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Abstract This study investigated how 38 secondary math-
ematics prospective teachers modified textbook tasks for
convergent and divergent thinking while learning to teach
mathematics during university coursework. The course-
work focused prospective teachers’ attention on their analy-
ses of textbook tasks in terms of potential affordances and
constraints for creativity education and implementation of
textbook task modification and micro-teaching. Prospec-
tive teachers were asked to consider studies from general
perspectives on creativity education, studies on enhancing
creativity by increasing or maintaining levels of cognitive
demands in tasks, and studies about encouraging creativity
thinking by facing and dealing with ambiguity or patholo-
gies and misconceptions when modifying textbook tasks and
micro-teaching. Findings indicated that prospective teachers
had different types of textbook task modification for creativ-
ity education that fell into four categories: no meaningful
change, blind variability, orthodoxy, and creativity. In addi-
tion, prospective teachers actively linked theory and prac-
tice centered on textbook tasks and textbook task modifica-
tion for creativity education and the citations to which they
referred varied according to the task quadrant into which
their textbook task modification was categorized.

Keywords Task modification - Convergent thinking -
Divergent thinking - Creativity - Secondary prospective
teachers - Four-quadrant model

> Kyeong-Hwa Lee
khmath@snu.ac.kr

Seoul National University College of Education, Seoul,
Republic of Korea

1 Introduction

Creativity is listed as one of the essential twenty-first cen-
tury skills (Coil 2013, 2014; Piirto 2011) and acknowledged
as vital to individual and social success (Kaufman 2006;
Beghetto and Kaufman 2013; Beghetto et al. 2014; Beghetto
and Sriraman 2017). Although creativity is appreciated in
education, how creativity is addressed in mathematics cur-
ricula varies from country to country. In some countries,
such as Korea, Singapore, and the UK, creativity is explic-
itly addressed in the mathematics curricula (Lee 2015; Tan
and Gopinathan 2000; Shaheen 2010). In other countries,
such as United States and Australia, creativity is not explic-
itly highlighted in the mathematics curricula but elements
related to creativity, such as fluency, flexibility, and novelty
in problem solving or conceptual understanding, are pursued
(Coil 2013). Researchers in different parts of the world have
indicated that due to an examination-driven environment,
teachers feel burdened when asked to apply creativity educa-
tion to their own classes or apply it only superficially even
though they sympathize with the idea (Craft 2005; Hayes
2004; Maisuria 2005; Zawojewski and McCarthy 2007).

In addition to the examination-centric education issue,
mathematics teachers’ reluctance or superficial implementa-
tion of creative teaching has been identified as being related
to a lack of profound understanding of mathematics (Leikin
et al. 2013; Lev-Zamir and Leikin 2011), teachers’ insuffi-
cient knowledge and experience in task design or task mod-
ification for teaching creativity (Breen and O’Shea 2010;
Perkins 1985; Leung and Silver 1997; Haylock 1997; Her-
shkowitz et al. 2017), and a lack of awareness and negative
disposition towards creativity (Beghetto and Sriraman 2017,
Craft 2005). In addition, avoidance of teaching creativity
has been shown to be related to conflict between teaching
creativity and teaching skills (Torrance 1987; Coil 2014)
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and paradoxes that manifest in teacher’s goals versus their
actions in the classroom (Beghetto and Sriraman 2017).
Therefore, it is important to promote teachers’ profound
knowledge in mathematics, competence in task design or
task modification for nurturing creativity, awareness and
positive disposition towards creativity education, and capa-
bility of combining teaching creativity and teaching skills.
The purpose of the study reported herein was to describe
how secondary prospective mathematics teachers were able
to deepen their understanding of mathematical creativity and
pedagogy in order to teach creativity through task modifica-
tion experiences while participating in a mathematics teach-
ing methods course. The research questions in this study are
the following:

1. How do secondary mathematics prospective teachers
modify textbook tasks for convergent and divergent
thinking during university coursework and micro-teach-
ing?

2. How do secondary mathematics prospective teachers
use relevant research studies to justify their TTMs and
to implement the tasks produced from the TTM for
micro-teaching?

2 Theoretical background

2.1 Creativity as a combination of divergent thinking
and convergent thinking

Even though there is debate about definitions of creativity
in mathematics (Mann 2006; Liljedahl and Sriraman 2006;
Sriraman et al. 2011), in general, creativity can be viewed
as the confluence of divergent thinking (DT; Guilford 1950),
and convergent thinking (CT) (Csikszentmihalyi 1999; Cro-
pley 2006; Tan and Sriraman 2017). Sternberg and Lubart
(1999) presented CT as “task constraints” that make an
idea or product creative. Without task constraints, an idea
or product cannot be acknowledged and appreciated using
existing knowledge. In general, DT is related to creating
variability, and CT is associated with exploring variability.
Cropley (2006) argued that there are risks we need to think
about when DT and CT are implemented. Without DT, we
cannot produce changes, and as a result we have the risk of
stagnation. With DT, there are three possibilities: no CT,
CT with rejection, and CT and acceptance (see Fig. 1). DT
without CT is related to the risk of “recklessness,” which can
result in disastrous change. It is rare, but when DT without
CT turns out to be effective, we can call it luck. With this
useful categorization, Cropley (2006) put emphasis on the
role of CT as follows.
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Therefore, not only does lack of knowledge reduce
the possibility of generation of variability in the first
place, but even where variability is generated, lack of
exploration (convergent thinking) raises the possibility
of reckless variability and exposes the system in ques-
tion to the risk of disastrous change or overconfidence
(p- 399).

In case of DT accompanied by CT, results can differ. As
depicted in Fig. 1, if a correct decision is made, then effec-
tive novelty occurs, which is ideal. If a correct decision is
rejected, then it can be regarded as the risk of resignation
(see Fig. 1). These possibilities can apply towards math-
ematics learning very well. First, no DT, i.e., no variability
in mathematics learning, is associated with learning using
memorization tasks that involve producing previously
learned facts, rules, formulae, or definitions (Stein et al.
1996). When learning using memorization tasks, learners
are not engaged in exploration of mathematics but are under
teachers’ orthodoxy. As a result, learners are at risk of being
placed in learning stagnation, as shown in the first case in
Fig. 1. Second, when learners are open to DT but are not
well guided in exploration of the products of their DT, they
produce new but meaningless ideas (i.e., disastrous change).
Despite a lack of exploration of the products of DT, a few
learners may have effective new mathematical ideas (e.g.,
finding a solution for a mathematical problem with luck,
as described in Verschaffel et al. 1999), but this creativity
is the result of luck rather than mathematical understand-
ing. This experience leads learners to over-confidence (see
Fig. 1). Third, there are occasions in which learners’ crea-
tive mathematical ideas resulting from DT are rejected by
teachers for some reason (e.g., time limits or teachers’ lack
of relevant knowledge or sensitivity). Teachers’ rejection of
mathematically creative learners’ ideas as instructional tools
may lead to losing the chance for learners to get insights into
mathematical concepts and procedures. Shriki (2010) argues
that this loss is due to teachers’ insufficient knowledge about
creativity. Fourth, there are possibilities where variability
is accompanied by exploration that yield only ineffective
novelty (e.g., Cankoy 2014; Kirschner et al. 2006). All these
possibilities need to be considered by mathematics teach-
ers when planning and implementing task modification for
nurturing creativity.

2.2 Task analysis guide for teaching creativity

To prepare creative education in mathematics classrooms,
teachers have to modify textbook tasks. However, a number
of studies have shown that teachers tend to depend largely
on the curricular materials or textbooks in their classrooms
(Baker et al. 2010; Hughes et al. 2009; Doyle 1983; Remil-
lard 1999; Grouws et al. 2013; Choe and Hwang 2004,
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Fig. 1 Results of differing PHASE RESULT RISK
combinations of DT and CT . .
(Cropley 2006, p. 400) Generating Novelty Exploring Novelty
(divergent thinking) (convergent
thinking)
No variabillty .| No exploration ) Orthodoxy (Aban- N Stagnation

generated - doned creativity)

Variability No exploration Reckless variability ,| Disastrous change

generated (blind insertion) . .

(if not effective)

Blindly lucky
creativity (if i
novelty is effective)

Overconfidence

Exploration and
rejection

Orthodoxy (correct Resignation or

decision if novelty complacency

ineffective)

Stifled creativity (if

novelty effective)

Lost chance

Exploration and
acceptance

Mistaken variability
(if novelty id
ineffective)

Disastrous change

2005; Palsdottir and Sriraman 2017) rather than conducting
textbook task modification (TTM). This tendency is related
to the fact that teachers select instructional tasks based on
lists of skills and concepts they have to cover (Hiebert et al.
1997). Few mathematics teachers design new tasks or adapt
the tasks from textbooks to be appropriate for a high-level
cognitive approach (Stein et al. 1996; Smith 2000; Stigler
and Hiebert 2004; Remillard 1999). Tasks with low-level
cognitive demands do not give learners opportunities for
creative learning. Instead, they involve producing learned
facts, rules, formulae, or definitions by asking for exact
reproduction of what has already been learned. Also, they
are focused on producing correct answers rather than devel-
oping novel concepts or representations (Stein et al. 1996).
These tasks need to be modified if teachers want them to be
used to foster creativity.

CREATIVITY!!
(If novelty >
effective)

— 1 — —

Overconfidence

Textbook tasks that have not been designed specifically
to teach creativity can be transformed to do so. Zaslavsky
(1995), for example, showed how to modify standard tasks
that have only one correct answer into open-ended tasks
with desirable learning opportunities. The standard task
asking the number of intersection points of the parabola
y = x* + 4x + 5 and the straight line y = 2x + 5 involves lit-
tle opportunity for creative thinking. As Zaslavsky (1995)
analyzed, even though learners can obtain the answer to the
problem by observing the graphs of the two given functions
using graphical technologies, they are requested to solve the
problem by solving a system of two equations to get one
correct solution. In contrast, a slightly altered version of the
problem gives learners the opportunity to create variability
and explore what they created (see Table 1). The modified
task invites learners to find not only one specific answer but
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Table 1 A standard task and a modified task (Zaslavsky 1995, p. 15)

A standard task

A modified task

How many intersection points does the parabola y = x? + 4x + 5 have
with the straight line y = 2x + 5?

Find an equation of a straight line that has two intersection points with
the parabola y = x> 4+ 4x + 5

DT ¥
8 | Blind variability Creativity
6
4
No meaningful
Orthodoxy
2 change
0
0 2 4 6 8 10
CcT

Fig. 2 The four-quadrant model for evaluating TTM

more solutions, to pose more questions, and to try various
strategies. It engages learners in creative learning that leads
to new questions, investigations, and generalizations. These
are facets of mathematical thinking that are directly related
to creativity (Sriraman 2005).

We can compare the two tasks in Zaslavsky (1995) in
terms of their potential for creativity education. The standard
task involves CT in that learners are requested to explore its
meaning and determine how to find the intersection points
of the parabola and the straight line. However, the standard
task does not have enough opportunities for DT since not
enough variability can be created. In contrast, the modi-
fied task has the potential to encourage learners think about
diverse relationships between a parabola and a straight line.
Different types of straight lines can be explored as learners
look for lines satisfying the given condition. For example,
lines parallel to the x-axis can be considered that result in
a general family of lines: y = ¢, ¢ > 1. Another set of lines
passing though the vertex of the parabola can be found:
y=m(x+2)+ 1 wherem # 0. We get a third group of lines
that are obtained by translating the second group of lines
upwardby 1y = [m(x +2) + 1]+ twherem #0, ¢>0.In
this way the modified task has a much greater potential for
DT and CT and, therefore, for creativity education. With
DT and CT being the main components of creativity, we can
think of a quadrant model to evaluate TTM, in which four
types of TTM can be positioned (see Fig. 2). As analyzed
above, the modified task in Zaslavsky (1995) is an example
of the creativity quadrant, since it integrated DT and CT in
the modified prompt.
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The blind variability quadrant is high in elements of DT
but low in elements of CT. The task in this quadrant may
request learners to produce multiple answers, to shift per-
spective, to be unconventional, and to see new possibilities
but does not pay much attention to the possible underly-
ing mathematical logic and possible connections to pre-
vious learned knowledge or relevant information through
the exploration of these. This kind of novelty pursued in a
task is called pseudocreativity (Cattell and Butcher 1968)
or effortless creativity if it is still effective (Cropley 2006).
In contrast, the orthodoxy quadrant is low in elements of
DT but high in elements of CT. A task with high CT and
low DT usually generates orthodoxy since it often sticks
to being exact and correct based on a narrow range of pre-
existing knowledge. The ideal task in the creativity quad-
rant is high in elements of both DT and CT. This is called
effortful creativity in the sense that pre-existing knowledge
plays principal roles in successful generation of variability
(Cropley 2006).

3 Methodology

In order to examine how prospective teachers (PTs) ana-
lyze and modify textbook tasks, worksheets and self-reports
from, interviews with, and discussions among 38 secondary
PTs who were enrolled in a mathematics teaching methods
course were analyzed. The intent was to describe how the
PTs interpreted and modified textbook tasks as they were
learning to educate creativity in mathematics.

3.1 Participants and settings

Thirty-eight secondary PTs enrolled in a 3-month second-
ary teacher education program taught by the researcher at
a university volunteered to participate in this study. Thirty-
two were majoring in mathematics education and six were
minoring in mathematics while majoring science education.
All took more than three university mathematics courses in
calculus, modern algebra, linear algebra, real analysis, or
geometry and 35 took a course in theories in mathematics
education before taking the teaching method course. Par-
ticipants were required to take a 15-week session whose key
activities were: (1) reflecting on their learning with textbook
tasks, (2) analyzing textbook tasks from a creativity educa-
tion perspective, (3) comparing textbook tasks with sample
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modified tasks that have more potential for creativity educa-
tion, (4) trying and sharing TTMs within groups (six groups)
and with the whole class, and (5) micro-teaching and self-
reporting about their reflections.

As a part of the course, learners were required to complete
two assignments related to TTM. One assignment asked PTs
to choose a task system, meaning a task set with a common
topic related in the form of analogies (Harten and Steinbring
1985; cited in Krainer 1993), from textbooks and attempt a
TTM (see “Appendix” for example). The reason for choosing
a task system rather than an isolated task is to avoid teachers
possibly misunderstanding that creative education is a kind
of extra job that needs to be done after teaching some learn-
ing content. This study argues that mathematical creativity
can and should be taught in daily practice using minor or
major modification of textbook task systems. A typical task
system in Korean mathematics textbooks has the following
components and sequence (see Fig. 3): A warm-up task usu-
ally engages learners in thinking of a mathematical concept
or procedure in an everyday context in everyday language
followed by explanation of the concept or the procedure in
mathematical language. A worked-out example encourages
learners to understand and practice mathematical concepts
or procedures in a representative situation followed by
exercise(s) similar to the worked-out example. A problem-
solving task usually requests higher-order thinking such as
mathematical reasoning and mathematical modelling. A
review is intended to give learners the chance to summarize

Warm-up| C» [Worked-out example 1| T | exercise 1

C>|Worked-out example 2 E>| exercise 2 l

Ef)‘ Problem-solving| C> | Review

Fig. 3 Components and a sequence of a typical task system

Table 2 Main activities and relations with DT and CT at each stage

what they previously learned (see “Appendix” for a sample
task system selected by one PT).

PTs were asked to choose a task system that they wish to
investigate and modify. They were then asked to understand
the general context of the tasks (Stage 1) and to investigate
their mathematical and pedagogical aspects for creative edu-
cation in relation to potentials and constraints for DT and
CT (Stage 2). In Stage 3, PTs tried to enact TTMs in micro-
teaching settings. The last stage was for reflecting on TTM
and micro-teaching with the tasks that resulted from the
TTMs (Stage 4). At all stages, PTs were asked to relate DT
and CT with main activities such as analyzing mathematical
and pedagogical aspects of either the textbook tasks or the
modified tasks (see Table 2).

3.2 Data collection and analysis

Copies of the participant’s coursework, audio-taped discus-
sions, and two self-reports to gather information related to
PTs’ understanding of and experiences with using TTM for
creativity education. Coursework materials and self-reports
included: (1) a written comparative analysis of the sample
textbook tasks and the modified tasks, (2) an analysis and
modification of a task system, and (3) an analysis of a micro-
teaching example with the task system as the product of
the individual teacher’s TTM. Participants had discussions
during their coursework in which they were asked questions
that elicited their views and experiences about mathematics
and the teaching and learning of it. Participants were also
asked which ideas of the TTMs shared by other groups they
planned to use and the roles they expected these modified
tasks might play in their own TTM. Micro-teaching was
planned and enacted with small groups of learners (one to
four). Some of participants administered discussion-based
interviews with the learners to understand their involvement
in the modified tasks. Descriptive data to characterize the
PTs’ thoughts about textbook tasks and TTM for creativity
education experiences were collected and then these data

Stage ~ Main activity Relation with DT Relation with CT
Stage 1  Understand To seek novelty? To recall facts?
general context  To see the known in a new light? To apply existing knowledge?
of tasks To shift perspective? To be logical and accurate?
Stage2 Analyze math- To take risks? To produce a correct answer?
ematical and To extend existing knowledge? To be sophisticated?
pedagogical To see new possibilities? Structured?
aspects Open-ended? To recognize familiar mathematical facts and represen-
Ill-structured? tations?
Stage 3 Try to enact TTM To produce multiple solutions? To follow algorithms and principles?
Stage 4 Reflect To use mathematical ideas and representations uncon-

ventionally?
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were used to understand more about why they enacted TTM
in the ways they did.

4 The results of PTs’ TTM

The creativity reflected in the revised tasks in the PTs’ first
report based on the TTM results is shown in Table 3. In
addition, the creativity reflected in the tasks used in micro-
teaching is classified according to the same criteria as shown
in Table 3.

A total of 234 tasks were included in the first report, of
which 37.6% did not make significant changes. Blind vari-
ability, that is, a DT perspective that did not include enough
CT chances, was revealed in 15.4%. Twenty-three point 1%
of the tasks provided CT opportunities but not enough DT.
When classifying the tasks included in the second report,
which was a micro-teaching result report, by the same cri-
teria, the number of tasks with high CT but not enough DT,
which are dependent on teacher-led tasks, increased signifi-
cantly from 23.1 to 37.2%. In contrast, the number of tasks
with high DT potential only increased slightly from 15.4
to 17.4%. The number of tasks for micro-teaching that did
not make a meaningful change decreased to 26.4% and the
number of tasks with creativity potential was 19.0%, which
was lower than that of the first report. In the following, we
examine the detailed characteristics by the four types of
tasks as products of TTMs. Each of these categories are
further discussed.

4.1 No meaningful change

Tasks without meaningful modifications were identified in
37.6% in the first reports and 26.4% in the micro-teaching
reports. The tasks in this category were exercises, problem-
solving tasks, and worked-out examples. PTs felt that exer-
cises should be presented in their textbook form because
learners need to practice what they have learned through
exercises to be well-prepared for taking exams. This inter-
pretation also applies to worked-out examples, except a few
PTs explored TTM for worked-out examples to increase

Table 3 Number of tasks at each quadrant in TTMs and in micro-
teaching

Number of Number of tasks
tasks in TTMs in micro-teaching

Task potential of each quadrant

No meaningful change 88 (37.6%) 32 (26.4%)
Blind variability 36 (15.4%) 21 (17.4%)
Orthodoxy 54 (23.1%) 45 (37.2%)
Creativity 56 (23.9%) 23 (19.0%)
Total 234 (100%) 121 (100%)

@ Springer

creative education chances. In contrast, PTs did not generally
modify problem-solving tasks since they felt that the tasks
already had potential opportunity for DT and CT as well as
conjecturing, thinking, and communication. No meaning-
ful change therefore does not necessarily mean there are
no chances for creativity education, even though there were
possibilities to present a problem-solving context to enhance
creativity education.

PTs explained the reason why they did not make mean-
ingful changes in some tasks. For example, a PT explained
the reason why he performed TTM moderately:

Until now, I have analyzed the function unit of the
Mathematics II textbook in terms of the suitability for
creativity education. As a result, I saw that there was
a shortage of explanation, in particular in the explicit
definition of a newly introduced concept, and I have
suggested alternative ways of supplementing the con-
tents and changing the order of introduction. The text-
book does not give enough challenge to high-achieving
learners, so I have presented additional challenging
tasks for them. I tried TTM by introducing concepts
linking them with the real world, making tasks easier
for learners using visual representations, and modify-
ing tasks to have better chances for creativity educa-
tion. My analysis of textbook tasks shows that text-
book tasks are not completely satisfying but overall
seems to be of value in creating tasks for mathematical
creativity education.

Despite fully discussing the role and necessity of DT and
CT, a number of the PTs still felt that textbooks have the
potential for creativity education in their current forms. They
were concerned with bridging the gap between concepts and
concept descriptions, showing their interest in enhancing CT
rather than or without DT. PTs often did TTMs to add some
information or opportunities to help higher-level learners
to extend their learning. This tendency to fully respect or
stick closely to textbooks may be a predictor that in their
future practices as in-service teachers they will be reluctant
to implement TTM for creativity education.

4.2 Blind variability

Fifteen point four percent of the tasks modified by the first
TTM and 17.4% of the tasks for micro-teaching were clas-
sified as blind variability. The tasks in this category were
adapted in the direction of increasing prompts that would
produce variability in representations, ideas, and solutions.
In the sense that this variability was not explored in relation
to pre-existing knowledge, these tasks were characterized
as blind variability. If teachers are aware of the danger of
blind variability in the tasks and were able to compliment
them by adding instantaneous prompts engaging learners
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in exploration, the variability produced is no problem. Oth-
erwise the tasks may not result in meaningful creation of
mathematics. The following task regarding inequalities of
regions adapted by a PT is in this category.

Choose pictures (for example, flower, heart, cat, or
hourglass) and draw them on the grid using inequali-
ties regions. Show your peers what you drew and
explain how you drew them.

The task encourages learners to choose and draw a variety
of pictures that engage DT. However, learners in Grade 10
do not have a great enough degree of freedom in choos-
ing and drawing pictures on the grid since their previous
learning only covered linear and quadratic equations. Even
though learners could draw a picture such as flower using
linear and quadratic equations there is a risk that learners
may not explore inequalities or inequalities regions. Learn-
ers may enjoy drawing pictures using visual-representation
tools provided by a graphing calculator or graphing software
without any understanding or explorations of equations,
inequalities, and inequalities regions. Indeed, the variability
that was created by learners was not related to meaningful
creation of mathematics in the micro-teaching due to lack
of necessary knowledge for connecting pictures, equations,
and inequalities regions. Opposite to the expectations, the
learners spent most time mainly on selecting and drawing
pictures in the micro-teaching.

As with this task, there were tasks modified by PTs with
DT but not enough CT. This was mainly caused by misun-
derstanding that creativity is only about producing changes
or by difficulties that PTs had in integrating DT and CT
into a task. Blind variability was observed in cases where
tasks requested learners (1) to explain or describe mathe-
matical ideas, terms, representations, and solution methods
in everyday language without linking them with relevant

mathematics and (2) to explore mathematical objects with-
out proper exploration of them, as seen in the case men-
tioned above.

4.3 Orthodoxy

Tasks in orthodoxy were 23.1%. In the micro-teaching,
37.2% of the tasks are identified as this type. This was
partially due to the fact that the PTs had not experienced
creativity education in their school years, as shown in the
following discussion between PTs:

PT1: What I learned at school was skills to solve
problem sets. What I was interested in was how to get
answers to known problems. I did not learn and did not
need to learn why and how to be creative with my own
thoughts. So I feel that reflecting creativity in tasks is
a very vague and difficult job to do when modifying
textbook tasks.

PT2: so do I. A certain amount needs to be taught
within limited time, and many learners lack fundamen-
tals so they need my help. From this point of view, the
most important to considerations in TTM are the issues
of insufficient explanations, lack of proper links with
pre-existing knowledge, and lack of generalization. I
think we need to aware that there are a considerable
number of gaps to be filled out in the textbook tasks.

As mentioned above, lack of learning experience in
creativity education hinders PTs’ engagement of learn-
ers in creating variability. Multiple aspects of CT such as
intimate linking with previous concepts, applying efficient
strategies, and accumulating information were considered
when PTs conducted TTM. These aspects of CT necessarily
depend on authority, such as a teacher’s perspective or the
correct answers. Learners have little freedom to choose the

Fig.4 An example task catego-
rized as orthodoxy

in the problem.

Dong-Jin wants to give Song-Hwa a bouquet made of five flowers chosen from roses, lilies, and
chrysanthemums. Dong-Jin is wondering how many ways such a bouquet can be made. Let's
explore how to solve this problem.

1-1. Draw a tree diagram showing possible cases.

1-2.Can we apply the combinatorial principle, i.e., addition principal or multiplication

principle, to solve the problem? Decide whether it is possible or not and explain why.

1-3. Do you remember anything about the concept of one-to-one correspondence that you

learned in Mathematics II?

1-4. We know that two finite sets are equipotent if there is a one-to-one correspondence between

them. Having said that, think about a set that has a one-to-one correspondence with the set

1-5. Dong-Jin solved the problem using one-to-one correspondence. Solve the following
problem in a way similar to Dong-Jin’s strategy.

expression.

1. Suppose we use
bouquets made of the flowers. Explain how we made the two bouquets.

2. Describe the bouquet made of four roses and a chrysanthemum using this

s

to represent the two
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representation systems, mathematical ideas, and mathemati-
cal procedures they employ in these cases. CT without DT is
often similar to tasks for mastery learning (Zimmerman and
Dibenedetto 2008) or tasks developed under the theory of
variation (Runesson 2005). Figure 4 shows an example taken
from the tasks in the first self-reports by the participants.
We can see useful strategies for solving the task such as
tree diagrams, addition principle or multiplication principle,
and one-to-one correspondences are explicitly introduced
in the task so that learners can recognize effective paths to
the solutions by achieving accuracy and correctness. Stick-
ing to a narrow range of obviously relevant information on
combinatorial problems (Cropley 2006, p. 392), learners
may easily grasp the mathematical idea behind the problem
context. Opportunities these kinds of tasks provide learners
are related to CT rather than DT. Indeed, the majority of PTs
said giving learners clues is necessary because the content
they are working on is new and unfamiliar to them. Partici-
pants in the study considered orthodoxy indispensable and
even essential in order to help learners grasp the material.

4.4 Creativity

Twenty-three point nine percent of the modified tasks were
classified as suitable for creativity education, while tasks for
micro-teaching falling into the same category were slightly
less at 19%. There were two types of tasks in this quad-
rant: those beginning with CT followed by DT (convergent-
divergent model [CDM]; Foster 2015) and those with DT
first followed by CT [divergent-convergent model (DCM)].
In the CDM, the starting question is often a rather focused
one that scaffolds learners to recall what they had previously
learned. Subsequent tasks then seek to open the possibilities
by removal or addition of conditions. The initial convergent
phase is intended to be accessible by relating to learners’
previous knowledge and interests to the context. The later
divergent phase asks learners to extend the idea, concept,
representation, and algorithm that were investigated by CT
by giving open-ended and challenging prompts. In contrast,
in the DCM, the starting question asks learners to create
various ideas, concepts, representations, and algorithms.
The later phase requests learners to explore what they have
produced. The intention of having the convergent phase after
the divergent phase is to be more accurate, logical, and con-
ventional. Some PTs developed the ability to do TTM using
these two models. For example, the following task modified
by a PT is about a sequence of natural numbers begins with
CT and moves to DT. The starting questions (a) and (b)
are convergent in that they help learners to recall how to
find the nth term of an arithmetic sequence and a geometric
sequence, respectively. The purpose of the questions below
is to review the formulae for the nth terms of these two kinds
of sequences.

@ Springer

a. What is the nth term of the sequence 1, 3,5,7,9, ...7
Explain why.

b. What is the nth term of the sequence 1, 2, 4, 8, 16, ...?
Explain why. Then divergent prompts are introduced as
follows:

c. What is the nth term of the sequence in which the first
two terms are 3 and 9? Explain why.

d. Find as many as possible sequences that have 3 and 9 as
their first two terms.

e. Isthere a sequence that has 1, 2, 3, 4, 5 as its first five
terms that is not an arithmetic sequence?

f. Is there a sequence that has 1 and 2 as its first two terms
that is neither a geometric sequence nor an arithmetic
sequence?

Prompt (c) is intended to be more open so that learn-
ers can create variability as they wish. Some may create
an arithmetic sequence and some may produce a geometric
sequence. In (d), learners have chances to think about other
kinds of sequences that have 3 and 9 as their first two terms
instead of arithmetic and geometric sequences. Prompts (e)
and (f) have additional constraints, but these constraints can
help learners go deeper into sequences by becoming aware
of the underlying structures of sequences by considering all
possibilities.

The task provides opportunities for inquiry into sequences
and nth terms of sequences by opening up variability and
inviting exploration of that variability. It is noteworthy that
there are potential learning chances in making conjectures
and looking for justifications for the conjectures, as shown
in the following responses in Fig. 5, as well as for higher
order mathematical thinking by relaxing conditions on the
sequences.

5 PTs’ justification of their own TTMs
for creativity education

In line with researchers’ suggestions of using theory in
teacher education (for example, Beghetto and Sriraman
2017; Schoenfeld and Kilpatrick 2008; Tsamir 2008),
research studies in three categories were given to PTs: (1)
general perspectives on creativity education focusing on
studies about creative people, creative processes, creative
products, and confluence perspectives (e.g., Csikszentmi-
halyi 1999, 2014; Kaufman and Sternberg 2006; Sternberg
2003); (2) studies on enhancing creativity by increasing
or maintaining levels of cognitive demands in tasks (e.g.,
Stein et al. 1996; Hughes et al. 2009); and (3) studies about
encouraging creative thinking by facing and dealing with
ambiguity or pathologies and misconceptions (e.g., Amit and
Gilat 2012; Sriraman 2005, 2006, 2009; Sriraman and Dick-
man 2017). All the literature reviewed was actively quoted
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Fig. 5 Students’ responses in
the micro-teaching

(@) 2n-1, n? — (n — 1)? (d)3,9,0,0,...;3,9,3,9, 3,..
(b) 21 3,9,4,9,9,...;3,9,9, 4, 9,
(c) 6n —3, 3" 3,9,9,3,9,...;3,9,9,3,3,...
(d) 22"t +1, 6 =32(-1)" 3" 2n? +1
3,9,100, —100i, ... 5—n+3 2-4"141
3,9,5,6,7,8,9,10,... (e) 1,2,3,4,5,1,2,3,4,...

by PTs when justifying their TTM and micro-teaching in
the two reports. In their reports, the PTs who cited literature
in two or three categories tended to incorporate DT and CT
more appropriately than those who cited research studies in
only one of the three categories when justifying their TTM
or micro-teaching. Interestingly, each category of literature
seemed to have different influences on PTs” TTM and micro-
teaching. For example, all but one of the PTs whose TTM or
micro-teaching resulted in tasks that were classified as blind
variability cited mainly previous studies of the first category.
The one exception cited mainly literature in the first and the
second categories, but the resulting tasks were still catego-
rized as blind variability. While PTs reviewed literature on
general perspectives on creativity, they began to attend to
creative personality, creative process, creative product, and
confluence theories. They focused on how to build an envi-
ronment in which learners are actively engaged in raising
questions, ideas, and ways of inquiry. Therefore, the modi-
fied tasks tended to include opportunities for brain-storming.

All but two of the PTs who completed TTM that resulted
in tasks that were classified as orthodoxy considered mainly
studies of the third category. The introductory parts of their
tasks appealed to learners by posing something vague or
counterintuitive. The PTs who implemented TTM in this
way expected learners to seek a solution actively but seemed
worried that learners may have needed a detailed guide to
put them on the right track within the limited time. Most of
the PTs who developed the tasks in this category referred
to the term guided re-invention (Freudenthal 1991) either
in discussions or in self-reports and included prompts with
some clues to solutions. However, the PTs interpreted
“guided” rather narrowly in that instead of giving learners
active investigation opportunities, the PTs tended to give
easy-to-understand questions so that learners could follow
easily. For tasks that fell into the creativity quadrant, studies
of at least two categories were cited. This is an important
distinction, because the combined use of several research
constructs that were relevant to more than one category led
PTs to implement TTM in a way that better balanced the
integration of CT and DT.

Although a correlation between the tendency to use
research studies to justify TTMs and the categories of the
tasks that were modified was not drawn from the quantitative

data, the explicit tendencies mentioned above provide evi-
dence that relevant previous studies can play a role in teacher
development for creativity education. In particular, it is note-
worthy that PTs used previous studies when making deci-
sions about whether to modify textbook tasks or not as well
as when designing new prompts for considering DT and CT
in a balanced way. This connection with theoretical perspec-
tives can help PTs consolidate their transformative abilities
for creativity education instead of practicing just a few task
examples that might not be able to be transferred to other
situations.

6 Discussion and conclusion

This study investigated how 38 secondary mathematics PTs
modified textbook tasks for creativity education while learn-
ing to teach mathematics during university coursework. The
coursework focused PTs’ attention on their analyses of text-
book tasks in terms of potential affordances and constraints
for creativity education and implementation of TTM and
micro-teaching. PTs were asked to consider studies from
general perspectives on creativity education, studies on
enhancing creativity by increasing or maintaining levels of
cognitive demands in tasks, and studies about encouraging
creativity thinking by facing and dealing with ambiguity or
pathologies and misconceptions when implementing TTM
and micro-teaching. Findings indicated that PTs had various
types of TTM for creativity education that fell into a range
of four categories: no meaningful change, blind variability,
orthodoxy, and creativity. In addition, PTs actively linked
theory and practice centered on textbook tasks and TTM for
creativity education and the citations to which they referred
varied according to the task quadrant into which their TTM
was categorized.

The PTs whose TTMs resulted mainly in tasks in the no
meaningful change category interpreted textbook tasks as
having potential opportunities for creativity education. In
particular, the PTs regarded problem-solving tasks from
textbooks as being appropriate for creativity education and
other tasks as being necessary for teaching basic concepts
and skills. Although the PTs were exposed to cognitively
challenging tasks that integrated DT and CT as other studies
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suggested (e.g., Hiebert and Wearne 1993; Stein and Lane
1996), during the coursework they tended to regard prob-
lem-solving tasks as being enough for creativity education
because these tasks are cognitively challenging. This atti-
tude stems from the task systems in the Korean textbooks
being rather fixed in components and sequence (see Fig. 3),
with creativity education being separately pursued in one
or two tasks, such as problem-solving tasks. This indicates
that Korean mathematics textbook should be diversified in
the direction of giving more varied types of task systems.
Moreover, the results indicate that exposure to cognitively
challenging tasks that integrate DT and CT is not enough
to prepare PTs to adapt textbooks for and implement cre-
ativity education. One interesting result was that that the
percentage of tasks in the no meaningful change category
for micro-teaching (26.4%) was lower than in the first TTM
(37.6%). This indicates that micro-teaching was helped PTs
to be aware of the necessity of changing textbook tasks to
integrate DT and CT. Teaching methods coursework for PTs
often does not include opportunities to understand students’
reactions and apply the traditional “application-of-theory”
approach (Korthagen and Kessels 1999; van; Akker and
Nieveen 2017), meaning that PTs are involved mainly in
learning methods of designing tasks and lessons without
implementation of those tasks. This study explored an alter-
native approach to a teaching methods course that was effec-
tive in changing PTs’ disposition to creativity education.
This shows, therefore, that PTs’ TTM should be reflected on
and improved based on students’ reactions as has been done
in other practices in teaching, which a conclusion that has
been widely acknowledged in task-design studies (Watson
and Ohtani 2015).

The PTs who performed TTM that resulted in task cate-
gorized as blind variability tended to be concerned with stu-
dents’ low motivation in mathematics learning. As a result,
they came up with tasks in student-friendly contexts that are
rather open in terms, representations, strategies, and solu-
tions so that learners can easily be involved in DT. Because
the contexts are very open, variability is naturally created,
but there is not a sophisticated enough plan to invite students
to explore them (see the example in Sect. 4.2). Meta-cog-
nitive shift (Brousseau 2006) is to be expected and should
be handled when using the tasks in the blind variability cat-
egory due to the nature of openness of the tasks. In other
words, what learners are doing might not be related to the
main activities but rather may be something that is inappro-
priate to the task. The example discussed in Sect. 4.2 showed
this phenomenon: The learners may remain at the stage of
selecting and drawing pictures without moving to inquiry
into inequalities regions. The PTs who modified textbook
tasks that were categorized as blind variability cited stud-
ies in the general perspectives on creativity education cat-
egory when justifying their TTMs in the reports. Therefore,
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encouraging the PTs to consider research studies in the
second or third categories as well as involving reflections
on how the learners moved their attention to selecting and
drawing pictures instead of inquiry into inequalities regions
might be helpful in improvement of their TTMs. It seems.

The third group of PTs was those whose TTM resulted in
tasks categorized as orthodoxy. These PTs were concerned
about slow learners, possible misconceptions, lack of expla-
nations in the textbooks, and vague meanings of mathemati-
cal terms and procedures. These PTs’ citations were mainly
studies in the third category as discussed in the findings,
and they valued easy-to-understand types of tasks so that
learners could maintain their learning. These PTs need
to learn or experience how learners can create their own
ideas, representations, and procedures when appropriately
designed opportunities are given. Studies in the first and the
second categories where varieties of creativity such as mini-
¢, little-c, and relative creativity are considered (Beghetto
et al. 2014; Leikin 2009; Sriraman et al. 2011) could be
helpful to these PTs. Tasks in the orthodoxy category com-
prised 23.1% of the tasks in the first TTMs and 37.2% in
the micro-teaching. The percentage of tasks in this category
was already high in the TTMs, but it increased in micro-
teaching. A possible explanation may be that because the
PTs were concerned about learning difficulties more when
designing the lesson than when they were designing the task,
they created tasks related to CT more for micro-teaching. If
this is the case, then we can understand why teachers feel
burdened by implementing creativity education in their own
classrooms and how to encourage them to change their nega-
tive attitudes and their approaches to creativity education in
their own classrooms.

The PTs who modified textbook tasks that were catego-
rized as creativity used two models: CDM and DCM. They
succeeded in integrating DT and CT in the tasks so that
learners could have opportunities for both creating vari-
ability and exploring variability. TTM by CDM began with
easy-to-understand questions that are enticing, as Foster
(2015) has suggested, and moved to extended investigation
with more open-ended prompts as discussed in the findings.
In contrast, TTM using DCM started with open questions
inviting learners to brainstorm how they could paraphrase or
represent what was given, used metaphor and imagination,
and moved to the convergent phase by linking mathematical
concepts or logic, conventional representations, and algo-
rithms. The PTs moved past blind variability or orthodoxy
by utilizing either CDM or DCM while paying attention to
and evaluating task affordances and constraints based on the
literature in at least two of the categories. It is important to
note that the PTs did not add any pre-designed tasks for crea-
tivity education to their repertoire but developed their own
sense and capacity for creativity education in mathematics.
Because the PTs acknowledged and justified why and how
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they made changes to any particular textbook tasks using rel-
evant evidence or studies, they were also able to improvise
with the tasks when necessary.

This study contributes to a body of professional develop-
ment research that has utilized TTM and micro-teaching to
provide evidence of enhancements in PTs’ awareness and
capacity for creativity education in mathematics during uni-
versity coursework. The current investigation utilized a tool
for analyzing the tasks PTs designed using TTM (i.e., the
four-quadrant model) that provided categorized data as an
indicator of creativity education potential and served as a
meaningful instrument for distinguishing tasks according to
the degree to which they reflected DT and CT. In particular,
because CT is related to deriving the single correct answer
to a question, it seemed to be overlooked when creativity is
considered in mathematics education. However, it turned
out to be most effective in TTM for creativity education
where CT is integrated either in the beginning for enticing
(Foster 2015) or in the ending for elaborating as discussed
in Sect. 4.4. This study also contributes to research on the
use of research studies as a reference for TTM and reflection
on it (Tsamir 2008). As pointed by numerous researchers of

creativity, there are contradictions within the school system,
curriculum and teachers views on how to foster creativity
in their classrooms (Beghetto and Sriraman 2017). Future
research on the efficacy of the four-quadrant model should
include a follow-up assessment of the improvement and
maintenance of PTs’ TTM and implementation of creativity
tasks, a replication of the results of the study with in-service
teachers, and the establishment of the link between teachers’
awareness and capacity and students’ mathematical creativ-
ity. Such studies will go a long way towards making creativ-
ity a vital ingredient of a teacher’s training with tremendous
implications for their own classrooms.
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Appendix: An example content of a PT’s TTM report
Textbook tasks Tasks produced from TTM
Learning Introductory part of integral Conceptual understanding of method of exhaustion
content Method of exhaustion

Task system

Main
prompts

Representa-
tions

Affordances
and
constraints
analyzed
by the PT

CT and DT

(categoriza-
tion by
four-quad-
rant model)

Research
involve-
ment

Warm-up, worked-out example, exercise, communication,
reasoning

Find the area of a shape, find the volume of cone by
method of exhaustion, find the volume of regular square
pyramid by method of exhaustion

I

[TTT

y 5
y=x
1
O 123 »n-1 %
nnmn n 1

Clear procedure to follow

Clear concept to understand

Not enough chances for learner to think about method of
exhaustion

Fixed representations

Depends on teacher-direction

Mainly CT

(orthodoxy, one path to the solution, one representation,
deductive reasoning)

Not clear, possibly deductive reasoning

Warm-up 1, 2, exploration 1, 2, 3, 4, exercise 1

Discuss how to find the area of your hand; compare the areas of
hands, how to justify the area of a hand is bigger than the area of
another, divide the area of your hand by lines and discuss how to
find the area of the shape, find the area bounded by lines and a
parabola

Rich experiences for learners in thinking of the method of exhaus-
tion

Creative thinking about the way for finding the area bounded by
lines and a parabola

Various representations

Takes a rather long time

Enhancement of DT (blind variability, involve learners to explore
the meaning of the method of exhaustion, variety of representa-
tions)

Inquiry-based learning, realistic mathematics education, problem-
solving approach

@ Springer
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