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The Creativity Challenge Game: An educational intervention for creativity 

enhancement with the integration of Information and Communication Technologies 

 

 

Abstract 

Creativity enhancement is an educational objective. The integration of Information and 

Communication Technologies (ICTs) into the curriculum is another goal of many educators. 

In this study a creativity enhancement intervention was conducted with participants students 

(N = 90, 46 male, 44 female) of mean age M = 18.38, in an information systems course. A 

quasi-experimental design was employed and the proposed method included the extensive use 

of Facebook, a collaborative team structure, a game-like competitive environment, questions 

generation and answering. Creativity was measured with several pre-post divergent thinking 

tests. Academic achievement was obtained through exam results. Additional data were 

collected with online questionnaires. Results show that the intervention was overall effective 

in stimulating creativity. There was a statistically significant increase in fluency, flexibility, 

elaboration and originality, as measured by divergent thinking tests. Total student creativity 

calculated with the use of principal component analysis showed a significant positive link to 

academic achievement and ICT knowledge. Students with almost zero Facebook usage 

exhibited the highest levels of creativity followed closely by their peers with the highest 

Facebook usage.  Creativity enhancement was not related to Facebook usage or ICT 

knowledge. Results and implications are discussed, and propositions for future research are 

offered.  

 

 Keywords: computer-mediated communication; cooperative/collaborative learning; 

interactive learning environments; learning communities; teaching/learning strategies;  
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1. Introduction  

Today, in this rapidly changing world, characterized by unpredictability, globalization 

and instability, creativity evolved from being a competitive differentiator to a necessity for 

survival (Csikszentmihalyi & Sawyer, 2014; Wagner & Hollenbeck, 2014). Acknowledging 

the importance of creativity, researchers and teachers have proposed several theories and 

methods as to how to develop it (Collard & Looney, 2014; Fasko, 2001; Shaheen, 2010). 

Although many of these methods were tested mainly on children and adolescents, because of 

the old supposition that the ability to create something original declines with age (Lehman, 

1953), in recent years empirical studies and meta-analyses suggested that creativity as a 

dynamic life-long process of self-expression can be enhanced in any age (Stine-Morrow et al., 

2014; Tsai, 2013). Thus, in this reality, creativity enhancement in higher education is a major 

individual, organizational and societal challenge. 

Another aspect of our modern world is the emergence, development and prevalence of 

ICTs (Bilbao-Osorio, Dutta, & Lanvin, 2014), leading to the Internet of Everything where 

ICTs can be used for the creation of new capabilities (Cisco, 2013) changing the nature of 

innovation in various ways (Baller, Dutta, & Lanvin, 2016) . Today renowned  researchers, 

educators and policy makers came to the unanimous agreement that to have a sustainable 

innovative society, new technologies, education and creativity training have to be linked and 

integrated in effective educational and training systems (Cachia & Ferrari, 2010; Means, 

Toyama, Murphy, Bakia, & Jones, 2009a; Schmid et al., 2014; Tamim, Bernard, 

Borokhovski, Abrami, & Schmid, 2011). 

In an attempt to answer this contemporary demand of our society many researchers 

have developed and tested creativity enhancement programs and a small sample is shown in 

table 1. Although many of the previously tested educational interventions were successful 

there remains the need for more work in this area and for the development of more practical 
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approaches that would be simple, effective, flexible and easily reproduced even in today’s  

uncertain and tough economic times. This paper presents a creativity enhancement 

intervention that was developed based on findings of previous studies,  and tested successfully 

in an European university.  The present work adds to existing literature by elaborating further 

on the concepts of creativity enhancement, academic achievement and ICT inclusion into 

education. Also, this study has practical implications by offering a sufficient, uncomplicated, 

inexpensive and easy to replicate creativity enhancement training, that educators and 

researchers can advantageously exploit and develop further. 

                                                 _____________________ 

                                                 Insert table 1 about here. 
                                                 _____________________ 
 

2. Literature Review and Theoretical Framework of This Study. 

2.1. Creativity-Thinking Processes and Knowledge 

Creativity is multiple (Sternberg, 2005) and difficult to define. One definition of 

creativity is “The cognitive processes that lead to the production of new, original ideas, 

processes, or artifacts that are judged to be useful or otherwise of some value.” (Houtz & 

Patricola, 1999, p. 1). Pioneers of the field, like Guilford and Torrance, suggested that 

creativity is a multifaceted phenomenon and someone can be very creative in one domain, 

while showing no creativity in all other domains.  As a multifaceted phenomenon creativity 

requires a multitude of mental processes combining both convergent and divergent thinking 

(A. Cropley, 2006). Convergent thinking assumes that every problem has only one single 

correct solution and employs logic, knowledge and familiar verified techniques to find it (A. 

Cropley, 2006; Kim & Pierce, 2013a), while divergent thinking, the potential to be creative , 

is the ability to see relationships among things in unconventional ways and to produce 

multiple original ideas (Runco & Acar, 2012). It is believed today that we can enhance 

creativity by developing divergent thinking, but for creativity to happen convergent thinking 
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is needed, to evaluate, select and deliver the complete creative products (Kim & Pierce, 

2013a; Sternberg, 2006). The ‘threshold theory’ assumes that high levels of creativity require 

a certain above-average level of IQ, suggesting a strong relationship between knowledge, 

‘traditional’ intelligence and creativity (Jauk, Benedek, Dunst, & Neubauer, 2013; Jung et al., 

2009). Also, several studies and meta-analysis provide evidence of a positive and constant 

across time correlation between creativity and academic achievement (Ai, 1999; Kim, 2008). 

2.2. Creativity, Education and Methods of Enhancement 

The Componential Theory of Creativity presumes that all humans are able to be 

creative in some domain and the environment can influence this behavior (Amabile, 1997). 

Also, according to Bloom’s Taxonomy of Learning Domains or Behaviours creativity belongs 

to the higher order cognitive processes and can be taught and developed (Anderson, 2005; 

Ben-Zvi & Carton, 2014).  Indicators of scientific creativity, executive functions like attention 

span, concentration and perseverance can be detected, measured and enhanced (Diamond & 

Lee, 2011) and several meta-analyses suggest that creativity training programs are generally 

effective (Scott, Leritz, & Mumford, 2004; Tsai, 2013).  

In regard to creativity enhancement researchers suggest to engage the students in the 

educational process, to involve them in more active roles and make them feel “partners of the 

teacher” (Mann, 2015). Also, to stimulate their curiosity, and encourage creative exploration, 

sensible risk taking, testing and demonstrating their creativity (Blašková, 2014; Houtz & 

Patricola, 1999). Table 1 provides a small sample of creativity enhancement programs used 

by other researchers, basic design and tools used and their results. 

 2.2.1. Creativity and Play.   

According to the literature a game-like atmosphere in which students would be free to 

participate, form groups, collaborate, play with ideas and compete, without the fear of 

penalties or punishment, will promote creativity and learning (Fasko, 2001; West, Hoff, & 
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Carlsson, 2016). Previous studies suggest that educational games designed or just tailored by 

teachers have the potential to enhance learning outcomes (Kao, Chiang, & Sun, 2017) and as 

can be seen in table 1, many researchers used play and games for creativity enhancement with 

positive results. Also, literature provides evidence that play enhances creativity regardless of 

the form of the game played and the age of the participant: Creativity is enhanced in children 

participating in recreational activities (Garaigordobil, 2006), in adolescents playing 

videogames (Jackson et al., 2012) and even in adults at workplace (West et al., 2016).  

 2.2.2. Rewards. 

Amabile stresses the fact that educators aiming to stimulate their students’ creativity 

should be careful because extrinsic motivation and the perception of the task engagement as a 

duty can inhibit creativity (Amabile, 1985). However, when people are intrinsically motivated 

by their own interest, enjoyment, and challenge, there is not any diminishment in their 

creativity and they usually exhibit greater creativity (Amabile, 1985, 1997). Therefore, it is 

advisable to use bonuses or prizes that reward the creative process itself and the willingness to 

explore, discover and innovate, and not the final creative product (Erbas & Bas, 2015). 

 2.2.3. Information and Communication Technologies (ICTs).  

This generation, Generation Z, is born into the era of information technology and 

social media, smartphones, tablets and mobility, and uses them for everything: from getting 

information to staying in touch with family and friends (Hall, 2016). To promote active 

learning teachers should embrace the habits and practices of their digitally savvy students and 

ICT provides all the tools to achieve it. Researchers acknowledge that  ICT today is not just 

the mere vehicle to deliver instruction but when more modern applications are employed 

technology affects profoundly the learning process and achievement (Schmid et al., 2014) and 

several studies and meta-analyses suggest that there is a strong positive connection between 

information technology, student engagement and beneficial learning outcomes (Chen, 
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Lambert, & Guidry, 2010; Kuh & Hu, 2001; Liao, 2007; Means, Toyama, Murphy, Bakia, & 

Jones, 2009b; Merchant, Goetz, Cifuentes, Keeney-Kennicutt, & Davis, 2014). In respect to 

creativity table 1 shows that many researchers examined the use of ICTs in creativity 

enhancement programs with positive results (Aqda, Hamidi, & Rahimi, 2011; Benedek, Fink, 

& Neubauer, 2006; Chang, 2013; Hsiao, Chang, Lin, & Hu, 2014; Hutton & Sundar, 2010; 

Rashid & Rahman, 2014; Robbins & Kegley, 2010; C. S.-H. Yeh, 2015) and plenty of studies 

support the notion that e-learning, online knowledge sharing and interactivity improve 

students’ creativity (Ardaiz-Villanueva, Nicuesa-Chacón, Brene-Artazcoz, Sanz de Acedo 

Lizarraga, & Sanz de Acedo Baquedano, 2011; Jang, 2009; Wei, Peng, & Chou, 2015; Y. 

Yeh, Yeh, & Chen, 2012). The meta-analysis of DeRosa, Smith and Hantula examining the 

influence of ICT on the creative productivity of idea-generation groups found that “The 

medium matters” and there are quantity and quality benefits when the creative process of idea 

generation takes place in electronic environments (DeRosa, Smith, & Hantula, 2007).  Hence, 

integration of ICT is a prerequisite for the success of any creativity enhancement intervention.  

2.2.3.1. Facebook, creativity and academic performance. Nowadays, several surveys 

and studies show that students outside classroom use as major learning resources cell phones, 

Facebook and YouTube (Petrovic, Jeremic, Cirovic, Radojicic, & Milenkovic, 2014; Ractham 

& Firpo, 2011; Thomas & Brown, 2011; Towner & Muñoz, 2011). Up to 90% of 

undergraduates use Social Networking Services or Sites (SNS) like Facebook on a daily basis 

for communication, recreation, information, and to support their learning, they are 

accustomed with these media and the various collaboration apps they provide (Fewkes & 

McCabe, 2012; Meishar-Tal, Kurtz, & Pieterse, 2012; Petrovic et al., 2014; Wang, Woo, 

Quek, Yang, & Liu, 2012). Educators that want to enhance creative learning should create a 

space where their students would share knowledge and information, cooperate with others and 

become engaged in a truly creative process (Eid & Al-Jabri, 2016; Yang & Cheng, 2010). 
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Although Facebook was not developed for learning purposes, students perceive it as more 

informal and user-friendly in comparison to learning management systems (LMS) (Deng & 

Tavares, 2013; Rashid & Rahman, 2014) and they tend to use it in their everyday life, 

therefore, teachers can take advantage of this fact and use Facebook as an effective tool to 

promote active learning, collaboration and academic networking (Aaen & Dalsgaard, 2016; 

Arteaga Sánchez, Cortijo, & Javed, 2014; Hasan, 2013; McCarthy, 2012). Moreover, previous 

research shows that Facebook Groups in particular offer a unique type of engagement, the 

process in a closed group is inherently intimate, interactive and decidedly collaborative, 

dialogue is a prerequisite and the synergy and mutual reinforcement can make the whole 

activity extremely  creative (Ivala & Gachago, 2012; Meishar-Tal et al., 2012; Miron & 

Ravid, 2015; Wang et al., 2012). 

In concern to educational outcomes, much research in recent years has focused on the 

relationship between Facebook usage and academic performance and the results are mixed 

with some researchers suggesting a positive link (Ainin, Naqshbandi, Moghavvemi, & Jaafar, 

2015), several reporting a negative link (Junco, 2012; Kirschner & Karpinski, 2010; Rouis, 

Limayem, & Salehi-Sangari, 2011) and others showing that there is almost no link (Huang, 

2018; Kabre & Brown, 2011; Pasek, More, & Hargittai, 2009; Wise, Skues, & Williams, 

2011). As for the link between student creativity and Facebook, we found very few studies 

examining this particular  subject (Alias, Siraj, Daud, & Hussin, 2013; Rashid & Rahman, 

2014) and obviously more work is needed.  

2.2.4. Problem Solving and Question Generation.  

Problem Solving is accepted as an efficient way to develop creativity, especially when 

we have the so called open-ended-problems, assignments and case studies, that require 

individuals to engage their higher cognitive abilities like analysis, synthesis, and restructuring 

of the problem, thus stimulating creative thinking (Mumford, Medeiros, & Partlow, 2012). 
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But what about the problem itself? As Albert Einstein put it: “The formulation of a problem is 

often more essential than its solution” and “To raise new questions, new possibilities, to 

regard old problems from a new angle requires creative imagination and marks real 

advances in science” (Einstein & Infeld, 1967). Also, according to Paul Souriau there is 

something mechanical in finding solutions, while the truly creative mind can discover 

problems (Souriau, 1882). Asking questions and finding problems is part of the critical and 

creative thinking process, hence, it is an efficient way to develop creativity (Ennis, 2011; 

Reiter-Palmon & Robinson, 2009). There are numerous studies and meta-analyses 

investigating the effect of problem based learning and student question generation, on 

knowledge elaboration and learning, and most of these studies provide evidence that student 

question generation is an effective way of actively engaging the students in the learning 

process, leading to very positive learning results (Furtak, Seidel, Iverson, & Briggs, 2012; 

Luxton-Reilly & Denny, 2010; Schmidt, Rotgans, & Yew, 2011).  

Based on the above literature we decided to use play, rewards, various ICT tools, 

Facebook and both problem solving and student question generation in  the design of our 

creativity enhancement intervention.  

2.3. Study Objectives and Hypotheses 

The objectives of the present study are:  

1. To design an educational intervention with ICT integration that will stimulate students’ 

creativity and administer it for a sufficient time, so as to bring its cognitive effects.  

2. To examine if students will respond to the intervention differently based on their 

individual habits  and characteristics (academic achievement, computer knowledge, 

Facebook usage etc). 

3. To find if there are any correlations between student creativity, academic achievement, 

ICT knowledge and Facebook usage.  
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4. To evaluate the overall effects of the creativity enhancement intervention on students’ 

creativity and draw useful conclusions. 

Concerning creativity and creativity enhancement our hypotheses are:  

Hypothesis 1: After the intervention students will perform better in creativity tests. 

Hypothesis 2: Academic achievement and creativity of students will be positively linked. 

Hypothesis 3: Students with higher ICT knowledge and use will be more creative. 

Hypothesis 4: Creativity of students with higher ICT knowledge and use will be more  

enhanced after the intervention compared to their classmates. 

Hypothesis 5: Creativity of students and time spent on Facebook in their everyday life will 

be positively correlated. 

Hypothesis 6: Creativity of students with higher Facebook use will be more enhanced after 

the intervention when compared to their peers.  

3. Method  

3.1. Participants  

Subjects were 90 undergraduate students (46 male, 44 female) enrolled in an 

Information Systems undergraduate course at an European University. Students’ age ranged 

from 17 to 21 (M = 18.38, SD = 0.65) and all of them had no previous experience of an 

educational intervention of this kind. They completed several tests and questionnaires and 

were ensured that their responses would be strictly confidential. Students volunteered for the 

study after being told that it was an intervention aiming to stimulate their creativity and that 

they would receive an extra credit for their participation in the form of bonus points. 

3.2. Design and Procedure  

3.2.1. The Game and the Facebook Group 

Based on the aforementioned literature suggesting that challenging games with 

rewards stimulate creativity, we designed an educational intervention with a cooperative 
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reward structure and in the form of a game called “Creativity Challenge”.  We included the 

word challenge to emphasize the competitiveness of the game because research shows that 

healthy competition stimulates dedication, hard work and creativity (C.-H. Chen & Chiu, 

2016; Wu, Wu, Chen, & Chen, 2014). The game was played mainly online inside a Facebook 

Group, called CreativIS (Creativity + Information Systems), making it extremely convenient 

to students to follow the procedure using their tablets and smartphones. The Facebook group 

was closed to the public to protect the privacy of the game and to give the feeling of 

exclusivity and security to participants, thus enhancing collaboration and creative teamwork 

(Aaen & Dalsgaard, 2016). The Wall of the Facebook group was used to post the rules of the 

game, make regular announcements about the procedure, upload several files with relevant 

content and to answer in detail all the questions of the students.  

3.2.2. The Procedure 

Figure 1 shows the experimental procedure.  

_________________________ 
Insert figure 1  about here. 

_________________________ 
 
First Day.  On the first day of the intervention, a presentation of the game was held in 

class, using multimedia, where the its rules of the game were explained thoroughly and 

written material with first instructions was delivered. Also, a short “motivation note” 

distributed to the students, informed them that they would receive a bonus for their 

participation and that the goal of this intervention was to support their learning, enhance their 

creativity and equip them better for their future professional and everyday life.  

First Two Weeks.  After the presentation of the game, the students had a period of two 

weeks to decide if they were going to participate, to form teams, choose a leader and find a 

name for their team. To find a name for their team was requested by researchers to boost the 

game-like atmosphere and also to facilitate the formation of team identity with all the 
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beneficial consequences like, enthusiasm, bonding, collaboration and several other positive 

effects, eventually leading to better creative and educational results (Haslam, Powell, & 

Turner, 2000). The researchers did not interfere in any way in the formation of the teams. 

Teams had to consist of  three members (for exceptional reasons four members were 

allowed). Finally, 28 teams (90 participants) participated in the game. By the end of the 

introductory period, the leader of each team sent an e-mail to the administrator of the game – 

one of the researchers, announcing the formation of his/her team and their willingness to join 

the game.  The team was accepted and all members were invited to join the Facebook group. 

Pre-Tests.  Before the beginning of the intervention students were tested for creativity 

with paper and pencil Divergent Thinking Tests, where they were instructed to give many 

original answers, because previous research suggests that when participants are specifically 

instructed to produce many original answers they respond accordingly and divergent thinking 

scores tend to increase (Nusbaum, Silvia, & Beaty, 2014). After the pre-tests the first 

electronic draw was conducted and nine (9) teams were randomly selected.  

During the procedure. According to the game, every two weeks, an electronic draw 

was held, and a number of teams (9 or 10) were selected. The names of the selected teams 

were announced and appeared on the Facebook Group Wall with full description of their 

project assignment. The selected teams, within two weeks, had to prepare a set of essay 

questions with their answers based on the theory and educational material taught by the 

professor during the past two weeks prior to the electronic draw. Essay questions (and their 

answers) were chosen to be their project assignment due to their open structure that stimulates 

the higher levels of cognition, critical thinking and creativity (Cropley & Urban, 2000; 

Husain, Bais, Hussain, & Samad, 2012). Teams were allowed to use freely books, notes and 

any other material they considered necessary to complete their task.  Students were also 

prompted to take advantage of the various Facebook apps, online search machines, files 
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storage, synchronization, video, voice and instant messaging services, and other tools of ICT, 

to stimulate their knowledge accumulation, collaboration, and creative work. Also, useful 

educational material, was supplied through the ‘files’ section in Facebook and Google Drive. 

The leaders of the teams, upon the completion of their assignment, sent an email to the 

administrator with the essay questions and their answers, and on the same day posted on the 

Wall of the Facebook Group only the questionnaire, announcing the challenge to other teams.  

The first cycle of the game was followed by another electronic draw and again some 

teams were selected to create their questions within two weeks. During these two weeks the 

rest of the teams, were free to choose one of the uploaded set of questions, answer them in the 

most creative and elaborative way they could, and send their answers to the administrator of 

the game.  The whole intervention lasted one semester. The procedure and the electronic draw 

were controlled so that by the end of the game all the teams had completed equal number of  

projects (three projects). The main project consisted of  5-6 essay questions with their answers 

and the two smaller projects included only the answers to the questions of other teams. It was 

emphasized that groups with the most creative questions (as voted by their co-students) will 

receive an extra bonus. During the last month students had to log into their student account to 

complete a set of questionnaires (demographic, 40-item, evaluation) and vote for ‘Best teams’ 

questionnaires”. Researchers used identification numbers to match responses. 

Post-Tests.  On the last day of the procedure students were tested again with paper and 

pencil Divergent Thinking tests. 

3.3. Tools and Measures 

3.3.1.Divergent Thinking Tests (DT) 

Due to the inherent complexity of creativity a reliable and valid assessment should be 

based on several and different creativity tests. The most widely used are the Divergent 

Thinking (DT) Tests (Kim & Pierce, 2013b). However, these tests, like any human 
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construction, are not perfect and their results are influenced by many factors, suggesting that 

they are merely helpful estimates of the creative potential (Runco & Acar, 2012). In our study 

we used Guilford’s Tests: Alternate Uses (Benedek, Mühlmann, Jauk, & Neubauer, 2013; 

Christensen, Guilford, Merrifield, & Wilson, 1960), Consequences (Christensen, Guilford, & 

Wilson, 1957), and Plot Titles (Berger & Guilford, 1969; Christensen et al., 1957)) and the 

Wallach-Kogan’s Tests: Instances and Similarities (Wallach & Kogan, 1965), but with a time 

limit. Table 2 shows the tests that we used and times for administration.   

_________________________ 
Insert table 2 about here. 

_________________________ 

We chose these Divergent Thinking tests because of their high reliability and validity 

(Cropley & Maslany, 1969; Cropley, 2000) as well for practical considerations including 

simplicity of implementation, low-cost, testing time, and uncomplicated scoring procedures. 

All tests were scored for the four dimensions of creativity or ‘production factors of divergent 

thinking’: fluency, flexibility, elaboration, originality (Guilford & Hoepfner, 1966; Guilford, 

1956; Runco & Acar, 2012). Fluency is the total number of responses, therefore, we counted 

the responses and one point was given for each response.  Flexibility is the degree of 

difference of the responses, that is the number of categories or domains that the answers 

cover; one point was given for each category.  Elaboration is the level of detail of the 

response; scoring: one point for an elaborated response and two points for very elaborated 

responses. Originality is the statistical infrequence of each response, each response was 

compared to the total amount of responses from all the participants; responses that were given 

by only 5% of the students were unusual and were given 5 points, responses given by only 1% 

were considered unique and scored 10 points (“Guilford Uses Task,” 2016; Lemons, 2011). 

The internal consistency of the tests was good with Cronbach’s Alpha for fluency α = .94, 

flexibility α = .91, elaboration α = .82 , originality α = .77. Reliability of tests for pre-test and  
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post-test was also good with r(79) = .87, p < .001 for fluency,  r(79) = .77, p < .001 for 

flexibility, r(79) = .70, p < .001 for elaboration, and r(79)= .72, p < .001 for originality. The 

DT Tests administered to students were scored independently by two raters. The two-way 

random absolute agreement method of obtaining Intraclass Correlation Coefficients was used 

to examine inter-rater reliability (Bartko, 1966; Landers, 2015; Shrout & Fleiss, 1979) and 

was found to be excellent (Cicchetti, 1994): with  ICC = .983 (95% CI, .973 to .989) for 

fluency, ICC = .903 (95% CI, .550 to .938) for flexibility,  ICC = .804 (95% CI, .447 to .909) 

for elaboration, and ICC = .950 (95% CI, .922 to .968) for originality. For the purpose of the 

study the creativity measures of the two raters were added together to form a composite 

measure. Because of absences, creativity scores are unavailable for 9 students; thus, from the 

90 original participants 81 participated in the DT Tests of Creativity. 

3.3.2. Questionnaires  

All questionnaires (demographic, 40-item, evaluation) were delivered online with the 

help of Google Forms. Participants were assured of the confidentiality of their responses. An 

identification number was used to match responses to students. Each student had to sign into 

his/her student account to complete each questionnaire and send it,  without the option of 

revision and resubmission or future changes by anyone.  

3.3.2.1. ICT knowledge and use. ICT knowledge and use of students was estimated 

based on students self-evaluation. According to their answers to questionnaires, students were 

assigned to four Computer Knowledge groups (CKN). Group 1 was called ‘basic’ and 

included students that had very basic knowledge ICT and used a computer or a tablet rarely , 

group 2 = ‘average’, group 3 = ‘good’,  and group 4 = ‘expert’ with students that perceived 

themselves as ‘experts’ with extremely high knowledge and use of ICTs. 

3.3.2.2. Facebook time and usage. Students were asked to estimate their average time 

spent daily on Facebook (FBTime) and their answers were converted to minutes. Students 
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were also asked about their Facebook usage habits and based on their answers they were 

separated to four ‘Facebook use’  groups (FB). Group FB1 – consisted of  students that didn’t 

use Facebook at all, and created a Facebook profile just to participate in the game, and 

students that had a profile but checked it once in a month or in two weeks. Group FB2 – 

students that used Facebook almost daily but less than 60 minutes, group FB3 - students that 

used Facebook everyday for 1-3 hours and FB4 with students that through their smartphones 

were continuously connected to Facebook and were active on it for several hours daily.  

3.3.3. Academic achievement.  

At the end of the semester students took paper and pencil final exams (multiple 

choice) and the results of these exams (Points) were used as a measure of their academic 

achievement. Two of the 81 students that participated in the Divergent Thinking (DT) Tests 

did not participate in the final exams, therefore, in our analysis regarding academic 

achievement we used the exam results of 79 subjects.  

4. Results 

4.1. Descriptive statistics 

Descriptive statistics, means and standard deviations for pre-tests and post-tests 

components of creativity can be seen in Table 3. As can be seen in Table 3 fluency is the 

dimension of creativity which has the highest maximum value both in pre-tests and post-tests, 

followed by flexibility, originality and elaboration.  

_________________________ 
Insert table 3 about here. 

_________________________ 

4.2. Creativity enhancement 

To assess the effects of the educational intervention we conducted a repeated measures  

ANOVA, with Time as within-subjects factor with two levels (level 1= pre-test, level 2= post-

test) and dependent variables the four components of creativity (fluency, flexibility, 
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elaboration, originality). Table 4 shows that there was a significant linear increase between 

pre-tests and post-tests for all four components of creativity, for fluency F(1,80) = 151.26, p < 

.001, η2 = .65,   flexibility F(1,80) = 54.32, p < .001, η2 = .40,  elaboration F(1,80) = 24.97, p 

< .001, η2 = .24, and originality F(1,80) = 100.00, p < .001, η2 = .56. 

_________________________ 
Insert table 4 about here. 

_________________________ 

 
Follow-up paired samples t-tests presented in Table 5, demonstrate that there was a 

significant increase in the post-test scores when compared with pre-test scores for all four 

dimensions of creativity. Students’ fluency before the intervention F1 (M = 48.94, SD = 

12.33) was significantly lower than fluency after the intervention F2 (M = 60.90, SD = 16.78),  

t(80) = -12.30, p < .001, Cohen’s d = 1.37 . Originality was also significantly higher after the 

intervention O2 (M = 9.94, SD=5.56) compared to originality before the intervention  O1 (M 

= 5.31, SD= 5.00), t(80) = -10.00, p < .001, d = 1.11. Table 5 shows that the other two 

creativity dimensions were also higher after the procedure, although elaboration appears to be 

less affected by the intervention: elaboration before EL1 (M = 3.20, SD =1.27), elaboration 

after  EL2 (M = 3.83, SD = 1.53),  t(80) = -5.00, p < .001, d = .56. The above results indicate 

that the educational intervention functioned as intended and students performed better in 

creativity tests after the intervention. Thus, Hypothesis 1 is supported. 

_________________________ 
Insert table 5 about here. 

_________________________ 

4.3. Creativity, academic achievement and Facebook usage. 

To compute a total creativity score for each student we used Principal Component 

Analysis (PCA). On the basis of  Eigenvalue > 1 and a Scree Plot test we extracted only one 

factor. The overall results of the divergent thinking creativity tests loaded positively on this 

factor with fluency = .907, flexibility = .928, originality = .641, elaboration = .623, with 
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Eigenvalue of 2.47 which accounted for a total of 61.75% of the variance. Factor scores were 

computed via regression. With the use of PCA we calculated the ‘TCreativity’ = Total 

Creativity of students. Bivariate Pearson’s correlation coefficients revealed a significant 

positive link between the Total Creativity of students (TCreativity) and their academic 

achievement (points), r(77) = .50,  p < .001, therefore, Hypotheses  2 is supported.  Although, we 

can see in table 6 the existence of  a weak positive link between time spent on Facebook and total 

fluency of students r(77) = .23,  p = .045, the link between the total creativity of students and 

FBTime, is not statistically significant, thus, Hypotheses 5 is not supported. 

_________________________ 

Insert table 6 about here. 

_________________________ 

To compare the four “Facebook use” groups (FB) on the multiple dimensions of 

creativity before the intervention we conducted a Multivariate Analysis of Variance 

(MANOVA) with the four FB groups as independent variables and the four dimensions of 

creativity fluency, flexibility, elaboration and originality as dependent variables. The 

MANOVA assumption that dependent variables are correlated was tested by examining 

bivariate Pearson correlation coefficients and as can be seen in Table 7 a statistically 

significant correlation was found. Also, Levene’s test of variance homogeneity for all the 

dimensions of creativity and Box’s M (p = .432 > .05) test were both met. 

________________________ 
Insert tables 7  and 8 about here. 
_________________________ 

 

 The statistical analysis, presented in table 9, revealed that there were statistically 

significant differences between the four FB groups  on the four dimensions of creativity:  

Pillai’s Trace = .33,  F (12, 228) = 2.38, p = .007, partial  η2 = .11 and power to detect the 

effect .96 and Wilks’ λ = .70, F (12, 196) = 2.38, p = .007, partial  η2 = .11 and observed 
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power .93. Follow-up ANOVAs showed that fluency F(3,77) = 4.09, p = .009, η2
p = .14,   and 

flexibility F(3,77) = 3.82, p < .013, η2
p  = .13, were the creativity components that contributed 

to the significant multivariate effects. Finally, a series of post-hoc analysis using Tukey’s 

HSD tests showed that group FB2 (M = 41.78) scored in fluency significantly lower than all 

other groups FB1 (M = 52.73, p = .059), FB 3 (M = 50.90, p = .060),  FB4 (M = 52.04, p = 

.014) this can be seen in figure 2. Also the flexibility scores of group FB2 (M = 33.61) were 

significantly lower than the flexibility scores of group FB1 (M = 46.28, p =.011). Group FB1 

had the highest scores in all four components of creativity compared to other groups and it 

was followed by group FB4 with the second best scores in fluency, originality and flexibility.  

_________________________ 

Insert table 9 about here. 

Insert figure 2 about here. 
_________________________ 

  The relationship between the FB groups and academic achievement, depicted in table 

10 and figure 3, suggests a negative link between academic achievement and extensive use of 

Facebook. However, an ANOVA test with dependent variable students’ academic scores, 

showed no significant difference between the four FB (Facebook) Groups . 

_________________________ 
Insert table 10 about here. 
Insert figure 3 about here. 

_________________________ 

 To examine how the four Facebook (FB) groups responded to the creativity 

enhancement intervention we conducted a repeated measures Multivariate Analysis of 

Variance (MANOVA) with time as within-subjects factor with two levels (level 1= pre-test, 

level 2 = post-test), the dimensions of creativity (fluency, flexibility, elaboration and 

originality) as dependent variables and the four FB groups as independent variables. Tables 7 

and 8 show that the MANOVA assumption of meaningful correlation between dependent 

variables was supported. Levene’s test of variance homogeneity and Box’s M test were both 
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met. Results showed that there were not statistically significant differences in the 

enhancement of  creativity between the four groups:  Pillai’s Trace = .20,  F (12, 228) = 1.35, 

p = .190, partial  η2 = .07,  power to detect the effect .74 and Wilks’ λ = .81, F (12, 196)= .34, 

p =.20, partial  η2 =.07 and observed power .66. Therefore, Hypotheses 6 is not supported. 

4.4. Creativity and ICT knowledge and use 

To examine the relationship between creativity and ICT knowledge and use, a 

univariate analysis of variance with dependent variable the total creativity of students and fixed 

factor the  CKN- Computer Knowledge groups was conducted. Levene’s  test was met  (p = .443 

>.05). Results indicated a statistically significant difference between the four groups F(3,77) = 

2.82, p = .045, η2
p = .10, observed power .67,  and post-hoc analysis using Tukey’s HSD tests 

showed that the total creativity of the ‘expert’ group was significantly higher compared to the 

total creativity of the ‘basic’ group (expert > basic, p = .029) and also higher than the 

‘average’ group  (expert > average, p = .063), providing partial support for Hypotheses 3. 

Differences between the other groups although existent and can be seen in figure 4, were not 

statistically significant. 

_________________________ 
Insert figure 4 about here. 

_________________________ 

A repeated measures Multivariate Analysis of Variance (MANOVA) with time as 

within-subjects factor with two levels (level 1= pre-test, level 2 = post-test), the dimensions of 

creativity (fluency, flexibility, elaboration and originality) as dependent variables and the four 

CKN (Computer KNowledge) groups as independent variables was performed. Levene’s test 

of variance homogeneity and Box’s M test were both met.  Results showed that there were not 

statistically significant differences in the enhancement of  creativity between the four groups: 

Pillai’s Trace = .19,  F(12, 228) = 1.28, p = .233,. partial  η2 = .06,  power to detect the effect 
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.72 and Wilks’ λ = .82, F(12, 196) = 1.27, p = .241, partial  η2 = .06, observed power .64. 

Therefore, Hypotheses 4 is not supported. 

5. Discussion  

Nowadays, creativity is a highly valued ability and its enhancement has become an 

educational objective. With the present study we designed and implemented an educational 

intervention aiming to develop the creativity of students in an academic environment with the 

integration of ICTs. After the implementation we conducted statistical analysis of the data and 

the results showed that this intervention had a very positive impact on students’ creativity.  

5.1. Creativity enhancement 

Our main finding is that the educational intervention significantly enhanced all four 

dimensions of students’ creativity, as measured by creativity tests. Participants’ creativity was 

improved in quantity (fluency, flexibility) and quality (elaboration, originality) (Dixon, 1979; 

McVearry, VanMeter, Gaillard, & Meador, 2009; Runco & Acar, 2012). This finding is 

consistent with numerous studies and previous research suggesting that creativity can be 

stimulated and developed at any age if we use the right methods and techniques (Scott et al., 

2004; Stine-Morrow et al., 2014; Tsai, 2013). Also, examination of each creativity dimension 

separately indicates that our intervention, like many previous creativity training programs, 

had a different effect on each creativity component. The most significant increase was found 

in fluency scores followed by originality scores and these results are congruent with past 

research and several meta-analyses which indicate that originality and fluency are the 

creativity components most affected by creativity training (Rose & Lin, 1984; Scott et al., 

2004). An increase in fluency, which is defined as the number of produced ideas, indicates a 

stimulation of divergent thinking and sometimes is the only dimension of creativity assessed 

when we view creativity in terms of productivity (Runco & Acar, 2012). Originality which is 
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the statistical infrequency or the novelty of the produced ideas is strongly correlated with 

fluency – when the number of ideas produced rises it is more probable to find an original idea 

(Kim, 2006) and this explains to a point the equally significant increase. Results also show a 

statistically significant increase in flexibility and elaboration. However, of interest is the fact 

that elaboration was the dimension of creativity that changed the least. This finding might be 

explained by previous studies proposing that elaboration is a higher-level cognitive ability, 

associated with both convergent and divergent thinking skills that require more time, 

knowledge and practice to be developed (Csikszentmihalyi, 1996; Ma, 2006).  

5.2. Creativity and academic achievement 

The results of this study are in total agreement with several previous studies suggesting 

a strong positive correlation between creativity, intelligence and academic achievement (Ai, 

1999; Hansenne & Legrand, 2012; Naderi, Abdullah, Aizan, Sharir, & Kumar, 2010; Powers 

& Kaufman, 2004).  This finding is also consistent with the multifaceted nature of creativity 

including both divergent thinking, measured with the divergent thinking creativity tests, and 

convergent thinking, measured with the final exams at the end of the semester. The final 

examination tests consisted of multiple choice questions that required a single ‘correct’ 

answer and obviously referred more to the convergent thinking of students (A. Cropley, 2006; 

Kim & Pierce, 2013a). Thus, the positive correlations between creativity and academic 

achievement, shown in table 6, are totally explainable since they are actually correlations 

between the scores of the two different types of tests which measure the two aspects of the 

overall creative thinking: divergent and convergent (Cropley, 2006; DeHaan, 2013). 

5.3. Creativity and Facebook 

An interesting finding of the present study is the relationship between students' 

creativity and Facebook. The results of Bivariate Pearson Correlation analysis presented in 

table 6 showed a very weak positive link between students’ total fluency and time spent on 
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Facebook whereas correlations to the other creativity dimensions were negative but not 

statistically significant. In an attempt to investigate in more depth the existent relationships 

students were divided into four groups based on their Facebook usage habits. When we 

compared the four groups on levels of creativity the results revealed that Group FB1 which 

included students that almost did not use Facebook and most of them created a Facebook 

profile just to participate in the intervention, showed the highest level of creativity. However, 

contrary to what might be expected, and as can be seen in table 9 and figure 2 the most 

creative group FB1 with the lowest Facebook usage, was followed closely by group FB4 

including students who spent several hours on Facebook everyday. Group FB4 was followed 

by group FB3 consisted of students with a moderate Facebook usage and finally less 

creativity exhibited the members of group FB2 who used Facebook almost daily and for very 

short time. These confounding results could be explained taking into account the multiple 

essence of creativity. Therefore, despite the fact that the two groups FB1 and FB4 included 

students with totally different patterns of Facebook usage, however, it is possible that their 

members shared some similar personality traits or other characteristics (intelligence, 

socioeconomic status, lifestyle, experience etc.)  resulting in equal creative potential.  

In our study we did not find any statistically significant relationship between Facebook 

use and the creativity enhancement process, contrary to our expectations and previous 

research (Alias et al., 2013; Rashid & Rahman, 2014). All students responded positively and 

their creativity was enhanced regardless of their Facebook usage habits. It is obvious that due 

to the relatively short time of implementation of our intervention the use of Facebook did not  

affect differently the creativity levels of students in the four groups.  

5.4. ICT, Facebook and academic achievement 

In regard to academic achievement our results indicate the existence of a negative 

relationship between extensive use of Facebook and students’ academic achievement, 
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however, correlations did not reach statistical significance, in agreement with previous studies 

suggesting that there is no significant effect of Facebook usage on academic achievement 

(Huang, 2018; Kabre & Brown, 2011; Pasek et al., 2009; Wise et al., 2011). The above results 

are also in line with previous research literature suggesting that students use Facebook mainly 

for social purposes like communication, networking and personal satisfaction and not for 

active learning or academic work (Arteaga Sánchez et al., 2014; Madge, Meek, Wellens, & 

Hooley, 2009; Wise et al., 2011). As for the non significant negative link between Facebook 

and academic achievement could be attributed to the distraction effect of Facebook usage 

which has diverse but usually negative impact on individuals’ performance (Rouis et al., 

2011; Sana, Weston, & Cepeda, 2013).    

In the present study statistical analysis showed that students with higher knowledge and 

use of ICTs scored higher on creativity and this finding is line with studies claiming that 

creativity needs expertise including knowledge and technical proficiency (Amabile, 1997).  

Another interpretation would be given if we consider the theoretical model of personal 

innovativeness (Agarwal & Prasad, 1998; Mahat, Ayub, Luan, & Wong, 2012; Nov & Ye, 

2008). Thus, it is conceivable that very creative students would be also very receptive and 

knowledgeable about new technologies.  

Concerning creativity enhancement, we did not find any significant effect of ICT 

knowledge and according to our results all groups benefitted from the intervention regardless 

of their level of ICT knowledge and expertise.  One possible explanation might be that for the 

limited time of this intervention, it is difficult differences in knowledge and expertise in a 

particular domain, to be translated as significant differences in creativity enhancement level, 

especially when we measure the overall creativity of individuals. 

5.5. Limitations and suggestions for future research. 

Like any human construct this study has several limitations.  
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One limitation regards the representativeness of the sample. Since participation to the 

intervention was voluntary, it is possible that from the very beginning, we recruited the most 

creative students who were curious, interested, and willing to explore the unknown.  

Another limitation is related to measurement of time spent on Facebook and Facebook 

usage habits of students which were estimated based on participants’ self-report, therefore, 

precision of results is limited by human subjectivity. Unfortunately, we have to acknowledge, 

like other researchers before us (Junco, 2013), that as long as we measure Facebook time and 

usage based on self-report measures and not with monitoring software installed in all ICT 

devices that students can use (computers, tablets, smart TVs, smart watches, mobile phones 

etc.) there will always exist the factor of wrong self-evaluation and bias. 

A further limitation is that we did not use any tests to measure convergent thinking, 

possibly some IQ-tests, RAT, or other tests to examine if the intervention stimulated 

convergent thinking. We did not include this aspect in our study, because we were afraid that 

many tests including IQ-tests would affect negatively the game-like atmosphere. Certainly, 

we encourage other researchers to explore possible improvements of the game and techniques 

that would measure convergent thinking.  

6. Conclusions, implications and significance of the present study 

In the present study, we developed a creativity enhancement method with the 

integration of ICT aiming to make it appealing to students, inexpensive and easy to 

implement, yet effective, motivational and with the most possible positive results. After its 

development we tested it and evaluated the results. We also examined in more depth 

correlations between creativity, creativity enhancement, academic achievement, ICTs and 

Facebook usage. To summarize, our findings: 

1. Results indicate that our educational creativity enhancement intervention with the 

inclusion of ICTs was successful, as expected. Creativity of students was enhanced in all 
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four dimensions of fluency, flexibility, elaboration and originality encouraging the wider 

use of ICT in education.  

2. Creativity of students measured with divergent thinking creativity tests correlated 

positively with their academic achievement assessed by end of semester exams, providing 

more support to the theory of a strong connection between creativity and knowledge. 

3. Students that did not use Facebook at all showed the highest creativity followed closely by 

those that used Facebook for several hours daily, indicating that Facebook usage was 

unrelated to total creativity of students. 

4. Students with basic knowledge and use of ICTs exhibited less total creativity measured 

with Divergent Thinking Tests, suggesting the need for social mobilization for more 

extensive integration of ICT in education .  

5. Differences between students concerning Facebook usage did not have a significant effect 

on stimulation of creativity. 

6. All students benefitted from the creativity enhancement intervention regardless of their 

ICT knowledge differences, reaffirming the necessity for an innovation advancing 

education with the integration of ICT that would help societies to obtain a competitive 

edge and face emerging challenges. 

In regard to practical implications, our study provides useful results and is of significance 

for several reasons: 

1. In the creativity literature, many researchers and teachers have developed and suggested 

various methods of creativity enhancement and most of them successful. Some researchers 

even proposed separate courses focused on creativity and have designed and used their own 

tools and techniques for implementation. However, several of the suggested interventions are 

complicated and it is hard to replicate the techniques or the particular tools used. Also, to 

introduce new courses into the curricula of educational institutions is difficult and demanding. 
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The intervention that we propose is simple, inexpensive, relatively easy to implement and 

according to our results effective. It uses means and tools that are already present in students’ 

lives, and it can be easily replicated and incorporated into an existing course, without any 

additional investments or major changes in the curriculum something really important with 

today’s economic constraints.  

2. Our findings support the notion that the integration of ICT with a stress-free game-like 

web-based approach to learning is motivational and effective in enhancing students’ 

creativity. Also our results revealed that students with higher knowledge and acceptance of 

ICTs exhibited higher levels of creativity. Hence, teachers, educators and education planners 

that want to stimulate students’ creativity should consider exploiting the opportunities 

provided by ICTs and use them to bring change to the curriculum and the learning process. 

3.  As suggested by existing literature, questions generated by students promote active 

learning (Furtak et al., 2012; Luxton-Reilly & Denny, 2010). With our study we provide 

additional evidence that questions constructed by students and specifically open essay 

questions promote creativity. Therefore, students would benefit if their teachers make a more 

extensive use of open questions and study cases in their teaching and in the testing procedure.  

4. Our game-like, challenging, web-based and team-structured intervention was successfully 

tested in an academic setting, but it might be easily reproduced and adjusted for use in an 

organizational setting. In line with numerous previous studies our results show that play 

stimulates creativity at every age. We believe that our method can be modified and applied as 

a motivational game of creativity training in the industry and especially in the creative 

industries. We propose an easy and inexpensive way to stimulate the creativity of research 

and development teams, and work teams in various business sectors.  
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5. Instructors that want to facilitate creativity should take into account that the complex 

phenomenon of creativity needs time, persistence and systematic approach including the 

widespread use of ICT and social networks.  

 Before closing, we must note that this intervention enhances only one aspect of 

creativity as measured by divergent thinking tests. Considering the complexity of creativity as 

a phenomenon, we acknowledge that this intervention, although beneficial, does not ensure 

creative achievement. However, we believe it helps the collective human effort to discover, 

encourage and develop creativity and hopefully this study would be useful to researchers, 

teachers, instructors and anyone else that works towards this goal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

28 

References:  

 
Aaen, J., & Dalsgaard, C. (2016). Student Facebook groups as a third space: between social 

life and schoolwork. Learning, Media and Technology, 41(1), 160–186. 

https://doi.org/10.1080/17439884.2015.1111241 

Agarwal, R., & Prasad, J. (1998). A Conceptual and Operational Definition of Personal 

Innovativeness in the Domain of Information Technology. Information Systems 

Research, 9(2), 204–215. https://doi.org/10.1287/isre.9.2.204 

Ai, X. (1999). Creativity and Academic Achievement: An Investigation of Gender 

Differences. Creativity Research Journal, 12(4), 329–337. 

https://doi.org/10.1207/s15326934crj1204_11 

Ainin, S., Naqshbandi, M. M., Moghavvemi, S., & Jaafar, N. I. (2015). Facebook usage, 

socialization and academic performance. Computers & Education, 83, 64–73. 

https://doi.org/10.1016/j.compedu.2014.12.018 

Alfonso-Benlliure, V., Meléndez, J. C., & García-Ballesteros, M. (2013). Evaluation of a 

creativity intervention program for preschoolers. Thinking Skills and Creativity, 10, 

112–120. https://doi.org/10.1016/j.tsc.2013.07.005 

Alias, N., Siraj, S., Daud, M. K. A. M., & Hussin, Z. (2013). Effectiveness of facebook based 

learning to enhance creativity among Islamic studies students by employing Isman 

Instructional Design Model. TOJET: The Turkish Online Journal of Educational 

Technology, 12(1).  

Amabile, T. M. (1985). Motivation and creativity: Effects of motivational orientation on 

creative writers. Journal of Personality and Social Psychology, 48(2), 393–399. 

https://doi.org/10.1037/0022-3514.48.2.393 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

29 

Amabile, T. M. (1997). Motivating Creativity in Organizations: On Doing What You Love 

and Loving What You Do. California Management Review, 40(1), 39–58. 

https://doi.org/10.2307/41165921 

Anderson, L. W. (2005). Objectives, evaluation, and the improvement of education. Studies in 

Educational Evaluation, 31(2), 102–113. 

Aqda, M. F., Hamidi, F., & Rahimi, M. (2011). The comparative effect of computer-aided 

instruction and traditional teaching on student’s creativity in math classes. Procedia 

Computer Science, 3, 266–270. https://doi.org/10.1016/j.procs.2010.12.045 

Ardaiz-Villanueva, O., Nicuesa-Chacón, X., Brene-Artazcoz, O., Sanz de Acedo Lizarraga, 

M. L., & Sanz de Acedo Baquedano, M. T. (2011). Evaluation of computer tools for 

idea generation and team formation in project-based learning. Computers & 

Education, 56(3), 700–711. https://doi.org/10.1016/j.compedu.2010.10.012 

Arteaga Sánchez, R., Cortijo, V., & Javed, U. (2014). Students’ perceptions of Facebook for 

academic purposes. Computers & Education, 70, 138–149. 

https://doi.org/10.1016/j.compedu.2013.08.012 

Baller, S., Dutta, S., & Lanvin, B. (2016). The Global Information Technology Report 2016-

Innovating in the Digital Economy. In World Economic Forum (p. 307). Geneva: 

World Economic Forum and INSEAD. 

Bartko, J. J. (1966). The Intraclass Correlation Coefficient as a Measure of Reliability. 

Psychological Reports, 19(1), 3–11. https://doi.org/10.2466/pr0.1966.19.1.3 

Benedek, M., Fink, A., & Neubauer, A. C. (2006). Enhancement of Ideational Fluency by 

Means of Computer-Based Training. Creativity Research Journal, 18(3), 317–328. 

https://doi.org/10.1207/s15326934crj1803_7 

Benedek, M., Mühlmann, C., Jauk, E., & Neubauer, A. C. (2013). Assessment of Divergent 

Thinking by means of the Subjective Top-Scoring Method: Effects of the Number of 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

30 

Top-Ideas and Time-on-Task on Reliability and Validity. Psychology of Aesthetics, 

Creativity, and the Arts, 7(4), 341–349. https://doi.org/10.1037/a0033644 

Ben-Zvi, T., & Carton, T. C. (2014). Applying Bloom’s Revised Taxonomy in Business 

Games. Developments in Business Simulation and Experiential Learning, 35(0). 

Retrieved from https://journals.tdl.org/absel/index.php/absel/article/view/414 

Berger, R. M., & Guilford, J. P. (1969). Plot titles. Sheridan Psychological Services, Beverley 

Hills, CA. 

Bilbao-Osorio, B., Dutta, S., & Lanvin, B. (2014). The Global Information Technology 

Report 2014-Rewards and Risks of Big Data. In World Economic Forum (p. 383). 

Geneva: World Economic Forum and INSEAD. 

Blašková, M. (2014). Influencing Academic Motivation, Responsibility and Creativity. 

Procedia - Social and Behavioral Sciences, 159, 415–425. 

https://doi.org/10.1016/j.sbspro.2014.12.399 

Cachia, R., & Ferrari, A. (2010). Creativity in Schools: A Survey of Teachers in Europe (EUR 

- Scientific and Technical Research Reports No. JRC59232). Publications Office of 

the European Union. https://doi.org/10.2791/48818 

Chang, Y.-S. (2013). Student technological creativity using online problem-solving activities. 

International Journal of Technology and Design Education, 23(3), 803–816. 

https://doi.org/10.1007/s10798-012-9217-5 

Chen, C.-H., & Chiu, C.-H. (2016). Employing intergroup competition in multitouch design-

based learning to foster student engagement, learning achievement, and creativity. 

Computers & Education, 103, 99–113. https://doi.org/10.1016/j.compedu.2016.09.007 

Chen, P.-S. D., Lambert, A. D., & Guidry, K. R. (2010). Engaging online learners: The 

impact of Web-based learning technology on college student engagement. Computers 

& Education, 54(4), 1222–1232. https://doi.org/10.1016/j.compedu.2009.11.008 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

31 

Christensen, P., Guilford, J. P., Merrifield, P., & Wilson, R. (1960). Alternate Uses 

(Guilford’s Alternate Uses). Beverly Hills, CA: Sheridan Psychological Services.  

Christensen, P. R., Guilford, J. P., & Wilson, R. (1957). Relations of creative responses to 

working time and instructions. Journal of Experimental Psychology, 53(2), 82–88. 

https://doi.org/10.1037/h0045461 

Cicchetti, D. V. (1994). Guidelines, criteria, and rules of thumb for evaluating normed and 

standardized assessment instruments in psychology. Psychological Assessment, 6(4), 

284–290. https://doi.org/10.1037/1040-3590.6.4.284 

Cisco. (2013). The Internet of Everything (IoE). Cisco. IoE_Economy_FAQ.pdf  

Collard, P., & Looney, J. (2014). Nurturing Creativity in Education. European Journal of 

Education, 49(3), 348–364. https://doi.org/10.1111/ejed.12090 

Cropley, A. (2006). In Praise of Convergent Thinking. Creativity Research Journal, 18(3), 

391–404. https://doi.org/10.1207/s15326934crj1803_13 

Cropley, A. J., & Maslany, G. W. (1969). Reliability and Factorial Validity of the Wallach-

Kogan Creativity Tests. British Journal of Psychology, 60(3), 395–398. 

https://doi.org/10.1111/j.2044-8295.1969.tb01213.x 

Cropley, Arthur J. (2000). Defining and measuring creativity: Are creativity tests worth 

using? Roeper Review, 23(2), 72–79. https://doi.org/10.1080/02783190009554069 

Cropley, Arthur J., & Urban, K. K. (2000). Programs and strategies for nurturing creativity. In 

K. A. Heller, F. J. Mönks, R. J. Sternberg, & R. F. Subotnik (Eds.), International 

handbook of giftedness and talent (2nd ed., pp. 481–494). Elsevier. 

Csikszentmihalyi, M. (1996). Flow and the psychology of discovery and invention. New York: 

Harper Collins. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

32 

Csikszentmihalyi, M., & Sawyer, K. (2014). Shifting the Focus from Individual to 

Organizational Creativity. In The Systems Model of Creativity (pp. 67–71). Springer 

Netherlands. https://doi.org/10.1007/978-94-017-9085-7_6 

DeHaan, P. R. L. (2013). Promoting Student Creativity and Inventiveness in Science and 

Engineering. In E. G. Carayannis (Ed.), Encyclopedia of Creativity, Invention, 

Innovation and Entrepreneurship (pp. 1497–1503). Springer New York. 

https://doi.org/10.1007/978-1-4614-3858-8_395 

Deng, L., & Tavares, N. J. (2013). From Moodle to Facebook: Exploring students’ motivation 

and experiences in online communities. Computers & Education, 68, 167–176. 

https://doi.org/10.1016/j.compedu.2013.04.028 

DeRosa, D. M., Smith, C. L., & Hantula, D. A. (2007). The medium matters: Mining the 

long-promised merit of group interaction in creative idea generation tasks in a meta-

analysis of the electronic group brainstorming literature. Computers in Human 

Behavior, 23(3), 1549–1581. https://doi.org/10.1016/j.chb.2005.07.003 

Diamond, A., & Lee, K. (2011). Interventions Shown to Aid Executive Function 

Development in Children 4 to 12 Years Old. Science, 333(6045), 959–964. 

https://doi.org/10.1126/science.1204529 

Dixon, J. (1979). Quality versus quantity: The need to control for the fluency factor in 

originality scores from the Torrance tests. Journal for the Education of the Gifted, 

2(2), 70–79. 

Eid, M. I. M., & Al-Jabri, I. M. (2016). Social networking, knowledge sharing, and student 

learning: The case of university students. Computers & Education, 99, 14–27. 

https://doi.org/10.1016/j.compedu.2016.04.007 

Einstein, A., & Infeld, L. (1967). The Evolution of Physics (18th Printing edition). New York: 

Touchstone. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

33 

Ennis, R. (2011). Critical thinking: Reflection and perspective Part II. Inquiry: Critical 

Thinking across the Disciplines, 26(2), 5–19. 

Erbas, A. K., & Bas, S. (2015). The Contribution of Personality Traits, Motivation, Academic 

Risk-Taking and Metacognition to the Creative Ability in Mathematics. Creativity 

Research Journal, 27(4), 299–307. https://doi.org/10.1080/10400419.2015.1087235 

Fasko, D. (2001). Education and Creativity. Creativity Research Journal, 13(3–4), 317–327. 

https://doi.org/10.1207/S15326934CRJ1334_09 

Fewkes, A. M., & McCabe, M. (2012). Facebook. Journal of Digital Learning in Teacher 

Education, 28(3), 92–98. https://doi.org/10.1080/21532974.2012.10784686 

Furtak, E. M., Seidel, T., Iverson, H., & Briggs, D. C. (2012). Experimental and Quasi-

Experimental Studies of Inquiry-Based Science Teaching: A Meta-Analysis. Review of 

Educational Research, 82(3), 300–329. https://doi.org/10.3102/0034654312457206 

Garaigordobil, M. (2006). Intervention in Creativity With Children Aged 10 and 11 Years: 

Impact of a Play Program on Verbal and Graphic–Figural Creativity. Creativity 

Research Journal, 18(3), 329–345. https://doi.org/10.1207/s15326934crj1803_8 

Garaigordobil, M., & Berrueco, L. (2011). Effects of a Play Program on Creative Thinking of 

Preschool Children. The Spanish Journal of Psychology, 14(2), 608–618. 

https://doi.org/10.5209/rev_SJOP.2011.v14.n2.9 

Guilford, J. P. (1956). The structure of intellect. Psychological Bulletin, 53(4), 267–293. 

https://doi.org/10.1037/h0040755 

Guilford, J. P., & Hoepfner, R. (1966). Structure of intellect factors and their tests, 1966. 

Studies of aptitudes of high-level personnel. 

Guilford Uses Task. (2016, August 10). Retrieved from 

http://www.indiana.edu/~bobweb/r546/modules/creativity/creativity_tests/guilford_us

es_task.html 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

34 

Hall, J. (2016, September 11). Two 17-Year-Olds Explain How To Engage The “New 

Millennials.” Forbes. 

Hansenne, M., & Legrand, J. (2012). Creativity, emotional intelligence, and school 

performance in children. International Journal of Educational Research, 53, 264–268. 

https://doi.org/10.1016/j.ijer.2012.03.015 

Hasan, M. (2013). Facebook as Educational Tool: an Alternative to LMS in the Developing 

Countries. In Proceedings of 4th International Conference on Education and 

Information Management (ICEIM-2013) (pp. 347–351). Penang, Malaysia. 

Haslam, S. A., Powell, C., & Turner, J. (2000). Social Identity, Self-categorization, and Work 

Motivation: Rethinking the Contribution of the Group to Positive and Sustainable 

Organisational Outcomes. Applied Psychology, 49(3), 319–339. 

https://doi.org/10.1111/1464-0597.00018 

Hoffmann, J. D., & Russ, S. W. (2016). Fostering pretend play skills and creativity in 

elementary school girls: A group play intervention. Psychology of Aesthetics, 

Creativity, and the Arts, 10(1), 114–125. https://doi.org/10.1037/aca0000039 

Hoffmann, J., & Russ, S. (2012). Pretend play, creativity, and emotion regulation in children. 

Psychology of Aesthetics, Creativity, and the Arts, 6(2), 175–184. 

https://doi.org/10.1037/a0026299 

Houtz, J. C., & Patricola, C. (1999). Imagery. In M. A. Runco & S. R. Pritzker (Eds.), 

Encyclopedia of Creativity (p. 1). Academic Press. 

Hsiao, H.-S., Chang, C.-S., Lin, C.-Y., & Hu, P.-M. (2014). Development of children’s 

creativity and manual skills within digital game-based learning environment. Journal 

of Computer Assisted Learning, 30(4), 377–395. https://doi.org/10.1111/jcal.12057 

Huang, C. (2018). Social network site use and academic achievement: A meta-analysis. 

Computers & Education, 119, 76–83. https://doi.org/10.1016/j.compedu.2017.12.010 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

35 

Husain, H., Bais, B., Hussain, A., & Samad, S. A. (2012). How to Construct Open Ended 

Questions. Procedia - Social and Behavioral Sciences, 60, 456–462. 

https://doi.org/10.1016/j.sbspro.2012.09.406 

Hutton, E., & Sundar, S. S. (2010). Can Video Games Enhance Creativity? Effects of 

Emotion Generated by Dance Dance Revolution. Creativity Research Journal, 22(3), 

294–303. https://doi.org/10.1080/10400419.2010.503540 

Ivala, E., & Gachago, D. (2012). Social media for enhancing student engagement : the use of 

Facebook and blogs at a University of Technology. South African Journal of Higher 

Education, 26(1), 152–167. 

Jackson, L. A., Witt, E. A., Games, A. I., Fitzgerald, H. E., von Eye, A., & Zhao, Y. (2012). 

Information technology use and creativity: Findings from the Children and 

Technology Project. Computers in Human Behavior, 28(2), 370–376. 

https://doi.org/10.1016/j.chb.2011.10.006 

Jang, S.-J. (2009). Exploration of secondary students’ creativity by integrating web-based 

technology into an innovative science curriculum. Computers & Education, 52(1), 

247–255. https://doi.org/10.1016/j.compedu.2008.08.002 

Jauk, E., Benedek, M., Dunst, B., & Neubauer, A. C. (2013). The relationship between 

intelligence and creativity: New support for the threshold hypothesis by means of 

empirical breakpoint detection. Intelligence, 41(4), 212–221. 

https://doi.org/10.1016/j.intell.2013.03.003 

Junco, R. (2012). Too much face and not enough books: The relationship between multiple 

indices of Facebook use and academic performance. Computers in Human Behavior, 

28(1), 187–198. https://doi.org/10.1016/j.chb.2011.08.026 

Junco, R. (2013). Comparing actual and self-reported measures of Facebook use. Computers 

in Human Behavior, 29(3), 626–631. https://doi.org/10.1016/j.chb.2012.11.007 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

36 

Jung, R. E., Gasparovic, C., Chavez, R. S., Flores, R. A., Smith, S. M., Caprihan, A., & Yeo, 

R. A. (2009). Biochemical Support for the “Threshold” Theory of Creativity: A 

Magnetic Resonance Spectroscopy Study. Journal of Neuroscience, 29(16), 5319–

5325. https://doi.org/10.1523/JNEUROSCI.0588-09.2009 

Kabre, F., & Brown, U. J. (2011). The influence of Facebook usage on the academic 

performance and the quality of life of college students. Journal of Media and 

Communication Studies, 3(4), 144. 

Kao, G. Y.-M., Chiang, C.-H., & Sun, C.-T. (2017). Customizing scaffolds for game-based 

learning in physics: Impacts on knowledge acquisition and game design creativity. 

Computers & Education, 113, 294–312. 

https://doi.org/10.1016/j.compedu.2017.05.022 

Karwowski, M., & Soszynski, M. (2008). How to develop creative imagination?: 

Assumptions, aims and effectiveness of Role Play Training in Creativity (RPTC). 

Thinking Skills and Creativity, 3(2), 163–171. 

https://doi.org/10.1016/j.tsc.2008.07.001 

Kim, K. H. (2006). Can We Trust Creativity Tests? A Review of the Torrance Tests of 

Creative Thinking (TTCT). Creativity Research Journal, 18(1), 3–14. 

https://doi.org/10.1207/s15326934crj1801_2 

Kim, K. H. (2008). Meta-Analyses of the Relationship of Creative Achievement to Both IQ 

and Divergent Thinking Test Scores. The Journal of Creative Behavior, 42(2), 106–

130. https://doi.org/10.1002/j.2162-6057.2008.tb01290.x 

Kim, K. H., & Pierce, R. A. (2013a). Convergent Versus Divergent Thinking. In E. G. 

Carayannis (Ed.), Encyclopedia of Creativity, Invention, Innovation and 

Entrepreneurship (1st ed., pp. 245–250). Springer New York. 

https://doi.org/10.1007/978-1-4614-3858-8_22 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

37 

Kim, K. H., & Pierce, R. A. (2013b). Creativity Tests. In E. G. Carayannis (Ed.), 

Encyclopedia of Creativity, Invention, Innovation and Entrepreneurship (pp. 472–

481). Springer New York. https://doi.org/10.1007/978-1-4614-3858-8_19 

Kirschner, P. A., & Karpinski, A. C. (2010). Facebook® and academic performance. 

Computers in Human Behavior, 26(6), 1237–1245. 

https://doi.org/10.1016/j.chb.2010.03.024 

Kuh, G. D., & Hu, S. (2001). The relationships between computer and information technology 

use, selected learning and personal development outcomes, and other college 

experiences. Journal of College Student Development, 42(3), 217. 

Landers, R. N. (2015). Computing intraclass correlations (ICC) as estimates of interrater 

reliability in SPSS. The Winnower, 2, e143518. 

Lehman, H. C. (1953). Age and Achievement. Princeton University Press. 

Lemons, G. (2011). Diverse Perspectives of Creativity Testing Controversial Issues When 

Used for Inclusion Into Gifted Programs. Journal for the Education of the Gifted, 

34(5), 742–772. https://doi.org/10.1177/0162353211417221 

Liao, Y. C. (2007). Effects of computer-assisted instruction on students’ achievement in 

Taiwan: A meta-analysis. Computers & Education, 48(2), 216–233. 

https://doi.org/10.1016/j.compedu.2004.12.005 

Luxton-Reilly, A., & Denny, P. (2010). Constructive evaluation: a pedagogy of student-

contributed assessment. Computer Science Education, 20(2), 145–167. 

https://doi.org/10.1080/08993408.2010.486275 

Ma, H.-H. (2006). A Synthetic Analysis of the Effectiveness of Single Components and 

Packages in Creativity Training Programs. Creativity Research Journal, 18(4), 435–

446. https://doi.org/10.1207/s15326934crj1804_3 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

38 

Madge, C., Meek, J., Wellens, J., & Hooley, T. (2009). Facebook, social integration and 

informal learning at university: ‘It is more for socialising and talking to friends about 

work than for actually doing work.’ Learning, Media and Technology, 34(2), 141–

155. https://doi.org/10.1080/17439880902923606 

Mahat, J., Ayub, A. F. M., Luan, S., & Wong. (2012). An Assessment of Students’ Mobile 

Self-Efficacy, Readiness and Personal Innovativeness towards Mobile Learning in 

Higher Education in Malaysia. Procedia - Social and Behavioral Sciences, 64, 284–

290. https://doi.org/10.1016/j.sbspro.2012.11.033 

Maker, C. J., Jo, S., & Muammar, O. M. (2008). Development of creativity: The influence of 

varying levels of implementation of the DISCOVER curriculum model, a non-

traditional pedagogical approach. Learning and Individual Differences, 18(4), 402–

417. https://doi.org/10.1016/j.lindif.2008.03.003 

Mann, E. L. (2015). Changing the Culture: Developing Creative Problem Solvers. Faculty 

Presentations. http://digitalcommons.hope.edu/faculty_presentations/180 

McCarthy, J. (2012). International design collaboration and mentoring for tertiary students 

through Facebook. Australasian Journal of Educational Technology, 28(5). 

https://doi.org/10.14742/ajet.1383 

McVearry, K. M., VanMeter, J., Gaillard, W. D., & Meador, K. J. (2009). A prospective study 

of cognitive fluency and originality in children exposed in utero to carbamazepine, 

lamotrigine, or valproate monotherapy. Epilepsy & Behavior : E&B, 16(4), 609–616. 

https://doi.org/10.1016/j.yebeh.2009.09.024 

Means, B., Toyama, Y., Murphy, R., Bakia, M., & Jones, K. (2009b). Evaluation of Evidence-

Based Practices in Online Learning: A Meta-Analysis and Review of Online Learning 

Studies. US Department of Education. https://eric.ed.gov/?id=eD505824 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

39 

Meishar-Tal, H., Kurtz, G., & Pieterse, E. (2012). Facebook groups as LMS: A case study. 

The International Review of Research in Open and Distributed Learning, 13(4),33–48. 

Merchant, Z., Goetz, E. T., Cifuentes, L., Keeney-Kennicutt, W., & Davis, T. J. (2014). 

Effectiveness of virtual reality-based instruction on students’ learning outcomes in K-

12 and higher education: A meta-analysis. Computers & Education, 70, 29–40. 

https://doi.org/10.1016/j.compedu.2013.07.033 

Miron, E., & Ravid, G. (2015). Facebook Groups as an Academic Teaching Aid: Case Study 

and Recommendations for Educators. Journal of Educational Technology & Society, 

18(4), 371–384. 

Mumford, M. D., Medeiros, K. E., & Partlow, P. J. (2012). Creative Thinking: Processes, 

Strategies, and Knowledge. The Journal of Creative Behavior, 46(1), 30–47. 

https://doi.org/10.1002/jocb.003 

Naderi, H., Abdullah, R., Aizan, H. T., Sharir, J., & Kumar, V. (2010). Relationship between 

creativity and academic achievement: A study of gender differences. Journal of 

American Science, 6(1), 181–190. 

Nov, O., & Ye, C. (2008). Personality and Technology Acceptance: Personal Innovativeness 

in IT, Openness and Resistance to Change. In Proceedings of the 41st Annual Hawaii 

International Conference on System Sciences (HICSS 2008) (pp. 448–448). 

https://doi.org/10.1109/HICSS.2008.348 

Nusbaum, E. C., Silvia, P. J., & Beaty, R. E. (2014). Ready, set, create: What instructing 

people to “be creative” reveals about the meaning and mechanisms of divergent 

thinking. Psychology of Aesthetics, Creativity, and the Arts, 8(4), 423–432. 

https://doi.org/10.1037/a0036549 

Pasek, J., More, E., & Hargittai, E. (2009). Facebook and academic performance: Reconciling 

a media sensation with data. First Monday, 14(5).  



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

40 

Petrovic, N., Jeremic, V., Cirovic, M., Radojicic, Z., & Milenkovic, N. (2014). Facebook 

Versus Moodle in Practice. American Journal of Distance Education, 28(2), 117–125. 

https://doi.org/10.1080/08923647.2014.896581 

Powers, D. E., & Kaufman, J. C. (2004). Do standardized tests penalize deep-thinking, 

creative, or conscientious students? Some personality correlates of Graduate Record 

Examinations test scores. Intelligence, 32(2), 145–153. 

https://doi.org/10.1016/j.intell.2003.08.003 

Ractham, P., & Firpo, D. (2011). Using Social Networking Technology to Enhance Learning 

in Higher Education: A Case Study Using Facebook (pp. 1–10). IEEE. 

https://doi.org/10.1109/HICSS.2011.479 

Rashid, R. A., & Rahman, M. F. A. (2014). Social networking sites for online mentoring and 

creativity enhancement. International Journal of Technology Enhanced Learning, 

6(1), 34–45. https://doi.org/10.1504/IJTEL.2014.060024 

Reiter-Palmon, R., & Robinson, E. J. (2009). Problem identification and construction: What 

do we know, what is the future? Psychology of Aesthetics, Creativity, and the Arts, 

3(1), 43. 

Robbins, T. L., & Kegley, K. (2010). Playing with Thinkertoys to build creative abilities 

through online instruction. Thinking Skills and Creativity, 5(1), 40–48. 

https://doi.org/10.1016/j.tsc.2009.07.001 

Rose, L. H., & Lin, H.-T. (1984). A Meta-Analysis of Long-Term Creativity Training 

Programs. The Journal of Creative Behavior, 18(1), 11–22. 

https://doi.org/10.1002/j.2162-6057.1984.tb00985.x 

Rouis, S., Limayem, M., & Salehi-Sangari, E. (2011). Impact of Facebook Usage on Students' 

Academic Achievement: Role of Self-Regulation and Trust. Electronic Journal of 

Research in Educational Psychology, 9(3), 961-994.  



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

41 

Runco, M. A. (2011). Divergent Thinking. In Encyclopedia of Creativity (Second Edition) 

(pp. 400–403). San Diego: Academic Press.  

Runco, M. A., & Acar, S. (2012). Divergent Thinking as an Indicator of Creative Potential. 

Creativity Research Journal, 24(1), 66–75. 

https://doi.org/10.1080/10400419.2012.652929 

Sana, F., Weston, T., & Cepeda, N. J. (2013). Laptop multitasking hinders classroom learning 

for both users and nearby peers. Computers & Education, 62, 24–31. 

https://doi.org/10.1016/j.compedu.2012.10.003 

Schmid, R. F., Bernard, R. M., Borokhovski, E., Tamim, R. M., Abrami, P. C., Surkes, M. A.,  

Woods, J. (2014). The effects of technology use in postsecondary education: A meta-

analysis of classroom applications. Computers & Education, 72, 271–291. 

https://doi.org/10.1016/j.compedu.2013.11.002 

Schmidt, H. G., Rotgans, J. I., & Yew, E. H. (2011). The process of problem-based learning: 

what works and why. Medical Education, 45(8), 792–806. 

https://doi.org/10.1111/j.1365-2923.2011.04035.x 

Scott, G., Leritz, L. E., & Mumford, M. D. (2004). The effectiveness of creativity training: A 

quantitative review. Creativity Research Journal, 16(4), 361–388. 

https://doi.org/10.1080/10400410409534549 

Shaheen, R. (2010). Creativity and Education. Creative Education, 01(03), 166–169. 

https://doi.org/10.4236/ce.2010.13026 

Shrout, P. E., & Fleiss, J. L. (1979). Intraclass correlations: Uses in assessing rater reliability. 

Psychological Bulletin, 86(2), 420–428. https://doi.org/10.1037/0033-2909.86.2.420 

Souriau, P. (1882). Théorie de L’Invention. Revue Philosophique de La France Et de 

l’Etranger, 14, 562–566. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

42 

Sternberg, R. J. (2005). Creativity or creativities? International Journal of Human-Computer 

Studies, 63(4), 370–382. https://doi.org/10.1016/j.ijhcs.2005.04.003 

Sternberg, R. J. (2006). The Nature of Creativity. Creativity Research Journal, 18(1), 87–98. 

https://doi.org/10.1207/s15326934crj1801_10 

Stine-Morrow, E. A. L., Payne, B. R., Roberts, B. W., Kramer, A. F., Morrow, D. G., Payne, 

L., Parisi, J. M. (2014). Training versus engagement as paths to cognitive enrichment 

with aging. Psychology and Aging, 29(4), 891. https://doi.org/10.1037/a0038244 

Tamim, R. M., Bernard, R. M., Borokhovski, E., Abrami, P. C., & Schmid, R. F. (2011). 

What Forty Years of Research Says About the Impact of Technology on Learning: A 

Second-Order Meta-Analysis and Validation Study. Review of Educational Research, 

81(1), 4–28. https://doi.org/10.3102/0034654310393361 

Thomas, D., & Brown, J. S. (2011). A New Culture of Learning: Cultivating the Imagination 

for a World of Constant Change (1 edition). Lexington, Ky.: CreateSpace  

Towner, T. L., & Muñoz, C. L. (2011). Facebook and education: A classroom connection? In 

Educating Educators with Social Media (Vol. 1, pp. 33–57). Emerald Group 

Publishing Limited. 

Tsai, K. C. (2013). A Review of the Effectiveness of Creative Training on Adult Learners. 

Journal of Social Science Studies, 1(1), 17. https://doi.org/10.5296/jsss.v1i1.4329 

Wagner, J. A., & Hollenbeck, J. R. (2014). Organizational Behavior: Securing Competitive 

Advantage. Routledge. 

Wallach, M. A., & Kogan, N. (1965). A new look at the creativity-intelligence distinction. 

Journal of Personality, 33(3), 348–369. https://doi.org/10.1111/j.1467-

6494.1965.tb01391.x 

Wang, Q., Woo, H. L., Quek, C. L., Yang, Y., & Liu, M. (2012). Using the Facebook group 

as a learning management system: An exploratory study. British Journal of 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

43 

Educational Technology, 43(3), 428–438. https://doi.org/10.1111/j.1467-

8535.2011.01195.x 

Wei, H.-C., Peng, H., & Chou, C. (2015). Can more interactivity improve learning 

achievement in an online course? Effects of college students’ perception and actual 

use of a course-management system on their learning achievement. Computers & 

Education, 83, 10–21. https://doi.org/10.1016/j.compedu.2014.12.013 

West, S., Hoff, E., & Carlsson, I.(2016). Play and Productivity American Journal of Play, 9(1) 

Wise, L. Z., Skues, J., & Williams, B. (2011). Facebook in higher education promotes social 

but not academic engagement. Changing Demands, Changing Directions. 

Proceedings Ascilite Hobart, 1332–1342. 

Wu, H.-Y., Wu, H.-S., Chen, I.-S., & Chen, H.-C. (2014). Exploring the critical influential 

factors of creativity for college students: A multiple criteria decision-making 

approach. Thinking Skills and Creativity, 11, 1–21. 

https://doi.org/10.1016/j.tsc.2013.09.004 

Yang, H.-L., & Cheng, H.-H. (2010). Creativity of student information system projects: From 

the perspective of network embeddedness. Computers & Education, 54(1), 209–221. 

https://doi.org/10.1016/j.compedu.2009.08.004 

Yeh, C. S.-H. (2015). Exploring the effects of videogame play on creativity performance and 

emotional responses. Computers in Human Behavior, 53, 396–407. 

https://doi.org/10.1016/j.chb.2015.07.024 

Yeh, Y., Yeh, Y., & Chen, Y.-H. (2012). From knowledge sharing to knowledge creation: A 

blended knowledge-management model for improving university students’ creativity. 

Thinking Skills and Creativity, 7(3), 245–257. 

https://doi.org/10.1016/j.tsc.2012.05.004 

 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

44 

Table 1  
Some recent studies on creativity enhancement  

(Study) 
Researcher, 

year. 

Age 
(years) 

Measures-Assessment 
tools and techniques 

Intervention – 
method and tools. 

Creative variables 
increased 

Alfonso-Benl., 
Meléndez, 
García-
Ballesteros, 
2013 

5-6 
Test de Creatividad 
Infantil (TCI), Battelle 
Developmental Inventory 

Games (drawing, 
explore through 
senses, dance, etc.) 

Total creativity. 

Maker, Jo, & 
Muammar, 
2008 

K to 6th 
grade 

Test of Creative Thinking 
– Drawing Production 
TCT-DP 

A curriculum with 
emphasis on 
problem solving 

Total creativity 

Garaigordobil 
& Berrueco, 
2011 

5-6 

Torrance Test of Creative 
Thinking, Behaviors and 
Traits of Creative 
Personality Scale 

Play sessions 

Verbal: fluency, 
flexibility, elaboration, 
Graphic: fluency, 
elaboration, originality 

Aqda, Hamidi, 
& Rahimi, 
2011 

Junior 1st 
grade 

Torrance Test of Creative 
Thinking (TTCT) 

Computers aided 
instruction 

Originality, 
elaboration 

Hoffmann & 
Russ, 2016 

5-8 
Alternate Uses Task-
Wallach & Kogan 

Pretend play Fluency, originality 

Chang, 2013 
Children 
4th grade 

Technological Creativity 
Test, Creative product 
Scale, Williams Creative 
Thinking Test 

Online problem 
solving 

Product elaboration 
(no changes in 
divergent thinking) 

Garaigordobil, 
2006 

10-11 
Torrance Test of Creative 
Thinking, Assessment of 
the creative product 

Play, various 
games and 
cooperation 

Verbal: originality 
Figural: originality, 
resistance to premature 
closure, elaboration 

Hsiao, Chang, 
Lin, & Hu, 
2014  

11-12 
Creativity Assessment 
Packet  (CAP) 

Digital Game 
Based Learning 
System 

Total creativity and 
manual skills 

Rashid & 
Rahman, 2014 

19 
Thinking Creatively in 
Action and Movement  

Online mentoring 
activity via 
Facebook 

Fluency 

Robbins & 
Kegley, 2010 

19.76 
Torrance Test of Creative 
Thinking (TTCT) 

Online creative 
thinking program  

Total creativity and 
self efficacy  

Karwowski & 
Soszynski, 
2008 

M=22  

Test of Creative 
Thinking-Drawing  
Test of Creative 
Imagination 

Role play games  Fluency , originality 

Hutton & 
Sundar, 2010 

M=22  
Abbreviated Torrance 
Test for Adults (ATTA) 

Video Games 
playing 

Fluency and overall 
creativity index 

Yeh, 2015 25 Idea generation task 
Action-video 
games playing 

Originality, flexibility 
elaboration 

Benedek, Fink 
& Neubauer, 
2006 

31.39 
Verbal Creativity Test 
(VKT) 

Computer-based 
creativity training 
(verbal+functional) 

Ideational Fluency 
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Table 2  
Divergent Thinking Tests. 

Test Time 
(min) Instruction  

Objects used 
(1.pre-test  2.post-test) 

Alternative 

Uses 
3  

For the given object - Think of as many 

uses as you can and list them down. 

1. a towel, a brick  

2. a newspaper, a rope 

Instances 4  
List as many items as you can think of, 

that contain this specific component. 

1. wheel 

2. button 

Similarities  3  
Write down analogies, similarities, 

commonalities between these objects. 

1. orange-apricot 

2. airplane- bus 

Consequences 5  

Think of as many results or 

consequences as you can of the 

following hypothetical situation and 

write them down. 

1.What would happen if all people 

suddenly lose their hearing ability? 

2.What would happen if man does 

not have any need for food? 

Plot Titles 6  
For the given short story write as many 

appropriate titles as you can think of. 
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Table 3 

Descriptive Statistics DT tests scores 

 N Min. Max. M SD 

F1 81 16.00 77.00 48.94 12.33 

FL1 81 10.00 72.00 39.11 11.43 

EL1 81 1.00 7.00 3.20 1.27 

O1 81 .00 20.00 5.31 5.50 

F2 81 21.00 103.00 60.90 16.78 

FL2 81 13.00 94.00 45.96 12.79 

EL2 81 1.00 8.00 3.83 1.53 

O2 81 .00 25.00 9.94 5.56 

Pre tests: F1= fluency,    FL1 =flexibility, EL1 = elaboration,  O1 = originality  

Post tests: F2= fluency,    FL2 =flexibility, EL2 = elaboration,  O2 = originality 
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Table 4 
One way within-Subjects ANOVA 

Source 
 

Measure SS df MS F 
Sig.(2-
tailed) η

2 

Time 

Fluency 5796.06 1 5796.06 151.26 .000 .654 

Flexibility 1901.39 1 1901.39 54.32 .000 .404 

Elaboration 16.06 1 16.06 24.97 .000 .238 

Originality 868.06 1 868.06 100.00 .000 .556 

Error(Time) 

Fluency 3065.44 80 38.32    

Flexibility 2800.11 80  35.00    

Elaboration 51.44  80 .64    

Originality 694.44 80 8.68    
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Table 5 

Results of Paired Samples t-test 

Pairs  

Paired Differences 

d t df 
Sig. (2-

tailed) 
Mean SD SE 

Mean 

95% CI 

Lower Upper 

F1 - F2 -11.96 8.75 .97 -13.89 -10.02 1.37 -12.30 80 .000 

FL1 - FL2 -6.85 8.37 .93 -8.70 -5.00 0.82 -7.37 80 .000 

EL1 - EL2 -.63 1.13 .13 -.88 -.37 0.56 -5.00 80 .000 

O1 - O2 -4.63 4.17 .46 -5.55 -3.71 1.11 -10.00 80 .000 

Pre tests: F1= fluency, FL1=flexibility,  EL1= elaboration, O1= originality   

Post tests :  F2 = fluency, FL2 =flexibility,  EL2 = elaboration, O2 = originality 
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Table 6 
Correlations 

 

 Points TCreativity F FL EL O FBTime 

Points  .496**  .453**  .477**  .346**  .258* -.165 

TCreativity   .907**  .928**  .638**  .639**  .089 

Fluency    .906**  .401**  .403**  .226* 

Flexibility     .451**  .436**  .102 

Elaboration      .291**  -.069 

Originality       -.059 

FBTime        

Note: N = 79      *p < .05  ** p < .01  (2-tailed) 
F=fluency, FL = flexibility, EL = elaboration, O = originality  
Points= exam points-academic achievement, TCreativity = total creativity, 
FBTime = time spent daily on Facebook (in min) 
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Table 7   

 Pre-Tests Creativity Dimensions Correlations 

 F1 FL1 EL1 O1 

F1  .853**  .328**  .339**  

FL1   .397**  .379**  

EL1    .224* 

O1     
 

Table 8   

 Post-Tests Creativity Dimensions Correlations 

 F2 FL2 EL2 O2 

F2  .890**  .368**  .366**  

FL2   .397**  .342**  

EL2    .219* 

O2     
 

Note: N = 81      * p < .05  ** p < .01  (2-tailed) 

Pre tests: F1= fluency, FL1=flexibility,  EL1= elaboration, O1= originality 

Post tests: F2= fluency, FL2=flexibility,  EL2= elaboration, O2= originality 
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Table 9 
Descriptive statistics and MANOVA, and follow-up ANOVAs results for creativity 

dimensions and Facebook groups (FB) 

Creativity 

Dimension 

FB N Mean SD Value F df Error 

df 

p η
2
p 

Fluency 1 11 52.73 9.93  4.09 3  .009* .137 
 2 23 41.78 11.92       
 3 20 50.90 10.46       
 4 27 52.04 12.86       

Flexibility 1 11 46.27 10.17  3.82 3  .013* .129 
 2 23 33.61 11.28       
 3 20 39.30 11.16       
 4 27 41.25 10.33       

Elaboration 1 11 3.45 1.29  .51 3  .674 .020 
 2 23 3.30 1.33       
 3 20 3.25 1.29       
 4 27 2.96 1.22       

Originality 1 11 7.73 6.84  1.22 3  .307 .046 
 2 23 4.78 4.88       
 3 20 4.00 5.28       
 4 27 5.74 5.50       

Pillai’s Trace .334 2.38 12 228 .007* .111 

Wilks’ λ .698 2.38 12 196 .007* .113 

Note: N = 81      * p < .05  ** p < .01  (2-tailed) 
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Table 10 Descriptive Statistics  

Facebook Groups and Academic Achievement (Points) 

FB Mean SD N 

1 7.60 1.58 10 

2 6.50 1.60 22 

3 6.60 1.67 20 

4 6.30 1.35 27 

N = 79 
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Figure 1     Procedure of the educational intervention 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Diagram 1 – ‘Creativity Challenge’ Procedure  
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Figure 2  Creativity (fluency) and Facebook (FB) Groups 
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Figure 3  Facebook Groups and Academic achievement  
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Figure 4   Total Creativity (means)  and CKN (computer knowledge) groups  
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Highlights 

• A web-based educational intervention for creativity enhancement is proposed. 

• Academic achievement and ICT knowledge positively linked to students’ creativity. 

• Students with almost zero Facebook usage exhibited the highest creativity levels. 

• Creativity enhancement not affected by time spent on Facebook . 


