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Abstract
In the present study, researchers investigated pre-service teachers’ subject matter knowledge
(SMK) and pedagogical content knowledge (PCK) including knowledge of content and
teaching (KCT) and knowledge of content and students (KCS) in problem posing. Results
indicated that pre-service teachers’ SMK and KCT, SMK and KCS, as well as KCT and KCS
showed statistically significant positive correlations (r (58) =.777, .728, .751 in order, p <
.001) in terms of problem posing. In addition, pre-service teachers’ learning experience of
problem posing statistically significantly positively influenced their SMK (b = .508, t (55) =
4.371, p <.001) and PCK (b = 17.458, t (55) = 3.992, p <.001). On the other hand, their
teaching experience of problem posing did not influence either SMK or PCK. These findings
showed the strong relationships among teacher knowledge subscales and the importance of
learning experience of problem-posing education in undergraduate-level for pre-service
teachers.
Keywords: problem posing, subject matter knowledge, pedagogical content knowledge, pre-

service teachers
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Introduction

Teachers are critical agents for fostering effective problem posing in mathematics
classrooms. Receiving quality instruction from well-prepared teachers afforded students, who
receive guided opportunities to pose a problem, can have a substantial impact their overall
mathematics understanding and proficiency. For instance, findings from prior research
indicated that students who engaged in problem-posing activities improved critical
components of their mathematical understanding including their reasoning skills, creativity,
and ability to connect mathematics problems to real-life situations (Cunningham, 2004). In
particular, when teachers allowed students to use creative agency to pose problems that their
peers might find interesting, their students were more motivated to pose problems and were
highly engaged in the learning process (Silver, 1994). A number of researchers have
determined that the skills fostered through problem-posing activities may help improve
students’ overall problem-solving abilities (e.g., Akay, 2006; Cai & Hwang, 2002; English,
1998). Due to the potential benefits of using problem-posing activities to foster students’
problem-solving skills, groups of educators and researchers, such as the National Council of
Teachers of Mathematics ([NCTM], 2000), have argued for the inclusion of problem-posing
objectives in standard curricular guidelines nationwide (e.g., Common Core State Standards)
(National Governors Association Center for Best Practices, Council of State School Officers,
2012). However, several factors may problematize the process of successfully incorporating
problem-posing in classrooms. For example, even when problem posing is included in
curriculum, it can be unclear how and where problem posing fits within teaching plans and
schedules (Ellerton, 2013; Lee, Capraro, & Capraro, 2018). In addition to problems of
logistics related to problem-posing implementation, issues of teacher preparedness may arise
when teachers’ lack the necessary skills to transfer their knowledge of problem-posing into
demonstrable instructional practices for students (Lee et al., 2018). Therefore, there is a
critical need for teachers to receive comprehensive preparation in how to pose problems and
incorporate problem posing in their classrooms.

Since research has shown that teachers’ proficiency in incorporating problem posing
into their instruction affects students’ overall understanding of mathematics (Tichad &
Hospesova, 2009), teacher knowledge in problem posing must be investigated. The

successful transfer of content knowledge from a teacher to his or her students is dependent on
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the teacher’s ability to communicate that knowledge in a meaningful and understandable
manner to students; as a result, subject matter knowledge and pedagogical skills in
communication are inextricably linked (Ozfidan & de Miranda, 2017). Therefore, teachers
must integrate their teacher knowledge, which consists of subject matter knowledge (SMK)
and pedagogical content knowledge (PCK), into their mathematics problem-posing
instruction to successfully integrate problem posing in their classrooms and provide students

with activities to enhance and broaden their mathematical understanding.

Subject Matter Knowledge

Subject matter knowledge (SMK) can be defined as knowledge about a specific
subject, and it is one type of knowledge that teachers require to foster student achievement
(NCTM, 2000; Rizvi, 2004; Schmidt et al., 2009). Engaging in problem posing as pre-
service teachers has been proven to refine prospective mathematics teachers’ SMK (Lavy &
Shriki 2010). Although the importance of SMK in problem posing was shown in previous
studies (e.g., Barlow & Cates, 2006; Quinn, 1997; Rowland, Huckstep, & Thwaites, 2005),
many pre-service teachers who participated in those studies lacked mathematical SMK. This
lack of SMK can have a significant impact on pre-service teachers’ perceptions of
mathematics as pre-service teachers with little or no SMK have less favorable attitudes
toward mathematics than those pre-service teachers with comprehensive mathematical SMK
(Barlow & Cates, 2006; Quinn, 1997). However, the improvement of pre-service teachers’
SMK can be accomplished through the development and incorporation of meaningful
mathematics education courses for pre-service teachers (Chen et al., 2011).

Pedagogical Content Knowledge

Pedagogical content knowledge (PCK) can be defined as intricate knowledge of the
individual and instructional setting that facilitates the teaching process for instructors and
learning process for students (Schmidt et al., 2009). Teachers with comprehensive PCK
demonstrate proficiency in instructional areas such as classroom management, assessment,
and student learning. Problem posing is a pedagogical strategy that, when paired with strong

PCK, provides favorable learning opportunities for students.
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These promising learning opportunities are developed through a process by which
teachers use problem-posing activities as a tool for assessing students’ understanding. The
results from the problem-posing assessment can inform teachers about their students’
mathematical progress and understanding and influence their subsequent instructional
decisions (Lin, 2004). Therefore, use of this method can help teachers refine their instruction
to provide effective learning activities that target their students’ educational needs. This
process of instructional refinement and modification lies at the center of PCK. Teachers’
knowledge, in terms of PCK, includes estimating and evaluating the following characteristics
of their students’ learning: difficulty with a particular aspect of the subject, ability to connect
mathematical ideas, and proficiency in using examples, explanations, and strategies for
learning mathematical concepts (Hauk et al., 2014; Lannin et al., 2013). In particular,
knowledge of content and teaching (KCT) and knowledge of content and students (KCS)
(Ball, Thames, & Phelps, 2008) are components of PCK that play important roles in
characterizing, identifying, and assessing teachers’ knowledge and readiness to teach any
particular mathematics content. KCT consists of teacher knowledge about how to effectively
incorporate mathematical teaching methods in their actual instruction, and KCS includes
teachers’ understanding of their students’ content-related knowledge and skills to maximize
the effect of mathematical teaching (Ball et al., 2008). Figure 1 represents a theoretical
framework of teacher knowledge including SMK and PCK, along with the PCK
subcategories of KCT and KCS (Lee et al., 2018).

Teacher
Knowledge

Subject Matter Pedagogical Conten

Knowledge (SMK) Knowledge (PCK)

Knowledge of Knowledge of
Content and Content and
Teaching (KCT) Students (KCS)

Figure 1. A theoretical framework of teacher knowledge
Providing pre-service teachers with opportunities to develop proficiency in and strong

interconnections between KCT and KCS for problem posing in mathematics education
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courses is paramount to ensure they are sufficiently prepared to teach problem posing to their
students. Mathematical and pedagogical experiences cannot be separated from SMK and
PCK (Potari et al., 2007). In fact, engaging and in-depth experiences in which pre-service
teachers can implement and observe high-quality instructional practices in problem posing
have been linked to positive learning outcomes for students whose teachers attained these
experiences as pre-service teachers (Barlow & Cates, 2006; Cai et al., 2012). Furthermore,
these pre-service instructional experiences with problem posing can influence the overall
quality of instruction mathematics teachers provide their students; researchers have found
that teachers who had experience in problem posing when they were pre-service teachers
provided innovative learning experiences for their students (Crespo & Sinclair, 2008;
Rowland et al., 2005; Singer & Voica, 2013). On the other hand, teachers who had little to no
experience problem posing tended to provide unchallenging and predictable problem-posing
activities (Crespo, 2003; Ozfidan, Calvazoglu, Aydin, 2017) or they avoided teaching
problem posing entirely (Ball, 1990; Lee et al., 2018). Therefore, professional preparation in
problem posing for pre-service teachers is essential for improving the quality of mathematics
instruction.

Although comprehensive teacher knowledge is critical for the successful
incorporation of problem posing in mathematics classrooms, few teachers receive
professional preparation in how to effectively adopt problem posing in their instructional
practices. “Mathematics teachers have a particularly difficult time with problem posing
because it is open ended. Nevertheless, it needs to be given the same emphasis in instruction
that problem solving is beginning to receive” (Silver, Kilpatrick, & Schlesinger, 1990, p. 16).
Because of the strong connection between the professional preparation and actual teaching
practices, the development of pre-service teachers’ SMK and PCK should be considered as
an essential component for proficient teaching of problem posing. Therefore, the purpose of
the present study was to investigate pre-service teachers’ SMK, KCT, and KCS for problem
posing. In particular, the researchers examined the correlation among pre-service teachers’
SMK, KCT, and KCS for problem posing to determine the impact of their learning and
teaching experience with problem posing on their SMK and PCK. This analysis could
provide valuable insight into pre-service teachers’ ability to learn from a formal problem-
posing experience, and the findings could help guide educators in designing practices and

content for future mathematics education courses.
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Methodology

In the current study, researchers examined pre-service teachers’ SMK and PCK for

problem posing, addressing the following questions:

(1) What is the strength of the relationships among pre-service teachers’ PCK, KCT, and
KCS?

(2) What is the effect of learning versus teaching problem posing on pre-service teachers’
SMK and PCK?

Participants

Participants were pre-service teachers who were enrolled in a university-level
mathematics education course (n = 58). Forty-five participants (77.6%) were juniors, and the
majority of participants were female (96.6%). In terms of problem-posing experience, forty-
seven participants (81.0%) had experience learning problem posing before taking the
mathematics education course, and only 6 participants (10.3%) had teaching experience in
terms of problem posing. Detailed demographic factors of the participants in this study are
reported in Table 1.

Table 1
Demographics for Participants in the Study

n (% of Total)

Gender
Female 56 (96.6%)
Male 2 (3.5%)
Year
Sophomore 7 (12.1%)
Junior 45 (77.6%)
Senior 6 (10.3%)
Learning-problem-posing experience
Yes 47 (81.0%)
No 11 (19.0%)
Teaching-problem-posing experience
Yes 6 (10.3%)
No 52 (89.7%)
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Assessment

Knowledge of Teaching and Technology (Schmidt et al., 2009) to measure the
participants’ SMK, KCT, and KCS in problem posing (see Appendix). The instrument
consisted of 30 items within the three teacher knowledge subscales: 7 items for SMK
(Questions 1-7), 9 items for KCT (Questions 8-16), and 14 items for KCS (Questions 17-30).
The Cronbach’s alpha internal reliability coefficient for this instrument was .95. Construct
validity for each teacher knowledge subscale (SMK, KCT, and KCS) was estimated using
factor analysis with varimax rotation within for teacher knowledge and Kaiser normalization.
The correlation among the hypothesized loading of each item and its respective construct and
the result from the Exploratory Factor Analysis (EFA) was .89. Therefore, the researchers
concluded the correlation was strong and likely robust.
Participants were encouraged to indicate the extent of their agreement with each statement,
based on a five-level Likert scale from “Strongly agree” to “Strongly disagree” (scored from
5to 1). The instrument was administered on the first day of the mathematics education course
prior to the participants’ first lesson to avoid any contamination of findings. The participants

completed the instrument within 10 to 15 minutes.

Analysis

STATA 14.0 was used to conduct statistical analyses. To determine the relationship
among the teacher knowledge subscales (SMK, KCT, and KCS) in problem posing, a
correlation analysis was used. In addition, the researchers used multiple regression analyses
to examine the impact of pre-service teachers’ learning and teaching experience in problem
posing on their teacher knowledge. The equation for the multiple regression analysis was
Y; « Y=a+ b (X1;) + c (X3;). A single outcome variable, Y;, represented SMK or PCK. The
predictor variables, X;; and X,;, were learning experience scores and teaching experience

scores, respectively.

Results

Descriptive statistics of pre-service teachers’ SMK, KCT, and KCS are presented in
Table 2. This table includes means, range of scores (minimum and maximum), standard
deviations (SD), and confidence intervals (lower and upper limits). In particular, the
researchers calculated and reported the range of scores, which included the actual minimum

and maximum scores for each teacher knowledge subscales (SMK, KCT, and KCS), due to
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the difference in the number of items for each subscale. This range helps to interpret the

reported means.

Table 2
Mean, SD, and CI in Three Subscales: SMK, KCT, and KCS
T
eacher Mean Min Max SD Cl Cl
knowledge Lower Upper

SMK 26.086 14 35 4454 24915 27.257
KCT 35.137 19 45 6.595 33.403 36.871
KCS 55.120 28 70 9.240 52.691 57.550

Pearson correlations were also computed to analyze the relationship between teacher
knowledge subscales of problem posing. There was a strong positive correlation between
SMK and PCK, r (58) =.798, p <.001, with SMK explaining 63.68% of the variation in
PCK. More specifically, the Pearson correlations between SMK and the two subscales of
PCK (KCT and KCS) were analyzed. Table 3 shows that there were statistically significant
relationships on each of the teacher knowledge subscales in problem posing. In particular,
there was a strong positive correlation between SMK and KCT, r (58) =.777, p <.001, with
SMK explaining 60.37% of the variation in KCT. There was also a strong positive correlation
between SMK and KCS, r (58) =.728, p < .001, with SMK explaining 53.00% of the
variation in KCS. Likewise, the relationship between KCT and KCS, r (58) =.751, p <.001,
indicated a strong positive correlation, with SMK explaining 56.40% of the variation in KCT.
Positive associations between the three dimensions were displayed on scatterplots (see Figure
1).

Table 3
Pearson Correlations between SMK, KCT, and KCS
SMK KCT KCS
SMK 1.000 TT7** 728**
KCT 1.000 0.751**
KCS 1.000
**p <.001
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Figure 2. Scatterplots of correlations between SMK, KCT, and KCS.
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Multiple regression analyses were used to examine the influence of learning- and
teaching- problem-posing experiences on pre-service teachers’ teacher knowledge. Table 4
contains regression coefficients () and their p-values. A significant regression equation was
found (F (2, 55) = 9.555, p < .001) with an R? of .258 that presented predictor variables
(learning-problem-posing experience and teaching-problem-posing experience) and that
explained 25.8% of the dependent variable (SMK). Participants’ predicted teacher knowledge
was equal to 96.665 + 5.719 (learning-problem-posing experience) - .243 (teaching-problem-
posing experience), where predictor variables were coded as 1 = Yes and 2 = No. The beta
weight indicated a positive relationship between learning-problem-posing experience and
SMK in problem posing, and the relationship was statistically significant (p < .001). The beta
weight also indicated a negative relationship between teaching-problem-posing experience
and SMK in problem posing, but the relationship was not statistically significant (p = .886).
Table 4
Multiple Regression Analysis Results of Learning- and Teaching-Problem-Posing(PP)

Experience on Teacher Knowledge

SMK PCK
B Beta t Sig. B Beta t Sig.

Learning PP 5.719 508 4.371 <.001 17.458 4.373 3.992 <.001
Teaching PP -243 -017 -144  .886 8931 5629 1586 .118
R? .258 254
n 58 58

A significant regression equation was found (F (2, 55) = 9.356, p < .001) with an R?
of .254, that presented predictor variables (learning-problem-posing experience and teaching-
problem-posing experience) that explained 25.4% of the dependent variable (SMK).
Participants’ predicted teacher knowledge was equal to 75.188 + 17.458 (learning-problem-
posing experience) + 8.931 (teaching-problem-posing experience), where predictor variables
were coded as 1 = Yes and 2 = No. The beta weight indicated a positive relationship between
learning-problem-posing experience and PCK in problem posing, and the relationship was
statistically significant (p < .001). The beta weight also indicated a positive relationship
between teaching-problem-posing experience and PCK in problem posing, but the

relationship was not statistically significant (p = .118).
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Discussion

For the present study, pre-service teachers’ knowledge (SMK, PCK [KCT and KCS])
for problem posing and the impact of their learning/teaching experience on their teacher
knowledge was estimated. The results revealed that the three teacher knowledge subscales
(SMK, KCT, and KCS) in problem posing were statistically significantly correlated to each
other, and their levels of correlation were strong. These statistically significant correlations
support the notion that SMK, KCT, and KCS influence each other. The results seem to
indicate that the three forms of teacher knowledge develop concomitantly. That is, teaching
and learning methods that focus on a specific dimension of teacher knowledge assist in the
development of the other dimensions. For example, pre-service teachers can increase their
PCK by learning the SMK of problem posing. In other words, a lack of SMK can induce a
lack of PCK, and this also impacts teaching practices (Stein, Grover, & Henningsen, 1996).
In this study, we did not consider the impact of possible outliers. If outliers were removed,
the correlation between SMK, KCT, and KCS might be even stronger. However, with
considering all data, we have reasonably strong correlations among the variables.

Pre-service teachers’ experience with learning about and using problem posing
influenced both their SMK and PCK. The results indicate that formal mathematics education
courses at the undergraduate level that incorporate problem posing are effective in fostering
pre-service teachers’ knowledge and use of problem posing. Pre-service teachers often
receive less direct instruction related to problem posing than that which they receive with
problem solving (Ticha & Hospesova, 2009). This lack of direct problem posing instruction
might be the reason for pre-service teachers’ insufficient problem-posing skills. Because of
the important relationship between teachers’ pedagogical proficiency and students’ potential
to learn, it is essential for pre-service teachers to observe and learn about high quality
methods of instruction in problem posing (e.g., Ellerton, 2013; Pittalis et al., 2004; Silber &
Cai, 2017; Ticha & Hospesova, 2009).

There is no conclusive evidence to support that pre-service teachers’ teaching
experience of problem posing influenced their SMK and PCK. SMK is more closely
associated with the types of learning experiences had by pre-service teachers based on the
results. Teaching experience requires some time to be incorporated into their repertoire of
skills. According to Park and Oliver (2008) and Monte-Sano and Budano (2013), teaching
years are related to teacher knowledge and pre-service teachers have only had a couple

semesters of classroom experiences and limited opportunities to teach. The importance of
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teaching experience is not whether teachers have such experience or not, but rather how
much time they have spent teaching. Teachers are not passive learners who just receive the
knowledge they are going to teach. They develop their teacher knowledge through reciprocal
experiences of teaching and learning. Therefore, developing teaching practices during one’s
teaching experience is a critical factor for building one’s teaching repertoire. This process of
improving one’s overall teacher knowledge and skills requires continuous and sustained
effort.

Conclusion

More must be known about how prior knowledge and experiences of pre-service
teachers interact to facilitate their development of problem-posing skills. This study can
contribute to the development of problem-posing content and curriculum that will both
account for pre-service teachers’ prior experiences and help foster their learning in
professional preparation courses, preparing them to incorporate problem posing into their
future classrooms. The researchers’ belief from the results of this study is that providing
opportunities for pre-service teachers to engage in problem-posing activities is crucial to
enhance both their SMK and PCK. Furthermore, professional preparation for pre-service
teachers needs to supplement the problem-posing activities and provide relevant classroom
teaching and learning opportunities. For in-service teachers, their fundamental teacher
knowledge was built during their professional preparation period. Each subset of this co-
constructed teacher knowledge impacts their teaching practices, eventually impacting
students’ mathematical performance. Therefore, problem posing should not be ignored in the

professional preparation of mathematics teachers.
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Appendix

I have sufficient knowledge about problem posing.

| have various ways and strategies of problem posing.

One type of a problem posing is that generates a mathematical problem based on
practical or mathematical situations, not in conventional math problem formats.

One type of a problem posing is that creates another mathematical problem by
reformulating part of a given problem.

Problem posing helps me to understand and engage in mathematics.

| frequently use problem posing to understand mathematics.

| can adapt problem posing to the problem-solving process.

My coursework has caused me to think more deeply about how problem posing could
influence the teaching approaches I use in my classroom.

| can use strategies that combine content, problem posing, and teaching approaches that |
learned about in my coursework in my classroom.

| know how to organize and maintain problem-posing activities in a classroom.

| can use various problem-posing activities in a classroom setting.

| can adapt problem posing to different learners.

| can choose problem posing to use in my classroom that enhance the content for a
lesson.

| can choose problem posing to use in my classroom that enhance the teaching
approaches for a lesson.

I can choose problem posing to use in my classroom that enhance students’ learning for
a lesson.

| have confidence to adapt problem posing to my classroom.

Students should have sufficient knowledge about problem posing.

Students should know various ways and strategies of problem posing.

Students should frequently use problem posing to understand mathematics.

Students should adapt problem posing to the problem-solving process.

Problem posing helps students to understand and engage in mathematics.

Problem posing helps students to solve mathematical problems.

Problem posing has the potential to change the learner’s perspective.
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24,
25.
26.
27.

28.

29.
30.

Students’ mathematical thinking can be improved by participating in problem-posing
activities.

Students’ motivation can be improved by participating in problem-posing activities.
Students’ interest can be improved by participating in problem-posing activities.
Problem posing provides the opportunity for teachers to get an insight of students’
understanding of mathematical concepts and processes.

| am familiar with common student understanding and misconceptions in problem
posing.

I know how to assess students’ problem posing in a classroom.

| can assess student problem posing in multiple ways.
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