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Abstract

This paper presents an analytical model of the mhymanterrelationships between education,
creativity, and happiness based on both theoretights and recent empirical neurological
studies. In the model, the outcome is conditionalirdividual intelligence and risk aversion.
Specifically, it focuses on two main determinaritgreativity (divergent and convergent thinking),
and compares two main educational policies (schbips vs. training) in terms of their impacts on
the happiness gained from creativity in the genaral healthy population. An empirical test is
provided by matching the model’'s predictions wilte tresults of recent neuroscience research.
Numerical simulations suggested that improving @vgent thinking is more important than
improving divergent thinking for creativity to gemaée happiness throughout an individual’s life,
provided both divergent and convergent thinkingehaghieved a sufficiently large degree; and that
unstructured training in divergent thinking (eig.accounting schools) is necessary to reach richer
but less intelligent people, whereas scholarshipsinstructured training in convergent thinking
(e.g., in art schools) are necessary to reach mteigent but less rich people.
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1. Introduction

For several decades, researchers have reportedadictary results on the hemispheric
specialisation of creative thinking (Mihov et &010), and there have been methodological doubts
about overgeneralisation of the concept of cregtiiAbraham et al., 2012b) and about the loci of
brain activity during a task (Takeuchi et al., 28LINonetheless, some recent neuroscience based
on functional magnetic resonance imaging (fMRI) aggested two main determinants of
creativity: divergent thinking (Benedek et al., 201 Takeuchi et al., 2012), which has also been
called unrelated thought (Bernhardt et al., 2044y convergent thinking (Benedek et al., 2011),
which has also been called concept enlargementgReital., 2012), conceptual expansion (Kroger
et al., 2012), remote association (Jung et al.3RGNnd novel association (Tong et al., 2013)hla t
paper, | will standardize on the terminology “corgent thinking”, which emphasizes the goal of
finding a correct solution to a problem by follogia particular set of logical steps, and “divergent
thinking”, which emphasizes the goal of generatongative ideas by exploring many possible
solutions: ideas and information from divergennkimg could be organised and structured using
convergent thinking.

Note that working memory or fluid intelligence (Vamian et al., 2013) or creative evaluation
(Ellamil et al., 2012) could be considered as prglary or ancillary determinants of creativity. In
this paper, | will not account for these factors.

Moreover, many neurological studies have shown #thtcation or training can improve both
convergent and divergent thinking, whereas proldehaing can be tackled by manipulation
without requiring education or training (Deiningsral., 2012): see Fink et al. (2010, 2012), Jung e
al. (2010a), Heidarie et al. (2011), Krbger et(a@D13), Luo et al. (2013), Wei et al. (2014) on
divergent thinking, and see Spencer et al. (2018) @kkola-Vuoti et al. (2013) on convergent
thinking.

Note that sleep (Ritter et al., 2012) and mood @kiChermahini & Hommel, 2012) have been
shown to affect creativity. In this paper, | wibbtnaccount for these factors.

Finally, a recent psychological study, based onbalerfree-association tasks, suggested that
creativity can put people in a more positive affexstate (Brunyé et al., 2013); that is, it carkena
them more able to experience positive emotions asdilppiness.

Note that creativity could be justified as an instithat evolved as a foraging strategy to copé wit
a suboptimal environment that required the recoatimn of information units into novel
arrangements and structures (Hoffecker, 2012)sa way to signal potential mates by improving
the ability to read a receiver's mind based on howaceptual combinations and communication of
previously unnoticed relational connections (McKepw®013). In this paper, | will refer to these
instincts to justify happiness from creativity tbe elderly.

However, there have been no theoretical modelshefdynamic interactions among education,
creativity, and happiness. Indeed, computationatlet® have been developed to simulate the
creative process (Collins & Koechlin, 2012; Loperega, 2013), and theoretical models
(Chakravarty, 2010) have been developed to simyaieesses related to creativity such as those
related to the executive function (Sanz de Acedrataga et al., 2012) or analogical reasoning
(Speed, 2010).

The purpose of the present study was to develgmandic model capable of accounting for the two
main determinants of creativity (i.e., divergentdaonvergent thinking), and to use the model to
compare the impacts of two common educational @dlifi.e., offering scholarships vs. curriculum
development) on the happiness gained from cregiivithe healthy general population.

In this research, | will not attempt to account fygender differences (Abraham et al.,, 2014;
Tarasova et al., 2010Db; Volf et al., 2010) or spetasks such as musical improvisation (Berkowitz
& Ansari, 2010), freestyle rap (Liu et al., 2012¢rbal creativity (Benedek et al., 2014a; Green et
al., 2012; Rodionov, 2013; Vartanian, 2012; Zhalet2013), creative writing (Shah et al., 2013),
or figural (e.g., artistic) creativity (Aziz-Zadedt al., 2013; Duff et al., 2013; Gansler et al.120
Heilman & Acosta, 2013; Huang et al., 2013). Momo\ will not consider creativity as a therapy
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for unhealthy people who are affected by autisntkiReon’'s disease, epilepsy (Schott, 2012),
psychopathology (Jung et al., 2010a, brain les{@isaham et al., 2012a; Shamay-Tsoory et al.,
2011), bipolar disorder (Ricciardiello & Fornar®)13), schizophrenic thoughts (Fink et al., 2014),
mood disorders or dementia (De Souza et al., 2@t@)ain lesions (Barbey et al., 2013). Finally, |
will also not account for the effects of cannal@shafer et al., 2012), drugs (Muller et al., 2013;
Reedijk et al., 2013), or electrical stimulatioru@& Nitsche, 2012) to improve creativity.

2. The analytical model

In this section, | will propose mathematical foremilthat represent the dynamic interrelationships
among education, creativity, and happiness. Thgsat®ns are based on empirical neurological
studies, and individual intelligence and risk awmrsare important factors. Specifically, 1 will
account for the following variables:

* Each creative experien¢etakes place at timeas one combination (e.g., couples, triples, ...)
of all feasible combinationgd) of no elementspo = no! / [(no — Kk)! K!]. Here, | have used
element to represent a thing or a property that can bebooed with another thing or property
to generate a creative solution. For examplée=a2 one looks for couples, &t 3 one searches
for triples, and so on.

» The set of theo elements increases at a constant rate for eaett tisa result of education or
training € in {0,1} with e = 0 ande = 1 in the presence and absence of educatioraioirtg,
respectively) and to a different extent accordingat curriculum dedicated to convergent
thinking ¢ in [0, 1], where O and 1 represent the minimum #re maximum increase in
elements, respectively, i.e., no increase and ditiaolal element for each timteor for each
creative experiencle: n’'(k) =y eandn(0) =np sonk=yke+noandpxk=(yke+no)! /[(y ke
+ no —Kk)! KI]. In other words, the number of elements to belsmed increases with increasing
education or training.

» The same creative experierkc@roduces a smaller happines§ (f it is related to a larger set
of all feasible combinationdd = k / px. For example, one obtains a smaller happiness in
discovering 1 out of 252 feasible quintuples ofelédments.

 The number of combinations that is experiencedesmes in the presence of a curriculum
dedicated to divergent thinkingx (in [0,1], where O and 1 represent the minimum and
maximum number of creative experiences, respegtival., no experiences and a number of
experiences close tosince k (n—k)! kI] / nl = 1 if kis close tan): H =k / px if k< a e px, but
H =0 ifk > a ep« In other words, without education or trainingg tombinations experienced
stop at a small recombination (say, couples olesip

* Acquiring education or training requires an eff}, which is smaller for smarter peopfeig
[0,1], where O and 1 represents minimum and maxinediort, respectively)E = 3 e. For
example, one could bear a large learning costtémata lyceum.

» The choice of education or training is based ondiseounted value of future happiness gained
from creativity, net of the present (opportunitysts of creativity d in [0,00[, where 0 ando
represent the minimum and maximum focus on theepteset benefits from learning,
respectively). In other words, a larger discourtdtda depicts less rich or more risk-averse
individuals.

If we assume perfect foresight, a rational indialdwill choose a learning approach rather than a

non-learning approach if the respective utilitids &ndUn) meet the following condition:

UL > Uy iff B <f(a, vy, 6)
where
UL =Jo" [(k/ pxif k<o epk or 0 ifk> o epy) —p] EX dk
Un=Jo™ (k/ poif k<aepo, or 0ifk>a epo) E?X dk



And wheref(a, v, 8) is the implicit value of the learning effdif as dependent on the discount rate
(6) and on a curriculum dedicated to divergentgnd convergenty] thinking, such that a rational
individual is indifferent between the learning @hd non-learning approach.

In this analysis, | can seb = 2 andn = 10, without loss of generality, since the pugds to
compare learning and non-learning approaches, ajivan potential sequence of creative
experiences.

Note that, for the sake of simplicity, the opportuirost of education is assumed to be the same for
a curriculum dedicated to divergent and convergf@nking: think of years at school or university.
Moreover, for the sake of generality, educationdimergent and convergent thinking are measured
in terms of percentages of maximum outcomes: eithaching strategies or proportion of total
curriculum could be thought to be adopted to adhithese outcomes. Finally, normalisiagn
[0,1] implies thatn depicts the maximum length of an individual's ¢nea period (i.e., an
individual’s life), whereas normalisingin [0,1] implies thap in [0,1] depicts the opportunity costs
of creativity in terms of the happiness generatgdciteativity (i.e., smaller for more intelligent
people). This is supported by the experiments edmwut by Volf & Tarasova (2013).

3. An empirical test

In this section, | will provide a test of the anadgl model developed in the previous section by
comparing the model’s predictions with recent ressutom neuroscience. Specifically, the
following insights are relevant:

1. Insight 1: Adults outperformed adolescents in s$riaf divergent thinking (Kleibeuker et al.,
2013).

2. Insight 2: Activation in the left uni-modal area svabserved in subjects in response to partial
changes in an original musical pattern, whereawaitin of the prefrontal regions of both
hemispheres and of the right insula was observedsubjects in response to extreme
modification of the original rhythm (Villareal et. a2013).

3. Insight 3: There is a loss of grey matter volumehia right inferior parietal lobe in very old
individuals. This brain region is involved in cotimé functions such as working memory and
creativity (Patterson & Perlstein, 2011), althougha smaller extent in subjects who have an
open personality, which represents an increasdihgrless to experience new things (Taki et
al., 2013).

Figure 1. Net benefits H — E) from learning (solid lines) (i.e.,e = 1) and non-learning (dashed lines) (i.ee = 0)
approaches ifa = 0.5, = 0.1, andy = 0.5. Small education in divergent and convergerthinking increases the
length of an individual's creative period to a smdlextent (i.e., fromk = 0.5 tok = 1.5).

HIE
05}

04 + "
r [
L ]
b
0iF &
L L ]
L}
[/

0z

01f

ol



Figure 2. Net benefits H — E) from learning (solid lines) (i.e.,e = 1) and non-learning (dashed lines) (i.ee = 0)
approaches ifa = 1,p = 0.1, andy = 0.5. Large education in divergent thinking and siall education in
convergent thinking increases the length of an ingidual’s creative period to a greater extent (i.e.from k = 0.5
tok =2.5).

ol

Figure 3. Net benefits  — E) from learning (solid lines) (i.e.,e = 1) and non-learning (dashed lines) (i.ee = 0)
approaches ifa = 0.5, = 0.1, andy = 1. Small education in divergent thinking and lage education in convergent
thinking increases the length of an individual’'s ceative period to its maximum (i.e., fromk = 0.5 tok = 10).
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Figure 4. Net benefits H — E) from learning (solid lines) (i.e.,e = 1) and non-learning (dashed lines) (i.ee = 0)
approaches ifa = 0.5 or 1, = 0.1, andy = 1. Large education in divergent and convergentinking increases the
length of an individual’s creative period to its maimum (i.e., from k = 0.5 tok = 10).
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Figure 3 and Figure 4 depict insight 1. When thegplt@ess generated by creativity is coupled with a
constant opportunity cost of creativity, the greateet benefits are observed for intermediate galue
of k. In other words, although the pleasure from desgor discovering something new is at its
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maximum for children and adolescents, but it does arise only from artistic expression (i.e.,
almost everything is a creative activity for chéddr and the happiness gained from creativity is
therefore overestimated for most children), mostth& cognitive and non-cognitive skills that
underlie forms of creative endeavour are acquiefdre age 20, while the prefrontal cortex is still
malleable.

Comparing Figure 1 with Figure 3 (i.e., an increasge from 0.5 to 1 witha at 0.5) and Figure 1
with Figure 2 (i.e., an increase ynfrom 0.5 to 1 witha at 1) confirms insight 2. Indeed, only an
increase in convergent thinking increased the hssi gained from creativity, provided that a
sufficiently large divergent thinking was achieved.

Figure 3 and Figure 4 depict insight 3. Indeedrelesing future happiness gained from creativity is
coupled with a present constant cost of creatiaty] consequently, decreasing net benefits are
observed for largk. In other words, individuals find pleasure in tgnthat are easier than creative
expression (e.g., sex or violence; hunting, fishiogeating; accumulating things or discovering
new lands), and although all of these instinctse®gnted important survival strategies during
various phases of human evolution, these instibetome less and less important with age (i.e.,
happiness from creativity is generally underesteddor the elderly).

Table 1 summarises the simulations carried ouigargé 1 to Figure 4, in whicp was fixed at 0.1,
the mean of values which turn out to be signifidgarthe simulations that | will perform in Section
4,

Table 1. Insights from the numerical simulation conucted for alternative values ofa and y but with constant 8
(0.1).N means “happiness isiot obtained from creativity throughout an individual’ s life”, whereasH means
“happinessis obtained from creativity throughout an individual’ s life”.

vy=0 vy=0.5 y=1
a=0 N N N
a=0.5| N | N(Figure 1)| H (Figure 3)
a=1 N | N (Figure 2)| H (Figure 4)

Therefore, these numerical simulations show thairaving convergent thinking (see Wu et al.,
2014; Yueh et al., 2013) is more important thanrmamg divergent thinking to gain happiness
from creativity over the whole life span, (see Al$o-Benlliure et al., 2013; Davies et al., 2013),
once these have both achieved a sufficiently laegree. This is supported by a meta-analysis of
functional imaging data performed by Gonen-Yaaeamal. (2013).

Note that a value of divergent thinking smallernthts maximum seems to be consistent with
happiness arising from psychological solidity aodial acceptability: consider, for example, the
lack of happiness of individuals who oppose ang.rilowever, the focus on individual happiness
gained from creativity doesot allow interpersonal comparisons of the relativgpamance of
divergent and convergent thinking at the same aeliereativity level. Consider, for example,
Bach’s “Well-tempered clavier” (BWV 846-893) andshiast and incomplete work “The art of
fugue” (BWV 1080), in which convergent thinking se® to prevail over divergent thinking,
coupled with Bach’s social status. In contrast,sider Van Gogh (e.g., the many “self-portraits” as
well as his last painting, “Melancholia”), for wholnis psychological distress was accompanied by
a situation in which divergent thinking seems tevaiil over convergent thinking.

4. Scholarships vs. training

In this section, | will try to identify which of #htwo educational policies would maximise the
number of individuals who could benefit from thgpaness gained from creativity over their whole
lifespan by interpreting both andd as self-selection social parameters. In particuddargep is
associated with people who will never choose augtegiven its high opportunity cost in terms of
the learning effort. A largé is associated with people who will never choodgcaum given its
high opportunity cost in terms of lost income.



Figure 5 shows that education in only divergemkhmg (thin line) will reach (i.e., it will be ches

by rational individuals) less rich people but exiduess intelligent people, whereas education in
only convergent thinking (thick line) will excludee., it will not be chosen by rational individsal
less rich people but reach less intelligent people.

Figure 5. Couples off and 6 (the areas below the two curves) such that a cumilum dedicated to creativity will
be chosen by rational individuals:e = 1 andy = 0.5 (thin line) vs.a. = 0.5 andy = 1 (thick line). Intelligent and
rich people will choose educational curricula relagéd to both divergent and convergent thinking (darkgrey
shading near the origin), less intelligent people auld not choose education related to divergent thiing (light
grey shading near the y-axis), and less rich peopleould not choose education related to convergentinking
(light grey shading near the x-axis).
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However, happiness from creativity lasts a whofe bnly if both convergent and divergent
thinking are sufficiently large. For example, waultbassume that receiving a structured education
in the ancient Greek or Latin languages (e.qg.,lycaum) would improve convergent thinking (i.e.,
by teaching one to combine words, grammatical ridad meanings in translations), and receiving
a structured education in philosophy (e.g., in@iyn) would improve divergent thinking (i.e., by
teaching one to expand concepts or to use analag&soning). In contrast, we could assume that a
formal education in accounting does not improvesdjent thinking, and that a formal education in
the arts does not improve convergent thinking. Base these assumptions, my numerical
simulations suggest a possible strategy: unstredttraining in divergent thinking for people who
would avoid a lyceum because of the learning efferg., people who would rationally choose an
accounting school); and scholarships or unstrudttraning in convergent thinking for people who
would avoid a lyceum because of the lost incomg.,(people who would rationally choose an art
school), where scholarships would provide an ingerfor them to enter a lyceum. In other words,
informal training in divergent thinking would bedido reach people at the top left area in Figure 5
whereas scholarships or informal training in cogeet thinking would be best to reach people at
the bottom right of Figure 5.

Note that training in convergent thinking is eadigain training in divergent thinking (McCarty,
2013), and that training in mental computation @sidered by some scholars to be bad for
creativity (Takeuchi et al., 2011c), even thoughthmmatics training can improve happiness for
those who recognize the beauty of mathematicsirtfsortant to note that the distinction between
disciplines that foster or impede creativity does amount to a distinction between the liberal arts
(e.g., architecture, mathematics, science, fing, amd language) and the non-liberal arts (e.g.,
accounting). This is confirmed by the fact that meaatics is generally considered to be one of the
liberal arts, but not one that is generally con®deto foster creativity. Moreover, | spoke of
unstructured training rather than a dedicated culrim. Otherwise, people might not choose an
accounting school if a course in philosophy wasonhiced, and might not choose an art school if a
course in the ancient Greek or Latin languages intasduced. Finally, the rationality of learning
vS. non-learning choices depends on the net ber@jtained from happiness. After all, current and
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future income or job opportunities also account smmeone’s preferences for a particular
educational curriculum and can influence their fetiappiness.

5. Discussion

In this paper, | developed an original analyticaldal that explains some empirical results from
neuroscience and confirms some insights from thieatestudies. The main weaknesses of this
paper are the following:

| disregarded the impacts on creativity of the sumding context, such as encouragement and
support from parents, and of other people, aserctdse of a thought-provoking classroom (see Gu
et al. 2014; McLellan and Nicholl, 2013). Howevtlte education parameteg) (and the learning
effort parameterf)), respectively, could depict these features.

| also assumed that individuals show perfect fgtasin choosing education, although in reality, it
is likely that people might not properly anticipatee happiness to be gained from creativity.
Complementary policies would therefore be requifeat. example, a campaign could be conducted
to alert employees to the creative potential of gy However, it is clear that many other factors
would affect these choices.

| assumed that a dedicated curriculum (e.g., ia@ounting school, in a lyceum, in an art school)
could increase divergent and convergent thinkinggmn@lementary research would be required to
confirm this hypothesis. For example, a non-lineewnometric model such as the following could
provide insights into the impacts of alternativerimula on creativityCit = o SE; (8 Flit) +y SEt (8

Flit, p SMit) + a y SEt + pi. + it + it whereCi; represents the creativity level for individuadt time

t, Fl stands for family income, SE for secondaryaadion, and SM for school marks, amdandp
represent individual and time effects, such asainievels of creativity or previous education
choices, andit represents an error term. However, this would ireqan objective measure of
creativity levels or changes in these levels.

| also neglected the uncertainty of happiness glairem creativity. For example, a creative job is
often harder to achieve and to keep. However, theodnt factor §) could be modified to account
for this risk.

6. Conclusions

In this paper, | developed and validated a dynamiclel of the relationships between happiness
and education in creativity. The model suggeststtiaming in divergent thinking would help less
intelligent but rich people, whereas intelligent kass rich people would benefit more from training
in convergent thinking or scholarships, if the gsaio spread the happiness gained from creativity
to more people than at present.

These results rely on recent fMRI neurological msdelated to the two main determinants of
creativity (i.e., convergent and divergent thinkinigr which there is general consensus (unlike in
studies of the specific parts of the brain that acgvated, for which alternative interpretations
exist). For example, high integration of white reatin the brain appears to underlie creativity
(Takeuchi et al., 2010), some have suggested thd twefurther subdivide creativity in order to
meaningfully associate creativity with specific nezognitive processes (Dietrich & Kanso, 2010),
and some of the paradigms behind neuroimaging haea challenged in an effort to advance our
understanding of the neurological basis of cregtiiAbraham, 2013).

Note that referring to the neuroscience literatatane overcome possible critiques of measures of
creativity being concentrated on different sectiohsts overall spectrum based on the criteria of
novelty, usefulness, and surprise (Simonton, 201preover, this disregards the putative
differences between little-c creativity and big-@e@livity based on processes and products rather
than on people (Volf & Tarasova, 2010; Tarasovaakt 2010b). Finally, referring to the
neuroscience literature let me avoid issues sucthaglifferences between artistic and scientific
creativity (Andreasen & Ramchandran, 2012).



Several potential future developments of the frapor&ware possible. First, individuals with a
higher tendency to engage in thought unrelatetigddsk at hand showed an increased thickness of
the medial prefrontal cortex and the anterior/mityalate cortex, which are regions of the brain
that have been associated with less temporal disicguof monetary rewards in an economic task
(Bernhardt et al., 2014). To account for this ia gresent model, one could makdependent of

or vice-versa. Second, the happiness gained fraatieity could be affected by addiction. To
account for this, the model could represent thisnpimenon by making creative experierkce
dependent on time k(t). One psychological study (Slade, 2009) suggei$teckffectiveness of an
alternating sequence of improvements of convertienking, followed by divergent thinking, then
convergent thinking, and so on, for people affedtgdalinical depression. The present model could
account for this by making(t) dependent on(t-1). The creative productivity could be achieved
through “learning by doing”. The present model coatcount for this phenomenon by makfhg
dependent on timdi(t). Scores for psychometric intelligence appearet@bly predict scores for
cognitive flexibility (Duff et al., 2013). The prest model could account for this by making
dependent ofi.
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