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Abstract. The article considers the development of the online educational model “Creative
Thinking through Learning Elementary Maths” and the results of the efficiency to implement
this course for students of the specialization “Mathematics” while learning Elementary
Mathematics. The research represents the development of learning materials for the online
course posted in free access on the educational platform “Higher School Mathematics Teacher”.
The course components (theoretical, practical, and feedback) are focused on the organization of
motivated and consistent students’ activity; open and integrative Rich tasks of three levels
of complexity. The course participants’ activity, focused on the recognition, classification,
solution, creation of Rich tasks, encourages the formation of the main components of creative
thinking that include a problem statement, fluency, flexibility, originality, and elaboration. The
first version of the course materials was improved following course users’ wishes, and then the
efficiency of online course education was checked using an experiment. The analysis of results
of the experiment allows concluding about the efficiency of the developed model of learning an
online course.

1. Introduction

1.1. Problem statement

According to the World Class Standards for Preparing Teachers of Mathematics [1] the
development of creative thinking is one of the necessary components of the Mathematics teacher’s
training. The same document also mentions that the development of all key qualities of a would-
be teacher takes place while teaching normative and optional subjects. Elementary Mathematics
is one of the most important normative subjects while training students of the specialization
“Mathematics”. According to Vlasenko et al. [2], students’ revision, generalization, and
extension of knowledge in mathematical terms and facts that were considered during the school
course of mathematics take place while learning this subject.
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Our research follows the idea given by Noreen and Rana [3], Ahn and Edwin [4] that the
formation and development of key personal qualities (including creative thinking) while learning
Mathematics should be based on the active approach to learning. Scientists’ conclusions prove
that it is motivated and organized students’ activity while learning that allows forming the
necessary qualities. The types of activity and problems that students follow while learning
depends on the qualities that the teacher is planning to form.

Nowadays, education is aimed at searching the ways to enable the organization of students’
extracurricular activities. Thus, learning through online courses is getting more popular in the
modern conditions of education development, and the idea given by Vlasenko et al. [2] about the
development of the online course “Creative Thinking through Learning Elementary Maths” [5],
which is focused on the development of creative thinking with systematized types of problems,
is appropriate. This fact proves the actuality of the matter to create a model of learning this
online course.

1.2. Analysis of the latest researches and publications

The matters of implementing online courses in learning Mathematics are considered in the
researchers conducted by Vlasenko et al. [6], Wajeeh D. et al. [7], Ahn and Edwin [4] etc.
In particular, the work which was done by Vlasenko et al. [6] represents the methodology
of developing learning materials for the online course “Project method in teaching higher
mathematics” [5]. The research by Ahn and Edwin [4] is dedicated to the use of efficient
methods for learning mathematics online based on the active approach on the open platform of
electronic education. Wajeeh et al. [7] describe the factors that affect the effectiveness of online
courses for would-be math teachers. Scientists explain the importance of considering personal
qualities and the selection of types of activity for students while learning. The above-mentioned
scientists agree that online learning of mathematics has powerful potential and can be organized
following the active approach to education, clear explanation of theoretical facts.

The process of building a model of learning the online course is considered in the works
written by Ahn and Edwin [4]. Ahn and Edwin [4] mention a model of learning mathematics,
based on the principles of social constructivism, social realism, connectivism, and it includes
the organization of students’ interactive activity to solve mathematical problems. Raza and
Reddy [8] emphasize the importance of organizing problem activities and organizing effective
feedback in synchronous and asynchronous mode as a condition for activation and interest of
students in the process of mastering the online course. Our research considers the scientists’
ideas on the relevance of organizing free communication in two directions “student-teacher” and
“student-student”. Puzziferro and Shelton [9] emphasize that, first of all, the efficient model of
the online course, includes the completion of practical tasks using the methods of active learning
and organization of feedback between the teacher and course participants. All the scientists agree
about the necessity to build a model considering the active approach and efficient organization
of feedback.

The active approach during the organization of the online course is considered in the
researchers conducted by Moreno-Guerrero et al. [10], Hjalmarson [11] and Poultsakis et al. [12].
Moreno-Guerrero et al. [10] dedicated their research to the efficiency of electronic education
as a method to form motivation, skills for self-education, and self-development while learning
mathematics. The scientists mention that the organization of online and offline activities with
properly selected problems encourages the formation of such qualities as self-organization and
self-development. Poultsakis et al. [12] show teachers the importance of mastering digital object
management technologies and modeling virtual experiments for online-based online learning.

The results of the research conducted by Hjalmarson [11] prove that all the key personal
qualities of a mathematics teacher are developed during this activity (specifically organized
practical — focused activity) while learning online. The development of the idea to organize
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practical-focused activity is stated in the works done by Kajander at el. [13], who emphasize the
importance of specifically selected problems in this process.

We find the same point of view in the researchers conducted by Gojak [14], Yeo [15], who
states that the development of students’ creativity can take place while solving particular types of
problems. Among the methods that encourage the development of students’ creative thinking,
the scientists highlight Rich tasks. This idea is agreed with the conclusions of the research
conducted by Vlasenko et al. [2]. The scientists consider Rich tasks in Elementary Mathematics
as the tasks that increase the interest in mathematics as a science because they enable students
“to open” new mathematical rules (terms, patterns), act outside the box; develop creative
thinking, interest in the creation of their mathematical product. In this document, scientists
define five main components of developing participants’ creative thinking (a problem statement,
fluency, originality or creativity, elaboration).

The scientists recommend the development of the online course “Creative Thinking through
Learning Elementary Maths” for the efficient formation of the mentioned components of creative
thinking [2]. The idea of creating this course was approved during the conference “Icon-
MaSTed” [16]. So, the article is aimed at representing an educational model of the online course
“Creative Thinking through Learning Elementary Maths” [5] and at proving the efficiency of
implementing this course while training students of the specialization “Mathematics”.

2. Method

The active approach to learning is the basis of the developed course “Creative Thinking through
Learning Elementary Maths” [5]. The foundation for the formation of five main components of
creative thinking was the students’ work with two types of Rich tasks (open and integrative).
Based on the analysis of the views of scientists presented in table 1 on the learning of Elementary
Mathematics to the main types of participants’ activities while working with the course materials
are their recognition, classification, solution, and creation.

In particular, the activity to recognize Rich tasks encourages the formation of such a
component of creative thinking as a problem statement. The participants get a task (to
determine if a particular problem is related to Rich tasks or some specific types of Rich tasks),
formulate the problem, get acquainted with the criteria of Rich tasks, find out if the task
satisfies these criteria, and make a conclusion. Thus, the solution to the problem encourages the
formation of such components as fluency, flexibility, originality, elaboration.

Considering the opinion given by Vlasenko et al. [16], Ahn and Edwin [4], Moreno-Guerrero
et al. [10], Wajeeh et al. [7], Gojak [14], Kajander at el. [13] we built a model of the online
course “Creative Thinking through Learning Elementary Maths” [5] represented in figure 1. The
scientific novelty of the model is that all the traditional components of the course (theoretical,
practical and feedback component) are focused on the organization of four activities with a
special type of task (Rich task). It is the activity orientation of the online course on the use of
Rich tack that is the basis around which the course model was developed. The model includes
three interconnected components of the course (theoretical, practical, and forum for feedback)
and implies a motivated students’ activity with Rich task.

The course is meant for students of the specializations “Mathematics” and “Natural sciences”
of pedagogical and classical universities, postgraduate students who are interested in the efficient
methods of forming creative thinking through solving problems of Elementary Mathematics.

Six lessons of the course are given in Ukrainian. The course lasts four weeks. The user can
start learning at any convenient time and follow their pace. We assessed the maximum time
for working with every class and it is 4 hours. The total time of working with the course is 24
hours.

Let’s describe the blocks of the course.

The 1st block. The theoretical component of the course. This block includes the main
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Table 1. Analysis of the views of the scientists and online resources on the types of activities
with Rich tacks and their impact on the development of students’ personalities.

Resource Rich tacks used dur- Rich tacks activities =~ What components of
ing training personality are de-
veloped by working
with Rich tacks
Creative Thinking: Business  manage- Creation, solution, Ability to pose and
Innovative Solutions ment comparison solve problems, gen-
to Complex Chal- erate a large number
lenges [17] of original ideas
Universalclass. Cre- A course aimed at Recognition and  Ability to solve prob-
ative Thinking [18] the general develop- comparison lems, flexibility of
ment of creative per- thinking, ability to
sonality traits analyze and high-
light the basics
European Schoolnet Higher school teach- Recognition and Ability to pose the
Academy. Develop- ers. A course aimed classification problem, originality,

ing Creative Think-
ing Skills in Prac-
tice — are my stu-

at the general devel-
opment of creative
personality traits

ability to continuous
improvement

dents learning to cre-
atively solve prob-

lems [19]

School Education Teachers and educa- Creation and solu- Ability to pose and
Gate Way. Creativ- tion managers. A tion solve problems, gen-
ity for the future: course aimed at the erate a significant
promoting Criti- general development amount of original
cal Thinking and of creative personal- ideas, flexibility of
Problem-Solving in ity traits thinking

the classroom [20]

theoretical data on every lesson that is necessary for the participants to achieve the goal of the
course and audio presentations that explain the main theoretical questions of the course. Let’s
state the topics of the course.

Lesson Ne 1. Creative thinking and its structure.

Lesson Ne 2. The role of Elementary Mathematics in the development of creative thinking.

Lesson Ne 3. Open tasks in Elementary Mathematics.

Lesson Ne 4. Types of open tasks in Elementary Mathematics.

Lesson Ne 5. Integrative tasks in Elementary Mathematics.

Lesson Ne 6. Types of integrative tasks in Elementary Mathematics.

The acquaintance with the theoretical component of the course encourages the students to
do the following types of Rich tasks: recognition, classification, and solution. In particular,
in the second lesson, the users get acquainted with several approaches to the classification of
Rich tasks, their special features, and types. This encourages the primary organization of the
activity to recognize Rich tasks. After learning the theoretical block the course participants
improve their recognition skills while doing the practical tasks.
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Figure 1. Model of learning online course “Creative Thinking through Learning Elementary
Maths”.

At the third, fourth, fifth, and sixth lessons, the users get acquainted with open and
integrative Rich tasks, their examples, types, and methods of their solution. This encourages
the primary organization of the classification and solution of Rich tasks. The course participants
master their skills to classify and solve problems while completing practical tasks.

The second block. The practical component of the course. This block includes:

Practical tasks connected with the analysis of different aspects of developing creative thinking,
the analysis of methods to learn Elementary Mathematics aimed at the development of creative
thinking, comparisons, solutions, building Rich tasks of Elementary Mathematics. Completing
practical tasks of the course encourages such types of activity with Rich tasks among students
as recognition, classification, solution, and creation.

Several examples of the tasks aimed at carrying out all the mentioned types of activity are
represented in table 2.

The third block. Course participants’ questions which the course moderators can be asked on
the forum and in the chat with a teacher. Participants’ ideas on the course improvement can be
expressed.

The third block helps to eliminate the problems in organizing the recognition, classification,
solution, and construction of Rich tasks that were completed during the first two blocks. Also,
the third block helps the teachers to improve the learning material of the first two course blocks.

3. Results
The first version of the course was offered for students of the 1st—2nd year of Berdiansk state
pedagogical university, Kryvyi Rih State Pedagogical University, Donbas Machinery Building
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Table 2. Examples of practical tasks aimed at completing particular types of activity with Rich

tasks.

Type of ac-
tivity

Examples

Comment

Recognition

1. Can we relate such tasks to Rich tasks?
Prove your mind.

A. Simplify the expression: 2§ions§%o.

B. The perimeter of the parallelogram
is 20cm, and its height is 2cm. and
3cm. Create two tasks of different levels
of complexity using these conditions (no
more than one condition can be added).
2. Which of the stated problems can be
related to open Rich tasks? Prove your
mind.

A Solve the

\/2+\/2+\/2+x:x.
B. Define the approaches of solving
irrational equations and inequalities and
an approximate basis of activity on
using these approaches while analyzing
the educational materials on Elementary
Mathematics and school textbooks.

equation

Problem statement as a com-
ponent of creative thinking is
formed while completing this
task.

Classification

Which types of Rich tasks are the
problems related to?

A. the endless chessboard there are two
white officers on two neighboring diagonal
squares. What part of the board is under
the attack of these officers?

B. The foundation of an isosceles pyramid
is an isosceles triangle which height is 9cm
and the platform is 6em. Create three
problems of different levels of complexity
using these conditions (no more than one
condition can be added).

C. Sunbeams going through small holes
between the leaves of the tree create light
spots on the ground in form of ellipses of
the same form, but different size. The
bigger axis of the ellipses is a = 16¢m,
and the smaller axis is b = 12cm. What
is the height of the tree? Under which
angle to the horizon do the sunbeams
fall? The angle size of the sun disk is
B =09.3-10"3rad.

While solving such a problem
the participants determine the
problems as open or integra-
tive Rich tasks, later on, they
learn to define the varieties
of open and integrative Rich
tasks. Such activity encour-
ages the formation of such
components of creative think-
ing as a problem statement
and flexibility.
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Solution 1. Classify the types of problems following While solving these problems
the topic “Polygon”; show the main the participants learn to sum-
methods (means) of solving the problems marize, use the mathemati-
using two of the types which you suggest. cal machine beyond mathe-
2. One student has 6 books on matics, understand the con-
Mathematics, the other one — 8. Create nection between Elementary
and solve two problems of different levels Mathematics and mathemati-
of complexity on combinatorics, under this cal analysis (while solving the
condition. third problem). The next
3. Prove that for all 0 < z < y§ there is components of creative think-
an inequality % < :ZEZ ing are formed: fluency, flexi-
4.  The bus is moving on a straight bility, and originality.
highway with a speed of 18m/s. There
is a person in the field in front of the bus,
in the distance of 90m from the highway
and 500m from the bus and who can run
with the speed of 5m/s. What direction
should he/she run to be able to “catch”
the bus?

Creation 1. Create three problems (problematic While building the varieties

situations) in Elementary Mathematics.
2. Create one task for each problem with
an open ending with equations, polygons,
random events in the condition.

3. Create one task for each problem the
solution of which will enhance the un-

of open and integrative Rich
tasks the participants form
the following components of
creative thinking:  fluency,
flexibility, originality and
elaboration.

IOP Publishing

derstanding of connections between Ele-
mentary Mathematics and Mathematical
Analysis, Geometry, Mathematical Logic.

Academy, Uman State Pedagogical University named after P. Tychyna, Glukhiv National
Pedagogical University in 2019 — 2020. The students were surveyed on the forum of the
platform “Higher School Mathematics Teacher” [21] about the test improvement. 65% of
respondents were willing to get more examples of Rich tasks, 60% of students would like to
have clearer guidelines about the systematization and creation of open and integrative problems
in Elementary Mathematics, 53% of students were willing to have online consultations while
completing tasks of the practical part of the course. We changed the materials of the course
according to the needs of its users. Students’ ideas influenced the increase of examples in all
types of Rich tasks during practical classes 2-6 and definition of the main requirements to the
creation of an open and integrative Rick task during practical lessons 3 and 6.

The efficiency to implement the online course was checked in April-November 2020. 87
students of the 1st-2nd year from the same universities who took part in the first stage of
implementing the first version of the course were engaged in the experiment. At the beginning
of the experiment the participants were accidentally divided into control (CG) and experimental
(EG) groups. In the control group, 43 students learned the course of Elementary Mathematics
using traditional tasks. In the experimental group, 44 students followed the program “Creative
Thinking through Learning Elementary Mathematics”.
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Table 3. The results of diagnostic tests in Elementary Mathematics at the beginning of the
experiment.

The level of student achievement CG The level of student achievement EG
1-49 50-75 76—-89 90-100 1-49 50-75 76—89 90-100
points points points points points points points points

1(2%) 16 (37%) 17 (40%) 9 (21%) 1 (2%) 17 (39%) 16 (36%) 10 (23%)

To confirm the homogeneity of the groups at the beginning of the experiment, diagnostic
tests in Elementary Mathematics were used, which contained 5 “traditional” and 5 Rich tasks.

As we see in table 3 the results of diagnostic tests in the control and experimental groups
at the beginning of the experiment are almost the same. In particular, the largest difference
of 4% was observed between students who scored 76 — 89 points in favor of the control group
(figure 2).

40%

35%

30%

25%
20% uCG
15% BEG
10%

5%

0%
1 —-49 points 50— 75 points 76 — 89 points  90—100 points

The level of student achievement

Figure 2. The results of diagnostic tests at the beginning of the experiment.

The students of CG learned the course of Elementary Mathematics in universities without
using the course “Creative Thinking through Learning Elementary Maths” [5]. The students
of EG learned the course of Elementary Mathematics and during 6 weeks were involved in
the development of the course. The students of EG could get acquainted with the theoretical
material, watched the audio presentations, worked with video lectures, got practical tasks of the
course. Using Google class students could send the completed practical tasks for the teacher to
check. The task assessment was carried out using the scale “accepted” or “not accepted”. The
teacher pointed out the mistakes and incorrectness in the completed tasks, allowed correcting
them when the mark was “not accepted”. Students could ask a question or get a consultation
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Table 4. The results of diagnostic tests in Elementary Mathematics at the end of the
experiment.

The level of student achievement CG The level of student achievement EG
1-49 50-75 76—-89 90-100 1-49 50-75 76—89 90-100
points points points points points points points points

1(2%) 15 (35%) 18 (42%) 9 (21%) 0 (0%) 6 (14%) 21 (48%) 17 (38%)

on the forum of “Higher School Mathematics Teacher” [21] or in Google chat.
At the end of the experiment, the students were also surveyed using tests in Elementary
Mathematics, which contained the same number of traditional tasks and all kinds of Rich tasks.

50%

45%

40%

35%

30%

25%

20%

15%
10%

5%

0%
1 —49 points 50— 75 points 76 — 89 points 90100 points

The level of student achievement

Figure 3. The results of diagnostic tests at the end of the experiment.

As can be seen in table 4, the results of control works in the control and experimental groups
at the end of the experiment differ significantly. In particular (figure 3), the largest difference
of 18% was observed between students who scored 50 — 75 points in favor of the control group,
while the difference of 16% was observed between students who scored 90-100 points in favor
of the experimental group. Fisher’s statistical test ¢* was used to ensure that the difference
between the results of the diagnostic tests in the control and experimental groups was statistically
significant.

We formulate statistical hypotheses. Zero hypothesis Hy: the level of formation of educational
achievements of students of control and experimental groups does not differ statistically
significantly. Then the alternative hypothesis Hj: the level of formation of educational
achievements of students of control and experimental groups is statistically significantly different.

Determine: ¢1(86%) = 2.373, »1(63%) = 1.831.
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Table 5. Table for calculating the criterion ¢* for comparing the level of student achievement
at the end of the experiment.

Group “There is an effect”, scored “No effect”, scored points Total
points from 7 to 12 from 1 to 6

Control 27 (63%) 16 (37%) 43

Experimental 38 (86%) 6 (14%) 44

Total 65 22 87

Hence we have the empirical p*:

Crmpirical = (1 — ©2)y /M2 = (2.373 — 1.831) - | /{15 ~ 2.53.
1.64 (p <0.05)
2.31 (p<0.01)

So, according t0 @7, iicq A~ 2-53 we have that @7 .01 > Orrivicar-

Based on this, the hypothesis Hy is refuted and H; accepted. Thus, the level of formation
of educational achievements of students of control and experimental groups is statistically
significantly different. And the data given in table 5 give grounds to claim that the level of
academic achievement of students in the control group is higher than in the experimental group.

This allows stating about the efficiency of using the online course “Creative Thinking through
Learning Elementary Maths” [5] as a method to form key components of creative thinking.

The critical value ¢* for any n; and ny is equal to ¢ .,.... =

4. Discussion

According to Papadakis et al. [22], Perikos et al. [23], Harpen and Sriraman [24], and Maharani
[25] the developed creative thinking is important for any specialist who wants to be competitive
in the modern globalized world. Specialists in mathematics are not an exception. This is agreed
with the conclusions that are made by Moreno-Guerrero et al. [10], who state that learning
Mathematics using online courses is efficient to form the person’s creative thinking.

While developing the online course model we considered the opinions stated by Burgess et
al. [26], Donnelly and Agius [27], Puzziferro and Shelton [9], Lockwood [28] about the relevance
of providing learning materials in different forms such as tables, schemes, audio presentations,
video-lectures. At the same time, we considered the recommendations stated by Im and Chee [29]
about the importance of organizing efficient feedback with students through forums and chats.

Also, while developing a model the researches by Wajeeh et al. [7], Hjalmarson [11] had an
important role and they stated that the development of personal qualities should take place
during specifically selected types of activity. Based on the views of these scholars, we have
focused each component of the traditional triad of online courses (theoretical, practical and
feedback) on four types of activity (recognition, classification, solution, creation) with open and
integrative Rich tasks, the formation of all components of course participants’ creative thinking
takes place [2]. Agreeing with Poultsakis et al. on the importance of building digital object
management skills in online courses, we believe that it is equally important (and our research
confirms this) to build targeted mindfulness skills with Rich tasks. Thus, solving Rich tasks,
a student learns to formulate a problem (a problem statement), opens or offers an unusual
(unknown) method, method of solution (formation of originality and fluency), clarifies, changes
the way of a solution in case of difficulties (formation of flexibility and elaboration). The student
learns to think outside the box, change, improve the condition, and adapt it to the students’

10
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needs (formation of originality, flexibility, and fluency).

5. Conclusions
The analysis of the online education experts’ resources and scientific researches proved the
conclusion about the necessity to develop a model of the online course “Creative Thinking
through Learning Elementary Maths” [5]. The peculiarity and uniqueness of the course model
is that three main components are determined it (theoretical, practical, and feedback) that
are aimed at the students’ activity with Rich tasks as a method to develop creative thinking
while learning Elementary Mathematics. Posting the course on the platform “Higher School
Mathematics Teacher” [21] allowed providing access to it for a large group of students. The
students had access to theoretical data with examples and explanations in PDF-documents,
audio presentations, and video lectures. Practical tasks were focused on the organization of
students’ activity with Rich tasks of three levels of complexity. The preliminary approbation
of the course, discussion on the platform forum allowed improving its content and organization
of learning with its help. Also, it allowed considering the course users’ preferences related
to information perception and posting. The experimental verification of implementing the
improved course proved the efficiency of the course use to form its users’ creative thinking.
The experiment showed that users’ acquaintance with Rich tasks and their varieties (open and
integrative problems), organization of their activity on recognition, classification, solution, and
creation of Rich tasks encouraged the development of a problem statement, elaboration, fluency,
flexibility, and originality. This allows us to argue for the effectiveness of the activity-based online
course model; expediency of introduction of a new type of tasks in the process of development
of creative thinking in the process of distance learning of Elementary Mathematics — Rich tasks.
We see further perspectives in the development of the methodology to develop students’
creative thinking while completing Rich tasks, developing and testing the effectiveness of Rich
tasks for the formation of key competencies of the personality of high school students.
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