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ABSTRACT

Creative thinking is one of the skills that must be mastered by students in the 21% Century. Some students fail and do not
proficient in computer programming because they have low creative thinking skills. One of the computer programming
learning to increase creativity is digital storytelling. The most commonly used measurement of creativity is the Torrance
Test of Creative Thinking - Figural (TTCT-F), which consists of fluency, flexibility, originality, and elaboration. The
problem faced when using TTCT-F is that it requires a long time and high subjectivity, the measurement results therefore
are inconsistent. This study proposes the validation process exploiting Rasch model of automatic assessment tools to
measure student creativity. Discriminant validity likely exists between computational thinking and creative thinking.
Values of fit indices are in the range between 0.92 and 1.22 for Infit MNSQ and between 0.93 and 1.12 for Outfit
MNSQ. These mean that the items are homogeneous with other items in a measurement scale. The Range of logit
measurement of creative thinking reveal the data is slightly skewed with respect to person ability. Item difficulties for the

easiest item is originality scales and the most difficult item is elaboration scales.
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1. INTRODUCTION

Computer programming is an applicable skill. Basic
programming courses can be trained by programming
languages such as C, C ++, Java, Scratch, and Python. For
Informatics students, programming plays an important role
in improving problem-solving skills and is an important
means of interacting with computer systems. It is
important for students not only to master programming
principles, methods, and techniques, but also the ability to
think  computationally and creatively.  Computer
programming requires critical thinking, problem-solving,
computational thinking, creative, and systems design
skills. The need for computational and creative thinking
has received wide attention so that students are ready to
face life in the 21st century [1], [2].

Students and teachers frequently face numerous
problems during learning. Programming concepts and
language syntax become obstacles to learning
programming. The mean score of the programming ability
of first-year students was 22.89 out of 110 points [3].

Besides, the dropout rate is between 30 and 40 percent,
which reveals how enthusiastic students learn to program

[4]

The main challenge faced by students when programming
is determining creative solutions according to certain
requirements [5]. Some students fail in programming
because they have poor creative thinking skills [6]. This
results in low student motivation towards programming.
Creative thinking is defined as thinking that is flexible,
imaginative, and innovative which utilizes all person’s
skills and experiences [7]. In programming, creative
thinking will produce smart new solutions in resolving
computational problems and increase the effectiveness of a
solution [8]. Creativity is thus required to create new
products and technologies in which Informatics is a field
with a high level of innovation. One form of learning in
computer programming is to increase creativity is digital
storytelling.

The most frequently used test to measure creativity is
the Torrance Tests of Creative Thinking (TTCT) [9] and is
adapted from Guilford's concept of divergent thinking.
This test measures creativity at four scales; fluency,
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flexibility, originality, and elaboration. Fluency is the
ability to generate a large number of ideas or solutions to
problems in a short period of time. Flexibility is defined as
the ability to simultaneously propose various approaches
to a particular problem. Originality is the ability to
generate new and original ideas. Elaboration is the ability
to systematize and organize the details of an idea in your
head and implement it. One form of TTCT is a figural test
(TTCT-F) with three activities: construction of images,
completion of images and repeating lines [10].

Current assessment tools for measuring creativity are
challenging to apply in education because they require
trained people to assess responses, but this preference is
slow, expensive and subjective. The results of the
assessment of creativity carried out among raters can vary
and depend on the individual interpretation and knowledge
of the assessors, therefore the inter-rater reliability is low
[11]. This initiates the measurement results to be
inconsistent so as to an objective assessment tool is
compulsory and objective. Therefore this study proposes a
new method to utilize computer technology to measure
students' creativity in computer programming using a web-
based automated assessment tool.

Based on the results of the literature review, the
automated assessment tool for measuring creativity based
on TTCT-F developed in this study is a novel method and
has not been deeply investigated by other researchers.
Another novelty in this study is the algorithm in the
automated assessment tool to measure fluency, flexibility,
originality, and elaboration, which is a development of
existing image processing algorithms that provide
outperform results in image classification. Furthermore, to
prove that the automated assessment tool is valid and
reliable in measuring students' creativity in computer
programming, an analysis was carried out using classical
test theory and the Rasch model (item response theory).

1.1. Related Works
1.1.1. Classical Test Theory

Validity, as applied to a test, is a judgment or estimate
of how well a test measures what it purports to measure in
a particular context. More specifically, it is a judgment
based on evidence about the appropriateness of inferences
drawn from test scores. One way measurement specialists
have traditionally conceptualized validity is according to
three categories:1). content validity, 2). criterion-related
validity, and 3). construct validity

Construct validity is a judgment about the
appropriateness of inferences drawn from test scores
regarding individual standings on a variable called a
construct. A number of procedures may be used to provide
different kinds of evidence that a test has construct
validity. The various techniques of construct validation
may provide evidence, for example, that validity
coefficient showing little (that is, a statistically
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insignificant) relationship between test scores and/or other
variables with which scores on the test being construct-
validated should not theoretically be correlated provides
discriminant evidence of construct validity (also known as
discriminant validity ) [12].

A successful evaluation of discriminant validity shows
that a test of a concept is not highly correlated with other
tests designed to measure theoretically different concepts.

In showing that two measures do not correlate, it is
necessary to correct for attenuation in the correlation due
to measurement error. It is possible to calculate the extent
to which the two measures overlap by using the following
formula where ryy is the observed correlation between x
and y, ry is the reliability of x, and ryy is the reliability of
y:

rxtyt = IF)(y /(rxxryy)l/2

The ryy is the correlation between the true scores of
the measures x and y or the construct underlying the
measure X dan the construct underlying the measure y [13].
The above formula is called the attenuation formula,
because it shows how measurement error in the x and y
measures reduces the observed (computed) correlation
(r«) below the true score correlation (ryy). Although there
is no standard value for discriminant validity, a result less
than 0.85 suggests that discriminant validity likely exists
between the two measures.

1.1.2. Rasch Model

Initially, the item response theory (IRT) model was
developed to deal with items that were recorded as true-
false or dichotomous. In IRT, the mathematical model for
grain characteristic curves is a cumulative form and a
logistic function. There are three models, namely the one-
parameter, two-parameter, and three-parameter logistic
model (1-PL, 2-PL, and 3-PL).

Rasch measurement theory (RMT) is a simple logistic
unidimensional measurement model that satisfies
fundamental measurement requirements [14]. RMT is
applied when a set of items in a scale are intended to be
summed together to represent a common unidimensional
latent variable [15]. Unless unidimensionality has been
established, it is not valid to add together the scores for
any set of items [16].

2. METHOD

2.1. Research Design

This research has been conducted in the Department of
Informatics, Faculty of Engineering, Unesa. The number
of respondents is 70 students. The study used a one-group
pretest-posttest design [17]. Subjects carry out basic
programming learning with visual programming language
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(X). Furthermore, students are given individual
assignments (O). Each student is given the freedom to
determine what they will do. The project assignment is
digital storytelling.

2.2. Creativite Thinking Skills Assessment

The project assignments specified during the lesson are
individual tasks, each student is offered the self-
determination to decide what they do. The project
assignment is in digital storytelling. Through digital
storytelling, students can express their creativity. The
indicators of creativity are fluency, flexibility, originality,
and elaboration. The results of the creativity indicators and
assessment rubric are presented in Table 1.

Table 1. Creative thinking scoring indicators and rubrics
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score of similarity is 0. The other way
about, score 0 of originality is allocated if
the similarity stays in 1-0.5 . In addition,
score 1 of originality is honored if the
similarity score is between 0.51 and 0.05.

Elaboration is the level of detail of the
response. It can be assumed as image
details or image intensity which the score
lies between 0-256. Score 0 of elaboration
is granted if the image details score is less
then 100; score 1 of elaboration is assigned
if image details score is greater than 200.
Score 1 of elaboration , thus, is obtained if
the details score is between 100-200.

Elaboration

Indicator Rubric

Fluency Fluency is the total number of responses,
therefore, student's digital story-telling
time-duration is counted. The scoring of
fluency is as follows. The score lies in 0-2.
Maximum score is awarded if the digital
story-telling is more than 120 seconds.
Conversely, minimum score is given if its
time duration is less than 60 seconds. Thus,
student whose digital story-telling results
are between 60 and 120 seconds is granted
score 1.

Flexibility Flexibility is defined as the degree of
difference of the responses,that is the
number of categories that the answers
cover. This definition is assumed as
number of created characters in digital
story-telling. If students are able to create
more than 20 kinds of characters, they
honor maximum score or 2. Otherwise, if
they create less than 10 characters, a
minimum score is given. This is to say,
score 1 is obtained if 10 - 20 kinds of
characters are created.

Originality | Originality is expressed by statistical
infrequence of each response, each
response was compared to the total amount
of responses from all the participants. In
other words, originality is measured by the
similarity response among participants.
The greater similarity result, the less
originality score. The similarity score lies
between O - 1. In similarity, score 1 implies
the response is similar to others and vice
versa. Since originality score is iversely
proportional to similarity score, maximum
score of originality (i.e. 2) is assigned if the

2.3. Analysis

Data from 4 items were analyzed exploiting the Rasch-
Masters Partial Credit model. In general, the IRT models a
test situation where a person answers a set of items. In this
study the higher the potential for creativity, the greater the
probability of people getting high scores. The probability
also depends on the difficulty of the item.

In the Rasch model the item has only the difficulty
level characteristic (b), therefore the Rasch model is
termed a one parameter model. The Rasch model can be
used for dichotomous items (scores O and 1) and
polytomous items (scores 0, 1, 2) as in this study. Rasch
Model for polytomous items Rasch-Masters Partial Credit
Model [18].

The PC model was developed to analyze test items
which required several steps in the completion process.
The PC model can be considered an extension of the
Rasch model. Item i is scored x = 0, 1,..., mi for an item
with k response categories (k = m; + 1). Masters proposes
a general equation about the probability that a test taker
has the ability 8 and gets a score of x in item i as follows:

EXp|:ZX: (‘9 - §ij ):|

j=0

Pix(g) = x=0,1, ..,

m:

Z{eXp 'k (9 _§ij):|

k=

m

The notation & is defined as step difficulty of the item
which relates to the transition from one category (score) to
the next. For the notation convention, > (6 - &) is
determined to be zero when k = 0 [19].
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3. RESULT AND DISCUSSION
3.1. Discriminant Validity

The two tests being compared are creative thinking and
computational thinking. Creative thinking construct
consists of fluency, flexibility, originality, and elaboration.
On the other hands, computational thinking construct
consists of flow control, data representation, abstraction,
user interactivity, synchronization, and logic. Furthermore,
computational thinking is a major competency taught in
computer programming courses. Tables 2, 3, and 4
respectively depict the reliability values of computational
thinking, creative thinking, and correlation between
computational thinking and creative thinking.

Table 2. Summary of reliability of computational thinking

Item Item-test Alpha
correlation
Flow_Control 0.59 0.75
Data_Representation 0.80 0.70
User_Interactivity 0.72 0.72
Synchronization 0.56 0.76
Parallelism 0.71 0.74
Logic 0.81 0.72
Test scale 0.77

Table 3. Summary of reliability of creative thinking

Item Item-test Alpha
correlation
Fluency 0.80 0.12
Flexibility 0.82 0.01
Originality 0.52 0.63
Elaboration 0.18 0.52
Test scale 0.45

Table 4. correlation between computational thinking and
creative thinking

Computational Creative
thinking thinking
Computational 1.000
thinking
Creative 0.041 1.000
thinking

From data above, we can find the correction for
attenuation formula as follow:

0.041/(0.45x0.77)"? = 0.07

Although there is no standard value for discriminant
validity, a result less than 0.85 suggests that discriminant
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validity likely exists between computational thinking and
creative thinking.

3.2. Fit of Items in Measuring Constructs

Examination of the conformity of the constructed item
refers to the value recorded in the infit and outfit MNSQ
index. We have to look carefully at the values of these
indeces to determine whether the item developed
appropriate (item fit) to measure a latent variable or
construct. Based on the Bond & Fox [20], a study to
determine the suitability item built, the infit and outfit
MNSQ should be in the range between 0.6 to 1.4. If the
items are out of the range, it must be separated, modified
or rephrased [21].

Table 5 shows the measurement of fit items that fit the
Rasch measurement model for creative thinking. Values
are in the range between 0.92 and 1.22 for Infit MNSQ
and between 0.93 and 1.12 for Outfit MNSQ. These mean
that the items are homogeneous with other items in a
measurement scale.

Table 5. Item fit index of creativity scale

Item Estimate Infit Outfit
MNSQ MNSQ
Fluency -0.225 0.92 0.93
Flexibility -0.745 0.93 0.94
Originality -1.130 1.22 1.12
Elaboration 2.100 1.21 1.06

Table 5 shows the fit statistics for creative thinking scale
items. MNSQ values of between 0.92 and 1.22 indicate
that the items are useful for measurement [21].

3.3. Item Difficulty and Person Ability

The Rasch model can be used to compare item
difficulty and person ability by placing them on the same
logit scale in the form of a vertical plot referred to as a
Wright map. Figure 1 shows the Wright map for the
creative thinking data.
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Figure 1. Wright map of creative thinking data showing
logit values for person ability and item difficulty

The Wright map shows that the range of logit measures
is from a low of —2 to a high of +2. This shows that the
data is slightly skewed with respect to person ability. Item
difficulties range from about —1.13 logits for the easiest
item (originality) to about 2.10 logits for the most difficult
item (elaboration).

3.4. Discussion

Researchers have long explored how to measure
creativity. The question of how to assess creativity is still
challenging [22]. Various approaches have been
developed, ranging from methods based on expert
judgment for assessing product quality (eg, Consensual
Assessment Technique [23]) to frequency-based methods
that employ standardized norms [24]. Although each
method has several uses for creativity research, each has
its limitations. The two most common limitations are
problems of subjectivity (raters don't always agree on what
creativity is) and labor cost (raters often score multiple
responses). Both of these limitations reduce a reliable and
valid assessment of creativity [25]. To solve this problem,
this study investigates whether the creative quality scoring
process can be done automatically using computational
methods.

Creative thinking is not an innate talent but a process
which is an integral component of human intelligence that
can be practiced, encouraged and developed in the context
of computer programming. Otherwise, learning computer
programming also emphasizes computational thinking
competencies that must be mastered by students. The
question is whether the two constructs are different or the
same. The results of the discriminant validity test show
that creative thinking is different from computational
thinking.

The development of creative thinking has become the
attention of the global community. Students should play an
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active role in acquiring these skills by being knowledge
creators, not information consumers. In the context of
computer programming, creative thinking skills can be
enhanced by computational thinking which includes the
process of identifying aspects of computation and applying
existing tools and techniques in computer science. In this
context, computational problems can be solved,
computational artifacts can be created and students have
the opportunity to express themselves creatively.

The Rasch model entails unidimensional and additive
requirements. Unidimensional means that all test items
measure a construct. Additive refers to the properties of
the unit of measurement. This unit is called the logit and
has the property of maintaining the same size (interval)
over the entire continuum. The interval size was then used
for statistical analysis. In the Rasch model, person size and
grain size each have an order on a common logit scale.

An important characteristic of a set of test items that
measure a construct is that these items are unidimensional.
In Rasch's analysis, if all coherent items form one scale,
then the items are unidimensional. Keeves and Masters
[26] proposed that item fit was used to check for
unidimensionality. The research findings show that the
creative thinking instrument is unidimensional. The
average level of student creativity is parallel with the
average level of item difficulty.

4. CONCLUSION

Discriminant ~ validity  likely  exists  between
computational thinking and creative thinking. Values of fit
indices are in the range between 0.92 and 1.22 for Infit
MNSQ and between 0.93 and 1.12 for Outfit MNSQ.
These mean that the items are homogeneous with other
items in a measurement scale.

Range of logit measures of creative thinking is from a
low of -2 to a high of +2. This shows that the data is
slightly skewed with respect to person ability. Item
difficulties range from about —1.13 logits for the easiest
item (originality) to about 2.10 logits for the most difficult
item (elaboration).
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