INTERNATIONAL ELECTRONIC JOURNAL OF MATHEMATICS EDUCATION
e-ISSN: 1306-3030. 2018, Vol. 13, No. 2, 75-90

OPEN ACCESS

Mathematics Teachers’ Subject Matter Knowledge and
Pedagogical Content Knowledge in Problem Posing
Yujin Lee 1*, Robert M. Capraro 1, Mary Margaret Capraro 1
1

Texas A&M University, USA

* CORRESPONDENCE:

yujinlee@tamu.edu

ABSTRACT
Since the National Council of Teachers of Mathematics ([NCTM], 2000) and the National Research
Council ([NRC], 2005) revealed that problem posing needed to be incorporated into mathematics
classrooms, the importance of teachers’ roles in problem posing has been emphasized in K-12
mathematics curriculum because of instructors’ impact on students’ mathematical performance.
In the present study, researchers investigated teachers’ subject matter knowledge (SMK),
knowledge of content and teaching (KCT), and knowledge of content and students (KCS) in terms
of problem-posing. A qualitative study design and inductive analysis were used to gather and
interpret data from interviews conducted with four mathematics teachers. Results indicated that
participants had SMK of problem posing, but their actual problem-posing results did not reflect
their SMK well. In terms of KCS and KCT, teachers were aware of the importance of problem posing
for students’ mathematical development but felt that there were several significant factors
impeding the effective incorporation of problem posing within their classes. These findings
underscore the importance of professional development for teacher pedagogical knowledge in
problem posing.
Keywords: problem posing, subject matter knowledge, knowledge of content and teaching,
knowledge of content and students, pedagogical content knowledge

INTRODUCTION
An awareness of the importance of problem posing in mathematics has begun to develop in recent decades
among researchers and educators. The National Council of Teachers of Mathematics ([NCTM], 2000) and the
National Research Council ([NRC], 2005) have stressed the need of incorporating problem-posing activities in
mathematics classrooms for students’ successful mathematical performance. This emphasis on increasing the
presence of problem-posing in curriculum is a global trend. For example, the Korea has also prioritized student
acquisition of problem-posing skills through its National Curriculum of Korea (2015), which was developed to
give instructional attention to problem-posing. Teachers play a critical role in problem-posing activities.
Teacher knowledge such as subject matter knowledge (SMK) and pedagogical content knowledge (PCK) have
had a critical influence on students’ mathematical understanding and achievement (Ball, Thames, & Phelps,
2008). Therefore, teacher knowledge of problem posing must be considered and developed to improve students’
success in problem-posing activities and mathematical performance. However, their ability to positively
influence students’ mathematics achievement through problem-posing instruction is highly contingent on
their effectiveness in teaching the activity. Researchers have found that a number of teachers have difficulty
teaching problem posing in their classrooms (Cankoy, 2010). The lack of teacher knowledge might impair
teachers’ teaching performance in problem-posing activities (Barlow & Cates, 2006). Understanding teachers’
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SMK and PCK could in relation to problem posing could have far reaching and lasting implications in the
assessment and improvement of their teacher knowledge, thereby improving the problem posing and overall
mathematical performance of their students as well.

Problem Posing
Problem posing is an effective mathematical activity for improving students’ mathematical knowledge. In
the process of problem posing, students are afforded opportunities to understand the complexities of
mathematical concepts (Priest, 2009), transfer their understanding to their concrete knowledge (Bernardo,
2001), and apply this knowledge to their posed mathematics problems (Mestre, 2002). Research has indicated
that this development of concrete, comprehensive mathematical knowledge through problem posing can
influence students’ mathematical academic achievement (Van Harpen & Presmeg, 2013). For these reasons,
NCTM (2000) and NRC (2005) stated that problem posing needs to be incorporated in curriculum to foster
students’ mathematical academic achievement. However, the criteria for categorizing problem-posing types,
historically, has been highly dependent on the individual preferences of researchers (e.g. Brown & Walter,
1990; Stickles, 2006); thus, systematic structuralization of problem posing types is needed. In the present
study, problem posing referred to the act of formulating a problem (Stickles, 2006), and instances of problem
posing were categorized into two types: problem generation and problem reformulation (Pelczer & Rodriguez,
2011; Silver, 1994; Singer, 1994; Stickles, 2006). Problem generation and problem reformulation differ in their
processes of formulation from the start of each respective process to the completion of a posed problem;
therefore, it was necessary to examine them separately in the present study.
The primary educational purposes of teaching and learning problem generation and problem reformulation
are different. Problem generation is a process by which a learner creates a new problem on his or her own
using a given situation (Stickles, 2011). The given situation in problem generation is more informal than the
given situation in problem reformulation. For example, asking students to formulate problems based on one
triangle-shaped picture could be a problem-generation activity. This informal given situation leads students
to consider their personal experiences, and the students have the opportunity to connect mathematics with
these experiences and real-world situations (Silver, 1994). In the process of applying mathematical knowledge,
students can structuralize their existing schema of mathematical concepts to incorporate new conceptual
information and increase their creativity (Grundmeier, 2003). Problem reformulation is similar to problem
generation in that the learner can structuralize concepts and increase his or her creativity in the process of
analyzing and utilizing the given math problems; however, problem reformulation necessitates a greater focus
on reflection of the existing problem (Lee, 2012). A given situation in problem reformulation is also referred to
as a given problem. For example, rearranging numerical information, such as posing the mathematics problem
from a given situation/problem “What is 2+3?” to “What is 4+3?”, can be considered as a problem-reformulation
activity. By utilizing the existing problem, the learner can expand his or her scope of thinking and reflect on
the concepts that he or she had recently learned prior to the problem-posing activity (Stickles, 2006). In other
words, use of problem generation primarily offers the opportunity for learners to foster their creativity, while
use of problem reformulation predominantly allows learners to develop their reflective skills.

Teacher Knowledge
Teacher knowledge, including SMK and PCK, is the basis for teachers’ instructional practices in their
classroom. SMK has been defined as “emphasizing knowledge and understanding of facts, concepts, and
principles and the ways in which they are organized, as well as knowledge about the discipline” (Even, 1993,
p. 94). Researchers have found that insufficient SMK among teachers led their students to develop
misconceptions, misunderstandings, and misinterpretations regarding the subject matter during instruction
(Valanides, 2000). In addition, teachers who have higher SMK have more favorable attitudes toward their
teaching than those who lack or have limited SMK (Barlow & Cates, 2006; Quinn, 1997). These findings could
indicate that SMK affects not only teachers’ teaching practice but also their PCK (Ozden, 2008). Researchers
have determined that teachers’ PCK is highly related to students’ academic achievement (Darling-Hammond,
2000). Therefore, teachers must develop and maintain sufficient and comprehensive SMK for the betterment
of their students’ mathematics performance (NCTM, 2000; Rizvi, 2004; Schmidt et al., 2009).
Pedagogical content knowledge (PCK) differs from SMK in the sense that it has a significant role in
characterizing and identifying teachers’ knowledge regarding their students’ difficulty with subject matter
and ability to connect mathematical ideas, use examples, provide explanations, and apply strategies when
encountering mathematical concepts (Wagner, Speer, & Rossa, 2007). Researchers found that PCK factors
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Figure 1. A theoretical framework of teacher knowledge
such as teachers’ pedagogical preparation, their use of routines in the classroom, and their degree content
coverage influenced students’ academic achievement growth (Cankoy, 2010; Rowan, Correnti, & Miller, 2002).
Many researchers have attempted to find relationships between teacher knowledge and students’
mathematical academic achievement (Wilson, Floden, & Ferrini-Mundy, 2001, 2002) and have tried to connect
PCK to student learning (Ball, Hill, & Bass, 2005; Ball et al., 2008). Schulman (1986) introduced the term
PCK and defined it as a “special amalgam of content and pedagogy that is uniquely the province of teachers,
their own special form of professional understanding” (p. 227). Since Shulman’s (1986) demonstration of the
importance of teacher knowledge, attention to teacher knowledge has shifted over time from an analysis of
SMK to PCK (Ball et al, 2008). This shift to PCK research has come with the development of various
categorizations of PCK.
The subscales of PCK have been categorized differently depending on the researchers analyzing them. In
particular, since Shulman (1986) introduced PCK, many researchers in mathematics education have described
the subscales of PCK by extending Shulman’s (1986) concept. Lannin et al. (2013) categorized PCK’s subscales
for teaching mathematics as teachers’ knowledge of the following: curriculum for mathematics, assessment
for mathematics, instructional strategies for mathematics, and student understanding within mathematics.
In contrast, Hauk, Toney, Jackson, Nair, and Tsay (2014) considered PCK to include knowledge of discourse,
curricular thinking, anticipatory thinking, and implementation thinking. Hill, Ball, and Schilling (2008)
provided a categorization of both SMK and PCK subscales, dividing the concept of SMK into common content
knowledge, knowledge at the mathematical horizon, and specialized content knowledge; and PCK into
knowledge of curriculum, knowledge of mathematical content and students (KCS), and knowledge of
mathematical content and teaching (KCT) (Ball et al., 2008). Although there are several variations of PCK,
for this study, the researchers used the definitions of PCK, its subscales (KCT and KCS), and SMK as defined
in the work of Hill et al. (2008). In particular, the researchers primarily focused on two components of PCK,
namely, KCS and KCT in conjunction with SMK to determine teachers’ proficiency in problem posing in
relation to these branches of teacher knowledge. Figure 1 includes the theoretical framework of teacher
knowledge for the present study.

Teacher Knowledge in Problem Posing
Teachers’ competency and knowledge in using and teaching problem posing are influential factors that can
influence students’ conceptual understanding in problem posing. Instructors should have the capacity to
generate and reformulate problems in order to provide relevant activities for students’ learning. It is critical
for teachers to acquire problem posing experiences if they intend to provide new and different forms of learning
experiences to their students (Crespo & Sinclair, 2008; Rowland, Huckstep, & Thwaites, 2003; Singer & Voica,
2012). Teachers were able to identify students’ mathematical misconceptions through problem-posing proves
as well as posed problems from the students (Koichu, Harel, & Manaster, 2013). Teachers may benefit from
problem-posing activities during their professional development experience to develop SMK (Barlow & Cates,
2006). Recognizing teachers as critical agents in problem-posing activities for students is important (Silver,
1994). Thus, proper trainings for the teachers are critical. Despite of the importance of teacher’s role, teachers
had a narrow concept of problem posing. Since many teachers have not experienced problem posing when they
were students or pre-service teachers, they tended to avoid problem posing or provide routinized exercises
(Ball, 1990). Crespo (2003) indicated that teachers posed problems that were predictable, undemanding, illhttp://www.iejme.com
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formulated, and unsolvable when they extended a given problem. The majority of the posed problems focused
on memorization and procedural understanding rather than on mathematical reasoning and conceptual
understanding (Stein, Smith, Henningsen, & Silver, 2000). It is, therefore, important to broaden teacher
knowledge in problem posing.
Teachers’ lack of teacher knowledge can negatively influence not only the quality of the problem-posing
activity itself but also students’ problem-posing skills and results (Cankoy, 2010; Rowan et al., 2002; Wilson
et al., 2001, 2002). Despite the importance of teacher knowledge in problem posing, a number of teachers have
difficulties with building and implementing their SMK and PCK in problem posing. Therefore, the purpose of
the present study was to investigate teachers’ teacher knowledge including SMK and PCK (KCT and KCS) in
problem posing. The findings of this study could provide researchers and educators with a better
understanding and assessment of teachers’ knowledge in relation to problem posing and signify a meaningful
implication to improve that knowledge for the advancement of students’ mathematics performance.

METHODOLOGY
The purpose of this study was to investigate teacher knowledge in problem posing. To accomplish this goal,
researchers in the present study employed a qualitative interview design to gather data from participating
teachers (Turner, 2010). Qualitative research was conducted through the use of semi-structured, open-ended
interviews and two questionnaires, and inductive analysis was used to analyze the data.

Participants
To obtain greater insight into teacher knowledge, researchers interviewed four teachers who volunteered
to respond to questions regarding their teacher knowledge of problem posing in an interview. Conducting
teacher interviews enabled the researchers to develop an understanding of the interviewees’ teacher
knowledge and to begin viewing problem posing from the teachers’ perspectives. All four teachers were
intermediate-level middle/high school teachers in Korea. Kim had been teaching at a private middle school for
two years while Seo had been teaching at a private high school for three years. Hyun had teaching experience
at both levels, teaching at a private middle school for two years before she began teaching at a private high
school, which she had taught at for four years. Yoon had been teaching in a public high school for five years.
Each teacher had obtained a bachelor’s degrees in mathematics education. In addition to her bachelor’s degree,
Seo also had a master’s degree in mathematics education.

Interviews
Researchers chose to use a semi-structured, open-ended interview method to increase comparability of
responses and to complete data for each teacher on the topics addressed in the interview (Patton, 2015). The
interview questions were written out in advance and in the exact form in which they would be asked during
the interviews. One researchers from the present study conducted each interview, and each participant was
interviewed once for approximately one hour. All teachers were asked the same basic questions in the same
order. Each teacher was allowed to skip questions that might have made her feel uncomfortable and was
allowed to talk about ideas that arose that she felt important to include in her responses. When new or
unanticipated ideas arose during an interview, the interviewer was free to explore those ideas. The interview
questions were based on three categories about teacher knowledge: SMK, KCT, and KCS (see Table 1). During
the interview, two mathematics questionnaires about problem posing were given to each participant to
estimate the teacher’s practical application of their problem-posing knowledge. The participants were told to
pose as many problems using the questionnaires as possible during the a 10-minute period of the interview.
The mathematics questionnaires used for this study were adopted from Lee’s (2013) study. Questionnaire 1
included a story scenario for problem generation, and Questionnaire 2 included a mathematics problem for
problem reformulation. The two questionnaires’ story scenarios were based on real-world situations that were
relatively familiar to the participants. The story scenarios and real-world situations were selected for the
present study due to their effectiveness as problem-posing prompts; the use of unstructured situations like
those employed in the questionnaires have been shown to attract problem posers’ attention (English, 1998)
and develop their flexibility of thinking by connecting mathematics with wide range of real-world scenarios
(Bonotto, 2013). Teachers’ responses were audio recorded during the interviews, which allowed the interviewer
to gather a substantial amount of information within a relaxed environment (Merriam, 1998). The recorded
interviews were later transcribed. Data gathered from interview responses were further supplemented
through researchers’ observation notes written during the interviews.
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Table 1. Open-Ended Interview Questions
I.

Subject Matter Knowledge (SMK)
1. How do you define problem posing?
2. Can you explain the types of problem posing?
3. Can you make diverse problems, as many as possible, by using Questionnaire 1 and 2?
A. Explain the process and the reason why you posed these problems.
B. Can you analyze and categorize your posed problems?
[Questionnaire 1]

Nayeon’s friends come over to her house. Her mom is going to bake cookies for them. She wants to give four cookies to
each child, but so far, she has only baked three cookies. Therefore, she has to bake more cookies.
[Questionnaire 2]
The XX buffet restaurant charges 20,000 won (KRW) per person. They discount 5,000 won per reserved customer.
Eugene’s family reserved a table at this restaurant. Right before they left for the restaurant, they decided to take
Eugene’s grandparents along with them. When they were about to pay the bill after enjoying their meal, they found
out that Eugene’s grandparents could not get a discount since their names were not on the reservation list. In the end,
they paid 115,000 won for everyone. In this case, how many people had made a reservation?
II. Knowledge of Content and Teaching (KCT)
1. What do you think about the types of problem posing that are present in mathematics curriculum and
textbooks?
2. What do you think about incorporating problem posing your classes?
3. How do you incorporate problem posing in your class?
4. If you use problem posing to teach mathematics, how can you set up a lesson plan?
A. Whole-class activity or a Small-group activity
B. Which is the best to use in conjunction with problem posing: conceptualization, principle investigation, or
problem solving?
5. Which one is your preference between mathematical situation and real-world situation in problem posing?
III. Knowledge of Content and Students (KCS)
1. What is your expectation if students pose problems using Questionnaire 1 and 2? Why?
2. Do you think there would be any differences between your results and students’ result about Question 1 and 2?
Why?
3. Do you think students require prior knowledge to pose a problem? If so, what kind of knowledge is required?
4. A student posed these problems. (see Appendix A and Appendix B for posed problems)
A. What do you think about them?
B. Are there any differences between your expectation and the student’s actual results?
C. If some students cannot pose correct problems, how will you teach them?
D. What are the advantages and disadvantages for students in terms of educational benefits students may
acquire by participating in problem-posing activities?

Table 2. Problem-Posing Codes
Factors
Content
Changing Scenario
• Reconstructing the story of given scenarios
• Changing the external conditions such as numbers while maintaining
Changing Condition
the implied property of the given scenarios
Changing Assumption • Changing the implied property of the given scenarios
Changing Mathematical • Generalizing the existing problem or applying a different level of
Structure
mathematical structure to the problem

Code
CS
CC
CA
CM

Coding and Analysis
Inductive analysis was used to search for patterns within the qualitative data, thereby discovering common
themes through cross-case analysis (Patton, 2015). The transcriptions and teachers’ posed problems were
analysed through a process of open coding (Strauss & Corbin, 1990). The coding procedure included two types:
problem-posing codes and teacher-knowledge codes. The problem-posing codes were constructed to analyze the
types of problem-posing strategies that teachers mentioned during the interview or used for their problemposing activities (see Table 2). The problem-posing codes could be selected multiple times for each problemposing result of the questionnaire.
The teacher knowledge codes were constructed to investigate teachers’ responses. Table 3 contains the
categories and components the researchers used to code teachers’ responses. The first category was related to
the object; objects were the teacher, student, or subject. The second category pertained to the reaction:
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Table 3. Components for Teacher Knowledge Codes
Object
Perception
Teacher
T
Knowledge
K
Student
S
Belief
B
Subject
C
Activity
A

Disposition
Positive
P
Negative
N

knowledge, belief, or activity. The third category involved positive perception and negative perception.
Researchers chose the most applicable component from each category to analyze each response of the teachers.
For example, if one of the teachers stated that “students have a positive perception about using problem posing
activities in mathematics class”, the researchers would assign the following code: “SAP” (“students”: S from
object, “positive perception”: P from perception, “activities”: A from disposition). Appendix C contains more
examples of the teacher knowledge codes.
The qualitative data from transcriptions, problem-posing sheets, and researchers’ observation notes were
triangulated to establish internal validity (Anfara, Brown, & Mangione, 2002). All researchers followed the
same coding protocol independently, then evaluated any points of disagreement. The final codes were included
in the current study once the disagreements were resolved. The inter-rater agreement was 0.95.

RESULTS
Teachers’ SMK in Problem Posing
All four teachers defined problem posing as an activity in which one creates a problem by using the
mathematical concept previously learned. They also identified both concepts of problem generation and
problem reformulation as types of problem posing. When asked to explain problem generation and problem
reformulation in detail and in comparison to each other, all teachers indicated that problem reformulation
such as changing numbers and objects was easier than problem generation such as creating a problem from a
real-world situation. When the interviewer asked about the types of problem posing, Hyun’s response revealed
that she was initially confused between types of problem-posing and types of problems. She appears to have
not immediately grasped the concept of problem posing. When the interviewer mentioned the difference
between a problem and problem posing, she then realized the difference between these two and started
explaining the types of problem posing. This conversation demonstrates the potential for confusion, even
among mathematics teachers, when discussing or attempting to understand the concept of problem posing.
Hyun: Types of problem posing…There are concept-understanding problems, knowledge-checking
problems, computation problems, real-world problems, advanced-concept problems, and comprehensive
problems.
Interviewer: Okay. What do you think about the differences between problems and problem posing?
Hyun: Um, oh, I was wrong. Problem posing is an activity. So, I can give a problem to students, and
they make another problem. Or they can directly make a problem in a real-world situation.
There was a gap between the types of problem posing that teachers categorized and the types of problem
posing that they used in their problem-posing tasks during the interview (see Table 4). In particular, the
teachers’ interview responses regarding problem-posing types indicate that the diversity of problem-posing
types actually included in the problems they posed was less than the amount the teachers thought they would
include. According to teachers’ problem-posing results on the two questionnaires, one of which contained a
problem generation question, and the other a problem reformation question (see Questionnaires 1 and 2 in
Table 1), three of the four teacher posed types of problems that require a low-level of cognitive demand. For
example, the three teachers used simple operations such as addition and multiplication. Despite their
references to the importance and the role of problem posing in relation to complex mathematical concepts or
thinking procedures, Kim and Yoon did not apply many types of problem-posing strategies when posing their
problems. To complete Questionnaire 1, which was about problem generation, the teachers had to choose any
number and apply it within the given situation. Yoon posed the following problem for Questionnaire 1 by
adding a number to the problem to make it solvable and creating a question behind the situation: “If 15 friends
visit the home, how many cookies should be baked?”. Kim changed the scenario from the questionnaire’s cookie
situation to a carnation situation and added a number and question to solve the problem. In both Yoon and
Kim’s posed problems, there was no change of mathematical structure from that provided in Questionnaire 1.
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Table 4. Codes of Problem Posing about Teachers’ Expectation and Reality
Teachers
Expectation
Kim
CC, CS, CM
Seo
CC, CS, CA
Yoon
CC, CM
Hyun
CC, CS, CM
Note. The meaning of each code is presented in Table 2

Reality
CC, CS
CC, CS, CA
CC
CM

In contrast, Seo and Hyun made a noticeable effort to pose problems that diverged from aspects of the original
structure and problem presented in the questionnaire. Seo added assumption and mathematical structure by
stating “A cookie requires 2 almonds and 5 chocolate chips. Mom has 35 almonds and 79 chocolate chips. How
many friends can be invited for cookies?” behind the given situation. Hyun also changed the assumptions and
mathematical structure. Her added statement consisted of the follow scenario: “7 friends visit the home. A
cookie needs 200g of flour. There are 2,500g of flour at home. How much more flour is needed?”
The teachers showed similar problem posing strategies in both problem generation and problem
reformulation. Regarding to Questionnaire 2, which was about problem reformulation, Yoon merely changed
the numbers (115,000 won to 201,600 won), and Kim changed the scenario (buffet restaurant to school
cafeteria) and the numbers (5,000 won discount to 2,000 won discount). Hyun’s problem had a different
mathematical structure (“Eugene’s grandparents could not get a discount.” to “Eugene’s grandparents also got
a discount.”). Seo changed the original scenarios of the questionnaire from a buffet situation to an amusement
park situation and also changed the assumptions from the question about number of people to the full price of
a ticket. The following was Hyun’s posed problem for Questionnaire 2:
Eugene and 5 friends decided to go to the amusement park the day the midterm exam finished. The
amusement park provides a 50% discount ticket for a student with a student discount card. However,
only 4 of them had cards. The 4 students who had cards paid the 50% discounted price. The other 2
students paid the full price. The total price was 80,000 won. What is the full price of a ticket?
Based on the teachers’ interviews and their problem-posing results, the findings indicate that the
participants did not have strong SMK in problem posing. In particular, most of them demonstrated a sufficient
understanding of the definition of problem posing and the types of problem posing, but their actual problemposing activity results did not match with the SMK they demonstrated in their responses. Their posed
problems contained a smaller number of problem-posing types than the number of types they mentioned when
discussing their knowledge of problem posing.

Teachers’ KCT in Problem Posing
Regarding problem posing in the curriculum and textbook, teachers indicated that problem posing was
important, but a limitation existed in the current curriculum. Kim claimed that students needed experience
in problem posing, but there was not enough time to complete problem-posing activities during a regular class
period. She emphasized that simply changing numbers in problem posing should be avoided, and students
should receive supplemental support to understand mathematical concepts through the experience of problem
posing. She had incorporated problem posing in her class and had provided students with a changing condition
activity from a given problem. Furthermore, she mentioned that the use of problem posing that involves adding
and changing the conditions from a complex problem helped students to learn how to perform problem posing.
Kim also discussed the importance of including both mathematical and real-world situations during the
problem-posing process. Because engaging with and applying real-world situations was difficult for her
students, Kim’s choice of teaching method was to start with problem posing from the mathematical situation,
and then expand to real-world situations once her students began to grasp the concepts and processes involved
in problem posing. Seo suggested that the problem-posing types in existing textbooks were limited and that
students were not familiar with solving real-world problems. Therefore, Seo believed that applying real-world
problems to mathematics through problem posing could provide students with essential educational
experiences that are typically lacking when teachers limit themselves and their students to textbook based
problem posing. Despite this assertion, Seo mentioned that she only covered problem posing content that is
present in the textbooks due to the limited available class time she had in which to cover problem posing.
Below is the Seo’s statement:
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Seo: I think most problem posing activities in the text book are about changing numbers…I do not
think students are not good at solving a problem related to real-world situations, so it (problem posing)
will be really helpful. I really want to encourage them (students) to do some problem-posing
activities…You know, the reality is… It’s hard to do this (problem posing)…I do not have enough time
to do that.
All of the teachers except Yoon commonly conveyed positive perspectives regarding applying problem
posing in their classes. The teachers in favour of problem posing suggested that the process should be used as
a tool to identify mathematical concepts and increase student comprehension of those concepts. Hyun,
however, viewed the educational benefits of problem posing from a broader scope, claiming that problem posing
is not a tool for learning mathematical concepts, but for mathematically solving a real-world problem.
According to Hyun, giving students an opportunity to think mathematically in the process of problem posing
itself was more important than solving a problem and deriving a correct answer. From her perspective, the
development of students’ mathematical thinking proficiency should be regarded as the significance of teaching
and learning. On the other hand, Yoon had a negative perspective regarding applying problem posing in
classes. Yoon indicated that problem posing was not applicable to classes:
Yoon: I know it (problem posing) is important. But it’s not easy to apply. If I use problem posing, I
need assessment standards, but, I don’t know what they are, and I don’t think it is usable.
Differences between teachers emerged concerning the awareness of constructing problem-posing
instructions. Kim preferred to construct a whole-class activity rather than creating a small-group activity or
providing homework for problem posing. She also preferred to formulate the instructions involving problem
posing before or after completing a problem-solving activity with the students because she thought that the
students needed to know the relevant mathematical concepts and principles, best provided in a problemsolving activity, to pose a problem. Seo and Yoon preferred concentrating on whole-class activities, and were
concerned that focusing on problem-posing activities would decreasing their students’ interest in other
mathematical concepts. Therefore, they wanted to minimize the application of problem-posing activities in
their classes. To do so, they preferred to introduce the learning concept at the beginning of the class, and
afterwards present the mathematical concept of a given situation, expanding thinking through problem
posing. In general, the teachers were divided in their preference and reasons for the use of mathematical
situations versus real-world situations in their problem posing instruction. Yoon chose mathematical
situations, rather than a real-world situations, when introducing the problem-posing process in her class. On
the other hand, several of the teachers preferred to use real-world situations for problem posing in class to
develop students’ diverse mathematical thinking.

Teachers’ KCS in Problem Posing
During their interviews, the teachers mentioned that their experience with incorporating problem posing
in their classrooms had led them to believe that problem-posing proficiency is highly related to mathematical
proficiency. Results from previous studies indicate and affirm this relation between problem-posing proficiency
and mathematical proficiency. Researchers have found that engaging in problem posing, which is an advanced
mathematical activity, can develop students’ mathematical thinking (Henningsen & Stein, 1997),
mathematical reasoning (Cai & Hwang, 2002), mathematical knowledge, and creative thinking (Leung &
Silver, 1997), all of which are relevant components of mathematical proficiency. Furthermore, students’ who
exhibit efficient use of problem-posing strategies have improved their mathematical proficiency (Nicolaou &
Philippou, 2007). The educational benefits regarding proficiency in both mathematics and problem posing,
however, appear to be reciprocal as studies have also shown that students’ mathematical proficiency also
influenced their problem posing (Cai & Hwang, 2002). In the present study, the teachers emphasized the
importance of concept-related prior knowledge, one component of mathematical proficiency, in particular when
discussing the necessary knowledge and skills students must have to develop problem-posing proficiency. For
example, Kim mentioned that problem posing could not be conducted without prior knowledge of the
fundamental mathematical concepts and principles for problem posing. She also acknowledged that the basic
knowledge required to pose problems may vary as problems can be composed of not only basic mathematical
concepts, but also diverse principles of real-world situations or elements of other academic subjects. Therefore,
Kim felt that students who engage in problem posing must have some basic form of mathematics proficiency
to successfully pose a problem and improve their problem-posing proficiency. Likewise, she believed that
students using prior knowledge in diverse scenarios can develop a thorough understanding of how to apply

82

http://www.iejme.com

IEJME-Math Ed
their mathematical knowledge, thereby improving their proficiency in mathematics. To expand her idea, she
explained that students’ mathematical proficiency can be fostered through several critical steps involved in
posing a problem. In her experience, developing students’ creativity through the diverse thinking processes
required when posing problems situated in real-world scenarios in a given situation was often helpful in
developing students’ mathematical proficiency, and she believed that teaching students to simply replace the
numbers of a given problem with their own is an insufficient teaching strategy. In addition, allowing her
students to solve the problems they posed helped determine the factors within the students’ knowledge and
skills that required modification and complementation. Finally, having the students evaluate and modify their
posed problems supported their development of thinking. Kim claimed that including each of these steps
during a problem-posing activity helped foster students’ mathematical proficiency.
In terms of the importance of problem solving in problem posing, the teachers had different opinions. Kim
and Yoon indicated that problem posing involved problem solving while Seo and Hyun did not emphasize the
problem solving in the problem-posing process. For example, Seo’s perspective was that recognizing the
internal concept of a given situation in the problem-posing process and trying to apply this concept to a realworld situation was an important factor of problem posing. Unlike Kim and Yoon, Seo and Hyun were not
concerned about students deriving an incorrect answer in solving a posed problem; they believed that the
development of one’s problem-solving ability could be achieved by solving the problems in the textbook.
Regardless of students’ ability to correctly solve a posed problem, the two teachers felt that students learning
to apply a given situation to pose a problem was the most important part of the problem-posing process. In
other words, the purpose of problem posing was to understand the concept and to apply an experience to a
problem situation. In this respect, the four teachers had different perceptions about evaluating students’
incorrect posed problems.
To further examine the teachers’ views regarding how to best evaluate students’ incorrectly posed
problems, they were given Appendices A and B, which contained a students’ posed problems and were then
asked to discuss the students’ posed problems during their interviews. Kim and Yoon gave negative
evaluations of the student’s problems. Kim also suggested that problem solving should be concerned with
modifying the posed problem through self-review or peer-review.
Kim: The student’s thinking about the diverse situation is nice, but the answer is not correct. Also, he
or she use another situation except a given condition. This is not what teachers want. So, I will take off
points.
In contrast to Kim and Yoon’s negative evaluations of the student’s posed problems, Seo and Hyun inferred
that the students understood the concept in a given situation, even if the answer was incorrect. The reason for
their positive evaluations was that students could grasp the concept included in the given situation and apply
it to real-world problem posing. To Seo and Hyun, an incorrect answer in problem posing was a trivial matter.

DISCUSSION
The current study contains an analysis of the problem posing SMK, KCT, and KCS of four teachers. The
results of this study indicate that participants were aware of the importance of problem posing, knew the
difference between problem generation and problem reformulation, and understood some variation of its
definition. Their problem-posing results in terms of their problem generation and problem reformulation show
their similar SMK. On the other hand, there was a discrepancy between the participants’ teacher knowledge
and their actual problem posing; their posed problems did not reflect their knowledge of problem posing. With
regard to KCT, teachers noted that there are several difficulties and limitations teachers encounter when
attempting to incorporate problem posing in the current education setting, such as the limited time available
during class periods and the limited examples of problem posing in textbooks. With regard to KCS, all the
participants had a positive perspective of problem posing’s influence on students’ mathematical proficiency.
However, there was a difference between the teachers in terms of how they perceived the importance of
problem solving in problem posing, and this difference impacted their assessment of problem posing. Because
teacher knowledge influences actual teaching performance and student learning, it is necessary to support
teachers’ professional development.
The findings in this study show that there is a disconnect between teachers’ teacher knowledge and their
teaching practices. The types of problems the teachers posed were different from those they mentioned when
discussing the various types of problem posing. One reason for this discrepancy might be due to the limited
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number of posed problems the participants were required to pose during the study. Perhaps if the teachers
had been prompted to provide additional posed problems, they would have used the opportunity to pose a
greater variety of problems. To effectively teach problem posing, teachers must have extensive and
comprehensive knowledge of and experience in the problem-posing process. Lack of knowledge and experience
limits teachers’ actual teaching practice (Barlow & Cates, 2006). Because the participants in the current study
each had no more than five years of teaching experience, this experiential prerequisite may have been a
significant factor impacting their problem-posing teaching practices. Furthermore, due to the participants’
limited teaching experience, their undergraduate-level courses in problem-posing likely had a relevant impact
on their overall teacher knowledge of problem posing as well. In fact, researchers have shown that the
mathematics education courses pre-service teachers take have a critical influence on the development and
improvement of their SMK and have a lasting impact on those individuals’ teacher knowledge (Chen, Dooren,
Chen, & Verschaffel, 2011; Crespo, 2003). The essential takeaway from this information is that what teachers
were taught consistently impacts their teaching. If teachers received limited or no instruction in using and
teaching problem posing when they were pre-service teachers, they may struggle with posing problems or
teaching problem posing when they become in-service teachers. Therefore, professional preparation for preservice teachers also needs to be considered to address problem-posing teaching readiness.
In addition, the teachers’ teaching practices did not seem to well reflect their KCT and KCS due to the
limitations found in the education setting in their classrooms. Regardless of the teachers’ KCT and KCS of
problem posing for students’ mathematics performance, they were unable to prioritize problem posing as a
result of various constraints within the educational settings in their classrooms such as limited time to teach
problem posing and textbook content. One reason they gave for the difficulties experience in successful
problem-posing implementation was they did not know how to provide diverse types of problem-posing
activities. Teachers need to be challenged and provided with continuous opportunities to engage in problemposing activities and learn how to effectively implement such activities into classroom instruction (Crespo,
2003). Once again, the difficulties these teachers discussed during the study convey the importance of
professional development that will help improve teachers’ effective teaching practices of problem posing.
Despite the acknowledgement among researchers and educators that there is a troublingly low-level of
teacher knowledge in problem posing and despite the recommendation and advocation of curriculums that
incorporate various forms of problem posing in classrooms, professional preparation for pre-service teachers
and professional development for in-service teachers have been insufficient and lacking. Problem posing itself
should be considered an important mathematical activity in the professional preparation and development of
teachers. Providing professional preparation in problem posing to pre-service teachers enables them to begin
building their concrete teacher knowledge in problem posing, and administering professional development to
in-service teachers can equip those teachers with the experience and skills to connect their teacher knowledge
with actual teaching practices. This study is a preliminary analysis in understanding teacher knowledge in
problem posing, which is also related to teaching practice. Follow up studies are necessary to examine the
effects of professional preparation on pre-service teachers’ teacher knowledge and practice in problem posing
as well as the effects of professional development on in-service teachers’ teacher knowledge and practices in
relation to problem posing.
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APPENDIX A 1

1 [Transcript]
Question: Nayeon’s friends come over to her house. Her mom is going to bake cookies for them. She wants to give four cookies to each child, but so far she has only baked three cookies. Therefore,
she has to bake more cookies.
Result of problem posing: The total number of Nayeon and her friends are 16. Some of them eat only 2 cookies. The total number of cookies are 53. How many kids eat only 2 cookies?
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APPENDIX B 2

2 [Transcript]
Question: The buffet restaurant charges 20,000 won (KRW) per person. They discount 5,000 won per reserved customer. Eugene’s family reserved a table at this restaurant. Right before they left
for the restaurant, they decided to take Eugene’s grandparents along with them. When they were about to pay the bill after enjoying their meal, they found out that Eugene’s grandparents could not
get a discount since their names were not on the reservation list. In the end, they paid 115,000 won for everyone. In this case, how many people had made a reservation?
Result of problem posing: The movie theater’s ticket price is 7,000 won. A person can book on-line tickets at a 1,500 won discount for each ticket. Eugene’s family booked tickets. Before they leave
the house, they made a decision to go with Eugen’s cousin. The total price of the ticket is 4,7000. How many family members watched the movie?
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APPENDIX C
Examples of Teacher Knowledge Codes
Utterance
A teacher has knowledge about problem posing.
A teacher does not have knowledge about problem posing.
A teacher believes positive perception about problem posing.
A teacher believes negative perception about problem posing.
A teacher has positive perception about applying problem posing into class.
A teacher has negative perception about applying problem posing into class.
Students have knowledge about problem posing.
Students do not have knowledge about problem posing.
Students believe positive perception about problem posing.
Students believe negative perception about problem posing.
Students have positive perception about applying problem posing into class.
Students have negative perception about applying problem posing into class.
A teacher has knowledge about problem posing in textbook.
A teacher does not have knowledge about problem posing in textbook.
A teacher believes positive perception about problem posing in textbook.
A teacher believes negative perception about problem posing in textbook.
A teacher has positive perception about applying problem posing in textbook into class.
A teacher has negative perception about applying problem posing in textbook into class.

Code
TKP
TKN
TBP
TBN
TAP
TAN
SKP
SKN
SBP
SBN
SAP
SAN
CKP
CKN
CBP
CBN
CAP
CAN
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