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Abstract 

This paper explores possibilities for infusing technology education with neuroscience 
principles in an effort to increase creativity. The decline in creativity among individuals in 
the United States is highlighted. Basic neuroscience fundamentals are covered and a 
framework for describing creativity in individuals is provided (Dietrich, 2004). Pedagogical 
connections and suggestions are provided for implementing neuroscience concepts in the 
classroom in an effort to promote creativity. 
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1. Creativity Findings 

A recent IBM poll of 1,500 CEOs identified creativity as the No. 1 “leadership competency” 
of the future (IBM, 2010). Creativity is specifically mentioned in the Standards for 
Technological Literacy (ITEA, 2007) as a component of five different standards (1, 2, 8, 9, 
10). Despite the high status of creativity, the creativity scores of children have steadily 
decreased since 1990 (Kim, 2011). The author of that study analyzed almost 300,000 
Torrance Creativity scores of children and concluded that the major decrease is seen in the 
scores of younger children in America – from kindergarten through sixth grade. Adobe (2012) 
found similar problems with creativity in society; in the study State of Create: global 
benchmark study, Adobe reports that 82% of Americans do not believe they are living up to 
their creative potential, and 70% of Americans suggest that creativity is being stifled by our 
educational system. Technology education is uniquely situated to help reverse the creativity 
problems addressed in current research. Creative tools and technology were perceived as 
some of the largest impact factors for “overcom[ing] creative limitations,” “provid[ing] 
inspiration,” and “increas[ing] creativity.” (Adobe, 2012, p. 2) 
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Recent research on creativity in the fields of neuroscience reveals the amazing complexity of 
the creative processes in the brain (Dietrich, 2004; Dietrich, 2007; Dubinsky, 2013; 
Srinivasan, 2007; Ward, 2004). Several studies have been conducted to describe the 
relationship between knowledge-level and creative capacity (Dietrich, 2004; Fink, 2007) as 
well as skill level and creative capacity (Christiaans & Venselaar, 2005). Despite the 
significant scientific advances in creativity, neuroscience, and brain research, the field of 
neuroscience has had little impact on educational practices (Clement & Lovat, 2012; 
Dubinsky, 2013). With the potential for substantial impact on classroom practices K-12 
technology education, the field is strikingly devoid of neuroscience principle integration. 

2. Prefrontal Cortex 

A basic understanding of neuroscience and human brain functions begins with the prefrontal 
cortex. The prefrontal cortex (located at the front of the brain, below the area of the forehead) 
has been identified as the central structure involved in creative thinking (Dietrich, 2004; 
Dubinsky, 2013; Srinivasan, 2007). While other areas in the brain control long-term memory, 
fact processing, and other cognitive functions, the prefrontal cortex manages executive 
functions – taking highly processed information and making decisions. Decisions and 
behaviors based on prefrontal cortex processes are the most sophisticated. In addition to 
high-level cognitive processes, the prefrontal cortex performs three key functions related to 
creativity: working memory (Dietrich, 2004; Fuster, 2000), temporal integration (Dietrich, 
2004; Fuster, 1995), and sustained directed attention (Dietrich, 2004; Sarter, Givens, & 
Bruno, 2001). Working memory is our ability to process information real-time; working 
memory keeps relevant information temporally stored so it is readily accessible if needed and 
has been tied to cognitive flexibility, abstract thinking, and creative thinking (Dietrich, 2004). 
Cowan (2001) found that 4 ± 1 represents the total number of items that can be held in 
working memory at a single moment in time (see also Miller’s Law in Miller, 1956). This 
finding holds true only if the “chunks” of information are logically consistent (sequence of 
numbers, related words, etc.). The number of informational chunks capable of being retained 
recedes quickly for any random or unrelated piece of information.  

Temporal integration, a second function of the prefrontal cortex, allows for the temporary 
integration of previously separate ideas. Learned concepts and ideas can be temporarily 
brought forward and represented for situational needs and applications. Finally, the third key 
prefrontal cortex function, sustained directed attention, relates to creativity in 
problem-solving situations. Dietrich (2004) states: “the ability to deliberately direct attention 
to pertinent information must be a prerequisite for creative thinking that is a result of effortful, 
constructive problem solving.” Creatively solving problems is made possible, in part, by the 
ability to sustain directed attention to the task at hand. 

3. Neuroscience Concepts 

While this study surveyed many existing definitions of creativity, recently a commonly used 
definition has developed involving concepts that are considered both “novel” and “useful” (Fink, 
2007; Ward, 2004). The broad classification of these creative ideas and their generation has led to 
considerable debate and an extensive range of theories and various models of creativity have been 
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proposed (Dietrich, 2004, Fink, 2007, Srinivasan, 2007). Dietrich (2004), a renowned author in 
neuroscience, proposed a taxonomy consisting of four types of creative insights: 
deliberate-cognitive, deliberate-emotional, spontaneous-cognitive, and spontaneous-emotional. 

4. Deliberate-Cognitive 

Deliberate-cognitive mode creativity refers to creativity manifested while consciously focusing 
on a task or problem at hand. This form of creativity relies mainly on expertise in a given area. 
The quantity of domain-specific informational items stored is directly responsible for the 
deliberate-cognitive creativity level of an individual. More domain-specific items that can be 
accessed by the prefrontal cortex allow an individual more “tools” to use when solving a problem. 
Expertise alone does not translate into creativity, a “nimble” or “productive” prefrontal cortex is 
also a requisite for this type of creativity – you must be able to draw from, synthesize, understand, 
and assess the various informational items related to a specific domain. Thomas Edison’s work 
on the light bulb is an example of deliberate-cognitive creativity: intense focus on the task 
combined with cognitive knowledge and understanding in the creation of the light bulb. 

5. Deliberate-Emotional 

In deliberate-emotional creativity, the individual does not rely upon domain-specific 
knowledge in order to demonstrate creativity; rather, the individual focuses brain resources 
toward retrieving affective memories stored in emotionally charged ways. Musicians, artists, 
and performers often demonstrate deliberate-emotional creativity. The actual notes in a 
popular music piece may not require extensive understanding of music theory to understand, 
however, the ability to infuse a few simple chords in an emotionally-moving experience is a 
skill not routinely possessed by all individuals. Few would argue that The Beatles were not 
creative just because their music requires little formal musical knowledge to play. Modern 
jazz music is often performed by performers who chose from a few chords and manipulate 
them in an entertaining and emotionally charged way. This type of creative insight is usually 
restricted to those with an “endowed” prefrontal cortex, a natural disposition towards these 
types of creative acts. Society values the creativity of individuals who can infuse their own 
emotions into a particular venue in a unique way. 

6. Spontaneous-Cognitive 

Spontaneous-cognitive creative experiences are often described as the “light-bulb” moments 
or “being hit by a ton of bricks.” These creative experiences most often occur during a 
relaxed state of mental activity. Previously unrelated chunks of information are allowed to 
move freely in and out of the working memory. Unforeseen connections, solutions, and 
previously “hidden” details often emerge from this type of exercise. In fact, some of the most 
notable discoveries in science are of this type: Newton thinking of gravity while watching an 
apple fall (Hamblyn, 2011) and Einstein conjecturing about relativity while imagining 
himself riding on a beam of light (Norton, 2013). A high level of domain-specific knowledge 
is required for this type of creativity in order to produce quality creative moments. The more 
relevant chunks of information that exist, the greater the likelihood a spontaneous connection 
will be made during a relaxed mental state. 
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7. Spontaneous-Emotional 

Spontaneous-emotional creativity is often referred to as an “epiphany.” Emotional memories 
and feelings can combine with other chunks of information during moments of relaxed 
mental activity to form epiphany-type moments of insight. Emotional-spontaneous insights 
are not domain-specific and usually take the form of “universal truths” impressed upon the 
individual. Artistic expressions, poems, and emotionally charged pieces are often the result of 
spontaneous-emotional creativity. George Frederic Handel’s Messiah could be representative 
of this category. In 1741, Handel composed the massive 259-page Baroque-style oratorio in 
just 24 days. This experience was marked with deep emotional connection to the music and 
creative genius in a way that typifies spontaneous-emotional creativity. 

8. Knowledge and Creativity 

The divide that separates different theories regarding knowledge level and creativity is 
significant with scholars proposing that knowledge is a prerequisite of creativity; conversely, 
other scholars argue that knowledge is an inhibitor to creativity (Ward, 2004). An 
implementation of Dietrich’s (2004) proposed creativity classifications allows both parties to 
describe different manifestations of creativity. For example, cognitive expressions of creative 
insight rely on domain-specific knowledge, while emotional forms of creativity depend on 
emotions and do not necessitate domain-specific knowledge. The exhibition of creativity in 
highly cognitive fields (science and mathematics) usually occurs among adults, after enough 
formal knowledge has been acquired to allow for deliberate-cognitive and 
spontaneous-cognitive functions to occur (Dietrich, 2004). Conversely, creativity in 
deliberate-emotional and spontaneous-emotional fields (music and art) can be exhibited at a 
much younger age, with much less knowledge (Dietrich, 2004). 

9. Plasticity 

In 2008 The Society for Neuroscience published The Neuroscience Core Concepts, a table that 
sets forth “big ideas” in the field of Neuroscience. A significant idea set forth in this table is the 
concept of plasticity, implying that synaptic-level connections among neurons are plastic, and 
these connections change with practical experiences. The strength in the relationship between 
these neurons is dynamic, becoming stronger or weaker with use or inactivity. Learning and 
practicing skills strengthens these connections while inactivity weakens the connection. A 
synaptic-level connection can eventually become strong enough that the associated actions or 
behaviors can be accomplished with very little cognitive exertion. These strong connections 
can be drawn upon situationally when needed by the brain. The transfer of functions from the 
high-demanding prefrontal cortex to less-demanding areas of the brain frees up “processing 
power.” Allowing the prefrontal cortex to focus on creative functions while other portions of 
the brain run “routine” and “well-learned” functions can result in increased creativity 
(Dubinsky, 2013; Ward, 2004). The mastery of vocabulary words as an essential element of 
learning a new language is an example of plasticity. As vocabulary words are learned and 
moved from the prefrontal cortex to other areas of the brain, the speaker of the newly acquired 
language can utilize increased creativity in conversation as more and more words, 
word-combinations, and sentence structures are now available. The synaptic-level connections 
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between word and definition are strengthened with use until the new-language word can be 
used “without thinking” in the context of more elaborate communication. Conversely, several 
years of inactivity in language use weakens the synaptic connections, leading to higher 
processing required to recall and use previously learned vocabulary. 

10. Pedagogical Connections 

Research has demonstrated that teachers benefit from an understanding of neuroscience 
concepts through an increased ability to identify and teach these concepts to their students 
(Dubinsky, 2013). Additionally, an infusion of these concepts has the potential to transform 
teacher’s understanding of student cognitive processes and consequently increase the ability 
to teach for student creativity. An innovative summer camp where teachers were introduced 
to neuroscience findings and encouraged to make classroom connections has already 
displayed great promise (Dubinsky, 2013). In addition to an understanding of neuroscience 
concepts, teachers can make a conscious effort to recognize and appreciate the great variety 
of creativity. While the pedagogical connections and unique implementations of these 
concepts are nearly endless, this paper aims to add a few discussion points for teachers as 
they initiate neuroscience concepts in their classrooms. 

10.1 Deliberate-Cognitive & Spontaneous-Cognitive 

Most design challenges in the classroom are approached from a deliberate-cognitive viewpoint, 
i.e. students are taught to deliberately focus on the problem and come up with a creative 
solution. It is important to remember that the quantity of domain-specific informational items is 
key to deliberate-cognitive creativity. Without a large set of “tools” to select from individuals 
can relentlessly ponder the problem and never come up with a creative solution. Teachers can 
ensure students have sufficient “tools” (a.k.a. domain-specific informational items), from which 
to draw from prior to presenting them with a design problem. Separating the lesson outcomes 
into various informational items and ensuring each is addressed prior to undertaking any 
creative exercises can encourage deliberate-cognitive creativity in the classroom. 

Spontaneous-cognitive creative moments are the “light-bulb” or “aha” occasions that most 
often occur during a state of mental relaxation while contemplating something else. In this 
scenario, previously unrelated information is processed in the prefrontal cortex and thus 
unforeseen connections may arise. Allowing students ample time to work on assignments or 
ponder over design challenges will increase the likelihood of this type of creativity occurring. 
Additionally, if teachers introduce problems and design challenges at the beginning of a unit, 
before presenting material related to the unit, it will increase the productive time in which 
spontaneous-cognitive creativity occurs. Likewise, increases in domain-specific knowledge 
will enhance the likelihood of this type of creativity to occur. 

10.2 Deliberate-Emotional & Spontaneous-Emotional 

Students that do not excel at cognitive design challenges may be inclined towards 
emotionally creative activities. Emotionally creative expressions can occur deliberately or 
spontaneously. In deliberate-emotional activities individuals retrieve affective emotionally 
charged memories and infuse them into new situations. Allowing students to answer 
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questions or solve design challenges through poems, music, dramatic representations, 
performances, or illustrations will foster an environment conducive to deliberate-emotional 
creativity. Teachers desiring to encourage emotional creativity can infuse all problems or 
challenges with an emotional consideration (i.e. Design a device that will allow users to 
relive their favorite childhood memories over and over). 

Spontaneous-emotional creativity refers to moments of creativity which are unplanned and 
emotionally-charged. Encouraging students to maintain a class journal, blog, reflection-log, 
etc. is a good way to enhance spontaneous-emotional creativity. Students could be 
encouraged to write in their journal whenever they have creative ideas that are important to 
them and could be used to solve class challenges. Providing students with 
emotionally-charged and relevant questions can help guide and foster this creativity.  

10.3 Knowledge & Creativity 

Due to the high level of domain-specific knowledge required for deliberate-cognitive and 
spontaneous-cognitive creativity, these categories of creativity are most frequently seen in adults 
or older adolescents. Conversely, deliberate-emotional and spontaneous-emotional creativity, 
which rely more on emotions than knowledge, can be exhibited at a much younger age. Teachers 
should approach their students with an understanding of the domain-specific knowledge 
possessed by each student. Students with greater domain-specific knowledge are more likely to 
produce creative ideas through deliberate-cognitive and spontaneous-cognitive processes. 

10.4 Plasticity 

An understanding of how synaptic connections can be strengthened or weakened can 
influence the pedagogy a teacher implements. Strong synaptic connections are formed 
through rehearsal, application, and self-evaluation of concepts (Dubinsky, 2013) and result in 
“processing” functions becoming “routine” functions. Functions are moved from the 
high-demanding prefrontal cortex to the less-demanding areas of the brain, thus, freeing up 
“processing-power” which can result in greater creative capabilities. Ensuring ample practice 
and mastery of key concepts may, in the long run, increase the creativity shown by students 
(i.e. introducing students to simple machines on day 1 and then reviewing simple machines 
on day 2-6). Teachers can also teach students about plasticity – this will facilitate student’s 
understanding why so much time and effort are devoted to learning key concepts. In addition 
to helping students understand more about their brain, this practice has resulted in an increase 
of student motivation towards learning (Dubinsky, 2013). 

11. Conclusion  

For many years, a 19th century English physician named Edward Jenner worked to identify a 
cure for small pox. Despite great devotion of considerable time and effort, Jenner reached an 
impasse in his critical thinking. Jenner decided to try a completely different approach - 
instead of focusing on people who had suffered small pox, he switched his attention to people 
who never contracted the illness. He ascertained that dairymaids rarely contracted the disease. 
He discovered that most dairymaids had had cow pox, a similar but usually nonfatal affliction. 
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Cow pox had served to ‘vaccinate’ its victims against the more dangerous small pox. This led 
to Jenner’s concept of ‘vaccinating’ people (VonOech, 2008). 

Perhaps a successful strategy for mitigating creativity problems (Adobe, 2012; Kim, 2011) 
among students is to approach the issue from a different perspective. Teachers may be able to 
view their pedagogy through the lens of neuroscience with the application of Dietrich’s 
creativity model. Additional research can be done relating to the infusion of neuroscience 
concepts in classrooms and the resulting creativity. Research on teachers and teaching 
methods as a result of the application of neuroscience understanding should also be 
conducted. Different models of creativity can be explored and findings should be compared 
with Dietrich’s model. These findings as well as current research can substantially shape the 
way teachers perceive learning and teach for creativity. 
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