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Abstract

Problem posing research in mathematics education has increased in the last decade. As a result, the intent of the
present study is to examine and summarize the research that has been conducted. Specifically, we examined
articles published from 2011-2020 that studied the impact of problem-posing instruction on students’
problem-solving abilities. In total, seven articles were included in the systematic review. We concluded that the
effect of problem-posing instruction on students’ problem-solving skills is varied, though prior research on the
relationship between posing and solving demonstrates a positive impact. Thus, while there remains a great need for
further research in this area, there are indications that problem-posing could improve students’ problem-solving
abilities.
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1. Introduction

1.1 Background

Problem-posing instruction has slowly evolved over time within mathematics education. In 1983, Brown and
Walter released their book The Art of Problem Posing. This book detailed the importance of problem posing-based
instruction in mathematics, debuting the “What if not?”” approach. Silver (1994) increased the popularity of this
approach, emphasizing it as a way of allowing students to be creative in the classroom. Though it has been nearly
40 years since the introduction of problem posing, new benefits and outlets of incorporating problem posing are
still being discovered by educational researchers across the globe.

Rosli et al. (2014) published a meta-analysis of research at the time to provide a comprehensive lens on problem
posing. However, since the meta-analysis’ publication, a multitude of studies examining the effectiveness of
problem posing have been completed. The purpose of the present study is to examine the research that has been
published since 2011 (i.e., end date of the previously published meta-analysis) on the impact of problem posing in
mathematics education.

1.2 Problem Posing

Problem-posing instruction is an approach to mathematics that comes in many forms. One method is to have
students generate their own word problems (Silver, 1994). This can be completed with varying levels of structure,
such as providing explicit equations or simply asking students to create their own story (Stoyanova & Ellerton,
1996). This can also be done through several techniques, such as using games (Kalmpourtzis, 2019), manipulatives
(Rosli et al., 2015), or real-life applications (Calabrese et al., 2019). In addition to creating entirely new problems,
students can modify existing problems (Silver, 1994). An example of this is the Brown and Walter (1983) “What if
not?” approach, in which students analyze and modify problems to create their own. Problem posing is a versatile
technique that can be introduced in many ways.

Many advantages that engaging in problem posing offers have been supported by multiple studies. For instance,
researchers have argued that problem-posing instruction has the potential to increase students’ mathematics
achievement (e.g., Cankoy, 2014; Chang et al., 2011; Silver & Cai, 1996). Similarly, several researchers have
stated that problem posing can be used as a holistic way of assessing students’ understanding of concepts (e.g.,
Drake & Barlow, 2008; English, 1997; Lowrie & Whitland, 2000; Smith & Smith, 2006). These are only a few
examples of the encouraging research that has been associated with problem-posing instruction.
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1.3 Problem Solving

Problem solving is traditionally considered an essential part of mathematics curriculum (Brahier, 2020). However,
the results of recent studies suggest that problem solving is also important to many other subjects, such as
engineering (Nordstrom & Korpelainen, 2011), physics (Bassok & Novick, 2012), and English language arts
(Common Core State Standards Initiative [CCSSI], 2010). Polya (1973) argued that problem solving is a
fundamental goal of life itself. Thus, it logically follows that the CCSSI (2022) described problem solving as
“required for success in college, career, and life.”

Unfortunately, assessments have indicated that problem solving is an underdeveloped skill in education (Greiff et
al., 2014). Out of the 44 countries/economies that assessed problem solving on the 2012 Programme for
International Student Assessment, 20 scored statistically significantly below the Organisation for Economic
Co-operation and Development (OECD) average. Additionally, in regards to the six levels of proficiency (1 being
the lowest), only 57% of students scored a Level 3 or higher (OECD, 2014). Therefore, it is necessary to continue
researching and developing students’ problem-solving skills.

Despite the breadth and long history of research on mathematical problem posing, one of the earliest discoveries,
its connection to problem solving, is also one the most heavily researched. Silver and Cai (1996) found that
students’ problem-posing ability is connected to their problem-solving ability, which is widely supported by
additional research (e.g., El Sayed, 2002). According to Mamona-Downs and Downs (2005), “problem solving
and problem posing have complementary roles... the roles cannot be neatly separated, and in particular, problem
posing is an intrinsic part of problem solving” (p. 391). Because so many researchers have noted this connection, it
would prove beneficial to examine the relationship the between problem posing and problem solving. Specifically,
the present study aims to answer the following research questions:

1) What quantitative articles have been published on the impact of problem-posing instruction on students’
problem-solving abilities?

2) How does problem-posing instruction impact students’ problem-solving abilities?
2. Method
2.1 Search and Selection Procedures

The purpose of this study was to complete an updated review of the literature since Rosli et al.’s (2014)
publication. More specifically, our intent was to further examine the connection between problem posing and
problem solving by synthesizing existing literature published since 2011, the most recent year of publication
included in Rosli et al.’s study. To accomplish this, the researchers conducted a thorough search and selection
procedure and coding process to extract irrelevant articles before analysis.

2.1.1 Initial Search

Researchers used six electronic databases to systematically search for relevant articles: Education Source,
Education Full Text, ERIC, Teacher Reference Center, APA PsychInfo, and OpenDissertations. The initial search
contained the phrase “problem posing” along with the search terms “mathematics OR math OR maths” AND
“elementary OR primary.” Search results were limited to articles published between years 2011-2020. This was in
response to the fact that Rosli et al. (2014) published their meta-analysis on the impact of problem posing in 2014,
with the most recent articles published in 2011. Starting the search for the present study in 2011 narrowed the
search to only articles that were published after those included in the study by Rosli et al. (2014). The overall
search resulted in 782 articles from the six electronic databases.

2.1.2 Article Selection and Coding

Using Rayyan (Ouzzani et al., 2016), two researchers assessed the 782 articles for relevance under certain criteria.
First, any duplicates in the initial search were removed (n = 22 deleted). Second, articles needed to be written in
English (n = 1 deleted). Third, articles needed to meet specific requirements regarding participants, original
research, and study focus. Participants in the study needed to be students; studies utilizing teachers or preservice
teachers as participants were excluded (n = 220 deleted). All included articles also needed to contain research
rather than exclusively theory or literature (N = 94 deleted). For an article to have adequate study focus, the
research needed to be on problem posing as described in the literature review portion of this study (i.e., containing
evidence that participants were creating or modifying problems or questions; n = 387 deleted). After applying the
aforementioned inclusion criteria, we retained 58 articles.

The coding process was completed using a Google Forms file containing the following study characteristics:
article title, author(s), publication date, research paradigm (qualitative/quantitative/mixed), participants,
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treatment/intervention, outcomes measured, study design, and quantifiable data (e.g., means, standard deviations,
sample sizes). To begin the initial coding, two researchers coded five articles and compared responses to establish
interrater agreement. After discussion and agreement on all aspect of the coding sheet, the remaining 53 articles
were split between the two researchers for full coding.

First, all qualitative articles (n = 31) were removed, as qualitative data can only describe impact, not measure
effect. In other words, articles for this study needed to include quantitative data that could be used to calculate a
Hedges’ g effect size, such as means, standard deviations, sample sizes, or other sample statistics. Additionally, as
part of the criteria, the study needed to have either pretest and posttest data or posttest-only data for multi-group
comparison. Four additional articles were removed due to this criterion.

The researchers further sorted the remaining 27 articles by their measured outcomes. Due to the broad
categorization of the outcomes, we grouped the outcomes by overarching themes, including creativity, efficacy and
attitude, problem-posing ability, and problem-solving ability. The category with the highest frequency was
problem solving. Therefore, the researchers chose to proceed with only the eleven articles focusing on problem
solving so as to not compare different measured outcomes (see Figure 1). At the end of the coding process, seven
quantitative studies on the relationship between problem posing and problem solving remained (see Table 1 for
primary study details).
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Figure 1. PRISMA diagram of selection process
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Table 1. Selected articles

Grade

Authors Intervention/Treatment
N Level Measured Outcomes
(Year) . (Content Area)
(Location)
. . . . Problem solving vs. free, semi-structured, and structured
Akben University problem-solving skills; . L
101 . problem posing situations
(2020) (Turkey) metacognition awareness . .
(Chemistry and Physics)
problem-posing ability; System-based problem posing and solving vs paper-based
Chang et al. 5th . . . .
92 . problem-solving ability; flow posing and solving
(2011) (Taiwan) . .
experiences (Mathematics)
Christidamayani & . . . .
. 8th learning achievement; Problem solving vs problem posing
Kristanto 44 . o .
(Indonesia) motivation (Mathematics)
(2020)
K oth conceptual knowledge; Problem posing and solving vs problem posing only
apur
P 72 . procedural knowledge; (Mathematics)
(2018) (India)
knowledge transfer
Kopparla et al. 45 Ist—5th problem-posing ability; Problem solving vs problem posing
(2019) (USA) problem-solving ability (Mathematics)
Online problem posing vs paper problem posing vs
Suarsana et al. 11th . . . .
119 . problem-solving ability conventional learning
(2019) (Indonesia) .
(Mathematics)
online question generating vs online question generation and
Yu & Chen 145 Sth academic achievement; answering teacher-generated questions vs online question
(2014) (Taiwan) motivation generation and answering student-generated questions
(Social Studies)
2.2 Analysis

2.2.1 Categorical Analysis

The researchers recorded design and demographic details for each study. This included single test or
pretest-posttest design, intervention type, content area focus, outcomes measured, location, grade level, and
number of groups with respective sizes. Any measured outcomes that did not directly pertain to problem posing
and problem solving were discarded. If a study contained comparisons of the same outcome across different
combinations of groups (e.g., Akben, 2020) or different outcomes across the same groups (e.g., Kapur, 2018), the
researchers noted this and recorded each set of data separately.

2.2.2 Statistical Analysis

Due to the small number of articles about problem posing and problem solving, as well as the multivariate nature
of many of the articles, the researchers deemed that a full meta-analysis would not be appropriate for the present
study. To amalgamate the recent research on the relationship between problem posing and problem solving, the
researchers examined the existing data to interpret problem posing’s measured effect on students’ problem-solving
skills via systematic review.

Researchers computed unbiased effect sizes and their respective sample unbiased variances for each of the
included studies. All calculations were completed using Microsoft Excel 2016. First, using data provided in each
study, the researchers for the present study calculated Hedges’ g, its associated sample variance, and 95% normal
confidence intervals using DeFife’s (2009) Effect Size Calculator in Microsoft Excel. In each case, the
experimental groups, or groups prominently utilizing problem-posing instruction, were labeled as Group 1, and the
control groups, or comparative groups, were labeled as Group 2. Next, the researchers calculated the unbiased
variance for each Hedges’ g (Hedges, 1981).

For consistency, researchers treated all studies as posttest-only control group designs. In the instances where
studies had pretests and posttests, the researchers only computed mean differences between the independent
groups rather than mean changes between any matched pairs. This procedure was also done in the interest of
examining the impact of problem posing instruction on problem solving ability by explicitly comparing
interventions rather than monitoring growth.
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3. Results
3.1 Categorical Analysis

The seven selected articles (Table 1) shared several similarities and differences. Only one group of researchers
conducted their study in the United States. The remaining six studies were international (with respect to the United
States), including two in Indonesia (Christidamayani & Kristanto, 2020; Suarsana et al., 2019), two in Taiwan
(Chang et al., 2011; Yu & Chen, 2014), one in India (Kapur, 2018), and one in Turkey (Akben, 2020). In terms of
participants, three studies included elementary students (Chang et al., 2011; Kopparla et al., 2019; Yu & Chen,
2014), three included secondary students (Christidamayani & Kristanto, 2020; Kapur, 2018; Suarsana et al., 2019),
and one utilized university students (Akben, 2020). Additionally, five of the articles specifically focused on
mathematical problem posing (Chang et al., 2011; Christidamayani & Kristanto, 2020; Kapur, 2018; Kopparla et
al., 2019; Suarsana et al., 2019), while the other two researcher groups focused on application-type problem posing
(Akben, 2020; Yu & Chen, 2014). Multi-group comparison was used in two studies (Kapur, 2018; Suarsana et al.,
2019) with single-test design. The remaining researchers employed pretest-posttest design with multi-group
comparison.

Although all measured outcomes could broadly be categorized under problem solving, the researchers for each
study labeled their specific measured outcomes differently. Four of the studies (Akben, 2020; Chang et al., 2011;
Kopparla et al., 2019; Suarsana et al., 2019) explicitly mentioned “problem solving” as a measured outcome. The
remaining articles measured aspects of students’ problem-solving abilities, including “procedural knowledge”
(Kapur, 2018), “academic achievement” (Yu & Chen, 2014), and “learning achievement” (Christidamayani &
Kristanto, 2020).

3.2 Satistical Analysis

The effect sizes for the selected studies varied greatly (see Table 2). The smallest effect size was g =-0.648 (var =
0.042; Yu & Chen, 2014), which in this case indicated that students who both generated questions and solved
questions created by their teachers outperformed those who only generated questions. The largest effect size was g
=1.386 (var = 0.079; Akben, 2020), indicating that chemistry students who participated in both problem-solving
and problem-posing activities outperformed those who only participated in problem-solving activities. Of the 16
effect sizes calculated from the seven studies, four were negative (Kapur, 2018; Kopparla et al., 2019; Yu & Chen,
2014) and 12 were positive. In other words, 75% of the selected studies associated problem-posing instruction with
a positive impact on problem-solving performance. Furthermore, variances of the studies ranged from 0.042 (Yu &
Chen, 2014) to 0.106 (Akben, 2020). In terms of statistical significance, only one (Kapur, 2018) of the 12
calculated 95% confidence intervals did not contain zero. Therefore, the only instance of statistical significance
occurred in regard to measuring the impact of problem-posing instruction on students’ conceptual knowledge of
mathematics content.

Table 2. Effects by publication

Authors Outcomes n  Hedges’g Variance 95%CI 95% CI
(Year) (lower)  (upper)
Akben Problem Solving 61 1.386 0.079 0.834 1.938
(2020) (chemistry students)
Problem Solving 40 0.930 0.106 0.291 1.570
(physics students)
Chang et al. Calculations 92 0.511 0.044 0.099 0.923
(2011) Problem Solving 92 0.528 0.044 0.115 0.940
Christidamayani & Kristanto Learning Achievement 44 0.260 0.089 -0.325 0.845
(2020)
Kapur Procedural Knowledge 72 -0.086 0.054 -0.543 0.371
(2018) Conceptual Knowledge* 72 0.673 0.057 0.203 1.142
Knowledge Transfer 72 0.175 0.055 -0.283 0.633
Kopparla et al. Problem-Posing Ability 45 -0.074 0.100 -0.694 0.547
(2019) Problem-Solving Ability 45 -0.083 0.100 -0.703 0.538
Suarsana et al. Problem-Solving Ability 79 0.688 0.053 0.238 1.138
(2019) (Experimental vs Comparative)
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Problem-Solving Ability 79 1.287 0.060 0.807 1.768
(Experimental vs Control)
Problem-Solving Ability 80 0.699 0.052 0.252 1.147
(Comparative vs Control)
Yu & Chen Academic Achievement 98 -0.648 0.042 -1.051 -0.244
(2014) (Contrast and Experimental I)
Academic Achievement 98 0.784 0.043 0.376 1.192
(Experimental I and Experimental II)
Academic Achievement 94 0.182 0.042 -0.219 0.584

(Contrast and Experimental II)

Note. CI = Confidence Interval.

4. Discussion

The purpose of this study was to provide an update to the Rosli et al. (2014) meta-analysis on problem posing as
well as a general overview of the research that exists on the connection between problem posing and problem
solving. By providing quantitative data from each of the included studies, practitioners and researchers alike can
gain insight as to how this connection is being measured and in what context. Using seven articles, the researchers
demonstrated that problem posing has been used as early as the elementary level (e.g., Kopparla et al., 2019)
through the university level (Akben, 2020), in multiple countries (e.g., Akben, 2020; Kapur, 2018; Yu & Chen,
2014), and has been measured in many ways with a range of reported effects.

Though the total number of selected articles is relatively small, there was still a wide variety of contexts in which
problem-posing instruction was measured. It is important to note that some of the research articles contained fewer
details on the implemented interventions, thus making it difficult to compare the similarities and differences
among studies. Additionally, while most of the selected articles were specific to mathematical problem solving
(e.g., Kopparla et al., 2019), some of the articles focused on a broader definition of problem solving as an academic
skill (e.g., Yu & Chen, 2014). Regardless of application, each study referenced problem/question generation and a
possible connection to students’ abilities to solve problems.

The present study demonstrates that there is some variation among research on the impact of problem-posing
instruction on students’ problem-solving abilities. Many of the effect sizes were positive, indicating that in most
cases, students who were exposed to problem-posing instruction performed better than students who did not.
Additionally, in three of the four cases where the effect size was negative (Kapur, 2018; Kopparla et al., 2019), the
magnitude was less than 0.1, indicating that although the effect was negative, it was negligible by most
researchers’ standards for effect sizes. Furthermore, in each of these cases, the 95% confidence intervals showed a
lack of statistical significance, further suggesting that the results do not indicate that problem-posing instruction
has a negative impact on students’ problem-solving ability. On a similar note, nine of the 12 positive effect sizes
(Akben, 2020; Chang et al., 2011 Kapur, 2018; Suarsana et al., 2019; Yu & Chen; 2014) were above 0.5, indicating
a large effect in favor of problem-posing instruction. However, while these effect sizes were larger, only one
instance showed statistical significance (Kapur, 2018). Lastly, all effect-size variances were small, indicating little
variability in each dataset and greater precision of each measured effect (Turner & Bernard, 2006). As the results
are not entirely consistent, there is still ample room for research to continue to improve upon these results. For
instance, it might be beneficial to replicate studies in which large effects were shown without statistical
significance (e.g., Akben, 2020; Suarsana et al., 2019). Additionally, it would be beneficial to examine the
different aspects of problem solving, as seen through Kapur’s (2018) research, to further determine if
problem-posing instruction may impact these aspects differently.

5. Implications and Conclusion

Although the results of recent research on the impact of problem-posing instruction on students’ problem-solving
skills are varied, there is still much to observe. The combination of these results indicates that there is still evidence
in support of Silver and Cai’s (1996) argument that problem-posing instruction has a positive impact on
problem-solving abilities. At the very least, there does not appear to be any substantial evidence suggesting that
problem-posing instruction has a negative impact. Therefore, for teachers looking to at least update their
instructional approach and introduce more recent methods, problem posing may be a beneficial strategy for
improving students’ problem-solving ability.
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