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In this two-year project, four behavioral studies and two
fMRI studies were conducted. Study 1 focused on developing
related instruments, including the Inventory of Attitude
towards Mobile Devices for Creativity Learning, the
Inventory of Passion towards Smartphones, the Inventory of
Passion towards Smartphones, Creativity Mindset Inventory,
Mindful Learning towards Smartphones, and the Inventory of
Possibility Thinking towards Smartphones. All instruments
had good validity and reliability. Followed the instrument
development, study 2 explored the effectiveness of
technology-oriented mindfulness learning intervention on
enhancing creativity. With a pretest and post-test control
group design, 149 college students participated in an
experimental instruction. The findings of this study
suggest that applying technology-oriented mindfulness
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learning intervention in daily life has the potential for
promoting creative learning among college students. Study 3
developed an Ambiguous-photo Imagination Test that included
a longer version of twenty test items and a shorter version
of ten test items. Participants were 113 college students.
Both versions of Ambiguous-photo Imagination Test had good
validity and reliability. Study 4 explored the learning
effect and the cluster profiles of passion in smartphone
use, growth creative mindset, fixed mindset, and self-
efficacy among 84 college students. The findings revealed
that the college students significantly improved their
growth-internal and external creativity mindset,
harmonious-intrapersonal passion, harmonious-interpersonal
passion, and creativity self-efficacy. In addition, three
distinctive patterns emerged in the cluster analysis that
included the concerned personal traits. Study b compared
the participants’ imagination neural network of ambiguous
black-and-white versus color daily life photos. Twenty
college students participated in this experiment and took
the creativity tasks inside a fMRI scanner. The findings
suggest that the black-and-white photos, which are more
abstract than the color photos, requires more cognitive
resources to recognize the shapes and characteristics in
the photos and use more neural resources to generate
creative ideas. Study 6 examined the effectiveness of
mindful learning intervention on the neuroplasticity of
creative learning. Twenty-five college students
participated in an fMRI experiment with pretest-posttest
design. All participants received a 10-day mindful
intervention, in which they were requested to freely taking
photos of daily life and upload them to a designated
website for sharing. The findings suggest that the brain
uses fewer neural resources for efficient neural actions to
achieve better creativity performance after the
intervention. The findings of this two-year study
demonstrate the possibility and valuableness of integrating
mind, brain, and learning in creativity.

mindful learning, creativity, technology, fMRI, personal
traits
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Implementing mindful learning intervention through digital technology to
enhance creativity: An exploration of neural plasticity

Abstract

In this two-year project, four behavioral studies and two fMRI studies were conducted. Study 1 focused
on developing related instruments, including the Inventory of Attitude towards Mobile Devices for Creativity
Learning, the Inventory of Passion towards Smartphones, the Inventory of Passion towards Smartphones,
Creativity Mindset Inventory, Mindful Learning towards Smartphones, and the Inventory of Possibility
Thinking towards Smartphones. All instruments had good validity and reliability. Followed the instrument
development, study 2 explored the effectiveness of technology-oriented mindfulness learning intervention on
enhancing creativity. With a pretest and post-test control group design, 149 college students participated in an
experimental instruction. The findings of this study suggest that applying technology-oriented mindfulness
learning intervention in daily life has the potential for promoting creative learning among college students.
Study 3 developed an Ambiguous-photo Imagination Test that included a longer version of twenty test items
and a shorter version of ten test items. Participants were 113 college students. Both versions of Ambiguous-
photo Imagination Test had good validity and reliability. Study 4 explored the learning effect and the cluster
profiles of passion in smartphone use, growth creative mindset, fixed mindset, and self-efficacy among 84
college students. The findings revealed that the college students significantly improved their growth-internal
and external creativity mindset, harmonious-intrapersonal passion, harmonious-interpersonal passion, and
creativity self-efficacy. In addition, three distinctive patterns emerged in the cluster analysis that included the
concerned personal traits. Study 5 compared the participants’ imagination neural network of ambiguous black-
and-white versus color daily life photos. Twenty college students participated in this experiment and took the
creativity tasks inside a fMRI scanner. The findings suggest that the black-and-white photos, which are more
abstract than the color photos, require more cognitive resources to recognize the shapes and characteristics in
the photos and use more neural resources to generate creative ideas. Study 6 examined the effectiveness of
mindful learning intervention on the neuroplasticity of creative learning. Twenty-five college students
participated in an fMRI experiment with pretest-posttest design. All participants received a 10-day mindful
intervention, in which they were requested to freely taking photos of daily life and upload them to a designated
website for sharing. The findings suggest that the brain uses fewer neural resources for efficient neural actions
to achieve better creativity performance after the intervention. The findings of this two-year study demonstrate
the possibility and valuableness of integrating mind, brain, and learning in creativity.

Keywords: mindful learning, creativity, technology, fMRI, personal traits



Introduction

The field of education has recently applied mindful pedagogies because of the known benefits of
improved attention, cognitive flexibility (Levy, Jennings, & Langer, 2001), problem solving (Ostafin &
Kassman 2012), emotion, working memory, and creativity (Langer, 2000). A more recent definition of
mindfulness proposed by Langer (2016) has added that mindfulness is characterized by the continuous
creation of new categories, openness to new information, and an implicit awareness of multiple perspectives.
Such characteristics are also important to creative thinking across subject domains. Researchers (Hennessey
& Amabile, 2010; Yeh, 2017) have argued that understanding the cognitive processes of creativity is crucial
for effective creativity instruction. An effective way of improving mindful learning and creativity is to practice
such cognitive processes through life experiences. To date, few studies have employed technology-based
interventions in daily life to investigate the relationship between mindful learning and creativity, and no study
has been conducted to explore the neural substrates underlying creative thinking after a Langerian mindful
learning intervention is employed. This study sought to explore how technology-based mindful learning
interventions carry effects on creativity in daily life as well as examine the neural plasticity of such practice.
The aims of this study were as follows:

Developing Inventory of Attitude toward Mobile Devices for Creativity Learning, Inventory of Passion
towards Smart Phones, Creativity Mindset Inventory, Mindful Learning towards Smart Phones, Inventory of
Possibility Thinking towards Smart Phones, and Ambiguous Imagination Test.
e  Developing different types of technology-oriented mindful learning interventions that can be practiced
in daily life.
e Investigating the effects of different types of technological mindful learning interventions through
smartphone-based interventions.
e  Exploring the learning effects and cluster profiles of passion in smartphone use, growth creative
mindset, fixed mindset, and self-efficacy in a mindful learning intervention.
Comparing imagination neural networks of ambiguous black-and-white versus color daily life photos.
Examining brain plasticity with regard to mindful learning intervention in creativity learning.

Literature review

Mindfulness, creativity, and creativity self-efficacy

According to Langer (2012), mindfulness can be increased by paying attention to novelty, trying to be
flexible in evaluations and perceptions, and questioning previous points of view that have been taken for
granted. Education is one of the areas to which mindfulness has been commonly applied in recent years. When
people engage in mindful learning, they avoid forming mindsets that unnecessarily confine them (Langer,
2000). In this study, we define mindfulness as a mindful learning process in which individuals actively and
consciously pay attention to the things they are curious about or interested in, and further, try to bring about
new meanings or original thinking from these ordinary or special things.

Self-efficacy refers to beliefs in one’s abilities to organize and execute the actions essential for producing
given outcomes; individuals with self-efficacy act with forethought, self-reactiveness, and self-reflectiveness
(Bandura, 2001). More recently, some researchers have employed the concept of self-efficacy in creativity
studies and suggest that creativity self-efficacy is critical to creative performance (Tierney & Farmer, 2002;
Wang, Liu & Shalley, 2018) and that it involves one’s intrinsic motivation to perform creative behaviors (Gong,
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Huang & Farh, 2009). Integrating the concept of self-efficacy and the learning of creativity, this study defines
creativity self-efficacy as the belief in one’s ability to produce creative ideas or solutions and the confidence
in achieving creative performance.

It has been shown that creativity is related to individual differences in executive functions. Working
memory is the executive and attentional aspect of short-term memory, which is involved in integration,
processing, and retrieval of information, as well as the maintenance and manipulation of task-relevant
information, to guide subsequent behavior (Autin & Croizet, 2014). It’s been found that working memory
influenced creativity via attention to task-related information (Yeh, Lai, Lin, Lin, & Sun, 2015). On the other
hand, mindfulness involves the self-regulation of attention with curiosity, open-mindedness, and self-
regulation, which are important to creativity performance (Bishop et al., 2004; Pang & Ruch, 2019; Yeh,
Chang, & Chen, 2019). Accordingly, enhancing mindfulness may improve creativity.

Mindful learning interventions

Mindfulness is a natural human ability as well as a set of skills that can be fostered and developed via a
regular meditation practice or specifically customized interventions (Iani, Lauriola, Cafaro, & Didonna, 2017).
Many different mindfulness programs or interventions have been found to be effective in varied areas
(Creswell, 2017). To date, most empirical studies on Langerian mindfulness used selected components from
Langer’s theory; these designs were successful in inducing a state of Langerian mindfulness which has shown
positive effects on learning (e.g., Lawrie, Tuckey & Dollard, 2018; Miralles-Armenteros, Chiva-Goémez,
Rodriguez-Sanchez & Barghouti, 2019; Stewart & Bower, 2019) and creativity (e.g., Grant, Langer, Falk &
Capodilupo, 2004; Langer, 2000; Wang & Liu, 2016). Accordingly, interventions of mindfulness may facilitate
attention and cognitive flexibility and then enhance creativity and creativity self-efficacy. To maximize the
intervention effect, this study adds two components to the smartphone-based intervention: knowledge sharing
and self-determination. Study findings have suggested that knowledge/idea-sharing enhanced the
improvement of creativity and creativity self-efficacy. This study requested the participants to share their tasks
on a designated website to enhance knowledge sharing. On the other hand, self-determination involves the
concepts of choice, self-control, and self-management (Peterson, Aljadeff-Abergel, Eldridge, VanderWeele, &
Acker, 2020). Three basic psychological needs required to reach this optimal functioning are autonomy,
competence, and relatedness (Ryan & Deci, 2000; Vansteenkiste & Ryan, 2013). This study incorporated the
concept of autonomy to enhance creativity.

According to aptitude-treatment interactions (ATIs), individuals with different aptitudes may benefit at
varying degrees from treatment or training. Understanding the interaction between learners’ aptitude and
treatment helps create a learning environment in which the treatment matches the aptitude of the learner and,
further, in which the optimal learning effect can be achieved (Yeh and Lin, 2015). The aptitude of concern in
this study was the attitude toward mobile devices for creativity learning. When people hold positive attitudes
toward using mobile devices to enhance creativity, they may have more enjoyment and positive emotions,
which contribute to creative performance (Boyle, Connolly & Hainey, 2011; Yeh, Lai, Lin, Lin, & Sun, 2015)
and self-efficacy of creativity. We, therefore, assume that attitude toward mobile devices for creativity learning
would moderate the effects of mindful learning intervention on the improvement of self-efficacy.

Mindfulness, creativity mindset, passion for mobile learning, and self-efficacy of

creativity
Passion, proposed by Vallerand (Vallerand, 2012), typically includes two types of passions, namely,
harmonious passion and obsessive passion. Individuals who are passionate usually tend to engage in a
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particular activity for a lengthy period of time (Kaiser, Miiller-Seitz, Lopes, & Pina e Cunha, 2007). More
recently, Yeh and Chu (2018) proposed a two-dimensional model of passion in e-learning that includes the
dimension of the locus of control (internal versus external) and internalization drives (HP versus OP). Based
on their theory, they proposed four types of passion in the use of mobile devices: (1) Harmonious-intrapersonal
passion refers to the harmonious and controllable passion that is derived from self-determined enjoyment and
satisfaction while undertaking individual learning; (2) Harmonious-interpersonal passion refers to the
harmonious and controllable passion that is derived from self-determined enjoyment and satisfaction while
interacting with others; (3) Obsessive-intrapersonal passion refers to the excessive and uncontrollable passion
that is derived from internally compelled forces; and (4) Obsessive-interpersonal passion refers to excessive
and uncontrollable passion which is derived from externally compelled forces while interacting with others.

Creativity mindset (CM) refers to how people perceive their own creative ability. People with a growth
CM believe that their creative ability can be developed through training or practice. On the other hand, people
who hold a fixed CM consider creativity to be innate and unchangeable (Hass, Katz-Buonincontro, & Reiter-
Palmon, 2016; Karwowski, 2014). We propose that people who hold Growth-Internal control (GI) believe that
creativity can be improved through self-learning, those who hold Growth-External control (GE) believe that
creativity can be improved under good learning environments or through others’ help, those who hold Fixed-
Internal control (FI) believe that creativity is an inborn ability and that there is no way to improve it through
self-learning, and those who hold Fixed-External control (FE) believe that creativity cannot be improved even
under good learning environments or through others’ help. It has been suggested that people with a growth
mindset are consistently on the go and fearless when facing obstacles (McClendon et al., 2017).

Researchers have found the use of mobile technology such as smartphones is engaging, especially under
proper guidelines. For example, Hegarty and Thompson (2019) found that with a well-designed learning
environment and with a proper guideline by the instructor, students showed great passion for the learning
process. Accordingly, this study tried to develop a smartphone-based intervention to facilitate college student’s
growth creativity mindset and harmonious passion in smartphone use. To date, little research has been
performed with the goal of identifying the pattern of different types of creativity mindset, passion for mobile
learning, and self-efficacy of creativity. In related research, Raphiphatthana, Jose, & Salmon (2018) found
positive associations between mindfulness and grit which refers to perseverance and passion for long-term
goals; the act-awareness is particularly predictive to the consistency of interest and perseverance of effort of
mindfulness. On the other hand, Schellenberg, Bailis, and Mosewich’s (2016) suggest that people with a
predominant obsessive passion are more likely to avoid treating themselves with kindness and compassion
when faced with failure, which may lead to maladaptive outcomes. Raphiphatthana et al. (2018) found that
the influences of harmonious and obsessive passion on players' addiction to online computer games differ
significantly. Obsessive passion may lead to addiction, while harmonious passion normally does not. These
findings suggest different types of passion may lead to varied subsequent self-regulated behavior. In addition,
the mobile technology tool suits well with growth mindset learning traits and passion (Hegarty & Thompson,
2019).

Mindfulness and neural plasticity of creativity

Related findings have indicated that divergent thinking is related to widespread brain regions including
the supramarginal gyrus (SMG), angular gyrus (AG), middle temporal gyrus (MTG), posterior parietal cortex
(PPC), precuneus, anterior cingulate cortex (ACC) and prefrontal cortex (PFC) (Shi et al., 2018). It has been
also found that the generation of new ideas during a divergent thinking task was related to increased
engagement of the left inferior parietal lobule (IPL), which provides support for a role of the DMN in creative
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cognition (Benedek et al., 2014). Moreover, regions of the FPN have been implicated in divergent thinking
(Gonen-Yaacovi et al., 2013), which is associated with cognitive processes, such as working memory,
suppression of unrelated thoughts and task-set switching (Niendam et al., 2012). In addition, many researchers
emphasize the interactions between frontoparietal cognitive control and dorsal and ventral attention brain
networks as well as brain regions involved semantic cognition in divergent thinking tasks (Fink et al. 2015;
Sun et al. 2016; Davey et al., 2016; Noonan et al. 2013; Madore, Thakral, Beaty, Addis, & Schacter, 2019 ).
A meta-analysis of functional neuroimaging studies indicates that activity in lateral prefrontal, anterior
cingulate, and posterior parietal and temporal cortices underlies component processes of divergent thinking,
which are typically thought to include semantic retrieval and expansion, inhibition and cognitive control, top-
down and bottom-up attention (Wu et al. 2015).

On the other hand, researchers considered that mindful is consists of five facets (non-reactivity to inner
experience, non-judging of inner experience, acting with awareness, describing, and observing. It is believed
that “each facet of mindfulness might be related to the development of the gray matter volume in different
brain regions” (Baer, Smith, Hopkins, Krietemeyer, & Toney, 2006; Murakami et al., 2012). Murakami et al.
(2012) scanned neurological or psychiatric disorder free participants alone with assessing their self-report five
facets of mindset to deeper investigate their brain and mindfulness activities. The results indicated that the
participants’ self-report of mindfulness is positively associated with the right anterior insular cortex and right
parahippocampal gyrus/ amygdala. None of the mindfulness subscales is correlated with gray matter volume
in the right anterior insula and right amygdala.

Few studies have investigated the neural plasticity of Langerian mindful learning on creativity. However,
meditation, one key strategy of mindfulness, has been found help strengthen both the default mode network
(DMN) and executive control networks (ECN), as well as the salience network (SN) which maintains balance
of the first two networks by deciding which is activated, and when (Goh, 2017). Past behavioral studies have
found that mindfulness training enhances positive affect, emotion regulation (e.g. Langer, 2000; Peffer et al.,
2012), and executive functioning and attention regulation abilities (Moore & Malinowski, 2009; Zeidan,
Johnson, Diamond, David, & Goolkasian, 2010). Therefore, improving mindfulness may change brain
functions related to positive emotion, attention, working memory, and further improve creativity.

Fi- cRAFE

Study 1: Development of Inventories

Frll- ek RiEplgsd GRELAZFE
Study 1-1: Development of the Inventory of Attitude toward Mobile Devices for
Creativity Learning

1. The present study
This study aimed at developing an inventory to measure college students’ attitudes toward using mobile
devices for creativity learning.

2. Method

2.1. Participants
All participants, aged from 20 to 30 years old, were recruited through an online ad posted on a campus
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website. Participants in the inventory development stage were 183 college students (61 males and 122 females;
Mage = 20.97; SDage = 1.469); they were rewarded with approximately USD 3.

2.2. Instruments

The instrument AMD-CL, with 13 items, was developed to measure college students’ attitudes toward
mobile devices for creative learning. AMD-CL is a 6-point Likert-type scale from 1 point to 6 points,
representing strongly disagree to strongly agree.

2.3. Procedures

Data were collected through a website designed by the researchers with no time limit. This study was
approved by the Institutional Review Board of National Chengchi University, Taiwan, and written informed
consent was obtained from all participants.

3. Results
3.1. Exploratory factor analysis and reliability analysis
Exploratory factor analysis, internal consistency reliability, and confirmatory factor analysis were
employed to examine the reliability and validity of AMD-CL. Finally, 13 items were kept in AMD-CL.
Principal Component Analysis and direct oblimin were employed in factor extraction and rotation when
conducting exploratory factor analysis. The results yielded three factors: strategy enhancement (5 items),
motivation and knowledge sharing (4 items), and thinking efficiency (4 items). With factor loadings ranging
from .480 to .902, 69.55% of the total variance was explained by the three factors (see Table 1). The
correlations between each of the factors and the total score were .919, .783, and .865 (ps <.001), respectively.
The Cronbach’s o of AMD-CL and the three factors were .917, .861 (strategy enhancement), .846
(Motivation and Knowledge sharing), and .870 (efficiency). Moreover, the item-total correlation coefficients
ranged from .528 to .802.

3.2. Confirmatory factor analysis

The three-factor structure with 13 items extracted from the exploratory factor analysis was validated by
confirmatory factor analysis with maximum likelihood estimation. Confirmatory factor analysis results
indicated that AMD-CL has good construct validity and reliability, ¥*(N =183, df =58) = 103.395 (p < .05),
the goodness-of-fit index (GFI) =.921, the adjusted goodness-of-fit index (AGFI) = .876, the root mean square
residual (RMR) = .046, root mean square error of approximation (RMSEA)= .066, the incremental fit index

(IFT) = .967, the comparative fit index (CFI) = .967. Moreover, the composite reliability values ( o, )

were .861, .851, .852, and the average variance extracted values ( p, ) were .557, .591, and .589 (see Figure

1.

Table 1. The factor loadings of the AMD-CL (N = 183)

Factor loading

No Factors and items 1 2 3

Factor 1:5¢ # 3 i& Strategy enhancement (a =.861)

9 fR* AR EE GRS RANT AL T P4 o 817
Using mobile devices helps enhance my multi-perspective thinking.

8 TR J o4 it A LY HA o At FT AR EER .805
Mobile devices help enhance my creative skills, such as brainstorming, storytelling,
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etc.

13 @% Fh ks > e RAAHTFORRI 2 TR AR - 735
Using mobile devices helps enhance my abilities of observation and sensitivity.
10 #% Fd R > 3 243N 2 A bt angh+ 745
Using mobile devices helps me produce unique ideas.
12 @ % (3d 588 > 3 B AL R B R o 573
Using mobile devices helps me elaborate my ideas.
Factor 2: % %2 &34 5 Motivation and knowledge sharing (a = .846)
6 fFfEE AL plaearl B 862
Mobile devices are great tools for knowledge co-creation.
3 R*EAHERFRENTRHLIEISLZ LIRS o .861
Using mobile devices helps me express and share creative ideas quickly.
5 ARk LAEHLBRS PELL - -804
Mobile devices are great tools for collecting creative ideas.
T OAREERESTY RS AT 569
Mobile devices provide me many learning opportunities.
Factor 3: % % %zt Thinking efficiency (Cronbach’s a = .870)
2 @ R KBV A LG RF By S 902
Using mobile devices to learn creativity is an efficient way of learning.
1 % 78 v g s Aahglig 4 o .843
Using mobile devices can effectively improve my creativity.
4 B AHEERTLIEEALLEERE - 677
It is easy to bring about creative ideas through mobile devices.
11 @ * fFd kg » 3 b3 rm@ g i) £ 8 o 480

Using mobile devices helps me produce many creative ideas quickly.

52 56 41 82 47 73 52 66 46 50 58

63

64

| mo || m8||m13||m10||m12||m6||m3 || m5||m7|| m2 [[ m1 [[ ma |[m]

Figure 1. CFA model of the AMD-CL



P12~ FEANLPBHFEL2285E
Study 1-2: Development of the Inventory of Passion towards Smart Phones

1. The present study
This study aimed at developing an inventory to measure college students’ passion towards using mobile
phones.

2. Method

2.1. Participants

All participants, aged from 20 to 30 years old, were recruited through an online ad posted on a campus
website. Participants in the inventory development stage were 183 college students (61 males and 122 females;
Mage = 20.97; SDage = 1.469); they were rewarded with approximately USD 3

2.2. Instrument

The Inventory of Passion towards Smart Phones (IPSP) was developed to measure college students’
passion towards using mobile phones. The IPSP is a 2-dimension (Harmonious-Obsessive and Intrapersonal-
Interpersonal), 6-point Likert type scale with 1 point to 6 points, representing strongly disagree to strongly
agree. The original version has 20 items; after two stages of the construction process, 5 items were eliminated.
The final version of IPSP has 15 items and includes four types of passion: Harmonious-Intrapersonal (H-Intra,
4 items), Harmonious-Interpersonal (H-Inter, 4 items), Obsessive-Intrapersonal (O-Intra, 4 items), and
Obsessive-Interpersonal (O-Inter, 3 items) (see Table 7 and Figure 4). The inventory was administered online
without time constraints. Moreover, H-Intra and H-Inter can be added together as a score of Harmonious-
Passion, while O-Intra and O-Inter can be added together as a score of Obsessive-Passion. Higher scores on a
certain subscale represent stronger passion in that dimension.

2.3. Procedures

Data were collected through a website designed by the researchers with no time limit. This study was
approved by the Institutional Review Board of National Chengchi University, Taiwan, and written informed
consent was obtained from all participants.

3. Results
3.1. Confirmatory factor analysis

A confirmatory factor analysis (CFA) using maximum likelihood estimation was conducted to examine
the reliability and validity of the four-factor model(see Figure 2). The CFA results indicated that the IPSP has
good construct validity and reliability: y> (N = 183, df = 79) = 120.636 (p = .002), the goodness-of-fit index
(GFI) =.922, the adjusted goodness-of-fit index (AGFI) = .882, the root mean square residual (RMR) =.072,
and the root mean square error of approximation (RMSEA) = .054. In terms of relative fit measures, the
normed fit index (NFI) = .905, the relative fit index (RFI) = .873, the incremental fit index (IFI) = .965, and
the comparative fit index (CFI) =.964. Moreover, values of the composite reliability ( p, ) of H-Intra, O-Intra,

O-Inter, and H-Inter were .846, .844, .627, and .810, respectively. The average variance extracted ( p, ) values

of the four factors were .581, .580, .380, and .517, respectively (see Table 2). The correlations between each
of the factors and the total score were .890, .803, .803, and .861 (ps <.001), respectively.
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Table 2. IPSPE 2 F1 & A 7 2 Sk~ = 2R F M Sl 2 EFPTHFEL £
, o Ty
o mREE , R’ T apwe
5 2 (1) R(P:)
(py)
H-Intra .846 581
1 .66 434
5 .83 126 9.203 .681
9 78 135 8.800 .601
13 78 138 8.842 .607
O-Intra .844 .580
2 75 .083 10.608 567
6 .86 .086 11.935 733
10 81 .656
14 .60 .085 8.127 362
O-Inter .627 .380
3 35 116 4218 125
7 .79 122 6.704 .386
11 .62 .630
H-Inter .810 517
4 .66 441
8 .70 144 7.894 490
12 73 148 8.218 527
15 78 139 8.647 .608

Table 3. The test items, Cronbach’s o, and CFA factor loadings of the IPSP
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CFA factor loading

No Test item 1 2 3 4
Harmonious (o =.930)
Factor 1: 4-3#-p 4 Harmonious-Intrapersonal (o =.910)
I Ay rER I Ppeigy > FLvaEALERITOTR -
I often use my smartphone for learning because it helps me stay up-to-date on the .66
latest news.
5 AR AEAULPLFEEY > L VRREREAB AN frF ek
v 83
I often use my smartphone for learning because it provides learning resources that
meet my needs and ability.
9 AYR*FEAUIPEEFY > FliTv G & 78
I often use my smartphone for learning because learning is interesting.
13 AF@*FEALIBEFEY > FIZvEAR I ERBLTEY ahp 7 o
I often use my smartphone for learning because it allows me to make free choices 78
and decisions about what I want to learn.
Factor 2: §r3£-* % Harmonious-Interpersonal (a = .876)
4 AFSEFEUIPEE T B o EFE R P o
I often interact with others using my smartphone for inspiration.
8 AF AFEAN T WA g e AfRARFRE > FIZ U R AT s\i}u@ o
I often help others solve problems through the interfaces of my smartphone because .70
it gives me feelings of achievement.
12 AFSEFEULH > LH2E A0 T2 PR AR
I often actively share my knowledge or viewpoints using my smartphone. 73
IS AFSEFENSPB A6 06 LRFI SRR HREY LFnF
In order to enhance my learning efficiency, I often use my smartphone to interact 78
and discuss with others.
Obsessive (a = .859)
Factor 3: 3316 -} 4 Obsessive-Intrapersonal (o =.903)
2 AEAL P LRG- ARG FEUSH FAUAELT 2L BB o
I will feel uncomfortable if I don’t use my smartphone after I get up in the 75
morning.
6 dodk- X ZF R FEL ]iﬁ&"\ﬂ*gﬁf@i@ Ak o %6
I will feel bored if I don’t use my smartphone for just one day.
10 2 A5 53R AFa- g2 FEAUS P FHUANELTRAY
b 81
I have to use my smartphone every day, no matter how busy and tired I am, or I
will feel that I have wasted my day.
14 2§ 2 acdpdlp e @@ R+ P aieds
I often cannot control the impulse to use my smartphone. 60
Factor 4: 3¢ i8 - X ¥ Obsessive-Interpersonal (a =.701)
3 +\§ grf"—mliﬁgb% B AEEFS ﬁvbt?F—J»’/‘ ) i # TL? TR HE ,gi
When I use my smartphone to have discussions and interact with others, it’s often 35
because I have to complete assignments.
7 TWAEY AR B AL AY R LRI P I LT RENG .79

12



11

In order not to have worse performance than others, I often interact and have

discussions with others using my smartphone.

PP LK R FEYLPEFEY o @R A S T g Y

e 62
My friends often use smartphones for learning, which inspires me to learn in the

same way.

3.2. Reliability analysis

The Cronbach’s a values of the IPSP and the four factors were .935, .910 (H-Intra), .876 (H-Inter), .903

(O-Intra), and .701 (O-Inter) (Table 3). Moreover, the item-total correlation coefficients ranged from .490
to .824 (Table 4).

Table 4. The reliability analysis of the IPSP

Corrected Squared Cronbach's
Item-Total Multiple Alpha if
Correlation Correlation Item
Deleted
I AfgpRr» FEANIBEFEY FiT E‘Eéi?“ﬁ#i&%‘rﬁﬂﬁ%m ° .665 .635 928

13

10

14

I often use my smartphone for learning because it helps me stay up-

to-date on the latest news.

AFRFPFEANIWEEFEY > FIE VA HEPEAB AL NS .824 .780 924
fog KB ¥ o

I often use my smartphone for learning because it provides learning

resources that meet my needs and ability.

AR FEAIPEEFEY > FE5 T G AR 744 .653 926
I often use my smartphone for learning because learning is

interesting.

AFRFFENIPEFEY > FLIUvEARL I ERE AT .780 764 925
F¥ap g -

I often use my smartphone for learning because it allows me to make

free choices and decisions about what I want to learn.

AE XS bAefgii- 2 &R FEANLP > FRANEFT 2L .666 718 928
FAFTh o

I will feel uncomfortable if I don’t use my smartphone after I get up

in the morning.

k- XL Té*%‘%i‘]iﬁﬁvﬁi&gﬁf@i R E mAE o .652 779 929
I will feel bored if I don’t use my smartphone for just one day.
PENG IR OAE I - g RRYFEALP o TRNE .638 783 929

TERREFP -
I have to use my smartphone every day, no matter how busy and tired
I am, or I will feel that I have wasted my day.

AN F A A p e @ FELE S eiEd o .636 611 929
I often cannot control the impulse to use my smartphone.

RNEAFEANIPE L A RBEFIHENH L ¥ AL T R HR 490 335 932
T

When I use my smartphone to have discussions and interact with

13



others, it’s often because I have to complete assignments.
I 2fpxg¥*r FENIPEFEY > @A QFFRY 528 465 932
g Y
My friends often use smartphones for learning, which inspires me to
learn in the same way.
TR TEAEY ARV RALAFTRYTEAYIPEL L TR 729 .636 927
gt o
In order not to have worse performance than others, I often interact
and have discussions with others using my smartphone.

4 AYEEFEANIPEE A TR UEFFROEE 735 734 926
I often interact with others using my smartphone for inspiration.
8 AFAFEANLBNIG W AL FliTvRAG 738 641 926

I often help others solve problems through the interfaces of my
smartphone because it gives me feelings of achievement.
12 AFEBFEYLH > 2B W A L3 e i EEL o .628 .620 929

I often actively share my knowledge or viewpoints using my

smartphone.

I5 AFEFEFEAN I B Ie B LAREFIRE TSR N EY { .662 .643 928
P A S
P f.;;:;_" o

In order to enhance my learning efficiency, I often use my
smartphone to interact and discuss with others.

Fr13-~flg4tenmi 2 gdR
Study 1-3: Development of the Creativity Mindset Inventory (CMI)

1. The present study
This study aimed at developing an inventory to measure how college students perceive their own creative
mindset.

2. Method

2.1. Participants

All participants, aged from 20 to 30 years old, were recruited through an online ad posted on a campus
website. Participants in the inventory development stage were 137 college students (32 males and 105 females;
Mage = 21.19; SDage = 1.593); they were rewarded with approximately USD 3.

2.2. Instrument

Through a lot of discussions with our research team, we developed the CMI, which was further used in
the path model analysis. The CMI originally included 16 test items with 4 items in each of the following
dimensions: Growth-Internal control (GI), Growth-External control (GE), Fixed-Internal control (FI), and
Fixed-External control (FE). After reliability and validity analysis, one test item in each of the categories was
deleted. Finally, with 12 test items, the CMI has good reliability and validity. More details are shown in the
results session.

14



2.3. Procedures

Data were collected through a website designed by the researchers with no time limit. This study was
approved by the Institutional Review Board of National Chengchi University, Taiwan and written informed
consent was obtained from all participants.

3. Results
3.1. CFA results

In this study, we developed the two-dimensional CMI. Because we had a theoretical structure of the types
of CM, we used CFA instead of EFA to verify the validity of CMI. After repetitive examination of CFA and
internal-consistency reliability, the CMI includes four types of CM: GI (3 items), GE (3 items), FI (3 items),
and FE (3 items) (see Table 5 for test items). Using maximum likelihood estimation, the reliability and validity
of the four-factor model were examined. CFA results indicated that the model had good construct validity and
reliability: > (N = 137, df = 44) = 96.646, p < .001; the goodness-of-fit index (GFI) = .899, the adjusted
goodness-of-fit index (AGFI) = .821, the root mean square residual (RMR) = .055, and the root mean square
error of approximation (RMSEA) =.094. In terms of relative fit measures, the normed fit index (NFI) =.907,
the incremental fit index (IFT) = .947, and the comparative fit index (CFI) = .946.

The composite reliability (,oc) for GI, GE, FI, and FE were .773, .655, .834, and .827, respectively. The
average variance extracted (,ov) values four of the four factors were .534, .397, .630, and .619, respectively.
These results suggested that CMI has good reliability and validity. CFA results also revealed that GI and GE
were moderately and positively correlated. Moreover, while GI was highly and negatively related to FI and
FE, GE was moderately and negatively related to FI and FE. On the other hand, FI and FE were very strongly
correlated (see Fig. 3).

-76

-44

Fixed-Internal
12 i 92

Growth-External

Fixed-External

69 E 9

Growth-Internal
63 - 8

0

CM12|
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9

Figure 3. CFA model of college students’ mindset

Table 5. The test items, Cronbach’s o, and CFA Factor Loadings of CMI
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CFA factor Loading

No Test item 1 2 3 4

Growth Mindset (o =.747)
Factor 1: Growth-Internal locus of control (GI) (o =.783)

1 It’s never too late to learn creativity, and creativity can be enhanced through .63
self-learning. et 4 &7 UiAFp Fa e a ? PEFGER 4E
33 Jrrgz g X E—ﬁ °

5 Tcan improve my creative ability through self-learning. # g 4 &7 23 .75

Aot pFprgesm-

9 Ican be more creative as long as  am willing to learn. ¥ & 5 LB E ¥ > .80

T SRR TR FIEE
Factor 2: Growth-External locus of control (GE) (o =.638)
2 My creativity can be improved, but it needs the help of good teachers. #% c3£)] 45
@4 g LR BEFR

6 I am willing to learn creativity and I can become more creative, but a good .66
learning environment is required A AREEYAEA on 2 AT UREL
FAlEA > REEG R hmi;\o

10 My creativity can be substantlally 1mproved, but it can only be achieved when I 74

have sufficient learning opportunities o Nenflig A T UG NN o 2 &
FEAROET A RS
Fixed mindset (o =.918)
Factor 3: Fixed-Internal locus of control (FI) (o =.831)
3 It is hard to improve my creativity even if I work hard to improve it through 72
self-learning. # eng|ig 4 I fREpseHear> p e TF A HEL 25 * o

7 Even if I am willing to learn creativity, it is hard for me to become more 73
creative. ,Tk‘-;%'if“ P FRAmMEY - REpEp e REFL G AlEA o
11 Even if I work hard by myself, my creativity won’t be substantially improved. 92

ﬁ.}c;‘aj;&;hﬁ*?J P Nplg s L 2 € G kg o
Factor 4: Fixed-External locus of control (FE) (o = .829)

4 Itis hard to improve my creativity even if | have good luck and meet good .69
teachers. 2\ engd 4 H_{EpieH oo Tj}uﬂa EE 4 IR LT
* oo

8 Even if there is someone to tutor me, it’s hard for me to become more creative. 71
ijﬁ,é*‘ /‘?I%‘\’*f&iﬁ-'g‘\%fdi ﬁlg“ °

12 Even if | have sufficient learning opportunities, my creativity won’t be .94

substantially improved. ,T* LE A G BT E o Ahfligd L 7 €
s g H o

3.2. Reliability analysis

Regarding the reliability of Growth CM (GI and GE). The Cronbach’s a for the Growth CM, GI, and GE
were .747, .783, and .638, respectively. Regarding the reliability of Fixed CM (FI and FE), the item-total
correlation ranged from .707 to .812. The Cronbach’s a for the Fixed CM (FI and FE) were .914, .830, and.854,
respectively. The correlations among Growth CM, Fixed CM, and the four types of CM were -.714 to .975 (ps
<.01). The results were very similar to the CFA results. In other words, the GI and GE were slightly correlated,

16



but GI was negatively related to FI or FE; GE was slightly negatively related to FI and FE, and FI and FE
were strongly correlated. Moreover, the GM was negatively related to the FM, r = -.620, p <.001 (see Table
6).

Table 6. The correlations among the GM, FM, and the four types of CM

Variable GM Gl GE FM FI FE
GM 1.00
GI 870" 1.00
GE 790" 384" 1.00
FM -.620™" -.698"" -291™ 1.00
FI -.604™ =714 -.243™ 973" 1.00
FE -.604™" -.648"" -323™ 975" 899" 1.00

Note. ** p<.01 ***p < 001

FPLIl4-FEUALPBLAEVE228E
Study 1-4: Development of Mindful Learning towards Smart Phones

1. The present study
This study aimed at developing the Inventory of Mindful Learning towards Smart Phones (MLSP) to
measure college students’ mindful learning towards using mobile phones.

2. Method
2.1. Participants

Participants were recruited through an online ad posted on a campus website. One hundred and ninety-
nine college students (64 males, 131 females and 4 Others; Mage = 22.77; SDage = 2.388) from Australia were
included in the stage of reliability analysis and confirmatory factor analysis. Written informed consent was
obtained from all participants they were rewarded with approximately $10 AUD.

2.2. Instrument

The Inventory of Mindful Learning towards Smart Phones (MLSP) was developed to measure college
students’ mindful learning towards using mobile phones. The MLSP used a 6-point Likert-type scale with 1
point to 6 points, representing strongly disagree to strongly agree. The original version has 20 items; after two
stages of the construction process, 6 items were eliminated. The final version of MLSP has 14 items and
includes 3 dimensions: Attention (ATT, 5 items), Open-Minded (OPM, 5 items), and Emotion (EM, 4 items)
(see Table7). The inventory was administered online without time constraints.

2.3. Procedures

Data were collected through Goggle Sites designed by the researchers. All participants completed the
PTSP online. Then, we conducted internal-consistency reliability, exploratory factor analysis (EFA) through
SPSS 21, and confirmatory factor analysis (CFA) through AMOS 21 to examine the reliability and validity of
the MLSP.

3. Results
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3.1. Exploratory factor analysis and reliability analysis

Principal Component Analysis and direct oblimin were employed in factor extraction and rotation when
conducting exploratory factor analysis. The results yielded three factors: Attention and awareness (ATT, 5
items), Open-Mindedness and rational thinking (OPM, 5 items), and Emotion regulation (EM, 4 items). With
factor loadings ranging from .617 to .790, 60.036% of the total variance was explained by the three factors
(see Table 7). The correlations between each of the factors and the total score were .826, .864, and .833 (ps
<.001), respectively. Moreover, the item-total correlation coefficients ranged from .478 to .673 (see Table 8).

Table 7. The test items, Cronbach’s o, and EFA factor loadings of the MLSP

EFA factor loading
1 2 3

No. Test Items

Factor 1: ;3 & 4§ £ Attention and awareness (Cronbach’s o =.796)

2 LA NG R P 3 g AR
When I use my smartphone, I am aware of my purpose for using it instead of using .761
it unconsciously.

1 r PP AT UEINF T RAJLEIE o
When I use my smartphone, I can focus on problems that I have to take care of in  .694
the moment.

9 B T, AV U EFRFE T A BEFFA R Ao
When I use my smartphone, I can concentrate on one thing for a long time without  .693
becoming distracted.

10 ok TEE S AR TR YR > 2 € FLPEE B E o

I can control the amount of time I spend using my smartphone so that I won’t put  .682

off important things.
B #TEBEAGRAETOLIE - o
When I use my smartphone, I feel the reality of living in the moment.
Factor 2: « 3§ 322 724 &, 4 Open-mindedness and rational
thinking(Cronbach’s o = .833)
18 HywE o L AN FRFEELY 2 gL TR o
When I receive information that is being passed around, I can stay rational and 732
maintain independent thinking.
6 r LWpF > AT UEHF L OEZIR X TR . 798
When I use my smartphone, I can control my thoughts and feelings.
16 AF R IWDT i RKWHRATES o
I often use my smartphone to experience new things through its varied functions. 076
4 F TWEACH I B Y TR o
When I use my smartphone, I can stay open-minded to accept the experience of the .657
moment.
12 AFR* T WFE2ITHELS o 645

I often use my smartphone to explore new things.

Factor 3: %% & Emotion regulation (Cronbach’s a =.767)

7 &% LT L M bR o 260
When I use my smartphone, I feel less lonely. '
19 Bk IR { PR e iR R o 702

Using my smartphone brings me more positive emotions.
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13 @A ALFEMp L AS RS T o 6
It is easier for me to transcribe my beliefs and ideas using my smartphone.
15 FARD GRS B LT RN R 617
When I feel depressed, using my smartphone can help me become happier. '
ARY%EE 60.036 %
Table 8. The reliability analysis of the MLSP
Corrected Squared Cronbach'
No. Test Ttemns Item—Tot.al Multiple' s Alpha if
Correlation Correlation  Item
Deleted
2 AP AR P R g @ LS 493 362 .885
When I use my smartphone, I am aware of my purpose for using it
instead of using it unconsciously.
1 B L, AV LN T ORAIEE I o 482 410 .885
When I use my smartphone, I can focus on problems that I have to
take care of in the moment.
9 g g AVNERFERFELA- EEHIA T A .655 528 877
When I use my smartphone, I can concentrate on one thing for a
long time without becoming distracted.
10 @ % 24pFr > A Fgrv @ pEE > 2§ FIP P H B R .601 382 .879
I can control the amount of time I spend using my smartphone so
that [ won’t put off important things.
8 B THRAGELF TAHIFR .548 470 .882
When I use my smartphone, I feel the reality of living in the
moment.
18 = a e > AR FHFEELY > 2§ A2 T o .586 .559 .880
When I receive information that is being passed around, I can stay
rational and maintain independent thinking.
6 B L AV NERR L R R X IR . .586 434 .880
When I use my smartphone, I can control my thoughts and feelings.
16 SFR*» Tt bt KWEKITES .505 .641 .884
I often use my smartphone to experience new things through its
varied functions.
4 B LA R E T s o 478 .509 .885
When I use my smartphone, I can stay open-minded to accept the
experience of the moment.
12 g Rk* TPHFRATHES o 557 388 .881
I often use my smartphone to explore new things.
7 @ % L L M g bR o .585 468 .880
When I use my smartphone, I feel less lonely.
19 @#* RN { S 2w gR R o .673 479 .876
Using my smartphone brings me more positive emotions.
13 @ TP, AL FrBpe R iEEEtieg o .615 415 .879

It is easier for me to transcribe my beliefs and ideas using my
smartphone.
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15 FARID R LpEF &% 27 RN FRET o .589 480 .880
When I feel depressed, using my smartphone can help me become
happier.

3.2. Confirmatory factor analysis

A confirmatory factor analysis (CFA) using maximum likelihood estimation was conducted to examine
the reliability and validity of the three-factor model (see Figure 4). The CFA results indicated that the MLSP
has good construct validity and reliability: y> (N = 199, df = 72) = 132.036 (p = .000), the goodness-of-fit
index (GFI) = .916, the adjusted goodness-of-fit index (AGFI) = .877, the root mean square residual (RMR)
=.080, and the root mean square error of approximation (RMSEA) = .065. In terms of relative fit measures,
the normed fit index (NFI) = .884, the relative fit index (RFI) = .853, the incremental fit index (IFI) = .944,

and the comparative fit index (CFI) = .943. Moreover, values of the composite reliability ( p, ) of ATT, OPM,

and EM were .790, .836, and .773, respectively. The average variance extracted ( o, ) values of the three

factors were .431 .507, and .460, respectively (see Table 9).
67

OpenMinded

66

48
MFL15| |MFL19

23

Figure 4. CFA model of the MLSP

Table 9. MLSPZ 3 12 %1 % #4750 2 $dkcp e ~ = 2R B Sl ~ 2 F PRI %REL £

A Ty
FlZ f A E £ ;
Item SE t R? . A
() T R(P:)
(py)
Attention
1 .640 410
2 .602 124 6.945 362
790 431
8 .686 138 7.603 470
9 727 150 7.905 528
10 618 132 7.068 382
Open-minded .836 507
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4 714 .509

6 .659 A17 8.589 434

12 .623 15 8.132 388

16 801 13 10.304 .641

18 748 A17 9.692 .559

Emotion

7 .684 124 7.803 468

13 .644 121 8.254 415 173 460
15 .692 12 8.252 480

19 .692 124 7.803 479

FI1S5-FEYNI BV BLIE L2588
Study 1-5: Development of Inventory of Possibility Thinking towards Smart Phones

1. The present study

This study aimed at developing the Inventory of Possibility Thinking towards Smart Phones (PTSP) to
measure college students’ possibility thinking (PT) towards using mobile phones.

2. Method

2.1. Participants

Participants were recruited through an online ad posted on a campus website. One hundred and ninety-
nine college students (64 males, 131 females and 4 Others; Mage = 22.77; SDage = 2.388) from Australia were
included in the stage of reliability analysis and confirmatory factor analysis. Written informed consent was
obtained from all participants they were rewarded with approximately AUD 10.

2.2. Instrument

The Inventory of Possibility Thinking towards Smart Phones (PTSP) was developed to measure college
students’ possibility of thinking towards using mobile phones. The PTSP used a 6-point Likert-type scale with
1 point to 6 points, representing never to always. The original version has 21 items; after two stages of the
construction process, 6 items were eliminated. The final version of PTSP has 15 items and includes 3
dimensions: Creative Problem-Solving £/ %, F¥ 48 /% ;4 (CPS, 7 items), Flow Experience and Challenge #& %
e e (FEC, S items), and Interpersonal relationship # 4 F # < jiv) (ITP, 3 items) (see Table 10 and

Figure 5). The inventory was administered online without time constraints.

2.3. Procedures

Data were collected through Goggle Sites designed by the researchers. All participants completed the
PTSP online. Then, we conducted internal-consistency reliability, exploratory factor analysis (EFA) through
SPSS 21, and confirmatory factor analysis (CFA) through AMOS 21 to examine the reliability and validity of
the MLSP.

3. Results

3.1. Exploratory factor analysis and reliability analysis
Principal Component Analysis and direct oblimin were employed in factor extraction and rotation when
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conducting exploratory factor analysis. The results yielded three factors: £/ & kx4 £2 &~ % (Creativity
inspiring and sharing) (7 items) -~ # =¥ < & & 4#(Life and spiritual support) (5 items) ~ 3 & &2 i 57 f% /4
(Interaction and problem solving) (3 items),. With factor loadings ranging from .541 to .825, 60.40% of the
total variance was explained by the three factors. The correlations between each of the factors and the total
score were .924, .800, and .743 (ps < .001), respectively. The Cronbach’s a values of the PTSP and the three
factors were .900, .875, .822, .692 (see Table 10). Moreover, the item-total correlation coefficients ranged
from .419 to .663 (see Table 11).

Table 10. The test items, Cronbach’s a, and CFA factor loadings of the PTSP

CFA factor loading
No Test Items
1 2 3
Factor 1: £|R Ec# &1 & % Creativity inspiring and sharing (Cronbach’s a = .875)
15 % FELWHE A s o 06
Using a smartphone can enhance my imagination.
13 @R* Ly e NEfgEp e hig2 o 69
I develop my ideas by using my smartphone.
8 AFELE . AdpR R R R st
My creative ideas are more possible to be inspired when I use my smartphone.
21 @A FEIRRAL G ERAEY TRTEH (MAet L FgA e 2 pEikiF )
Using smartphones encourages me to try new life experiences (e.g.travel alone in an .610
unfamiliar place).
14 S * pEEPpLdp e - LRAD72 - 600
I express my ideas toward some issues by using my smartphone.
3 A r I ELRLENDLITEE o 58
I express my creative ideas through my smartphone.
4 A ryEL LAl sal
I use the smartphone to help me make decisions in my daily life.
Factor 2: 2 E#2.< & & #F Life and spiritual support (Cronbach’s a = .822)
19 MG ERIFELHP 3TFE P (540370 App 2 FTehr an) o 297
I am brave to try new things on the smarphone (e.g., try new Apps or new functions).
10 FEEHO? A4 F i admiliFo %
The multi-function of the smartphone provides me a lot of supports in my daily life.
17 A@grFELPop LeiFaeirdne 733
I do collaboration or communication with other people by using my smartphone.
12 AR FEIHpr, AL mwad P 7 FFpEk e 05
I am prone to feel emerged and feel that time flies when I use my smartphone.
2 g;\,éw%%iﬁﬁfﬁi,ﬂff Er“]‘fl}i—" 570
I have fun and feel pleasant When I use my smartphone.
Factor 3: 3 # £2 i* 4% f# /4 Interaction and problem-solving (Cronbach’s a = .692)
1 BRI FRYFELI BB A FR %25
I ask for help through my smartphone when I suffer problems.
6 A ELEI RPN RIS A % 651
I actively post issues for the discussions by using my smartphone.
11 A@*rFEIHL v i AR5 E - 614

I answer the questions posted by others through my smartphone.
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Table 11. The reliability analysis of the PTSP

Corrected  Squared Cronbach's
Item-Total  Multiple Alpha if
No. Test Items . )
Correlation Correlation Item
Deleted
15 ¥ FFEL PR A ifd o .658 .584 .891
Using a smartphone can enhance my imagination.
13 @*pEEg e L hfgiz o .633 .529 .892
I develop my ideas by using my smartphone.
8 A ELEEE o AR R RS AR o .652 .554 .891
My creative ideas are more possible to be inspired when I use my
smartphone.
21 @ E S EEA L § R A B PRk (Ao A e 2 .646 491 .891
E’] BS 3z {«?) °
Using smartphones encourage me to try new life experiences
(e.g.travel alone in an unfamiliar place).
14 ApgripEiypddp e H- LR E - .663 457 .891
I express my ideas toward some issues by using my smartphone.
3 A FELIRLENDLITEE o .608 454 .893
I express my creative ideas through my smartphone.
4 A FrELHRFe AT . 616 436 .892
I use the smartphone to help me make decisions in my daily life.
19 A §ERFELRY PFTE P (B4 FT0 App & FTew i) o 523 523 .896
I am brave to try new things on smartphones (e.g., try new Apps or
new functions).
10 FEIPOI AL F ot iFo 564 .597 .894
The multi-function of the smartphone provides me a lot of supports in
my daily life.
17 A@g» FEIPBu LiFsirdaino 525 472 .896
I do collaboration or communication with other people by using my
smartphone.
12 AR+ FEIBEF, ALz dd P EFFL B .566 486 .894
I am prone to feel emerged and feel that time flies when I use my
smartphone.
2 FARFIFEL PR AFEGARY ‘If.] e o .539 354 .895
I have fun and feel pleasant when I use my smartphone.
1 IR W R FEI e Ao 419 235 .900
I ask for help through my smartphone when I suffer problems.
6 ANFHIFEL PPN R RN L % o 523 .549 .896
I actively post issues for the discussions by using my smartphone.
11 A FELIPI v i Ao ap 48 o 573 521 .894

I answer the questions posted by others through my smartphone.

3.2. Confirmatory factor analysis
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A confirmatory factor analysis (CFA) using maximum likelihood estimation was conducted to examine
the reliability and validity of the three-factor model (see Figure 5). The CFA results indicated that the PTSP
has good construct validity and reliability: y> (N = 199, df = 84) = 125.078 (p = .000), the goodness-of-fit
index (GFI) = .923, the adjusted goodness-of-fit index (AGFI) = .890, the root mean square residual (RMR)
=.068, and the root mean square error of approximation (RMSEA) = .050. In terms of relative fit measures,
the normed fit index (NFI) = .904, the relative fit index (RFI) = .881, the incremental fit index (IFI) = .966,

and the comparative fit index (CFI) = .966. Moreover, values of the composite reliability ( o, ) of CPS, FEC,

and ITP were .875, .822, and .691, respectively. The average variance extracted ( p, ) values of the three

factors were .501 .486, and .435, respectively (see Table 12).

66
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Figure 5. CFA model of the PTSP
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Table 12. PTSP 12 5% # 4758 2 Sodicfo 3 ~ R 2R F 1 SR - 2 HF T RFL 4

Ite Flk f B L%
N SE t R? . -
m £ (D T R(P) AERE(p)
Creativity inspiring and sharing 875 501
3 674 454
4 .660 A17 8.323 436
8 744 117 9.245 554
13 728 124 9.066 .529
14 676 123 8.578 457
15 764 127 9.454 .584
21 701 121 8.775 491
Life and spiritual support 825 486
2 595 354
10 773 181 7.931 597
12 697 175 7.450 486
17 687 77 7.380 472
19 723 172 7.627 523
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Interaction and problem solving 691 435

1 485 235
6 741 281 5.860 .549
11 122 263 5.822 521

Conclusion of Study 1

This study pioneers at developing AMD-CL, IPSP, and CMI. The results suggest that AMD-CL, IPSP,
and CMI have good reliability and validity. AMD-CL measures college students’ attitudes toward using
mobile devices for creativity learning. The Cronbach’s a coefficient for the AMD-CL was .917, and the
confirmatory factor analysis showed that the three-factor structure was a good-fit model (Goodness-fit-index
=.921). IPSP measures college students’ passion towards using mobile phones. The Cronbach’s a coefficient
for the IPSP was .922, and the confirmatory factor analysis showed that the four-factor structure was a good-
fit model (Goodness-fit-index = .935). CMI measures how college students perceive their own creative
mindset. The Cronbach’s a coefficient for GM and FM were .747 and .914, and the confirmatory factor
analysis showed that the four-factor structure was a good-fit model (Goodness-fit-index = .899).

In addition, this study pioneers at developing PTSP and MLSP. MLSP measures college students’
mindful learning (MFL) towards using mobile phones. The Cronbach’s a coefficient for the MLSP was .889,
and the confirmatory factor analysis showed that the three-factor structure was a good-fit model (Goodness-
fit-index = .916). IPSP measures college students’ possibility thinking (PT) towards using mobile phones. The
Cronbach’s a coefficient for the IPSP was .900, and the confirmatory factor analysis showed that the four-
factor structure was a good-fit model (Goodness-fit-index = .923). The results suggest that both PTSP and
MLSP have good reliability and validity.

BPr=- ~#FEEsT L4 25%%
Study 2: The effects of technological-based mindful learning interventions
on creativity

1. The present study
This study aimed at developing different types of technology-oriented mindful learning interventions that
can be practiced in daily life.

2. Hypotheses of this study
The following hypotheses were proposed.

® Hypothesis 1: Smartphone-based mindfulness interventions in everyday life would enhance college
students’ creativity.

® Hypothesis 2: Varied types of smartphone-based mindfulness interventions would have different effects
on the improvement of college students’ creativity.

® Hypothesis 3: Smartphone-based mindfulness interventions would have positive effects on college
students’ improvement in creativity self-efficacy, and such effects would be moderated by AMD-CL.

3. Method
25



3.1. Participants

The participants were 149 college students. They were randomly distributed into four groups with gender
consideration. The control group (G1), who only took the pretest and the posttest, were rewarded with
approximately USD 7, whereas the experimental groups (G2, G3, and G4), who took the pretest, intervention,
and the posttest, were rewarded with approximately USD 35.

3.2. Instruments
3.2.1. Attitude toward Mobile Devices for Creativity Learning

The instrument AMD-CL, with 13 items, was developed to measure college students’ attitudes toward
mobile devices for creativity learning. AMD-CL is a 6-point Likert-type scale from 1 point to 6 points,
representing strongly disagree to strongly agree.

3.2.2. Inventory of Self-Efficacy in Creativity

The Inventory of Creativity Self-Efficacy (ICSE)was employed to measure the participants’ level of
creativity self-efficacy. The ICSE is a 6-point Likert-type scale from 1 point to 6 points, representing strongly
disagree to strongly agree. With a total of 9 items, the ICSE includes two factors: Ability to generate creative
ideas (6 items) and Achievement of creative performance (3 items). Exploratory factor analysis revealed that
the total variance explained by the two factors was 73.27%. The Cronbach’s a coefficients of the ICSE and
the two factors were .927, .908, and .844, With factor loadings of .606 to .879, 73.27% of the total variance
was explained by the two factors.

3.2.3. Creativity

In this study, we requested the participants in the experimental groups to upload the photos they took to
a designated website. For each photo, we requested the participant to write an imaginative narrative. Examples
were shown as Figure 6. The imagination score, ranging from 0 points to 5 points, was rated by two trained
coauthors based on their consensus.

Observation:
| was about to eat this orange today when | noticed
¢ that it had a strange line on its side.

Imagination: What do you imagine?

This line is just like the scar from a Caesarean section
left on a mother’s belly. The skin sacrifices itself with
2 - no complaint; it allows the wind to blow it, the sun to
- scorch it, and the rain to drench it just to protect the
fresh pulp inside. The wrinkles and freckles on the
outside and the soft and juicy pulp inside have a
strong contrast.

Figure 6. An example of uploading photo

3.3. Procedures and interventions for the experiment

Our central idea was that, for the smartphone-based mindfulness intervention, which emphasized
mindfulness, self-determination, and knowledge sharing online would enhance mindfulness and imagination
toward surrounding things in everyday life, which would further foster creativity and creativity self-efficacy.
Meanwhile, AMD-CL would interact with the interventions and influence the learning process.

To further understand the influence of the intervention components, this study employed a pretest-posttest
control group design that included four groups. During the one-week experimental period, the control group,
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Group 1, did not receive any intervention, whereas the experimental groups, Groups 2, 3, and 4, were requested
to use their smartphones to take photos with different emphases for four days and to share the photos with
imaginative narratives on a designated website. Group 2 had emphases on complete free choices of photo-
taking only, Group 3 had emphases on complete free choices of photo-taking and idea-sharing, and Group 4
had emphases on free choices of photo-taking in varied categories and idea-sharing.

4. Results

4.1. Group differences on the enhancement of creativity To understand the learning progress of the three
experimental groups, we scored each participant’s creativity based on the imaginative narratives they had
uploaded. Each participant had uploaded 8 photos with imaginative narratives. A Repeated Measures
Analysis of Variance, with Group (G1, G2, G3, and G4) as the between variable and Day (Day 1 [D1] vs.
Day 2 [D2] vs. Day 3 [D3] vs. Day 4 [D4] creativity score) as the within variable, was employed to examine
group differences in creativity improvement. The results revealed a significant main effect of Day, F(3, 103)
=26.306, p <.001, n% = .202; participants’ creative performance on D3 and D4 was better than that on D1
and D2, and the performance on D2 was better than that on D1. In addition, there was a significant Day X
Group interaction on creativity, F(3, 103) = 5.425, p <.001, n% = .094. Results of the simple main effect
were as follows: No group differences were found on D1; on D2, G4 outperformed G2 and G3; on D3 and
D4, G3 outperformed the other groups. Within each group, G2 and G3 performed better on D3 and D4 than
on D1 and D2, and G4 performed better on D2—4 than on D1 (see Table 13 and Figure 7).

Table 13. Group differences on the enhancement of creativity

ANOVA
Source MS F@3,103) p % Post hoc test
Day 11.807 26.306"" 000 202 D3 &D4>DI1&D2;D2>DI
Day X Group  2.435 5.425™° .000 094 D2:G4>G2,G4>G3
D3: G3 > G4; D4: G3 > G4
G2: D3 & D4>DI1 & D2
G3: D3 & D4>DI1 & D2
G4: D2, D3 & D4 > Dl
Group 2.237 2.244 A11 .041 ns.
Note. D1 = Day 1; D2 = Day 2; D3 = Day 3; D4 = Day 4. G1 = Group 1; G2 = Group 2; G3 = Group 3; G4 =
Group 4.
**%p <.001.

~Group 2 —Group3 —-Group 4

3.2
3.0
2.8
2.6
2.4

2.2

Mean score (Points)

2.0

1.8
Dayl Day2 Day3 Day4

Figure 7. Ms and SDs of the creativity score for the three experimental groups

4.2. Effects of BMD-CL and intervention groups on creative self-efficacy
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With Group A (intervention groups: G1, G2, G3, and G4) and Group B (Low and High BMD-CL) as
the between variable, the pretest score of creative self-efficacy as the covariance, and the posttest score of
creative self-efficacy as the dependent variable, we conducted a two-way Analysis of Covariance to examine
whether beliefs toward mobile devices would influence the improvement in creative self-efficacy. The cut-
points of the BMD-CL groups were the median. The results revealed a significant Group A main effect, F(3,
129) = 2.671, p = .050, n%, = .058, as well as a significant Group B main effect, F(3, 129) = 6.108, p = .015,
N’ = .045. However, the Group A X Group B interaction effect was not significant. Post hoc test revealed that
the experimental groups (G2, G3, and G4) had better improvement in creative self-efficacy than the control
group (G1). Moreover, those who had a higher level of BMD-CL improved more in creative self-efficacy than
their counterparts (see Table 14 and Figure 8).

Table 14. Effects of Intervention X BMD-CL intervention on the enhancement of creative self-efficacy

Analysis of Covariance

Source MS F(3, 129) p % Post hoc test
Corrected Model 10.284 33.946%** .000 678

Intercept 4.360 14.393 % .000 .100

Pretest of ICSE 66.145 218.339%* .000 .629

Group A .809 2.671%* .050 .058 G2, G3,G4 > Gl
Group B 1.850 6.108* .015 .045 High > Low
Group A X Group B .144 476 .700 011

Note. Group A: Intervention group; Group B: BMD-CL group.
*p <.05. ***p <.001.

- Low AMD-CL  —High AMD-CL

4.5
4.4
4.3
4.2
4.1
4.0

3.9

Mean score (Points)

38

3.7
Groupl Group2 Group3 Group4

Figure 8. Ms and SEs of the ICSE score for BMD-CL groups in the intervention groups

S. Discussion and conclusions

Smartphones have become the most popular device for learning as well as for capturing moments in life
among college students. While most college students frequently take photos with smartphones, few students
mindfully learn from the photos they take. This study pioneers the integration of smartphone use, mindfulness,
knowledge sharing, self-determination, and everyday creativity to design varied types of interventions to
enhance college students’ ability and self-efficacy of creativity. Meanwhile, college students’ attitude toward
using mobile devices to improve creativity was also considered.

The major contributions of this study are as follows. First, a creativity learning and instructional approach
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with ecological validity—smartphone-based mindfulness learning in everyday life—is proposed and
confirmed. The findings of this study suggest that, even if only practiced for a short time, mindful learning
using a smartphone lens in everyday life can effectively enhance attention, sensitivity, and imagination in
regard to one’s surroundings, which further leads to improvement of the ability of creativity. Moreover,
practicing mindfulness in everyday life by taking photos and writing imaginative narratives, especially when
both self-determination and knowledge sharing are emphasized, can enhance college students’ creativity.
These findings provide concrete answers to the proposed research Question 1 and 2. Finally, the findings
suggest that attitude toward using mobile devices to enhance creativity self-efficacy played an important role
as a moderator, which provides the answer to research Question 3 and reminds researchers of the importance
of a positive attitude toward mobile devices’ potential for creativity learning.

Notably, if smartphones can be used more mindfully and smartly in everyday life, they can be a very
convenient and effective tool for enhancing personal creativity. In addition, since this study was conducted in
an everyday life situation, it has better ecological validity than those conducted in laboratories. This study
contributes to providing a very convenient and feasible approach for enhancing personal creativity through
smartphones and computers, which provides insights for the instructional design of creativity learning.

RN 1 L S
Study 3: The Development of Ambiguous-photo Imagination Test

1. The present study
The aim of this study was to develop the Ambiguous-photo Imagination Test (AIT).

2. Method
2.1. Participants

One hundred and thirty-three (32 males and 101 females; Mage = 21.26; SDage = 1.27), aged from 20 to 29
years old, were recruited through an online ad posted on a campus website. Participants were rewarded with
approximately USD 5. Written informed consent was obtained from all participants.

2.2. Instruments

The Ambiguous-photo Imagination Test and its short version (AIT and AIT-short) were developed and
employed in this study to measure participants’ creativity. The original AIT included 25 ambiguous black-and-
white photos made from color photos. After the test of reliability and validity, the AIT included 20 photos and
the short version included 10 photos. Their indices were measured: Originality, Fluency, and Flexibility. Past
divergent thinking test scores originality and elaboration as different indices. However, the elaborated idea
should be part of originality for it is a critical element that makes the idea unique. Accordingly, we scored
originality for each photo as the sum of “novelty of the prototype” and “elaboration of the prototype.” Novelty
(X) is the frequency of a mentioned response divided by the total number of participants (0 point: X >= 16%;
1 point: X >= 5% and < 16%; 2 points: X >= 2% and < 5%; 3 points: X < 2%). Elaboration was based on the
complexity of the description of each photo (1 point = description with simple adjectives; 2 points =
description with compound adjectives or elaborated situations). Fluency refers to the ability to generate as
many ideas as possible in a limited time, which was scored by the number of effective responses. Flexibility
refers to the ability to think from different perspectives, which was measured by the number of categories
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regarding all the effective responses. The information on reliability and validity are shown in the results section.

2.3. Procedure

To begin with, the researchers searched photos in diverse categories on the Internet and collected 25 of
them. Secondly, the photos were turned into black and white and somewhat blurred through Photoshop to
make them ambiguous so that the participants could employ their imagination and creativity through the
photos. After acquiring data, the researchers performed correlation analyses to eliminate photos with lower
correlations. The Mean and Standard Deviation were also employed to eliminate pictures with extreme values.
Next, reliability analyses and T-tests were utilized to examine internal consistency and discrimination. Then,
we selected photos with consideration to maintaining the diversity in categories and arranged them in a S-
shape in accordance with the means. Finally, 20 photos were kept as AIT. The same procedure was also applied
to the selection of AIT-short (10 photos).

3. Results

3.1. Descriptive analysis
The means and SDs of originality, fluency, and flexibility for each photo in AIT and AIT-short are shown
in Table 15 and Table 16.

Table 15. The means and SDs of originality, fluency, and flexibility for each phot in AIT

AIT AlT-short

No. Photo Index M SD No. Photo Index M SD
1. Cl 4.83 4.45 11. Cl 4.70 3.68

(30) (20) s ik
C2 3.31 2.07 - C2 3.56 1.92
C3 2.68 1.34 C3 2.82 1.42
Cl1 4.50 4.39 12. " Cl 4.58 4.62

(21) Y

C2 3.21 1.94 C2 3.28 1.91

C3 2.58 1.43 C3 2.84 1.38

3 Cl 4.48 4.07 13

. . Cl 431 4.29
(22) (14)

S et [ 320 |22

C2 3.44 1.90

C3 2.68 1.51 C3 3.08 1.43

4. Cl 4.26 4.10 14. C1 4.27 4.11
(29) (12)
C2 3.76 1.76 C2 3.88 1.85
C3 3.03 1.13 7 C3 242 1.37
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Cl 4.23 3.86 15. Cl 4.25 3.83
(25)
C2 3.30 1.76 C2 3.54 1.98
A&/
C3 2.63 1.37 C3 3.23 1.58
Cl 3.78 431 16. Cl 4.19 3.84
(7)
C2 3.23 1.79 C2 3.63 1.89
C3 2.30 1.38 C3 2.48 1.26
Cl 3.74 3.89 17. Cl 3.41 3.83
(13)
C2 3.09 1.92 C2 2.95 1.61
C3 2.59 1.44 C3 3.23 1.58
Cl 3.65 3.34 18. Cl 3.48 431
o3| B
C2 | 3.44 1.84 » c2 | 273 1.78
C3 2.32 1.31 C3 2.46 1.45
9. Cl 3.34 3.65 19. Cl 3.14 4.06
(18) , (11
. ENTS C2 2.92 1.67 C2 3.22 1.86
ﬁ ' ]“ C3 2.79 1.32 C3 2.69 1.40
10. : Cl 3.02 3.58 20. Cl 3.08 3.35
(26) (27)
/ ‘ C2 3.42 1.88 C2 4.41 2.06
I
L C3 2.97 1.43 C3 3.32 1.40
Note. C1=Originality, C2=Fluency, C3=Flexibility. The number in ( ) is the original item number.
Table 16. The means and SDs of originality, fluency, and flexibility for each photo of the AIT-short
AIT AlT-short
No. Photo Index M SD No. Photo Index M SD
1. Cl 4.50 4.39 6. Cl 4.25 3.83
(19) (25)
C2 3.21 1.94 , C2 3.54 1.98
A&/
C3 2.58 1.43 C3 242 1.37
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2 Cl 4.48 4.07 7. Cl 4.19 3.84

C2 3.63 1.89

S e [ 32 [

C3 2.68 1.51 C3 3.23 1.58

Cl 4.26 4.10 8 Cl 4.58 4.62

C2 3.76 1.76 C2 3.28 1.91

C3 3.03 1.13 C3 2.82 1.41

Cl 3.65 3.34 9. Cl 3.41 3.83
(13)
C2 3.44 1.84 C2 2.95 1.61
C3 2.90 1.37 . C3 2.48 1.26
5. Cl 3.34 3.65 | 10. Cl 3.48 431
(18) 23) s

C2 | 292 | 167 » c2 | 273 | 178
J IH C3 | 232 | 131 - C3 | 246 | 145

Note. C1=Originality, C2=Fluency, C3=Flexibility. The number in ( ) is the original item number.
3.2. Reliability analysis

Cronbach's a coefficients for the AIT ranged from .95 to .97, and those for the AIT-short ranged from .90
to .94 (see Table 17).

Table 17. Reliability analysis of AIT and AIT-short (N=133)

AIT AlT-short
M SD Cronbach's a M SD Cronbach's a
Originality 3.83 | 2.48 0.95 Originality 3.85 | 2.68 0.91
Fluency 3.36 1.35 0.97 Fluency 3.26 1.37 0.94
Flexibility 2.73 | 0.94 0.95 Flexibility 2.68 | 0.95 0.90

3.3.Validity analysis
3.3.1. Item analysis

With Group (Low vs. High) as the between variable and the score of AIT as the dependent variable, we
conducted MANOVA s to see whether there were differences between the groups on the performance of each
of the test items. The cut-points of Group were the upper 27% and the lower 27%. The results revealed
significant differences among all the test items. For Originality, Wilk’s A = .158, p = .000, n?, = .842. For
Fluency, Wilk’s A = .101, p = .000, n» = .899. For Flexibility, Wilk’s A = .106, p = .000, n*, = .894.

With Group (Low vs. High) as the between variable and the score of AI'T-short as the dependent variable,
we conducted MANOVAs to see whether there were differences between the groups on the performance of
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each of the test items. The cut-points of Group were the upper 27% and the lower 27%. The results revealed
significant differences among all the test items. For Originality, Wilk’s A = .276, p = .000, n% = .724. For
Fluency, Wilk’s A = .159, p = .000, n% = .841. For Flexibility, Wilk’s A =.130, p =.000, n* = .870

3.3.2. Criterion-related validity

The Digital Imagery Test (DIT) (Yeh & Lin, 2015), a divergent thinking test, was employed as the
criterion of AIT and IT-short. The three indices of both AIT and AIT-short were highly correlated with the two
criteria of DIT originality and fluency scores, indicating good criterion-related validity. The correlations
ranged from .737 to .801 (see Table 18).

Table 18. Results of criterion-related validity (N=27)

AIT AlT-short
Originality Fluency Flexibility | Originality Fluency Flexibility
DIT originality 744 800" 7637 753" 795" 764
DIT fluency 7377 8017 767 743" 7917 759"
*E*p <.001

3.3.3. Correlations between creativity indices
The three indices of AIT and AIT-short were strongly correlated with each other, ranging from .880

to .975 (see Table 19).

Table 19. Correlations between the indices of AIT and AIT-short (N = 125)

AIT AIT-short
Originality Fluency Flexibility | Originality Fluency Flexibility
AIT Originality 1

Fluency 927" 1

Flexibility 913" 970" 1
AlT-short | Originality 967" 904" 891" 1

Fluency 906" 975" 947 919" 1

Flexibility 880" 936" 966" .898™" 9617 1
3k <001
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Study 4: The learning effects and cluster profiles of passion in smartphone

use, growth creative mindset, fixed mindset, and self-efficacy
in a mindful learning intervention

1. The present study

This study aimed at examining a smartphone-based mindfulness intervention effect in changes of passion
in smartphone use, growth creativity mindset, fixed creativity mindset, and self-efficacy. In addition, this study
sought to understand the profiles of passion in smartphone use, growth creativity mindset, fixed creativity
mindset, and self-efficacy after the intervention through cluster analysis.

2. Method

2.1. Participants

All participants, aged from 20 to 29 years old, were recruited through an online ad posted on a campus
website. Participants were 84 college students (17 males and 67 females; Mage = 21.21; SDage = 1.56); they
were rewarded with approximately $35 USD.

3.2. Instruments
3.2.1. Inventory of Passion towards Smart Phones (IPSP)

The Inventory of Passion towards Smart Phones (IPSP) was employed to measure the participants’ passion
towards using mobile phones. The IPSP is a 2-dimension (Harmonious-Obsessive and Intrapersonal-
Interpersonal), 6-point Likert type scale with 1 point to 6 points, representing strongly disagree to strongly
agree. With a total of 15 items, the IPSP includes four types of passion: Harmonious-Intrapersonal (H-Intra, 4
items), Harmonious-Interpersonal (H-Inter, 4 items), Obsessive-Intrapersonal (O-Intra, 4 items), and
Obsessive-Interpersonal (O-Inter, 3 items). The Cronbach’s o values of the IPSP and the four factors
were .935, .910 (H-Intra), .876 (H-Inter), .903 (O-Intra), and .701 (O-Inter).

3.2.2. Creativity Mindset Inventory (CMI)

The CMI was employed to measure the participants’ nature belief of creativity. The CMI originally included
12 test items with 3 items in each of the following dimensions: Growth-Internal control (GI), Growth-External
control (GE), Fixed-Internal control (FI), and Fixed-External control (FE). The Cronbach’s a coefficients for
the Growth CM, GI, and GE were .747, .783, and .638, respectively. Regarding the reliability of Fixed CM
(FI and FE), the item-total correlation ranged from .707 to .812. The Cronbach’s a for the Fixed CM (FI and
FE) were .914, .830, and.854, respectively.

3.2.3. Inventory of Self-Efficacy in Creativity

The Inventory of Creativity Self-Efficacy (ICSE) was employed to measure the participants’ level of
creativity self-efficacy. The ICSE is a 6-point Likert-type scale from 1 point to 6 points, representing strongly
disagree to strongly agree. With a total of 9 items, the ICSE includes two factors: Ability to generate creative
ideas (6 items) and Achievement of creative performance (3 items). Exploratory factor analysis revealed that
the total variance explained by the two factors was 73.27%. The Cronbach’s a coefficients of the ICSE and
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the two factors were .927, .908, and .844, With factor loadings of .606 to .879, 73.27% of the total variance
was explained by the two factors.

3.2.4. Creativity

In this study, we requested the participants to upload the photos they took to a designated website. For
each photo, we requested the participant to write an imaginative narrative. Examples are shown as Figure 9.
The imagination score, ranging from 0 points to 5 points, was rated by two trained coauthors based on their
consensus.

3.3. Procedures and interventions for the experiment

In this study, we assume that after the smartphone-based mindfulness intervention which emphasized
mindfulness, self-determination, and knowledge sharing online would enhance mindfulness and imagination
toward surrounding things in everyday life. Such learning would further foster growth creativity mindsets,
harmonious passion towards smartphones, and self-efficacy in creativity, as well as decrease fixed creativity
mindsets and obsessive passion towards smartphones.

To understand the influence of the intervention effects, this study employed a pretest-posttest design.
During the one-week experimental period, the participants were requested to use their smartphones to freely
take photos and share the photos with imaginative narratives on a designated website.

4. Results
4.1. Learning effects

Using Test (pretest vs. posttest score of creativity mindset) as the dependent variables, we conducted
repeated measure analysis of variance (Repeated measure ANOVA) to examine the effects of creativity
mindsets, passion towards smartphones, and self-efficacy in creativity. Regarding creativity mindset, the
participants improved their growth-internal mindset after the intervention, F(1, 83) = 10.307, p =.002, 7 %
=.110. Although there were no significant effects on fixed-internal and fixed-external mindsets, there was a
trend that the participants decrease these fixed mindsets after the intervention. Regarding passion toward
smartphones, the participants increased their harmonious intrapersonal passion, harmonious interpersonal
passion, and obsessive interpersonal passion after the intervention, Fs(1, 83) = 8.508 to 13.218, ps <.05, 7

2,=.093 to .137. Finally, the participants enhanced their self-efficacy of creativity after the intervention,
F(1, 83) = 28.964, p <.001, n% = .259 (see Table 20).
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Table 20. The effects of interventions on changes of creativity mindset, passion toward smartphones, and
Self-efficacy of creativity

ANCOVA
Source MS F (1, 83) p n% Post hoc test
Creativity mindset
CM-GI 2.461 10.307* .002 110 T2>T1
CM-GE 239 1.186 279 014
CM-FI 677 3.642 .060 042
CM-FE 720 3.539 .063 041
Passion toward smartphones
H-intrapersonal 1.572 8.508* .005 .093 T2>T1
H-interpersonal 1.670 13.218%** .000 137 T2>T1
O-intrapersonal .073 453 503 .005
O-interpersonal 2.625 12.580%* .001 132 T2>T1
Self-efficacy of creativity 2.766 28.964** .000 259 T2>T1

Note. T1 = pretest; T2 = posttest, p <. 05*, p <.001**,

4.2. Profile analysis

To understand the profiles of passion in smartphone use, growth creative mindset, fixed mindset, and
self-efficacy after a mindful learning intervention, we employed a cluster analysis to achieve this goal. In this
study, we employed k-means clustering, which gives a formal definition as an optimization problem: find the
k cluster centers and assign the objects to the nearest cluster center so that the squared distances from the
cluster are minimized (Cutillo, 2019). Four types of passion in smartphone use (Harmonious-Intrapersonal,
Harmonious-Interpersonal, Obsessive-Intrapersonal, and Obsessive-Interpersonal), four types of mindsets
(Growth-Internal control, Growth-External control, Fixed-Internal control, and Fixed-External control), and
self-efficacy of creativity were included in the cluster analysis. Overall, the variables formed three significant
clusters (C1, C2, and C3). The mean scores of the final cluster center for each of the variables are shown in
Figure 10.

To further compare the differences between clusters, we conducted a multivariate analysis of variance
(MANOVA) using the cluster groups (C1, C2, and C3) as between variables and all variables as dependent
variables. The findings showed significant group effects on all the dependent variables, Wilks’ A = .175, p
<.001, np*> = .581. The posthoc comparisons are shown in Table 21. The results revealed three patterns. C2,
which had the highest creativity self-efficacy after the intervention, showed a high level of harmonious-
intrapersonal and interpersonal passion in smartphone use, a medium level of obsessive-intrapersonal and
interpersonal passion in smartphone use, a high level of growth-internal and external mindset, and a very low
level of fixed-internal and external mindset. C3, which had a medium level of creativity self-efficacy after the
intervention, showed a medium level of harmonious-intrapersonal and interpersonal passion in smartphone
use, a medium level of obsessive-intrapersonal and interpersonal passion in smartphone use, a medium level
of growth-internal and external mindset, and a medium level of fixed-internal and external mindset. Finally,
C1, which had the lowest level of creativity self-efficacy after the intervention, showed a medium level of
harmonious-intrapersonal and interpersonal passion in smartphone use, a high level of obsessive-intrapersonal
and interpersonal passion in smartphone use, a low level of growth-internal and external mindset, and a high
level of fixed-internal and external mindset (see Figure 11).
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Figure 10. Final Cluster Centers
Table 21. Final Cluster Centers and ANOVA results
Cluster ANOVA
1 2 3 F(2, 81) Sig. "% Schefté
H-Intra 445 493 3.89 27.568 .000 405 C2>C3
H-Inter 3.85 449 372 12.604 .000 237 C2>C3
O-Intra 525 449 3.5 26.878 .000 399 Cl1,C2>C3
O-Inter 427 4.01 3.39 8.889 .000 180 Cl1,C2>C3
CM_GI 347 489 4.17 23.491 .000 367 C2,C3>C1;C2>C3
CM_GE 347 408 3.73 4.961 .009 .109 C2,C3>C1;C2>C3
CM_FI 427 229 2380 21.444 .000 346 C1>C2,C3;,C3>C2
CM_FE 433 2.00 2.70 32.582 .000 446 C1>C2,C3;,C3>C2
CSE 2.76 451 391 15.442 .000 276 C2,C3>C1;C2>C3

Note. Number of participants in each cluster: C1 = 5; C2 = 35; C3 = 44. Four types of passion towards

smartphones: Harmonious-Intrapersonal (H-Intra), Harmonious-Interpersonal (H-Inter), Obsessive-

Intrapersonal (O-Intra), and Obsessive-Interpersonal (O-Inter). Four types of creativity mindsets: Growth-

Internal control (GI), Growth-External control (GE), Fixed-Internal control (FI), and Fixed-External control
(FE). CSE: Creativity self-efficacy.

4. Discussion and conclusions

This study aimed at examining a smartphone-based mindfulness intervention effect in changes of passion

in smartphone use, growth creativity mindset, fixed creativity mindset, and self-efficacy. The results suggest

that the employed intervention that emphasizes mindfulness, self-determination, and knowledge sharing

online can significantly enhance college student’s growth-internal mindset, harmonious intrapersonal passion,

harmonious interpersonal passion, and creativity self-efficacy. Interestingly, the results found that obsessive

interpersonal passion was also enhanced after the intervention, suggesting obsessive interpersonal passion can

coexist and positively correlate with harmonious passion. In addition, the intervention has a marginally
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significant effect on decreasing fixed-internal and fixed-external mindsets. Mobile technology, such as
smartphones or tablets, has been used in several classroom settings to enrich interactive teaching context,
support collaboration, engagement, and enable efficient and meaningful learning (Alberto & Cruz-Martinez;
2017, Atwood-Blaine et al., 2019; Kacetl & Klimova, 2019). The results of this study support the findings that
using smartphones can facilitate collaborative learning and higher-order thinking skills (Smith et al., 2016).
To conclude, the smartphone-based mindfulness intervention can be effective in strengthening growth
creativity mindset and harmonious passion in creativity learning.

On the other hand, this study sought to understand the profiles of passion in smartphone use, growth
creativity mindset, fixed creativity mindset, and self-efficacy after the intervention through cluster analysis.
The results emerged three groups: (1) high efficacious, harmonious passion, and growth mindset, but low fixed
mindset group; (2) medium efficacious, harmonious passion, obsessive passion, growth mindset, and fixed
mindset group; and (3) low efficacious and growth mindset, but high obsessive passion and fixed mindset

group.
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Study 5: Comparisons of imagination neural network of ambiguous black-and-
white versus color daily life photos

1. The present study

Only very few studies have requested the participants write down their creative thoughts inside the fMRI
scanner. Moreover, no study has been conducted to compare the neural activations when participants were
requested to engage in imagination tasks by watching ambiguous black-and-white versus color everyday life
photos. This study aimed to make such a comparison.

2. Method
2.1. Participants

Twenty-five college students (12 Females and 13 Males; Mage = 21.5; SDage = 1.8 years; Range of age:
20~27 years) were requested to take two types of creative tasks. All the participants were right-handers and
none of them had any history of a neurological or psychiatric disorder. This study was approved by the
Research Ethics Committee of National Chengchi University. Informed consent was obtained from all the
participants. Approximately USD 30 was rewarded for participation.

2.2.Stimuli of creative thinking

Two types of stimuli were employed as creativity tasks: the black-and-white task adapted from the
Ambiguous-photo Imagination Test (AIT) and the color photos selected from participants’ work in Yeh,
Chang, Ting, and Chen’s study (2020). The original AIT included 20 photos and the measure of each photo
included three indices: originality, fluency, and flexibility. In this study, we requested the participants to think
about and draw out “One” original and valuable product; therefore, only originality was scored. The originality
score for each photo was the score of “novelty of the prototype” plus “elaboration of the prototype.” The score
of novelty (X) is the frequency of a mentioned response divided by the total number of participants (0 point:
X >=16%; 1 point: X >= 5% and < 16%; 2 points: X >= 2% and < 5%; 3 points: X < 2%). Elaboration was
scored based on the complexity of the description of each photo (o points: a description with no adjectives; 1
point = a description with simple adjectives; 2 points = description with compound adjectives or elaborated
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situations). Based on a sample of 130 college students, the originality score of AIT significantly correlated
with that of the Digital Imagery Test (DIT) (Yeh & Lin, 2015), r (131) = .744, suggesting a good criterion-
related validity. Moreover, all test items of the originality had good discriminant validity through item analysis,
Wilk’s A = .158, p =.000, n2, = .842. Regarding reliability, the Cronbach's a coefficient for the originality
score was .95.

As for the color photos, the 20 employed photos taken in daily life through smartphones were selected
from 715 photos which were collected in a mindful learning study (Yeh et al., 2020); these photos were
selected because they inspired imaginative narrative as evidenced by the creativity scores (Yeh et al., 2020).
In this study, after watching a photo, we requested the participants to write down the most creative thoughts
that came up to their mind. A creativity score, ranging from 0 points to 5 points, was rated for each photo. The
scoring rubrics were as follows: 0: Roughly describes the content of the photo, but no associative thinking; 1:
Associates the external features of the photo with some concrete objects/things/uses, but no descriptions of
the situation; 2: Associates the concrete objects/things in the photo with self-experiences; 3. Associates the
abstract concepts in the photo with self-experiences; 4: Associates the concrete objects/things or the abstract
concepts in the photo with situations beyond one’s own experiences; 5: Associates the concrete objects/things
or the abstract concepts in the photo with situations beyond one’s own experiences with vivid or touching
descriptions (Yeh et al., 2020).

2.3.Experimental design and procedures

The creativity fMRI tasks were developed using the Spyder (python 3.7) software. An event-related design
that included two runs (the black-and-white task and the color task) was employed. The whole experiment
lasted approximately 60 minutes for one participant, and all the participants were requested to lay on the fMRI
scanner to execute the tasks. In the beginning, participants were requested to practice using the MR-safe tablet
for 2 minutes. Two additional experimental stimuli were employed as practice trials to help participants be
familiar with the procedures of the experiment and the operation of writing inside the scanner. Then, the
participants completed two runs of tasks; each run took about 20 minutes. A counterbalanced design was
adopted to the order between the black-and-white task and the colorful task. Lastly, a 6-minutes T1 scanning
was employed to explore individual brain structures (see Figure 15).

Each run comprised 20 experimental trials and 4 control trials. In the experimental condition, the
participants were instructed to watch a photo (a black-and-white or color photo) and associate it with personal
experiences, and then write down the most creative answer using the MR-safe tablet. In order to control the
basic visuospatial and motor aspect, a counting test (a black-and-white or color photo) was presented as a
control condition in which participants were asked to count the number of circles in a lot of geometry shapes.
See Figure 16 for examples of the experimental and the control condition stimuli for the black-and-white and
the color tasks. There were 24 trials in both the black-and-white and the color task, and the stimuli in each
task were randomly arranged. For both types of tasks, each trial was separated by 0.5s fixation. Then, 20s of
stimuli presentation, 5s for the best answer selection, 20s for writing the answer using the tablet, and 3~6
seconds jitter time with a random duration followed (see Figure 17).
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Task A
) 20 experimental
using tablet trials + 4 control
trials

Practice

Task B
Practice
(2 trials)

Note. Task A: the black-and-white task; Task B: the color task
Figure 15. In-scan procedures

(a) The experimental condition (b) The control condition

0.5s 0.5s

circles and write
it down.

the most creative

answer.

Figure 17. The procedures of one trial for the experimental and the control condition

2.4. Data acquisition

MRI Imaging data were collected with a 3 T scanner (Skyra, Siemens Medical Solutions, Erlangen,
Germany) with a 64-channel head coil. Functional images used a T2*-weighted gradient echo-planar imaging
(EPI) sequence with slice thickness = 3 mm, repetition time (TR) = 2000 ms, echo time (TE) = 25 ms, flip
angle = 900, with 41 axial slices acquired in ascending interleaved order, on a 64 x 64 matrix ina 216 x 216
mm field of view (FOV). T1-weighted anatomical images were acquired by a magnetization-prepared rapid
gradient-echo sequence with slice thickness = 1 mm, TR = 2530 ms, TE = 3.03 ms, inversion time = 1100 m:s,
flip angle = 7°, 192 sagittal slices, on a 256 x 256 matrix in a 256 x 256 mm FOV.

2.5. Data analysis and statistical analysis
2.5.1 Brain activation analysis

The functional images were transferred to digital imaging and communications in medicine (DICOM)
files by using Statistical Parametric Mapping 12 (SPM) (Wellcome Trust Centre for Neuroimaging, London,
UK) software package in MATLAB 2016b (Math Works, Natick, Mass). Next, the DICOM files were sliced
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timing, realigned, co-registered to individual structure image, normalized to Montreal Neurological Institute
(MNI) space (MNI) standard space, and smoothed images with Gaussian kernel of 8 mm full-width at a half-
maximum (FWHM). At the first level, the individual image data of establishing creative ideas were modeled
by specifying the onset time and durations of stimuli. Moreover, the six parameters of the realignment were
regarded as regressors of no interest. On the second level, we examined the differences between the black-
and-white task and the color task with paired t-test analyses. All the threshold of the statistical parametric
maps was at a voxel-wise intensity of p <.001 with a False Discovery Rate (FDR) corrected spatial extent
threshold.

3. Results
3.1. Brain activations of two creativity tasks

These results revealed that both tasks activated the brain regions of ITG/MTG/Hippocampus (left),
Hippocampus/ITG (right), and MOG/Angular gyrus (left). While the black-and-white additionally activated
the right IFG, the color task additionally activated the left IFG, Fusiform gyrus, and SFG/MFG (see Table 24).

Table 24. Clusters of brain activation for the black-and-white and the color task

MNI

Model Region C‘luster size t

(invoxels) y , Vvalue
Black-and-white task L. ITG/L. MTG/ L. Hippocampus 6018 48 26 -6 1093
R. Hippocampus/R. ITG 4448 26 -38 -16 9.72

R. IFG 1089 50 32 -6 8.8

L. ITG/L. MTG/L. Hippocampus 3710 30 -36 -18  7.73

L. MOG/L. Angular gyrus 490 -40 -68 26 6.83

Color task L. Fusiform gyrus/L. Hippocampus/L. ITG 1393 20 -14 22 734
L. MTG 367 -60 -46 -4 7.29

L. IFG 1194 32 34 -12 717

R. Fusiform gyrus/R. Hippocampus 1157 34 42 -10 7.16

L. SFG/L. MFG 2088 -6 62 20 6.78

L. Angular gyrus/L. MOG 614 34 -76 46 6.22

Note. L, left; R, right; MNI, Montreal Neurological Institute. All coordinates are described according to the Montreal Neurological
Institute system and Brodmann areas (BA) are given as well. Abbreviations: ITG = Inferior Temporal Gyrus, IOG = Inferior
Temporal Gyrus, MTG = Middle Temporal Gyrus, IPL = Inferior Parietal Lobul, SPL = Superior Parietal Lobule, IFG = inferior
frontal gyrus, SFG = superior frontal gyrus, MFG = middle frontal gyrus, MOG, middle occipital gyrus.
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Figure 19. Brain activation during conducting color tasks
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3.2. Comparisons of two creative thinking tasks

In order to examine the distinctive differences of different types of creativity tasks, we conducted two
contrasts: black-and-white task minus color task as well as color task minus black-and-white. The former
contrast showed that the black-and-white task stimulated greater brain activation in the sensorimotor system
(precentral gyrus, postcentral gyrus), visual system (middle temporal gyrus, occipital gyrus), and default
mode network (inferior parietal lobe) (see Table 25). No significant brain activation was found in the latter
contrast.

Table 25. The differences of brain activation between the black-and-white task and the color task

Cluster Si MNI
Model Region .us o SIze t value
(in voxels) X y z
R. ITG/R. IOG/R. MTG 1033 48  -60 -6 9.96
.. L.IOG/L. ITG/ L. Fusiform 405 42 -64 -10 8.03
Black-and-white
) R. IFGoper/R. Precentral gyrus 148 44 6 26 7.42
minus color tasks
R. Postcentral gyrus/R. IPL 156 48  -28 50 7.16
R. SPL/R. Postcentral gyrus/R. IPL 47 38 -44 56 6.47

Note. L, left; R, right; MNI, Montreal Neurological Institute. All coordinates are described according to the Montreal Neurological
Institute system and Brodmann areas (BA) are given as well. Abbreviations: ITG = Inferior Temporal Gyrus, IOG = Inferior
Temporal Gyrus, MTG = Middle Temporal Gyrus, IPL = Inferior Parietal Lobul, SPL = Superior Parietal Lobule

Figure 20. Grater brain activation in black-and-white tasks than in color tasks

4. Discussion and conclusion

These results revealed that during the creative thinking, both the black-and-white and the color tasks
activated the brain regions of ITG/MTG/Hippocampus (left), Hippocampus/ITG (right), and MOG/Angular
gyrus (left). While the black-and-white additionally activated the right IFG, the color task additionally
activated the left IFG, Fusiform gyrus, and SFG/MFG. The results support past findings that the
hippocampus plays a critical role in creative thinking (Duff et al., 2013). Hippocampus has been suggested

as the critical brain structure that provides a relational database for creating and updating mental
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representations (Eichenbaum & Cohen, 2001); it also processes relational information on the time-scale
necessary to rapidly generate and combine mental representations. These hippocampus functions are
essential aspects of creative thinking (Bristol & Viskontas, 2006).

In contrast to the black-and-white task minus the color task, the results revealed that the black-and-
white task stimulated broader brain regions, including sensorimotor system, visual system, and default mode
network. Notably, inferior parietal lobe, inferior occipital gyrus, and inferior frontal gyrus were activated.
Inferior parietal lobe, a brain region of default mode network, is regarded as an important brain region for
creative thinking; parietal lobe and frontal gyrus, which connects to the parietofrontal network (FPN), are
related to working memory-related cognitive tasks. Accordingly, compared to the daily-life color tasks, the
ambiguous black-and-white tasks seem to be more abstract, which requires more cognitive resources to
identify the shape and characteristics, as well as employ more neural resources to generate creative ideas.
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Study 6: The neural plasticity of creativity learning:
The intervention effect of mindful learning

1. The present study

Mindful learning emphasizes actively and consciously paying attention to the things they are curious about
or interested in, and further, try to bring about new meanings or original thinking from these ordinary or special
things. It can be a way to balance brain networks and optimize the creative process. However, no study has
been performed to examine the neural plasticity concerning creativity after mindful learning interventions. In
this study, we conducted a pretest-posttest design to investigate neurobiological correlation of creativity before
and after a mindful learning intervention through a fMRI scanner.

2. Method
2.1 Participants

Twenty college students (10 Females and 10 Males; Mage = 21.7; SDage = 1.9 years; Range of age: 20~27
years) were requested to take a pre-intervention brain scan, to receive a mindful learning intervention, and a
posttest brain scan during a 10-day intervention. All the participants were right-handers and none of them had
any history of a neurological or psychiatric disorder. This study was approved by the Research Ethics
Committee of National Chengchi University. Informed consent was obtained from all the participants.
Approximately USD 65 was rewarded for participation.

2.2. Stimuli of creative thinking

Twenty photos taken in daily life through smartphones were selected from 715 photos which were
collected in a mindful learning study (Yeh et al., 2020); these photos were selected because they inspired
imaginative narrative as evidenced by the creativity scores (Yeh et al., 2020). In this study, after watching a
photo, we requested the participants to write down the most creative thoughts that came up to their mind. A
creativity score, ranging from 0 points to 5 points, was rated for each photo. The scoring rubrics were as
follows: 0: Roughly describes the content of the photo, but no associative thinking; 1: Associates the external
features of the photo with some concrete objects/things/uses, but no descriptions of the situation; 2: Associates
the concrete objects/things in the photo with self-experiences; 3. Associates the abstract concepts in the photo
with self-experiences; 4: Associates the concrete objects/things or the abstract concepts in the photo with
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situations beyond one’s own experiences; 5: Associates the concrete objects/things or the abstract concepts in
the photo with situations beyond one’s own experiences with vivid or touching descriptions (Yeh et al., 2020).

2.3. Experimental design and procedures

A pretest-posttest experimental design was employed in this study. The participants took the in-scan
creativity task on Day 1, took a mindful learning intervention from day 2 to day 10, and took the in-scan
creativity task again on day 11 (see Figure 21). The in-scan creativity fMRI tasks were developed using spyder
(python 3.7) software. An event-related design which included 24 trials was used in the present study. At the
beginning, participants were requested to practice using the MR-safe tablet for 2 minutes. Two additional
experimental stimuli were employed as practice trials to help participants be familiar with procedures of the
experiment and the operation of writing inside the scanner. Then, the participants completed the tasks that
took about 20 minutes. In the end, a 6-minutes T1 scanning was employed to explore individual brain
structures.

The in-scan tasks comprised of 20 experimental trials and 4 control trails. In the experimental condition,
the participants were instructed to watch a color photo and associate it with personal experiences, and then
write down the most creative answer using the MR-safe tablet. In order to control the basic visuospatial and
motor aspect, a counting test was presented as a control condition in which participants were asked to count
the number of circles in a lot of geometry shapes. See Figure 22 for examples of the experimental and the
control condition stimuli. The 24 trials were randomly arranged. each trial was separated by 0.5s fixation.
Then, 20s of stimuli presentation, 5s for the best answer selection, 20s for writing the answer using the tablet,
and 3~6 seconds jitter time with a random duration followed.

Our mindful intervention emphasized mindfulness, self-determination, and knowledge sharing online.
Self-determination involves free choice, self-control, and self-management (Yeh et al., 2020; Peterson, et al.,
2020). In this study, we employed the concept of self-determination by allowing participants to freely take
photos. During the intervention, the participants were requested to take 2 photos and write creative narratives
for each photo, and then share the two photos to an assigned website every other day by smartphones. They
had to upload 10 photos in total during the intervention period.

Day 1 Day 2 to Day 10 Day 11
In-scan pretest Mindful learning Intervention In-scan posttest

* Take creativity tasks * Take 2 photos and write creative * Take creativity tasks
with fMRI scanning; narratives for each photo. Upload with fMRI scanning;
20 experimental them to an assigned website 20 experimental
trials and 4 control :> every other day by smartphones :> trials and 4 control
trials in total. * Upload 10 photos in total during trials in total.

* Write down more the intervention period. * Write down more
complete * Freelydecide the photo taking. complete
descriptions outside * Share the work with ather descriptions outside
the scanner. participants. the scanner.

Figure 21. The procedures of the intervention experiment
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(a) The experimental condition (b) The control condition

Figure 22. The procedures of one trial for the experimental and the control condition

2.4.Data acquisition

MRI Imaging data were collected with a 3 T scanner (Skyra, Siemens Medical Solutions, Erlangen,
Germany) with a 64-channel head coil. Functional images used a T2*-weighted gradient echo-planar imaging
(EPI) sequence with slice thickness = 3 mm, repetition time (TR) = 2000 ms, echo time (TE) = 25 ms, flip
angle = 900, with 41 axial slices acquired in ascending interleaved order, on a 64 X 64 matrix ina 216 x 216
mm field of view (FOV). T1-weighted anatomical images were acquired by a magnetization-prepared rapid
gradient-echo sequence with slice thickness = 1 mm, TR = 2530 ms, TE = 3.03 ms, inversion time = 1100 ms,
flip angle = 7°, 192 sagittal slices, on a 256 x 256 matrix in a 256 x 256 mm FOV.

2.5. Data analysis and statistical analysis
2.5.1. Brain activation analysis

The functional images were transferred to digital imaging and communications in medicine (DICOM)
files by using Statistical Parametric Mapping 12 (SPM) (Wellcome Trust Centre for Neuroimaging, London,
UK) software package in MATLAB 2016b (Math Works, Natick, Mass). Next, the DICOM files were sliced
timing, realigned, co-registered to individual structure image, normalized to Montreal Neurological Institute
(MNI) space (MNI) standard space, and smoothed images with Gaussian kernel of 8 mm full-width at a half-
maximum (FWHM). At first level, the individual image data of establishing creative ideas were modelled by
specifying the onset time and durations of stimuli. Moreover, the six parameters of the realignment were as
regressors of no interest. On the second level, we compared the changes before and after intervention with
paired t-test analyses.

2.5.2 Brain structural analysis

The acquired T1 images were transferred to DICOM files by using MRIcron (Chris Rorden, Columbia,
SC, USA) software. The DICOM files were then analyzed through voxel-based morphometry (VBM;
Ashburner & Friston, 2000) for the computational analysis of differences in local GMV using the CAT12
toolbox in SPM12 software package in MATLAB 2016b. VBM analysis was conducted as follows: discarded
the scans with head motion, normalized images on the template with International Consortium for Brain
Mapping (ICBM) East Asian brains, removed outliers by checking data quality, and smoothed images with
Gaussian kernel of 8 mm FWHM. The paired t-test was used to examine the alternation of gray matter volume
between pretest and posttest. All the threshold of the statistical parametric maps was at a voxel-wise intensity
of p <.001 with a False Discovery Rate (FDR) corrected spatial extent threshold.
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3. Results
3.1. Behavior results

Using creativity scores (pretest vs. posttest score) as the dependent variables, we conducted a repeated
measure analysis of variance (Repeated measure ANOVA) to examine the learning effect. The results revealed

that the participants improved their creativity after the intervention, F (1, 18)=21.727, p <.001,n3, = .547. (see
Table 26).

Table 26. Effects of interventions on changes of creativity total

ANCOVA
Post hoc test
Source MS F (1, 18) p g
Creativity 1.181 21.727%** .000 .547 T2>T1

Note. T1= pretest; T2 = posttest, *** p <.001.
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Figure 23. The significantly higher creative thinking scores compared with
the pretest was found after the 10-day mindful learning intervention.

3.2. Brain activation changes before and after 10-days mindful learning

To investigate the effect of the 10-days mindful learning on brain activation of creative thinking, we
compared the functional images of pretest and posttest. The results revealed that greater activation of the
cluster containing the bilateral anterior cingulate cortex (ACC) and the right supplementary motor area

(SMA) in posttest than in pretest (see Fig 24; Table 26). No significant cluster was found for the contrast of
pretest minus posttest.

t value
O L eee— 6

Figure 24. Greater activation in the bilateral anterior cingulate cortex
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with the contrast of posttest minus pretest during creative thinking task
Table 26. Comparisons of brain activation in photo task before and after mindful learning

. o MNI
Model Region Cluster size (in voxels) t value

X y z

Post-Pre L. ACC/R. ACC/R. SMA 713 10 6 44 5.448

3.3. Alternation of gray matter volume (GMYV)

The brain structural plasticity during mindful learning was examined by using VBM analysis to compare
the gray matter volume in the pretest and posttest. As Figure 22 and Table 27 show, GMV of the cluster from
the right precentral gyrus extending to the supplementary motor area considered as sensorimotor network
decreased after a 10-day mindful learning intervention. However, the higher GMV in the left cerebellum 8
was found in the posttest than in pretest.
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-@'_0.6

204 '
(L)
0-2 .
0

Pretest Posttest

3

504
(L)
.
0

Pretest Posttest

t value
[ |
0 7

Figure 22. After a 10-day intervention, decreased gray matter volume in the right precentral gyrus
extending to the supplementary motor area, while increased in the left cerebellum area 8 were found.

Table 27. Changes of gray matter volume by 10-day mindful learning

, Cluster size MNI
Model Region ) t value
(in voxels) X y z
R. tral /
Pre - Post preceniral yrus 9 135 -195 75 5.076
R. SMA
Post - Pre L. cerebellum (8) 8 -33 -45 -57 4.615
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4. Conclusion

The results showed that mindful learning was associated with better creativity scores as well as increased
brain activation in bilateral dorsal and ventral anterior cingulate cortex. Dorsal anterior cingulate cortex
involves a top-down control mechanism that contributes to the process of evaluating generated creative ideas.
Highly activation of this area may be related to inhabiting the stereotypical thinking in order to explore an
original idea. In addition, ventral part of anterior cingulate cortex plays an important role in emotional
regulation and self-control. The findings of this study suggest the employed mindful learning intervention
contributes to facilitating creativity by enhancing the inhibition of non-creative ideas, self-control, and
emotional regulation.

This study found that the participants’ gray matter volume (GMV) activation in the right supplementary
motor area decreased significantly after receiving mindfulness intervention. The results indicate that the
participants reduced sensory nerve actions and planned actions of resource recruitment. However, the degree
of activation of the participants in the same brain region was significantly increased after the intervention, and
their creative performances were also improved. These findings suggest that, after a 10-day intervention, the
brain uses fewer neural resources for efficient neural actions to achieve better creativity performance after the
intervention. The findings of this study suggest the employed mindful learning intervention contributes to
facilitating creativity by enhancing the inhibition of non-creative ideas, self-control, and emotional regulation.

Conclusion of the project

This project conducted four behavioral studies and two fMRI studies. Study 1 developed five inventories
which have good reliability and validity. Followed the instrument development, study 2 explored the
effectiveness of technology-oriented mindfulness learning intervention on enhancing creativity. During the
one-week experiment. The results showed that the group that was asked to take photos based on their interests
and share them on the website as well as the group that was asked to take photos of different categories based
on their interests and share the photos on website had better creativity improvement than the group that was
asked to take photos based on their interests and uploaded them to the website without sharing the photos.
Moreover, those who had a more positive attitude towards using mobile devices to promote creative learning
had better creative learning effects. The findings of this study suggested that applying technology-oriented
mindfulness learning intervention in daily life has the potential to promote creative learning among college
students. Study 3 developed an Ambiguous-photo Imagination Test that included a longer version of twenty
test items and a shorter version of ten test items; both tests had good validity and reliability. Study 4 explored
the learning effects and cluster profiles of passion in smartphone use, growth creative mindset, fixed mindset,
and self-efficacy. The findings revealed that the college students significantly improved their growth-internal
and external creativity mindset, harmonious-intrapersonal passion, harmonious-interpersonal passion, and
creativity self-efficacy. In addition, the cluster analysis results that included the concerned personal traits
emerged three distinctive patterns. Study 5 compared the participants’ imagination neural network of
ambiguous black-and-white versus color daily life photos. The results indicated some shared activated brain
regions for conducting the black-and-white and the color tasks. However, the black-and-white tasks showed
more active brain regions than the color photos. The results suggest the black-and-white tasks require more
cognitive resources to recognize the shapes and characteristics in the photos and use more neural resources to
generate novel and creative ideas. Study 6 examined the effectiveness of a 10-day mindful learning
intervention on the neuroplasticity of creative learning. The findings suggest that the brain uses fewer neural
resources for efficient neural actions to achieve better creativity performance after the intervention.
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To conclude, the findings of this project support that neuroscience helps people understand how to practice
the creative process and mindfulness goes hand in hand with creativity (Goh, 2017). The empirical results of
this project demonstrate the possibility and valuableness in integrating mind, brain, and learning in creativity.
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The EdMedia World Conference on Educational Media and Technology is an
international conference, organized by the Association for the Advancement of
Computing in Education (AACE). This annual conference serves as a multi-disciplinary
forum for the discussion and exchange. The main theme of this year was EdMedia +
Innovate Learning for advancement and innovation. The conference covered the
following nine topics: (1) Advanced Technologies for Learning and Teaching; (2)
Assessment and Research; (3) Educational Reform, Policy, and Innovation; (4)
Evaluation and Quality Improvement Advances; (5) Global Networks, Partnerships,
and Exchanges; (6) Innovative Approaches to Learning and Learning Environments;
(7) Open Education; (8) Technologies for Socially Responsive Learning; (9) Virtual and
Distance Education.

Due to COVID-19, the conference of this year was an online only conference.
The conference was from 6/23-6/26. On June 23rd, | watched the presentation
“Making connections: Equipping the next generation of teachers for educational
technology use”. This presentation addresses questions about how to best connect
teachers’ competencies and institutional culture in the digital age, including which
strategies are effective to train teachers? How can they develop the competencies to
adequately use technology in specific subject areas? Can we address the complex
systemic nature of digital technology integration at the school level? On June 24th, |
joined the keynote speech “Quo Vadis TPACK? Scouting the Road Ahead”. It talked
about the Technological Pedagogical Content Knowledge (TPACK) theories and issues.
| also attended the presentation “Digital Fluency: Moving Beyond Literacy to Prepare
our Learners to Solve Big, Bold Problems”. On June 25th, | joined the presentation
“Digital Wayfaring”. This presentation proposed an alternative post humanist reading
of digital literacies which centers embodiment, materiality, mobilities, and spatiality
into our understanding of emergent digital knowledge practices.

On June 26, there were many virtual presentations. | presented two papers: (1)
Paper ID #56704: The influences of creativity mindset on self-efficacy in game-based
creativity learning; and (2) Paper ID #56705: Enhancing creativity through computer-

based mindfulness interventions of aesthetic experience.
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Please allow the following to certify that:

Name: Yu-chu Yeh
Organization: Institute of Teacher Education, National Chengehi University

Attended and presented the following papers:

Paper ID #56704: The influences of creativity mindset on self-efficacy in game-based creativity learning

Paper ID #56705: Enhancing creativity through computer-based mindfulness interventions of aesthetic experience
Conference: EdMedia + Innovate Learning 2020 Online
Dates: June 23-26, 2020
Location: Online, Netherlands.
The EdMedia annual world conference on Educational Media & Technology (EdMedia), sponsored by the Association for the Advancement of
Computing in Education (AACE). AACE is a non-profit, international organization whose purpose is to advance the knowledge and quality of
learning and teaching at all levels throngh the encouragement of scholarly inquiry related to information technology and education and the
exchange of research results, developments, and their applications through publications and conferences for its members. This conference serves
as multidisciplinary forum for the discussion and exchange of information on the research, development, and applications on all topies related to
multimedia, hypermedia and telecommunications/distance education. Participation in EdMedia included the Keynote, Invited, Paper, SIG
Discussions, Interactive Sessions, Poster and Corporate Demo Sessions of this international forum. All presentation proposals are reviewed and
selected by a respected international Program Committee, based on merit and the perceived value for attendees. If any further information is
required, please contact the AACE office.
Best regards,

Conference Services EdMedia /AACE Representative
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Due to the COVID-19, the conference was changed to online conference. It’s the
first time | joined such online international conference. Although digital technology is
convenient, | like the face-to-face interaction instead. However, it was a great chance

for inspiring ideas for future research in such special time.

=~ FRSPLH (SIS EE S

This an online conference; no visiting activities.
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