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General Materials and Supplies:
Tape (masking and clear)
large white paper, markers, cubes, graph paper, scissors, chart paper
metric rulers and tape measures, index cards, small sticky notes, categorical data cards
Slide

Tasks/Activity

(slide 1) Title
This module focuses on the area of statistics for grade 3. In the module we will review and
practice the PCAI model.

(slide 2) Big Ideas in Data
Read points on the slide.
Data are pieces of information. We can collect data by counting something, measuring
something, or doing experiments.




Ask participants to identify reasons why data sense is so important in our current society?
Discuss in table groups. Share ideas. We are confronted daily with information from
television, representations in newspapers, advertisements, professions such as sales,
medicine, internet, increased ability to collect, store, and retrieve data; etc.
In our global society, it is critical that students work to develop critical thinking skills and
work directly with data in an age appropriate manner to formulate questions, select and use
appropriate statistical methods to analyze data, and interpret and evaluate data information.

The skills included in this standard are essential not only for a select few but for every informed
citizen and consumer. When working with data, students encounter and apply ideas in other
strands of mathematics as well as across curriculum areas.
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(slide 3) Categorical & Numerical Data
Ask participants to read points on slide.

(slide 4) Categorical Data
 Note that the response to each question is usually a word rather than a number. Exceptions
would be shoe size and a question like, “What is your favorite number?” In both examples
there is not a numerical relationship that exists between and among the numbers.


Shoe sizes are also examples of categorical data. Shoe sizes do not have a numerical
relationship as they do not have equal intervals between each measure. There is not a
constant change by which a shoe size is increased. A size 4 shoe is not half the length/width
of a size 8 shoe.
The mode can be determined from categorical data but not the median or mean.
(slide 5) Categorical Data
There are two kinds of categorical data:
nominal (e.g., colors, favorite book, etc.) and
ordinal (months of the year, shoe sizes, etc.).





Categorical data has values that can be classified in categories, but cannot be ordered by
numerical value.
Values can be classified and graphed but they do not have inherent order. Some categorical
data such as eye color can be classified into a few categories but some categorical data such
as favorite food can have many different values.
Emphasize that categorical data has no order. If you graph favorite colors it really does not
matter which color is first.
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(slide 6) Process of Statistical Investigation
Emphasize that data is collected, analyzed, and interpreted based on the question. Relate this idea
to asking a question, gathering data, and then refining the question.
Statistics is the science that relies on data to answer questions. What makes a problem a
statistical investigation is the way the question is asked, the role and nature of the data, the ways
the data are examined, and the types of interpretations made. Statistical investigation involves
four states in a model – PCAI.
(slide 7) Posing the Question
Having students determine the question they want to ask is usually the first step in data
collection.
Ask participants: What are some of the issues that will arise when 3rd graders create questions?
Possible responses:
• The question is too broad. An example might be: Which states have you visited? There
are 50 categories.
• The question is not well defined. The question lends itself to multiple interpretations. For
example, How many are your family? Children might interpret this to mean anyone in
the family, people living in their house, pets
• The question only makes sense to the child who wrote it.
• Students may answer the question by giving an unanticipated responses by the student(s)
who designed the question.
(slide 8) Pose the Question
Every statistical investigation begins with a question or a problem. Ideally, the problem has
some relevance to students’ lives. Posing a question involves identifying a specific question to
explore and deciding what data to collect to address the question.
Determining or posing a question is usually the first step in data collection
Say:



It is important that data collections have some relevance to the students’ lives or connect
to other curriculum areas.
When third grade students choose a question, they need to understand that the question
asked, will determine whether they are collecting categorical or numerical data.
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For numerical data, students must know that the answer to their question should be “a
quantity or amount of something.”

(slide 9) Developing Categories
Say: Use your imagination. Dream big!
Participants will work in groups of 4-5. Participants are going to write their dream occupation on
a blank card.
Leaders will give each group a set of cards with occupations already written. Participants will
add their dream occupation to this set. As a group participants will organize the data into
categories. Each group will label their categories.
Note to Leaders
In the interest of time we have given you most of the data, instead of collecting data from
everyone in the class. Ideally, each student would write an answer to the question. The data
would then be collected from the entire class.
How might you collect categorical data from the class? One suggestion would be cut paper into
4-6 pieces or use post-it notes or index cards. Each student writes his/her answer 4-6 times,
depending on the number of groups. Every group receives data from each student.
Students could post data using post-it notes on the board; or the teacher may record data on chart
paper or white board
(slide 10) Refining the Question
Young children need numerous opportunities to sort data. Classification involves making
decisions about how to organize things. This is basic to data analysis. In order to formulate
questions and decide how to represent data that has been gathered, decisions must be made about
how data might be categorized.
To make sense of data, we need to sort the data into a few major categories. There are no rules
that tell us how to categorize data.
These are real issues and are connected to the question that is posed.
Decisions about how to categorize the data should be connected to what you want to find out.
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(slide 11) Refining the Question
Say: Here are questions to think about! Read through the list. Allow participants a few minutes
in their small groups to address these questions as they relate to the occupation data specifically.
 What do you notice about your data?
 What makes a good category?
 Discuss different ways you might categorize the data.
 Are there ways to rearrange the data to make them easier to understand?
 (Rearrange the data pieces after each suggestion.)
 How could we arrange the data to see whether more people were
interested in a profession in the arts? In medicine? Etc.
(slide 12) Organize - Refine the Question
Say: Create categories for professions based on the data.
Each group should decide on one way to categorize the data. Label categories. Share with the
whole group.
Ask participants.
What can you see by looking at a classification of the data?
What do the data tell us?
What do we do when a piece of data does not fit in any category?
(This may be an opportunity to think of a new category or create a category called Other.)
(slide 13) Categorical Data
Ask participants to read points on slide.
 Classification involves making decisions about how to organize the data
 In third grade, when students collect, represent, describe and summarize categorical data,
the teacher should ask questions to lead students to look at the data set as a whole.
Encourage students to think about using half as an important benchmark, when
appropriate.
Ask: Do you have other ideas to share?
Young children need numerous opportunities to sort data.
.
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(slide 14) Bar Graph
Each bar shows the number of books read for each individual. It shows the values. We consider
this data “ungrouped” We can not compare or easily make any statements about this data.

(slide 15) Bar Graph
This representation shows how often a particular data value occurs. It is grouped data. This
graph shows frequency of data.
 Categorical data can be analyzed if it is organized by frequency of data points. How
many people prefer to watch television? How many prefer to play video games?
 Categorical data must be easy for us to compare frequencies to see which categories have
a lot of data and which categories have few data.
Ask: Why is it important for teachers to know the difference in the representations?
(Categorical data is analyzed by comparing the frequencies – to see what category has a lot and
what category has a few.)
(slide 16) Numerical Data
Students in third grade should have opportunities to work with two kinds of numerical data –
countable data (How many buttons are we wearing today?) and measurement data (How far can
we blow a pattern block?)
Discuss numerical data and the examples given. Note responses for each of these questions
would be a number. Numerical data represent quantities and can be ordered.
By looking at data in order, we can see the range of the data and how the data are distributed
across the range.
We can see where data are concentrated and where data are spread out. We can see where there
are gaps and outliers. The mode, median, and mean can be determined from numerical data.
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(slide 17) Numerical Data
Ask participants to discuss the question, ”What is your favorite number?”
Share ideas whole group. (For the favorite number question, the answer is merely a category.)
The number does not represent a quantity of something, The question can be compared to “What
is your favorite color or a thing. The number doesn’t tell you how many or the amount of
something.
(slide 18) Talk With a Partner
Ask: What are possible questions for collecting numerical data?
Suggestions below:
How many books do students read in a month?
How far can third grade students “thump a pattern block”?
How many circles can you draw in a minute?
How many times can you write a letter of the alphabet with your right hand? Left hand?
How long can students in our class stand on one foot with their eyes closed?
(right foot versus their left foot with their eyes closed)
How many minutes do you travel to school?
How many letters are in your first and last name?
How many paces from the classroom to cafeteria?
Compare pulse rate of different animals
(slide 19) The PCAI Model
Remind participants of the components of the model. This diagram shows that the model is not
linear. This graphic illustrates the interconnectedness of the process. It is also not linear. It does
not always go in the same order. For example a student may pose the question, collect the data
and then have to repose the question if the question is misunderstood by the participants.
Through experiencing an entire data investigation from posing the question, collecting data,
analyzing the data and interpreting the data, students experience many of the same issues
addressed by statisticians as they decide how to collect, keep track of, organize, represent,
describe, and interpret data.
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Leader information (share as needed)
Pose questions that can be addressed with data; collect data using observations, surveys, and
experiments; represent data using tables and graphs such as line plots; analyze, summarize, and
interpret data sets according to their distributions and measures of center; compare different
representations of the same data set
(slide 20) Pose the Question
Participants are now going to do a data activity using each of the 4 components of a statistical
investigation (PCAI model).
Each participant is going to collect numerical data by stepping a giant step and measuring the
step.
Give participants time to read the slide.
Ask participants to work with their table team to generate ideas for a question to pose and to
generate questions they may need answered by the group before they write the questions.
Each group needs to determine a question and any ideas they have about how to determine the
giant step and measure it.


After they share their ideas, agree as a group on how they will step, measure and record
the data. The next slide has some ideas of procedures they may need to agree on.



After each group shares ideas, the whole group must come to a consensus around the
question that is to be answered. The group will need to determine the kind of jump.

(slide 21) Process of Measurement
Ask: Why is it important to agree on and follow guidelines? Why should guidelines be posted?
Designate a recorder to record suggestions from participants.
Tell group we will use customary measurement.
What should be included in the process?
Make decisions – get consensus from the whole group.
Below are notes for leader. Use as needed to guide the discussion.
Determine the type of jump. (people jump, frog jump )
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How and where will the data collection take place?
How and what are you measuring?
(slide 22) Collect the Data
The type of conclusion that can be made from the data depends on the design of the data
collection.
 Why is it important to agree on and follow guidelines?
 Why should guidelines be posted?
A conscious decision of how to collect data needs to be made before the collection is started.
Each table group should share with whole group. Consensus should be met by the entire group.
 How and what are we measuring?
 Where will the measurement begin and end?
 How will you determine the distance traveled?
Participants need to plan how to collect the data and then actually collect the data.
They may decide to use sticky notes, masking tape, etc. Tell the group we will use metric
measurement.
Remind participants:
 The process of measurement is the same for all attributes.
 First, the particular attribute to be measured must be determined.
 Secondly, an appropriate unit having the same attribute is selected.
 The size of the unit chosen should relate reasonably to the size of the object being
measured.
(slide 23) Guidelines
(Participants decide how to collect and record data.)
Say: The heart of statistics is data. All data is a set of related measurements.
Ask participants to read the suggested guidelines. Are there other guidelines you might want to
add?
Say: The type of conclusion that can be made from the data depends on the design of the data
collection.
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(slide 24) Decisions
Tell participants that we will be recording data in centimeters. You might introduce decimeter
sticks (ten rod in numeration blocks) as a way for students to check their measurement when
using rulers or tapes. The Metric System will be a focus in third grade.

(slide 25) Record the Data
Participants work in small groups. Measure each Giant Step according to the guidelines agreed
upon by the group.
Each group will conduct the Investigation. Groups should agree on a recording method.
Will there be practice trials or best jump after two tries?
Should you record to the nearest centimeter? Half centimeter?
Measure each Giant Step according to the guidelines agreed upon by the group.
Have groups post their data on a chart (made ahead of time by the leader) or give each group
index cards equal to the number of table groups.
Each participant should record his/her data on each card and then give a card to each group.
Groups will use the data to create a representation of the data (next slide). Assign each group a
letter of the alphabet in order to label their data collection card.
(slide 26) Analyze the Data
Analyzing the data is making a representation of what happened in our group.
In the next few slides we will discuss graphic representations appropriate for third graders.
Leader notes:
Students must have many opportunities to create their own representations. As students try to
interpret their work, they come to realize that data must be ordered and organized to convey
answers to their questions.
Third grade students should be guided to see data sets as wholes, to describe whole sets and to
compare one set with another..
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(slide 27) Data Analysis Vocabulary
When deciding how to organize and represent data in graphs and tables, it is critical to consider
what information will address your question. This slide contains brief information to assist us in
describing, comparing and summarizing data
Read points on the slide. Refer participants to handout on data terms.
Median: The median is the value of the middle piece of data. One way to think of the median is
the value that would result if you listed all the pieces of data in order of their values and found
the middle of the ordered list. The median cuts the data set in half. Half of the values in the data
set are either equal to or greater than the median value, while half are either equal to or less than
the median value.
Mode: The mode of a data set is the value at which more data occur than at any other value. A
data set might have one or several modes. Modes are not generally used in statistics for the
analysis of numerical data as they do not take into account all the values in the data and so may
not communicate anything useful about the data set as a whole.
Outlier: An unusual data point is an outlier or a piece of data that is well removed from the rest
of the data. An outlier may be an error in the data or an unusual value of interest that should be
investigated further.
(slide 28) Uses of Graphs
Say: How data are organized should be directly related to the question that caused one to collect
the data in the first place? Different displays serve different purposes
Leader Notes:
Data displays should be chosen by considering our objective, the type of question we have, and
the audience we want to communicate to. One type of representation is not inherently superior
to another. Graphs are not better than tables, bar graphs are not better than pictographs. When
deciding how to organize and represent data in graphs and tables, it is critical to consider what
information will address your question.
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(slide 29) Line Plots
A line plot is simply a sketch showing the values of the data along a single horizontal axis and
using Xs (or other symbols) to mark the frequency of those values in the data set. None of the
data gets lost in a line plot.
A line plot is a quick way to organize data. It clearly shows the spread and variation, the largest
and smallest values, outliers, clusters, and gaps in the data.
Line plots work especially will for data with a small range, such as the number of pockets or the
number of buttons students have or the number of stars you can count in a minute.
The line plot can be used as an initial organizing tool for beginning work with a data set.
(slide 30) Pocket Data Shown Two Ways
Shown are two representations of the same information or data. Which shows data values and
which shows frequency of data? Look at the two representations for the pocket data.
The cube towers show how many pockets each person has. It is organized—least to greatest.
Each tower shows the number of pockets for each individual. It shows the values. You can see
each pocket (each pocket is represented by a cube.)
Students are often confused about what represents the pockets and what represents a student.
The second graph shows how many people are wearing each number of pockets. This shows the
frequency. This representation shows how often a particular data value occurs. It is grouped
data. Example: It shows that two pockets occurred 4 times.
Which graph shows data that can be more easily analyzed?
Third graders often focus on each individual value in the data set and how many pieces of data
have that value. To describe the data, students may tend to list some or all of the values. They
even notice which value has more pieces of data. These observations are a good starting place.
When students have understanding of these statements about the data, they are able to move
toward looking at the data set as a whole, rather than at just individual pieces of data.
Even when students are explicitly encouraged to use distributional terms such as cluster and
range, many students will continue to focus on individual cases and have difficulty looking
beyond the particulars of a single case.
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(slide 31) Line Plot
A Line Plot is a good way to distribute Numerical Data. To see and describe numerical data, the
data must be represented in a way that shows the distribution of the data. The distribution shows
where the data are concentrated and also shows how the data is spread across the range.
The first graph shows holes or gaps in the data (no one had 3 or 10 pockets)
It is easier to find the mode and median of the data set. The line plot more easily shows the
clusters, range of the data and makes the gaps and holes in the data obvious.
As you discuss data with students, help them focus on the “clumps” of data and the shape of the
data as a whole. Teachers can support students as they move from seeing individual data values
by asking questions which focus students on a broader view of the data. “ What can we say about
our class?”; “Where are the clusters?” “If a new student joined our class, what would we
expect?” Line plots work well for data with a small range.
(slide 32) Comparing
You see two graphs of the pocket data, one with cubes and one using a line plot. Ask
participants these questions: How are they alike? How are they different? If no one notices the
lack of data at zero, ask the question: Is everyone represented in the data in both representations?
Zero is not represented in the graphs. If someone had no pockets, would you show this? Justify
your answer.
Zero poses special challenges for students. Regarding zero as synonymous with “nothing,” some
students argue against including zero in their representations. Students eventually come to think
of zeros as they would any other quantity and understand that whether to include zero or not
depends on what they want to know from the data.
Students also wonder whether to represent possible outcomes that never occurred. For example,
when collecting data about favorite ice cream flavors, no one chose strawberry. The student
omitted strawberry from the graph because no one voted for strawberry. Again, whether or not to
represent frequencies or values of zero depends on the particular questions being investigated.
With many experiences, students learn that omitting or including frequencies of zero in the
representation can drastically affect how they interpret the data.
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(slide 33) Line Plot
With a partner, use vocabulary terms to discuss the data on the slide. Share statements that have
been made.
Questions to ask, if not addressed.
 What do you notice about the data?
 How are the data spread out? (range)
 Are there any places where there are clusters? Any gaps? Are there any unusual data
values?
 What might be an example of an unusual data value?
 Ask about mode, median, and mean for this data if these measures of center have not
been discussed. (Mode and median are 42.
 The mean is 40.5. There is a cluster of data around 40-43. Most of the students drew
between 40 and 43 stars. Of the 19 students in the class more than half of them drew
between 40 and 43 stars. A typical student in the class would probably draw about 41 or
42 stars. The median is one type of average or measure of central tendency. It is the
midpoint in a data set. The mode is the most frequently occurring value in a data set.
Mean is the value if each data item in the data set were the same value (average). A line
plot shows the frequency of each value.
Again, students need many experiences to understand why numerical data values should be
ordered and data should not be omitted in the scale.
(slide 34) Interpreting the Data
This slide contains interpretation questions to ask.
What would you say is typical about this class related to drawing stars in a minute?
What might you predict if the class collected data on another day?
(Return to graph if needed to allow participants to answer the questions.)
(slide 35) Bar Graph
Bar graphs can be used horizontally or vertically. Bar graphs compare frequencies of discrete
quantities using rectangular bars of uniform width. The heights (lengths) indicate value or
frequency. The bars are constructed within perpendicular axes that intersect at a common
reference point, usually zero. Both axes are labeled.
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Ask participants to find the handout on bar graphs (handout 3 - “ Bar Graphs”). Give them a
chance to scan the handout for information related to bar graphs.
For a final representation, students need to include a title, which indicates what the
representation is about and what question was asked. The title or heading for the horizontal and
vertical axis can indicate what the numbers mean and what measures were used. If different
colors are used, students will need to include a key, showing what the colors mean. Use students’
partially completed graphs as examples. This is a way to focus the entire class on ways to create
effective graphs.
(slide 36) Bar Graph
A bar graph is usually used to show grouped data; the data are counted in some “discrete” way
so that bars that do not touch can be displayed, showing frequencies for each of the data items.
Which axis identifies values? (the horizontal)
Which axis identifies the frequency of occurrence of the data items (count)? (the vertical)
Ask participants to work at their tables to interpret the data to identify shape (clump, gap, trend),
center (typicality or mode), and range (variability) of the data set.
How might changing the interval change the shape of the data?
(slide 37) Analyze the Data
Now that we have discussed representations, we are going to analyze the data collected from our
“Giant Step” by making a representation of what happened in our group. We will use
representations that third graders should use to describe data.
Ask participants to read the slide.
(slide 38) Analyze the Data
Analyzing the data involves making a representation of what happened in our group.
Have groups post their data on a chart (made ahead of time by the leader) or give each group
index cards equal to the number of table groups.
They are to record their data on each card and then give a card to each group.
Read points on the slide.
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Tell participants that each group will create a line plot and a bar graph to represent the data from
the entire group. A line plot could be made with x’s or sticky notes. Again this is frequency
data.
Share and describe representations.
Ask: What do you notice about the data on the line plot representation?
Ask: What do you notice about the data on the bar graph representation?
(slide 39) Analyze and Interpret
Data analysis focuses on ways to represent data for the purpose of identifying patterns in the
variation in the data. Analyzing the data includes organizing it through ordering or sorting and
deciding the best way to display the data for others to understand it.
Describing the data is important as students recognize clumps, gaps, minimum and maximum
values, the range, and measures of center. Students also look for patterns or trends in the data.
Interpreting the results relates the data analysis back to the questions. The results must be
communicated either verbally or in writing.
Questions to ask, during discussion of “Giant Step” data.
1. How are the data spread out?
2. Are there any clusters? Any gaps?
3. Are there any unusual data values?
4. How would you describe the typical distance of “How far members of our groups can
jump”? (mode, median)
(slide 40) Interpret Results
Interpreting the results relates the data analysis back to the question. The results must be
communicated either verbally or in writing.
Discuss with participants, “What is the distance of a giant step of a typical elementary educator?
What could you say?
What would you expect to happen to the shape of the data, if we collect more data?
Describing and interpreting data are skills that are developed over time. Third graders can begin
to focus on the shape of the data by describing different features of the data. Looking for patterns

page 16

2009 Leaders’ Notes

Grade 3

Module 5

or trends in a data set moves students beyond focusing on individual numbers and isolated bits of
information.
Descriptive words support visual images. Encourage the use of data descriptors such as clumps,
clusters, gaps, holes, spread out, shaped like a bell or step data, bunched together, etc.
(slide 41) Compare Representations
In table groups, ask participants to compare a line plot to a bar graph.
Share ideas with the whole group. Some points may include the following.
 Line plots look like primitive bar graphs.
 Unlike the bar graph, a line plot shows the values for which there are no occurrences of
data.
 A line plot allows us to see how the data are distributed, including where there are
clusters of data, where there are holes in the data, and where there are any unusual values
in the data set.
 If you draw a bar around the x’s on the line plot and color in the bar, you can no longer
distinguish each data item.
 Bar graphs have both axis labeled and use a scale.
 Much more data can be represented on a bar graph because we can have various
intervals in the scale.
 Line plot is easy to construct.
Have participants share ideas about why students should compare representations of data.
(slide 42) Connecting Data and Measurement
There are many connections to measurement in the giant step activity. Have groups discuss how
the concepts listed on the slide could have been emphasized in the activity.
Possible ideas:
a. Iteration (units repeated): Give the students a ruler or limited amount of centimeter cubes
are available to measure with.
b. Partitioning (dividing an item into parts): Look at the giant step and see that half if it is
20 centimeters so the other half would be about 20 centimeters.
c. Transitivity (two objects can be compared in terms of a measurable quality using a third
object): Give students a decimeter (ten rod) Use it to determine which child’s giant step
is longer or shorter.
d. Compensatory Principle (the bigger the unit, the smaller the number of that unit needed):
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Let the students measure the giant step in centimeter cubes and then give them a longer
unit (decimeter (ten rod). Will they need more or fewer rods than cubes?
(slide 43) Extensions
After students measure their giant step they may want to try different types of jumps. Some
possible jumps are frog jumps and rabbit jumps. They could discuss how these jumps are
different from kid jumps. Is a running jump different from a standing still jump? They could
collect data on different types of jumps and compare the data. Which one seems to be the
shortest/longest jump for 3rd graders?
(slide 44) If You Hopped Like a Frog
There are many good literature books that have measurement content. One book is If You
Hopped Like a Frog by David Schwartz (Scholastic). It is a hilarious book about the abilities of
animals.
If you have the book, share a couple of examples. The one about frogs could be extended so that
students actually find out how far it is from home plate to first base and measure the distance.
(slide 45) Mystery Data
Ask: What do you notice about the data?
With a partner, generate ideas this data set may describe. Explain your reasoning.
Have partners share ideas with the whole group.
What might be the purpose of this task?
This task provides students an opportunity to explore sets of data rather than individual pieces of
data. The task gives students the opportunity to relate the graphical representations to their own
experiences as third graders. Students may relate to the graphical representations that may
represent some of their own experiences as third graders. Students seem naturally interested in
data about people, especially young people.
Present participants with 4 statements. One is correct.
 Number of Cavities of Third Grade Students
 Number of Raisin in a Box
 Number of People in a Family
 Monthly Absences in Third Grade Class
Ask participants to decide. (The data matches “Monthly Absences in a Third Grade Class”.)
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(slide 46) Mystery Data
Ask participants to study the line plots in Handout 4. Working with a partner, choose one graph
to explain. What could these data represent? Tell a brief story. Have each pair share their stories
with another pair.
Then ask the pairs to use the data in the graph you chose to create a bar graph that matches your
story. Include a title and appropriate labels.
(slide 47) Process Is Important
Have participants discuss the Essential Standards for Statistics at their tables.
Third graders typically focus on individual parts of a graph. Generate ideas of ways to support
students to see a data set as a whole and to be able to describe data in general terms.
(slide 48) (Quote)
Working with a partner, ask participants to summarize to one another what this quote means to
them.

(slides 49-52) Credits and closing slides.
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