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Abstract

This article discusses the P(problem) S(solving), | Love You! workshop that was conducted at
the MCTM Annual Conference in October 2024. The two presenters conducted four thought
provoking, nonroutine problems that are suitable for students in grades 3 through 9 and
focused on the use of cooperative small groups, Polya's Problem Solving Model, and aspects
of Social Emotional Learning.

Introduction

The ability for all people to solve mathematical problems is a major skill advocated by
the National Council of Teachers of Mathematics (NCTM, 2014) and the Common Core State
Standards-Mathematics (NGACBP/CCSSO, 2010). The NCTM emphasizes problem solving
as an essential focus of mathematics education for all students and teachers. |In addition,
the Standards for Mathematical Practices (NGACBP/CCSSO, 2010), which describe
“processes and proficiencies” that all students and teachers should possess, lists “makes
sense of problems and persevere in solving them” as SMP #1. Therefore, the presenters
decided to conduct a problem-solving workshop, entitled P(roblem) S(olving), | Love You!
(with apologies to the Beatles) at the Maryland Council of Teachers of Mathematics (MCTM)
Annual Conference at Reservoir High School in October of 2024.

This workshop featured several classroom-tested geometric and numerical problem-
solving activities suitable for students in grades 3 through 9 (and beyond). The use of
manipulative materials and cooperative groups was used to facilitate these fun and thought-
provoking activities. In addition, a brief discussion of Polya’s Problem Solving Model (PPSM)
was provided, including a handout describing the framework, which was given to each
participant (Polya, 1973).

Although the presenters had 90 minutes to conduct the activities, they only had
enough time to present and debrief four of them, and have the participants complete an exit
pass. Itis critical that sufficient time be allocated for students to solve non-routine problems,
which accurately describes the problems they conducted at this workshop. Itis also very
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important to provide ample time to debrief each problem. For example, one of the problems
they presented was the “Handshake” problem (see Figure 1). This is a very well-known
problem that is often discussed in a discrete or finite mathematics course but can also be
solved by elementary and secondary school students, but at a different level of
sophistication. It took the participants about 15 minutes to solve this problem, after which a
spirited debriefing discussion took place. During the debriefing of the problem, two solution
processes were described and discussed. One participant solved the problem by using an
“acting it out” process, which many elementary/secondary school students employ. Another
participant used her previous knowledge of combinatorics to solve the problem, which most
elementary/secondary school students do not possess. Both methods produced the correct
answer but were very different in the solution process. This is the very reason for providing
sufficient debriefing time after solving a problem. Itis a pedagogically sound approach to
have students see that there may be multiple paths to a numerical or geometric solution to a
problem (even though there may be only one numerical or geometric answer!).

Figure 1
The Handshake Problem (George Mason University, 2025)

Twelve people, including yourself, attended a recent birthday party that you hosted. If

each person shook hands with everyone else at the party, how many handshakes were

there? What if there were 25 people at the party? Provide a thorough discussion of your
thinking process as you solve this problem.

Answer: 66 handshakes for 12 people, 300 handshakes for 25 people

Another problem that was presented was the “Orchestra” problem (see Figure 2). This
problem showcases the need to apply a problem-solving protocol, such as PPSM. If you ask
students, “what is the most difficult part of solving mathematical problems?”, most students
will say “getting started.” (based on the presenters’ 50 plus years of teaching experience at the
k-16 levels of instruction). Therefore, the introduction and use of PPSM will help students get
started in the problem-solving process. The first phase in PPSMis “understand the problem.”
In this phase of the model, students should ask and answer the following questions (among a
few others): What is the problem asking me to do? What are the variables? How are the
variables related? Do | understand the conditions of the problem? If students struggle to
answer any of these questions, they will most likely struggle with solving the problem and,
perhaps, act too quickly and try to employ a problem-solving heuristic that does not apply to
the solution process. The use of the “Orchestra” problem clearly illustrates this “understand
the problem/getting started” issue.
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Figure 2

The Orchestra Problem (Time Magazine, 2017)
An orchestra of 120 musicians takes 40 minutes to perform Beethoven’s Ninth
Symphony. How long would it take 60 musicians to perform the same symphony? Let M

be the number of musicians and T be the time of performing. Be sure to show all your

work.

Answer: 40 minutes to perform the symphony no matter the number of musicians.

Student-centered learning is at the heart of effective problem-solving instruction. By
encouraging students to take ownership of their learning, teachers can help them develop
critical thinking and problem-solving skills that extend beyond the classroom. In this
workshop, the presenters provided students with opportunities to engage in solving non-
routine problems that required perseverance, application, and the transfer of knowledge
across various mathematical content areas. This exposure to diverse problem-solving
approaches fosters resilience, as students learn that encountering and overcoming obstacles
are part of the learning process. Encouraging students to work through challenges on their
own, with guidance and support from peers and teachers, nurtures their ability to persevere in
solving problems. Through repeated exposure to problems that require creative thinking and
collaboration, students develop a growth mindset, viewing setbacks and difficulties as
valuable learning opportunities to learn and improve rather than as failures. This mindset
fosters the resilience necessary for addressing complex problems, while simultaneously
deepening the students’ mathematical understanding.

Incorporating skills from Social and Emotional Learning (SEL) into the mathematics
classroom is essential in fostering a positive learning environment where students feel safe to
take academic risks. The five SEL sKkills (self-awareness, self-management, social awareness,
relationship skills, and responsible decision making) support students in their mathematical
journeys, especially when faced with challenging problems (Sears, Bay-Williams, Willingham,
and Cullen, 2022). By cultivating and fostering a classroom culture that values persistence
and growth mindsets, students can build the confidence to tackle non-routine problems
without fear of “failure.”

In this workshop, the presenters made intentional efforts to incorporate SEL skills by
encouraging collaboration and peer support. Participants were not only encouraged to share
their problem-solving strategies but also to listen to and learn from their peers. This
collaborative environment helps participants/students develop empathy, communication
skills, and teamwork—key aspects of SEL—while engaging in mathematical tasks.
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Figure 3
Workshop Exit Pass

Exit Pass

 USED TO THINK

BUT NOW | KNOW

At the conclusion of the workshop, the presenters administered an exit pass as an
assessment task as a closure to the workshop (see Figure 3). Here are two responses that
were submitted:

Response #1

| used to think: students were too confused or overwhelmed to do their math work.
But now | know: we have to help students know where and how to start math
problems.

Response #2

| used to think: classes should always be worksheet based.

But now | know: | can challenge my students and have them thinking with fun puzzles,
games, and questions.

Based on the responses, it appears that the presented activities were well received by the
attendees. Several participants noted that the problem-solving strategies helped them
approach mathematical challenges with more confidence, and many appreciated the
collaborative nature of the posed problems. Itis very important to provide a venue for
workshop participants (and students) to offer their thoughts and feelings about the activities
presented and discussed in the workshop or lesson (Fennell, Kobett, & Wray, 2017). In fact,
the authors of this article have modified a few of their activities and pedagogical methods
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based on the comments and suggestions included on exit passes. Exit passes are an
essential tool for assessing the effectiveness of a presentation in real-time (including
classroom lessons). They provide insights into what resonated with the participants and
which areas needed more clarification or emphasis. Reflecting on these responses ensures
that future workshops can be more responsive to the needs of the participants, ultimately
enhancing the learning experience for all involved. In addition to the “Handshake Problem”
and the “Orchestra Problem,” the presenters presented the “Dad’s Cookies” problem (Math
Forum, 2011) and the “Petals Around the Rose” challenge (Wikipedia, 2025).

In conclusion, the presenters very much enjoyed interacting with the workshop
participants at the 2024 MCTM Annual Conference. It was a rewarding experience for both the
participants and the presenters. Conducting this workshop reinforced the presenters’
commitment to providing thought-provoking activities that required the participants to
practice their problem-solving skills in a fun and collaborative environment. The authors look
forward to presenting these and similar activities to teachers and students at future
workshops and/or conferences.
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