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This research aimed to construct a statistical creative model in solving the
problem of descriptive statistics. This type of research is a mixed methods research
with a sequential mixed methods model using Exploratory sequential design. A
descriptive qualitative method is used to build statistical creative models.
Meanwhile, a quantitative method is used to test whether there are significant
differences in students' statistical creative models based on gender. The research
was conducted on 124 high school students with a distribution of 59 boys and 65
girls (15-18 years of age). The results of this research found that there are three
levels of a statistical creative model in descriptive statistical activities, namely
imitation, modification, and construction. A total of 25 subjects were at the
imitation level, in solving problems the subjects imitated the appearance of data,
graphics, or resolution strategies. 56 subjects at the modification level, modified
the data or graphic display to solve the problem. 43 subjects at the construction
level are shown by constructing new data or graphics to solve the problem. It was
also found that there were no significant differences in the creative models of male
and female subjects in descriptive statistical activities.

Keywords: creative model, descriptive statistics, line graph, bar chart, statistics
INTRODUCTION

Creative thinking is an important component in learning Mathematics. Some researchers
examine students' creative thinking through components of fluency, flexibility and
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originality in solving open problems (Kattou & Kontoyianni, 2012; Tabach &
Friedlander, 2013). Fluency is evaluated referring to the number of different methods
for solving a given problem. Flexibility is associated with the ability to change ideas to
produce various methods of resolution. Originality refers to the emergence of new ideas
related to how to solve problems. Furthermore, Kattou & Kontoyianni (2012)
investigated the structure of the relationship between mathematical ability and creativity.
From the results of the research, it was found that there were three categories of students
that differ according to their mathematical abilities, namely: students with low, medium,
and high mathematical abilities. Meanwhile, the mathematical creativity of the three
categories also varied so that it was found that students with the highest scores on the
Mathematics test were also the most creative. Sriraman & Hadamard (2009) conducted a
study of five Mathematicians to determine the characteristics of the creative process, the
results of the research showed that the creative process of Mathematicians followed the
four stages of the Gestalt model namely preparation-incubation-illumination-
verification. In this case, the creative process can occur in the process of learning
mathematical material, including statistics.

The National Council of Teachers of Mathematics (2007) includes statistics on data
analysis and probability in the Mathematics curriculum from elementary school to high
school. This shows the role of statistics as an important part in Mathematics. Likewise in
the Mathematics curriculum in Indonesia, statistical material is also contained from the
level of elementary school to higher education. This is because the role of statistics is
very broad in various fields such as education, health, agriculture, economics, and law.
Statistics is the science of collecting data, analyzing, presenting, and interpreting and
making decisions (Mann, 2013). Statistics is divided into two namely descriptive
statistics and inferential statistics (Creswell, 2012). The scope of descriptive statistics is
central tendency measures and dispersion measures, while inferential statistics include
hypothesis testing which can generalize samples to make conclusions about population
characteristics. In this research, the resercher applied descriptive statistics in presenting
data in the form of line graphs and bar charts. The types of graphs are determined by
qualitative or quantitative data types (Cooper & Shore, 2010). For example, bar charts
and pie charts are used to represent qualitative data distribution (nominal or ordinal
scale), while histograms, line graphs, leaf bar charts are used for quantitative data
(interval or ratio scale). In this case, the ability to read graphs or charts is an important
component that students must have in understanding information.

Sharma (2006) presents and discusses methods applied by students in understand
information from graphic representations in the form of tables and bar charts. The
results of his research show that many students used strategies based on previous
experiences and used intuitive strategies. Furthermore, Aoyama (2007) investigated the
hierarchy of students' interpretations of graphs showing that there were some obstacles
for junior students to think about open questions caused by their limited learning
experiences. Mann (2013) explains that descriptive statistics contain ways of collecting
data, displaying and describing data using tables, graphs and summaries of central
tendency. Representation of data in the form of graphs is mostly found in print and
electronic media, so a further understanding of the use of graphics to interpret scores is
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needed. Students’ activity in descriptive statistics studied in this research is in the form
of data presentation in the form of line graphs and bar charts in solving central tendency
measures problems. The problem used in this research was an open problem, so it
requires creative thinking in solving it.

Creative thinking is needed in solving problems in everyday life. Creative thinking can
be developed through mathematical activities (Sriraman, 2009; Brunkalla, 2009;
Nadjafikhah, Yaftian, & Bakhshalizadeh, 2012; Baran, Erdogan, & Cakmak, 2011;
Voica & Singer, 2012; Svecova, Rumanova, & Pavlovicova, 2014; Sharma, 2014). This
is based on the idea that Mathematics is related to ideas, structures, and relationships
that are constructed using logic. Truth in Mathematics is developed based on logical and
systematic arguments. Mathematical activities are mostly based on logical and
systematic thinking processes including making and testing hypotheses, looking for
analogies, making connections, making representations, making generalizations, proving
theorems, and ultimately solving problems. In carrying out these mathematical activities,
it requires high-level thinking that requires students to think critically and creatively.

Creative thinking that occurs in mathematical activities is called mathematical creative
thinking and is often associated with problem solving (NCTM, 2000; Chamberlin &
Moon, 2005; Baran, Erdogan, & Cakmak, 2011; Sriraman, Haavold & Lee, 2013).
NCTM (2000) proposes that students be given challenging problems that can foster their
mathematical creative thinking. This can occur because problem solving enables
students to hone creative thinking skills through various solutions. Baran, Erdogan &
Cakmak (2011) have found that mathematical creativity can be seen from the ability to
solve problems, especially in open mathematical situations. Chamberlin & Moon (2005)
have found creativity in mathematical thinking processes related to non-routine problem
solving. This means that problem solving is one of the aspects of mathematical creative
thinking. Furthermore, Beghetto (2017) argues that routine training must be balanced in
new and creative ways. The balance can be achieved by the teacher by turning some
routine tasks into non-routine problems.

Several researchers have reviewed mathematical creative thinking (Lin & Cho, 2011,
Baran, Erdogan, & Cakmak, 2011; Voica & Singer, 2012; Coxbill, Chamberlin &
Weatherford, 2013). Lin & Cho (2011) developed a model of creative problem solving
ability to predict students’ creativity in solving mathematical problems. Baran, Erdogan,
& Cakmak (2011) have found a relationship between creativity and mathematical ability
based on gender. Voica & Singer (2012) examined the creativity of students who are
gifted in Mathematics found that students who master Mathematics thoroughly have
good creativity. Coxbill, Chamberlin & Weatherford (2013) developed and traced
students' mathematical creativity using Model-Eliciting-Activities (MEASs). The
importance of growing and developing student creativity in learning Mathematics has
been reviewed by Sheffield (2009, 2013). The development of students’ creativity can
be done through understanding Mathematics (Leikin & Pitta-Pantazi, 2013; Schindler &
Lilienthal, 2019). From some of these studies show the importance of assessing students'
mathematical creativity.
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This research aimed to construct mathematical creative models in descriptive statistical
activities and explore whether there are differences in creative models in terms of
gender. Descriptive statistics used in this research are related to the presentation of data
in the form of line graphs and central tendency (mean, median and modus) presented in
the form of bar charts. Creative models were constructed from creative frameworks on
general problems and adapted to mathematical characteristics, especially statistics,
hereinafter referred to as mathematical creative models.

A Framework of Mathematical Creative Model

Mathematical creative thinking is part of general creativity. Creativity can be considered
as a mental process involving new ideas or concepts (Leikin & Lev, 2013; Yaftian,
2015). Mathematical creativity is a form of creativity that has a special object of study
namely Mathematics. Therefore, the development of a mathematical creative framework
is based on a general creative framework taking into account the characteristics of
mathematical structures. In the context of general creativity that occurs in everyday life,
creativity can be grouped in three levels of creative models: (1) imitation, (2)
modification, and (3) construction. The lowest level is to imitate, hereinafter referred to
as the imitation model, occurs when someone wants to make a product by imitating
existing products. The second level is to modify, hereinafter referred to as the
modification model, which occurs when someone examines the “function/benefit/form"
of a product and converts it into a new product. The highest level is to construct,
hereinafter referred to as the creation model, which occurs when someone makes a new
product without seeing the related product that already exists. The main consideration is
that there are problems in daily life that need to be solved through a product.

From general creative models, it can be developed in a mathematical context, hereinafter
referred to as mathematical creative models. In accordance with general creativity,
mathematical creative models are grouped into 3 (three) levels: imitation, modification,
and construction. The framework for developing mathematical creative models based on
general creativity is presented in Table 1 below.

Table 1
Creative model frame work
Creative Model General Creativity Mathematical Creativity
Imitation Imitating a product with a simpler  Just imitating a similar form of
process or lower cost. resolution to solve the problem at hand.
Modification Changing the function/benefit/ Changing the problem/data/ resolution
form of a product so that it procedure so that it gets a more efficient
becomes a new product. solution.

Construction Creating a new work that is more Constructing a new resolution
interesting, more practical, and has  procedure in accordance with the
more functions. demands of the problem.

In this research, the task given relates to the specific mathematical problem of
descriptive statistics material, so that the creative model studied is called a statistical
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creative model. The statistical creative model framework for completing descriptive
statistical tasks is presented in Table 2.

Table 2
A framework of statistical creative models

Creative Model Statistical Creative Model Indicators

Imitation Imitating the score or form of data display or collection of data to solve the
problem at hand.
Imitating the existing chart or data on the problem.
Imitating the resolution strategy that has been used.

Modification Modifying some scores or forms of data display/data set to solve the problem.
Modifying the resolution strategy to solve the problem.

Construction Constructing a data display or set of data so that new data display is obtained
whose scores or forms are different from the existing data displays according
to problem demands.

Arranging new strategies to solve problems.

METHOD

This research method used a Sequential mixed methods model with Exploratory
sequential design, beginning with a qualitative design and continuing with quantitative.
A descriptive qualitative method was used to explore statistical creative models in
activities to solve descriptive statistical problems. Meanwhile, a quantitative method
was used to test whether there are differences in creative models between male and
female subjects by Chi-square test. This research was conducted at two high schools in
two different Provinces in Indonesia, namely SMAN 3 Malang, East Java Province and
SMAN 2 Tanjungpinang, Riau Islands Province. 59 males and 65 females out of 137
students ranging from 15-18 years of age became respondents in this research. There
were 13 out of 137 students whose answers were inconsistent or only answered one
assignment out of the two assignments, so they were not analyzed further.

The instruments in this research were written tests of two tasks and interview guidelines.
The instruments are equipped with rubric and validated by two mathematics education
experts. The two assignments were made for triangulation in order to obtain consistent
data related to the level of mathematical creative models. After students completed the
assignment, the researcher grouped students' answers based on creative models and
conducted semi structured interviews to confirm students' creative models. Voice
recordings using mobile phones during interviews were made so that no information by
students was missed. The tasks given to the research subjects are as follows.

TASK 1

A shop sells two soft drinks "Teh Botol" )

and "Teh Kotak" from 2000 to 2009. The °
chart below shows the results of the sale of | e
"Teh Botol" drinks for 5 years. Make a line >e

graph of the sales of "Teh Botol" and "Teh

Kotak" in one graph so that in 2009 the

sales of the two soft drinks are equal. -
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I'able 1. Mathematics scores class A

TASK 2
A Math teacher teaches in two classes, namely class ;:,r 5 lef =
A and class B. Table 1 below is the result of Math 45 1
class A scores. There are 35 people in class B. Make 60 10
a bar chart of Math class B scores (Scores 0 - 100) if 70 6
the mean, median, and mode class B scores are 73 e
greater than class A. b3 !
Figure 1
The descriptive statistics task
FINDINGS

The 124 subjects who answered consistently were distributed based on the level of the
creative model: 25 subjects (20.16%) were at the imitation level marked by the process
of solving problems by imitating the appearance of data, graphics, or resolution
strategies; 56 subjects (45.16%) at the modification level, which was marked by the
process of modifying the display of data or graphics to solve the problems; and 43
subjects (34.68%) at the construction level marked by the process of solving problems
by constructing new data or graphics. It appears that most subjects are at the
modification level of creative model. Furthermore, if traced by gender, the distribution
of creative models can be displayed in Table 3.

Table 3
Gender-based creative model distribution
Creative Model Level

Gender Imitation Modification  Construction Total
Male 12(9.7%) 26(21.0%) 21(16.9%) 59(47.6%)
Female 13(10.5%) 30(24.2%) 22(17.7%)  65(52.4%)

In carrying out descriptive statistical activities, most male and female students are at the
modification level of creative model. The following is the subject's creative model in
completing descriptive statistical tasks for each level.

The Imitation Level of Statistical Creative Model

The imitation level of creative model is characterized by activities that imitate the
context or problem solving strategy. In task 1, the imitation level of creative model is
reflected in the process of imitating graphs and number patterns to make them similar to
existing graphs and number patterns. In task 2, the imitation level of creative model is
reflected in the process of copying only the available data. This shows that the subject's
imitation level of creative model in task 1 and task 2 is consistent. Students’ activities on
the imitation level of creative model are shown in Table 4.

In task 1, subjects only imitated the form of graphs and trends in the sale of “teh botol”
so that the two soft drinks have similarities in both graphical form and increase in sales
results which experience an equal increase every year. As the results of the interview
between Researcher (R) and student (S) as follows:
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R: How did you complete task 1?

S: I saw the difference in the increase of “Teh Botol” was six, then I followed that until
2009 it increased to six until obtaining 64. In addition, in graph of “Teh Kotak”, the
scores must be the same in 2009, and therefore | started to make it from the back first
from year 2009. From score 64, | reduced 4 each year until 2000 the sales result was
28.

R: Why did you choose 4, not other numbers?

S: Because it's free to choose, Ma'am.

R: Why did not have 6 so it is the same as “Teh Botol”?
S: So the graphics didn't coincide, Ma’am.

Table 4
Students’ activities on the imitation level of statistical creative models
Students’ Actvities Students’ Answers Imitation

Making an increase in sales of S D o T Do T Eid

“Teh Botol” in 2005-2009
exactly the same as an increase
in sales in 2000-2004.

Making the sales of “Teh
Kotak” from 2005-2009
exactly the same as the results
of the sale of “Teh Botol” so
that the graphs coincide.
Meanwhile, the results of “Teh
Kotak” sales from 2000-2004
experiences an upward trend
each year similar to the pattern
of increases in “Teh Botol”
sales.

= a 3 o = =

Students’ answer in task 1

Imitating graphical
shapes and number
patterns to be exactly
the same and also to
be similar to the data
display.

Students determine Math class
B scores by imitating exactly
Math class A scores.

Making a bar chart based on
the results of imitating class A
score data.

Students’ answer in task 2

Imitating scores from
class A that are
already available. The
subject does not
change the existing
scores and is used to
indicate that the mean,
median, and mode are
greater than class B.

The subject who are at the imitation level in determining the results of the sale of “Teh
Botol” in 2005-2009 imitated exactly the same increase in sales results in 2000-2004,
amounting to IDR 6 million each year. The subject used IDR 6 millions to continue the
pattern of increase in sales of “Teh Botol” in 2005-2009 so that the results of the sale of
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“Teh Botol” in 2009 were IDR 64 Millions. Then, the subject made a chart of the sales
of “Teh Kotak™ starting in 2009 and imitating the pattern of increase in sales of “Teh
Botol” which has the same increase every year. The subject made an increase in the
sales of “Teh Kotak” by IDR 4 millions annually. From the 2009 sales of IDR 64
millions, the subject made a downward trend by counting down IDR 4 millions annually
so that the results of “Teh Kotak” sale in 2000 were IDR 28 millions. In this case, the
subject made a pattern of the sale of “Teh Botol” in the form of arithmetic with a
difference of IDR 6 millions. By using the concept of the arithmetic sequence, the
subject imitated it to determine the results of “Teh Kotak™ sales with a difference of IDR
4 millions. The imitation level of creative models carried out by the subject in task 1 is
reflected in the process of imitating graphs and number patterns.

In task 2, the imitation level of creative models is reflected in the subject's activities in
determining Mathematics class B score which imitates exactly Math class A score.
Although in task 2, it is stated that the subject is free to determine the range of Math
class B scores (scores 0-100), but the subject chose to emulate all class A Math scores.
To make a bar chart, the subject made the horizontal axis exactly the same as Math class
A scores. In other words, the subject used all class A scores, i.e. scores of 40, 45, 60, 70,
and 85 to make a bar chart of Mathematics class A score. Next, the subject made the
frequency on the vertical axis so that the mean, median and mode of class B is greater
than class A. The position of the subject at the imitation level is strengthened by the
results of the following interview.

R: Why did you choose scores on the horizontal axis like that? (Pointing to the bar
chart)

S: The score I made is the same as class A, Ma’am.
R: What was your reason of making the same score and not choosing another score?
S: I just made it the same.

The subject admitted that even though he had read the problem which stated that he was
free to choose class B scores from 0-100, the subject still made class B scores the same
as class A scores. This shows that the subject only imitated exactly the same scores as
there were to complete descriptive statistics problem. The subject could determine the
mean of class A of 65, the median and mode of 60. Thus, the subject determined the
score of 70 has the greatest frequency of 11 students so that the mode and median of
class B is greater than class A. The subject designated 26 students scored more than 70
and there were 9 students scored less than 70, so the subject was convinced that the
mean of class B was greater than grade A.

In carrying out descriptive statistical activities on task 1 and task 2, the subject
depended only on the information displayed in the assignment. This is in line with the
opinion of Mecca & Mumford (2013) who state that imitations occur if there are objects
to be emulated or imitated so imitations depend on the way people work by example.
For example, in task 1, students created ad positive trend in the sales of "Teh Kotak"
because there are examples of graphs in the form of a positive trend in the sales of "Teh
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Botol" displayed in task 1. Likewise in task 2, students made Math scores in class B
because students observed that class A contains Mathematics scores. Mathematics
scores in class A can also be used for students in class B. In this case, students can get
information about something they are experiencing directly and from what is around
them. Zmyj et al. (2010) state that children are more likely to imitate a reliable model
than an unreliable one. Meanwhile, Okada & Ishibashi (2016) state that imitation is the
core of the learning process, one imitates the attitudes of others not only on its surface
but also at a deep cognitive process level.

The Modification Level of Statistical Creative Model

The modification level of creative model occurs when the subject modifies and
combines components/data/strategies in completing the task. In task 1, the subject
modified some or all of the graphic shapes and numbers patterns that exist to construct
the graph. This is consistent with the completion of task 2, where the subject modified
student class A scores data and then data were used to construct class B data
completion. Some examples of the modification level creative models are presented in
table 5 below.

In the modification level of creative model, the subject modified the pattern of increase
in sales of “Teh Kotak™ sales so that it is not the same as “Teh Botol” and therefore the
graph form is different from “Teh Botol” graph. The position of the subject at the
modification level is supported by the results of interviews conducted by the researcher
with a student as follows:

R: How did you complete task 1?

S: In making “Teh Botol” graph from 2005-2009, Ma'am. | followed 6 multiples like
that in 2000-2004.

R: Why not having another multiple?

S: | thought the increase from 2000-2004 was steady so | also made steady increases
for 2005- 20009.

R: Why not making it go up and down like “Teh Kotak” graph?
S: I just continued the previous one, Ma’am.

R: Why do the lines on “Teh Kotak” graph go up and down?

S: Because I made it different from “Teh Botol”, Ma’am.
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Table 5
The students’ activities on the modification level of statistical creative models
No Students’ Activities Students’ Answers Modification
1. Making upward trend in the graph T SO Starting by
of sales of “Teh Botol” in 2005- “’:f_":‘.‘ff? u’\ _n'__rff,m imitating a number
2009, that the increase is still the pattern similar to
same and similar to 2000-2004. 4 the existing pattern
Making a line graph of sales results . and being
on “Teh Kotak” from 2000-2009 a = continued by
which has a different trend every fj modifying the
year. 4 upward trend on the
4 chart.
Yaus
Subjects’ answer in task 1
2. Making upward trend in the graph i s a6 TV o g S Starting from
of sales of “Teh Botol” in 2005- e imitating the shape
2009, the increase is different every of the line on the
year. graph and
Making a line chart of the results of & proceeding with
“Teh Kotak” sales from 2000-2009 . modifying existing
getting up and down every year. 2 number patterns.
Year
Subjects’ answer in task 1
3. Modifying class A data, so that it e fen Retrieving class A
matches the characteristics of class score data and
B and is continued by drawing a bar modifying the data
chart. i so that it becomes
class B data, and
continue drawing
the bar chart
Subjects’ answer in task 2
4 Modifying class A data by Retrieving class A

arranging that the data meet class B
conditions and having regularity
and continuing to draw it in a bar
chart.

Mathewanes Socees of Caam B

My ety

Scoees

Subjects’ answer in task 2.

scores data and
modifying the data
so that it meets the
requirements of
class B data, and
continuing drawing
the bar diagram.

In task 1, the subject made a line on the sale of “Teh Botol” from 2005-2009 by
continuing the previous year's line. From 2000-2004, the results of the sale of “Teh
Botol” increased by IDR 6 millions each year, so the student added IDR 6 millions to
the results of last year's sales. In this case, the subject made modifications by changing
the trend in the sales of "Teh Botol" so that the sales of "Teh Kotak™ experienced an up
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and down trend. The student made different results from the sale of “Teh Kotak” and
“Teh Botol”, so that the shape of the trend line on the two soft drinks charts was also
different.

In task 2, the subject used some of Mathematics Class A scores, namely scores 45, 60
and 70 and modified them into 50, 65, and 90. These scores were used on the horizontal
axis in the bar diagram of Mathematics class B scores. Meanwhile, on the vertical axis,
the subject determined the number of students so that the mean, median, and mode of
class B were greater than class A. The subject also used grade 85 in class A and
modified other scores to be 90, 95, and 100. These scores were used by the subject to
create a class B bar chart. The position of the subject at this modification level is
supported by the results of the interview as follows:

Q: Why did you make a bar chart like this (pointing to students' answers)?

S: Because looking at the problem, Ma'am. From the questions, it was obtained in class
A that there were 30 students, from a variety of scores from 40 to 85. The instruction
mentions to make a class B bar chart with any numbers scoring from 0 to 100. The
scores of mean, median, and mode of class B must be greater than class A. The first was
to be recorded first in class A. In class A, it was obtained a mean of 65, a mode of 60,
and a median of 60. The way | found this class B scores was by first choosing the high
numbers so that the mean, median, and mode of class B were greater than class A.

P: Why were scores 85, 90, 95 and 100 selected for class B scores? Why not other
scores?

S: I chose the biggest score in class A, which is 85, then | chose a bigger number than
85 so that the mean, median, and mode are bigger than class A.

From the interview, it appears that the subject modified the data by combining the
highest score in class A, which is 85 with other scores greater than 85. This was done by
the subject to ensure the mean, median, and mode scores of class B were greater than
class A, even without mathematical calculations.

The modification level of creative models was done by modifying data through merging
and synthesizing several objects or concepts to produce new objects or concepts. This is
in line with Reading & Canada (2011) which says that through synthesis such as
combining the concept of central tendency with the concept of measures of dispersion, a
new concept emerges, namely data distribution as a fundamental concept.

The Construction level of Statistical Creative Models

Construction level of creative models is an activity carried out by someone in
developing new information. The Construction level in solving descriptive statistical
problems is marked by the subject developing existing line graphs into new line graphs
to solve data presentation problems in graphical form. The subject creates a new bar
chart based on a table to solve the problem of central tendency measures. The activities
of the subjects in task 1 and task 2 in the construction level of creative models are
presented in Table 6.
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To further explore the position of the subject at the construction level, the researcher
conducted interviews with the subject as follows.

R: How did you complete task 1?

S: I made a graph of “Teh Kotak” and “Teh Botol” from 2005-2009, some went up and
some went down, Ma’am. It was because I thought that every sale does not always
increase or decrease continuously, there are times when the sales have increased and
decreased too, so | made the graph go up and some go down.

R: What was the initial step?

S: First, I made the sale of “Teh Botol” from 2005 to 2009 up and down, Ma'am.
Then I made the sales of “Teh Kotak” starting in 2000, the score was 17, then in 2001
it decreased to 10, and in 2002 it increased again to 26, in 2003 it increased again to
23, in 2004 to 43. But in 2005 it experienced decreased to 25, in 2006 it rose again
slowly to 29, in 2007 it rose to 35, in 2008 it rose to 40 and finally in 2009 the sales of
“Teh Kotak” and ‘Teh Botol” were equal to 50. Therefore, in the middle of the year,
the sales had decreased drastically.

R: Are there any number patterns that you made in determining them?
S: No ma'am, | just took it randomly.
R: What are the reasons for taking it randomly?

S: There was no specific reason, Ma’am. I just created it myself.
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603

The students’ activities on the construction level of statistical creative models

Students’ Activities

Students’ Answers

Construction

Making a line on the graph of the
results of “Teh Botol” sales from
2005-2009 going up and down .
Making a line graph of the results of
“Teh Kotak” sales from 2000-2009
going up and down every year.

Jubws Drooeom of “Tih Bom.” oo “Tud Ko™

& |

Subjects’ answer in task 1

Constructing 2
different new
patterns.

Making a line on the graph of the
results of “Teh Botol” sales from
2005-2009 going up and down
Making a graph of the results of
“Teh Kotak” sales from 2000-2004
exactly the same as “Teh Botol”.
Meanwhile, the trend line of 2005-
2009 sales results going up and
down.

Sz Cdooces of T Bobol s “Tea Bk’

Million Rupish

vim

Subjects’ answer in task 1

Developing new
patterns based on the
given graph.

Making a bar diagram of Math class
B in which all scores of students in
the class are different from class A.

Subjects’ answer in task 2

Constructing new
Mathematics scores.

Making a bar diagram of Math class
B scores in which all students in
class B have the same scores, the

Designing new forms
from bar charts to
make them more

Nxyy xded
—

numbers are different are different efficient.

from students class A scores.

Subjects’ answer in task 2

In completing task 1, the subject of the construction level of creative models was not
affected by the shape of the pattern or the shape of the trend in the graph in the problem.
The subject created his own pattern and shape of the trend on the graph. The subject
believed that the sales results do not have to increase continuously, sometimes they also
increase and decrease. In this case, the subject is able to connect the problem of the
questions with the problem in the real life. The subject was not fixated on what is
displayed in the problem, but students thought realistically and logically to complete the
tasks associated with everyday life. The pattern of numbers created by the subject was
irregular, meaning that the amount of increase in sales does not form a line that has a
regular pattern so that the form of the graph is different from the graph displayed in the
task.

In task 2, the construction level subjects created a bar chart of Math class B scores by
designing their own Mathematics scores so that they are not similar to or equal to Math
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class A scores. In task 2, subjects can use the scores in the range 0-100, the range of
scores used by the subjects to make a new score for class B. The activity carried out by
the subjects in the construction level of creative models is to design a new grade so that
the Math scores of students in class B are different from the scores of students in class
A. The student chose Class B students scores of 30, 35, 50, 65, 90, 95 and 100 where all
the scores are different from the scores of students in class A. These scores were used by
the subjects to make a bar chart, where the horizontal axis contains students scores and
the vertical axis contains the number of students who received these scores. Subjects
determined that more students scored 90, 95 and 100, i.e. there were 27 students and 8
students scored lower than 90. The creative process of the construction level subjects
was reflected in the results of the following interview.

R: How did you answer task 2? (Pointing to student’s answer paper)

S: Firstly, | set the mean, median, and mode of class A. The mean of class A was 65,
the median and mode were 60. In order to be bigger than class A, | made high scores in
class B. There were scores of 90,95, and 100. | made the bar high. Class B was 95
because there were 10 people, while in class A there was a low grade and a high grade,
but the score was not up to 100. Because in the problem class B had to be larger on the
mean, median, and mode, so | made only few who got low scores and many who got
high scores.

R: Why did you choose these scores for class B? (pointing to the horizontal axis of the
bar chart)

S: Because in a class there are usually those who get low grades, there are also those
who are medium, there are also those who are high, and very high. I made it different
so class A scores are different from class B.

The subject determined the scores of mean, median, and mode of class A first before
choosing the Mathematics score of class B so that the mean, median, and mode of class
B are greater than class A. From the calculation results, the scores of mean, median, and
modus of class A are 65, 60, and 60. The subject could ensure the scores of mean,
median, and modus of class B were greater than class A without doing mathematical
calculations by placing the number of students getting higher than 65. Activities carried
out by the subject are classified as construction level. This is in accordance with the
opinion of Sheffield (2018) that students' solutions are considered creative if the student
can produce something unique and new to what is in their environment.

Furthermore, to find out whether or not there are differences in the creative models of
male and female subjects performed in completing descriptive statistical tasks, Chi

Square non-parametric statistical test was performed. Chi-square test results obtained P
= 0.971> 0.05. This shows that there is no significant difference in imitation,
modification, and construction level of creative models between male and female
subjects. Therefore, it can be concluded that there is no relationship between creative
models with the sex of students in completing descriptive statistical activities. The
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results of this research are in line with research conducted by Naderi et al. (2009) who
found that there were no differences in perceptions of creativity between male and
female students. Unlike the case with research conducted by Baran, Erdogan, & Cakmak
(2011) which found a relationship of creativity with student gender.

DISCUSSION

Mathematical problems that can foster students' mathematical creative thinking are
usually open so that they can give students freedom to express new ideas. Students must
be involved in activities that give them space to explore problems, and ideas needed to
solve problems (Nadjafikhah, Yaftian, & Bakhshalizadeh, 2012; Svecova, Rumanova, &
Palovicova, 2014). Problems that can foster creative thinking are usually in the form of
multiple solutions (Sriraman, 2009).

There are three ways in which the subject is done to solve the descriptive statistics task:
(1) the subject imitate the graphs or bar charts presented on the problem, (2) the subject
modifies the trend of the lines in the existing graph or modifies the data in the task, (3)
the subject construct to new graph or create new values from available data. This is in
accordance with Mueller et al. (2018), explain that numerical ability can significantly
predict decision making accurately. This is also confirmed by Cooper (2018) where
students use sense in comparing the variability of several groups of data on a bar chart,
histogram and the value of a bar chart. The three ways in which students solve
descriptive statistical problems to show the creative models of imitation, modification
and construction levels

In this research, it was also found that there was no relationship between students'
gender and the level of the students’ creative model. That is, differences in the level of
the creative models of students are not influenced by male or female. Thus, it can be
concluded that the creative models of the imitation, modification, and creation levels of
descriptive statistical activities has nothing to do with gender. The same research on
gender differences has also been done by Baer & Kaufman (2008) who found that there
were no significant differences between gender and student creativity. However, there
are also studies that have proven that male students are superior to female students in
creativity using the Consensual Assessment Technique (Tsai, 2013).

CONCLUSIONS

The creative models of students in descriptive statistical activities in this research
consist of three levels, namely imitation, modification, and construction. The imitation
level of creative model is shown in the form of students’ creativity in imitating objects
that exist in the problem both in the form of numbers and graphical forms, as well as
imitating the solution strategies that have been carried out. The modification level of
creative model is shown in the form of modifying some or all of the existing objects and
then adding other different objects to produce new objects. Meanwhile, construction
level appears when students find new ideas or inspiration that are different from existing
objects. Of the three level of creative models, there was no significant difference in the
creative models of male and female students in solving descriptive statistical problems.
This research has implications for Mathematics teachers to be able to design problems
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that demand the emergence of creative model in students. Creativity can emerge from
within the students themselves. The teacher is expected to be able to direct students’
creativity so that students freely determine various forms of answers without having to
be fixated on only one correct answer.Testing inferential statistics in this research is
limited to testing differences in students' creative model based on gender. Further
research needs to be discussed about the factors that affect students' creative models,
such as self-beliefs, student attitudes in Mathematics and mathematical achievement of
students.
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