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Abstract. This study aims at revealing the creativity dimension of the 
materials designed and developed by the second year students studying at 
the department of Computer Education and Instructional Technology. A 
part of the participants has completed the process by designing materials in 
their own field, information technologies; while some of them have done 
so by designing materials in the field of mathematics. The data have been 
retrieved from an experimental study of 13 weeks. ''Teaching Material 
Creativity Rubric'' developed by the researchers, has been used as the data 
collection tool. The rubric has been developed in order to evaluate the 
creativity dimensions of products. While developing the rubric, the 
creative product evaluation dimensions of [14] have been a source of 
inspiration.  The products developed by the students have been evaluated 
through the retrieved data, in terms of their creativity. The rubric 
developed includes Originality, Practicality & Sensibility, Productivity & 
Flexibility, Feasibility, Inclusiveness, and Insightfulness dimensions.  In 
this research, the data of the aforementioned dimensions and sub-
dimensions have been evaluated. The results present that the creativity 
level of the products on teaching information technologies, which have 
been developed by Computer Education and Instructional Technology 
(CEIT) students, is high. It has been argued that the creativity of domain-
specifically developed materials is higher, through literature. Keywords: 
Material Design in Computers, Mathematics Teaching, Originality, 
Applicability, Creativity, Creativity and Domainswords. 

1. Introduction

Technology supported teaching has a positive impact on students' creativity [2,3,43]. 
Enabling students to reveal their creativity through thinking in classroom settings [37] is a 
part of the process of education. What is important in this process is to make use of the 
products in the most efficient way. Positive results could be often obtained at times when 
students participate in the process as designers  [28].
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Although government agency, curriculum developer, teacher, pupil, and researcher have 
impacts on creativity [5], focusing only on the pupil’s creativity might be very hard to 
change. In the process of education, producing as many ideas as possible and obtaining 
original products could bring creative products out. Thereby, creating settings, in which 
students can comfortably present their ideas, could contribute to increasing the number of 
creative products.  

According to [17], for creativity in mathematical education, students' needs and learning 
settings should be taken into consideration. Permanent learning should be enabled through 
effectively using knowledge in mathematical education [10], in addition to creative 
products. The literature suggests that the creativity of the students, who have high 
performance, is also high; however, getting high grades does not always guarantee having 
highly creative designs [4]. Creativity is a cognitive skill owned by each and every 
individual. What is important is to bring that skill out. On the other hand, creativity can be 
improved through collaboration and technology [24]. The previously conducted studies 
[3,17,20,39,42] suggest that creativity can be brought out throughout the process of 
education and training.  Technology might sometimes affect the enhancement of creativity 
[8,19,23,33], however, this effect can be either limited to such skills as writing [23] or not 
exist at all [31]. In order to achieve effectiveness, technology does not necessarily have to 
be directly used the process of design, i.e. it can have an indirect impact on the overall 
creativity. For example, the study of [21] has demonstrated that those who play more video 
games display a greater creativity.  

People can mentally synthesize novel combinations of objects and their component parts, 
which often results in creative insights and discoveries [15,16]. Moreover, extensive 
brainstorming can also result in creativity [9]. In the study, the students have obtained new 
products by creating new combinations while developing their materials. In the settings, 
where synthesizing occurs, student produce creative products by combining their previous 
knowledge with new knowledge they acquire. Creative products are obtained through the 
production of original ideas. This research is of importance in terms of students' ability to 
produce many ideas through the materials they developed; to comfortably present their 
ideas; and to produce original materials, in other words, in terms of revealing the creativity 
of the students.   

2. Method
The research is built upon experimental pattern.  13 week long application has been 
conducted with experimental group and control group students. In the experimental group, 
there were a mathematics expert and an IT expert; whereas in the control group, there were 
two IT experts. In the experimental group, materials for mathematical curriculum were 
developed; while in the control group, materials for IT curriculum were developed. In both 
groups, educational materials were designed and developed on a weekly basis. The content 
planned in the experimental group was prepared by the researchers respectively as 
following: “curriculum examination, concept map, puzzle, presentation, handbook, digital 
story (1 week for scenario), wiki, animation (1 week for storyboard), and worksheet”.  

2.1. Study Group 

The research group consists of second year students studying at the department of 
Computer Education and Instructional Technology in the faculty of Education of a 
university located in the Black Sea region of Turkey. The study has been conducted with 76 
students. In the beginning of the semester, students were randomly assigned to one of the 
groups, either the experimental (Math) group or control (IT) group. 

2.2. Data Collection Tools 
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''Teaching Material Creativity Rubric'' was developed as the data collection tool by the 
researchers. The rubric has been developed in order to evaluate the creativity dimensions of 
products. While developing the rubric, the creative product evaluation dimensions of [14] 
have been a source of inspiration.  The rubric developed includes Originality, Practicality & 
Sensibility, Productivity & Flexibility, Feasibility, Inclusiveness, and Insightfulness sub-
dimensions.  The originality dimension has been evaluated under the categories of Well-
crafted; No copy/paste; Uncommon; No imitation/replication of something and Novel. 
Practicality & Sensibility dimension is evaluated under the categories of Logical, Useful, 
Valuable, Understandable, Appropriate to integrate real settings, Sensitive to the needs of 
target learners/user friendly, Focus on solution, Implementation and Purpose. Productivity 
& Flexibility dimension is examined under the categories of Time (duration of material 
development), Number of ideas/Idea fluency, Amount of discussion during the process, 
Interdisciplinary uses of material, Materials with plan-B, such as medium-free alternative 
uses, /producing alternative plans and Economical. Feasibility dimension is evaluated under 
the categories of Applicable to real content, Workability and Updatability/Sustainability. 
Inclusiveness dimension is examined under the categories of Elimination of bad parts of 
previous materials, reaching the basic standards, including the previous good features of 
materials, and Thoroughness. Insightfulness dimension is evaluated under Consider design 
principles, Consider pedagogical issues, Consider usability, Consider budget, Consider 
learning outcomes and Consider learners’ readiness categories. In the total creativity of the 
rubric and the evaluations of sub-dimensions, 1:low - 5: high coding were paid regard to. 
The highest score to be achieved by rubric is 130; whereas the lowest score has been 
calculated as 25. Total creativity score of the rubric and creativity scores of sub-dimensions 
have been calculated in the research. In this study, in order to understand the differences 
among creativity scores, each developed instructional material has been evaluated by 
researchers, and then the average has been taken as a creativity score.  

So as to ensure the validity of the rubric, expert opinions have been taken. After 
receiving feedbacks from 6 experts in field of creativity and 4 experts in the field of 
mathematical education, necessary adjustments have been applied and the content validity 
has been ensured. In the phase of reliability, a pilot group has been chosen before the 
application and rubric has been applied to it. Moreover, ''observer agreement'' has been 
studied in order to ensure reliability. Computed inter-observer agreement is 71% for 
experiment group; and 73% for control group, which are at the acceptable limits [34]. 

2.3. Procedures 

In the beginning of the semester, students were randomly assigned to one of the groups, 
either the experimental group or control group. Since the students worked on projects, they 
were assigned to groups of 4 or 5. During all laboratory sessions they all worked in groups. 
All students attended the same theoretical hours of the course, then they continued with 2 
hours of practice, which required designing and developing an instructional material. In the 
first week, they were allowed to examine the curriculum: mathematical curriculum for the 
experimental group; Information Technologies curriculum for the control group. 
Throughout the semester, students created materials about the goals and objectives selected 
from the curriculum. In the following weeks, they created the materials, which can be 
relatively stated as: concept map, puzzle, presentation, handbook, digital story (1 week for 
scenario), wiki, animation (1 week for storyboard), and worksheet. They spent a week for 
scenario of the digital story and storyboarding of the animation. Although those were the 
basis of the digital story and animations, we rated them separately in terms of creativity, 
because their technical skills might have affected their final product.  
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We uploaded weekly lab sheet on a learning management system. Students also uploaded 
their products or links of products to that system. There was a time restriction for all lab 
sessions, which took about 2x45 minutes. The products produced by the experimental 
group were rated by both a Math expert and an Information Technology (IT) expert. On the 
other hand, two IT experts evaluated the creativity of the products of the control group.  

2.4. Problem Statement 

''What is the creativity dimension of the materials developed by Computer Education 
and Instructional Technology (CEIT) students?'' 

2.4.1. Sub-problems 

1. Is there a significant statistical difference between the total creativity scores of the
materials, which were developed by Computer Education and Instructional Technology 
(CEIT) students for mathematical education and information technologies education? 

2. Is there a significant statistical difference among sub-dimensions of the creativity of
the materials developed by Computer Education and Instructional Technology (CEIT) 
students for mathematical education and information technologies education 

a. Originality

b. Practicality & Sensibility

c. Productivity & Flexibility

d. Feasibility

e. Inclusiveness

f. Insightfulness?

3. Findings Related to the First Sub Problem

In order to determine whether there is a significant statistical difference among the total 
creativity scores of the materials developed for mathematical education; Two-Sample Kolmogorov-
Smirnov Z test has been applied. The reason why we chose this test is due to the fact that the study 
has a small sampling size, i.e., and this test is more powerful in samples with less than 25 
observations per group [13].The null and the alternative hypothesis are as follows: 

H0= There are no differences between distributions of two groups. 

Ha1= There are significant differences between distribution of two groups. 

Ha2= The cumulative distribution function (cdf) of the distribution of group 1 (IT material 
development) is larger than the cdf of the distribution of group 2 (math material development), in 
terms of creativity scores. 

The results of the test indicate that there is a single maximum difference between two 
distributions, which are IT instructional material development group and math instructional material 
development group. In other words, two-sample Kolmogorov-Smirnov Z test followed the two 
groups’ distributions for creativity (Dcreativity = 1.00, N = 8 for each group, and p < .05). 
Considering critical value for equal size at .05 alpha level, we can confirm that the absolute value (D 
= 1.00) of the test statistic exceeds the critical two-tailed value (Dcritical = .63), which means 
rejecting the equality of distributions. Moreover, the computed absolute value (D = 1.00) is greater 
than the one-tailed critical value (Dcritical = .50), which means  cumulative distribution function (cdf) 
of IT group distribution is larger than cdf of math group distribution, in terms of total creativity 
scores. The output of the test is summarized in Table 1.  
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Table 1.Two-sample kolmogorov-smirnov Z test for total creativity scores 

Creativity

Most 
Extreme 

Differences

Absolute
Positive
Negative

1.00
1.00
.000

Kolmogorov-
Smirnov Z

Asymp. Sig. 
(2-tailed)

2.00
.001

3.1. Findings Related to the Second Sub Problem 

The findings belonging to the second sub-problem are stated below according to the sub-
dimensions of the materials developed. For each sub-dimension of creativity, the following 
hypothesis are tested with Two-Sample Kolmogorov-Smirnov Z test. 

H0= There is no  differences between distribution of two groups. 
 Ha1= There are significant differences between distribution of two groups. 

Ha2= The cdf of the distribution of group 1 is larger than the cdf of the distribution of group 2 in 
terms of originality, practicality-sensibility, productivity-flexibility, feasibility, inclusiveness, and 
insightfulness. 

a. In order to determine whether there is a significant statistical difference among the
originality scores of the materials developed for mathematical education; Two-Sample
Kolmogorov-Smirnov Z test has been applied. The test shows that the maximum absolute
difference in originality distribution of two groups is significant (Doriginality = .75,
Dcritical = .63, N = 8 for each group, and p < .05). Since the computed absolute value is
greater than the one-tailed critical value (Doriginality = .75, Dcritical = .50, N = 8 for each
group, and p < .05), it can be concluded that the cdf of IT group distribution is larger than
cdf of math group distribution in terms of total originality scores. The output of the test is
summarized in Table 2.

Table 2. Two-sample kolmogorov-smirnov Z test for originality scores 

b. In order to determine whether there is a significant statistical difference among
the practicality and sensibility scores of the materials developed for mathematical
education; Two-Sample Kolmogorov-Smirnov Z test has been applied. The test
shows that the maximum absolute difference in practicality and sensibility
distribution of two groups is significant (DPrac&Sens = .88, Dcritical = .63, N =
8 for each group, and p < .05). Since the computed absolute value is greater than
the one-tailed critical value (DPrac&Sens = .88, Dcritical = .50, N = 8 for each
group, and p < .05), it can be concluded that the cdf of IT group distribution is
larger than cdf of math group distribution in terms of total practicality and
sensibility scores. The output of the test is summarized in Table 3.

Creativity
Most Extreme Differences Absolute .750

Positive .750
Negative .000

Kolmogorov-Smirnov Z 1.50
Asymp. Sig. (2-tailed) .022
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Table 3. Two-sample kolmogorov-smirnov z test for practicality & sensibility scores

c. In order to determine whether there is a significant statistical difference among
the productivity and flexibility scores of the materials developed for
mathematical education; Two-Sample Kolmogorov-Smirnov Z test has been
applied. The test shows that the maximum absolute difference in productivity and
flexibility distribution of two groups is significant (DProd&Flex = .88, Dcritical
= .63, N = 8 for each group, and p < .05). Since the computed absolute value is
greater than the one-tailed critical value (DProd&Flex = .88, Dcritical = .50, N =
8 for each group, and p < .05), it can be concluded that the cdf of IT group
distribution is larger than cdf of math group distribution in terms of total
productivity and flexibility scores. The output of the test is summarized in Table
4.

Table 4. Two-sample kolmogorov-smirnov z test for productivity & flexibility scores

d. In order to determine whether there is a significant statistical difference among the
feasibility mscores of the materials developed for mathematical education; Two-Sample
Kolmogorov-Smirnov Z test has been applied. The test shows that the maximum absolute
difference in feasibility distribution of two groups is significant (DFeasibility = .88,
Dcritical = .63, N = 8 for each group, and p < .05). Since the computed absolute value is
greater than the one-tailed critical value (DFeasibility = .88, Dcritical = .50, N = 8 for each
group, and p < .05), it can be concluded that the cdf of IT group distribution is larger than
cdf of math group distribution in terms of total feasibility scores. The output of the test is
summarized in Table 5.

Table 5. Two-sample kolmogorov-smirnov z test for feasibility scores

e. In order to determine whether there is a significant statistical difference among
the inclusiveness scores of the materials developed for mathematical education;
Two-Sample Kolmogorov-Smirnov Z test has been applied. The test shows that

Creativity
Most Extreme Differences Absolute .875

Positive .875
Negative .000

Kolmogorov-Smirnov Z 1.75
Asymp. Sig. (2-tailed) .004

Creativity
Most Extreme Differences Absolute .875

Positive .875
Negative .000

Kolmogorov-Smirnov Z 1.75
Asymp. Sig. (2-tailed) .004

Creativity
Most Extreme Differences Absolute .875

Positive .875
Negative .000

Kolmogorov-Smirnov Z 1.75
Asymp. Sig. (2-tailed) .004
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the maximum absolute difference in inclusiveness distribution of two groups is 
significant (Dinclusiveness = .88, Dcritical = .63, N = 8 for each group, and p < 
.05). Since the computed absolute value is greater than the one-tailed critical 
value (Dinclusiveness = .88, Dcritical = .50, N = 8 for each group, and p < .05), it 
can be concluded that the cdf of IT group distribution is larger than cdf of math 
group distribution in terms of total inclusiveness scores. The output of the test is 
summarized in Table 6.

Table 6. Two-sample kolmogorov-smirnov z test for inclusiveness scores

f. In order to determine whether there is a significant statistical difference among 
the insightfulness scores of the materials developed for mathematical education; 
Two-Sample Kolmogorov-Smirnov Z test has been applied. The test shows that 
the maximum absolute difference in insightfulness distribution of two groups is 
significant (Dinsightfulness = 1.00, Dcritical = .63, N = 8 for each group, and p < .05). 
Since the computed absolute value is greater than the one-tailed critical value 
(Dinsightfulness = 1.00, Dcritical = .50, N = 8 for each group, and p < .05), it can be 
concluded that the cdf of IT group distribution is larger than cdf of math group 
distribution in terms of total insightfulness scores. The output of the test is 
summarized in Table 7.

Table 7. Two-sample kolmogorov-smirnov z test for insightfulness scores

4. Discussion and Conclusion

Technology is, in essence, a manifestation of human creativity. Thus, an important 
way, in which students can come to understand it, would be by engaging in acts of
technological creation. Technology as a context for creativity is an important area of 
research [26]. Although there are many ways to evaluate creativity, in this study we 
followed the dimensions offered by [14]. The reason why we used those criteria is because 
of its focus on evaluation of product development process. Basically, there are six 
dimensions including originality, practicality and sensibility, productivity and flexibility, 
feasibility, inclusiveness, and insightfulness. 

In this study, it has been aimed to reveal prospective IT teachers' creativity in their 
domain-specific and domain-general material designs. So as to reveal creativity, it is a 
necessity to determine individual and social skills; to allow for self-induced ideas; to 
classify similarities and differences in a versatile manner; and to allow for flexible thinking 
(Meissner, 2006). The results suggest that the creativity scores of the products developed by 
CEIT students for IT education are higher than those of the products developed for 
mathematical education. This might be due to the fact that CEIT students have a better 
command of information technologies.  Even though, there are studies in the literature 

Creativity
Most Extreme Differences Absolute .875

Positive .875
Negative .000

Kolmogorov-Smirnov Z 1.75
Asymp. Sig. (2-tailed) .004

Creativity
Most Extreme Differences Absolute 1.00

Positive 1.00
Negative .000

Kolmogorov-Smirnov Z 2.00
Asymp. Sig. (2-tailed) .001

7

ITM Web of Conferences 13, 01011 (2017)	 DOI: 10.1051/itmconf/20171301011

CMES2017



claiming that creativity is not domain-specific [30], there also exist studies, which propose 
that interdisciplinary approaches along with deep field knowledge contribute to creativity 
[32]. In this study, the fact that CEIT students have developed more creative materials in 
their own field might be because they do not find themselves adequate in the field of 
mathematics. It is possible to say that the aforementioned finding is contrary to those of 
[30] and partially supports the point of view of [32]. 

Originality dimension refers to uncommon products that are somehow surprising, well-
crafted, novel or at least innovative. An original instructional material should not be the 
replication or imitation of some other material; therefore copying and pasting any content 
are not welcome, neither. The results of the study demonstrate that the products developed 
by CEIT students for IT education are original, in other words; well-designed, innovative, 
and creative.  Although, the creativity can be enhanced through the use of computer-aided 
instruction in the field of mathematics [2], the involvement of computers in the design and 
development process does not seem to contribute to the creativity of mathematical 
materials. This may be result from the fact that CEIT students have examined or used many 
educational materials about their own field. In today's world, on-hand materials about 
coding, graphic design, animation etc. can be easily accessed through platforms such as 
YouTube and Facebook by students, who wish to develop themselves in those fields.  On 
the other hand, the number of digital materials about mathematics at higher education level 
are less than that of the IT materials. For that reason, the students might have tended to 
develop materials different from those they had seen before, while developing cliché 
materials for mathematics since they were unable to make comparisons. 

Practicality and sensibility dimension refers to useful or valuable products based upon 
a logical or understandable background. Such a product is assumed to have high quality. 
Offered solutions of the product should be sensitive to the needs of target learners and 
appropriate to integrate real settings. The results indicate that the products developed by 
CEIT students about IT education is more applicable and understandable when compared to 
the other group. This might be due to the fact that the students have a command of their 
own field. For example, since mathematics is a more abstract field, CEIT students' 
interdisciplinary approach to the subject and materialization and ability to reflect it on the 
material could prevent the emergence of practical and sensible products.  

Productivity and flexibility dimension emphasizes on idea fluency as well as the 
amount of discussion. In addition to the time spent for material development, 
interdisciplinary uses of developed material and alternative plans are also important in this 
dimension. The results of the study suggest that the products developed by CEIT students 
about IT education is more productive when compared to those of the other group. 
According to the previous studies [22,29]; it is asserted that the productivity and flexibility 
dimensions of the materials developed will come to the light within a certain period of time.  
In the study conducted, a 13-week application has been used. Throughout this process, the 
students have worked in groups. Their idea fluency, discussion amounts, and the time they 
spared for preparing materials have changed in time. The difference between two groups 
might be due to the fact that they had to spend extra time in order to comprehend the 
conceptions about mathematics and to reflect them in the best possible way.  

Feasibility dimension focuses on how applicable the product to real content. It is also 
important to create a product that is workable and sustainable. Especially in the field of 
information technology, developed instructional materials should be easily kept up-to-date. 
The results indicate that the products developed by CEIT students about IT education is 
more applicable when compared to the other group. The previous studies [1] support the 
research results of [40]. 
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material could prevent the emergence of practical and sensible products.  

Productivity and flexibility dimension emphasizes on idea fluency as well as the 
amount of discussion. In addition to the time spent for material development, 
interdisciplinary uses of developed material and alternative plans are also important in this 
dimension. The results of the study suggest that the products developed by CEIT students 
about IT education is more productive when compared to those of the other group. 
According to the previous studies [22,29]; it is asserted that the productivity and flexibility 
dimensions of the materials developed will come to the light within a certain period of time.  
In the study conducted, a 13-week application has been used. Throughout this process, the 
students have worked in groups. Their idea fluency, discussion amounts, and the time they 
spared for preparing materials have changed in time. The difference between two groups 
might be due to the fact that they had to spend extra time in order to comprehend the 
conceptions about mathematics and to reflect them in the best possible way.  

Feasibility dimension focuses on how applicable the product to real content. It is also 
important to create a product that is workable and sustainable. Especially in the field of 
information technology, developed instructional materials should be easily kept up-to-date. 
The results indicate that the products developed by CEIT students about IT education is 
more applicable when compared to the other group. The previous studies [1] support the 
research results of [40]. 

Inclusiveness dimension refers to thoroughness of the product. It should at least reach 
the basic standards of the previously available materials by eliminating the bad features. 
Thereby, it has been observed that the integration dimension of the products developed by 
CEIT students about IT education are more comprehensive. This, again, might result from 
the fact that IT materials are more easily and comfortably accessed by the students. 

Insightfulness dimension refers to consideration of certain issues related to 
instructional material development. In our study, these consist of design principles, 
pedagogical issues, usability, budget, learning outcomes, and learners’ readiness level. The 
results indicate that in the process of developing educational materials, the products 
developed by CEIT students about IT education are more understandable. Some of the 
previous studies [27] support this research.  

The experimental researches conducted in the field of technological education 
[7,8,11,19,25,35,38]; have also demonstrated the significance of the creativity dimension. 
Since evaluating the creativity of students at an informational dimension can only be done 
through the planned course contents [11];the educational process should be designed by the 
experts in the field. In this study, the lesson plans prepared for IT education are also created 
in order to determine creativity.  The plans prepared contain curriculum examination, 
concept map, puzzle, presentation, handbook, digital story (1 week for scenario), wiki, 
animation (1 week for storyboard), and worksheet. The application have been relatively 
applied to both groups. According to the retrieved results, the creativity, originality, 
practicality & sensibility, productivity & flexibility, feasibility, inclusiveness, and 
insightfulness dimensions of the products prepared for IT education are better than those of 
the other products. Although both groups were provided with equal laboratory 
opportunities, their creativity scores displayed differences since the fields, in which they 
developed materials, were also different.  The students did not often spend extra time for 
understanding/discovering the conceptions or terms while developing materials in their own 
field. However, they spent extra effort for understanding the conceptions or terms and 
presenting them in the right manner, before stepping up to the phase of developing 
materials in a field, which is different from their own field and can be considered to be 
quite an abstract field. This might have made them feel limited or inadequate at times. The 
significant points that can be recommended based on the results of this study are as follows:

*the prospective teachers should be provided with adequate support in their fields
throughout the process of designing and developing materials in interdisciplinary 
studies,

*having proper technical skills does not always guarantee for students to develop
creative materials,

*for the materials to be developed in interdisciplinary studies, good examples of the
field should be brought together and presented,

*important points regarding the subject should be elaborated before developing
materials for abstract subjects,

The scope of the study has been determined as CEIT students; and one of the groups 
has been expected to develop materials in a field different from their own field. Different 
departments and fields could be included in the study in order to make it more 
comprehensive and to evaluate the results in other fields. One of the restrictions of the 
study has been the fact that the students have conducted a group work. More detailed 
observations could be conducted through creating smaller groups. Besides that, the 
technical skills of the students and their reflections on creativity could also be examined.
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The creativity dimensions of the products developed in creative learning settings are 
often high [6,18,12,36,41]. These results display parallelism with the research. As [17] 
discusses student needs and setting are required for creativity. In the research, a learning 
setting and plan, which meet the needs of the students for learning, have been prepared. 
The lesson plans, which reveal the creativity of students, have been applied to the students 
for 13 weeks. It is possible to say that the study has yielded positive results in terms 
revealing the creativity of the students and the effectiveness of the education.  
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