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ARTICLE INFO ABSTRACT
Received: 31 Jan. 2021 Problem-posing activities have been shown to motivate students’ learning while promoting a multifaceted and
Accepted: 8 May 2021 interesting educational environment. Moreover, these activities enable students to be engaged in personal

interpretations of their own mathematical thinking. The purpose of this study was to determine if using a hands-
on learning intervention with multiple representations could improve students’ problem-posing skills. The
researchers examined the answers of the participants (n = 14) with the greatest increase in scores from pre to
posttest after participating in 20 problem-posing intervention activities to determine how the intervention
allowed students to pose valid, real-world semi-structured problems. The researchers qualitatively analyzed the
posed problems for logical real-world contexts and the alignment of the setup of each problem to determine if the
students’ posed problems were logical and solvable. Results from this study confirm that students were able to
build stronger understanding of mathematical content when they were engaged in authentic problem-posing
activities that were meaningful to them. Thus, teachers need to include purposeful and focused problem-posing
activities into their classroom lessons.
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INTRODUCTION

Previous researchers have focused on various aspects of mathematical problem posing within elementary school
environments. Kafai et al. (1998), and Lowrie (2005) both examined elementary students as they posed problems in a game-based
environment. Similarly, Yamamoto et al. (2012) studied an interactive learning environment populated with first graders, who
demonstrated their ability to pose problems within a virtual environment. Research has also suggested that young children in
Grades 1 and 3 can create increasingly sophisticated one- and two-step problems reflecting their interests in a multifaceted and
exciting learning environment when encouraged by their teachers (Lowrie, 2002a, 2005). Studies have also been conducted on
older students; for example, one researcher found that Singaporean upper elementary students were able to pose more complex
problems as they advanced from fourth to sixth grade (Cai, 2003). Thus, the current consensus among researchers is that, when
properly motivated through the use of effective pedagogical strategies, students at the elementary level are capable of posing
solvable real-world problems.

The traditional approach to mathematics instruction is to ask students to solve preselected problems. Mathematics teachers
generally either write their own problems or use problems from textbooks or other sources. As a result, students in most
classrooms currently do not take responsibility for creating their own mathematics problems. This is unfortunate, because
enabling students to take an active role in creating their own problems allows them to enjoy mathematics learning and promotes
a multifaceted and interesting learning atmosphere as they engage in personal interpretations of their own mathematical thinking
(Cai, 2003; Kilpatrick, 1987; Lowrie, 2002b, 2005; Singer, Ellerton, & Cai, 2013; Stoyanova & Ellerton, 1996). Another benefit of
problem-posing instruction is that the 21st century skills of communication, critical thinking, and creativity are also employed by
students as they pose problems about the world around them (Alismail & McGuire, 2015; Partnership for 21st Century Learning,
2019). Arecent document titled Catalyzing Change in Early Childhood and Elementary Mathematics: Initiating Critical Conversations
(National Council of Teachers of Mathematics [NCTM], 2020) supports “Broadening the purpose of school mathematics to prioritize
development of deep conceptual understanding so that children experience joy and confidence in themselves as emerging
mathematicians” (p. xiii). We see posing problems as a strategy that allows students to be engaged in activities that require them
to develop deep understanding as opposed to problem solving, which in many classrooms only requires a surface understanding
and the application of rote formulas of mathematical concepts. These many benéefits of problem posing have not gone unnoticed
by policy makers. In fact, the Principles and Standards for School Mathematics (NCTM, 2000) stated that teachers should provide
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students with opportunities to “formulate interesting problems based on a wide variety of situations, both within and outside
mathematics” (p. 258). Interestingly, NCTM’s book, Taking Action: Implementing Effective Mathematics Teaching Practices in K-
grade 5 (Huinker & Bill 2017), stated that most teachers believe their students need to justify their mathematical ideas by sharing
their reasoning and should “do mathematics” connected to their daily lives. These findings suggest that many educators now
support problem-posing activities in which students must justify their posed problems, share their solution strategies with their
peers and teachers, and use multiple representations when posing mathematical problems but do not necessarily implement
them in their classrooms perhaps due to a lack of knowledge or training.

The benefits of including problem-posing activities in classroom instruction are clear and widely agreed upon (Cai & Hwang,
2020; Xu et al., 2019). Our study will examine fourth graders during a year-long, semi-structured problem-posing intervention
(Stoyanova & Ellerton, 1996). Figure 1 pictorially outlines the theoretical framework for our study. The bowl of the funnel contains
examples of some of the prompts used in our semi-structured problems employed during the intervention to motivate and engage
students in posing solvable problems. We used the criteria under the funnel to evaluate the solvability of the students’ problems.
This figure supports the theoretical importance of our study, which focuses on engaging students in hands-on learning using
multiple representations within a real-world context as a way to nurture young children’s thinking to encourage posing valid
solvable problems.

LITERATURE REVIEW

Hands-on Learning

Hands-on learning is an instructional approach where students manipulate concrete objects to understand and learn (Haury
& Rillero, 1994). Hands-on activities can involve using simple objects or everyday gadgets. Unlike traditional teaching methods
where students just listen to the teacher, students are engaged in the learning process while using objects during hands-on
learning (Clark & Clark, 2020; Holstermann, Grube, & Bogeholz, 2010; Lebuffe, 1994), which enables them to be active learners
rather than passive learners. There are many benefits of using hands-on learning in mathematics classrooms. One is increased
learning opportunities for diverse learners because students are able to touch, see, and feel the concrete object they are learning
with. In one study, hands-on activities were more effective for visual and kinesthetic learners, slow readers, and English-language
learners (Carbonneau, Marley, & Selig, 2013). Additionally, students are more stimulated and motivated to learn during hands-on
activities because they find learning to be more exciting and more realistic and thus become more engaged in the lesson (Franklin
& Peat, 2005; Krapp, 2005; Nott & Wellington, 1996; Thorsteinsson & Page, 2018). When used as a supplement to a traditional
teaching approach, hands-on learning has the potential to improve learning for many students who struggle with learning from
lectures as well as increase engagement for all.
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Hands-on learning techniques, such as using manipulatives, have been widely used to introduce concepts in elementary
mathematics classrooms. Research findings support doing so. In some studies, Cuisenaire rods, dice, tiles, geometric shapes,
fraction tiles, and other manipulative materials helped students visualize mathematical concepts, construct meaning, and possess
a better conceptual understanding of abstract facts (Bruner, 1964; Carbonneau et al., 2013). Other studies concluded that a hands-
on learning approach not only increases a student’s ability to think critically but to also have a more concrete and clear
understanding of abstract knowledge (Chowrira et al., 2019; Haury & Rillero, 1994). These findings are significant because
elementary school students generally have a difficult time understanding abstract concepts. In addition, hands-on learning assists
students in building connections between the object they are interacting with, symbols, and mathematical ideas (National
Research Council, 2001). Therefore, when teachers use hands-on learning activities in their mathematics classrooms, students can
have a better conceptual understanding of mathematical concepts. In our study, during each of the intervention activities,
students used hands-on materials with which they could visualize the mathematical concepts being studied before posing a
problem.

Using Multiple Representations

Prior researchers (e.g., Hoffler & Leutner, 2007; Malone et al., 2020; Otten et al., 2019) have found that students learn more
conceptually from words reinforced by objects and pictures than from words alone. Employing multiple representations to make
connections between pictures, tables, graphs, symbols, and verbal explanations of mathematical relationships will enable and at
the same time assist students in developing a greater understanding of mathematical concepts and connections (Van Meter et al.,
2020; NCTM, 2000; Porzio, 1999). There is a common understanding that employing various mathematical manipulatives and
visuals and converting between them is necessary for students to develop conceptual understandings in mathematics (Ainsworth,
Bibby, & Wood, 2002; Van Meter et al., 2020). Furthermore, using mathematical representations allows learners to “acquire a set
of tools that significantly expand their capacity to model and interpret physical, social, and mathematical phenomena” (NCTM,
2000, p. 4). Early exposure to multiple representations of mathematical concepts is thus beneficial to long-term mathematical
learning.

Even at their stage of learning, elementary students should be developing and connecting multiple representations to
generalize mathematical problems (Swafford & Langrall, 2000). However, most first graders in one study were only able to find
single solutions to mathematical problems even though the questions posed required a general pattern formulation (Deliyianni
et al., 2009). In general, although primary school children possess strong insights and sense-making tools, mathematics teachers
struggle to help these students concretely represent and display abstract mathematics topics (Lesh & Harel, 2003). Through our
study, we attempted to familiarize students with the act of switching between multiple representations of a mathematics concept
to enable them to make sense of their insights when posing problems.

Real-World Applications

Real-world application is a teaching practice that seeks to increase students’ mathematical skills. Real-world application
problems allow students to understand the practical uses and concrete purposes for the knowledge and skills learned in their
classes by allowing them to relate what they are learning to their own lives and the larger societal context (Bardini, Pierce, &
Stacey, 2004; Lee, 2012). Because students are able to put themselves in the context of the problem, they are able to make stronger
connections to real-world situations compared to students who only engage with traditional teaching methods (Hidi, 1990).
Furthermore, real-world scenarios can be fun to students, which allows them to be motivated to learn (NCTM, 2007; Premadasa &
Bhatia, 2013; Zbiek & Connor, 2006), and this method of instruction encourages more engaged learning by connecting to student
interests directly (Stillman, Brown, & Galbraith, 2008). This, in turn, helps students be able to more effectively remember what
they learn (Lee, 2012). Finally, real-world applications of learned knowledge help students be more prepared for solving problems
that they will encounter in the real-world, which broadens their learning capabilities (Pedley, 2005). The intervention activities
used in our study utilized real-world application to promote the connection of mathematical skills and concepts in students while
posing their problems.

Problem Posing

There are many benefits to problem posing connected to students’ mathematical learning. Problem posing can increase
students’ problem-solving skills, attitudes, and confidence in mathematics (Cai, 2005; Cifarelli & Sevim, 2015; English, 2020; Silver
& Cai, 1996). Additionally, posing mathematical problems can promote the development of mathematical aptitude and learning
autonomy (Kilpatrick, 1987; Mamona-Downs & Downs, 2005). Students can also collaborate with their peers when posing
problems, and this is where the social component emerges in learning (English, 2003). Specifically, students can discuss and
evaluate the different approaches that have been presented by other classmates. Therefore, problem-posing activities should be
used as an essential part of classroom mathematics instruction.

Problem posing can be especially beneficial for younger students. This is because young students are sensitive to the context
in which mathematical notions are presented to them compared to those in the later stages in their learning (Chapman, 2006).
Promoting problem posing in younger students’ mathematics classrooms may encourage them to develop metaphors to link
mathematics with their out-of-school experiences (Quintero, 2004). This is important because previous research found that when
some students were not able to solve simple addition and subtraction problems when they were presented in decontextualized
problems, they were able to provide correct answers when the problems were connected to real-life situations.

A teacher’s role is important in problem-posing activities. There are three criteria that teachers should consider when they
implement problem-posing activities in their mathematics classrooms: fluency, originality, and complexity (Silver & Cai, 2005).
Fluency refers to the solvable problems posed that meet the parameters of the assignment. Originality relates to the mathematical
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creativity that is demonstrated in the posed problem. Lastly, complexity considers the sophistication of the mathematical
relationships established by the problem poser. Teachers should keep these three important criteria in mind when guiding
students to produce sophisticated problems. In our study, we used the classification of semi-structured problem posing by
Stoyanova and Ellerton (1996), which is “the process by which, on the basis of mathematical experience, students construct
personal interpretations of concrete situations and formulate them as meaningful mathematical problems” (p. 519).

Valid Semi-Structured Problem Posing

Posed problems have been defined and categorized differently by various researchers. Stoyanova and Ellerton (1996) defined
three categories of problem-posing experiences: (a) free situations, (b) semi-structured situations, and (c) structured problem-
posing situations. Silver (1994) based his classifications within a problem-solving context, classifying problem posing by whether
it happened before (pre-solution), during (within-solution), or after problem solving (post-solution). He maintained that problem
posing occurred (a) prior to problem solving when students create problems from a certain object (i.e., story, picture, table, graph,
or another representation); (b) during problem solving when students are required to purposefully change the focus of the
problem, such as when “finding a pattern”; and (c) after problem solving when understandings gained are used in new settings.
Christou, Mousoulides, Pittalis, Pitta-Pantazi, and Sriraman (2005) combined the work of these former researchers and discussed
five possible categories for problem posing: (a) general problems (free), (b) problems with specific answers, (c) problems with
definite information, (d) questions for problem situations, and (e) problems aligned to specific calculations. Cristou et al. (2005)
also defined four processes of problem posing: (a) editing quantitative information, (b) selecting quantitative information, (c)
comprehending and organizing quantitative information, and (d) translating quantitative information.

Some researchers have sought to simplify or redefine the categories put forth by these early researchers. Kuzle, Gebel, and
Rott (2018) suggested combining free and semi-structured problem posing because they found it difficult to distinguish between
the two. Similarly, Kilic (2013) recommended a problem-posing model that was a mixture of the classifications of Stoyanova and
Ellerton (1996) and Christou et al. (2005). Specifically, Kilic (2013) defined problem-posing categories as such: free problem posing
(where students pose challenging problems based on specific numbers or operations), semi-structured problem posing (based on
stories or graphs with no restrictions), and structured problem posing (based on predetermined answers or given equations). As
can be seen, various researchers have defined and categorized problem posing activities differently; thus, itisimportant for future
researchers to specifically define their problem posing studies clearly.

The focus of our study is on semi-structured problem-posing activities in which students are provided specific open-ended
situations (i.e., “pose a problem”) and are required to create problems based on specific items (e.g., a menu, a picture, a graph,
etc.) and particular guidelines (e.g., one- or two-step problem). Semi-structured problem-posing situations “refer to the ones in
which students are provided with an open situation and are invited to explore the structure of that situation, and to complete it
by using knowledge, skills, concepts, and relationships from their previous mathematical experiences” (Ulusoy & Kepceoglu, 2018,
p. 1940). Within our problem-posing activities, elementary students were given types of mathematical and/or non-mathematical
representations, such as pictures, tables, graphs, equations, menus, food items, or stories associated with everyday life. Given the
various categories and processes for analyzing problems posed, it is necessary to specifically define our framework for assessing
posed problems as valid. We used a definition provided by Cai et al. (2013): a valid problem is a posed problem that aligns the
conditions in the task and can be solved using the information provided in the problem-posing situation. In our study, elementary
students were asked to pose problems using real-world information we provided (picture/menu) and supply a setup (an equation
that matches the posed problem leading to a correct solution) that matched their problem posed. If these two conditions were
met, we considered the problem as valid. Therefore, the research question focusing this study is the following: How did engaging
fourth-grade students in multiple representations and hands-on activities enable them to pose valid, real-world semi-structured
problems?

METHODOLOGY

Intervention

The intervention consisted of 20 unique problem-posing lessons connected to specific mathematics content. The problem-
posing sessions provided opportunities for the researchers to develop students’ awareness of how problems are structured.
Students received weekly lessons for an entire school year, with 10 lessons occurring during the spring semester and 10 lessons
taking place during the fall semester, for a total of 20 intervention activities. Each lesson duration was approximately 15-20
minutes. The lessons used multiple representations, and all activities involved hands-on manipulatives that engaged students
kinesthetically in the mathematics topics. Examples of some lessons are included in the Appendix along with the representations
and hands-on activities employed. One full lesson based on Halloween activities is also included in the Appendix. Each activity
used in the intervention was connected to students’ real-world interests (e.g., holidays, toys, pictures, menus, newspaper ads,
etc.). All lessons were based on the fourth-grade scope and sequence, and the researchers designed activities that were aligned
with the scope and sequence of the grade level as well as state standards.

Participants

Convenience sampling was used in this study. Participants in this study were the fourth-grade students from a small school
district in central Texas. Demographics for the school district were as follows: 19% African American, 58% Hispanic, 20% White,
and 2% Other, with 70% classified as “at risk.” These demographics were reflective of our participant population. Students in the
fourth grade were randomly assigned to a problem-posing intervention to determine the effectiveness of engaging fourth-grade
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Table 1. Problem Posing Rubric

Unsatisfactory (0) Minimal (1) Moderate (2) Satisfactory (3)
. . Logical/realistic solvable
L Logical/realistic problem posed but gical/
No questions implied or non- - . . . problem posed that followed
. did not follow instructions or did . .
Logical real- No response or solvable problem but appears to .- . the instructions.
. . not finish question.
world context nonsense. use given information. Ex. There are seven cows and
Ex. There are seven cows and two .

Ex. There are seven cows. two horses. How many animals

horses.
are there together?

SeFup aligned No setup to solve Setup does not align to the Setgp mtatches the prf)blem posed Setup matches the problem
with correct problem posed (completely wrong  with minor errors (either wrong ;
. the problem. : : - - posed and is correct.
operation operation but numbers aligned). operation or switched order).

students in interventions based on real-world multiple representations and manipulatives for the purpose of improving their
problem-posing skills. Only students who participated in the problem-posing intervention and completed both the pre and
posttest administered during the study (n = 80) were considered for inclusion in the current study. Student data were collected
only from participants with IRB parental consent. Ultimately, the participants selected for analysis in the current study (n = 14)
were those who had the greatest gains from pretest to posttest to determine what particular strategies helped the students
effectively pose logical and solvable problems.

Instrument

The researchers administered a pretest at the beginning of the intervention (September, 2018) and a posttest at the end of the
intervention (May, 2019). The tests consisted of four identical problem-solving and two identical problem-posing tasks. The level
of the tasks was adapted for fourth-grade students based on their expected mathematical abilities. The Cronbach alpha reliability
of the instrument was .77, which shows that it is statistically reliable and valid (Cronbach & Shavelson, 2004). The construct validity
of the tasks was vetted by two mathematics education professors from another university.

For the purposes of this study, we only focus on the results from the problem-posing tasks. Two researchers assessed the
problem-posing tasks from both the pretest and posttest using a rubric to ascertain inter-rater reliability (see Table 1). The rubric
focused on determining if students posed semi-structured problems within a logical real-world context (3 points) and if their
problem setup (i.e., equation) was aligned with the correct operations (3 points). Each problem-posing task was worth a total of 6
points. If these criteria were met, their posed problems were considered logical and solvable.

On the pre and posttests, participants were required to complete two problem-posing tasks. The first one (Task A) provided
students with a picture of a cake with % of the cake missing. Students were asked to write a one-step problem using the picture
and then write their setup of the problem. The second, Task B, presented students with a menu from a restaurant with four types
of sandwiches and prices of each sandwich. Students are allotted $20 and were asked to write a two-step problem and a setup for
their posed problem. Students were not required to solve either of their posed problems.

Analysis

A total of 80 students completed both the pre and posttests. Among those students, we examined the answers of the
participants with the greatest increase in scores from pre to posttest after participating in 20 problem-posing intervention
activities (n = 14). The researchers qualitatively analyzed (Holsti, 1968) the 28 posed problems—two from each of the students.
This analysis involved examining the posed problems and setup for the presence of a logical real-world context and the alignment
of the setup to the problem to determine if the students’ posed problems were logical and solvable. Researchers first scored on
their own and obtained an inter-rater reliability of .99, which suggests that the level of agreement was almost perfect (McHugh,
2012). They then discussed the posed problems on which they disagreed during the first round of analyzing the data until they
agreed 100%.

RESULTS

The participants selected for analysis in the current study (n = 14) had score differences that ranged from 8 to 11, which was
determined after examining their posed problems using rubric components (see Table 2). All of these 14 students were able to
increase their scores in the realistic- and operations-aligned factors from pre to posttest. Four students had an eight-point gain,
two students a nine-point gain, five students a 10-point gain, and three students an 11-point gain. There were only three students
who were able to pose logical and solvable problems (the grey column) with perfect scores for both Task A and Task B during the
posttest. On the pretest, no students were able to pose logical and solvable problems. However, on the posttest, there were eight
students who were able to pose a valid semi-structured problem when presented with a picture (Task A) and six students who
were able to pose a valid semi-structured problem when presented with a table/menu (Task B).
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Table 2. Students’ pre and posttest score difference
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5. Create a one-step word problem (tell a story) using the cake picture given. Set up your
problem, but do NOT solve it.

Problem:

6. You and a friend go to lunch with $20. Create a two-step word problem using the menu shown.
Set up your problem, but do not solve it.

Menu \
Pork Tenderloin $8.99 !
French Dip $7.47
Reuben $6.50
Turkey Club $5.49

14

Figure 2. A student’s posed problem for Task A

In order to pose a problem for Task A, students needed to possess an understanding of fractions, which is generally a difficult
concept for elementary school students. In Figure 2, the student is able tell his story and solve and set up the problem correctly.
He technically is posing and setting up a two-step problem, but with his sophisticated use of parentheses, he sees it as a one-step
problem. He represents the whole cake as “1” and then puts (s + ¥4) to represent the s that was missing in the original problem
picture prompt and the % that he ate after dinner and asks others to tell how much cake is left in the refrigerator. This
sophistication of solving and setting up was practiced during the 20 intervention activities when students were asked to pose a
problem in both an oral and written format when provided with pictures to base their posed problems on. They also matched
setups to problems, which provided them with multiple representations to choose from. At first, many students did not connecta
question to their problem, and their classmates needed to remind them that they had nothing to solve when they exchanged
problems with their peers. Activities requiring students to match written problems with setups provided extra practice, which
seemed to pay off.

Although students posed problems within a real-world, semi-structured logical context for Task B, a majority of the students
(n=7) had difficulty writing the correct setup for the equation that matched their posed problem. Many of these students (n = 5)
wrote “b - $20” instead of “$20 - b” (see Figure 3). Even though these students showed sophistication in writing their posed
problem and the use of variables in the first half of the setup, they were unable to correctly write a second half of the setup that
would result in a correct answer.

By engaging with real-world objects and using hands-on learning experiences along with multiple representations during the
intervention activities, students demonstrated confidence in their learning, which enabled them to write valid semi-structured
problems at the end of the intervention. The hands-on learning experiences with concrete objects during the intervention allowed
students opportunities to pose problems with various multiple representations (pictures, charts, graphs, objects, tables, etc.). For
example, students were given concrete manipulatives, such as color chips and cubes, and were asked to pose a mathematical
problem. Students were able to visualize the mathematical concepts through those concrete manipulatives, which allowed them
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You and a friend go to lunch with $20. Create a two-step problem using the menu shown. Set
up your problem, but do not solve it.

(o 2]

Problem:_J*

por ®

Setup b ! —

Figure 3. A student’s posed problem for Task B

5. Create a one-step word problem (tell a story) using the cake picture given. Set up your
problem, but do NOT solve it
: ] v |
Problem; — DANPNC U W WIHTEY CLIINE 77

Setup i - - S

Figure 4. Another student’s posed problem for Task A

to bridge the gap between concrete and abstract mathematics. To demonstrate this, students had to move from the concrete to
the pictorial during the intervention activities. We also required students to write a matching setup during the intervention, which
encouraged them to think at the abstract level of mathematics. These two conditions (the real-world situations and correctly
matching setup) were used to assess whether their semi-structured problems were considered valid. This may have helped
students to pose valid/solvable problems on the posttest.

Numerous students on the pretest were not able to pose a mathematical problem using multiple representations or only
described part of the context and failed to entirely situate the context within a logical problem. For example, one student wrote,
“l ate Vs of the cake at the party,” but failed to either describe the amount of the cake that they started with or ask a question to
solve; thus, their written statement was not a logical posed problem centered in a real-world situation. Another student (see
Figure 4) used different units for describing the cake context of the problem (fractions) and then asked how many pieces were left
in the setup, resulting in a fractional answer, not a number of pieces. This made the posed problem neither logical nor valid.

In general, students on the pretest seemed to make observations and use the given mathematical information from the task
but were not able to pose a logical question at the end of their posed problem. Additionally, although some students set up a semi-
structured problem in a real-world context, many were not able to pose a realistic problem. For example, students were allotted
$20 to be hypothetically spent in Task B, but many students posed problems where the price of the items bought were over $20
and yet asked how much money was left at the end of their purchase. Another common occurrence among students (n = 8) was
the displaying of minor errors. Using our criteria, we classified these problems as non-valid because the setup would not result in
obtaining a correct answer if students tried to solve them. However, we believe that these students did improve in their problem-
posing skills after the intervention because many of them did not possess the knowledge, skills, and confidence necessary to pose
a semi-structured problem at the start of the intervention.

Students were encouraged to tell stories during their problem-posing activities. Situating problems in real-world contexts
gave students opportunities to get excited about posing (see Figure 5). Because students were excited, they were more motivated
during the problem-posing activities. The pre and posttests contained problems where students were encouraged to think about
buying food and telling a story about cake being shared. Students posed problems using real-life contexts, and most of the
students used their friends’ names in their posed problems. Examples of real-life contexts students used include going to a
birthday party, their mom baking a cake, sharing a cake between their friends or siblings, or going out for lunch and choosing
items from a menu with their friends or family. We believe that the intervention provided students with opportunities to enjoy
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8. You and a friend go to lunch with $20. Create a two-step problem using the menu shown Set

up your problem, but do not solve it

. _.\ (t-‘n__\_i 7_77

| Pork Tenderloin

Problem 21 [ i w5 AW o

—_—
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Setup ' 5 L i

Figure 5. Another student’s posed problem for Task B

creating mathematical stories and/or engaging in the learning process, allowing them to pose more sophisticated valid
mathematical problems.

LIMITATIONS

Some of the gains that students made could have been associated with their mathematical understanding at the beginning of
the year. Many fourth graders still have a very limited understanding of fractions at the beginning of fourth grade. This limited
understanding and lack of prior knowledge of fractions could have possibly had an influence on their lack of ability to pose
problems early in the school year on the pretest. Additionally, some students may never have experienced actually going to a
restaurant, choosing from a menu, and using paper money to make a payment before. This lack of prior background knowledge
could have influenced their scores on the pretest.

DISCUSSION

Looking at students who improved their problem-posing skills on the posttest specifically allowed researchers to determine
that students who were more engaged in hands-on learning with multiple representations in real-world contexts posed more valid
problems. This finding is important, as successfully posing problems demonstrates critical higher order thinking skills more so
than simply solving problems (Cifarelli & Sevim, 2015; English, 2020; Van Meter et al., 2020). Higher scores on the posttest also
demonstrated improved general mathematical skills. We were able to reliably determine that our intervention made a difference
with these 14 struggling students in the current study who had the lowest scores before the intervention and who were able to
make substantial improvements, as was shown by their scores, and this was an important finding as well. Thus, building early
problem-posing skills at the elementary level may help students build a stronger understanding of mathematical content when
they are engaged in authentic learning experiences that are meaningful to their lives (Cai & Hwang, 2020; Xu et al., 2019).

Therefore, we recommend that teachers employ problem posing as part of their mathematics classroom activities. However,
if teachers do not know how to properly implement problem-posing activities and do not employ engaging activities effectively,
students’ positive progress might not be obtainable. Teacher professional development needs to be provided. Teachers must be
reminded to keep in mind that problem posing needs to be centered around students’ real-life activities. Additionally, teachers
must guide students using hands-on activities with multiple representations in either a whole-class setting or with small groups
so students can learn from each other. Using problem-posing activities in mathematics classrooms can allow students
opportunities to gain abstract mathematical knowledge and develop their mathematical sophistication while posing valid
problems.
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APPENDIX

Examples of Lessons

Lesson Representations Hands-on activity Real-world topic
1 Introduction Candy corn Pass out “Writing Good Questio.ns” and candy .corn - students pose
questions after placing candy corn in groups

* . Pose problems using expression cards and their Halloween erasers (see

3 Expression cards  Halloween erasers . .
full intervention lesson below)
5 Pictures Plastic Pose a problem based on one of three pictures: dinos, farm animals, or a
farm animals & dinos pet shop

8 Pictograph Coloring graph Pose a problem based on the pictograph of animals at the zoo

1 Manipulatives Easter eggs Pick a plastic egg out of the Easter basket and pose a problem based on

the expression inside

Pick 6 popsicle sticks: 3 numbers, 2 operations (including multiplication or
15 Manipulatives Popsicle sticks division), and an equal sign. Pose a 2-step problem after making an
expression with your popsicle sticks.

Coins, food, and store Pose a 2-step problem using coins and food store advertisements from the

19 Real-world objects
ads newspaper

Pose a 2-step problem using $10 and the menu from various fast food

20 Real-world objects $10, menus
restaurants

*Halloween: Adding & Subtracting Lesson

Review

® Remind students to focus on thinking through a plan before starting to solve a problem.

Model

® Use the example and the erasers to model the problem-solving procedure for the students.

Introduce adding and subtracting using concrete models

e Students will each have a part-part-whole board.

® They will pick an expression card and use the erasers to model that expression on the board and solve.
Posing

® Using the erasers, have students pose their own problems.

® Once the word problem is written, students should set up how to solve the problem. They do not have to find the answer.
e If students are struggling, encourage them to use the question stems.

Share

® Can we solve this problem? Why or why not? What is missing? Etc.

Close

® Summarize and review what you worked on today and discuss how you they can use concrete objects to help them solve
problems.
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