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ABSTRACT Measuring creativity scientifically seems to be a challenging undertaking at the tertiary educational
level. The purpose of the research reported in this paper was to test and operationalize a model to measure
creativity at the tertiary educational level using SPSS and AMOS. These software packages were used to run causal
path analysis and cause-effect relationships using the Pearson’s product correlation coefficient (PPMC), a multiple
regression analysis and structural equation modelling (SEM) which included a confirmatory factor analysis (CFA).
The Fields Educational Creativity Model (FECM) was the result of the test and operationalization and showed a
mediating influence of cognitive psychology on the interplay between motivation and creativity. Creativity can be
measured at tertiary educational level and this can positively influence the globalized knowledge economy because
graduates will be critical, creative and imaginative thinkers and leaders who can work through complex problems
and make creative and purposeful changes and adaptations.

INTRODUCTION

Measuring creativity scientifically seems to
be a challenging undertaking. Jones said: “What
gets measured gets done. What gets measured
and fed back gets done well. What gets rewarded
gets repeated” (Williamson 2009: 2). Jones’s sen-
timent also applies to creativity. It is important to
measure creativity to ensure it is used properly. It
is critical to feed back the shortcomings of cre-
ativity to enable the development and enhance-
ment of creativity, and finally to reward progress
to ensure that creativity is sustained. Robelen
(2013) found however that the focus in education
was not on measuring student creativity, but rather
determining the extent to which schools provide
opportunities to foster creativity.

The primary business of higher education
can be summarized as the creation of prepared
minds (Fortino n.d.) and to do this, higher edu-
cation needs to prepare students for a lifetime of
uncertainty and constant change (Jackson 2008).
Hicks (2015:1) supports the views of Jackson
(2008) in that “learning how to be more creative
(and thus adaptable) is what prepares students
for life beyond the classroom”. Graduates need
to be critical, creative and practical thinkers. This
poses a challenge in higher education because
the focus of teaching and learning is on critical
and intellectual thinking, rather than creative
thinking and problem-solving. This was proven

with the Torrance Tests of Creative Thinking
(TTCT) which show that since 1990, creativity
has been decreasing significantly, although in-
telligence is increasing. Despite this challenge,
higher education institutions, as well as gov-
ernments and organizations, are realizing that
an increasing supply of highly educated and
creative workers, as well as creative leadership,
is critical to remain competitive in the global
knowledge economy (TLRP 2008; Bronson and
Merryman 2010; Brevis and Vrba 2014).

An important link also exists between a gov-
ernment’s tertiary education strategy and its
business growth agenda. However, not all gov-
ernments, higher education institutions and or-
ganizations have been able to understand what
creativity really means or what is needed for
successful creativity (Christensen et al. 2003)
and feel that establishing an environment to
nurture and promote creativity is a challenging
undertaking (Eppler et al. 2011). In addition to
the lack of understanding, Robinson (cited in
Vilalba 2008) warns that education seems to be
killing creativity. Tertiary education specifically
barely seems to acknowledge the existence of
creativity in most of the academic programs
(Jackson 2008). Hicks (2015) however indicates
that academia has started to embrace providing
courses in creativity in some countries.

Hadzigeorgiou et al. (2012) believe that a
deeper understanding and appreciation of cre-
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ativity and scientific creativity are required. Stu-
dents should be taught to think creatively and
transform creative thoughts into creative actions
(Tsai 2012). There should also be an apprecia-
tion of content knowledge in creative thinking
(Rowlands 2011), because fact-finding and deep
research are vital stages in the creative process
(Bronson and Merryman 2010). So, tertiary edu-
cation should be aimed at developing both con-
vergent (left-brain thinking) and divergent think-
ing (right-brain thinking) to prepare students for
the unknown future. Creativity cannot be devel-
oped if it is not measured to determine the cur-
rent level of creativity and then to inform teach-
ing and learning interventions to develop, en-
hance and reward creativity.

The purpose of the research on which this
paper is based was to test and operationalize a
model to measure creativity at the tertiary edu-
cational level using the Statistical Package for
the Social Science (SPSS) and Analysis of Mo-
ment Structure (AMOS). The paper starts with
various views on creativity as a phenomenon
and shows how these diverse views create var-
ious approaches and tests in an effort to explain
creativity. Attempts to explain creativity at an
educational level are then highlighted. They
show that there is a need for a model to measure
creativity at tertiary educational level specifical-
ly. A conceptual framework developed by Fields
(2012) is subsequently briefly discussed. This
discussion is followed by sections on the meth-
od, results and discussions, focusing on the test-
ing and operationalizing of the conceptual frame-
work in an effort to propose an improved model
to measure creativity at a tertiary educational
level.

Literature Study

The phenomenon of creativity appears to be
complex and elusive because different perspec-
tives and approaches are used to explain what
creativity is (Kerr and Gagliardi 2003; Vilalba
2008). There is some agreement that creativity
has to do with the production of something new
and has some sort of value and that everybody
can be creative to some extent (Vilalba 2008).
This view is supported by Bergh and Theron
(2009) and Bronson and Merryman (2011). Cre-
ativity ultimately depends on the capacity of
the individual to generate original solutions to
complex problems that call for creative thought

(Christiaans 2002; Barrett et al. 2013). Torrance
observed that creativity is “a successful step
into the unknown, getting away from the main
track, breaking out of the mold, being open to
experience and permitting one thing to lead to
another, recombining ideas or seeing new rela-
tionships among ideas” (Afolabi et al. 2009: 2).
From these explanations, it seems that creativity
enables people to think differently, thus becom-
ing capable of creating novel, better and sus-
tainable solutions to deal with complex prob-
lems. This type of thinking is often expected
from graduates at tertiary institutions.

The contemporary approach to creativity
indicates that strong skills in practical, scientif-
ic, concrete and analytical thinking should be
supplemented with new thinking to support the
generation of novel insights and ideas (Adams
2005). Heinze (2007 cited in Burbiel 2009) refers
to this approach as scientific creativity and iden-
tified five types of scientific creativity: (1) the
formulation of a new idea that explains and opens
a new cognitive frame; (2) the discovery of a
new empirical phenomenon that encourages the
formulation of new theories; (3) the develop-
ment of a new methodology to empirically test
theoretical problems; (4) the development of a
novel instrument that encourages the develop-
ment of new perspectives and research; (5)the
synthesis of existing knowledge into general the-
oretical laws which enables the analyses of di-
verse phenomena within a common cognitive
frame. These types are closely linked to what
tertiary institutions do to create knowledge
through various research activities. Scientific
creativity skills are also required from PhD stu-
dents and academics.

In addition, De Brabandere and Ivy (2013)
indicate that creativity should not refer to “think-
ing outside the box” or “without a box”, but
rather that the new paradigm for creativity is to
“think in new boxes”. In other words, the brain
needs to create new ways of thinking in a struc-
tured and multi-dimensional way. This requires
specific theoretical knowledge, practical appli-
cation of theoretical knowledge and the expo-
sure to various ways of thinking, using both
divergent and convergent thinking. Tertiary ed-
ucation aims to develop this in students.

The different views regarding the nature of
creativity led to the development of five ap-
proaches. Each approach offers unique insights,
understanding and application of creativity at a



MODEL TO MEASURE CREATIVITY 285

personal, organizational and educational level
(Petrowski 2000). The five approaches are the
psychometric approach, the contextual ap-
proach, the experimental approach, the biograph-
ical approach and the biological approach.

The psychometric approach assumes that
creativity is a measurable mental trait and focus-
es on developing tests which measure diver-
gent thinking (Plucker and Renzulli 1999 cited in
Petrowski 2000). Instruments measure aspects
of divergent thinking such as ideational fluency
and word association, as well as personality traits
of creative individuals (Feist 1999 cited in
Petrowski 2000). The contextual approach ex-
plains creativity as a systematic process involv-
ing individuals, gatekeepers (representing the
field or society) and the culture (or domain), rather
than an individual trait (Csikszentmihalyi 1999
cited in Petrowski 2000). Csikszentmihalyi (1999
cited in James et al. 2009) explains that the inter-
action between domain and individual transmits
information, the interaction between field and
domain selects novelty, and the interaction be-
tween the individual and the field stimulates
novelty. The experimental approach shows how
creative thinking is dependent on generative
processes, which include memory retrieval, as-
sociation and mental synthesis (Petrowski 2000).
The biographical approach is aimed at identify-
ing developmental experiences and environmen-
tal factors that contribute to extraordinary cre-
ative achievement such as birth order, childhood
trauma, family background and education (Sim-
onton 1999 cited in Petrowski 2000). The biolog-
ical approach is based on the view that psycho-
logical traits have a biological basis and explains
behaviors in terms of the physiology and struc-
ture of the brain (cortical brain activity) (Petrows-
ki 2000). These five approaches influenced the
development of a variety of measurement instru-
ments in an effort to determine whether an indi-
vidual is creative or not, and to find the so-called
creativity quotient (CQ).

Torrance and Goff (1989 cited in Cropley
2008) identified 255 different creativity tests.
These tests include personality tests that con-
tain various sorts of creativeness scales, tests
that measure the different styles with which peo-
ple express creativity, tests that measure diver-
gent thinking, tests that measure how suitable
various environments are for creative expres-
sion and tests that measure creative achieve-
ment (Epstein et al. 2008: 8). All these tests have

merit; however, many reviewers have questioned
their usefulness, usually on the grounds of tech-
nical shortcomings (Cropley 2008) and the mul-
tidimensional nature of creativity (Fryer 2012).
However, despite these objections, it is impor-
tant to determine a person’s level of creativity
before plans can be put in place to develop or
enhance creative ability and potential.

The problem at tertiary educational institu-
tions appears to be that different disciplinary
interpretations of creativity exist, which makes
the identification and measurement of creativity
difficult. In the arts there is a greater focus on
creativity than in the sciences, and it is a chal-
lenge to find agreement on how to measure cre-
ativity. In addition, there does not seem to be a
specific tool to measure the creativity of stu-
dents at higher education specifically.

Some researchers have attempted to explain
creativity at educational and tertiary education-
al level. The Enrichment Triad Model (ETM) was
developed by Renzulli in the 1970s. It is a pro-
gram for infusing high-end learning strategies
into existing educational programs to promote
excellence, enhance self-confidence, and nur-
ture creativity in students (Garcia-Cepero 2008:
295). The program was developed as an alterna-
tive to the available models for gifted education
and has been transferred to the regular class-
room as a model to develop students’ creative
productivity. A conceptual map of creativity in
teaching and learning was also created from
Phenomenography in 2004 (Tan and Prosser
2004). The conceptual map focuses on the ways
in which individuals experience, perceive, ap-
prehend, understand and conceptualize various
phenomena. The central part of the research
consisted of in-depth, semi-structured, face-to-
face interviews undertaken with 12 academics
from a range of disciplines. A phenomenograph-
ic analysis was also done on business students
by Petocz  et al. (2009). They found that although
the notion of creativity makes an appearance in
the lists of graduate attributes from many uni-
versities, it seems that it is rarely discussed as a
concept with students, and rarely appears as
part of the formal material of a course of tertiary
study, at least in business. Rather, it is held up
as a characteristic to aim for, and students are
told that the highest marks will be reserved for
work that displays creativity. The study high-
lights the importance for students to be aware
of the contextual aspects of creativity and the
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different ways in which creativity is recognised
in the particular domain in which they are work-
ing (Petocz et al. 2009). Research seems to still
be emergent and requires further analysis, but it
offers helpful clues regarding creativity in the
context of learning and teaching at tertiary edu-
cational level. Despite some research attempts,
a model to test creativity at tertiary educational
level specifically has not been fully developed
to meet the complex and diverse needs of tertia-
ry institutions.

The Model

Fields (2012) made an attempt to develop a
conceptual framework to measure creativity at
tertiary educational level. An exploratory factor
analysis using Varimax rotation was used and
the variance explained indicated that the mea-
suring tool to measure creativity was valid. Cron-
bach’s coefficient alpha (α) was used to test the
reliability of the factors identified as part of the
measuring tool and the overall reliability was
good. Kaiser, Meyer and Ohlin (KMO) also indi-
cated that the sample that was used to generate
data was adequate and the set of variables con-

sidered by the study are factorable. So it ap-
pears that the proposed conceptual framework
can be a good tool to use. The value for KMO
should be greater than 0.5 for the sample to be
regarded as adequate for a pair of variables (Field
2002). Values of 0.70 and higher are regarded to
be acceptable, according to Field (2007).

Fields and Bisschoff (2013) explain that the
conceptual framework to measure creativity at
the tertiary educational level consists of 12 fac-
tors. Figure 1 illustrates the 12 factors and the
variance per factor pertaining to creativity at ter-
tiary educational level.

According to this conceptual framework, 12
factors are needed to measured creativity at ter-
tiary educational level. Factor 1, challenging the
status quo, is the most important factor with a
favorable variance of 7.72 percent. This factor
points to an individual’s willingness and moti-
vation to challenge assumptions, to take initia-
tive, to look at the big picture, being creative in
an environment that tears down personal barri-
ers to creative thinking and being motivated to
be creative in his or her own interest areas. Fac-
tor 2, detachment, is the second most important
factor and points to the ability to separate pro-

Fig. 1.Conceptual framework to measure creativity at the tertiary educational level
Source: Adapted from Fields 2012
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cesses, resources, objects and dimensions in an
effort to be creative. Factor 3, synthesis, is the
third most important factor and points to the
ability to combine processes and to look for
uniqueness and similarity in processes to help
find solutions or generate ideas, as well as the
ability to combine concepts to find creative so-
lutions. Factor 4, cognition, points to the ability
to discover links and relationships by looking at
a variety of information sources, as well as the
ability to cope with complexities when a prob-
lem needs to be solved. Factor 5, associate and
communicate, points to the ability to generate
new ideas by looking actively for associations
among concepts, the use of brainstorming to
make associations and to propose new ideas
regularly and the ability to convince others of
the value of the creative ideas that have been
generated. Factor 6, awareness, points to the
ability to recognize gaps and contradictions in
existing knowledge, to see different aspects of a
problem and the ability not to get stuck on a set
of rules to solve a problem. Factor 7, similarity,
points to the ability to look for similarities in
problems, solutions, patterns and concepts. Fac-
tor 8, external motivation, points to the impact of
external pressures and people to solve problems
and to intentionally engage in unpopular ideas.
Factor 9, sensitivity, points to the sensitivity of a
person to various aspects of a problem. Factor
10, experiment and combine, points to the ability
to find the best creative solution by experiment-
ing and combining objects. Factor 11, dimension-
al thinking, points to the ability to consider the
dimensionality of an issue to create ideas in terms
of cost and time. Factor 12, problem-solving,
points to random attempts to solve a difficult
problem. Cronbach’s coefficient alpha (á) could
not be calculated for this factor and this factor
might therefore not be present in repeated stud-
ies. Only one item loaded onto Factor 12, albeit
with a high loading of 0.88. This factor explains a
variance of 2.93 percent.

The above-mentioned factors were grouped
into three groups. Factors 1-7 and 10-12 fall into
the cognitive psychology group. Tertiary edu-
cation requires more cognitive processes; there-
fore it is not surprising that more cognitive psy-
chological factors were identified in the model.
Factor 8 falls into the external influences group.
Motivation can be seen as a cognitive psychol-
ogy influence as well, but the model focuses on
external motivation specifically and therefore the

impact of the external environment on creativity
needs to be considered and measured. Factor 9
falls into the personality characteristics group.
This factor too has a link to cognitive psycholo-
gy even though it can be linked to personality
traits.

The purpose of the research reported in this
paper was to test and operationalize a model to
measure creativity at the tertiary educational lev-
el using structural equation modeling (SEM). The
method used to do this is described below.

RESEARCH  DESIGN  AND
METHODOLOGY

The research was done in two stages. In
stage one, the main objective was to develop a
conceptual framework to measure creativity at
tertiary educational level using a survey research
design in testing and operationalizing a model
and an exploratory factor analysis (EFA). An EFA
was used because the number of factors that
were necessary to explain the interrelationships
among the set of variables were not known and
the underlying dimensions of the construct be-
ing researched needed to be determined.

A university in South Africa was used as the
target population and a total of 500 question-
naires were distributed, using the convenience
sampling technique. Of these, 322 were complet-
ed (a response rate of 64.4%). The data were
analyzed with the SPSS version 18 (SPSS 2009).
The collected data were analyzed, purified and
tested.

Stage one consisted of six steps. In step 1
the creativity influences were extracted and se-
lected from literature. In step 2 the measuring
criteria for each creativity influence was identi-
fied. A measuring instrument (a closed-ended
questionnaire) was constructed from the litera-
ture to test creativity using the influences iden-
tified in step 3. In step 4 the questionnaire was
distributed at one university and 322 were com-
pleted (a 64.4% response rate).The data collect-
ed were subjected to a principal component fac-
tor analysis using a Varimax normalized rotation
in step 5. The measuring instruments were re-
vised to enhance the reliability (Cronbach’s co-
efficient alpha (α)) of the scales in the question-
naire. For the study a reliability coefficient of
0.70 was set to conform to the general norm as
explained by Schmitt (1996). It is important to
note that the lower limit set by Cortina of above
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0.57 was also set as a secondary acceptable reli-
ability coefficient. The reliability of the 12 fac-
tors is shown in Table 1.

Factors 1-7 and 9 all have satisfactory reli-
ability coefficients in excess of the required 0.70.
Factors 8 and 11 are below the higher reliability
coefficient of 0.70, but above the lower limit of
0.57 set by Cortina, and are thus accepted to be
reliable factors. Factor 10 is marginally lower that
the lower limit of 0.57 set by Cortina with a sec-
ondary acceptable reliability coefficient of 0.56;
therefore this factor might not present itself in
repeated research. However, this fact does not
make a factor less important to the current study,
and as such this factor should be interpreted
with this possible constraint in mind (Field 2007).

The Kaiser-Meyer Olkin (KMO) measure
and the Bartlett test of sphericity were applied
to determine whether thedata were suitable for a
factor analysis. Both the KMO and the Bartlett
test showed very favorable values with KMO in
excess of 0.80 in all three cases while improving
the variance explained from 0.63 to 0.66 when
the low and dual loading criteria were deleted.
The Bartlett test of sphericity also remained be-
low the required 0.000 level.The result of these
steps was a conceptual framework to measure
creativity at tertiary education (Fields and Biss-
choff 2014). This paper focuses on what was
done after the development of the conceptual
framework (stage two).

An additional analysis was conducted using
the SPSS version 21 and AMOS 21.  These soft-
ware packages were used to run causal path anal-
ysis or cause-effect relationships using the Pear-
son’s product correlation coefficient (PPMC) and
structural equation modeling (SEM) which includ-
ed a confirmatory factor analysis (CFA).

The direction, strength and significance of
bivariate associations among the constructs
were examined utilizing Pearson’s correlation
coefficients via the IBM statistical package for
the SPSS version 21. This was done before in-
troducing the latent variables into the measure-
ment and structural models in AMOS.

SEM (with AMOS) was instrumental in ana-
lyzing the theoretical framework developed in
stage one to determine the extent to which cogni-
tive psychology mediates the relationship be-
tween motivation and creativity. AMOS is de-
signed to evaluate or test structural equation
models and determine the linear relationships
among latent and manifest (observed) variables
(Sekaran and Bougie 2009). In this context, latent
and manifest variables are synonyms of unob-
served and observed variables respectively.

The construct validity of the proposed mod-
el was assessed by appraising the percentage
of the overall variability described by each di-
mension attained via CFA (Duff and Duffy 2002).
CFA is instrumental in examining the fitness of a
proposed model as a form of structural equation
modelling (Williams et al. 2012). Construct valid-
ity was determined using various model fit indi-
ces. It is illustrated in the section in which the
results are discussed.

RESULTS

The results (represented as four models) are
discussed after the statistical techniques, used
as the indices to determine model fit, are briefly
explained. The indices used to interpret the re-
sults were: chi-square (CMIN), normed-chi-
square value (CMIN/DF), goodness of fit index
(GFI), adjusted goodness of fit index (AGFI),
Root mean square error of approximation (RM-
SEA), normed fit index (NFI), comparative fit in-
dex (CFI), Tucker-Lewis Index (TLI), Incremen-
tal Fit Index (IFI) and p-value.It is advised that
once at least four indices are good, one can con-
clude a good model fit (Hooper et al. 2008).

The CMIN forms one of the criteria for as-
sessing the general fitness of the model, as well
as the degree of inconsistency between the sam-
ple and covariance matrices (Hu and Bentler
1999). This is reported using the chi-square val-
ue, degree of freedom and the corresponding P
value. In cases of large chi-square values and
degree of freedoms, the normed-chi-square test
was adopted, which is the chi-square value di-
vided by the degree of freedom. The standard
rule is that the CMIN/DF must not be greater

Table 1: Reliability of the factors

Factor                       Cronbach’s coefficient alpha (á)

1 0.753
2 0.741
3 0.737
4 0.768
5 0.755
6 0.735
7 0.737
8 0.625
9 0.751
1 0 0.559
1 1 0.597
12 ***
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than 5. If the CMIN/DF falls in the range of 2 to
1 or 3 to 1, it indicates acceptable fit between the
hypothetical model and the sample data (Car-
mnines and McIver 1981 cited in Anon 2007).

The GFI was developed by Joreskog and
Sorbom as an alternative criterion for measuring
the degree of variance that emanates from the
estimated population covariance (Hooper et al.
2008). The AGFI is another criterion for assess-
ing the fitness of a measurement or structural
model. The value for GFI and AGFI ranged be-
tween 0 and 1. An acceptable indicator of good
model fit starts from 0.8 to a cut-off point of 0.95
(Hooper et al. 2008).

The RMSEA is seen as “one of the most in-
formative fit indices” (Diamantopoulos and
Siguaw 2000: 85) based on the RMSEA’s sensi-
tivity to the number of estimated parameters in
the model (Hooper et al. 2008). It shows how
well a model is suited to the population covari-
ance/correlation matrix. A RMSEA less than 0.05
indicates good fit, 0 indicates exact fit, from 0.08
to 0.10 indicates mediocre fit, and greater than
0.10 indicates poor fit. Katou and Budhwar (2010)
indicated that values less than 0.08 suggest a
model fit approximation.

The NFI is one of the incremental fit indexes
used to examine the fitness of models, measures
the fitness of the model by comparing the chi-
square values of the model and those of the null
model (Hooper et al. 2008). The values also range
from 0 to 1 and Bentler and Bonnet (1980 cited in
Hooper et al. 2008) recommend that the values
must be greater than 0.9 before a model can be
regarded as a good model fit.

The CFI was designed as a revised form of
NFI by Bentler with reasonable consideration of
sample size appropriateness (Hooper et al. 2008).
The values expected of incremental indexes also
range from 0 to 1. However, a CFI value of great-
er than or equal to 0.9 is an acceptable indicator
of good model fit, while a CFI value of greater
than or equal to 0.95 is regarded as an indicator
of perfect model fit (Hu and Bentler 1999). Other
incremental fit indexes used to assess the fit-
ness of models are the TLI (Tucker and Lewis
1973) and the IFI (Bollen 1989) and both should
be equal to or greater than 0.90 for the modelto
be accepted as a good model fit.

The results of the model fit indices are indi-
cated directly below after each of the four mod-
els. Once at least four indices are good, one can
conclude a good model fit. The latent variables

are represented by circles, while the manifest
variables are represented by boxes in the mea-
surement and structural models.

Figure 2 (Model 1) shows the results of the
CFA model appraising the percentage of the
overall variability described by each dimension.
The indexes, listed below Figure 2, suggest a
good fit of the constructs to the data set. Statis-
tically, all factor loadings in the measurement
model were found positive, large (0.40 to 0.97)
and highly significant (p < 0.001), which also
confirmed the validity of the measurement mod-
el. This confirmed that the CFA of the constructs
utilized in this study were led by the theoretical
propositions, modification indices and factor
loadings (Maiyaki 2012). This suggests why all
the indicators of goodness of fit reported below
in Figure 2 were evidence of good model fit indi-
ces. Note: DT = dimensional thinking, CSQ =
challenging the status quo and PS = problem
solving

Chi-square (CMIN) = 147.385; DF = 62;and
p-value = 0.000.

CMIN/DF = 2.377 (<5); GFI = 0.938 (>.90);
NFI = 0.919(>.90);  IFI = 0.951(>.90); TLI =

0.927(>.90); CFI = 0.950 (>.90); RMSEA = 0.065
(slightly above .05)
Having established that all model fit indices

presented above are good, this implies that the
underlined dimensions of the various factors
considered in the measurement model are valid.

The structural model as illustrated in Figure
3 shows that cognition has an impact on chal-
lenging the status quo (0.97), problem-solving
(0.88) and fluency (0.70). Motivation has an im-
pact on cognition (0.87) and dimensional think-
ing (0.70).

Chi-square = 155.917; DF = 72; p-value =
0.000;

CMIN/DF = 2.166(<5); GFI = 0.935(>.90);
AGFI = 0.905(>.90); NFI = 0.914(>.90); IFI =

0.952(>.90); TLI = 0.938(>.90); CFI = 0.951(>.90);
RMSEA = 0.060(slightly above .05)

The model fit indices, listed Figure 3, sug-
gest a good model fit.

Figure 4 shows the link between cognitive
psychology and creativity. Cognitive psychol-
ogy impacts on challenging the status quo (0.97),
problem-solving (0.87), fluency (0.70) and dimen-
sional thinking (0.63).

Chi-square = 122.250; DF = 50; p-value =
0.000;

 CMIN/DF = 2.445(<5); GFI = 0.941(>.90);
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Fig. 2 Measurement model (confirmatory factor analysis)

Fig. 3.Structural model indicating the direct impact of cognition and motivation on outcomes
variables

AGFI = 0.908(>.90), NFI = 0.924(>.90);  IFI =
0.954(>.90); TLI = 0.938(>.90); CFI = 0.953(>.90);
RMSEA = 0.067(slightly above .05)

 The indices, listed  Figure 4, suggest a good
model fit.

Table 2 highlights the standardized regres-
sion weights for latent and manifest variables.
The table shows all standardized regression
path estimates or beta loading from cognitive
psychology to the factors measuring creativity.

The highest contribution in the structural
model is the direct influence of cognitive psy-
chology on challenging the status quo (0.973).
The next highest contribution in the structural
model is the mediating influence of cognitive
psychology on problem-solving (0.874).

The purpose of this paper was to test a mod-
el to measure creativity at the tertiary educa-

Table 2: Standardized Regression Weights:
(Group number 1 – Default model)

Estimate

DT_ <—- CPsychology_ .634
PS_ <—- CPsychology_ .874
Fluency_ <—- CPsychology_ .697
CSQ_ <—- CPsychology_ .973
InCPs <—- CPsychology_ .745
ExCP <—- CPsychology_ .707
Similarity <—- DT_ .796
CSolution <—- DT_ .541
Comm <—- CSQ_ .772
Orig <—- CSQ_ .728
b1 <—- Fluency_ .711
b2 <—- Fluency_ .805
b3 <—- Fluency_ .823
TND <—- PS_ .668
Iresearch <—- PS_ .732
Iinitiative <—- PS_ .710
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 tional level using SPSS and AMOS. The Fields
Educational Creativity Model (FECM) was the
result of the test and operationalization and
shows the mediating influence of cognitive psy-
chology on the interplay between motivation
and creativity. The new model, called the Fields
Educational Creativity Model (FECM), is shown
in Figure 5.

Chi-square (CMIN) = 31.548; DF = 17; p val-
ue= .017;

CMIN/DF = 1.856(<5); GFI =
0.976(>.90);AGFI = 0.949(>.90); NFI = 0.966(>.90);

 IFI = 0.984(>.90); TLI = 0.973(>.90); CFI =
0.984(>.90); RMSEA = 0.052(slightly above .05).

Only focusing on the three main concepts of
the model (motivation, cognitive psychology
and creativity), the following exogenous and
endogenous variables were identified. Exoge-
nous variables have an external origin and these
show that causes are not included in the model.
In Figure 5, the exogenous variable is motiva-
tion, so it is not clear what causes motivation.

Endogenous variables have an internal ori-
gin and are represented as the effects of other
variables. In Figure 5, the endogenous variables
are cognitive psychology and creativity. The fig-
ure shows that motivation has an effect on cog-
nitive psychology and creativity. Cognitive psy-
chology also effects creativity. The direct path
from motivation to creativity (0.16) in the struc-
tural model is statistically insignificant (p value
= 0.319). This was also established by the stan-
dardized direct effect – two-tailed insignificant
value (p = 0.534).Hence, cognitive psychology
fully mediates the relationship between motiva-
tion and creativity. Judging from the model fit
indices listed in Figure 5, one can conclude a
good fit and that the model can be used to mea-
sure creativity at tertiary educational level. The
standardized regression weights of latent and
manifest variables in FECM are presented in
Table 3.

Fig. 3. Structural model indicating the direct impact of cognition and motivation on outcomes
variables
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DISCUSSION

In the knowledge economy, graduates need
to be critical, creative and imaginative thinkers
who can work through complex problems and
make creative and purposeful changes and ad-
aptations. “Creativity and innovation have be-
come important commodities in the world’s mar-
ketplace.  Universities that ignore this fact risk
becoming irrelevant and of graduating students
qualified only for second- and third-tier jobs”
according to the Texas Institute for Creativity
and Innovation (SFA 2015). It is therefore impor-
tant to measure creativity at tertiary educational

Table 3: Standardized Regression Weights:
(Group number 1 – Default model)

Estimate

Cpsychology_ <—- Motivation_ .788
Creativity_ <—- Cpsychology_ .871
Creativity_ <—- Motivation_ .160
InCPs <—- Cpsychology_ .743
ExCP <—- Cpsychology_ .715
D T <—- Creativity_ .516
PS <—- Creativity_ .754
CSQ <—- Creativity_ .822
Fluency <—- Creativity_ .641
Self-motivated <—- Motivation_ .412
Extpressures <—- Motivation_ .711

Fig. 4. Structural model indicating the link between cognitive psychology and creativity
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level to determine how it can be developed, en-
hanced and rewarded. This aspect is currently
lacking because measuring creativity and inno-
vation is hard to do according to Thomas (2015).
The purpose of the research on which this pa-
per is based was to test and operationalize a
model to measure creativity at the tertiary edu-
cational level using the structural equation
modelling. This should be helpful to try and
measure creativity at tertiary educational level.

The purpose of this paper was to test and
operationalize a model to measure creativity at
the tertiary educational level using SPSS and
AMOS. The results showed that the conceptual
framework can be used to identify creativity;
however the results from FECM are even better
to measure creativity at tertiary educational lev-
el. This is due to the additional statistical meth-
ods used which include the PPMC, a multiple
regression analysis, SEM and confirmatory fac-
tor analysis (CFA). The FECM (Fig. 5) showed a
good model fit and it can therefore be seen as a
reliable and valid model to use to measure cre-
ativity at the tertiary educational level. The model
shows the link between cognitive psychology,

creativity and motivation. The strongest link
exists between cognitive psychology and cre-
ativity and the weakest link exists between moti-
vation and creativity.

The FECM revealed that cognitive psychol-
ogy has a mediating influence on motivation and
creativity at tertiary education level. Cognitive
psychology focuses on the way humans pro-
cess information and how behaviour is conse-
quently influenced (McLeod 2007). This means
that motivation has an impact on creativity
through cognitive psychology.

There are two types of motivation: extrinsic
and intrinsic. The results (Fig. 3) showed that
motivation has an impact on cognition (0.87) and
dimensional thinking (0.70). The contextual ap-
proach supports this result and indicates that
creative people are intrinsically motivated to be
creative in a specific domain (Petrowski 2000).
Hennessey’s (2003: 266) view is that “intrinsic
motivation is a primary driving force behind the
creative process” and Mumford (2000: 324) ar-
gues that “creative work calls for both intrinsic
and extrinsic motivation”. Initially, the concep-
tual framework developed by Fields (2012) indi-

Fig. 5. The Fields Educational Creativity Model (FECM)
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cated that the external influences affect creativ-
ity, but the FECM model indicates that external
pressures have a greater impact on motivation
to be creative than inner drives (self-motivation)
among students at tertiary institutions.

Creativity, according to Figure 4, is a result
of challenging the status quo, problem-solving,
fluency and dimensional thinking. The results
indicate that cognitive psychology has a direct
influence on challenging the status quo (0.97),
problem-solving (0.87), fluency (0.70) and dimen-
sional thinking (0.63). This supports Torrance’s
view that creativity is “breaking out of the mold,
being open to experience and permitting one
thing to lead to another, recombining ideas or
seeing new relationships among ideas” (Afola-
bi et al. 2009: 2). The conceptual framework de-
veloped by Fields (2012) placed a lesser focus
on problem-solving that the FECM model. In
the conceptual framework problem-solving was
identified as the 12th factor and it was indicated
that this factor might not be present in repeated
studies. This was not supported in the FECM
model. While validating the data, sensitivity was
excluded in the models because Cronbach’s co-
efficient alpha (α) was less than 0.700 and a cre-
ative mind set was also excluded in the models
because Cronbach’s coefficient alpha (α) was
less than 0.700. Manifest variables included in
the models as factors measuring problem-solv-
ing (latent variable) were: (1) Thinking of a new
development (TND), (2) Imagination – research
(Iresearch) and (3) Imagination –initiative (Iini-
tiative). Creative problem-solving is critical in
creativity to generate novel solutions. Osborn-
Parnes developed the Creative Problem Solving
(CPS) model in 1963 to show the importance of
creative problem-solving and this model is used
extensively (Mitchell and Kowalik 1999). Cre-
ative problem-solving is also important at tertia-
ry educational level and can even be linked to
Heinze’s scientific creativity (Heinze 2007 cited
in Burbiel 2009).

CONCLUSION

The result of the testing and operationaliza-
tion was the Fields Educational Creativity Mod-
el (FECM) which is proposed as a model to mea-
sure creativity at tertiary institutions. The FECM
showed a good overall model fit and showed
that cognitive psychology fully mediates the
relationship between motivation and creativity.

To ensure that graduates are creative, tertiary
institutions need to develop cognition in an ef-
fort to make students more creative. This in-
volves the development of divergent thinking
(for example, conceptual skills) and convergent
thinking (for example, analytical skills). A whole-
brain approach is therefore necessary to be cre-
ative and it requires using divergent and con-
vergent thinking simultaneously.

The contribution of this research is the
FECM model that was developed as a proposed
measure to determine the creativity of students.
The model can assist in identifying ways of de-
veloping and enhancing students’ creativity.
This is a very important contribution due to the
impact creativity has on the competitiveness of
nations and organizations in the global knowl-
edge economy.

There are, however, limitations to all research
activities and the FECM model is no exception.
The research was done in South Africa and one
university was used to collect data. However,
the use of various statistical packages and tech-
niques, as well as the result of a good model fit,
confirmed that the FECM model is a reliable and
valid model to propose. It is suggested that fu-
ture research include more universities and var-
ious countries to compare results and to modify
the model if needed.

Creativity can be measured and when cre-
ativity is measured and feedback is provided, it
is developed, done better, done well and gets
repeated. This starts a ripple effect which will
open more students’ minds to new depths, rich-
ness and presence which will have a positive
influence on the global knowledge economy and
human existence.

RECOMMENDATIONS

It is recommended that the FECM be tested
at various tertiary institutions and used to in-
form teaching and learning interventions to de-
velop, enhance and reward creativity. Students
should be taught to think creatively and trans-
form creative thoughts into creative actions. This
can be done by developing external cognitive
processes where students can expand their nor-
mal cognitive processes with external aids (for
example, visualization, work spaces) and inter-
nal cognitive processes, which involve percep-
tion, attention, language, memory and thinking.
Teaching methods and assessment should fo-
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cus on developing whole-brain thinking and
learners should be encouraged to challenge the
status quo, use dimensional thinking, creative
problem-solving and fluency to generate viable
and sustainable ideas. Progress should be mea-
sured to determine creative development of all
the students at tertiary institutions. This ap-
proach can further be supported if educators
align teaching-learning materials with methods
of testing that will promote memory, comprehen-
sion, skills for practical work and creativity. In
addition to developing cognition and knowledge
creation, tertiary institutions should develop
creativity boosters for students to help develop
creativity, especially at undergraduate level. This
could involve nurturing mental health; invest-
ing in teaching environments that enhance cre-
ativity (for example, by using green in lecture
venues to activate creative thinking and having
a space where students can take ‘creative time
out’ to allow for the incubation of ideas as part
of the teaching and learning process); and stim-
ulating curiosity by using different teaching tech-
niques (for example, exploration and conceptual
conflict).
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