
contribute to the larger discourse.

Of course, the tapestry we have constructed has many holes, with many sections 
yet to be developed and many details yet to be defined. That said, we believe that 
this book, this collection of articles, allows us to provide a broad overarching scaf-
folding of ideas for further exploration, where themes from creativity, technology, 
and education weave their way through each other. This book is thus an act of syn-
thesis, a first draft, as it were, of a much needed discussion of these ideas. Though 
we do not know (and cannot predict) what the final tapestry will look like, we 
believe that over these chapters lay out the broad contours of an emergent design. 
We look forward to how this design grows and develops in the future and are grate-
ful for this opportunity to be part of this process.

Phoenix AZ
August 2017
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A
Adaptive creativity evaluation schemas, 22
Aesthetics, 89
“Anchor projects”, 21
A Pattern Language, 95
Arena of technology, 115

B
Big data, 75
Brasilia, 94, 95

C
Chrono-centrism, 94
Classroom context, 20
Cloud computing, 9
Cognitive skills, 2
Combinatorial creativity, 44, 47, 54
Computational thinking

algorithmic thinking, 80
“a musical question”, 77
“association network”, 76
child’s analytical ability, 74
and creativity, 74, 75
data analysis, 74
and disciplinary knowledge, 74
Emmy, 76
“enduring passions”, 77
goals, 74
graphic design with programmatic and 

generative systems, 77
human insight, 80
human intuition and agency, 80

ideation, 79
imaginative capacities, 80
instance data-driven election, 75
intellectual curriculum, 80
meaning-making, 81
micro-target voters, 75
MIT conference, 80
numbers and statistical techniques, 76
parameters, 79
participants, 80
partnership, 76, 78
pervasiveness, 74
political prognosticators and pundits, 75
problem-solving, 74, 80
rigid symmetry and organic irregularity, 77
social media campaigns, 76
technology, 75
variations, 79
virtual composer, 76

Computer science educators, 74
Connections, ideas

artifacts, 46
boundary-breaking knowledge, 47
computer industry, 50
creative thinkers, 47
diverse mental resources, 47
educators, 50
history of science and technology, 47
implications, 47
inception, 43
mind preparation, 49
myths, 44, 45
penicillin, 48
Platonic solids, 46
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https://doi.org/10.1007/978-3-319-70275-9


122

Connections, ideas (cont.)
variations on a theme, 45–46
watercolor paintings, 48

Content creation, 31
Crayon

chrono-centric, 11
content-neutral manner, 12, 13
digital, modern/computer-centric, 11
educational tool, 11
embodying mathematics, 14, 15
indisciplined learning, 13, 14
teaching and learning, 10–12
teaching approaches, 11
technological innovation, 11
TPACK framework, 12

Creative artifacts, 21, 22
Creative avocations, 84, 85
Creative insights, 44, 59
Creative learning environments

climate/atmosphere, 106
diverse global environment, 104
educational psychologists, 104
elusive concept, 105
indisciplinary approach, 104, 105
instructional videos, 103
intentional design, 106
learner engagement, 106
open-ended technology-rich contexts,  

106, 107
physical environment, 106
SCALE, 105
self-directed learners, 106
self-directedness, 106
tech-savvy learners, 103

Creativity
architectures, 4
components, 18–20
context, 4
definition, 18
evaluations, 20, 21
frame setting, 2, 3
and indisciplined learning, 3
sections, 2

Cross-pollination, 49
CS Principles, 75
Csikszentmihalyi’s model, 26, 89

D
Deep convergence

automobiles, 111
biology, 112
comprehensive services, 112

definitions, 112
human creativity, 115
human societal values, 112
ideology, 115
imagination, 114
integration, 112
mathematics, 112
media and communications  

technologies, 112
multi-threaded, 115
nerve-wracking, 115
physiology, 112
science and art, 115
technology, 111
unpredictability, 111

Deep-Play Research group, 21
Designing Effective Multimedia for Physics 

Education, 29
Digital convergence

“action at a distance”, 113
content and application development, 113
media and communications  

technologies, 113
physical and temporal boundaries, 113
“virtual space”, 113

Digital technologies, 9, 111
Domain specificity, 38
Double Maze puzzle game, 54, 55
Dual-nature approach, 104
Dynamical systems theory, 84

E
Educational contexts, 10
Educational discourse, 65
Educational policy, 39
Educational stakeholders, 107
Educational technology, 94
Einstein, A., 35, 53, 115
Emmy, 76
Engineering

factors, 69
indisciplined learning, 70
inspiration, 70
metallurgy, 70
pedagogy of calculus, 70
schools, 69
STEM, 70
thermodynamics, 70
T-shaped thinkers, 70

Experiments in Musical Intelligence  
(EMI), 76

Exploring Logo Designs with Mathematica, 77
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F
Feynman’s imaginative approach, 68
Fields Medal winners

Avila, A., 87, 88
Bhargava, M., 85, 86
Hairer, M., 87
Mirzakhani, M., 86, 87
online resources, 85

G
Global economy, 65

H
High-tech learning spaces, 96
HMS Beagle, 47
Human cognitive skills, 44
Human-computer interactions, 75
Hybrid learning, 96, 98, 100

I
Indisciplinary approach, 104, 105
(In)disciplined learning

creative-cognitive skills, 38
dynamical theory of gases, 36
education system, 36
insights, 36
Maxwell’s mathematics, 36
musical composition, 36
scientific idea generation, 36
synchronicity, 35
The Three Ts, 38, 39
within and without discipline, 37

International Mathematical Union, 83
Internet crowdsourcing, 26

J
Jobs, S.

aesthetic quality, 67
broad-minded cognitive abilities, 69
cross-disciplinary thinking, 68
diverse experiences, 68
domains, 69
elegant design, 68
functional machines and products, 69
Gorilla Glass and Bluetooth  

connectivity, 66
revolutionary thinkers, 66
scientific ideation, 68
unique personal ability, 67

L
Learner engagement, 106

M
Malthus’ Essay on the Principle of Population, 48
Mathematica, 77
Mathematics

contemporary emphasis, 84
creative avocations, 85
creativity research, 84
highly creative individuals, 84
human cognition, 84
miraculous creative powers, 84
teaching and learning, 89, 90

Money Ball, 76
Multimodal spatial-dynamic simulations, 14
Myths, see Crayon

N
National Research Council (NRC), 74
Nineteenth century, 84
Novel, Effective, Whole (NEW),  

21, 22

O
Online learning, 98, 99
Organic user-driven design processes, 94

P
Pedagogical convergence

digital technologies, 113, 114
educational strategies, 114
games and simulations, 114
learning, 114
physical and social world, 113
web pages, 114

Personal pursuits, 88
Picasso, 54, 115
Pornography, 17
Post-World War II architecture, 95
Protective psychological construct  

view, 44

R
Real creativity, 58–60
Remix. See Variations
Rich personal micro-culture, 49
Rubrics, 20, 21
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S
“Schenectady”, 53
Science, technology, engineering, and math 

(STEM), 65
Simon, H., 69
Simultaneity, 59
Social media, 10, 25
Sturgeon’s law, 30
Styles, 89
Support for creativity in a learning 

environment (SCALE), 105, 107
Sustained creative effort, 84
Systems view of YouTube. See YouTube

T
Technological innovation, 10
Technology, Transdisciplinary Thinking, and 

Teaching (Three Ts), 38, 39
TechTrends, 1
Tesla, N.

engineering knowledge, 67 (see also Jobs, S.)
revolutionary thinkers, 66
STEM, 67
visual imagination, 67
wireless telegraphy and electrical currents, 66

The 7 Transdisciplinary Cognitive Skills for 
Creative Education, 2

The Computer Science Teacher Association, 74
The Sciences of the Artificial, 69
Thinking skills, 37, 38, 40
Top-down expert design, 94
Transdisciplinary approach, 38
Transdisciplinary creativity, 10, 87
Transdisciplinary knowledge/thinking, 47
“TriPad” innovation, 99
Twenty-first century learning, 10–12, 65, 66, 

70, 103

U
Urban architecture, 96
Urban infrastructure, 65
User learning, 100–102
User-driven learning space design

linked classrooms, 99, 100
personal portal, 98–100
shared portal, 97, 98

V
Vagueness, 40
Variations

distant, 58
Rubik’s Cube, 55–58 (see also Visualizations)

Visual design, 77
Visualizations, 60, 69

W
World of Warcraft, technology, 10

Y
YouTube

digital technologies and connectivity, 30
educational landscape, 29
gatekeepers, 26, 28, 29
human creativity, 30
human society, 26
individual, field and domain, 26–28
influencer, 30, 31
knowledge, 26
media, 31, 32
pop culture theme songs, 25
rethinking, 29
science fiction, 30
self-directed videos, 25
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