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The Development of An Online Divergent Thinking Test
Jiajun Guo, PhD

University of Connecticut, 2016

Divergent thinking (DT) tests are the most frequently used types of creativity assessment
and have been administered in traditional paper and pencil format for more than a half century.
With the prevalence of computer-based testing and increasing demands for large-scale, faster,
and more flexible testing procedures, it is necessary to explore and test the usability of computer-
based divergent thinking tests. Yet few studies have focused on the use of technologies in the

assessment of creativity, including divergent thinking tests.

The purpose of the present study was to design and test the feasibility of an online
divergent thinking (DT) test. The following three aims were addressed: (1) evaluate reliability
evidence of DT test scores, (2) explore relationships between technology use and online DT
performance, and (3) compare the online test with its paper version regarding DT scores. One
hundred and sixty-four participants were recruited from the University of Connecticut and
randomly assigned into three groups: online-basic (OB), online-advanced (OA), and paper-and-
pencil (PP). Based on the results of reliability analysis, six DT scores were selected for analysis
of variance and multiple regression modeling. The findings indicated that, despite of the possible
link between technology use and online DT performance, no differences were found between
different modes (online vs. paper) or different interfaces (simple tools vs. advanced tools) in
terms of either DT scores or reliability evidence. Additionally, males were found to produce
overall significantly higher originality scores than females did in the line meaning test and the

real-world problem test. The implications of these findings are further discussed in the paper.
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INTRODUCTION

Creativity has been recognized by many as the most important quality for success in the
21%t century workplace (George, 2008; Mumford & Licuanan, 2004; Partnership for 21st Century
Skills, 2014; Tierney, Farmer, & Graen, 1999). At the same time, our current era is also marked
by exponential growth in technological innovation. Over the last few years, continuous calls
have been made for more research examining the intersection between these two trends and more
practices that fuse creativity with technology in education (Mishra, 2012). Numerous studies
have been conducted to explore the use of various technologies in fostering original and curious
minds (Andersen, 2014; Dunleavy, Dede, & Mitchell, 2009; Halsey et al., 2006; Magnussen,
Hansen, Planke, & Sherson, 2013; Pigneguy, 2004; Walsh, 2007; Yee, 2015). One of the
potential benefits technology brings to creativity is its capability to provide immediate external
representation of complex information that can help people review and modify, improve, or
enhance their creative action. For example, by using motion tracking and real-time animation
techniques, teachers can help children enhance their ability to do creative storytelling (Yee,
2015). With the help of computer visualization tools, such as geographic information systems
(GIS), high-spatial thinkers may have more opportunities to develop their creative talents
(Andersen, 2014). Even digital games can highly motivate learners at different levels to create
new knowledge, thanks to these games’ multimedia features (Magnussen, Hansen, Planke, &

Sherson, 2013).

Another potential benefit brought by the use of technology to the classroom is the
enhancement of communication and collaboration in creative activities. Some technologies may
not necessarily be interactive in nature, but in the classroom environment, where activities are

often cooperative and collaborative, technology can serve as a platform or means by which those



activities can take place. For example, Pigneguy (2004) found that creating a video as part of a
group project could enable students with emotional and behavioral difficulties to learn how to
both creatively use technologies and effectively interact with other people. This shows that, for
disadvantaged students, technology can be especially useful in promoting creativity (Halsey et
al., 2006). Using handheld devices, students can engage in interactive and collaborative problem
solving as part of complex and authentic classroom practices, such as in the simulated problem
context (Dunleavy, Dede, & Mitchell, 2009). In addition, students’ out-of-school literacy with
using digital technologies also offers an opportunity for schools to harness students’ creativity

(Walsh, 2007).

STATEMENT OF THE PROBLEM

Although recent years have witnessed the impact of technology on creativity teaching
practices in classrooms, few studies have looked at the use of technology in the assessment of
creativity. With the development of digital technologies, many standardized tests can now be
administered online or on computers, including TOEFL, GRE, SAT, Smarter Balanced
Assessments, and even intelligence tests. However, most assessments of creativity are still
administered in the same way as they were 50-60 years ago, in the form of traditional paper and
pencil tests, making it difficult for them to serve new and emerging purposes like large-scale

testing, flexible scheduling, and faster data collection.

Taking the divergent thinking (DT) test, a popular assessment of creativity, as an
example, the test has been administered on paper since its emergence in 1960s, with only a few
attempts to computerize it in recent years (Hass, 2015; Kwon, 1996; Pretz & Link, 2008;
Zabramski, 2014). Pretz and Link (2008) designed a web-based Java program for the DT test so

that they could collect responses from multiple sites and score the tests more easily. Although



this study, along with several other similar ones (Lau & Cheung, 2010; Palaniappan, 2012;
P&ztor, Moln&, & CsapQ 2015; Rosen & Tager, 2013), utilized technology in creativity
assessments, a closer examination of the tools these studies used reveals an important piece

missing in the measurements — a figural form of the divergent thinking test.

A complete DT test, such as the Torrance Test of Creative Thinking (TTCT) (Torrance,
1974), usually consists of two formats: a verbal form and a figural form. The verbal form asks
participants to come up with verbal responses to test prompts, while the figural form asks
participants to draw their responses on the given figures and shapes. However, most computer-
based creativity assessments have only used the verbal form of the DT test and have avoided the
figural form, which requires drawing responses to test prompts. Only a few studies have used the
figural form for computerized DT tests, and this yielded mixed results regarding the differences
between paper and computerized versions of DT tests. For example, Kwon (1996) designed a
computerized version of the TTCT figural form and examined the equivalence of the paper-and-
pencil and computerized versions. He found significant differences between the two versions in
terms of overall DT scores. Zabramski and Neelakannan (2011), on the other hand, found no
differences between paper-and-pen and stylus in figural tasks, or between mouse, stylus and
touch-input in another study (Zabramski, Gkouskos, & Lind, 2011). Despite these efforts, DT

tests are still largely administered on paper instead of computers.

A main reason why the drawing task has been avoided in computerized creativity tests is
because it might involve technological issues that could complicate research procedures and
findings, including the availability of related tools and the influence of people’s technology skills

and experiences.



Speaking of the availability of technology tools, unlike the paper-and-pencil DT test, a
consensus is yet to be reached regarding which tool to use and how the testing procedure should
be carried out in computerized divergent thinking assessments, even when there is no drawing
involved. What can a computer-based DT test accomplish that a paper version test cannot, and
vise versa? Is it possible to make a computerized creativity test that can automatically calculate
scores and then adapt the test to the test-taker’s ability level? Does the change of platform (or
format) affect the test’s reliability estimates and validity? These questions still lack definite
answers and cannot be answered by only one or two studies. Thus, the computerized divergent

thinking test, including both figural and verbal forms, is a topic that warrants more research.

Regarding the influence of technology experience and skills in computer-based creativity
tests, if a test taker is not proficient at using computers to draw or to complete other basic
computer tasks, it is likely that his/her creative performance may be hindered by this inability to
use the computer’s tools, even if these tools have powerful functions. In addition, the skills we
learn are always influenced by our daily experience with technology, such as the consumption of
visual contents online or verbal editing done on computers and smartphones. In order to
understand the influence of such technology-related factors (so that we can improve the
computerized environment of the DT test), it is necessary to employ measures to disentangle the
technology aspect from the creativity aspect for an online divergent thinking test. However, this

has yet to be done in the literature.

RESEARCH QUESTIONS
Taking the above issues into consideration, the present study aims to test the feasibility of
an online divergent thinking test protocol, and to investigate the psychometric properties of this

online DT test compared to the paper-and-pencil version. Specifically, using a newly designed



online divergent thinking test, a tech-related self-efficacy scale previously developed at the
University of Connecticut, and a technology experience survey (created for the current study),

we will address the following questions:

e Research Question 1: What are the advantages and limitations of a computerized DT test
with regard to the quality of assessment?

e Research Question 2: To what degree do technology-related skills and experience predict
performance in online divergent thinking tasks?

e Research Question 3: How do the results obtained from an online DT test differ from the

results of the paper-and-pencil version?

REVIEW OF LITERATURE

Divergent Thinking Test

Although there are many forms of creativity assessments, none have received as much
attention as divergent thinking tests. The concept of divergent thinking originated with Guilford
(1967), who proposed a multi-dimensional model of intelligence called the Structure of Intellect
(SOI) that classified mental abilities by operation, content, and product. The most far-reaching
impact of SOI was the distinction between two types of operation — convergent thinking and
divergent thinking (Clapham, 2011). Basically, convergent thinking is the ability to find a single
correct answer to a problem, while divergent thinking is the ability to come up with varied
solutions to a problem. Most tests used in education today, like achievement tests and
intelligence tests, measure convergent and conforming thinking, whereas very few involve
questions asking students to come up with unusual solutions/ideas. This could represent a serious
problem with our educational systems, since many important problems we encounter in our life

don’t have single best answers. Rather, many problem situations require the ability to think



outside the box (e.g. in the face of adverse events), to weigh different values and benefits, and to

invent rules/knowledge when no rules/knowledge are to be found in certain area.

An interesting aspect of divergent thinking is its relationship with intelligence. As
mentioned previously, Guilford originally identified divergent thinking as one of the components
of intelligence. However, this notion of divergent thinking as a subset of intelligence is outdated.
In fact, psychologists have been unsuccessfully attempting to include creativity in intelligence
tests since the earliest days of 1Q tests (Brown, 1989). This led to another view of the
relationship: intelligence and divergent thinking are unrelated or only remotely related. This
view, again, fell out of favor due to a lack of empirical support. Evidence from more
contemporary research shows that divergent thinking and intelligence are indeed overlapping, if
not identical, in several respects (Plucker & Esping, 2015). Cognitive control may be one of the
functions shared between the two. As an executive ability, cognitive control helps filter out
salient but non-relevant information from the external world, which can both facilitate fluent
generation of new ideas (divergent thinking) and ensure that those new ideas are of high quality
(intelligence) (Benedek et al., 2012). This view stands in contrast with the traditional notion that
creative ideation is associationistic and structural rather than executive, thus providing insights
into how these two distinct but overlapping constructs interact with one another (Nusbaum &

Silvia, 2011).

Perhaps a more important issue is the relationship between divergent thinking and
creativity. The appearance and frequent use of DT tests made them so popular in education and
research that people — especially those who didn’t know much about creativity — began to equate
DT with creativity, rather than seeing DT as one component of it. However, this notion that

DT=creativity is simply incorrect because it takes for granted other important factors in the



making of real-world creativity, such as contextual influence (e.g. from peers and mentors),
disposition (e.g. tolerance of ambiguity), domain knowledge (e.g. science, music, or leadership),
and even convergent thinking (e.g. 1Q). Research has been conducted to examine how well
divergent thinking predicts creative achievement, with mixed evidence and conflicting opinions
found in those studies. On the one hand, DT tests show evidence of reliability and concurrent
validity (e.g. Torrance, 1968, 2008). Plucker (1999), for example, reanalyzed data from
Torrance’s longitudinal study and found that divergent thinking was much more predictive of
how people differed in terms of creative achievement than traditional 1Q was. On the other hand,
many scholars have questioned DT tests’ predictive validity (Baer, 1993, 1994; Gardner, 1993;
Kogan & Pankove, 1974; Weisberg, 1993). This has led many researchers and educators to avoid
using DT tests and, broadly, had led to criticism of the psychometric study of creativity (Plucker

& Renzulli, 1999).

Given such criticism, it is not surprising that DT tests have fallen out of favor over the
last decades. But as Kaufman, Plucker, and Baer (2008) note, many of these criticisms have been
overstated, and the psychometric quality of DT test has significantly improved over time. For
example, numerous new developments have emerged in terms of DT task scoring, and scores are
no longer limited to the traditional four components (fluency, originality, flexibility, and
elaboration). Some studies have suggested the use of alternatives to increase reliability and
external validity, including summative scores (adding up all four component scores), highly
uncommon scores (top 5 percent in originality), weighted fluency scores, and percentage scores
(dividing originality scores by fluency scores) (see Benedek et al., 2013; Plucker, Qian, & Wang,

2011).



In addition to the development of new objective scoring methods, subjective assessment
has also been recommended by researchers such as Silvia, Martin, and Nusbaum (2009), who
proposed that a holistic rating can be given by neutral raters, therefore providing a “snapshot” of
creativity. A combination of both objective and subjective methods has also been recommended

(Plucker, Qian, & Schmalensee, 2014).

Computerized Divergent Thinking Assessment

Numerous attempts have been made to assess divergent thinking using web-based or
computer-based methods. Some researchers have chosen to devise an application or program
specifically for the DT tasks, such as Kwon’s (1996) computerized TTCT figural forms, Pretz
and Link’s (2008) Creative Task Creator (CTC), Cheung and Lau’s (2010) electronic Wallach-
Kogan Creativity Tests (e-WKCT), Palaniappan’s (2012) Creativity Assessment System (CAS),
and most recently, Zabramski’s (2014) computerized-multi-input TTCT figural forms. Creative
Task Creator (CTC) is a Java-based program that can generate HTMLs through which
participants can complete an alternative uses task. The program can also collect data from
different sites and store them on a server for researchers to manage (Pretz & Link, 2008).
Similarly, the Creativity Assessment System (CAS) is a web application developed on the basis
of the Torrance Test of Creative Thinking (TTCT). CAS is able to automatically calculate
fluency, originality, and flexibility scores. Interestingly, an elaboration score was intentionally
left out due to issues with the complex programming required. Another computer program for
the divergent thinking test was designed by Cheung and Lau (2010), who computerized all the
Wallach-Kogan Creativity Tests (WKCT) and administered them in computer labs. The authors

found no differences in evidence of reliability between the results from the electronic and paper



versions of the WKCT. The study was also the first to provide reliability evidence for the

comparability of the two versions of DT tasks (Lau, & Cheung, 2010).

As building a computer application is often time-consuming and expensive, other
researchers have turned to alternative ways to put creativity tests on computers. With the recent
development of online survey services, administering computer-based DT tests has become
much more convenient. Researchers and educators can take advantage of some powerful
functions offered by those cost-effective survey tools. The biggest advantages are their cost-
effectiveness and convenience. With online survey technologies, test makers are now able to
produce a variety of test items, allowing them to adapt almost all of the paper-based assessment
content to online platforms. Since test distribution using a survey system is much simpler, test
administrators can now carry out large-scale data collection, create flexible testing schedules,
and analyze data at any time and from anywhere. For example, P&ztor, Moln&, and Csapo
(2015) were able to collect nearly 2,000 responses from 97 classes at 78 schools with the help of
an online survey system. Hass (2015) designed and delivered his survey-like DT tests to online
participants using the Qualtrics system so that the testing data could be collected through the
internet. He also compared scores obtained from online participants with those obtained in
person and found that online participants gave fewer responses than participants taking the test in

person, a different result from that of Lau and Cheung (2010).

The difference between online and in-person DT test results found in Hass’s (2015) study
indicate the possibility of a mode effect on test scores. Although few studies have looked at the
mode effect in creativity testing, the mode effect in other types of performance testing has been
studied by researchers since the inception of computerized testing. The previous literature has

identified several factors that may be responsible for differences in some performance tests,
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including participant factors (such as computer familiarity and gender) and technological factors

(such as screen size and resolution, and item presentation) (Leeson, 2006).

What makes things more complicated is that mixed results have been found among the
few studies that included computerized figural forms of the DT test. Kwon’s (1996) study was
among the first efforts to put the paper DT test onto computers. Using Hypercard, a
programming tool provided by Apple Inc., Kwon was able to develop a computer system for the
DT test and compare the results between paper figural forms and computerized figural forms. He
found significant differences between the two modes. Zabramski and his colleagues (Zabramski,
Gkouskos, & Lind, 2011; Zabramski & Neelakannan, 2011), on the other hand, found no
significant differences in DT scores between various kinds of input modes, including paper-and-

pencil, stylus, mouse, and touch-input.

According to Leeson’s (2006) framework, there are at least two reasons for the
inconsistencies between Zabramski’s (2014) and Kwon’s (1996) studies. The first reason, which
is technological in nature, concerns the availability of relevant tools for drawing tasks. Even for
verbal tasks, no consensus exists regarding which technology tool should be used and how it
should be used. For drawing tasks, various kinds of input devices (such as mouse, hand-touch,
and stylus) and software (such as computer applications and browser-based interfaces) can be
used to collect responses. The differences in tools might contribute to the differences in DT
scores between the two studies. The second reason, which is more related to participant
characteristics, concerns the confounding influences of participants’ technology skills and
experience. For example, drawing requires fine motor skills, and the motor skills applied in hand
drawing and computer drawing might be different. It is possible that people who often use

computers to draw or edit visual contents may possess better skills due to frequent practice, thus
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making them more fluent in creating computer drawings. Other technology experience not
related to drawing may also influence creativity performance, such as playing video games

(Jackson et al., 2012).

All of the abovementioned issues may affect the psychometric properties of an online
test, including evidence of reliability and validity. These issues will be addressed in the present

study.

RESEARCH HYPOTHESES
On the basis of both my research questions and the previous literature, three general

hypotheses were proposed, as follows:

e Hypothesis 1: An online DT test can produce the same reliable DT scores as the paper
test.

e Hypothesis 2: Technology-related skills and experience positively predict performance
on online divergent thinking tasks.

e Hypothesis 3: Results obtained in an online DT test may be different from the results

from the paper-and-pencil version.

METHODS
Design and Participants
A major purpose of this study was to investigate whether there are any differences in
terms of psychometric properties between paper-and-pencil and computerized versions of the DT

test. Therefore, a three-group, between-subjects experimental design was used in the present
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study, which involved a paper-and-pencil group (PP), an online basic group (OB) and an online

advanced group (OA).

The present study was carried out at the University of Connecticut in the summer of
2016. Participants were recruited through UConn public announcement systems such as UConn
Daily Digest, Neag Student News, and listserv. A survey link was distributed via these systems
to recruit potential participants (18 years of age or older) to sign up for the study. The link

directed them to an interface where an information sheet/consent form was presented.

Two hundred and ninety-five adults from the University of Connecticut responded to the
survey, of which 164 responded to all the survey questions and completed all the divergent
thinking tasks. The data collected from these 164 participants were used for analysis. Of these
participants, 109 were females, and 55 were males. In addition, 72 were undergraduate students,

85 were graduate students, and 7 were college staff or faculty members.

Instruments

Online Divergent Thinking Test (ODTT). To answer the question regarding the
difference between computerized and paper DT tests, this study employed a DT test designed
specifically for online use, but which could also be administered on paper so that the researcher
could compare the results between the online and paper versions. The test contained three types

of tasks: the Line Meaning test, the Drawing test, and the Real-world Problem test.

The Line Meaning test was first used by Wallach and Kogan (1965) as a figural (or
visual) test of creativity. Usually, several incomplete and irregular figures were presented and
test takers were asked to come up with as many meanings as they could for each figure.

However, the original figures in the Line Meaning test were actually designed to measure
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personal perception rather than creativity. Tagiuri (1960), who designed the original figures,
presented each figure to the participants and asked them to consider the line as a path made by a
person moving in space from left to right. That is why all the figures in Wallach and Kogan’s
Line Meaning test were continuous lines. In the present study, the figures were modified or
created to allow for more variation. Three newly designed figures were used, including a curve
and point figure, a wave-like figure, and an angle-like figure. First, an example (adapted from
Wallach and Kogan’s original test) was presented explaining how to respond to the test prompt.
Then the participants were asked to imagine and write down all the things each figure might be

(see instructions and items of the Line Meaning test in Appendix 1).

The Drawing test had two parts: the Story Drawing test and the Square Drawing test. The
first part — the Story Drawing test — was a combination of Urban’s (2005) ideas and Wallach and
Kogan’s figural test. Urban (2005) has argued that traditional creativity tests such as the
divergent thinking test focus too much on the quantitative aspects instead of the aspects of
quality, so he proposed a drawing production test that asks participants to complete a drawing on
the basis of some given figural fragments. This drawing production test was deeply rooted in the
Gestalt tradition, which holds that a diagnostic for creativity should be holistic and gestalt-
oriented — the whole is more than the sum of the parts. The Story Drawing test used in our study
took the three figures presented in the previous task (the Line Meaning test) and asked
participants to combine these figures to create an interesting story (see Drawing test 1 in
Appendix 1). The second part of the Drawing test was the Square Drawing test, as adapted from
Guilford’s (1967) Sketches test. Here, participants were shown three identical squares and then
were asked to add in details to the squares to create original and interesting pictures (see

Drawing test 2 in Appendix 1).
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The Real-world Problem test had two questions, both of which were selected from
Runco’s Realistic Presented Problems, a part of the Runco Creativity Assessment Battery
(rCAB). (Note: The use of this test was permitted by Runco before the start of this study). This
test was designed to address the concern that divergent thinking has a low correlation with
creative achievement in the natural environment as opposed to the classroom (Okuda, Runco, &
Berger, 1991). In the Real-world Problem test used in the current study, participants were first
given an example explaining how to respond to the questions. Then they were presented with
two problematic situations regarding school and home, and were asked to come up with as many

solutions as they could. (see Real-world Problem test 1 and test 2 in Appendix 1).

Scoring of Divergent Thinking. Two types of DT scores, fluency and originality, were
calculated for the purpose of the current study. While fluency is an objective score reflecting the
number of responses to each question, scoring of originality can be conducted using two
different methods, according to the previous literature: objective rating, as carried out by the
investigator, and subjective rating, as conducted by outside raters. To find out which method was
better for scoring originality in terms of reliability, the present study employed both methods and
then compared their reliability evidence to decide which originality score would be used for each

sub-test.

For subjective rating of originality, the average creativity method was used (Silvia et al.,
2008). Three blind raters who were graduate students at the University of Connecticut were
recruited and trained to rate all the responses to each question of the DT test. The raters were
instructed to use a 1-6 scale to rate each response for creativity, with “1” meaning “not creative
at all” and “6” meaning very creative. To obtain the final score, the participant’s ratings were

summed and divided by the number of responses.
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For objective rating of originality, the researcher used the top 20% scoring method
(Plucker, Qian, & Schmalensee, 2014), counting the number of the responses given by less than
20 percent of the sample to each question. The Drawing test, which included Story Drawing and
Square Drawing, did not yield objective ratings of originality, because the researcher could not
pool the drawings in order to find uncommon responses — each drawing was unique from an

objective perspective.

Creativity with Technology Self-efficacy Scale (CTSS). As mentioned previously, a
newly constructed measurement called the Creativity with Technology Self-efficacy Scale (CTSS)
was employed to examine the influence of technology-related creativity skills on the
performance on an online DT test. The scale was constructed to measure self-perceived creativity
in technology use. It is a scale containing 18 items that measure three aspects of technology-
related creativity (see Appendix 2): General Creativity Self-efficacy (GCS), General Technology
Self-efficacy (GTS), and Technology Enabled Creativity Self-efficacy (TECS). GCS was adapted
from Beghetto, Kaufman, and Baxter’s (2006) study, measuring the self-judgement of one’s
imaginative ability and perceived competence in generating novel and adaptive ideas, solutions,
and behaviors. TECS, on the other hand, focuses on one’s perceived ability to use computers and
other smart devices in daily life. The third sub-scale, TECS, is a combination of the previous two
aspects and reflects the self-judgement of one’s competence in using technologies to achieve

creative goals.

The data collection process for CTSS ended just before the proposal of the current study,
with 854 responses collected at the University of Connecticut. Of these respondents,
approximately 69% were female and 31% were male. Respondents varied in age, with

approximately 53% being 18-25 years old, 24% being 26-34 years old, 16% being 35-54 years
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old, and 6% being 55 or older. In terms of education level, about 38% of the participants were

undergraduates, 30% had just completed college degrees, and 32% held graduate degrees.

Further analysis showed strong evidence of inter-item reliability for the entire scale
(CTSS) (Cronbach’s alpha = .86). Evidence of reliability was also found for each subscale:
Cronbach’s alpha was .91 for GSC, .88 for GTS, and .75 for TECS. Additionally, the
correlations between the three subscales were .21 between GSC and GTS, .46 between GCS and

TECS, and .53 between GTS and GCS.

Technology Experience Survey (TES). Another instrument created for the current study
measured participants’ experience with verbal and figural technologies. TES contains 13
questions/items asking how often people do certain things with technologies (see Appendix 3).
Item generation was based on both the previous literature and current trends in technology
development. The survey questions can be divided into two general categories, including items
that focus on visually-focused technologies and items that focus on non-visually-focused
technologies. The purpose of including this measurement was to investigate whether people’s
experience with various technologies influences their performance on the verbal and figural
forms of an online DT test. A 5-point Likert scale was used, including never, rarely, sometimes,

very often, and always.

Online Test Interface
To build an online test that allows participants to draw pictures, the researcher
experimented with different web tools. The final solution involved several online services, some

of which were free and others that charged a reasonable monthly fee.
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Web drawing tool. The most important tool utilized in this study was a web drawing tool
embedded in an online survey system. The tool, called A Web Whiteboard (AWW), is a web
drawing interface designed for simple drawing and communication on computers and tablets.
Two features of this tool are worth noting. First, AWW can be used as a plugin that can be
embedded in most webpages. Therefore, the researcher was able to combine questions requiring
verbal responses and those requiring drawing responses into one streamlined survey system.
Second, AWW allows the customization of tools and other interface elements to be presented to
participants. Thus, the study could utilize different testing materials for different tasks and create
conditions for different online groups. With these features, AWW served as a powerful tool for
the current study. Both the Story Drawing and Square Drawing tests used AWW as their drawing

interfaces.

Online Survey System. One critical feature that an online test should possess is the
capability to streamline the testing procedure, helping test takers to complete all the questions
without distraction or disruptions. An online survey service, as provided by Qualtrics through the
link from the University of Connecticut, enabled the collection of responses through the internet.
Several features were used to meet the needs of the current study. First, a simple link distributed
via different email systems enabled the researcher to collect the required amount of data within a
relatively short period of time. Second, a system randomizer helped the researcher assign
participants to different groups based on the research design. Third, simple coding could be used
to embed the drawing tool, as described above, into the survey, and the system also provided
ways for participants to upload the pictures they had drawn. The only disadvantage of this

service was the lack of an advanced coding environment, so that the drawing tool could not be
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directly embedded into the survey. Because of this, another service needed to be used, which will

be described in the following section.

Web hosting service. AWW - the drawing tool — allows users to customize its interface
to accommodate different needs; this was both an advantage and a disadvantage in the context of
present study. While the advantage is obvious, the disadvantage is that it involves coding that is
not recognized by the Qualtrics survey system. Thus, the researcher could not customize the
drawing interface to create experimental conditions, including the presentation of test materials
(instructions and figures) and control over what tools were shown to participants. To compensate
for this issue, the researcher used a “bridge” that not only allowed the researcher to change the
drawing interface but also allowed the drawing interface to be embedded into the streamlined

Qualtrics survey system. Weebly, a web hosting service, played this role.

Two important features of Weebly helped the researcher connect the drawing tool with
the survey system. First, Weebly allows and recognizes the HTML coding used to manipulate the
web drawing interface. Second, upgrading to a business account, Weebly enables an SSL (Secure
Sockets Layer) function that uses an encrypted link between the web server and browser, which
in turn is recognized and accepted by the Qualtrics survey system. Another feature of Weebly
was that it allowed the researcher to build a website as a demo for people who are interested in
the online divergent thinking test, so that people do not have to take the survey in order to see the
test. After a few simple steps to connect AWW, Weebly, and Qualtrics, the entire online test

system was successfully set up for the present study.

Procedures
After interested participants received an email or saw an advertisement posted on a

school announcement board, the test/survey link brought them to a page giving information
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about the present study. After reading the information sheet and clicking the “agree” button, they
were randomly assigned into three groups by the system randomizer and received different

instructions accordingly.

Paper and pencil (PP) group. For the paper and pencil (PP) group, participants were
directed to an online ticket platform (Eventbrite), where they were asked to select the times they
could attend lab sessions to complete the paper version of the DT test and the two surveys. The
sessions were held in a lab located in the Gentry building (Neag School of Education). The
elements of informed consent were explained when participants arrived at the lab for their
sessions and the participants were provided an informed consent form. After they had signed the
form, they received the instructions for the tasks. To maximize each participant’s performance
and reduce potential anxiety associated with test taking, the investigator attempted to create a
“game-like” environment by saying that this is a thinking game. The general instructions were as

follows:

“This is a thinking game. All the instructions are on the sheets. Please follow these
instructions and complete all the tasks and questions, taking your time. If you have any

questions, let me know.”

The participants were then provided with a pencil with an eraser and started the test.
After finishing the tasks, each participant received 10 dollars as compensation, and the procedure

was over for the group. All paper-and-pencil responses were transcribed into electronic versions.

Online Groups. For the online basic (OB) group and the online advanced (OA) group,
all the tasks, including the divergent thinking test and the two technology surveys, were

administered online. The participants followed the instructions posted on the (Qualtrics) survey
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that was designed specifically for the current study. The difference between the online basic
(OB) group and the online advanced (OA) group was that, in the figural tasks of the DT test, the
OB group was asked to use only two drawing tools in the editor (pencil and eraser) to complete
the figural tasks, while OA group was allowed to use more colors and brush sizes for the tasks.
Upon finishing the final task, the procedure ended for both online groups. The participants were
then automatically directed to the online ticket platform (Eventbrite), where they could select
times to pick up their 5 dollar compensation or choose to receive their compensation in the form

of an Amazon e-gift card.

Raters. Three raters were recruited from the university to rate the creativity of each
response. The investigator held an approximately 30-minute video meeting with each rater to
explain the scoring procedure. After the meeting, the raters received an email re-iterating the
general instructions explained in the meeting, along with several Excel files (containing the
verbal responses) and PowerPoint files (containing the drawing responses), with specific
instructions for each subtest. After scoring was completed, the raters sent the files back. Each

rater received $100 for completing the scoring.

RESULTS
Reliability Analysis

Research Question 1: How reliable are the scores obtained from the divergent thinking tests?

The current study employed two types of ratings to obtain originality scores: the
subjective rating, as conducted by three blinded raters, and the objective rating, which was

conducted by the researcher. The subjective ratings were obtained from the Line Meaning test,
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the Drawing test, and the Real-world Problem test, while objective ratings were only obtained
from the Line Meaning test and the Real-world Problem test. The Drawing test did not produce
objective ratings of originality due to the fact that the researcher could not pool all the drawings
to find uncommon responses — each drawing was unique from an objective perspective.
Additionally, fluency scores were calculated for all the three tests by the researcher, also falling

into the objective category.

Two aspects of reliability were assessed in the present study. First, the inter-rater
reliability of each item was assessed using the Intraclass Correlation Coefficient (ICC) to
determine the level of agreement between raters. Second, the internal consistency of each test

was assessed using Cronbach’s alpha and Spearman-Brown coefficient analysis.

Subjective Ratings of Originality

Research Question 1a: How reliable are the originality scores produced by the three raters?

Inter-rater Reliability. In the current study, all the items in the divergent thinking (DT)
tests were rated for originality by three blind raters. The inter-rater reliability of each item was
assessed by interclass correlation coefficients (ICCs) (see Table 1). According to the guidelines
recommended by Cicchetti (1994), when the reliability coefficient is between .60 and .74, the
level of clinical significance is good, and when it is larger than .75, the evidence of reliability is
considered excellent. Following these standards, one DT item had an inter-rater reliability
estimate within the excellent range (ICC = .83) for originality scores, and the other six DT items

were considered to have good evidence of inter-rater reliability (ICCs = .60 to .74).

With regard to the differences between the three sub-tests, subjective ratings of the

Drawing test had the highest inter-rater reliability coefficients (ICC = .74 and .83), whereas the
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subjective ratings of the Line Meaning test and the Real-world Problem test, both of which

collected verbal responses, had lower inter-rater reliability coefficients (ICCs = .60 to .67).

Table 1. Inter-rater Reliability Estimates of DT Tests for Originality

Items ICC
Line meaning 1 (Figure 1) .61
Line meaning 2 (Figure 2) .61
Line meaning 3 (Figure 3) .62
Drawing 1 (Story) 74
Drawing 2 (Squares) .83
Real-world problem 1 (Pat) .67
Real-world problem 2 (Memory) .60
Note. N=164.

Internal Consistency of DT sub-tests. As mentioned previously, there were three sub-
tests of divergent thinking. The Line Meaning test included three items, the Drawing test
included two items, and the Real-world Problem test included two items. After collecting
subjective ratings of originality from the three raters, scores were averaged for each of the seven
items. An internal consistency analysis was then conducted for all three sub-tests using the

average scores.

To assess internal consistency, the DT tests were evaluated using Cronbach’s alpha and
the Spearman-Brown (S-B) coefficient (see Table 2). Cronbach’s alpha is often calculated for a
test that has three or more items, while the S-B coefficient is most appropriate when a test has
only two items (Eisinga, Grotenhuis, & Pelzer, 2012). The results indicated that all three sub-
tests had low internal consistency (o = .34; S-B coefficient = .55 and .59), with the Line Meaning

test having the lowest inter-item reliability estimate (o = .34).
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Table 2. Internal Consistency Estimates of DT Tests for Subjective Rated Originality

Test Items alpha

Line meaning 3 34
Spearman-Brown coefficient

Drawing 2 .55

Real-world problem 2 .59

Obijective Scoring of Originality

Research Question 1b: How reliable are the originality scores obtained by counting the number

of top 20% responses?

Internal Consistency of the DT sub-tests. Two of the three DT sub-tests employed the
traditional scoring of originality — counting the number of responses provided by less than 20%
of the sample. Therefore, no inter-rater reliability was involved in the objective scoring.

Reliability information only comes from the internal consistency analysis.

To assess internal consistency, the DT test was evaluated using Cronbach’s alpha and the
Spearman-Brown (S-B) coefficient (see Table 3). The results indicated that the Line Meaning
test (o = .88) reached the benchmark of excellent reliability estimate, and the Real-world
Problem test (S-B coefficient = .73) fell just outside the excellent range. Compared to the
reliability estimates of the subjective scoring (a = .34; S-B coefficient = .59), the objective
scoring produced substantially higher internal consistency.

Table 3. Internal Consistency Estimates of the DT Test Using Objective Scoring

Test Items alpha

Line meaning 3 .88
Spearman-Brown coefficient

Real-world problem 2 73
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Scoring of Fluency

Research Question 1c: How reliable are the fluency scores obtained by counting the number of

responses?

Internal Consistency of the DT sub-tests. In the present study, fluency scores were
obtained by counting the number of responses to each item. To assess the internal consistency of
the DT test, these scores were evaluated using Cronbach’s alpha and the Spearman-Brown (S-B)
coefficient (see Table 4). The results indicated that fluency scores from the Line Meaning test (a
=.93) and Real-world Problem test (S-B coefficient = .81) reached excellent inter-item
reliability, whereas the two items in the Drawing test (S-B coefficient = .14) failed to produce

similar fluency scores.

Table 4. Internal Consistency Estimates of Fluency Scores

Test Items alpha

Line meaning 3 93
Spearman-Brown coefficient

Drawing 2 14

Real-world problem 2 81

Summary of Reliability Analysis

According to the reliability analysis conducted above, the traditional scoring method for
originality outperforms the subjective rating method in terms of internal consistency for the Line
Meaning test and the Real-world Problem test. Furthermore, inter-rater disagreement adds more
error to the originality score, making the subjective rating method even worse in terms of overall

reliability.
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However, the objective scoring method is not without problems, which mainly
manifested in the Drawing test. Low inter-item reliability in both originality scores and fluency
scores means that the two drawing tasks should not be treated as interchangeable items of a test.
In addition, histograms of the fluency sores (Figure 1 and Figure 2) from the two drawing tasks
show that most fluency scores clustered on a single number - three. This means that there is not
much variability in fluency scores for the drawing tasks, and the drawings should be evaluated

on their qualities rather than quantity.
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Frequency of fluency scores on the story drawing test

Mean =275
Std. Dev. = .7

M =164
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Figure 1. Frequency of Fluency Scores on the Story Drawing Test
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Mean = 2.73
St Dev. =1.453
N =164

Figure 2. Frequency of Fluency Scores on the Square Drawing Test

Selection of Divergent Thinking Scores for Subsequent Analyses

Taking into consideration the reliability information shown above, the researcher decided

to use six creativity scores for subsequent analyses (see Table 5). Two were fluency scores

obtained from the Line Meaning test and the Real-world Problem test. The fluency scores from

the Drawing test were dropped due to their lack of variability. The other four scores were

originality scores obtained from all the three sub-tests, including objective scores from the Line

Meaning test and the Real-world Problem test and two subjective scores from the Story Drawing

test and the Square Drawing test.

Table 5. Frequency of Fluency Scores on the Square Drawing Test

Index

Scoring Method

Line meaning fluency

Line meaning originality

Story drawing originality
Square drawing originality
Real-world problem fluency
Real-world problem originality

Objective
Objective
Subjective
Subjective
Objective
Objective




Summary of Reliability Evidence for DT Scores from the Three Groups

Another important issue to consider before further analysis is the comparability of the
online and paper-and-pencil versions of the DT test in terms of reliability estimates. If large
differences existed between different groups in terms of reliability coefficients, there would be
no need to compare the DT scores between groups. Therefore, a reliability analysis of the six
selected DT scores was conducted for each group, as summarized in Table 6. According to the
results, the differences between groups in terms of reliability coefficients were acceptable,
indicating that scores obtained from the online groups were generally as reliable as the scores

obtained from the paper-and-pencil group.

Table 6. Summary of Reliability Information of the Six DT Scores for Different Groups

27

Online-Basic Online-Advanced  Paper-and-Pencil
Group Group Group

Index alpha
Line meaning fluency 91 .93 94
Line meaning originality 81 .90 .89

ICC
Story drawing originality .67 .78 74
Square drawing originality 81 .84 .83

Spearman-Brown coefficient

Real-world problem fluency .78 .79 .86
Real-world problem originality .69 .78 .63
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Multiple Regression Analysis
Research Question 2: To what degree do technology-related skills and experience predict

performance on an online divergent thinking test?

The present study employed two measures, the Creativity with Technology Self-efficacy
Scale (CTSS) and the Technology Experience Questionnaire (TEQ), to investigate factors that
contribute to performance on an online/computerized divergent thinking test. Six multiple
regression analyses were conducted with three CTSS sub-scales as independent variables, and
each of the six DT scores obtained from the online test as the dependent variables. Then, a series
of forward stepwise multiple regressions using the same dependent variables were conducted
with technology experience factors as independent variables to further explore daily technology
experience that may influence online DT performance. Since the purpose of regression analysis
was to examine the link between technology experience and DT performance in online

environment, only data collected from online participants were used for the analysis.

Data Transformation

Before exploring evidence related to the research questions, the descriptive statistics
related to each online DT variable are reported (see Table 7). As shown in Table 7, four of the
six variables were moderately positively skewed. Therefore, square root transformation of the

four variables was performed to establish normality for subsequent analyses.
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Table 7. Descriptive Statistics for the Selected DT Scores

N M SD Skewness  Kurtosis
Line meaning fluency 114 3.83 2.31 1.44 3.64
Line meaning originality 114 2.38 1.79 2.04 6.82
Story drawing originality 114 2.53 1.15 0.85 -0.05
Square drawing originality 114 2.76 1.21 0.45 -0.25
Real-world problem fluency 114 5.77 3.25 1.41 2.49
Real-world problem originality 114 3.06 2.77 1.96 4.70

Simple Multiple Regression

Research Question 2a: To what degree do technology-related and creativity-related self-efficacy

predict performance on an online divergent thinking test?

Six multiple regression analyses were used to answer Research Question 2a, with creative
self-efficacy, technology self-efficacy, and technology-enabled creative self-efficacy entered into

the regression model as independent variables, and each DT score as a dependent variable.

How well do the three self-efficacy scores predict the Line Meaning fluency scores?
The results from the simple multiple regression testing Line Meaning fluency as the outcome
variable indicated that the three sub-scales combined explained 12% of the variance (R>= .12, F
(3, 110) = 4.88, p = .003; see Table 8). The model produced a multiple correlation coefficient
that was weak when Line Meaning fluency was the outcome, but was still statistically significant
(R=.34, p =.003). Looking at the regression coefficients in Table 8, creativity self-efficacy (p
=.015) and technology-enabled creativity self-efficacy (p = .001) were strong predictors of Line
Meaning fluency, whereas technology self-efficacy (p = .568) was not. Surprisingly, the

regression coefficient for the technology-enabled creativity self-efficacy (TCS) was negative,
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indicating that Line Meaning fluency scores tended to decrease when TCS scores increased. In

contrast, this fluency scores tended to increase when creativity self-efficacy scores increased.

Table 8. Technology with Creativity Self-efficacy Scales Regressed on Line Meaning Fluency

Scale b SE p t p

Creativity self-efficacy .03 .01 .25 248  .015
Technology self-efficacy .01 .02 .06 .57 .568
Technology-enabled creativity self-efficacy -.08 .02 -34  -3.47 .001

Note. N=114. R=.34, R?=.12.

How well do the three self-efficacy scores predict the Line Meaning originality scores?
The results from the simple multiple regression that tested Line Meaning originality as the
outcome variable indicated that the three sub-scales combined explained 7% of the variance (R?
=.07, F (3, 110) = 2.80, p = .044; see Table 9). The model produced a multiple correlation
coefficient that was weak when Line Meaning originality was the outcome, but again it was still
statistically significant (R= .27, p = .044). Looking at the regression coefficients in Table 9,
technology-enabled creativity self-efficacy efficacy (p = .010) were strong predictors of Line
Meaning originality, whereas creativity self-efficacy (p = .083) and technology self-efficacy
efficacy (p = .412) were not. Again, the regression coefficient for the technology-enabled
creativity self-efficacy (TCS) was negative, suggesting that Line Meaning originality scores, like

the previously-tested fluency scores, tend to decrease when TCS scores increase.

Table 9. Technology with Creativity Self-efficacy Scales Regressed on Line Meaning Originality

Scale b SE S t p

Creativity self-efficacy .02 .01 .18 1.75 .083
Technology self-efficacy .01 .01 .08 .82 412
Technology-enabled creativity self-efficacy -.06 .02 -26 -261 .010

Note. N=114. R=.27, R?>=.07.
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How well do the three self-efficacy scores predict the Story Drawing originality scores?
The results from the simple multiple regression that tested Story Drawing originality as the
outcome variable indicated that the three sub-scales combined explained only 3% of the variance
(R?=.03, F (3, 110) = .999, p = .396; see Table 10). The model produced a multiple correlation
coefficient that was both weak and statistically non-significant when Story Drawing originality
was the outcome (R= .16, p = .396). As shown in Table 10, none of the three self-efficacy scores

were strong predictors of Story Drawing originality (p = .227 to .559).

Table 10. Technology with Creativity Self-efficacy Scales Regressed on Story Drawing Originality

Scale b SE S t p

Creativity self-efficacy .03 .03 A3 122 227
Technology self-efficacy .03 .03 .09 .89 377
Technology-enabled creativity self-efficacy -.03 .05 -.06 -59 559

Note. N=114. R=.16, R?>=.03.

How well do the three self-efficacy scores predict the Square Drawing originality
scores? The results from the simple multiple regression that tested Square Drawing originality as
the outcome variable indicated that the three sub-scales combined explained 7% of the variance
(R?=.07, F (3, 110) = 2.89, p = .039; see Table 11). The model produced a multiple correlation
coefficient that was weak but still statistically significant when Story Drawing originality was
the outcome (R= .27, p =.039). As shown in Table 11, only creativity self-efficacy was a strong
predictor of Square Drawing originality (p = .004), whereas technology self-efficacy (p = .614)

and technology-enabled creativity self-efficacy (p = .352) were not.
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Table 11. Technology with Creativity Self-efficacy Scales Regressed on Square Drawing Originality

Scale b SE S t p

Creativity self-efficacy .08 .03 .30 294  .004
Technology self-efficacy -.02 .03 -.05 -51 .614
Technology-enabled creativity self-efficacy -.05 .05 -.09 -94 352

Note. N=114. R=.27, R?>=.07.

How well do the three self-efficacy scores predict the Real-world Problem fluency
scores? The results from the multiple regression that tested Real-world Problem fluency as the
outcome variable indicated that the three sub-scales combined explained only 9% of the variance
(R?=.09, F (3, 110) = 3.80, p = .012; see Table 12). The model produced a multiple correlation
coefficient that was weak but statistically significant when Story Drawing originality was the
outcome (R=.31, p =.012). As shown in Table 12, only creativity self-efficacy was a strong
predictor of Square Drawing originality (p = .002), whereas technology self-efficacy (p =.971)

and technology-enabled creativity self-efficacy (p = .061) were not.

Table 12. Technology with Creativity Self-efficacy Scales Regressed on Real-world Problem Fluency

Scale b SE S t p

Creativity self-efficacy .05 .02 .32 3.18 .002
Technology self-efficacy -.001 .02 -004 -04 971
Technology-enabled creativity self-efficacy -.05 .03 -19 -1.89 .061

Note. N=114. R=.31, R?>=.09.

How well do the three self-efficacy scores the predict Real-world Problem originality
scores? The results from the last of this series of multiple regressions that tested Real-world
Problem originality as the outcome variable indicated that the three sub-scales combined

explained 11% of the variance (R>= .11, F (3, 110) = 4.34, p = .006; see Table 13). The model
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produced a multiple correlation coefficient that was within the weak range but was statistically
significant when Real-world Problem originality was the outcome, (R= .33, p =.006). Looking at
the regression coefficients in Table 13, creativity self-efficacy (p = .001) were strong predictors
of Real-world Problem originality, whereas technology self-efficacy (p = .743) and technology-

enabled creativity self-efficacy (p = .073) were not.

Table 13. Technology with Creativity Self-efficacy Scales Regressed on Real-world Problem Originality

Scale b SE S t p

Creativity self-efficacy .06 .02 .33 3.35 .001
Technology self-efficacy .01 .02 .03 .33 743
Technology-enabled creativity self-efficacy -.05 .03 -18 -1.81 .073

Note. N=114. R=.33, R?=.11.

Summary of Simple Multiple Regression Tests. In sum, of the three self-efficacy scales,
technology did not predict any of the online DT scores, while creativity and technology-enabled
creativity predicted some of the online DT scores. Specifically, creativity self-efficacy predicted
Line Meaning fluency, Square Drawing originality, Real-world Problem fluency, and Real-world
Problem originality. Technology-enabled creativity self-efficacy (TCS) predicted Line Meaning
fluency and originality. However, TCS was negatively correlated with these two DT scores, an

effect that is worth researching further.
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Stepwise Multiple Regression

Research Question 2b: What kinds of technology experience contribute to performance in online

divergent thinking tests?

Forward, stepwise multiple regression modeling was conducted to 1) explore why
technology-enabled creativity self-efficacy does not positively predict some of the online DT
scores, and 2) look for other technology factors that may influence DT thinking. The analysis
was carried out six times, each with a different online DT score as the dependent variable. The
independent variables were video games (TEL1), graphic design (TE2), TV watching (TE3),
online video watching (TE4), video editing and sharing (TE5), picture editing and sharing (TE6),
writing blogs (TE7), word processing (TE8), texting (TE9), status posting (TE10), radio/podcast
listening (TE11), e-book/article reading (TE12), and emailing (TE13). These independent
variables generally fell into two categories: variables TE1 to TE6 were focused on the
visual/figural-based technology experience, while variables TE7 to TE13 were focused on the

non-visual/verbal aspects of technology experience.

How well do different types of technology experience predict Line Meaning fluency?
The final model contained only one variable, radio/podcast listening, that explained 9% of the
variance in the Line Meaning fluency scores (R?= .09, F (1, 112) = 11.32, p = .001; see Table
14). The model produced a correlation coefficient (R= .30, p = .001) that was weak but
statistically significant, indicating that radio/podcast listening was a significant predictor of Line

Meaning fluency.
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Table 14. Technology Experience Items Regressed on Line Meaning Fluency
Scale b SE i t p
radio/podcasts 15 .05 .30 3.37 .001
Note. N=114. R=.30, R?=.09.

How well do different types of technology experience predict Line Meaning originality?
A forward, stepwise multiple regression produced a final model containing three variables that
explained 19% of the variance in the Line Meaning originality scores (R?= .19, F (3, 110) =
8.47, p <.001), including radio/podcast listening (p = .021), posting/editing pictures (p = .001),
and status posting (p = .001). The model produced a multiple correlation coefficient (R= .43, p
<.001) that was substantially higher than the model (shown in Table 9) that used the self-
efficacy scores as predictors. The new model shown below (see Table 15) confirmed that visual
technology experience (such as posting and editing pictures) was negatively correlated with Line
Meaning originality. Interestingly, some non-visual technology experience (such as

radio/podcast listening and status posting) were positively correlated with Line Meaning

originality.

Table 15. Technology Experience Items Regressed on Line Meaning Originality

Scale b SE S t p

radio/podcast listening 10 .04 .20 2.34 021
posting/editing pictures -17 .05 -.33 -3.44 .001
status posting .16 .05 .33 3.44 .001

Note. N=114. R=.43, R?>=.19.

How well do different types of technology experience predict Story Drawing
originality? Forward stepwise multiple regression with Story Drawing originality as the

dependent variable and the technology experience items as independent variables did not
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produce a statistically significant model, suggesting that none of the technology experience types

in our questionnaire was a strong predictor of Story Drawing originality.

How well do different types of technology experiences predict Square Drawing
originality? The final model contained only one variable, graphic design, which explained 4% of
the variance in the Square Drawing originality scores (R?=.04, F (1, 112) = 4.32, p = .040; see
Table 16). The model produced a correlation coefficient (R=.19, p =.040) that was weak but
statistically significant, indicating that graphic design was a significant predictor of Square
Drawing originality.

Table 16. Technology Experience Items Regressed on Square Drawing Originality
Scale b SE i t p
graphic design .28 13 19 2.08  .040
Note. N=114. R=.19, R?=.04.

How well do different types of technology experiences predict Real-world Problem
fluency? The final model contained one variables, word processing (p = .005), which explained
7% of the variance in the Real-world Problem fluency scores (R?= .07, F (1, 112) = 8.055, p
=.005; see Table 17). The model produced a correlation coefficient (R= .26, p =.005) that was
weak but statistically significant, indicating that word processing was significant predictors of

Real-world Problem fluency.

Table 17. Technology Experience Items Regressed on Real-world Problem Fluency
Scale b SE S t p
word processing 14 .05 .26 2.84  .005
Note. N=114. R=.26, R?>=.07.
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How do different types of technology experience predict Real-world Problem
originality? The final model contained one variables, word processing (p = .010), which
explained 6% of the variance in the Real-world Problem originality scores (R?= .06, F (1, 112) =
6.833, p =.010; see Table 18). The model produced a multiple correlation coefficient (R=.24, p
=.010) that was weak but statistically significant, indicating that word processing, again, was

significant predictors of Real-world Problem originality.

Table 18. Technology Experience Items Regressed on Real-world Problem Originality

Scale b SE S t p

word processing 15 .06 24 2.61 .010

Note. N=114. R=.24, R?>=.06.

Summary of multiple regression. In sum, based on both the simple multiple regression
and the forward regression modeling, some of the visual technology experience items actually
negatively predicted the Line Meaning DT scores. In contrast, non-visual/verbal-based
technology use was a strong predictor of most of the DT scores. Although the results were
interesting and unexpected to some extent, these results did point out the possibility of in-
equivalence between paper and online versions due to the influence of prior technology

experience, which brings us to the next question.
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Analysis of Variance (ANOVA), Multivariate Analysis of VVariance (MANOVA), and
Multivariate Analysis of Covariance (MANCOVA)
Research Question 3: How do the results obtained through online divergent thinking tests differ

from the results of the paper-and-pencil version?

Descriptive Statistics

Before further exploring evidence related to the research questions, the descriptive

statistics related to each DT variable are provided by group and gender in Table 19.

Table 19. Descriptive Statistics by Group and Gender for DT Indices

Basic Online Advanced Online Paper and Pencil
Female Male Female Male Female Male
(n=45) (n=12) (n=36) (n=21) (n=28) (n=22)

M SD M SD M SD M SD M SD M SD

Line meaning fluency 185 059 202 033 18 053 18 070 19 030 218 0.69
Line meaning originality 139 053 157 037 139 054 158 067 146 034 171 0.74
Story drawing originality 242 102 231 09 272 130 25 124 301 116 268 133
Square drawing originality 256 113 292 164 286 115 292 122 346 086 287 117
Real-world problem fluency 220 052 234 057 237 064 247 087 239 045 250 0.68

Real-world problem originality 136 065 171 054 164 073 192 089 174 050 181 071

Two-Way Factorial Analysis of Variance (ANOVA)

Research Question 3a: With respect to the divergent thinking score, do the online groups and

paper-and-pencil group differ when gender is considered?

A series of two-way factorial analyses of variance (ANOVAS) were performed to
establish and explore group and gender differences with respect to each DT score. It was

hypothesized that the advanced online group would achieve higher originality scores in the
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Drawing test than the basic online and paper-and-pencil groups. It was also hypothesized that
gender may influence scores obtained on verbal tasks, including the Line Meaning test and the
Real-world Problem test. The interaction between group and gender were also explored in this

analysis.

Group and gender differences in line meaning fluency scores. Results from two-way
ANOVA (see Table 20) showed that neither group (F (2, 158) = 1.70, p = .185, n? = .02) nor
gender (F (1, 158) = 2.35, p = .128, n? = .02) had a statistically significant effect on the Line

Meaning fluency scores. No interaction effect was found between gender and group (F (2, 158) =

0.33, p =.719, n2 = .004).

Table 20. Analysis of the Differences in Group and Gender on Line Meaning Fluency

Variable SS df MS F p

group 1.05 2 0.52 1.70 185
gender 0.72 1 0.72 2.35 128
group * gender 0.20 2 0.10 0.33 719

Group and gender differences in line meaning originality scores. Results from two-way
ANOVA (see Table 21) showed that males scored significantly higher than females on Line
Meaning originality (F (1, 158) = 4.77, p = .030, n? = .03). However, group had no statistically
significant effect on Line Meaning originality scores (F (2, 158) = 0.57, p = .566, n> = .01). No

interaction effect was found between gender and group (F (2, 158) = 0.05, p = .953, 2 = .001).

Table 21. Analysis of the Differences in Group and Gender on Line Meaning Originality

Variable SS df MS F p
group 0.34 2 0.17 0.57 566
gender 1.43 1 1.43 4.77 .030

group * gender 0.03 2 0.01 0.05 953
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Group and gender differences in the story drawing originality scores. Results from two-
way ANOVA (see Table 22) showed that, again, neither group (F (2, 158) = 1.80, p = .168, 1?
=.02) nor gender (F (1, 158) = 1.09, p = .298, n? = .01) significantly affected Story Drawing
originality scores. No interaction effect was found between gender and group (F (2, 158) = 0.10,

p =.908, 1% = .001).

Table 22. Analysis of the Differences in Group and Gender on Story Drawing Originality

Variable SS df MS F p

group 5.00 2 2.50 1.80 .168
gender 1.51 1 1.51 1.09 .298
group * gender 0.27 2 0.13 0.10 .908

Group and gender differences in the square drawing originality scores. Results from
two-way ANOVA (see Table 23) showed that neither group (F (2, 158) = 1.60, p = .205, n°
=.02) nor gender (F (1, 158) = 0.09, p = .765, n? = .001) had a significant effect on Square
Drawing originality scores. No interaction effect was found between gender and group (F (2,

158) = 1.97, p = .143, n2 = .02).

Table 23. Analysis of the Differences in Group and Gender on Square Drawing Originality

Variable SS df MS F p

group 4.27 2 2.13 1.60 205
gender 0.12 1 0.12 0.09 165
group * gender 5.26 2 2.63 1.97 143

Group and gender differences in the real-world problem fluency scores. Results from
two-way ANOVA (see Table 24) showed that neither group (F (2, 158) = 1.00, p = .370, n°

=.01) nor gender (F (1, 158) = 1.22, p = .271, n? = .01) had a significant effect on Real-world
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Problem fluency scores. No interaction effect were found between gender and group (F (2, 158)

=0.01, p =.987, 1% < .001).

Table 24. Analysis of the Differences in Group and Gender on Real-world Problem Fluency

Variable SS df MS F p

group 0.76 2 0.38 1.00 370
gender 0.46 1 0.46 1.22 271
group * gender 0.01 2 0.00 0.01 .987

Group and gender differences in the real-world problem originality scores. Results
from two-way ANOVA (see Table 25) showed that males scored significantly higher than
females on Real-world Problem originality (F (1, 158) = 4.11, p = .044, n? = .03). However,
group did not have a statistically significant effect on Real-world Problem originality scores (F
(2,158) = 1.73, p = .181, n? = .02). No interaction effect was found between gender and group (F

(2, 158) = 0.57, p = .568, n2 = .01).

Table 25. Analysis of the Differences in Group and Gender on Real-world Problem Originality

Variable SS df MS F p

group 1.61 2 0.81 1.73 181
gender 1.92 1 1.92 411 .044
group * gender 0.53 2 0.26 0.57 .568

Summary of Two-Way ANOVAs. In sum, only a gender effect was found in two of the
six DT scores — the Line Meaning originality score and the Real-world Problem originality score.
No group effects or interaction effects were found for the DT scores, indicating that the testing
environment, whether online with different tools or in a classroom with pencil and paper, did not

significantly affect the DT scores.
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One-Way Multivariate Analysis of Variance (MANOVA)

Research Question 3b: Is there an overall group effect on the divergent thinking scores?

To test the overall effect of the three groups on divergent thinking (DT) scores,
MANOVA was conducted with the six DT scores as dependent variables, and group as the

independent variable.

Homogeneity of variance was examined at both the multivariate and univariate levels.
Neither Box’s M (p =.076) nor Levene’s tests (p = .054 to .515) were significant. The
multivariate effect of group difference on DT scores was also not statistically significant, with

Wilk’s lambda = .88, F (12, 312) = 1.74, p = .057, n? = .06

One-Way Multivariate Analysis of Covariance (MANCOVA)

Research Question 3c: Is there an overall group effect on divergent thinking scores after

controlling for the gender effect?

As DT scores may vary by gender, to test the overall effect of three groups on DT scores
and control for the gender effect, MANCOVA was performed with the six DT scores as

dependent variables, group as the independent variable, and gender as the covariate.

Homogeneity of variance was examined at both the multivariate and univariate levels.
Neither Box’s M (p = .076) nor Levene’s tests (p = .051 to .404) were significant. The
multivariate effect of group difference on DT scores was also not statistically significant, with
Wilk’s lambda = .89, F (12, 310) = 1.62, p = .084, n? = .06. Gender (the covariate), however, had
a statistically significant effect on DT scores, with Wilk’s lambda = .91, F (6, 155) = 2.46, p

= .027,m2 = .09.
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DISCUSSION

To evaluate the feasibility of an online divergent thinking test, three research questions
were proposed, including Research Question 1 (How reliable are the scores that are obtained
from the divergent thinking tests?), Research Question 2 (To what degree do technology-related
skills and experience predict performance in online divergent thinking tasks?), and Research
Question 3 (How do the results obtained from the online divergent thinking tests differ from
those of the paper-and-pencil version?). Research Question 1 addresses the reliability aspect of
the test, while Research Question 2 and 3 represent an effort to provide some evidence of
validity for the test. The results for research questions 1 through 3 will be discussed to help us

understand the affordances provided by technology in creativity education.

Reliability of Online Divergent Thinking Test Scores

The present study used three types of tasks to assess divergent thinking abilities,
including Line Meaning, Drawing, and Real-world Problem. At least two themes emerged as
reliability evidence was being collected for each of these tasks, and both are important in order to

understand some basic issues regarding the interpretation of online DT test scores.

Theme 1: Different scoring methods produced different evidence of reliability

The current study calculated two types of divergent thinking scores for each task:
Fluency and Originality. While fluency scores can only be calculated using the objective method
(counting the number of responses), originality scores can be calculated using various methods.
The present study employed two scoring methods to calculate the originality scores for each
participant: 1) subjective rating, as conducted by three external raters (taking the average rating
of all three), and 2) objective ratings, as coded by the investigator (top 20%). We then analyzed

the reliability of the scores to decide which method would be used for subsequent analysis. The
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Drawing test did not produce objective scores of originality. Therefore, only scores from the

Line Meaning test and Real-world Problem test are discussed in this section.

With regard to the subjective rating of originality, evidence of both inter-rater reliability
and inter-item reliability was examined. Specifically, the Line Meaning test, which consisted of
three items, produced inter-rater reliability estimates that were just inside the good range (ICC
= .61, .61, and .62) and an inter-item reliability estimate that fell into the poor range (ICC = .34).
The Real-world Problem test, which consisted of two questions, produced inter-rater reliability
estimates that were lower than .70 (ICC = .60 and .67) and an inter-item reliability estimate that
was within the fair range (Spearman-Brown Coefficient = .59). Despite the fact that the Real-
world Problem test performed better than the Line Meaning test in terms of inter-item reliability
estimates, the overall reliability was still poor if both inter-item and inter-rater reliability
estimates were taken into consideration. Thus, the subjective rating of originality, conducted by
averaging the external raters’ ratings of all responses, failed to produce evidence of reliability for

the Line Meaning test and the Real-world Problem test.

With regard to the objective scoring of originality, strong evidence of reliability was
found. When the investigator counted the top 20% responses for each participant and used that
number as the originality score, both the Line Meaning test and the Real-world Problem test
yielded higher inter-item reliability coefficients (ICC = .88 and Spearman-Brown coefficient
=.73) than with the subjective ratings. The results indicated that the estimates of internal
consistency across items for these two sub-tests were adequate. Also, since no inter-rater
reliability needs to be estimated for objective ratings, it had fewer error sources than the

subjective ratings.
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The results seem to contradict the findings of previous research that examined and
compared subjective and objective scoring methods in terms of their reliability estimates. For
example, Plucker, Qian and Schmalensee (2014) employed seven scoring methods to calculate
originality scores for two real-world problems (Pat and Kelly problem) and found no dramatic
differences between a subjective rating method and the top 20% scoring method in terms of their
inter-item reliability estimates (ICC =.70 and .62, respectively). The authors also found that the
correlations between raters were very high for the two problems (r = .90 and .91). Similarly,
Plucker, Qian and Wang (2011) used the same methods for the Noise and Wheel problems and
found no dramatic differences between the subjective rating method and the top 20% scoring
method in terms of their inter-item reliability estimates (ICC = .62 and .50, respectively). The
correlation between raters was high as well (r = .89). Silvia and colleagues (2008) used
generalizability coefficients that considered both the rater facet and the task facet to estimate and
compare the reliability evidence between the subjective and objective rating methods
(uniqueness 1/0). They found that the objective scoring method performed more poorly than the

average ratings, which stands in contrast with the findings of the present study.

Regarding these differences, several points should be noted. First, none of the studies
mentioned above used exactly the same methods as were used in the present study. Plucker and
colleagues used subjective ratings of the entire ideational pool, whereas the present study used
averaged ratings from all the responses in the pool (which was also done in Silvia et al.’s study).
However, Silvia and colleagues calculated objective scores using the 1/0 method (in which any
response given by only one person received a 1; all other responses received a 0), whereas the
present study used the number of top 20% responses as the objective score for each participant.

Second, the recruitment and training of raters might also influence reliability. For example,
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previous research has tended to utilize graduate students from the same department (e.qg.
educational psychology). The present study, on the other hand, employed 3 raters (graduate
students) from three different departments. Despite the fact that the investigator of the present
study spent 30 minutes to train the raters, this may not have been adequate compared to studies
that used raters with more creativity-related knowledge. If this is true, it means that creativity-
related knowledge may have an impact on the reliability of subjective scoring. Third, the type of
tasks (or responses) may also affect the reliability of divergent thinking scores (Silvia et al.,
2008). This may have been the case especially when the DT tests asked participants to come up
with simple answers (in one or two words), as opposed to elaborated responses (such as
drawing). In the present study, the number of test responses produced by the participants might
have been too many for the raters (the present study produced 2,252 verbal responses for the
Line Meaning test and 2,136 solutions for the Real-world Problem test), which may have
resulted in fatigue and thus inconsistences between raters and items. Similarly, Hass (2015) used
an alternative use test (e.g. “tell me different uses of a brick™) and an instance test (e.g. “name
things with leg”) in one of his studies, which yielded three inter-rater reliability estimates (ICCs)
that ranged from .15 to .53. This last point touches upon the second theme that emerged from the

current study.

Theme 2: Different types of responses produced different evidence of reliability

Generally, two types of tasks were used in the present study: tasks that asked for verbal
responses and tasks that asked for drawing responses. The Line Meaning test and the Real-world

Problem test belonged to the former category, while the Drawing test belonged to the latter.

A clear pattern emerged as reliability information was collected for both types of

responses. Both of the two Drawing sub-tests — the Story Drawing test and the Square Drawing
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test — produced inter-rater reliability estimates that were within the excellent range (ICC = .74
and .83, respectively). These estimates were higher than those obtained from the other two tests,
as discussed in Theme 1 (ICC ranged from .60 to .67). Despite the fact that the inter-item
reliability estimate was low for the drawing tasks (Spearman-Brown coefficient = .55), this was
expected because the two sub-tests (Story and Square) were very different from one another

compared to the sub-tests in the other DT tests.

Few studies have compared evidence of inter-rater reliability between drawing responses
and verbal responses, but the results of the present study are consistent with previous studies
with regard to the inter-rater reliability of drawing responses. For example, Jankowska and
Karwowski (2015) designed a test of imagery ability that required drawing responses. The
authors recruited 4 judges to rate all the responses in terms of vividness, originality, and
transformativeness, and they found that the inter-judge reliability estimate for originality was
adequate (ICC = .89). Similarly, Kalis, Roke, and Krimina (2014) investigated the psychometric
properties of the Test for Creative Thinking—Drawing Production (TCT-DP), which was
developed by Jellen and Urban (1986) in Germany. Four of the fourteen creativity criteria of the
TCT-DP were unconventionality indices, which were similar to the originality index used in the
present study. Using the methodology of structural equation modeling (SEM), Kalis and
colleagues found adequate inter-rater reliability estimates (3 raters) for these four indices (p = .80

to .90).

A possible explanation for why the subjective ratings of the drawing responses yielded
stronger evidence of inter-rater reliability in our study may be that the drawing responses were
more interesting and were significantly fewer in number than the verbal responses. As mentioned

previously, the Line Meaning test and the Real-world Problem test produced more than 4,000
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responses, whereas the two drawing sub-tests produced only 110 pictures in total. The smaller
number of responses, combined with the aesthetic quality of drawing, makes them easier and

more pleasant to conduct subjective rating of.

Taking into consideration all of the reliability information discussed above, the
investigator decided to use six DT scores for subsequent analyses. Two were fluency scores
obtained from the Line Meaning test and the Real-world Problem test. The fluency scores from
the Drawing test were dropped due to their invariability. The other four scores were originality
scores obtained from all three sub-tests, including objective scores from the Line Meaning test
and the Real-world Problem test, and two subjective scores from the Story Drawing test and the

Square Drawing test.

The Relationship between Technology Use and Divergent Thinking Abilities

To answer Research Question 2 (To what degree do technology-related skills and
experience predict performance in online divergent thinking tasks?), the present study also
employed two other technology-related measurements, the Creativity with Technology Self-
efficacy Scale (CTSS) and the Technology Experience Survey (TES). The CTSS consisted of
three sub-scales: General Creativity Self-efficacy (GCS), General Technology Self-efficacy
(GTS), and Technology-Enabled Creativity Self-efficacy (TECS). A third theme emerged when
these technology-related measures were used to predict divergent thinking performance in the

online test.

Theme 3: Technology Use Might Influence Online Divergent Thinking Performance

Visually-focused Technology Use and Divergent Thinking. The results showed that,

while creativity self-efficacy positively predicted most of the DT scores, people’s confidence



49

with technology use for creative activities (as measured by the TECS) negatively predicted the
DT scores obtained from Line meaning tasks, including both fluency and originality scores.
Further analyses using the technology experience survey yielded negative correlations between

picture editing and the Line Meaning originality scores, contrasting with the hypothesis.

A possible explanation for the negative correlations may be that most people post or edit
pictures for practical purposes, such as adjusting picture qualities for social media, rather than for
creative purposes. If this was the case, the picture editing had then become a repetitive task

rather than work that stimulated visual imagination, as measured by the Line Meaning test.

Non-visually-focused Technology Use and Divergent Thinking. The results also showed
that some forms of non-visual technology use positively predicted some DT scores. This was
consistent with most of the previous research investigating the influence of radio, reading, and
writing on creative thinking. For example, Valkenburg and Beentjes (1997) found that radio
elicited more novel responses than television in story completion tasks. Similarly, Greenfield,
Farrar, and Beagles-Roos (1986) found that radio was more stimulating to imagination processes,
leading to more fluency in story making, than television. Not only radio, but reading and writing
also have positive influences on creativity, as the previous literature has shown (Ritchie et al.,

2013; Wang, 2012).

A possible stream of exploration is whether radio listening, reading, and writing, as
opposed to TV watching or video gaming, are more associated with abilities that facilitate
imagination, divergent thinking, and creative problem solving. According to the reduction
hypothesis proposed by Calvert and Valkenburg (2013), the generation of visual images and
novel responses would be impeded by exposure to visually-focused media, which supply those

images rather than stimulating their creation via verbal modalities.
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All of our results regarding the relationships between types of technology experience and
divergent thinking should be interpreted with caution, as they are correlational and exploratory.
More research needs to be conducted to elucidate technology’s influence on creative thinking.
Nonetheless, the results did point out the possibility of technology influence on people’s
divergent thinking abilities, which may have implications for computerized DT testing with

regard to the equivalence of online and paper versions.

Mode Effect and Gender Effect on Divergent Thinking Scores

Another two themes emerged while comparing DT scores between groups. Specifically,
the comparison of DT scores showed no differences between the basic-online group, the
advanced-online group, and the paper-and-pencil group after controlling for gender. This study
also compared and found significant differences in DT scores between male and female

participants.

Theme 4: No mode effect was found for DT scores or their reliability estimates

After the six DT indices were selected, the next step was to determine the differences
between the online and paper versions of the test. The purpose of this section is to discuss
whether there was any mode effect on people’s divergent thinking performance, and the
implications of this. Two kinds of information were examined: 1) differences in reliability

estimates, and 2) differences in DT scores.

No mode effect on reliability estimates. The current study found no dramatic differences
in either inter-item or inter-rater reliability estimates between the three groups (online-basic,

online-advanced, and paper-and-pencil). Although few studies have compared the reliability



51

information of drawing tasks, our findings were consistent with previous research that compared
reliability information for verbal responses between computer and paper versions of DT tests.
For example, Lau and Cheung (2010) compared the electronic and paper-and-pencil versions of
the Wallach-Kogan Creativity Tests in terms of their internal consistency (alpha), and found that
the magnitudes were comparable. The tests they used only produced verbal responses. The
present study has demonstrated that drawing responses can produce similar or even the same

inter-rater reliability estimates across modes.

No mode effect on divergent thinking scores. Contrary to the hypothesis, we found no
differences in any of the divergent thinking scores after the gender effect was controlled for. The
results are consistent with the latest research on computerized DT tests (Zabramski, Gkouskos, &
Lind, 2011), while contradicting findings obtained 20 years ago by Kwon (1994). Initially, our
hypothesis was made on the basis of the idea that mouse input would have a negative impact on
participants’ drawing performance. As Zabramski and Neelakannan (2011) have claimed,
feedback from mouse movements is presented on the computer screen, which is spatially
separated from the user, making the entire human-computer interaction indirect. In addition,
mouse movement is usually smaller than cursor movement on the screen, which would also
affect drawing accuracy in the test. However, neither the present study nor the study of
Zabramski and colleagues found significant differences in DT scores between different input

methods, indicating that a mode effect is not present in DT testing.

An important factor that might contribute to the inconsistency between the results from
now and two decades ago is computer familiarity. People who use computers often may develop
motor skills that would compensate for the inaccuracy and inconvenience that comes with the

use of a mouse. What is evident about the changes in computer use across time is that people
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nowadays use computers and mice more often than people living 20 years ago. According to the
2014 U.S. Census, more than 80% of American households now own a computer, compared to
30% twenty years ago. College students, a major component of our sample, would have even
more access to computers. Zabramski and colleagues collected their data in Sweden, a country
that has the most computers per household in the world (OECD, 2015). Their sample consisted
of adults aged from 20 to 38. In contrast, the sample in Kwon’s (1996) study consisted of fifth
and sixth graders. Therefore, both time and age would lead to differences in participants’
computer familiarity, which would in turn affect their performance in computerized drawing

tests.

Interestingly, Zabramski and colleagues (2013) provided a different explanation, arguing
that the graphic user interface (GUI) might lead to additional cognitive load, influencing
participants’ drawing performance. They believed that the more elaborate GUI used in Kwon’s
(1996) study — as opposed to the simplified GUI used in their study — was the major factor
contributing to the differences between the computerized and paper versions. This claim,
however, is not supported by the findings of the present study. The present study used
elaborative GUIs in both the basic-online group and advanced-online group, according to
Zabramski’s standards (drawing tools were visible on the screen), but no differences were found
between these two online groups and the paper-and-pencil group. Neither did Zabramski and his

colleagues (2013) find any differences in DT scores between the elaborate and simple GUIs.

Theme 5: Gender differences in DT scores were inconsistent

Significant gender differences were found in the Line Meaning originality scores and the
Real-world Problem originality scores, with males producing significantly higher overall mean

scores than females. The results added more mystery to the mixed evidence on gender
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differences found in the previous literature. In fact, no consistent pattern of gender differences in
creativity tests has been identified (Baer & Kaufman, 2008; Cheung & Lau, 2010), with a greater

number of studies finding that girls or women score higher on verbal DT tests.

One possible explanation for the gender effect in the present study is that the participants
were self-selected. Self-selected males might produce higher originality scores than females in
verbal tasks. However, the results of the present study should be interpreted with caution, as
there might be bias due to the fact that the females outnumbered the males by almost double.

Therefore, further research needs to be done to study gender differences in creativity.

Summary of the Feasibility of an Online Divergent Thinking Test
The above analyses have yielded important implications for the use of an online
divergent thinking test. All of the issues discussed above, together with the design issues of the

online testing system, will be summarized and further discussed below.

Limitations and Disadvantages of the Current Online Test.

Several limitations should be noted before we discuss the potential advantages of an
online creativity test. The present study represents an effort to computerize the divergent
thinking test using current available technologies. One of the goals was to develop and test a
system, rather than to publish a new tool. To achieve this goal, compromises needed to be made

on several aspects.

First, unlike the application development done in the previous studies, none of the
technologies involved in the present study were owned by the investigator. For example, the web
drawing interface was designed and maintained by a third-party. The investigator only added

some simple coding to adapt the tool into the testing system. One of the downsides of this
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method was that the researcher was unable to have total control of the tool if any errors occurred.
In fact, in the initial experimental design, the drawing interface presented to the advanced-group
contained more tools, such as a straight-line burton and circle burton, to allow participants more
control during the drawing process. In the actual experiment, however, these tools mysteriously
disappeared, despite communication between the investigator and the tool’s developer. Neither
could identify the cause the problem, leading to fewer tools being shown in the drawing interface

for the advanced group.

Second, an online creativity test may not be suitable for small-scale assessments. The
findings in the present study have demonstrated that the online and paper versions were
equivalent in almost every respect, which leads to the next question: If they are equivalent, why
would we use an online test? In other words, is there value added by putting the test online or
computerizing it? The answer may be no. For example, a small-scale and occasional assessment,
which can usually be carried out in a classroom, does not need to be computerized. Using an
online version would not only be an expensive option, but would also bring with it technological

issues.

Third, the present study only touched on some of the potential of a computerized
creativity test, leaving the rest to be explored by future research. For example, the development
of a computerized creativity test should not just focus on putting the paper version online or on
computers. With the advanced technologies available, computerized testing can do much more

than replicating the paper version. This will be further discussed in the next section.
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Advantages and Potential of Online Creativity Testing

With the aforementioned limitations in mind, the present study also demonstrated several

advantages and the potential of an online DT test.

First, online testing can reach more people within a relatively short amount of time, at a
lower cost. Paper-and-pencil testing usually requires people to be at a particular place at a certain
time to take the test. If people’s schedules conflict with the test time, they will need to change
their schedule, or the test administrator will need to change the time or place. This issue does not
apply to online testing. As long as the test takers have the link to the testing system, they can
choose to do the test at the time and place that suits them. This is especially an important feature

when test administrators want to collect self-selected samples in a large-scale assessment.

Second, current technologies allow test designers to develop their own creativity testing
systems. Despite the pitfalls mentioned in the previous section, there are several advantages of
using third-party technologies. For example, test designers do not need to possess advanced
technological knowledge (such as programming or web design skill) to develop such a tool, thus
reducing learning time as well as any costs associated with hiring technology assistants. In
addition, since different interfaces do not significantly influence creativity test performance, test
designers/administrators can experiment with different tools to determine which solutions best

satisfy their purposes.

Third, technologies hold great potential in allowing people to develop automatic and
adaptive creativity tests. In the present study, objective scoring of verbal responses produced
high reliability estimates. This has important implications for automatic scoring because

objective scoring, which is carried out by first pooling all the responses and then counting the
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number of responses given by less than 20% of the sample, can be conducted via computer
program if it can recognize the meaning of the responses. Given that artificial intelligence (Al)
systems such as SIRI, Alexa, and Cortana, can nowadays easily recognize and respond to simple
commands from people, it would not be very difficult to design a computer program that
recognizes verbal responses to various types of DT tasks. If automatic scoring is feasible, then

adaptive creativity testing is also possible. This of course requires more research in the future.

In summary, the findings of this study indicate that an online DT test can produce the
same, reliable DT scores as the paper test does. Despite that technology use may influence
people’s online divergent thinking performance, it does not result in the differences between
paper and online versions of the test. This form may be more useful for large-scale assessments
because it makes data collection much faster and more convenient. The current study also
demonstrates that online creativity testing could add more value if automatic scoring and

adaptive testing are used.

Future Directions

The present study provides a foundation for continued development and evaluation of an
online or computerized divergent thinking test which includes both verbal tasks and figural
(drawing) tasks. The design of this study only addressed very limited aspects of the test,
basically comparing online and paper versions of the test with regard to fluency and originality
scores. To fully test the equivalence between online and paper versions requires further
investigations into other DT indices, such as flexibility and elaboration, as well as other factors,
such as completion time and drawing process. In addition, further studies would benefit from the
development of automatic scoring and adaptive testing techniques to fully explore the potentials

of digital technologies.
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With regard to the technology influence on divergent thinking, the present study only
provides correlational results that warrant more research in the future. One of the findings was
the negative correlation between picture editing/posting and visual imagination/ideation. Further
research could examine the purposes of picture editing/posting, the tools that are involved, and
when and how relevant technologies are used in daily life, to find out specific behaviors that are
associated with the possible decline of visual imagination. Another interesting finding was the
positive relationships between non-visually-focused technology use and divergent thinking
abilities. Further research needs to be done to find out if there are causal relationships between
the two, which may provide educational implications for educators who are interesting in the
cultivation of divergent thinking abilities, or more broadly, creative abilities in educational

settings.
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Appendix 1: Online Divergent Thinking Test (ODTT)

Instructions for Line Meaning test:

Welcome! On the next page, you are going to play a line game. You will see some lines and
figures and after you have looked at each one, please tell us all of the things that the drawing
makes you think of.

Here is an example:

A\

For this figure, you could answer, "Mountain; Crack in a glass table; A squished piece of paper;
Stock market trend lines; Kid's doodling; Electricity; Soundwave; Analysis chart." There are
many more things you can think of, and all of them are legitimate.

If you are ready, please turn to the next page. Let's begin now.
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Line Meaning test

List all the things that the drawing could be. You can look at it from any direction (or angle) you
want.
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Drawing test 1

Below are the elements you've seen in the previous task. Now, how about combining these
figures together to make a story? Try to draw an interesting story based on the figures below.

And add a title to your story.

Title:

please draw within borders
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Drawing test 2

Please add details to the squares below to make recognizable objects. Try to make these figures
as interesting and unusual as possible. Add names or titles if you think the meaning of the
object is not clear.

please draw within borders
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Instructions for Real-world Problem test:

On the next two pages, we will describe 2 problems which may occur at school and work. Your
task is to first read about the problem and then try to write down as many solutions as you can
for each problem.

Here is an example:

Your favorite television show, Game of Thrones, was on last night. You had so much fun
watching it that you forgot to do your homework. You are about to go to school this morning
when you realize that your homework is due in your first class. Uh-oh . . . what are you going to
do?

For this problem, you could answer, “Tell the professor that you forgot to do your homework; try
to do your homework in the car or bus on the way to school; ask your roommate,

boyfriend, girlfriend, or classmate to help you finish your homework; do your homework tonight
and turn it in the next time the class meets; or finish your homework first than show up late for
class.” There are many more answers to this problem, and all of them are legitimate.

Now turn to the next page, take your time, have fun.
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Real-world Problem test 1

You friend Pat sits next to you in class. Pat really likes to talk to you and often bothers you while
you are doing your work. Sometimes Pat distracts you and you miss an important part of the
lecture, and many times you don't finish your work because Pat is bothering you. What should

you do?

Think of as many ideas as you can. Try to provide ideas that no one else will think of.
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Real-world Problem test 2

It is the weekend, and you finally have time to take your dog for a long walk. But 30 minutes
from home you remember 3-4 things you need from the store before tonight's dinner. You forgot
them once before and are determined not to forget them again. But you have no pen or pencil,
nor do you have a mobile phone. What could you do?

Think of as many ideas as you can. Try to provide ideas that no one else will think of.
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Appendix 2: The Creativity with Technology Self-efficacy Scale (CTSS)

Sub-Scale Item

General | am good at coming up with new ideas when working on creative tasks
Creativity Self- | have a lot of good ideas when working on creative tasks

efficacy (GCS) | have a good imagination when working on creative tasks

| am good at coming up with my own creative tasks

| am good at coming up with new ways of doing creative tasks

General | feel confident installing and uninstalling large software on my computer, tablet, or other smart devices
Technology Self- | feel confident learning to use new apps or software
efficacy (GTS) | feel confident troubleshooting my PCs, tablets or other smart devices when they encounter problems

| feel confident figuring out the formats of different files

| feel confident finding the correct programs or apps to open or process files in different formats

| feel confident switching between different operating systems (for example, Mac, Windows, Android)

| feel confident using cloud storage services to sync and share my files

Technology | feel confident using drawing software or apps to create new drawings or paintings
Enabled | feel confident making animations
Creativity Self- | feel confident doing web designing

efficacy (TECS) | feel confident designing 3D objects on computers or tablets
| feel confident using video editors to do creative post-production after shooting or recording video footage
| feel confident using (online) digital instruments to create new music (for example, online piano, online drums, online

guitar)




Appendix 3: Technology Experience Survey (TES)

(with a 5-point Likert scale ranging from never to always)
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Category

Item

Visually-focused

Technologies

play video games

do graphic design on computer (2D or 3D)
watch TV

watch online videos

edit or share videos

edit or post pictures

Non-visually-focused

Technologies

write blogs

use word processing software

exchange messages (in words only) with others

post your status (in words only ) on social networking sites
listen to (non-music) radios or podcasts online

read E-books or articles on electronic device or computer

exchange emails (in words only) with others
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