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General Materials and Supplies
Book: 356 Penguins
Variety of math literature books –about 25-30 These should address 2nd & 3rd grade Essential Standards
15 copies of the Story Problem Types cut apart and in baggies.
Optional: for leader
a. Developing Number Concepts by Kathy Richardson
b. Teaching Student-Centered Mathematics: K-3 by John Van de Walle and LouAnn H. Levin
c. Children’s Mathematics: Cognitively Guided Instruction, by Carpenter, Fennema, Franke, Empson

Slide

Tasks/Activity

Personal
Notes

(Slide 1) Introduction slide - Grade Two Module Six
Introductions, complete necessary business and paper work.

(Slide 2) Reflecting Back to Earlier Modules
In Module 1 we looked at analyzing whole numbers 0-1000 for patterns and number
relationships, comparing and ordering numbers and using models. We also looked at strategies
for solving arithmetic problems, related equations to physical models, and stressed the
development of number sense.
Most activities were not in a context. This was not to suggest that we teach all these concepts
and then introduce story problems.
These concepts can be taught through story problems and problem based lessons.
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(Slide 3) Problem Based Lessons
Some of the research shared in this 6th module comes from CGI –Cognitively Guided
Instruction. Studies showed that students’ problem solving skills increased and that computation
did NOT suffer at all when students were immersed in problem based situations instead of
routine drill and practice.
Students develop a greater understanding of numbers and relationships through problem based
lessons. We do not need to wait for children to develop addition and subtraction strategies
before having them solve problems. They will develop addition and subtraction strategies
through problems.
During this module we will explore classroom techniques for helping students develop these
strategies.
Many of the problem solving ideas came from the Van de Walle book.
Optional: Show the books, Children’s Mathematics: Cognitively Guided Instruction, by
Carpenter, Fennema, Franke, Empson
Teaching Student-Centered Mathematics: K-3 by John Van de Walle and LouAnn H. Levin
(Slide 4) Big Ideas: Problem Solving
Briefly look at the Big Ideas listed on these slides.
Have the participants get out their Essential Standards and look at the Number & Operations
objectives (specifically “use multiple strategies fluently to solve addition and subtraction
problems.”)
(Slide 5) Big Ideas: Problem Solving
While the 2009 version of the NC Standard Course of Study currently does not have a separate
“Problem Solving and Reasoning” strand, it is important to attend to mathematical processes in
every strand.

2

2009 Leaders’ Notes

Grade 2

Module 6

page 3

(Slide 6) Teaching Addition and Subtraction
Introduce the main teaching strategies for helping children master addition and subtraction
(contextual problems and models). Experiencing a variety of models and problems in a context
help children move through the levels of solution strategies and become proficient at solving
expressions and problems.
(Slide 7) Teaching Addition and Subtraction
Students need opportunities to solve many different types of problems as they are learning to
add and subtract. This slide indicates one form of guidance in selecting problems and tasks as
teachers are planning lessons.
• Routine drills with no context – ex. 35 + 65
• Routine applications in a context – ex. 17 boys and 19 girls are riding on the bus. How many
children are on the bus?
• Multi-step drills with no context – ex. 5 + 8 – (3 + 3) or 4 + ? = 6 + 2
• Multi-step applications in a context – ex. Marty collected 65 baseball cards and 28 basketball
cards. He gave 30 cards to his friend. How many cards does he have left?
• Non-routine – The candle maker has 16 candles. He wants to put them into packages of 2 or 3
candles. What packages could he make?
Slides 8-21 have important information about writing and solving problems. Plan to complete
through slide 22 at the first hour mark of the workshop time.
(Slide 8) How Would you Solve This?
Have participants read the Joan problem and decide which operation to use to solve the problem.
Some participants may add up to solve the problem (48 + __ = 74. Others may subtract (74 – 48
=__).
Both are correct. If everyone offers the same strategy, the leader should provide another.
Have participants share different ways that 2nd grade students might solve the problem. Why do
you need to have students explain the different approaches?
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(Slide 9) How Would you Solve This?
Have participants read the penguin problem and decide which operation to use to solve the
problem. Most will see the problem as ___ - 12 = 22 or 22-12 = ___. The first equation models
what actually happens in the problem.
As participants offer a solution strategy or equation, ask them to write on the board.
Then have them discuss how students at their grade level would solve the problem.
(Slide 10) Comparing Problems
Use this slide to have participants compare the two problems. Look at the handout (Story
Problems) for the two questions.
Questions for them to discuss:
• How are the problems alike and how they are different?
• How might students model these problems with equations?
• Some students will use addition and others will use subtraction to get solve these
problems. What will teachers need to do during class discussions?
• Are both approaches appropriate?
• What other ideas do you have?
(Slide 11) Basic Structures of Problems
There are 4 basic structures for addition and subtraction problems that can be sub-divided into
11 types. Many authors use these problem types in their writings although they may change the
name of the problem types. These descriptions come from Cognitively Guided Instruction.
(optional show the book, Children’s Mathematics: Cognitively Guided Instruction, by Carpenter,
Fennema, Franke, Empson). This will be referred to as CGI.
The purpose of sharing this information is to make participants aware of how slight changes in
wording can impact the level of difficulty of a problem for students. Be sure participants
understand the need to expose students to all 11 types of problems that appear on the next set of
slides and to use problems that are contextual…not primarily “naked” computation problems.
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(Slide 12) Join Problems
Go over the three problem types for join problems on the slide. Have participants discuss how
students might model each type of problem using manipulatives. Notice that the missing addend
or sum changes place for each of these types. (28 + 13= _?_, 28 + _?__ = 41, _?__ + 13 =
41). The point we want participants understanding is that students need to experience all three
types in problem solving situations.
When introducing these types of story problems it is often helpful to begin with small numbers.
The numbers on this slide may be too difficult for students in the beginning. If the numbers are
too hard they become “bogged down” in the numbers. If the numbers are small they can think
about what is happening in the story rather than the numbers. Later use these same structures
but larger numbers.
Example of smaller numbers: Sandy had 8 pennies. David gave her some more. Now Sandy
has 12 pennies. How many did David give her?
(Slide 13) Separate Problems
Go over the three problem types for separate problems on the slide. Ask participants for the three
“separate” situations that these stories help model, ie what equations correspond to each problem
type? Write the equations on the board or overhead. (41 - 13= _?_,
41 - _?__ = 28,
__?_ - 13 = 28)
We want participants to understand that students need to experience all three types in problem
solving situations.
(Slide 14) Problem Solving
Students need experiences with all the different problem types, identifying important quantities
and the relationships between the quantities implied by the problem.
Problem solving is a process grounded in reasoning.
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(Slide 15) Problem Solving
Teachers understanding and use of the different types of story structures is critical for students to
develop problem solving skills.
Teachers need to be intentional in the quantities they choose and ready to provide smaller values
for the student who struggles with large numbers, as well as larger values for the student who is
already fluent.
Randy Charles, a mathematics education author, has written a lot about solving word problems.
He writes that students must identify statements in a problem, understand the relationships and
choose an appropriate operation or operations to show those relationships.
In the original Partners training there was an article written by Randy Charles. We are going to
focus on the information in that article as we also look at the different problem solving structures
outlined by CGI.
Handout: Solving Word Problems by Randall I. Charles (refer participants to the handout for
them to review at another time)
(Slide 16) Research Findings
Children can often read a problem and identify the relationships stated in the problem, but can
not solve the problem. There is research (page 5 of Randy Charles’ article) that provides us with
guidance in helping students develop quantitative reasoning abilities. In summary using visual
representations that show how quantities in a word problem are related help students understand
the problem.
Listed below are research quotes from Charles’ article.
a. If students are encouraged to understand and meaningfully represent mathematical word
problems rather than directly translate the elements of the problems into corresponding
mathematical operations, they may more successfully solve these problems and better
comprehend the mathematical concepts embedded within them. (Pape, S.J., 2004)
b. Training children in the process of using diagrams to solve problems results in more
improved problem-solving performance than training student in any other strategy. (Yancey,
Thompson, and Yancey, 1989).
c. “”… teachers need to emphasize the representation of problem structure and de-emphasize
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the representation of surface features.” (Diezmann and English, 2001, p. 82)
(Note: Do not worry about the use of different bars or lines within these representations. There
are numerous ways to picture these relationships.)
(Slide 17) Bar Diagrams for Join Problems
A visual representation of the story problem can helps students solve a problem. On the slide
are two bar diagrams for two of the join problems. The bar shows the two amounts. Above the
bar is the total.
The first bar diagram shows the two unequal parts that are known and are being joined. The
amount in all is unknown—the question mark.
The second bar diagram shows that the initial amount is known. The amount being joined to the
$57 is unknown. The total amount ($85) is known.
Have participants share how the diagram helps them solve the problem.
(Slide 18) Bar Diagrams for Separate Problems
Look at the two story problems on the slide. Have participants make their own bar diagrams for
the two problems.
They can compare their bar diagrams to those on the Randy Charles handout, figure 2.
This handout does not show examples of addition and subtraction “start unknown” problems
(___ + 45 = 60 or _____ - 45 = 15). Participants can make these diagrams if there is time.
The start unknown problems are the most difficult joining and separating types of problems.
Again, do not be concerned with participants creating a representation that looks exactly like the
ones Charles offers. Further, since addition is commutative, the position of the missing addend
becomes less critical as students understand this operation property.
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(Slide 19) Part-Part-Whole Problems
Go over the two problem types for part-part-whole problems on the slide.
How might students model each type of problem using manipulatives or teaching tools? What
bar representation might students draw?
What equation might students write for each of these? Are other equations also appropriate?
Ask participants to write their equations and bar representations on their paper. They can
compare these with the ones given on the next slide.
Notice that the missing value changes place for each of these types. For example, 24 + 14= _?__,
38 – 24 = _?__ (alternative for second example, 24 + _?__ = 38)
Note: These problems are almost like the join problems except there is not an action involved
(no giving, getting, buying, etc…no action verb) Since there is no action it is harder for students
to visualize what is happening in the problem. There is actually nothing being added or
subtracted in the story. The problem either gives the two parts and asks one to find the size of
the whole, or gives one of the parts and the whole and asks the solver to find the size of the other
part.
(Slide 20) Bar Diagrams for Part-Part Whole Problems
The diagrams for this type of problem are the same for the join problems. The number sentences
that students write are the same but they have a harder time acting it out since there is no action.
The examples on the slide represent the story problems on the previous slide. They can also
look at the Randy Charles handout, figure 2, to see more examples.
(Slide 21) Compare Problems
Read through the problem types for “compare problems” on the slide.
Ask participants:
How might students model/solve each problem?
What pictures might students sketch to show the comparisons?
(Ask participants to share their ideas at their tables.)
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Compare problems present a good opportunity to think about quantitative reasoning - that is, the
relationship of the quantities in the problem regardless of the numbers involved. Compare
problems are often the most difficult for second graders. Students have a hard time visualizing
the situation. Give them problems with small numbers in the beginning. Let students get
familiar with the story structure before moving to larger numbers.
Students can often solve compare problem when thinking about sports. They can tell you how
much their team won by or lost. They can discuss a Carolina/Duke basketball game and
determine how much one of the teams won by.
We often ask compare questions during data analysis. For example, when looking at a graph
students could discuss how many more students chose apples than bananas.
Have participants look at the Randy Charles handout, figure 2, to see these diagrams for
compare problems.
Optional Activity:
If you feel you have time in this module give the participants the blank CGI handout and cut up
story problems. In a group of 2 or 3 they are to read each story problem, and place it in the
appropriate column.
They can use the handout “Problem Story Types” to check their work.
(Slide 22) Differentiation
One way to differentiate in the classroom is to give students choices for numbers they are going
to use in the problem. The class can work with the same story structure but children choose the
numbers.
Look at the problem on the slide. If students choose the first number in parentheses they must
choose the first number in the second set of parentheses. The problem on the slides shows two
formats for presenting the problems.
The teacher chooses numbers carefully. The first set of numbers is always the easiest. The
second set may be considered the more on grade level set of numbers and the third set is the
more challenging set of numbers.
Have participants write a story problem with these three levels of problems. Have them talk
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with a partner about why these sets of numbers were chosen. Also identify which story problem
type they wrote. You can have a few participants share their problems.
(Slide 23) Writing Story Problems
If time assign each group one of the types of problems. As a group they are to write problems
that match these story types and are appropriate for their students. Also draw the bar diagrams
that match the story.
Assign groups one of these problem types to write:
a. join
b. separate
c. part-part-whole
d. compare—explain that they should not get too bogged down with the part unknown
problems. These two types are somewhat confusing. They just need to be aware that
there are compare problem beyond the whole unknown.
Have the groups use the examples on the slides and also the chart on the handout, “Problem
Story Types.”
Include some problems with differentiation options.
After most groups have written their problems ask the large group: “Why should teachers be
aware of these different problem types?”
(Slide 24) Multi-step Problems
Second graders solve single and multi-step problems. Look at the two examples on the slide.
What would help students as they tackle these problems?
a. acting the problem out
b. drawing a picture
c. visualizing it in mind
(Slide 25) In Problem Solving Classrooms
When students solve problems they learn concepts and computational skills as they solve a
variety of mathematics problems. In a problem based classroom, problems are the vehicle
through which children learn mathematical concepts and skills.
The teacher chooses the problems but the students choose their own strategy for solving the
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problem. This is where the strategies shared previously in Module 1 occur. It is important that
students communicate about their thinking. When students report their thinking it is beneficial
to the teacher and other students. The students reflect on their thinking.
(Slide 26) Key Words—A Misleading Strategy
In the past key words were taught as a problem solving strategy. Students were taught to
recognize words in a problem that provide clues about how to choose which operation to use to
solve a problem. For example, “in all” and “all together” signaled to add. Using “key words” is
not a good problem solving strategy to teach. Sometimes misleading key words are used and at
other times problems contain no words that might be connected to a particular operation. Real
problems in our world do not come with key words. “Key words” prepare students to solve only
a very small set of problems and attempt to make the problem solving process algorithmic.
Look at the two problems on the slide. Ask participants to explain what students would do in
these two problems if key words has been a strategy taught?
Problem 1 students would add 25 + 15.
Problem 2 students would add 7 + 3.
(Slide 27) Solution Strategies
These are examples of ways that students might approach a problem.
Direct modeling – a student needs to draw, use manipulatives, or count all of the objects one-toone to determine a solution. This is a lower level strategy.
Counting – a student counts on (hopefully from larger number) to determine the amount. This is
a more sophisticated strategy than direct modeling.
Recall/Number Facts – a student that has internalized facts or uses an efficient strategy to find
the solution is using the most sophisticated strategy. An example could be a student that uses
doubles plus one to solve 8 + 9. A student that knows 8 + 8 is 16 can use that to know 8 + 9 is 17
because it is one more than 16.
Point out that the strategies we discussed earlier in Module 1 help students build more efficient
problem solving strategies.
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(Slide 28) Students’ Strategies
Thinking back to Module 1: when students solve story problems they use the strategies we
discussed. These strategies develop over time with lots of opportunities for discussions in the
classroom. On the slide we see the bar representation for the join change unknown problem.
The bar representation illustrates what is happening in the problem. The number line shows
another method of solving the problem.
What are other strategies students might use?
Allow a few participants the opportunity to share.
Slide 29 Number Talks
Number talks are designed by the teacher to help students develop an understanding of number
relationships while students work on computation strategies. Before the lesson the teacher plans
a series of number sentences. Each number sentence is shown one at a time. The number
sentences are designed to help students see relationships between numbers. After each number
sentence is shown the students discuss how they solved it. The next number sentence is shown
and again they discuss how they solved the problem. Ideally, there should be a way to use the
previous number sentence to solve the next one. Of course all students will not use the previous
number sentence but through the discussion the connection will develop.
The number sentences are designed to support number development, to encourage children to
look to the numbers, and to use a variety of strategies helpful for those numbers. The children
will be composing and decomposing number flexibly as they work.
Number sentences are done with the whole class or small groups of students.
Allow students to talk in the whole group and also with partners.
Be flexible. If the discuss flows differently than you anticipated be willing to change the
number sentences.
We did some number talks in earlier modules. We wrote equations to build understanding of
number properties such as the identity property.
Look at the 5 equations on the slide.
Have participants look for connections between the expressions in each set. What strategies or
thinking might be used to connect each expression, in other words why would you use these
particular sequences of problems?
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Answers will vary.
One example might be that these number talks are designed for students to take mental leaps of
ten. When the students do the 43-10 they will probably take 30 away in leaps of 3 tens but some
may be able to say 40-30 or 4-3 to determine the answers.
For the 43-39 some students will take 9 away from the previous problem or take 40 away and
then add 1 back.
There is a handout out, Number Talks, that gives more examples.
(Slide 30) Not Just Story Problems
Most of this module has centered on story problems. Problem Solving is not just working with
story problems. During the first Partners training there was a module centered on problem
solving. It included quick images, open ended problems, choral counting, strategy sharing and
Number Talks.
During this training problem solving has been woven throughout the modules.
(Slide 31) Teacher’s Role
Ask participants to think about the teacher’s role as students work on problems.
Go over the points on the slide and ask for other suggestions.

(Slide 32) Math & Literature
We have come to the last activity in the 2nd grade training. At this time we are going to look at
some examples of literature that help connect the mathematics strands.
Connecting mathematics and literature is a good way to draw connections among content from
different strands (problem solving). It also makes connections with the literacy strand.
There are many good books that focus on mathematical concepts. Several literature books are
shown on the slide.
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(Slide 33) Mathematics and Literature
During this activity we are going to look at a book that may not be familiar to many participants.
It’s called 365 Penguins.
Introduce the book, 365 Penguins. Read through the January page. (This book does not have
page numbers)
Talk about what the mathematics is in the book so far. (number of days in a week, number of
days in January)
Read the February page and explain that this is a good opportunity to add 31 + 28.
(Slide 34) What do you do with 60 penguins?
Read the page about the number 60.
Ask participants how this could become an exploration for students
(You could give them 60 cubes and find ways of organizing them).

(Slide 35) Student Work
One second grade teacher had her students determine different ways of organizing 60 penguins.
Each pair of students had 60 Unifix cubes. Their task was to find ways of putting the cubes into
equal groups.
Have participants look at three pieces of student work (Cole, Emma and Miles). The work is in
the handouts. Have them talk with a neighbor about each student’s understanding. What
questions would they want to ask Cole, Emma or Miles?
Extension: On the 100th day of school students could have 100 cubes and find ways to organize
them into equal groups
(Slide 36) Organize Them!
Show the family’s solution for organizing the penguins.
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(Slide 37) Extending the Mathematics
Read through some of the rest of the book—highlighting the mathematics—but do not read the
entire book.
Areas you might want to point out:
• After the first three-digit number our problems really began.
• Show the cost of food. The numbers here may be too hard for most 2nd graders but a
teacher could give similar problems after reading the book.
If each penguin ate 2 pounds of food per day how much food could 20 penguins eat in a day?
• Find out how many penguins were in the house each month
• Be sure to read the last page—it’s a great prediction opportunity. Students could
write a new book.
(Slide 38) Penguins & Measurement
Connecting mathematics across strands and to other parts of the curriculum helps students learn
more. For example, students can research penguins. They can write a paper about their
information and write a creative story.
During their research they will learn about the sizes of the 17 different types of penguins. Have
them research a particular type of penguin and then make a penguin the actual size of the real
penguin. Measurement is very meaningful in this situation.
On the slide you see some of the penguins 2nd graders made.
(Slide 39) Penguins on Parade
This slide shows 2nd grade work on all types of penguins.
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(Slide 40) Computer Resources
There are a wealth of computer resources. Teachers often do not have time to research them all.
One good resource for math ideas is mathwire.com. A screen shot is shown. There is an entire
section devoted to penguin ideas. In your handouts are some of the problem solving blacklines
that match 365 Penguins.
(Slide 41) Literature Connections
Group Assignment
We have a selection of children’s literature. With a partner or in a group they are going to
choose a book and think about a lesson they would teach with this book. Use the handout,
Mathematics and Literature, or the literature template handout to guide their ideas.
Go over the handout. Emphasize that the mathematics is critical to a good lesson. They need to
look to see if there is important mathematics in the book.
They will have about 10 minutes to read and discuss the activity. Then each group will explain
their lesson. If there is not much time you may ask for 2-3 volunteers.
Some participants will ask for a list of recommended literature books. There are so many books
that we can not give a complete list. Look for lists on line, contact a book store or ask a book
company for recommended books.
Ideas to address:
The mathematical components of the book are accurate.
The ideas and concepts are accessible to the reader.
(Slide 42) Reflecting on Our Work
Give participants an index card. They can choose one of the questions to write about, giving
their responses to leaders.

(Slides 43-46) Credits and closing slides
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