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An Important Note to Non-Math Teachers and Others
Who Are Considering Using This Boolk

You don’t have to be a certified math teacher to use this book effectively.
Fun with Math was developed for teachers, youth group leaders, after-school
child care providers, and parents who may not have the time or expertise for
preparing students to be effective problem solvers.

In fact, many of the teachers who developed the lessons in this book are not
math specialists. Like many elementary school teachers, they did not have
extensive training in mathematics education. Early in their teaching careers,
most of them didn’t conduct much hands-on math in their classrooms
because they lacked confidence in their abilities, believed they didn’t have
adequate educational background, and/or didn’t have adequate time to
develop innovative instructional activities.

Despite their beliefs and concerns, these teacher-writers decided to try a
simple, hands-on activity with their students. The result—they realized
that when they taught math in an inquiry-based, hands-on manner,
students learned, understood, and remembered more. These teachers
and many others, who began teaching through inquiry, found that they
could teach math in a way that works for them and for their students.

Thus, from their own experiences in developing math teaching skills and
strategies, the teachers who contributed to this book understand that
readers who use it may experience similar feelings of inadequate preparation,
low confidence, and/or lack of preparation time. That's why these teacher-
writers designed the lessons in Fun with Math—so that any teacher, youth
group leader, after-school child care provider, or parent can successfully
provide hands-on math instruction.

Each teacher-tested lesson provides clear, step-by-step instructions and
plenty of background resources. In addition, the hands-on, trial-and-error
nature of the activities will allow your students to work through the lessons
with you and retain the learning longer. And if mistakes are made in the
activities, learning has still taken place; students will know what to avoid the
next time. So, pick a learning activity that you would like to try and
begin!

Lo




Real-Life Problem Solving
for Grades 4-8

TuEg OH10 STATE UNIVERSITY
VOCATIONAL INSTRUCTIONAL MATERIALS LABORATORY
1900 KENNY ROAD
Corumsus, OHIO 43210-1090
800 848 4815

H B 0 B




T EXXTYTTY

In-Service Training

For training in the use of Fun with Math, contact the Ohio State University's Vocational
Instructional Materials Laboratory (VIML) at 800/848-4815, ext. 2-8300. Training
can be provided at your school or at the VIML.

Notice to the Reader

The reader is expressly warned to consider and adopt all safety precautions that might
be indicated by the activities herein and to avoid all potential hazards.

The publisher makes no representation or warranties of any kind and shall not be liable
for any special, consequential, or exemplary damages resulting, in whole or part, from
the readers’ use of or reliance upon this material.

This publication was funded by a School-to-Work Opportunities; Urban/Rural Opportunities Grant
(CFDA #278G) from the U.S. Department of Labor. The Project was administered through the
Buckeye Hills Collaborative Partnership, Gallia/)ackson/Vinton JVSD, Rio Grande, Ohio. The content
does not necessarily reflect the views of the Department or any other governmental agency.

As equal opportunity employers and service providers, it is the policy of the U.S. Department of
Labor and The Ohio State University and supporting agencies to offer educational activities,
employment practices, programs, and services without regard to race, color, national origin, sex,
religion, disability, or age. -

© 1999, Vocational Instructional Mg‘%erials Laboratory. 5‘
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Project Overview

Both Fun with Math: Real-Life Problem Solving for Grades K-3 and Fun with Math: Real-Life
Problem Solving for Grades 4—8 were written and piloted by a wide range of teachers and
teacher trainers. These books were developed as resources for teachers to use in
helping students improve their problem-solving skills in the context of real-life settings
and situations.

The development of books was funded by an Urban/Rural Opportunities Grant through
the Buckeye Hills Collaborative. Both books are distributed by The Ohio State
University's Vocational Instructional Materials Laboratory (VIML), which is part of the
Center on Education and Training for Employment. Similar books for grades 9-12 and
adults have also been developed and are distributed by the VIML. The sales office can
be reached by calling 800/848-4815 or faxing 614/292-1260.

In addition, the VIML's professional staff provides coaching and workshops for teachers
and trainers that prepares them to effectively use these and other math- and science-
related materials. The VIML staff also does training in problem solving with math and
science for grades 9-12 and adults, using the ACT Work Keys System™. For further
information, contact the VIML directly at 800/848-4815, ext. 2-8300 or
614/292-8300.

i
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~ Ahout This Book -

Fun with Math: Real-Life Problem Solving was developed for teachers who may not have
the time or the expertise to develop strategies for preparing students to be effective
problem solvers. Thus, significant attention has been given to making it user-friendly.
Both the organization of the book’s content and the content development were
carefully planned to achieve this outcome.

Content organization

The book’s content is organized in a pyramid style to make it easy to locate and grasp
the information provided. Information about effective strategies for teaching general
real-life problem solving are provided first. Similar information specific to real-life math
problem solving follows. Together, these two sections lay a foundation to prepare
teachers to successfully deliver the learning activities provided in Fun with Math.

Resources

/ Learning activities \

AN

/ Real-life math problem solving \
/ | General problem solving \

The Learning Activities section is organized by strand, as identified by the Ohio
Mathematics Proficiency Outcomes. Each section begins with an index of the activities
included in that strand.

Fun with Math'’s appendices provide additional details that can be used to facilitate the
development of more complex skills.

Appendix A—References

Appendix B—Resources (i.e., books, software, Internet sites, and materials suppliers)

Appendix C—Common math vocabulary

Appendix D—Ohio 4th-, 6th-, and 9th-grade Mathematics Proficiency Outcomes

Appendix E—Matrices of Iearningﬁ&tivities, proficiency outcomes, and process skills,
designed to help you focus learning activities on specific mathematical
and process skills. .

yi
L1 " BESTCOPY AVAILABLE |
. Asout This Boox 1
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Content development

The Fun with Math development team followed the guidelines listed below in creating
this book:

© Fun with Math was written for non-math teachers. You don’t need formal training in
math to make full use of this book. However, even formally trained math teachers will
find the book’s practical focus on applications to real-life situations valuable.

o Fun with Math supports what teachers are already doing by offering ideas and
materials for achieving their current goals and objectives. It is not a new program or

Hint: If you a new curriculum—it is a resource that compliments existing instructional efforts.
" missed the note in . ' , _ .
' the inside front o Fun with Math is not intended to be a complete curriculum. Instead, it supplements
! cover, go ahead the curriculum by giving teachers a wide variety of learning activities to use as
i and read it now. needed.

It provides insights
: and encourage-

. ment from
teachers who once

© Fun with Math was developed with consideration for the National Mathematics
Standards and the Benchmarks for Science Literacy. The book’s goal is to help

' felt overwhelmed students become more effective real-life problem solvers. The learning activities
| about teaching were designed within the following philosophy, which reflects the key principles

| real-life problem underlying the national mathematics standards. These were also validated by the
| solving. TIMSS findings.

v All students can learn, regardless of differing abilities, economic status,
learning styles, and academic strengths.

v Learning is an active process.

v Math and science education should model the process by which
explorations are conducted in the real world.

o The specific Ohio Mathematics Proficiency Outcomes addressed by each learning
activity in Fun with Math are noted on the first page of each activity. Proficiency
Outcomes are listed in Appendix D, pp. 422-427. These outcomes are measured by
proficiency tests in Ohio; other states identify and assess similar competencies.

With this overview of the book in mind, look at your present needs. What goals do you
hope this book will help you achieve? List these if you wish. The next section (Where
Do I Begin?) will help you get started on these goals.

% Amout Thrs Book
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So here you are, interested in using Fun with Math as a resource for helping students
develop and/or practice problem-solving skills and wondering where to begin.
Everyone reading this book has a unique blend of experience, ideas, resources, and
needs. Therefore, uses for the book will vary. However, pilot teachers provided a step-
by-step model to help you get started. Once you gain experience, you can customize
the model for your unique situation.

Steps for getting started

Read Effective Instructional Methods for Real-Life Problem-Solving and Effective -
Instructional Strategies for Real-Life Math Problem-Solving (pp. 5-40) for background
information about real-life problem solving. These sections will help you understand
the principles involved in teaching real-life problem solving. You may ‘wish to highlight
some principles, models, or ideas to refer back to when implementing learning
activities from this book.

—

. Select a strand to focus on that matches your instructional needs.

2. Review the Iearﬁing activities in that strand.

3. Choose an activity that you'd like to try.

4. Check to be sure that students have the prerequisite skills needed to complete
this activity. If they don’t, provide one or more lessons to help students build the
knowledge and/or skills needed to complete the learning activity. Many Fun with
Math lessons provide engagement activities that can be used for such
preparation.

5. Gather the materials needed for the learning activity.

6. Review the real-life applications and add others from your knowledge of
students and your local community (e.g., businesses, social factors).

7. Organize a lesson plan that includes these components:
° Provide opportunities for students to solve problems cooperatively (e.g.,

to work individually but share ideas with classmates, to work in assigned
pairs, and to work in assigned small groups.)

rs

Wrere Do [ Becwe 3
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o Vary student grouping. Have students work on some tasks individually,
some in pairs, and some in small groups of 3-5 students. (Refer to pp.
21-23 for ideas about cooperative/collaborative learning and pp. 24-27
for ideas about instructional equity.)

o Have students keep a journal in which they reflect upon what they
learn and the processes used in solving problems.

8. Assess student learning in a variety of ways. Suggestions are provided in the
Evaluation section of each learning activity.

9. Supplement Fun with Math materials with other math resources as needed.
Suggestions are provided in the Resources for Teachers section of each learning
activity. (Resources are also listed in Appendix B, pp. 408-417.)

10. Plan additional instructional strategies for students whose skills did not improve
as much as necessary. The extension activities in each lesson can be used for this
purpose, as well as for reinforcement.

6 Wierg Do Il Becme
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Effective Strategies for Teaching Real-Life
Problem Solving

Baching hreugh neuiry

Rationale for teaching through ﬁhquﬁn’y

Students come to school with a wealth of knowledge. Not all students have the same
knowledge, but they all possess knowledge. The teacher’s challenge is to identify what
knowledge each student possesses about any given subject or topic and utilize that
knowledge as the foundation for building greater understanding. Teachers must become
skilled questioners to help students draw upon the knowledge they already have so they
may diiscover and develop other, related concepts. When students engage in
mathematical or other explorations, they use their prior knowledge, manipulatives (or
models), logical reasoning, trial and error, and many other processes to construct new
knowledge. When students are required to construct their own knowledge from an
inquiry-based exploration, the new knowledge has greater meaning and value. Therefore
the student retains the new knowledge longer and applies it to new situations more
efficiently and effectively. Especially in the areas of math, science, and technology,
students find the process of discovering concepts fun and empowering. And an
empowered student delights in exploring new applications and concepts, further
strengthening their understanding of the subject matter.

About inquiry-based learning

When using inquiry-based learning, teachers provide students with opportunities to ask
questions, then answer those questions for themselves through investigations.! Inquiry-
based instruction includes these characteristics:2

o Starts with one or more problems or open-ended questions.
o Engages students actively.
°© Helps students make real-world connections and applications.

o Concentrates on students’ collection and use of evidence.

BEST COPY AVAILABLE

1 Science With Reason (1995) p. 7.

2 National Council of Teachers of Mathe@?@fiiﬁ;’ Curriculum and Evaluation Standards for School
Mathematics (1989) and Benchmark$foFsc

e

ience Literacy (1993) professional f\glppment CD-ROM.
Py
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© Requires clear expression (e.g., written and verbal communication).

°© Often uses a team approach.
© Does not separate knowing from finding out.

° Welcomes curiosity and rewards creativity, encouraging students to make mistakes
and to learn from them.

© De-emphasizes memorizing facts and technical vocabulary.

° Provides opportunities for students to have successes, which increases their self-
confidence.

,‘@;'. Strategy for developing real-life, open-ended questions

"¥  Teachers can change the questions they ask so there are many possible
correct answers instead of just one. A traditional math problem such as, “What
percentage of the chairs in the room are blue?” has one correct answer. In contrast,
a problem that states, “Find examples of objects in your life that make up 20% of a
whole” has many answers. These open-ended math problems become personalized
to students’ lives by encouraging them to create solutions from their own

experiences.

Five Es of Instruction: A model for structuring inquiry-based learning

Many teachers use an inquiry-based instructional model called the Five Es of
Instruction (the Five Es) with great success. The Five Es is an expansion of the learning
cycle. It can be used as a format for structuring lessons that allows students to learn
through an inquiry-based process. The Five Es model includes the following
components:

Engagement  How will you start the class and get students interested? What “hook”
will motivate your students to learn more about the topic at hand?
Engagement usually involves students in a thought-provoking or
discrepant event. |t may include a demonstration and usually
involves an all-class or small-group discussion. Often in math
instruction, the engagement step helps students identify their
preconceived ideas about a given concept. Note: This step is
optional. Sometimes, “hooks” are integrated into the exploration

activities.
16
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The Five Es model was used to structure the Fun with Math learning activities. In many
cases, the explanation step is included as a class discussion at the end of the exploration.

The teacher’s role in inquiry-based learning

Using inquiry-based instructional strategies takes teachers out of the traditional role of
“bestower of knowledge” and puts them into the role of a learning facilitator, in which
they coordinate the learning experience by:

1.
2.

. Facilitating questioning.

. Giving students facts (to supplement what students have discovered on their own).

Exploration What investigations, discussions, individual activities, and/or
cooperative group activities will be used? In other words, what hands-
on activities will guide students to make observations and collect
data? Note: In this stage, students are not given explanations
about what to expect or why things happen the way they do, and
no new vocabulary is introduced.

Explanation How will you help students analyze what they have experienced? In this
step, your job is to help students draw conclusions and form new
ideas from their observations and the patterns that surfaced during
exploration. Traditional instructional strategies (e.g., demonstra-
tions, lecture-discussions, textbook assignments, group reports,
videotapes, and library research) are helpful strategies for
completing this step.

Evaluation How are you going to assess student learning? In other words, how
will you know that students understand the concepts and processes
being taught?

Extensions What possibilities exist to build upon the learning accomplished by this

activity? In this step, you will help students use what they learned
to solve new problems. In addition, students can complete some of
the extension activities at home. (See the Home Connections
sections in the learning activities.)

Determining the theme or topic that will be studied.

Organizing exploratory experiences for students.:

Providing a framework for collecting information and making generalizations.

. Teacrme THROUGH INQUIRY 7
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Thus, inquiry-based instruction puts students in the center of the learning process
where they can lead their own learning and moves teachers to the sidelines where they
can facilitate (guide) and provide resources.

A facilitating teacher uses the Five Es (or another inquiry-based learning format) to
provide a motivating (engagement) activity, explains what is expected in the exploration
activity, and lets students discover answers for themselves. Once exploration has taken
place, the facilitator helps students synthesize what they have discovered, label it, and
apply that understanding to other situations. A facilitator also provides resources—
from materials to ideas, referrals, and questions—that help students pursue and capture
learning on their own. When giving ideas and referrals or answering questions, it is
important to give students only minimal information (i.e., as little as you can while still
giving them enough to keep the discovery process moving) and let them discover the
rest for themselves.

In summary, teachers facilitate the learning process rather than leading it. To be
successful in the facilitator role, you will likely need to develop some new thought
patterns and skills, such as:

° Allow students to be at the center of the learning process. In planning and
implementing lessons, make a conscious effort to take on a facilitative role in the
learning process. The learning activities in Fun with Math have been designed with
students at the center of the learning process; use them as examples to help you
develop student-centered lesson plans.

o Structure the learning experience so students can learn and practice problem-
solving skills. Hands-on exploration in teams is a very effective instructional
strategy when focusing on problem-solving skills. Again, this book provides many
examples of practical problem-solving activities.

° Help students attain their goals without telling them the answers by staying in
the resource person role. Questioning techniques are especially helpful in this role.
See the bullet “Use open-ended questioning techniques” for more information.

° Lead discussions by asking students to share their hypotheses, predictions, and test
results. This discussion method encourages students to synthesize their learning
and communicate that knowledge to peers. Students often need help from the
sidelines as they learn these skills. Questions that teachers might use to enable
students to express their ideas and reactions include:3

3 This list was adapted from Matthew ngyﬁ%ﬁ%.work, which is cited in Science With Reason,

pp. 36-37. : al&'@

8 TeACHTING THROUGH INQUIRY
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o)

“Why do you think...?” (Asking about the learner’s reasons)

o)

“How did you come to that conclusion?” (Asking about the validity of the
learner’s statements)

o)

“Couldn’t it be right that...?” (Asking for supportive evidence)

o)

“How do you know that...?” (Asking for supportive evidence)

o)

“How might we find out whether...?” (Asking for alternative possibilities)

o Use open-ended questioning techniques. It may come as a surprise that such
techniques are very difficult to develop. It takes significant planning and effort to
master them. Many teachers have found these strategies helpful:

v When conducting a discussion, prepare several key questions to get things
rolling. This technique also gives teachers a checklist to help them make sure
that key points are covered.

v Avoid questions that can be answered with “yes” or “no.”

v Ask questions that require students to think critically to explain their
observations and draw conclusions (e.g., avoid questions that let students
provide only a number answer to an equation).

v Encourage students to use math language by using it in your questions and
asking follow-up questions that elicit the correct math terms when students
neglect to use them in responses. (See Appendix C for math terminology.)

¢ Answer a student’s question with a question. Used in the appropriate
circumstances, this technique encourages students to think more critically and
to solve problems on their own (or with other classmates). Hint: A curious,
supportive demeanor is critical to the success of this technique. Many teachers have
learned to start with a validating comment like, “That's a really good question, Jan,”
followed by a question.

¥ After asking individuals or groups of students a question, allow 5-10 seconds
of wait time before talking, providing a hint, or calling on someone. This
allows all students to respond—even those students who may be unsure of
themselves and those who prefer to think answers through before talking about
them.

19
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v/ Ask questions without bias. Refer to the upcoming section concerning
instructional equity for ideas such as:

? Pose the same number of questions to both boys and girls.
? Ask questions with the same level of challenge of both boys and girls.

? Follow both boys’ and girls’ answers to one question with a second, more
difficult question.

° Encourage students to apply what they learn by encouraging them to reflect upon
and explain their problem-solving process. Ask for such reflection with comments

like:
? “How did you get your answer?”
? “Explain what you were thinking.”
? “How do you know that your answer is correct?”
? “Can you make up a problem that is similar to this one?”
? “Draw a picture of what happened.”

? “Can you show me or describe a model like it?”

Assigning journal entries is a great way to give students time to reflect upon their
problem-solving processes.

Many of the items listed are modeled in Fun with Math. For example, hands-on learning
and real-world applications are integrated into most lessons. Student-centered learning
and most of the questioning techniques are found in class discussions within
engagement and exploration activities, as well as in the evaluation techniques at the end
of each lesson. To help deepen your understanding of inquiry-based instruction, look
for the ways it has been integrated into this book’s learning activities and apply any
strategies you find helpful to other learning activities.

f i@ Thacun Trroucs Inquiy
ERIC
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Teaching Process Skls

Learning subject-area content is important. To become proficient in the
competencies identified by math educators, students must understand basic math
operations and principles. However, the ability to apply content is equally
important. At work and at home, people need to apply their knowledge of the
content in solving problems. Process skills lay the foundation for people to
successfully apply content knowledge to solving problems in real-world situations.

Consequently, teachers of all levels need to consider process skills as they plan math
instruction. When learning activities help students practice process skills, learning is
more active and students learn more than if they were lectured to or if they
observed demonstrations.

The Self-Check Worksheet on the following page defines the process skills generally
used in math and science education. You may wish to use it to identify the process
skills you currently teach and the ones you might want to add. Then, identify ways

to help your students develop and/or practice these skills. Some ideas are provided
on pp. 14-17.

21
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- Process Skills Descriptions and Self-Check Worksheet

Instructions: In the first column, check the process skills that you currently use in instruction. In the
second column, check those skills you'd like to add or expand upon. Use the resulting information as you
choose learning activities from Fun with Math.

(4
2
QO
(/) o
04'\6 (‘K&
LY D
K \\\\

[J [ Building models: Constructing a representation of a system that is based on observations and
inferences.

[J [ Categorizing or classifying: Arranging objects or systems into categories based on shared
characteristics. Can also refer to labeling objects or systems based on unique characteristics or
some other specified criteria.

[J [ Communicating: Conveying information (e.g., insights, explanations, results of observations or
inferences, measurements) to others. Communication methods might include verbal, pictorial,
graphic, or symbolic presentations.

]
]

Comparing: Relating one thing to another in order to identify similarities and differences.

]
]

Controlling variables: Holding all variables constant that impact an experiment or situation,
except one variable whose influence is being investigated in order to evaluate changes in the
others.

]
]

Experimenting: Testing a hypothesis through information gathering.

]
]

Hypothesizing: Forming precise questions to be tested scientifically. Formal hypotheses are
stated so that each explanation may be tested and, based upon the results of those tests,
accepted or denied.

]
]

Inferring: Suggesting explanations, reasons, or causes for observed events.

]
]

Interpreting data: Studying data, then summarizing its implications in the context of a scientific
investigation. Familiar language should be used to describe the significance or meaning of data
and observations.

[] [ Measuring: Using instruments to define objects or systems quantitatively, either as compared
with others or as compared with a standard. Measuring includes the monitoring of changes in size
shape, position, and other properties. 2‘2

R
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Observing: Using the senses and extensions of the sensesto closely examine or monitor a
system, noting and recording aspects that are not usually apparent under casual scrutiny.

Ordering: Using observed characteristics to organize objects or systems in a sequence.

events based on prior observations and inferences.

Reasoning: Making judgements based on observations, knowledge, and experiences. Usually
involves making inferences and drawing conclusions.

\

[l

[l

[] Predicting: Forecasting a future observation or the next occurrence in a system or series of

[l

[[] Recognizing relationships: Interpreting interactions between different components of a system.
[l

oo O oOog o

Recording: Creating a written record of observations made during experimentation.

Notes
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Strategies for helping students develop and practice process skills

The best way for students to learn process skills is for them to practice using those
skills. Most of the time, process skills can be taught in conjunction with instruction
about mathematical (and scientific) principles. Each learning activity in this book allows
students to practice a wide variety of process skills along with content-area skills. (Refer
to the first page of each activity to determine which process skills are targeted. In
addition, a chart that identifies the process skills that are employed in each learning
activity is located in Appendix E, pp. 428-440.)

However, there will probably be times when you want to give students opportunities to
learn process skills in isolation. Let’s use the process skill of classification as an
example. Mathematicians and scientists put the objects they study into categories so
they can more easily identify similarities and differences. As is the case with other
process skills, classification skills are required in many job fields. They are increasingly
important to daily living as we strive to create order and efficiency out of the multiple
activities and demands that fill our days. Therefore, students can benefit from activities
that help them learn classification skills in isolation by sorting objects with the same or
different characteristics. (Even very young students can discern differences in
characteristics such as shape, color, form, texture, and size.) Two activities that teachers
can use to help students develop classification skills follow.




25000 +098

Classifcation Activity 1= Button Surt

Exploration activity

1. Give a pile of different buttons to each group of 2-4 students.

2. Challenge students to identify categories and sort the buttons accordingly. To
help them focus on the observable characteristics of the buttons that can affect
classification, you can ask questions like:

? How many buttons are there all together?
? How many shaded buttons are there?

? How many white buttons are there?

? How many of the buttons have 4 holes?
? How many white buttons have 4 holes?

? How many shaded buttons have 2 holes?
? How many shaded buttons have 4 holes?
? How many buttons have 2 holes?

? How many large buttons have 2 holes?

3. Have students develop a chart to record their findings, similar to the illustration.
Note: Depending upon the skills and experience of the students, have them work
individually, in teams, or as a class to complete the chart. Skill differences will also
determine whether or not the chart given to students contains any given
information.

All buttons

Shaded buttons White buttons

OO OOETHEHCOHCOHCD
25
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Classiiication Activity 2: Dhservaile
Cliaracierisiics

Exploration activity

1.

Give groups of 3-5 students items to classify (e.g., toys, fruits, vegetables,
flowers, leaves, shells, buttons, sponges, counting manipulatives, stones, kitchen
utensils, tools, cutouts of geometric shapes, natural vs. manufactured items,
items of clothing).

Instruct individual students to examine each object, looking for its observable
characteristics such as color, shape, texture, and size.

. Have each student in the group describe the characteristics of 1 object to the

other group members.

Instruct each group to sort all items into 2 piles by the similarities and
differences of their observable characteristics. Examples: Sort all large objects
into a pile and all small objects into another; all red objects into a pile and all
non-red objects into another; all objects with wheels into a pile and all objects
without wheels into another.

Have the students discuss the criteria that they used to sort the items.

Have students construct a dichotomous key (or chart) similar to the
illustration in Classification Activity 1. They should classify objects until all
items have been separated singularly. Note: When first introducing this process
skill to students, the key can be developed as a class, with coaching from the
teacher. Once students gain experience with this type of activity, they can
construct charts independently and in team exercises.

Extension activities

1t After groups complete their charts, introduce new, related objects (limit of 3).

Instruct groups to self-evaluate the results by adding the new items to their
charts.

Have a representative from a group read a description (i.e., the characteristics)
of an object on their chart to another group. Instruct classmates in the other
group to identify the object.

¥ TeacNG PrRocess SKILLS
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3% Place sets of different kinds of objects at different stations. Have groups of
students rotate from station to station, developing a chart for each set. Then,
have the groups compare and contrast the charts from all of the stations.

3% Have each group member choose 5 items that share the same characteristics.
Have others in the group identify which characteristics the items have in common.

TrACHING PROCESS SKILLS 17




Abalone®
Architek Game®
Backgahmon
Battleship®
Block by Block®
Checkers

Chess

Chinese Checkers
ConFIGURE®
Connect Four®
Connections®
Continuo®
Duo®

1zzi® and lzzi 2®
Logix®

Appendix B.)

Binary Arts Corporation.
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leaching Problem-Selving Skils

Problem-solving strategies are critical to any instruction aimed at improving real-life
math skills. By using the learning activities in Fun with Math, you are giving students
opportunities to develop their math problem-solving skills.

The ideas listed below should help you to provide students with additional
opportunities for developing their problem-solving skills:

o Many commercial games require players to use problem-solving skills, including
deductive reasoning, categorizing, visual discrimination, and/or calculating. Some
games are listed below to help you get started. Several games on the list may not
be available from local retailers. However, suppliers of instructional math materials,
such as William Sheridan and Associates, which is listed in the Supplier section of
Appendix B, pp. 408-417, should carry them.

Mastermind® for Kids
Mancala

Othello®

Quarto®

Quick Chess
Rummikub®

My First Rummikub®
Sequence®

Shape by Shape®
Take 6@

Tangoes®
Tangrams®
Traverse®
TriOminoes®

o Start several classes a week with a brain teaser. Refer to books such as Brain
Teasers! (grades 1-6), Favorite Problems, and Super Problems or game card packs
such as TOPS Communication Cards and Visual Brain Storms 1 and 2®4 for ready-
to-use activities. (Information about these and other books is provided in

4 Visual Brain Storms: The Smart Thinking Game® and Visual Brain Storms 2® are distributed by

ﬂfg TRACHING PROBLEM-SOLVING SKILLS
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o Start several classes a week with a math energizer like the one below:3

1. Pick a number from 1 to 9.

2. Subtract 5.

3. Multiply by 3.

4. Square the number (or multiply the number by the same number).

5. Add the digits until you have a single digit (e.g., 64 =6+ 4 =10 =1
+0=1).

6. If the number is less than 5, add 5. If it is more than 5, subtract 4.

7. Multiply by 2.

8. Subtract 6.

9. Map the digit into a letter in the alphabet (e, 1 =A,2=8,and so
forth).

10. Pick a name of a country that begins with that letter.

11. Take the second letter in the country name and think of a mammal that
begins with that letter.

12. Think of the color of that mammal.

13. Now share the color, name of the mammal, and country it is from with
your neighbor.

14. What did you discover? Can you explain what happened?

(Solution: Each learner will have the same answer—an elephant from
Denmark)

o Have students solve real-life, hands-on problems. Project-based learning
activities are an extremely effective strategy for teaching real-life problem solving.
Note that these activities may require students to work with one another—in the
same way that they would in the workplace. And projects involve the integration of
several subject areas (i.e., math, science, social studies, communication), which
resembles real-world problem solving. In addition, students are required to figure
out what information, materials, and tools they need. Your role as a teacher is to
facilitate learning—not to tell students what to do and how to do it. (Refer to pp.
7-10 for suggestions about being a resource for students, leading discussions, and
asking open-ended questions.) Examples of projects include the following:

 Have students calculate the area of classroom walls or floors to determine the
amount of carpeting or wallpaper that would be needed to cover the surface.
Then, have them determine the quantity of materials that should be purchased
to complete the job. The activity can be made more complex by having them
determine time and cost factors, and calculating the cost per unit.

5 This problem was taken from the Internet ( ong@al source unknown).

g
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v Have students design and build something from wood and nails (e.g., a bat
house, bird house). In addition to calculating dimensions and measuring
angles, they should determine the amount of materials needed and calculate
construction costs.

¥ Have students operate a store. They should order materials, keep track of
inventory, and calculate costs.

v Have students prepare and distribute a meal for the class. (Chili or soup
would be a good choice.) They should determine quantities of ingredients
needed to prepare each dish, calculate the amount of tableware needed, and
figure out the per-person cost of the meal. Recipes can also be increased
and/or decreased to feed a specified number of people.

¥ Challenge students to design and build a model of a putt-putt hole.

v/ Develop a “camping” experience that includes:
° Pitching tents, then measuring angles, perimeters, areas, and volumes.
° Stacking firewood, then identifying patterns.
° Identifying patterns found in nature.
© Answering real-life questions, such as:
? How many stones are needed to surround the fire circle?

? How many air mattresses (or sleeping bags) will fit in each tent?

Project-based learning activities can also help teachers by providing an effective way
to assess a student’s ability to apply mathematical principles to real-life situations.
For example, a teacher may challenge a group of students to solve a real-life
problem. The teacher might then make and note observations during the problem-
solving process and/or may use a rubric to evaluate students’ skills in mathematical
problem solving. Assessment is discussed in more detail on pp. 28-36, including a
sample rubric.

20 TEACHING PROBLEM-SOLVING SKILLS .
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Cooperative/collaborative learning is an instructional method that gives students
opportunities to work interdependently to accomplish an academic goal, while still
being held individually accountable for learning. There are many benefits to this
style of instruction, including the following:

o Students take responsibility for their own learning.

o Students learn to combine their critical thinking skills to solve problems, resulting in
less dependence on the teacher and increased student-centered learning,.

o Students develop leadership skills.

o Students learn and develop social skills.

o Students learn to share responsibility.

o Students experience enhanced self-esteem.

o Students build trust in others.

Cooperative/collaborative learning groups can be made up of pairs or small numbers of
students heterogeneously grouped. Here are suggestions for structuring cooperative
learning activities:

1. Assign each group member a specific role (e.g., reporter, recorder, leader, materials | Hint: Some

monitor) and specify the responsibilities of each role. Students may have more teachers have
than one role, depending on the number of students in each group and the number- | students develop
of roles required. job descriptions

for each role.

2. Define the skills students should practice (e.g., talking quietly, listening, staying on
task).

3. Present a task or activity, and give directions and guidelines to each group.

4. While students are working collaboratively, monitor and assess group and
individual behaviors.

5. After the tasks are completed, instruct group members to evaluate their group’s
progress, and their performance 'asiteam members.

31
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Some effective cooperative/collaborative learning strategies

The following strategies can help you implement collaborative learning:

°© Think-Pair-Share: A problem is posed. The students think alone about the
question for a specified amount of time, then form pairs to discuss the question.
During share time, teammates are called upon to share the answer with the class.

. Hmt This metf;;; © Three-Step Interview: This strategy works best with groups of 4 students, but can

is helpful for be used with larger or smaller groups. Students form pairs within their groups. One
sharing how a member in each pair is the interviewer and the other the interviewee. After

math problem was interviewing, the pairs reverse roles and complete the interview again. Then, the
solved or which pairs take turns sharing what they learned in their interviews with the other members
homework of their team.

problem was most

difficult and why.
) 'fﬁc,u_ ?n, w d ° Rallytable: Students work in pairs within groups of 4. They pass a sheet of paper
back and forth, recording answers to a problem that has many answers. When time

is called, the pairs compare their answers within their groups.

© Send-A-Problem: Each student on a team makes up a review problem and writes it
down on a flash card. The author of each question asks it of his team members. If
there is consensus, the author writes the answer on the back of the card. If not, the
question is revised so it produces consensus. The question side of the card is
marked with a “Q,” and the answer.side of the card is marked with an “A.” Each
team passes its stack of review problems to another team. One student reads the
first problem to the team, who attempts to answer it. If team members have
consensus, they turn the card over to see if they agreed with the sending team. If
not, they add their answer to the answer side of the card. Each question is handled
in this way, then the stack of cards can be passed on to other teams. When the
cards are finally returned to the authoring team, the team members can discuss and
clarify the questions and answers based on the alternative answers recorded by
other teams.

°© Co-op Jigsaw 1—Experts Report: Each student becomes an “expert” for an
assigned topic. Each expert meets with experts on the same topic from other teams
to learn basic principles and information. Each group of experts makes a ,
presentation to the class. When students return to their teams, the varied experts
combine their information to create a group product. Example:

v/ Topic: measurement
v Team topics: a basebgll, a golf ball, a brick, an eraser 32
v Expert topics: heigl'i"f’,"u\iveight, volume, shape
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Each expert team presents information about its measurement topic to the class.
Then, experts return to their groups to combine their measurement knowledge in
completing an assignment regarding their object (e.g., baseball, golf ball, brick,
eraser). '

© Co-op Jigsaw 2—Team Reports: This strategy is similar to Co-op Jigsaw 1, except
experts do not report to the class. Instead, teams report to the class, each on a
different topic. The assigned experts from each group meet to learn basic principles
and information, then return to their teams and apply those principles and
information to a specific problem. When team projects are complete, each team
presents its project to the class. Example:

v Topic: measurement
v Team topics: a baseball, a golf ball, a brick, an eraser
v Expert topics: height, weight, volume, shape

After students learn their respective measurement skills in their expert groups, each
expert teaches his/her teammates the measurement skills learned. Then, teammates
apply those skills to their group’s object (e.g., baseball, golf ball, brick, eraser) and
complete an assigned project together. Finally, each team reports to the class.

. C@mmw@@)mm LEARNING 23
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Providing Equity in Instruetion—
et Teachers Gan Do

An often-overlooked aspect of instruction is equity—providing instructional
opportunities that will help all students succeed. It is especially important for teachers
to consider equity when planning lessons related to math, science, and technology skills
because these subject areas are especially vulnerable to unconscious biases that impact
the quality of education provided to some student groups (e.g., females, socially-
disadvantaged students, differently abled students). In this section, we'll use male-
female equity for illustration purposes, but the principles and techniques discussed can
be applied successfully in any situation to ensure equity in instruction for all students.

When it comes to math, science, and technology, many girls do not have the same types
of experiences, both in and out of school, as boys. As a result, boys and girls have
traditionally received differing qualities of education—even when they study in the
same classroom. It's possible that you are skeptical about this—especially if you are
male. Please don’t stop reading; the information provided in this section will help you
quickly and easily check it out for yourself.

Discovering unconscious biases

Researchers$ have found the following inequities in the way that boys and girls are
treated in school:

o At all grade levels, girls receive less teacher attention and less useful teacher
feedback than boys do.

v Teachers call on girls less often than they call on boys.

v Teachers ask probing and higher-order thinking questions of girls less
often than they do of boys. :

v Teachers often instruct boys on how to perform tasks but tend
to do tasks for girls.

v Teachers tend to give less feedback (e.g., praise, criticism) to girls than
they do boys. 3-@

6 Myra and David Sadker have done the %fﬁc%%ft‘}gomprehensive research on the topic of gender equity.
Their findings are published in Failing at Fairniess: How America’s Schools Cheat Girls (1994).
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o In class, girls talk significantly less than boys do.

v In elementary and secondary school, girls are eight times less likely to call
out comments. When they do, they are often reminded to raise their
hands, while similar behavior by boys is accepted.

v Girls are less likely to raise their hands because they are aware that boys
get called on more, they may take longer than boys to think about their
responses before raising their hands, and they may not have confidence in
their ability to answer correctly.

o When working in coed pairs, boys tend to dominate in math, science, and
technology-related activities, which results in girls having fewer opportunities to
experience hands-on learning in these areas.

o Girls rarely see women’s contributions to math, science, and technology
mentioned in the curriculum. Most textbooks continue to report only male
contributions and may still contain pictures of males actively doing things while
females passively watch and support them.

° Girls experience pressure from their friends to not do well in science, math, and
technology-related classes; they may be teased for being “nerdy” or unfeminine if
they try to.do well.

Outside the classroom, most girls have not received opportunities to work with tools or
mechanical systems. Girls don’t have as many toys that encourage them to build,
explore, or tinker. For example, girls do not generally build with LEGOs® or fix their own
bicycles. And as in school, adults tend to instruct boys on how to perform tasks but
tend to do tasks for girls. As a result, many girls have not developed the foundational
skills needed to succeed in many real-world problem-solving situations.

This subconscious inequity has far-reaching consequences. Because girls have had fewer
opportunities to develop mechanical skills than boys, they are often less prepared for
and less likely to take courses in math, science, and technology. In addition, it is clear
from the research that those girls who do take upper-level math and science courses are
treated very differently than their male classmates, causing many to stop taking them.
Taking fewer of these courses has resulted in fewer high-paying occupational options for
female workers.
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Strategies for overcoming biases

What can teachers do to help all students receive equitable, high-quality educational
experiences in math and science? The following list provides some ideas.

o The most important thing you can do, as a male or female teacher, is to be aware of
your subconscious biases and to accept that virtually everyone has been socialized
to have biases. (If you don’t believe that you treat some students differently—boys
and girls for example—ask a colleague to observe you in the classroom or make a
videotape of your teaching to determine whether or not you provide girls with less
attention and different expectations than you do boys.)

© Make a conscious effort to provide girls and boys with equal amounts of
attention and encouragement. Transfer this conscious effort to any other student
groups that may be receiving less attention.

o Create an atmosphere that fosters girls’ participation. Because girls are
generally more shy than boys about speaking in public, you can make it more likely
that girls will express themselves by making small changes in your own behavior. For
example, when asking questions in coed settings, make a conscious effort to wait
5-10 seconds before calling on anyone. You'll be surprised at the number of timid
hands that go up in those few seconds of wait time. Or, if only /5 of the students
have their hands up after you ask a question, you might want to say, “Think about it

and talk with the person sitting next to you. I'll ask again in a few minutes.” This
technique is an especially easy and effective way to level the playing field for all
students.

° Pay attention to group dynamics—who speaks, how often, for how long, in what
order, and who interrupts whom. Actively facilitate discussions in ways that give all
students a chance to participate. For example, since girls tend to speak less often
and for shorter periods of time than boys do, be sure to acknowledge their
contributions.

o Don’t “teach down” to any students. Expect equally high performances from boys
and girls and from people of all races, national origins, and abilities. For example,
avoid the assumption that a girl cannot use tools or analyze complicated systems.

° Involve girls in construction and manipulation of equipment and the use of
tools. They may not have had these types of experiences in the past. For example
many girls have not had opportunities to use pliers, pipe wrenches, handsaws,
electric drills, ratchet sets, ohmmeh%rs, micrometers, gauges, or bench vises.
Teachers should provide opportunities for them to learn these skills. Socially

’
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disadvantaged and differently abled students often have not been given these types
of experiences either, so be sure to include them in such activities.

o Provide girls and other student groups with additional instruction or practice,
when needed.

o Use a collaborative, cooperative approach to activities rather than a competitive
one.

o Use interactive methods. Have students do some of their work in small groups.
Girls tend to be more effective when they can share their ideas with others. Note: In
the beginning, provide additional facilitation for groups that contain girls and other
student groups to encourage their participation. Most students tend to change
their interactions with others very quickly once they see different methods modeled
by an adult, because their unconscious biases are still pliable and they instinctively
desire to include others. Therefore, additional facilitation will become unnecessary
within a short time.

o To prevent boys from dominating activities in which they have more skill and
experience, pair girls with girls and boys with boys some of the time. Making
careful pairing choices works well with other student groups too.

o Foster students’ independence. For example, hold girls accountable when they
engage in “learned helpless” behavior. If they say, “l can’t do it” before exerting
effort, find ways to re-engage them in the activity. Show faith in all students’
abilities to do things for themselves.

o Use more than one method of assessing student achievement. For instance, do
assessments using multiple-choice tests and model building (at which boys tend to
perform better) as well as essay tests, projects, and reports (at which girls tend to
perform better).

Don’t let this long list overwhelm you! Just pick one strategy, try it for a week or two,
then try another one. Your efforts will surely pay off for all of your students.

37
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Using Assessment as
3 leaching ool

Assessment is a key component of successful math instruction. Measuring students’
understanding of math content and processes before, during, and after instruction is

critical to ensuring that future instruction meets students’ needs, and that your learning
goals are being met.

Assessments that give teachers insights into students’ thinking and the development of
students’ conceptual growth are the most valuable. In addition to helping teachers

assess student learning, they help teachers decide in what experiences to engage
students next.

Whenever planning assessment, teachers should ask these questions:
? Who is being assessed?
? Why am | assessing?
? What am | assessing?

? How am | going to assess?

The concept map on the following page identifies many aspects involved in planning for
effective assessment.

38
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Assessment strategies

Assessment strategies can vary—depending on the age and skill levels of the students
and instructional style of the teacher. Many assessment methods are effective, including
the following:

° Students can better assimilate what they learn by journaling. Through journaling,
they reflect upon the process by which they explored math principles, made
generalizations, and came to conclusions about what they experienced. In addition,
journal entries help students apply what they've learned to their daily lives at home,
at school, and in the community. Teachers who encourage their students to write
about their mathematical procedures, strategies, and techniques send the message
that the student’s thinking skills are just as valuable as the correct answer.

o Student and teacher portfolios allow both students and teachers to select and save
materials that show students’ progress over time. Portfolios can contain required
pieces, individually selected pieces, and unit projects. Two important parts of this
assessment are a chart of growth (or progress chart) and an explanation of why each
item is included. '

° Student presentations, during which individuals or teams of students present their
findings and conclusions to others, help students develop a variety of real-world
skills (e.g., communication, critical thinking, collaboration). When teachers facilitate
discussions after such presentations, students learn to listen to feedback and how to
apply it to their conclusions, revising them if needed. (See the strategies for such
discussions in the Teaching Through Inquiry section, pp. 5-10.)

o Student interviews or conferences with a teacher allow them to describe their
understanding of what they learned and to make applications to everyday life.

° Quizzes can check students’ knowledge of mathematical concepts. Note: Paper-
and-pencil tests rarely assess students’ abilities to employ process skills.

© Rubrics are especially helpful in evaluating students’ work on design projects, which
allow them to apply mathematical principles to real-world situations. Rubrics can
help organize thinking about assessment and guide your observations and recording,
See sample rubrics on pp. 35-36. Note: Rubrics are best used in conjunction with
other types of assessment. :

o
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o Teacher observation of students as they solve problems gives teachers a view into
students’ thinking processes. For example, teachers can assess students’ abilities to
use process skills and apply content-area knowledge by observing students as they
complete the learning activities in Fun with Math. The sample Observation Sheet on
pp. 32-34 can be used for this purpose.

The Observation Sheet is designed for teachers to record a student’s:

v Content-area knowledge.
v Ability to employ problem-solving strategies.
v Ability to employ process skills.

v Overall attitudes and skills.
This assessment tool can be used effectively in the classroom to:

v Guide the teacher’s observation of specific skills as they relate to a content
area.

v Document each student’s progress.

v Measure the amount of progress by comparing each student’s work to his or
her previous work.

This formal observation strategy results in a complete and detailed written
assessment of each student’s individual progress that can be used for grading and
for planning future instruction. These sheets can also be useful in organizing
homogeneous or heterogeneous groups for small group instruction.

42
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(bservation Sheet

Instructions:

1. Make one copy of this sheet for each student being assessed.

2. Label each sheet with the student’s name and the unit or content topic name.

3. Choose the outcomes you wish to assess. Mark targeted process skills, write in problem-solving skills, and identify
general observation questions.

4. Observe students during math problem-solving activities—before, during, and after a unit instruction—and record
observations. (Hint: Using a different color of ink to record the data for each observation date will make comparisons
easier.)

Reminder: Be sure to record the observation date.

Student Name Unit/Content
Before During After
(date) (date) (date)
]
£z K4
2| e o
21 3 £
s9(8yl S
= £
2 7] 2 © -
£5| B3| &
= c
Process Skills RAKE: 5
! vElux« V]

Building models: Constructing a representation of a system that is based on observations and
inferences.

Categorizing or classifying: Arranging objects or systems into categories based on shared
characteristics. Can also refer to labeling objects or systems based on unique characteristics or
some other specified criteria.

Communicating: Conveying information (e.g., insights, explanations, results of observations or
inferences, measurements) to others. Communication methods might include verbal, pictorial,
graphic, or symbolic presentations.

Comparing: Relating one thing to another in order to identify similarities and differences.

Controlling variables: Holding all variables constant that impact an experiment or situation,
except one variable whose influence is being investigated in order to evaluate changes in the others

Experimenting: Testing a hypothesis through information gathering.

Hypothesizing: Forming precise questions to be tested scientifically. Formal hypotheses are
stated so that each explanation may be tested and, based upon the results of those tests,
accepted or denied. 2

Inferring: Suggesting explanations, reasons, or causes for observed events. @ 3
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Interpreting data: Studying data, then summarizing its implications in the context of a scientific
investigation. Familiar language should be used to describe the significance or meaning of data
and observations.

Measuring: Using instruments to define objects or systems quantitatively, either as compared
with others or as compared with a standard. Measuring includes the monitoring of changes in size,
shape, position, and other properties.

Observing: Using the senses and extensions of the senses to closely examine or monitor a system,
noting and recording aspects that are not usually apparent under casual scrutiny.

Ordering: Using observed characteristics to organize objects or systems in a sequence.

Predicting: Forecasting a future observation or the next occurrence in a system or series of
events based on prior observations and inferences.

Reasoning: Making judgements based on observations, knowledge, and experiences. Usually
involves making inferences and drawing conclusions.

Recognizing relationships: Interpreting interactions between different components of a system.

Recording: Creating a written record of observations made during experimentation.

Problem-Solving Skill:

Problem-Solving Skill:

Problem-Solving Skill:

Problem-Solving Skill:

Math Skill:

Math Skill:

Math Skill:

Math Skill:

Math Skill:

UsiNG ASSESSMENT AS A TEACHING TOOL 33




T EXTT XY

Key Questions for General Observations

How did the student participate with teammates?

Did the student assume a role in the group? What role?

What did the student do?

What did the student have problems with?

What did the student do when difﬁcﬁlties were encountered?

If there is a product, does it meet the parameters outlined in the problem?

43
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Effective Instructional Strategies for
Teaching Real-Life Math Problem Solving

About Selving Mathematical Problems

We frequently encounter math-related problems in our daily activities—from the kitchen
to sports to the bank to the grocery store. Math problem-solving situations are all
around us. However, in many cases, the real-life problems we encounter differ from
those found in textbooks, as illustrated in the comparisons below.

Textbook Math Problems

Problems usually require only one step.

Problems usually require only one
operation (i.e., +, —, X, +).

There is uSuaIIy only one right answer,
and one suggested way to solve a
problem.

All needed information is provided, and
is presented in the order in which it is
needed.

Answers are usually even
(e.g., whole numbers).

Real-Life Math Problems

Problems usually require more than one
step.

Problems often require more than one
operation, which the problem-solver
must identify.

Multiple solution possibilities exist.
Choosing the best solution often
requires a judgment call.

Some information is missing or extra
information is provided but not needed
to reach a solution.

Answers are often uneven
(e.g., fractions, decimals).
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Steps for effective math problem solving

When participating in inquiry-based learning situations, students need to employ the
problem-solving process. The steps in the mathematical problem-solving process are
separate, yet interrelated. They are:

1. Understand the problem by answering, “What is the question?”
2. Find the facts needed to solve the problem.

3. Design and implement a solution strategy, taking into account the alternatives and
given conditions.

4. Evaluate the results for reasonableness.
Each step is described in this section.

1. Understand the problem by answering, “What is the question?”
To successfully develop real-life problem-solving skills, students must understand—
in detail—the problems with which they are confronted. Useful techniques for
helping students understand the conditions and facts related to a given problem
include the following:

o If students encounter unfamiliar math terms, have them learn their
meanings. (Refer to the lists of math vocabulary and definitions in
Appendix C, pp. 418-421, for suggestions.)

° Teach students to restate the problem in their own words.

(Hint: Consistently modeling this technique is one of the most effective ways to

help students learn to use it.)

° Have students look for key words, paying attention to context.
Note: It may be helpful to instruct students to underline such words.

2. Find the facts needed to solve the problem. This involves:

° ldentifying the key facts by teaching students to list the given
information, including limitations or criteria.

° ldentifying the facts that aren’t needed by teaching students to
cross out any unnecessary information.

o Determining if more factgt;aﬁe needed. - S}
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3. Design and implement a solution strategy, taking into account the alternatives
and given conditions.

a. Teach and/or model effective solution designs by doing some or all of the
following with your class:

o Suggest that students think of a similar problem that they've solved
before and apply that experience to the current problem.

o When completing a problem as a class, draw a chart, graph, diagram, or
model that includes the information presented in the problem. Have
students do the same; group activities and journal assignments are
especially good opportunities to use this technique.

o Use manipulatives or dramatize the problem during class discussions.
Again, give students opportunities to practice the same techniques.

b. Teach students to use some or all of the following strategies when they
solve mathematical problems.

o Work backwards.

o Simplify the problem (e.g., reduce the level of complexity, use smaller
numbers).

o Break it into smaller problems.

o Think of a similar problem.

o Translate the problem directly into mathematical symbols.
o Conduct an experiment, being sure to keep accurate records.
o Design a physical model.

o Make a sketch or diagram.

o Act out the problem.

© Use manipulatives.

o Collect data and organize it into a table.

o Construct a graph or make a tally.

o Use grids or arrays.

o Look for a paﬁgfn. ‘ 5 2
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o Close your eyes and visualize part or all of the problem

o Use deductive reasoning to eliminate solutions that are impossible or
unrealistic.

o Develop a general rule.

© Use a trial-and-error method (sometimes called guesstimating or guess
and check).

c. Be sure to emphasize and reinforce the importance of reflecting upon and
adjusting strategies throughout the problem-solving process. Students
must grasp the fact that as they learn more about the problem, they can add
elements to the solution strategy. They should also be encouraged to select
another solution path if their chosen strategy fails.

4. Evaluate the Results for Reasonableness
Students should examine their problem solutions for accuracy. You can help them
practice this step by encouraging them to ask themselves questions like:

? Does the solution make sense?
? Did | use the correct units?
? Are there possible answers | didn’t consider?”

? s it practical, considering the context of the problem?

These questions can often be answered using strategies of estimation or
approximation.

If new information is found during this stage, students should use that information
to refine their results, redoing previous steps if needed. In addition, students
should be encouraged to reflect upon problems that have been or could be solved
with similar strategies during this step.

The best way to teach students about the problem-solving process is to help them
experience it and then reflect upon it. Fun with Math was developed to give you a
variety of math problem-solving activities that encourage hands-on learning experiences
and student reflection. As you use this resource, look for ways to integrate its
instructional strategies for real-world problem solving into your favorite math lessons.
Also, Appendix B lists other resources that can help students develop their mathematical
problem-solving skills. 5 5
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0id Someone Say, “Patierns” ?

About this learning activity

Students will use color patterns to learn about number patterns, then practice finding
the missing number(s) in various number patterns.

Process skills

O Building models O Interpreting data

O Categorizing or classifying O Measuring

O Communicating O Observing

O Comparing O Ordering

O Controlling variables O Predicting

O Experimenting O Reasoning

O Hypothesizing O Recognizing relationships
O Inferring O Recording

Ohio mathematics proficiency strand(s)

| P o vO Vil O
ho v O VIO vilh O

Note: The primary strand is marked with a “P” and each related strand is marked with an “X.”

Ohio mathematics proficiency outcomes

4th_grade outcomes
O1 02 O3 04 O5 06 O7 O8 09 O100 OMN
012 013 014 O15 O16 ©17 O18 ©19 ©O20 ©21 O22
023 024 O25

6th—grade outcomes .

01 02 O3 0O4 OS5 06 O7 O8 0O9 0O10 OMN
O12 013 O14 O15 O16 O17 O18 ©19 ©20 ©21 O22
023 O24

9th_grade outcomes
o1 02 O3 0O4 OS5 06 O7 08 09 0O10 OMN
012 O13 014 O15 Q16

Refer to Appendix D, pp. 422-427, for a detailed listing of the proficiency outcomes.

56
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Materials

b A patchwork quilt (Use an actual quilt, a photograph, or a magazine.)

P Rainbow centimeter cubes or paper squares in various colors (a set of 20 for each
student)

Paper and pencils
Overhead projector (optional)

Engagement activity

Ask students if they are familiar with patchwork quilts. Display a patchwork quilt and
help students identify the patterns in the design. Discuss the possible steps needed to
design the quilt, pointing out how repetition (following the pattern over and over)
helps in designing a quilt.

Exploration activity

1. Distribute cubes or squares to student pairs. Instruct each student to create a
pattern using 10 cubes or squares.

. 2. Have each partner study the other’s pattern and continue it with 10 more cubes or
squares. Note: Let students move around the room to observe other students’

patterns.

3. Help students explain how they used repetition in both creating and continuing
their patterns.

4. Explain to students that patterns are used in math too. Use skip counting (e.g., by
2, 3, 5) as an example, asking if anyone can explain the concept of skip counting,

5. Write the numbers 1, 3, 4, 6, 7, 9 on the board or an overhead transparency.
Facilitate a discussion of this number pattern with these and other questions:

? What 2 numbers come next? Note: Have students write them on their papers.

? Can anyone describe the pattern in this sequence?

6. Repeat step 5, using these numbers: 15, 13, 12, 10, 9, 7.

57
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7. Ask 2 student volunteers to display and explain 2 additional number patterns.
Have the first student use addition and the second use subtraction.

8. Display simple number patterns using multiplication. and division, asking students to
describe each pattern and continue it on their papers.

9. Display the following sequence: 4, 9, __, 19, 24. Have each student copy the
sequence on a clean sheet of paper.

10. In their student pairs, have them discuss the pattern and determine the missing Hint: You can
number. have students

write number

11. Provide additional sequences with 1 or more missing numbers. Let students repeat | Seduences and

steps 9 and 10 for practice. have classmates
solve them.

Evaluation

Review the papers students completed during the exploration activity.

Journal assignment
Have students write about how patterns are important in our daily lives.

Extension activity

3% Prepare a worksheet of picture or color patterns for students to complete.

Connections to other subjects

Art. Have students design a quilt or wall hanging that includes a pattern.

Music. Instruct students to find examples of patterns in musical selections of their
choice, then play them for the class via their own instruments or a tape recording.

Social Studies. Discuss with students that time lines are written in sequence, then
demonstrate a few. Let students create their own sequential time lines, giving extra
points for creativity.

Language Arts.
° Point out patterns in poetry to students. Have them compose poems that contain
patterns.

SOMBONE SAY, “PATTERNS? 45




¢¢+06606 ¢

o Use books from the following list for book reports, class discussions, and similar
language arts activities.

Frog Math Power—Level C by Mary Jo Hand (Frog Publications, 1997)
(Game no. 16)
Mad Math by Sue Macy (Scholastic, Inc., 1987) (p. 35)

Home connections

Have students look for patterns in their homes (e.g., bedding, wallpaper, decorations).
Instruct them to sketch the patterns they find. Use the sketches for a school display.

Resour(ces {F@tr fceachers

Patchwork Math 2 by Debra Baycura (Scholastlc Inc., 1990)

Big Book of Everything—Fifth Grade by Mel Fuller (Instructional Fair, 1995) (pp 103- 105)

Everyday Math— Grades 4-6 by Marge Lindskog (Frank Schaffer Publications, Inc., 1996)
(pp- 13, 67, 71, 80)

Hundreds of Board Activities by Marilyn Preddy (Carson- DeIIosa Publications, 1995) (pp.
38-43)

Mathematics Problem Solving Activities by W.G. Quast and Robert Willcutt (Houghton

- Mifflin Company, 1978) (pp. 34-37)

Math Activities by Robyn Silbey (Frank Schaffer Publications, Inc., 1996) (p. 16)

The Intermediate Mailbox, The Education Center, Inc., Greensboro, NC,
August/September 1994-95 (pp. 36-42)

59
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Paltterns, Paticrns

About this learning activity

Students will practice identifying patterns in a variety of situations, then apply what they
discover to several types of number patterns, including the nth number.

Process skills

O Building models O Interpreting data

O Categorizing or classifying O Measuring

O Communicating O Observing

O Comparing O Ordering

O Controlling variables O Predicting

O Experimenting O Reasoning _

O Hypothesizing O R