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Creativity Development in Probability through Debate
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The purpose of this study is to investigate the relationship between creativity devel op-
ment and debate in solving a probability task. We devel oped the probability task with in-
structional strategies facilitating debating among students. 33 students in grade 11 who
were identified as gifted participated in this study. The findings indicated that debating
leads students to critical and reflective thinking on prior learning regarding probability
concepts, which nurtured creative ideas on sample space.
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INTRODUCTION

The classical definition of probability is based on the premise that all outcomes are
equally likely. However, equally likeliness of outcomes cannot be satisfied in various
contexts with complicated data. Alternative viewpoints such as frequentist and subjectiv-
ist viewpoint have been developed to handle this complicated data (Dubucs, 1993;
Konold, 1991; Von Mises, 1957). Since there are several definitions of probability, the
probability concept itself is ambiguous in nature (Lee, 1996). Previous studies show that
tasks with ambiguity help students feel the need for mathematical justification and flexi-

1A draft version of the article was presented at KSME 2012 Fall Conference on Mathematics
Education at Korea National University of Education, Cheongju, Chungbuk 363-791, Koreg;
November 2—3, 2012 (cf. Oh & Leg, 2012).
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ble change of perspectives (e.g. Lee & Lee, 2010). Therefore, we decided to integrate the
ambiguity of probability concepts into mathematics lessons so that students could have a
chance to change their perspectives and think critically. This study attempted to investi-
gate what aspects of creativity emerge when students, who were identified as gifted, are
engaged in probability task solving and debating induced from ambiguous features of
probability.

THEORETICAL BACKGROUND

It has been proposed that the definition of creativity in mathematics education for the
gifted is different among researchers. Sriraman (2005) states that creativity is a procedure
which leads to novel and insightful solutions for a given problem, raising new questions,
and looking at well-known problems in a new way using the imagination. Shriki (2010)
divided crestivity into two groups: process and product. In process, creativity is not only
conceptual thinking that contains fluency, originality, and flexibility, but also cognitive
ability such as decision-making skills. In product, cregtivity is an ability that helps a per-
son make unexpected, original, and useful output. Krutetskii (1976) emphasized the flex-
ibility of the thinking process, originality of ideas, and elaboration in refining ideas
measuring creativity. On the basis of this research, this study focused on flexibility, origi-
nality and elaboration of mathematical cresativity.

If various approaches for a given situation are allowed, students may bring simultane-
ously a variety of interpretations. At this point, if the collision of different interpretations
occurs, they will need to justify their claims in front of their opponents or the audience,
and this naturally leads to debate (Lee, 2005). The goal of the debate is to persuade a
claim, when there are people with different opinions about an issue. In debates, students
will experience cognitive conflict while they are faced with a different argument or op-
posing evidence. Cognitive conflict is a cognitive non-equilibrium situation that the
learner experiences while acquiring new information which is unexplained by existing
cognitive structures (Piaget, 1977). Stylianides & Stylianides (2008) suggested that the
goal of the conflict teaching approach in mathematics teaching is to help students reflect
on their current mathematical understanding and recognize the importance of modifying
these understandings to resolve the contradiction. Peterson & Eeds (1990) stated that de-
bate is the ideal mechanism for generating meaning in collaboration, promoting reflective
thinking, and modifying meaning. Additionally, Gilles (1993) emphasized the cyclical
process of debate. In other words, as students return to a topic or subtopic that interests
them, through debate, they create new ideas, respond to different ideas, and modify their
own ideas.
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The probability concept is ambiguous in nature because it contains a process that re-
places subjective belief with numbers as objective knowledge (Lee, 1996). Freudenthal
(1973) verified that a lot of controversies occurred at every moment of consideration of
probability as a mathematical concept. Borovenik, Bentz & Kapadia (1991) argued that
paradoxes must be treated in probability education.

Mathematics is considered a paradigm of infallible secure knowledge. Recently, it has
become widely accepted that mathematics knowledge develops through a process of re-
finement through conjectures and refutations (Lakatos, 1976). According to Cobb &
Yackel (1996) and Cobb & Bowers (1999), constructivism and the sociological perspec-
tive of learning mathematics are complementary theories to explain students’ learning
process. Seo (2005) presented a model of mathematics in the classroom for gifted stu-
dents by applying social constructivism in the following way: forming subjective
knowledge, objectifying, forming objective knowledge, and individual re-forming.

Based on this research, this study designed the following model of a mathematics
classroom for gifted students: forming subjective knowledge, forming objective
knowledge, and re-forming the subjective knowledge.

METHODOLOGY

Task

Equally likeliness of outcomes is based on symmetry of events. However, symmetry
can be interpreted differently. In particular, for events occurring in succession, symmetry
can occur for a variety of interpretations. We focus on this point in this study. The proba-
bility task was developed as shown in Figure 1.

Here, Gab looked at the situation as a whole, so he considered the set of six shortest
paths as a sample space. On the other hand, Eul was handling the situation locally. She
considered the set of two selections which is one of left and right road as sample spaces.
In other words, she thought that each path was made up of a chain sdection.

Instructional Design

Based on social constructivism, this study designed the following model of a mathe-
matics classroom for gifted students.

Stage 1: Forming subjective knowledge

In this stage, all students worked individually on the worksheet. This was done to de-
velop an experience in which students take two different perspectives on the solutions.
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Although they disagreed with them, its main purpose was to allow students to objectify
themselves.

Read the following and answer the questions given below. ((1) ~ (3))

Four congruent hexagons are shown as follows. The length and width are all same.

X
Find the probability of the shortest distance going from point A to point |, which
includes point E in the process of travelling.
Two students Gab and Eul described their different solutions to the problem are as
follows;
Solution of Gab (G):
A number of cases that we can go from A to | the shortest distance is 6. Among
them, the cases that go through E are 4. Therefore the probability is

4 2

6§ 3
Solution of Eul (E):

The road divides into two different roads. At an intersection, choosing ether way
will result in a same outcome. At this point, the probability through E is two cases
that A—B—E or A—C—E, s0 the probability is

1 1% /1 11 1
5= 5+ 5%

T

(2) Criticizethe solution of Eul in Gab's viewpoint.
(2) Criticizethe solution of Gab in Eul's viewpoint.
(3) Which ismore valid? Explain your answer.

Figure 1. Task and Worksheet for students

Stage 2: Forming objective knowledge

All students participated in this debate class. They presented their subjective judgment
on the task, justified their views, and refuted other perspectives. This made students share
various opinions. In this stage, public criticism of students actively took place, and the
teacher did not speak assess, or judge the students’ presentation. This was to prevent stu-
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dents from revising their judgments due to external authority.
Stage 3: Re-forming the subjective knowledge

After debating, all students were asked to modify or complement their prior judgment.
This made students reflect on what they had accomplished. This is the process of internal-
ization of knowledge generated through public criticism. Also, this stage was designed to
identify changesin anindividual students' perspective.

Participants

We selected a science high school for the gifted as the theoretical sampling (Merriam,
1997). Participants were 33, grade 11, students, and they were divided into two classes; P
and Q. All of them are regarded as gifted students, because they got through the barriers
of the entrance examination for gifted. The researcher participated in the class as a partic-
ipant observer.

RESULTSAND DISCUSSION
Flexibility

Before the class debate, students’ typical reaction was to sdect one of two solutions.
Even if students thought that both claims made sense, they tried to select one of two. The
following are examples of such episodes.

Q8: What's theright answer, either?

Teacher: Widl, what do you think?

Q8: I think Gab makes more sense. But | think ‘Eul’ is probably true also.
Teacher: So both areright, you think?

Q8: Then there exists two kinds of answers. It does not make any sensel
Teacher: Really? Then | want you to think about it. And write down what you think.
Q8: Isthere a correct answer?

During the debate, there were alot of students who learned to accept two arguments to
be valid at the same time. Before the debate, the number of students that took position G
(Gab)-B (Between or Beyond)-E (Eul) was 4-3-8 in P and 3-3-12 in Q. After the debate,
the number of students changed to 3-6-6 in P and 2-11-5 in Q. In detail, each student
changed their subjective judgments as shown in Figure 2 and 3.
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Figure 2. The shift on the position of 15 studentsin P
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Figure 3. The shift on the position of 18 studentsin Q

The number of students that chose B’s point of view rose from 3 to 17. They have rec-
ognized both the overall randomness and local symmetry, and they have the flexibility to
accept both of the two perspectives. We can see, through changes in student responses
before and after the debate, that students have acquired flexibility by looking at the fol-
lowing evidence.

P7 (Before): According to Gab, when you select any road, if the number of paths fol-
lowed is different, then chance to choose the way is different. It does not
make sense.

P7 (After):  The difference between the two perspectives lies in the timing of the selec-
tion. Gab is starting, and Eul is at the fork. If you know the road ahead,
Gab is right and reasonable. If you do not know the way, Eul isright. Thus,
according to the level of subjects information, it’s different.

Q3 (Before): When someone rides a bike, he already knows that there are six kinds of
paths. Only then can he move the shortest distance. We do not know which
path he would prefer, so we can say that all six kinds of paths have the
same probability to each other. In other words, this guy is not moving at
random from each fork.

Q3 (After): It depends on the prerequisites for the person’s information.

At first, even though P7 belonged to B, he thought that did not make sense that there
would be different probabilities. However, through debating, he accepted Gab’s claim
based on the premise that the subject knew the way. On the other hand, Q3 thought, at
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first, that he can move the shortest distance only if he had already known the way. But,
after debate, he accepted the opponent’s claims. Furthermore, he was open to new ideas.
We will explain this again after talking about originality.

Elabor ation

o Gab's camp: Contextualization

Before the class debate, students who choose G had justified their claims by the defi-
nition of probability which is the ratio of the number of particular cases over the number
of the entire set. The following responses are examples of students who supported G in
stage 1:

P1 (Before): The length of all paths is equal, so the chances are all the same. Because
there arefour of six passes for E, the probability is 2/3.

P2 (Before): Therearesix full paths, because four kinds of paths pass through E.

Q2 (Before): | think Gab's words are reasonable, because he considered the number of E
of thetotal number of cases

However, they were not fully aware of the equipossibility of events which is the basic
premise of the definition. During debate, they encountered arguments from students who
belong to E such that the six paths could not have the same probability. In this way, they
justified their claims by presenting the context in which the case has same probability:

P1: (While drawing on the board bike and paths) this is my explanation to support Gab’s
position. Once you go on a bike suddenly change the way, you can get hurt. Gab
thinks that cyclists are familiar with the road. So he thinks that... (Along a path
down on the board) ‘ Today, | will go thisway.” In other words, he will consider the
road ahead in his mind.

PP: Ahal

P1: If heis riding the road in the usual way, he might know that there are six paths.
Among them, there are only 4 paths passing E, as Gab said. Thus, 4/6 (i.e. 2/3).

PP: Oh! (Students clap and cheered.)

This contextualization led many students who belonged to E to begin to accept G's
claim. P1 argued about the choice of the road ahead before departure. To justify such a
situation, he emphasized the fact that an unexpected change of direction would cause an
accident.

e FEul’'scamp

Students belonging to E noted that, rather than the number of paths, each path is de-
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termined by the judge at the crossroads. That is, because the probability of selecting any

one of two ways at the crossroads is the same, they showed that the probability of each

path may be different from each other. This can be seen in the following dialogue (in

stage 1):

P8 (Before): Gab's failure is that he assumes that six kinds of odds are equal to each
other. In fact, the probabilities of paths are different such as 1/4, 1/8.

During debate, students belonging to E were critical of G’s claims on the basis de-
scribed above. However, by the same logic, a point was raised from the G camp (P4)
and B camp (P2) that the probabilities of choosing one of two at the crossroads may differ:

P4: A number of cases that we can go from E to | the shortest distance is 2. On the other
hand, we can go from D or F to | by only one way. Therefore, we cannot say that the
probability from B (C) toD or E (E or F) is1/2.

P6: Strictly speaking, the probability of choosing a path at the fork also does not fit all. If
a person riding a bike has a tendency of going to theright, the probability may vary.

Since the symmetry of the paths is not guaranteed, P4 thought that chances at a cross-
roads were different from each other. On the other hand, P6 argued that it is necessary to
consider the statistical tendency. On the other hand, 9 students who belonged to E justi-
fied their claims using the abstraction or generalization strategy that realistic context
should be removed because they should not assume the condition which is not given in
mathematical problems. However, two students containing P8 changed their position
from E to G, and 9 students accepted those claims. For the latter, P6, by himself, gave the
values of the probability such that the left road is a, and the right road is b as shown in
Figure 4. Furthermore, since the tendency may vary at each moment, shown in Figure 5,
P9 devel oped a more extended representation:

Figure 4. Tendency of judgment at an intersection (by P6)
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Figure 5. Generalization of the tendency (by P9)
Originality

Originality is associated with novelty which differs from the conventional. In this
study, we have included in the category of originality a new perspective that integrates
perspectives which have been discussed in debate and a new interpretation that is differ-
ent from the intention of the task.

e Theintegration of two perspectives:

Thereis a student, P11, who had creatively integrated two perspectives. The following
exampleis his claim, during the debate and in stage 3:

P11 (After): If you take a bike ride, you already know the way to go. Otherwise, for
every crossroad, the road may be chosen. In the former case, you can think
that the 6 paths have the same possibility, so the probability is 2/3 like in
Gab's claim. In the latter case, as in Eul’s claim, the probability is 1/2.
Therefore, if the probability of selection before departure is p, then the
probability passing through E is as Eq. (1).

1
2
At first, 1 thought people like a ball. But as in Gab’s claim, because you
can choose the path ahead, | thought that it is right to consider Gab’s words.

px§+(1— p)x%=%p+ ®

P11 did not only accept the two perspectives, but also integrated from a higher per-
spective. In other words, he was thinking of a new sample space which depends on atime
of path selection. This was a unique attempt. The conversion of these ideas is seems to
have been acquired by areflection on conventional thinking through debate.
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e New interpretation of the situation

In the course of debate, Q3, who supported G in the first stage, did invent the condi-
tional probability as shown in Figure 6.

Figure 6. Conditional probability by new interpretation (written by Q3)

This solution has arisen by actively considering E’s claim that the bike rider does not
know anything. Q3 has changed positions from G to B by accepting E's claim. Further-
more, he noted the fact that if the person does not know any information then he does not
know the direction of the shortest path. Thus, the entire path was not limited to the short-
est path. In other words, the sample space has expanded. Q3's value can be justified by
Bayes' theorem as depicted in Eq. (2).

P(B|AP(A) P(B|AP(A)
P(B)  P(B|AP(A)+P(B|A%)P(A)

P(A[B) = (2)

Q7 presented in this perspective during class debate, and 4 studentsin class Q agreed to hisnew
claim.

CONCLUSION

The findings indicate that debating stimulated by cognitive conflict promoted critical
thinking, and the cregtivity of gifted students allowed for more flexibility and eaboration.
Moreover, during the debate, some students presented original interpretations, which are
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beyond these two views, and they are as follows: the integration of two views and a new
interpretation of the situation. These led to new values of the probability.

Theseresults lead us to the following conclusions.

First, debating was facilitated by a task raising cognitive conflict. The task enabled
students to produce different results using different interpretations of the situations
aroused their curiosity. The students were categorized into three groups, and this enabled
them to develop critical thinking by participating in the debate actively.

Second, debating promoted students reflection on prior probability concepts. Many
students began to consider through the debate that equally likeliness of outcomes is valid
in a given situation. This process provided practice with re-thinking the concept of proba-
bility

Lastly, a creative perspective on sample space for the given task emerged among stu-
dents by integrating or coordinating the shared ideas.
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