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ABSTRACT

Openness to experience is the broadest personality domain of the Big Five, includ-
ing a mix of traits relating to intellectual curiosity, intellectual interests, perceived
intelligence, imagination, creativity, artistic and aesthetic interests, emotional and fan-
tasy richness, and unconventionality. Likewise, creative achievement is a broad con-
struct, comprising creativity across the arts and sciences. The aim of this study was to
clarify the relationship between openness to experience and creative achievement.
Toward this aim, I factor analyzed a battery of tests of cognitive ability, working mem-
ory, Intellect, Openness, affect, and intuition among a sample of English Sixth Form
students (N = 146). Four factors were revealed: explicit cognitive ability, intellectual
engagement, affective engagement, and aesthetic engagement. In line with dual-
process theory, each of these four factors showed differential relations with personality,
impulsivity, and creative achievement. Affective engagement and aesthetic engagement
were associated with creative achievement in the arts, whereas explicit cognitive ability
and intellectual engagement were associated with creative achievement in the sciences.
The results suggest that the Intellectual and Openness aspects of the broader openness
to experience personality domain are related to different modes of information
processing and predict different forms of creative achievement.

Keywords: openness to experience, openness, intellect, intelligence, implicit cogni-
tion, arts, sciences, creative achievement, dual-process theory.

Within the Five-Factor taxonomy of personality traits, openness to experience is the
broadest domain, including a mix of traits relating to intellectual curiosity, intellectual
interests, perceived intelligence, imagination, creativity, artistic and aesthetic interests,
emotional and fantasy richness, and unconventionality (Batey & Furnham, 2006;
Carson, Peterson, & Higgins, 2003; DeYoung, Peterson, & Higgins, 2001; Feist, 1998;
Feist & Barron, 2003; Hirsh, DeYoung, & Peterson, 2009; King, Walker, & Broyles, 1996;
McCrae, 1987, Silvia, Nusbaum, Berg, Martin, & O’Connor, 2009; Silvia et al., 2008).
While the unifying theme of this broad personality domain is cognitive exploration
(DeYoung, in press), recent converging evidence suggests that cognitive engagement
with abstract and semantic information primarily through reasoning (Intellect) can be
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separated from cognitive engagement with sensory and perceptual information, at the
psychometric, neurological, and genetic levels of analysis (DeYoung, Grazioplene, &
Peterson, 2012; DeYoung, Peterson, & Higgins, 2005; DeYoung, Quilty, & Peterson,
2007; DeYoung, Shamosh, Green, Braver, & Gray, 2009; DeYoung et al., 2010; Jang,
Livesley, Angleitner, Riemann, & Vernon, 2002; Johnson, 1994; Mussel, Carolin,
Gelleri, & Schuler, 2011; Wainwright, Wright, Luciano, Geffen, & Martin, 2008).

Distinguishing Openness from Intellect may help clarify the nature of the associa-
tion of personality with creativity. While studies show medium and large effects of
openness to experience on measures of divergent thinking and creative achievement
(Carson, Peterson, & Higgins, 2005; King, Walker, & Broyles, 1996; McCrae, 1987;
Silvia, Nusbaum, Berg, Martin, & O’Connor, 2009), Nusbaum and Silvia (2011)
found that Openness significantly predicted creative achievement but not fluid rea-
soning, whereas Intellect predicted fluid reasoning but not creative achievement.
They did not, however, differentiate different domains of creative achievement. It is
quite likely that both Openness and Intellect show different relations to creative
achievement in the arts and sciences. The aim of this study was to break down the
openness to experience domain into its various factors and investigate relations with
creative achievement across various scientific and artistic domains. Predictions are
informed by dual-process theory.

DUAL-PROCESS THEORY

In recent years, dual-process theories of cognition have become increasingly
required for explaining cognitive, personality, and social processes (e.g., Allen &
Thomas, 2011; Epstein, 1994, 2003; Evans, 2008, 2010; Evans & Frankish, 2009;
Gilhooly & Murphy, 2005; Gilhooly & Fioratou, 2009; Kahneman, 2011; Kahneman
& Frederick, 2002, 2005; Lieberman, 2003, 2007; Lin & Lien, 2013; Stanovich, 2004,
2009, 2011; Stanovich & West, 2000; Strack & Deutsch, 2004; Kaufman, 2009a,
2011—but also see Keren and Schul (2009), Kruglanski and Gigerenzer (2011), and
Osman (2004)). Although the precise specifications of the theories differ, there are
some unifying themes (Evans, 2008; Stanovich & Toplak, 2012).

“Type 1” processes (Evans, 2008) consist of a “grab-bag” of different (and not nec-
essarily correlated) processes, including affect, intuition, evolutionary evolved mod-
ules, implicit learning, latent inhibition, and the firing of learned associations
(Stanovich & Toplak, 2012). According to Stanovich and Toplak (2012), the defining
feature of Type 1 processing is autonomy: “the execution of Type 1 processes is manda-
tory when their triggering stimuli are encountered, and they are not dependent on
input from high-level control systems” (p. 7). In contrast, Stanovich argues that the
defining feature of “Type 2” processes is the ability to sustain decoupled representa-
tions—in other words, to sustain thinking while keeping real-world representations
separate from cognitive representations. According to Stanovich and Toplak (2012),
“decoupling processes enable one to distance oneself from representations of the world
so that they can be reflected upon and potentially improved (p. 10).” What Stanovich
refers to as cognitive decoupling is heavily tapped into by traditional psychometric
measures of intelligence and working memory (Conway, Cowan, Bunting, Therriault,
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& Minkoff, 2002; Conway, Jarrold, Kane, Miyake, & Towse, 2008; Engle, 2002; Kane &
Engle, 2002; Kaufman, DeYoung, Gray, Brown, & Mackintosh, 2009).

Although scores on traditional measures of intelligence correlate with openness to
experience around .3 (Ackerman & Heggestad, 1997; DeYoung, 2011), psychometric
intelligence and working memory are more strongly related to Intellect than
Openness (DeYoung, Quilty, Peterson, & Gray, 2013; DeYoung et al., 2005; Moutafi,
Furnham, & Crump, 2006). In fact, when Intellect and Openness are used as simul-
taneous predictors, only Intellect is related to psychometric intelligence (DeYoung,
2011; DeYoung et al., in press). In one sample of 104 healthy adults, Intellect but
not Openness was related to the ability to update working memory representations
and the brain areas associated with that activity in the left lateral anterior prefrontal
cortex and posterior medial frontal cortex (DeYoung et al., 2009). Therefore, Type 2
processes are more strongly related to Intellect than Openness.

What cognitive mechanisms are associated with Openness? While both Peterson,
Smith, and Carson (2002) and Peterson and Carson (2000) found a significant rela-
tionship between reduced latent inhibition (Lubow, 1989; Lubow & Weiner, 2009)
and openness to experience, Kaufman (2009a,b) found that reduced latent inhibition
was only significantly correlated with the affective/experiential aspects of the domain.
In addition, using structural equation modeling, Kaufman (2009a) and Kaufman
et al. (2010) found a double dissociation between implicit learning and working
memory: Implicit learning was related to Openness but not Intellect, whereas work-
ing memory was related to Intellect but not Openness. Taken together, these results
suggest that openness to experience can be situated within dual-process theory, with
Intellect being more strongly associated with Type 2 cognitive processing relative to
Type 1 cognitive processing and Openness being more strongly associated with Type
1 cognitive processing relative to Type 2 cognitive processing.

CREATIVE ACHIEVEMENT

Carson, Peterson, and Higgins (2003) found that eminent creative achievers among
a high-IQ sample of college students were seven times more likely to have a reduced
rather than enhanced latent inhibition (LI). The researchers did not, however, differ-
entiate different domains of creative achievement. Kaufman (2009a) found that
reduced latent inhibition was significantly correlated with creative achievement in the
arts, but not the sciences. Therefore, it is expected that creative achievement in the arts
will show stronger relations to Openness than Intellect, whereas creative achievement
in the sciences will show stronger relations to Openness than Intellect. Furthermore,
Openness is expected to relate to personality traits associated with Type 1 processing,
whereas Intellect is expected to relate to personality traits associated with Type 2 pro-
cessing. I test these predictions in a sample of English schoolchildren using a large bat-
tery of tests of cognitive ability, working memory, personality, affect, and intuition.

PARTICIPANTS

One hundred forty-six participants (44 male adolescents, 102 female adolescents)
were included in the analyses presented here. These participants were part of a larger
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study that involved 177 participants and formed the core of the author’s doctoral dis-
sertation (Kaufman, 2009a)." Out of the total sample of 177, the 146 participants
included in this analysis had no missing scores on tests that loaded on Openness or
Intellect (see Results section for a list of the tests that were entered into the Open-
ness/Intellect factor analysis). All participants were aged 16—18 years, and attended a
selective Sixth Form College (which takes high-achieving students who are in their
last 2 years of secondary education) in Cambridge, England. Participants engaged in
three separate 1.5-h testing sessions in groups at PC desktop terminals. To minimize
confounding factors, whenever possible, all participants received all tests in the same
order. Each participant earned £20 (about $31.44) for their participation in the three
testing sessions (which were part of a larger study).

MEASURES
COGNITIVE ABILITY

Fluid reasoning. The Raven’s Advanced Progressive Matrices Test, Set II (RAPM;
Raven, Raven, & Court, 1998) was used as a measure of fluid reasoning (o = .81,
N = 177). Each item consists of a 3 x 3 matrix of geometric patterns with the
bottom right pattern missing. The participants’ task is to select the option that
correctly completes the matrix. Descriptive statistics of the RAPM (M = 21.7,
SD = 5.4, Range = 7-33) suggests the current sample is comparable in IQ to the
average undergraduate student (Raven et al., 1998).

Verbal reasoning. The verbal reasoning section of the Differential Aptitudes Test
(The Psychological Corporation, 1995) was administered to each participant as a
measure of verbal reasoning ability (M = 24.5, SD = 5.9, Range = 9-38, o = .78
based on N = 177). Each problem consisted of a sentence with two words missing,
and participants chose a pair of words from the answer options that were related to
the words in the sentence in some way. After two practice items, participants had
15 min to complete 40 problems.

Mental rotation ability. The Mental Rotations Test, Set A (MRT-A; Vandenberg &
Kruse, 1978) contains 24 problems and measures mental rotation ability (M = 13.1,
SD = 5.3, Range = 2-24, o = .85 based on N = 177). Each problem in the MRT-A
shows a three-dimensional target figure paired with four choice figures, two of
which are rotated versions of the target figure. To score a point, both rotated
versions must be identified.

Working memory. An automated version of The Operation Span task (Ospan;
Turner & Engle, 1989) was used as a measure of working memory (M = 44,
SD = 5.3, Range = 2-24, o across all set sizes = .73 based on N = 177). The task
requires participants to store a series of unrelated words in memory while simulta-
neously solving a series of simple math operations, such as “Is (9/3) — 1 = 12”7 After
participants selected the answer, they were presented with a word (e.g., DOG) to

! Although three other papers have already been published using this dataset (Kaufman, 2009b; Kaufman

et al., 2009, 2010), this paper is the only one that (a) focuses on the Openness/Intellect domain, (b)
includes measures of creative achievement, (c) includes analysis of all Big Five aspects, and (d) includes
this precise combination of variables.
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recall. Then participants moved onto the next operation word string. This procedure
was repeated until the end of a set, which varied from two to six items in length.
Participants were then prompted to recall all the words from the past set in the
same order in which they were presented by typing each word into a box, and using
the up and down arrow keys to cycle through the boxes. Total Ospan score is the
sum of all correctly recalled words in their correct positions. The number of opera-
tion word pairs in a set was varied between two, three, four, five, and six with three
sets of each. Scores therefore ranged from 0 to 60. Prior research has demonstrated
significant correlations between Operation Span and g (e.g., Unsworth & Engle,
2005) and a high loading of Operation Span on a general working memory factor
(Kane et al., 2004).

PERSONALITY

The Big Five Aspect Scales (BFAS). The Big Five Aspect Scales assess the personal-
ity traits of the Five-Factor model or Big Five taxonomy (DeYoung et al., 2007). In
the BFAS, each of the five major domains is broken down into two sub-traits that
capture key aspects of the domain. Reliability of the BFAS scales can be found in
Tables 4 and 5.

NEO-PI-R. The Openness to Experience scale of the NEO-PI-R was administered.
The Openness to Experience scale is divided into six subscales or “facets” [descrip-
tions according to Piedmont (1998)]: Openness to Aesthetics (deep appreciation for
art and beauty), Openness to Action (preference for novelty and variety), Openness
to Fantasy (vivid imagination and active fantasy life), Openness to Feelings (recep-
tivity to one’s own inner feelings and emotions), Openness to Ideas (active pursuit
of intellectual interests for their own sake and a willingness to consider new, perhaps
unconventional ideas), and Openness to Values (readiness to reexamine social, polit-
ical, and religious values). The Aesthetics (o = .81, N = 177), Fantasy (o = .78,
N = 177), Feelings (o0 = .78, N = 177), and Actions (o = .61, N = 177) facets are
good markers of the Openness aspect of the domain, whereas the Ideas facet
(o0 = .80, N = 177) is a good marker of Intellect (DeYoung et al., 2007). Therefore,
only these five facets were included in the analysis presented here.

Rational—Experiential Inventory (REI). The Rational-Experiential Inventory was
used to measure both an intuitive and a rational cognitive style, which consist of the
two different aspects of Epstein’s Rational-Experiential model of personality
(Epstein, Pacini, & Norris, 1998; Pacini & Epstein, 1999). The REI is a 20-item ques-
tionnaire consisting two subscales—the rational and experiential inventories. The
rational inventory attempts to quantify an individual’s ability and preference for
relying on logic and analysis in making decisions and solving problems. This scale is
based on the Need for Cognition Scale, which correlates very highly with the Ideas
facet of the NEO-PI-R (r = .78; Cacioppo, Petty, Feinstein, & Jarvis, 1996). The REI
rational favorability subscale (o0 = .82, N = 177) was used to provide another marker
of Intellect. The experiential scale measures faith in intuition and a preference for
using gut feelings, intuitions, and emotions to make decisions (Kaufman, 2009b;
Pretz & Totz, 2007), and was used as a marker of Openness (o0 = .88, N = 177).
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Mpyers-Briggs Type Indicator (MBTI). The intuition/sensation (o = .86, N = 177)
and thinking/feeling scales (o0 = .88, N = 177) of the MBTI (Myers, McCaulley,
Quenk, & Hammer, 1998) were administered as measures of an affective and intui-
tive cognitive style. In recent years, researchers have found that the MBTI Intuition
scale measures a holistic form of intuition and is related to implicit cognitive pro-
cessing (Kaufman, 2009b; Pretz & Totz, 2007). On the MBTI, “Intuitive” individuals
are described as concentrating on patterns and possibilities rather than concrete
details, whereas a “sensing” person is more concerned with details and facts than an
intuitive person. “Feeling” individuals are described as making decisions based on
feelings and compassion whereas “Thinking” individuals tend to rely more on logic
and rules in interacting with people and making decisions, being more concerned
with the truth than social sensitivity. For the purposes of this study, the Intuition
scale was scored as a continuous dimension ranging from low (sensation) to high
(intuition). Likewise the Feeling scale was scored from low (thinking) to high
(feeling).

The UPPS impulsivity scale. The UPPS Impulsivity Scale (o0 = .77, N = 177) was
derived from factor analysis of a large number of scales commonly used to measure
impulsivity-related constructs (Whiteside & Lynam, 2001). The UPPS consists of
four subscales: Urgency, (lack of) Premeditation, (lack of) Perseverance, and Sensa-
tion Seeking. According to Whiteside, Lynam, Miller and Reynolds (2005, p. 561),
urgency “refers to the tendency to engage in impulsive behaviors under conditions
of negative affect despite the potentially harmful longer-term consequences”, (lack
of) Premeditation “refers to a difficulty in thinking and reflecting on the conse-
quences of an act before engaging in that act”, (lack of) Perseverance refers to both
“an individual’s inability to remain focused on a task that may be boring or diffi-
cult”, and “difficulty completing projects and working under conditions that require
resistance to distracting stimuli”, and Sensation Seeking is described as reflecting “a
tendency to enjoy and pursue activities that are exciting and an openness to trying
new experiences that may be dangerous.” Reliability of each UPPS subscale can be
found in Table 6.

CREATIVE ACHIEVEMENT

Creative Achievement Questionnaire (CAQ; Carson et al., 2005). The CAQ is a
measure of self-reported lifetime creative accomplishment in the arts and sciences.
The CAQ has demonstrated good test-retest reliability, as well as good convergent,
discriminant, and predictive validity (Carson et al., 2003). Participants received a
computerized version of the CAQ, where they indicated their achievements in the
following 10 separate domains of creative accomplishment: Architecture, Domestic
Arts, Visual Art, Music, Theater/Film, Dance, Inventions, Scientific Discovery, and
Humor. Participants received a sum of the weighted scores for each domain, and all
of the domain scores were summed to yield a total creative achievement score. The
mean CAQ score of all participants who took the CAQ (N =177) is 16.4
(SD = 13.2, minimum = 0, maximum = 74), which is close to the mean scores
found among a sample of Harvard undergraduate students (Carson et al., 2005).
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This number makes sense considering the current sample also consists of high-
achieving students. Consistent with prior theory and research (Carson et al., 2005;
Eysenck, 1995; Simonton, 1999, 2005, 2010), CAQ scores were not normally distrib-
uted, but were skewed to the right, with 87% of the participants obtaining a total
CAQ score of less than 29 (Figure 1). Indeed, this finding relates to one of Carson
et al.’s (2005) underlying assumptions about the nature of creative achievement:
“Fewer individuals attain higher levels of achievement. The CAQ was therefore
designed so that the levels of achievement acknowledged by the fewest individuals
received the most weight (p. 39)”. Reliability is not reported as CAQ does not get
scored in a way that allows for a sensible internal reliability measure (Silvia, Wigert,
Reiter-Palmon, & Kaufman, 2012).

MISSING VALUES

Due to computer error, values were missing for 11 participants for the test of
abstract perceptual reasoning, for which data from the other two markers of explicit
cognitive ability were used to impute the missing scores using expectation-
maximization.

RESULTS
TWO-FACTOR SOLUTION

Table 1 shows the two-factor solution using Principal Axis Factoring with
Oblimin rotation. I included in the factor analysis all measures of cognitive ability,
working memory, and self-report measures of Openness, Intellect, intuition, and
affect. The first factor is clearly “Intellect”, with loadings from self-report measures
of Intellect, cognitive ability, and working memory. The second factor is clearly
“Openness”, with loadings from self-report measures of Openness, intuition, and
affect. In addition, the correlation between the Intellect factor and the Openness fac-
tor was only .16, further supporting the distinction between the two factors.

Count

IIIII 1
1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76

CAQ Scores

FIGURE 1. Distribution of Creative Achievement Questionnaire (CAQ) scores
(N =177).
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TABLE 1.  Two-factor Model of Openness to Experience (N = 146) using Prin-
cipal Axis Factoring with Direct Oblimin Rotation

Measure Intellect Openness
NEO ideas .76 42
REI rational .76 .26
BFAS intellect 74 22
Fluid reasoning .63 .04
Verbal reasoning .60 .20
Mental rotation ability .54 —.05
Working memory 41 .20
BFAS openness 23 .79
NEO aesthetics 24 .76
NEO feeling .15 .68
NEO fantasy .25 .52
NEO action .16 47
MBTI intuition .28 46
MBTT feeling —.36 45
REI experiential —.23 .40

Note. Factor loadings over .4 are given in bold. A1 (Intellect) = 4.6 (30.41% Vari-
ance), A2 (Openness) = 2.75 (18.33% Variance). Total variance explained: 48.8%.
The structure matrix is presented in this table.

FOUR-FACTOR SOLUTION

To get a better grasp on the structure of the correlation matrix I followed
Goldberg’s (2006) “Bass-Ackwards” methodology and developed the hierarchical fac-
tor structure from the top down. This technique involves calculating the factor
scores of multiple rotated factor solutions, starting with a one-factor solution, pro-
ceeding to two- and three-factor solutions, etc., and ending with a solution where
the factors are still interpretable. Then the correlations among the factor scores from
adjoining levels are graphically represented as path coefficients in a hierarchical
structure. Research has found that this technique is useful in clarifying the relation-
ship among self-described personality-related adjectives, self-reported dissociative
experiences, eating habits and food preferences, musical behaviors and experiences,
and musical preferences (Dunn, de Ruyter, & Bouwhuis, 2011; Goldberg, 2006).

This technique has a number of advantages for the purpose of this study. First, it
allows for a visual representation of factors that are independent of all factors at other
levels. Second, the technique helps clarify the core components of each factor at each
level. Third, this technique allows for a top-down exploration of the structure of the
Openness/Intellect domain without the need to commit in advance to the optimal
number of factors to extract and rotate. I can simply go down the hierarchy until I
reach a level at which no new interesting factors emerge (Goldberg, 2006). This has
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advantages over a confirmatory factor analysis as the number of expected cross-load-
ings would make it difficult to specify an adequate a priori model.

The Bass-Ackwards analysis suggested that four levels were sufficient to meaning-
fully account for the covariance among all the tests (Figure 2). Therefore, I present
analyses in this article using factor scores generated from the Four-Factor solutions.

Table 2 shows the loadings of all the tests on the four factors. Altogether, the four
factors explained 64.24% of the total variance among all the tests. Loading on the
first factor are the three tests of intellectual engagement: REI Rational Favorability,
NEO Ideas, and BFAS Intellect. Therefore, I labeled this factor “Intellectual Engage-
ment”, to distinguish itself from the ability aspect of Intellect. The second factor had
high loadings from NEO Feeling, MBTI Feeling, and REI Experiential. I labeled this
factor “Affective Engagement” due to the affect-laden nature of the tests that loaded
the highest on this factor. Loading on the third factor were all of the measures of
cognitive ability and to a lesser extent the measures of Intellectual Engagement. The
measure with the highest loading on this factor is the Ravens Advanced Progressive
Matrices, which prior research has shown to be one of the best markers of g
(Lohman, 2001). As all the tests that have their primary loading on this factor relate
to explicit, goal-directed, intentional forms of cognition, I labeled this factor “Expli-
cit Cognitive Ability”. Finally, the three highest loadings on the fourth factor were
BFAS Openness, NEO Aesthetics, and MBTI Intuition. I labeled this factor “Aes-
thetic Engagement”, because the tests that loaded the highest on this factor relate an
appreciation of fantasy, imagination, aesthetics, and sensations.

T1E* / \ 84
Openness to Experience Intellect
2/2 2/1
| N
1.0 91%* 86%*
Openness to Experience Intellectual Explicit Cognitive
3/2 Engagement Ability
3/1 3/3
N | [
84** .93%* 99** 1.0
Affective Aesthetic Intellectual Explicit Cognitive
Engagement Engagement Engagement Ability
4/2 4/4 4/1 4/3

FIGURE 2. Direct-oblimin-rotated principal axis factors derived from all measures
of cognitive ability, working memory, and self-reported measures of
Intellect, Openness, intuition, and affect (N = 146) (Openness/Intellect,
first unrotated principal axis factor).
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Table 3 shows the correlations among the four factors. Although separable, Expli-
cit Cognitive Ability, Intellectual Engagement, and Aesthetic Engagement were all
moderately intercorrelated with one another. There was no relation, however,
between Affective Engagement and either Explicit Cognitive Ability or Intellectual
Engagement.

PERSONALITY

Table 4 lists the correlations between the Four-Factor model of openness to expe-
rience and the Big Five model of personality.

The only Big Five domain that was significantly associated with Explicit Cognitive
Ability was the Openness/Intellect domain. Intellectual Engagement was significantly
correlated with Conscientiousness, Extraversion, and Openness/Intellect. Affective
Engagement was significantly correlated with Agreeableness, Extraversion, and Open-
ness/Intellect. Finally, Aesthetic Engagement was positively associated with Agree-
ableness, Extraversion, and Openness/Intellect and negatively associated with
Conscientiousness. Interestingly, Affective Engagement had the lowest correlation
with the Openness/Intellect domain of personality and the highest correlation with
Agreeableness.

To further investigate the particular aspects of each Big Five domain that were
related to the four factors, I assessed the correlation between each of the four factors
and the 10 aspects of the Big Five as measured by the Big Five Aspect Scales (BFAS;
DeYoung et al., 2007). Table 5 shows the correlations among Openness/Intellect and
the 10 aspects of the Big Five.

While Intellectual Engagement was significantly correlated with Conscientiousness
and Extraversion (see Table 4), these correlations appear to be due to Intellectual
Engagement’s relation to the Industriousness aspect of Conscientiousness and the
Assertive aspect of Extraversion (see Table 5). Explicit Cognitive Ability was signifi-
cantly related to BFAS Intellect (r = .48, p <.01) and BFAS Openness (r = .26,
p < .01), although the correlation with BFAS Intellect was higher (see Table 5). While
Affective Engagement was positively related to Agreeableness and Extraversion, and
the positive correlation with Neuroticism approached significance (see Table 4), these
correlations seem to be due to Affective Engagement’s relation to the Volatility aspect
of Neuroticism, the Compassion aspect of Agreeableness, and both aspects of Extra-
version (Enthusiasm and Assertiveness; See Table 5). Note that correlation between
Affective Engagement and Compassion was particularly high (r = .64, p <.0l).
Finally, while Aesthetic Engagement was positively related to Conscientiousness and

TABLE 3.  Correlations among the four factors (N = 146)

Factor 1 2 3 4
1. Intellectual engagement -

2. Explicit cognitive ability A43 -

3. Affective engagement .01 —.12 -

4. Aesthetic engagement .38 .29 .50 -
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Extraversion, and negatively correlated with Conscientiousness (see Table 4), these
correlations appear to be due to Aesthetic Engagement’s positive relation to the Com-
passion aspect of Agreeableness, Aesthetic Engagement’s negative relation to both the
Industriousness and Orderliness aspects of Conscientiousness, and Aesthetic Engage-
ment’s positive relation to both aspects of Extraversion (Enthusiasm and Assertive-
ness).

Table 6 shows the correlations between the Four-Factor model of Openness/Intel-
lect and the Four-Factor model of impulsivity.

The Intellect factor was not related to impulsivity, whereas the Openness factor
was positively related to a lack of premeditation, urgency, sensation seeking, and
average impulsivity. Intellectual Engagement was only related to the perseverance
facet of impulsivity, in that those higher in Intellectual Engagement also reported
higher perseverance, planning and organizational skills. Explicit Cognitive Ability
was not related to any of the facets of self-reported impulsivity. This is consistent
with Intellectual Engagement’s correlation with the Industriousness aspect of Consci-
entiousness (see Table 6). Intellectual Engagement was not related to the other com-
ponents of impulsivity, although it was negatively related to average impulsivity.
Both Affective and Aesthetic Engagement were positively related to a lack of pre-
meditation, urgency sensation seeking, and average impulsivity. In addition,
Aesthetic Engagement was positively related to a lack of perseverance.

CREATIVE ACHIEVEMENT

Explicit Cognitive Ability was correlated with being perceived as an absent-
minded professor (r = .18, p < .05), whereas Intellect was not significantly related
with perceptions. Both Affective Engagement (r = .24, p <.0l) and Aesthetic
Engagement (r = .26, p < .01) were significantly correlated with perceptions as crea-
tive. Between the two Openness factors, Aesthetic Engagement was more strongly
related to being perceived as having an artistic temperament (r = .34, p < .001 vs.
r =.17, p < .05). Affective Engagement was negatively related to being perceived as
an absent-minded professor (r = —.19, p <.05) whereas there was no relation
between Aesthetic Engagement and being perceived as an absent-minded professor.

Table 7 shows the relationships between the Four-Factor model and creative
achievement across domains. As the distribution of creative achievement was heavily
skewed with many zero values, traditional regression methods cannot be employed
due to violations of the assumptions of normal residuals and homoscedasticity (Silvia
& Kimbrel, 2010; Silvia et al., 2012). Therefore, Poisson regression was employed,
using the robust Huber-White sandwich estimator to account for overdispersion.
Note that the unstandardized values are not as intuitively interpretable as more tra-
ditional regression standardized coefficients.

Each of the four factors differently predicted creative achievement across
domains. Intellectual Engagement was significantly related to self-reported creative
achievement in inventions and scientific discovery. Explicit Cognitive Ability was
positively related to creative achievement in scientific discovery and negatively
related to creative achievement in culinary arts. Affective Engagement showed posi-
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TABLE 6.  Correlations between the Four-Factor Model of Openness to Experience
and the Four-Factor Model of Impulsivity (N = 145)

Factor (lack) Urgency Sensation (lack) UPPS
Premeditation seeking Perseverance average

Intellectual —.06 —.15 .00 —.23%* —.17*
engagement

Explicit .04 .01 .07 .08 .08
cognitive ability

Affective 330 24 23%* .14 354
engagement

Aesthetic 31 .18%* 21%% A7* 33%%
engagement

Reliability (o) .87 .83 .85 .87

Note. Reliability is based on N = 177.
*p <.05, **p < .0l

tive relations to creative achievement in music, dance, humor, theater and film, and
total creative achievement scores, and was negatively related to creative achievement
in scientific discovery. Aesthetic Engagement was positively related to creative
achievement in visual arts, music, dance, theater and film, and total creative achieve-
ment scores.

To assess correlations with the arts and sciences, I grouped areas according to the
classification system of Carson et al. (2005), but excluded culinary arts from the sci-
ences category. This resulted in arts creative achievement consisting of visual arts,
music, dance, creative writing, humor, and theater and film and creative achieve-
ment in the sciences consisting of inventions and scientific discovery.

Table 8 shows the relationships between the Four-Factor model and creative
achievement in the arts and sciences.

Intellectual Engagement and Explicit Cognitive Ability were not related to creative
achievement in the arts, but were positively related to creative achievement in the
sciences. Both Affective and Aesthetic Engagement were significantly related to
creative achievement in the arts. While Aesthetic Engagement was not related to cre-
ative achievements in the sciences, Affective Engagement was negatively related to
creative achievement in the sciences.

Putting all four factors into a Poisson regression model with robust estimation,
none of the four factors independently predicted creative achievement in the arts,
although Affective Engagement approached significance (b = .236, Wald %* = 3.61,
p =.057). In contrast, Intellectual Engagement remained the only independent
predictor of the Sciences (b = .553, Wald XZ = 8.76, p < .01).
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TABLE 8.  Relationships among the Four-Factor Model of Openness to Experi-
ence and Creative Achievements in the Arts and Sciences (N = 146)

Arts Sciences
Factor > 2
b Wald y b Wald g
Intellectual engagement .062 .561 .545 21.547
Explicit cognitive ability —.022 .092 428 7.590
Affective engagement .380 23.658 —.235 5.807
Aesthetic engagement 327 23.283 —.038 .103

Note. The coefficients are unstandardized Poisson regression weights with robust
estimation. All values in bold are statistically significant p < .05.

DISCUSSION

In the Big Five taxonomy of personality traits, the openness to experience domain
lumps together a wide range of traits relating to cognition, affect, aesthetics, and
imagination. This study aimed to clarify the openness to experience domain and its
relation to different forms of creative achievement by situating it within dual-process
theory. Factor analysis of a large battery of measures of cognitive ability, working
memory, Intellect, Openness, intuition, and affect revealed two clearly distinct open-
ness to experience factors: Intellect and Openness.

Further analysis revealed four factors. Intellect split off into both ability and
engagement factors, with measures of cognitive ability and working memory loading
on the Explicit Cognitive Ability factor and self-report measures of Intellect loading
on the Intellectual Engagement factor. This finding is consistent with prior research
showing that Intellect is a larger construct consisting of both the ability and drive to
engage in complex problem solving and reasoning (DeYoung, 2011; DeYoung et al.,
2007; Stanovich, 2009; Stanovich & West, 2000). The essence of the Intellectual
Engagement factor appears to be a drive to engage in complex ideas, rational
thought, and the search for “truth” (Johnson, 1994), and this form of engagement is
at least partially separable from explicit cognitive ability.

Inclusion of self-reported intuition and affect measures proved useful by allowing
Openness to split off into two factors: Affective Engagement—relating to a preference
for using emotions, gut feelings, and empathy to make decisions and Aesthetic Engage-
ment—relating to a preference for aesthetics, fantasy, and emotional absorption in
artistic and cultural stimuli. The essence of this factor appears to be a drive to engage in
aesthetics, imagination, and the search for “beauty” (Johnson, 1994). This splitting of a
more affective-based Openness factor and a more holistic, imaginative-based Openness
factor is consistent with recent research on cognitive and daydreaming styles (Kaufman,
2009a,b; Norris & Epstein, 2011; Pretz & Totz, 2007; Zhiyan & Singer, 1997).

PERSONALITY

The pattern of relations between the Four-Factor model and personality is in line
with dual-process theory. Explicit Cognitive Ability showed no relation to any of
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the personality variables other than the larger openness to experience domain and a
weak negative correlation with Conscientiousness (but not any of the Conscien-
tiousness aspects). This is partly consistent with Eysenck’s (1994) assertion that
intelligence is not related to personality, but suggests that the exception is the open-
ness to experience domain (see DeYoung, 2011). Those scoring high in Intellectual
Engagement tended to be more industrious, assertive, and persevering—dispositions
associated with goal-directed behavior and higher levels of working memory. This is
consistent with DeYoung et al. (2007), in which the two aspects most strongly posi-
tively related to Intellect were Industriousness and Assertiveness. In contrast, both
Openness factors were more strongly related to experiential/affective forms of
engagement, including an intuitive cognitive style and impulsivity. The most nota-
ble difference between the two forms of Openness is that Compassion was much
more strongly related to Affective Engagement than Aesthetic Engagement. Future
research should further investigate Affective Engagement, and further tease apart
the intuition, empathy, compassion, and agreeableness aspects of this factor.

The results are also interesting in light of prior research on self-reported impul-
sivity (DeYoung, 2010; Whiteside & Lynam, 2001). Whiteside and Lynam (2001)
show evidence that the Big Five traits Conscientiousness, Extraversion, and Neuroti-
cism are related to impulsivity. While they did not find associations with the open-
ness to experience domain, they did not separate Openness from Intellect. The
results of this study suggest that this separation is revealing when looking at associa-
tions with self-reported impulsivity (DeYoung, 2010). Future research on impulsivity
should keep this separation in mind.

CREATIVE ACHIEVEMENT

Predictions relating to creative achievement were confirmed. Aspects of openness
to experience more strongly associated with Type 1 processes—Affective Engagement
and Aesthetic Engagement—independently predicted creative achievement in the arts
but not the sciences. In contrast, aspects of openness to experience more strongly asso-
ciated with Type 2 processes—Explicit Cognitive Ability and Intellectual Engagement
—independently predicted creative achievement in the sciences but not the arts. These
results have implications for threshold effect theories of creative achievement (Kauf-
man et al., 2011), suggesting that creative achievement in the arts does not require a
particular threshold for Type 2 processing. Put the other way round: the arts may
require a higher threshold for Type 1 processing than creative achievement in the sci-
ences! Indeed, as reported elsewhere, this same dataset reveals an association between
the Type 1 processes of implicit learning and reduced latent inhibition with aesthetic
and affective aspects of openness to experience, respectively (Kaufman, 2009a,b; Kauf-
man et al., 2010). This suggests that further research on the role of Openness and its
underlying Type 1 cognitive processing in the arts may prove fruitful.

There was no relationship between Aesthetic Engagement and creative achievement
in the sciences. Interestingly, there was a negative relationship between Affective
Engagement and creative achievement in the sciences. While it remains unclear
why this relationship exists, it may be the case that relying on intuitive feelings and
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compassion to make decisions can impede creativity in the sciences. This intriguing
possibility requires further investigation. Another interesting finding is that even
though both Explicit Cognitive Ability and Intellectual Engagement were associated
with creative achievement in the sciences, Intellectual Engagement predicted creative
achievement above and beyond Explicit Cognitive Ability. This suggests that Intellec-
tual Engagement is an important independent predictor of creative achievement in
the sciences, and deserves research attention independently of traditional measures of
intelligence. Consistent with this finding, von Stumm, Hell, and Chamorro-Premuzic
(2011) found that having a “hungry mind” (intellectual curiosity) had a significant
influence on academic performance independently of traditional measures of intelli-
gence. The current findings extend those results to creative achievement in the
sciences. It must be noted, however, that this study was conducted on high-achieving
adolescents specializing in particular domains. Future research should look at adult
creative achievers across an even wider range of domains.

CONCLUSION

This study supports the utility of separating various aspects of the openness to
experience domain when assessing relationships across various domains of creative
achievement. A Four-Factor model of openness to experience was presented. Tradi-
tional measures of intelligence and working memory helped clarify Intellect, whereas
self-reported measures of aesthetics, fantasy, intuition, and affect helped clarify
Openness. This more finely grained model of the openness to experience domain
offered nuanced predictions of personality, impulsivity, and creative achievement
across the arts and sciences in line with dual-process theory. An important future
line of research will be the investigation of the different cognitive mechanisms
underlying each of the four factors that were identified, at different levels of analysis
(genetic, neurological, cultural). Taken together, this study suggests that the Intellect
and Openness aspects of the broader openness to experience personality domain are
independently related to different modes of information processing and uniquely
predict important life outcomes.
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