STANDARD 12 — PROBABILITY AND STATISTICS

K-12 Overview

All students will develop an understanding of statistics and probability and
will use them to describe sets of data, model situations, and support
appropriate inferences and arguments.

Descriptive Statement

Probability and statistics are the mathematics used to understand chance and to collect, organize, describe,
and analyze numerical data. From weather reports to sophisticated studies of genetics, from election results
to product preference surveys, probability and statistical language and concepts are increasingly present in the
media and in everyday conversations. Students need this mathematics to help them judge the correctness of
an argument supported by seemingly persuasive data.

Meaning and Importance

Probahility is the study of random events. It isused in analyzing games of chance, genetics, weather
prediction, and a myriad of other everyday events. Statistics is the mathematics we use to collect, organize,
and interpret numerical data. It isused to describe and analyze sets of test scores, €lection results, and
shoppers preferences for particular products. Probability and statistics are closely linked because statistical
data are frequently analyzed to see whether conclusions can be drawn legitimately about a particular
phenomenon and also to make predictions about future events. For instance, early election results are
analyzed to seeif they conform to predictions from pre-election polls and also to predict the final outcome of
the election.

Understanding probability and statisticsis essential in the modern world, where the print and electronic media
arefull of statistical information and interpretation. The goal of mathematical instruction in this area should
be to make students sensible, critical users of probability and statistics, able to apply their processes and
principles to real-world problems. Students should not think that those people who did not win the lottery
yesterday have a greater chance of winning today! They should not believe an argument merely because
various statistics are offered. Rather, they should be able to judge whether the statistics are meaningful and
are being used appropriately.

K-12 Development and Emphases
Statistics and probability naturally lend themsalves to plenty of fun, hands-on cooperative learning and group

activities. Activities with spinners, dice, and coin tossing can be used to investigate chance events. Students
should discuss the theoretical probabilities of different events such as the possible sums of apair of dice, and
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check them experimentally. They can choose topicsto investigate, such as how much milk and juice the
cafeteria should order each day, gather statistics on current orders and student preferences, and make
predictions on future use. Connections between these topics and everyday experiences provide motivation
and a sense of relevance to students.

In the area of probability, young children start out simply learning to use probability terms correctly. Words
like possibly, probably, and certainly have definite meanings, referring to the increasing likelihood of an
event happening, and it takes children some time to begin to use them correctly. Beyond that, though,
elementary age children are certainly able to understand the probability of an event. Starting with phrases
like once in six tosses, children progress to more sophisticated probability language like chances are one out
of six, and finally to standard fractional, decimal, and percent notation for the expression of a probability. To
motivate and foster that maturation, students should be regularly engaged in predicting and determining
probabilities.

Experiments |eading to discussions about the difference between experimental and theoretical probability
should be done by older elementary and middle school students. The theoretical probability isthe
probability based on a mathematical analysis of the physical properties and behavior of the objectsinvolved
in the event. For instance, when afair dieisrolled each faceis equally likely to wind up on top, and so the
probability of any particular face showing is one-sixth. Experimental probabilities are determined by data
gathered through experiments. For example, students may be able to compare the experimental probabilities
of rolling asum of seven vs. asum of four with two dice long before they can explain why thefirst istwice as
likely from atheoretical point of view.

Older students should understand the difference between simple and compound events, like rolling one die
vs. rolling two dice, and the difference between independent and dependent events, like picking five
marbles out of a bag of blue and green marbles one at atime with replacement vs. without replacement.
Again, the best way to approach this content is with open-ended investigations that allow the students to
arrive at their own conclusions through experimentation and discussion. Eventually, students should fed!
comfortable representing real-life events using probability models.

In statistics, young children can start out as early as kindergarten with data collection, organization, and
graphing. The focus on those skills, with obviously increasing sophistication, should last throughout their
schooling. Students must be able to understand the tables, charts, and graphs used to present data, and they
must be able to organize their own datainto formats which make them easier to understand. While young
students can do exhaustive surveys about some interesting question for all of the members of the class, older
students should focus some time and energy on the questions involved with sampling, where information is
obtained from only some of the members of agroup. Identifying and obtaining data from awell-defined
sample of the population is one of the most challenging tasks of a professional pollster.

As students progress through the el ementary grades, an increased focus on central tendency and later, on
variance and correlation, are appropriate. Students should be able to use the average or mean, the median,
and the mode and understand the differencesin their uses. Measures of the variance from the center of a set
of data, or dispersion, also provide useful insightsinto sets of numbers. These can be introduced early with
the range for the early grades, box-and-whisker plots showing quartiles of a data distribution for upper
elementary school students, and progress to measures like standard deviation for older students.

The reason statistics grew as a branch of mathematics, however, wasto provide tools that are helpful in
analysis and inference in situations of uncertainty, and that focus should permeate everything studentsdo in
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thisarea. Whenever they look at data, they should be trying to answer a question, support a position, or
discover a pattern. Students at all grade levels should have many opportunities to look for patterns, draw
conclusions, and make predictions about the outcomes of future experiments, polls, surveys, and so on. They
should examine data to see whether they are consistent with some hypotheses that a classmate may already
have made, and learn to judge whether the data are reliable or whether the hypothesis might need revision.

IN SUMMARY, probability and statistics hold the key for enabling our students to better understand, process,
and interpret the vast amounts of quantitative data that exist all around them, and to have a probabilistic
sense in situations of uncertainty. To be able to judge the validity of a data-supported argument presented to
them, to discern the believability of a persuasive advertisement that talks about the results of a survey of all
of the users of a particular product, or to be knowledgeable consumers of the data-intensive government and
electoral statistics that are ever-present, students need the skills that they can learn in awell-conceived
probability and statistics curriculum strand.

NoTE: Although each content standard is discussed in a separate chapter, it is not the intention that each
be treated separately in the classroom. Indeed, as noted in the Introduction to this Framework, an
effective curriculum is one that successfully integrates these areas to present students with rich and
meaningful cross-strand experiences.
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Standard 12 — Probability and Statistics — Grades K-2

Overview

Students can develop a strong understanding of probability and statistics from consistent experiencesin
classroom activities where a variety of manipulatives and technology are used. The key components of this
understanding in probability for early elementary students, as identified in the K-12 Overview, are
probability terms, the concept of the probability of an event, and predicting and determining
probabilities. In statistics they key components for early elementary students are data collection,
organization, and representation.

The understanding of probability and statistics begins with their introduction and use at the earliest levels of
schooling. Children are natural investigators and explorers — curious about the world around them, as well
as about the opinions and the habits of their classmates, teachers, neighbors and families. Thus, afertile
setting already existsin children for the development of statistics and probability skills and concepts. As
with most of the curriculum at these grade levels, the dominant emphasis should be experiential with
numerous opportunities to use the concepts in situations which are real to the students. Statistics and
probability can and should provide rich experiences to develop other mathematical content and relate
mathematics to other disciplines.

Kindergarten students can gather data and make simple graphs to organize their findings. These
experiences should provide opportunities to look for patterns in the data, to answer questions related to the
data, and to generate new questionsto explore. By playing games or conducting experiments related to
chance, children begin to develop an understanding of probability terms.

First- and second-grade children should continue to collect and organize data. These activities should
provide opportunities for students to have some beginning discussions on sampling, and to represent their
data in charts, tables, or graphs which help them draw conclusions, such as most children like pizza or
everyone in the class has between 0 and 4 sisters and brothers, and raise new questions suggested by the
data. Asthey move through thislevel, they should be encouraged to design data collection activitiesto
answer new questions. They should be encouraged to see how frequently statistical claims appear in their life
by collecting and discussing appropriate items from advertising, newspapers, and television reports.

Students in these grades should experience probability at avariety of levels. Numerous children’s games are
played with random chance devices such as spinners and dice. Students should have opportunitiesto play
games using such devices. Games where students can make decisions based upon their understanding of
probability help to raise their levels of consciousness about the significance of probability. Gathering data
can lead to issues of probability aswell. Students should experience probability terms such as possibly,
probably, and certainly in avariety of contexts. Statements from newspapers, school bulletins, and their
own experiences should highlight their relation to probability. In preparation for later work, students need to
have experiences which involve systematic listing and counting of possihilities, such as all the possible
outcomes when three coins are tossed (see Standard 14, Discrete Mathematics.)

Learning probability and statistics provides an excellent opportunity for connections with the rest of the
mathematics standards as well as with other disciplines. Probability provides arich opportunity for children
to begin to gain asense of fractions. Geometry is frequently involved through use of student-made spinners
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of varying-sized regions and random number generating devices such as dice cubes or octahedral (eight-
sided) shapes. The ahility to explain the results of data collection and attempts at verbal generalizations are
the foundations of algebra. Making predictions in both probability and statistics provides students
opportunities to use estimation skills. Measurement using non-standard units occurs in the development of
histograms using pictures or objects and in discussions of how the frequency of occurrence for the various
options arerelated. Even the two areas of this standard are related through such things as the use of
statistical experiments to determine estimates of the probabilities of events as a means for solving problems
such as how many blue and red marbles are in a bag.

The topics that should comprise the probability and statistics focus of the kindergarten through second grade
mathematics program are:

collecting data

organizing and representing data with tables, charts and graphs
beginning analysis of data using concepts such as range and “ most”
drawing conclusions based on data

using probability terms correctly

predicting and determining probability of events

New Jersey Mathematics Curriculum Framework — Standard 12 — Probability and Statistics— 375



Standard 12 — Probability and Statistics — Grades K-2

Indicators and Activities

The cumulative progress indicators for grade 4 appear below in boldface type. Each indicator is followed by
activitieswhich illustrate how it can be addressed in the classroom in kindergarten and grades 1 and 2.

Experiences will be such that all studentsin grades K-2:

1. Formulate and solve problems that involve collecting, organizing, and analyzing data.

Students collect objects such as buttons, books, blocks, counters, etc. which can be sorted by
color, shape, or size. They classify the objects and color one square of a bar graph for each
item using different colors for each category. Then they compare the categories and discuss
the relationships among them.

As an assessment following activities such as the one described above, young students are
given asheet of picture stickers and a blank sheet of paper. They sort the stickers according
to some classification scheme and then stick them onto the paper to form a pictograph
showing the number in each category.

At the front of the room is a magnetic board and, for every child in the class, a magnet with
that child' s picture. At the start of each day, the teacher has a different question on the
board and the children place their magnet in the appropriate area. It might be abar graph
tally for whether they prefer vanilla, chocolate or strawberry ice cream or aVenn diagram
where students place their magnet in the appropriate area based on whether they have at |east
one brother, at least one sister, at least one of both, or neither.

Students survey their classmates to determine preferences for things such as food, flavors of
ice cream, shoes, clothing, or toys. They analyze the data collected to develop a cafeteria
menu or to decide how to stock a store.

Second graders record and graph the times of sunrise and sunset one day aweek over the
entire year. They calculate the time from sunrise to sunset, make a graph of the amount of
daylight, and interpret these weekly results over the year.

A second grader, upset because she had wanted to watch a TV show the night before but had
to go to bed instead, asks the teacher if the class can do a survey to find out when most
children her age go to bed.

2. Generate and analyze data obtained using chance devices such as spinners and dice.

Studentsroll adie, spin aspinner, or reach blindly into a container to select a colored
marble, with replacement, a dozen times. They then color the appropriate square in abar
graph for each pick. Did some results happen more often or less often than others? Do
you think some results are more likely to happen than others? They repeat the experiment,
this time without replacement, and compare the resuilts.

Students spill out the contents of cups containing five two-colored counters and record the
number of red sides and the number of yellow sides. They perform the experiment twenty
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times, examine their data, and then discuss questions such as Does getting four red sides
happen more often than two red sides? They explain their reasoning.

Each student has a 4-section spinner. Working in pairs, the students spin their spinners
simultaneoudly and together they record whether they have a match. After doing this several
times, they predict how many times they would have a match in 20 spins. Then they
compare their prediction with what happens when they actually spin the spinners 20 times.
They repeat the activity with a different number of equal sections marked on their spinners.
Students in the second grade combine the results of all the studentsin the class, and compare
their predictions with the class total.

3. Make inferences and formulate hypotheses based on data.

Studentsroll a pair of dice 100 times and make a frequency bar graph of the sums. They
compare their results with those of their classmates. Do your graphs look essentially alike?
Which sum or sums came up the most? Does everyone have a ‘winning’ sum? Is it the
same for everyone? Why do some sums come up less than others?

Children are regularly asked to think about their data. |Is there a pattern in the dice throws,
bean growth, weather, temperature, or other data? What causes the patterns? Are the
patterns in their data the same as those of their classmates?

4. Understand and informally use the concepts of range, mean, mode, and median.

When performing experiments, children are regularly asked to find the largest and smallest
outcomes (range) for numerical data and the outcome that appeared most often (mode).
They are asked to compare the mode they obtained for an experiment with the modes found
by their classmates.

5. Construct, read, and interpret displays of data such as pictographs, bar graphs, circle graphs,
tables, and lists.

After collecting and sorting objects, children develop a pictograph or histogram showing the
number of objectsin each category.

Students design and make tallies and bar graphs to display data on information such as their
birth months.

Students list all possible outcomes of probability experiments, such as tossing a penny,
nickel, and dime together.

Working in cooperative groups, students are given six sheets of paper each containing an
outline of acircle which has been divided into eight equal sectors. The students color each
whole circle a different color and then cut their circlesinto individual sectors so each group
has 8 sectorsin each of 6 colors. Then they roll adie eight times keeping ataly of the
results using orange for rolls of 1, blue for rolls of 2, and so on. They use these eight
colored sectors to record their resultsin acircle graph, which they put aside. They repeat
this twice and get two other circle graphs. Finaly, as awhole class activity, they gather the
circle graphs from al the groups, and rearrange the sectors to make as many solid color
circles asthey can. They discuss the results.

Students regularly read and interpret displays of data; they also read information from their
classmates’ graphs and discuss the differencesin their results.
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6. Determine the probability of a simple event, assuming equally likely outcomes.

e Childrenroall adieten timesand record the number of times each number comesup. They
combinetheir tallies and discuss the class results.

e Children predict how often heads and tales come up when acoin istossed. They tossacoin
ten times and tally the number of heads and tails. Are there the same number of heads and
tails? They combine their tallies and compare their class results with their predictions. (See
Making Sense of Data, inthe Addenda Series, by Mary Lindquist.)

7. Make predictions that are based on intuitive, experimental, and theoretical probabilities.

»  Second graders are presented with a bag in which they are told are marbles of two different
colors, twice as many of one color as the other. They are asked to guess the probability for
drawing each color if asingle marbleisdrawn. Is this the same as flipping a coin? Will
one color be picked more often than the other? The experiment is performed repeatedly
and tallies are recorded. The chosen marbleis returned to the bag each time before a new
marble isdrawn. The children discuss whether their estimates of the probabilities made
sensein light of the outcome.

»  Students aretold that a can contains ten beads, some red ones, some yellow ones, and some
blue ones. They are asked to predict how many beads of each color areinthe can. The
students attempt to determine the answer by doing a statistical experiment. One at atime,
each child in the class draws a bead, records the color with a classtaly, and replacesit. At
various times in the process, the teacher asks the children to return to their prediction to
determine if they want to modify it.

* Asaninformal assessment of the students’ understanding of these concepts, they are
presented with abag in which they are told there are 10 yellow marbles and 2 blue ones.
They are asked to predict what color marble they will pick out of the bag if they pick without
looking, and about how many studentsin the class will pick a blue marble.

8. Use concepts of certainty, fairness, and chance to discuss the probability of actual events.

»  Students work through the Elevens Alive! lesson that is described in the Introduction to this
Framework. They make number sentences adding up to 11 by dropping 11 chips which are
yellow on one side and red on the other, and writing 11= 4+7 when four chips land yellow-
side-up and seven chips land red-side-up. They notice that they are writing some number
sentences more frequently than others, and these observations lead into a discussion of
probability.

» Each child plants five seeds of afast growing plant. They count the number of seeds which
sprout and discuss how many seeds might sprout if they had each planted ten, or twenty, or a
hundred seeds. They explain their reasoning. (The numbers can be adjusted for different
grade levels)

e Students predict how many M&Ms of each color are in alarge unopened mystery bag. To
help make these predictions, cooperative groups are given a handful of M& Ms from the bag;
they tally the count of the colors, report their results, and prepare graphs of their results.
Students refine their predictions by looking at the classtotals. The mystery bag isthen
opened and the colors counted. Students discuss how their prediction matches the actual
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count and how the experiment helped them make their prediction.

e Students examine various types of raisin bran cereal. They experiment with scoops of cered
and determine the number of raisins that appear in each scoop. They make inferences about
which brand might be the “raisiniest.”
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The Framework will be available at this site during Spring 1997. Intime, we hope to post
additional resources relating to this standard, such as grade-specific activities submitted by New
Jersey teachers, and to provide aforum to discuss the Mathematics Standards.
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Standard 12 — Probability and Statistics — Grades 3-4

Overview

Students can develop a strong understanding of probability and statistics from consistent experiencesin
classroom activities where a variety of manipulatives and technology are used. The key components of this
understanding in probability for elementary school students, asidentified in the K-12 Overview, are:
probability terms, the concept of the probability of an event, predicting and determining probabilities,
and the relationship between theoretical and experimental probabilities. In statisticsthe key
components for elementary school students are data collection, organization, and representation, central
tendency, and analysis and inference.

Based on their earlier experiences with data, third- and fourth-graders should strengthen their ahility to
collect, organize, and represent data. They should build on their informal discussions of data by
developing their ability to analyze data, formulate hypotheses, and make inferences from the data. As
their numerical skillsincrease, they should begin to understand and to use the mean and median, aswell as
range and mode, as measures of central tendency. Frequent probability experiments should help students
extend their ability to make predictions and understand probability asit relates to events around them, and
should provide the intuition they will need in order to determine probabilities in simple situations.

Asin the previous grade levels, probability and statistics understanding is best developed through frequent
opportunities to perform experiments and gather and analyze data. Such activities are most valuable when
students choose a topic to investigate based on areal problem or based on an attempt to answer a question of
interest to them. Children should experience new activities, but they should have the opportunity to revisit
problems introduced in grades K -2 when doing so would allow them to practice or develop new
understandings.

Probability and statistics are closaly related. Students should use known data to predict future outcomes and
they should grapple with the concept of uncertainty using probability terms such as likely, not likely, more
likely, and less likely. Developing an understanding of randomness in probability is crucial to acquiring a
more thorough understanding of statistics.

Third and fourth grade is awonderful time for students to see connections among subjects. Most science
programs at thislevel involve collection and analysis of data as well as afocus on the likelihood of events.
Social studies programs usually ask children to begin to develop ideas of the world around them. Discussions
might focus on their school, neighborhood, and community. Such explorations can be enhanced through
analysis and discussion of data such as population changes over the last century. Third- and fourth-graders
are more attuned to their environment and are more sensitive to media information than early elementary
school children. Discussions about such things asthe claimsin TV advertisements or commercials, or
newspaper articles on global warming, help students develop the ability to use their understandingsin real
situations.

At all grade levels, probability and statistics provide students with rich experiences for practicing their skills
in content areas such as number sense, numerical operations, geometry, estimation, algebra, patterns and
functions, and discrete mathematics.
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The topics that should comprise the probability and statistics focus of the mathematics program in grades
three and four are:

collecting, organizing, and representing data

analyzing data using the concepts of range, mean, median, and mode

making inferences and formulating hypotheses from their analysis

determining the probability of a simple event assuming outcomes are equally likely
making valid predictions based on their understandings of probability
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Standard 12 — Probability and Statistics — Grades 3-4

Indicators and Activities

The cumulative progress indicators for grade 4 appear below in boldface type. Each indicator is followed by
activitieswhich illustrate how it can be addressed in the classroom in grades 3 and 4.

Building upon knowledge and skills gained in the preceding grades, experiences in grades 3-4 will be such

that al students:

1. Formulate and solve problems that involve collecting, organizing, and analyzing data.

Students wish to study the differencesin temperature between their hometown and a school
they have connected with in Sweden through the Internet. They exchange highs and lows for
each Monday over the three-month period from January through March. They note whether
the temperatures are given in degrees Celsius or Fahrenheit, and use a thermometer with
both markings to change from one to the other if necessary. They organize and represent the
data and devel op questions about possible differencesin lifestyle that are prompted by the
temperature. They then exchange their questions with their sister school to learn more about
their culture.

While studying about garbage and recycling, children notice the amount of waste generated
in the cafeteriaeach day. A variety of questions begin to surface such as. What types of
waste are there? How much of each? Can we measure it? How? How often should we
measure it to get an idea of the average amount of waste generated each day? How can
we help make less waste? The class considers how it can find answers to these questions,
designs away to obtain the data, and finds answersto their questions.

Students perform experiments such asrolling atoy car down aramp and measuring the
distance the car rolled beyond the bottom of the ramp. This experiment is repeated, holding
the top of the ramp at various heights above the ground. Students discuss the patterns and
relationships they see in the data and use their discoveries to predict the distances obtained
for ramps of other heights.

2. Generate and analyze data obtained using chance devices such as spinners and dice.

Each child in the class rolls adie 20 times and records the outcomes in a frequency table.
The class combines the results in a class frequency table. They discuss which outcome
occurred most often and least often and then whether the class results differ from their
individua results and why that might be.

Students make their own cubes from cardstock and label the sides 1, 2, 2, 3, 4, 5. They rall
their cubes 20 times each, recording the results. After combining their results, the class
discusses the experiment and the reasons the results differ from the results obtained when
using aregular die.

As aquestion on aclass test, students are told that Sarah rolled adie 20 times and she got
twelve 1s, two 2s, three 3s, and three 6s. They are asked what they would conclude about
Sarah’ s experiment and what might have accounted for her results.
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3. Make inferences and formulate hypotheses based on data.

Studentsread A Three Hat Day by Laura Geringer. They use concrete objects (different
colored beans, hats, or pattern blocks) to show different orders for wearing three different
hats. They investigate how many different ways there are to wear four different hats.

After collecting, organizing, and analyzing data on the favorite sport of the fourth gradersin
their school, third graders are asked to interpret the findings. Why do you suppose soccer
was chosen as the favorite sport? How close were other sports? What if we collected
data on the same question from fourth graders in another county or another state? Do
you think first graders would answer similarly? Why?

Students read Mr. Archimedes’ Bath and Who Sank the Boat by Pamela Allen and discuss
what happens to the water level in a container as things are added and why.

The fourth grade classis planning awalking tour of alocal historic district in February.
They want to take hot chocolate but don’t know which type of cup to take so that it stays
warm as long as possible after being poured. In the science unit on the cooling of liquids,
the students discussed notions of variables and constants. They set up an experiment using
cups of the same size but of different materials and measure the temperatures in each at
equal intervals over a 30-minute period. They plot the data and use their graphs to discuss
which cup would be best.

4. Understand and informally use the concepts of range, mean, mode, and median.

Before counting the number of raisins contained in each of 24 individual boxes of raisins,
students are asked to estimate the number of raisinsin each box. They count the raisins and
compare the actual numbersto their estimates. Students discover that the boxes contain
different numbers of raisins. They construct afrequency chart on the blackboard and use the
concepts of range, mean, median, and mode to discuss the situation.

In afourth grade assessment, students are asked to prepare an argument to convince their
parents that they need araisein their allowance. Students discuss what type of datawould
be needed to support their argument, gather the data, and use descriptive measures as abasis
for thelir argument. In a cooperative effort, sixth grade students play the part of parents and
listen to the arguments. The sixth graders provide feedback as to whether the students had
enough information to convince them to raise the allowance and, if not, what more they
might use.

5. Construct, read, and interpret displays of data such as pictographs, bar graphs, circle graphs,
tables, and lists.

Presented with a display of datafrom USA TODAY, students generate questions which can
be answered from the display. Each child writes one question on a 3x5 card and givesit to
the teacher. The cards are shuffled and redistributed to the students. Each student then
answers the question he or she has been given and checks the answer with the originating
student. Disagreements are presented to the class as awhole for discussion.

Following a survey of favorite TV shows of studentsin the entire third grade, groups of
students devel op their own pictographs using symbols of their choosing to represent multiple
children.
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6. Determine the probability of a simple event assuming equally likely outcomes.

»  Children toss a coin fifty times and record the results as a sequence of Hsand Ts. They tally
the number of heads and tails. Are there the same number of heads and tails? The children
discuss situations that often lead to misconceptions such as If three tosses in a row come up
heads, what is the chance that the next toss is a head? Is there a better chance than there
would have been before the other tosses took place? After what isalively discussion, the
children review their sequence of Hs and Tsto see what happened on the next toss each time
that three consecutive heads appeared. This analysis should demonstrate that each result
does not depend upon the previous ones.

»  Students discuss the probability that a particular number will come up when adieisthrown,
and predict how many times that number will appear if the dieisrolled 50 times. They then
toss adie 50 times and compare the results with their predictions.

7. Make predictions that are based on intuitive, experimental, and theoretical probabilities.

» Fourth-graders are presented with a bag in which there are marbles of three different colors,
the same number of two of the colors, and twice as many of the third. They are asked what
they would expect to happen if a marble were drawn twelve times and placed back in the bag
after each time. The experiment is performed and the children discuss whether their
estimates of the outcome made sense in light of the actual outcome.

» During an ecology unit, students discuss the capture-recapture method of counting wildlifein
alocal refuge. A number of animals, say 30 deer, are captured, tagged, and released; later
another group of deer is captured. If five of the twenty-five recaptured deer are tagged, then
you might conclude that about one in five deer have been tagged, and therefore that the total
number of deer intherefugeisabout 5 x 30 or 150. The students perform a capture-
recapture experiment using alarge bag of lollipops to determine the number of lollipopsin
the bag.

8. Use concepts of certainty, fairness, and chance to discuss the probability of actual events.

»  Students discuss the probability of getting a zero or a seven on the roll of one die or picking
ablue bead from abag full of blue beads, and use this as an introduction to a discussion
about the probahility of certain events and impossible events.

»  Students discuss the relationship between events such as flipping a coin, a newborn baby
being a girl, guessing on atrue-false question, and other events which have an approximately
equa chance of occurring.
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Standard 12 — Probability and Statistics — Grades 5-6

Overview

Students can develop a strong understanding of probability and statistics from consistent experiencesin
classroom activities where a variety of manipulatives and technology are used. The key components of this
understanding in probability for middle school students, asidentified in the K-12 Overview, are: probability
terms, the concept of the probability of an event, predicting and determining probabilities, the
relationship between theoretical and experimental probabilities, and compound events. In statistics, the
key components are: data collection, organization, and representation, sampling, central tendency,
variance and correlation, and analysis and inference.

In grades K-4, students explored basic ideas of statistics by gathering data, organizing data, and representing
datain charts and graphs, and then using thisinformation to arrive at answers to questions and raise further
guestions. Studentsin grades 5 and 6 are keenly interested in movies, fashion, music, and sports. These
areas provide arich source of real problems for students at this age. The students should make the decision
on how to sample and then collect and organize data. They should determine how best to represent the
data and begin to develop a more formal understanding of summary statistics of central tendency such asthe
mean, the median, and the mode. They should recognize that for certain types of data, such as height, the
mean is an appropriate measure, but it isinappropriate for other types of data, such as hair color. These
activities should provide opportunities for studentsto analyze data and to make inferences regarding the
data and to communicate their inferences in a convincing manner. They should further develop their
understanding of statistics through the evaluation of arguments by others, whether they come from
classmates, advertising, political rhetoric, or news sources.

While statistical investigations can be similar to thosein earlier grades, fifth- and sixth-graders should have
access to statistical software on computers or calculators which have statistical capability. Thiswill allow
them to carry out statistical work using real data without becoming mired in tedious calculations. The
technology will be used to do the manipulation of the data and the students will focus on developing their
skillsin interpreting the data.

Students enter these grades having participated in awide variety of activities designed to help them
understand the nature of probability and chance. The emphasisin grades K-4 was primarily on smple events
such astheroll of adie or the flip of one coin. Even when compound events such astheroll of two dice were
considered, the outcomes were looked upon asasimple event. In grades 5 and 6, students begin to
experiment with compound events such as flips of several coins and rolls of dice and to predict and evaluate
their theoretical and experimental probabilities. Asthey develop their understanding of fractions, ratios,
and percents, they should use them to represent probabilitiesin place of phrases such as “three out of four.”
They begin to modd probability situations and to use these modelsto predict events which are meaningful to
them.

At all grade levels, probability and statistics provide students with rich experiences for practicing their skills
in content areas such as number sense, numerical operations, geometry, estimation, algebra, patterns and
functions, and discrete mathematics. Because most of the activities are hands-on and students are constantly
dealing with numbersin avariety of ways, it assists the devel opment of number sense aswell.
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The topics that should comprise the probability and statistics focus of the mathematics program in grades 5
and 6 are:

collecting, organizing, and representing data

analyzing data using range and measures of central tendency
making inferences and hypotheses from their analysis of data
evaluating arguments based upon data analysis

interpolating and/or extrapolating from data using aline of best fit
representing probability situationsin avariety of ways

modeling probability situations

predicting events based on real-world data
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Standard 12 — Probability and Statistics — Grades 5-6

Indicators and Activities

The cumulative progress indicators for grade 8 appear below in boldface type. Each indicator is followed by
activitieswhich illustrate how it can be addressed in the classroom in grades 5 and 6.

Building upon knowledge and skills gained in the preceding grades, experiences in grades 5-6 will be such

that al students:

9. Generate, collect, organize, and analyze data and represent this data in tables, charts, and

graphs.

Students recognize that thisis atime of growth for many of them. The class measures
various lengths associated with a person, such as height, length of forearm, length of thigh,
handspan, length of foot, and armspan. They enter the data into a spreadsheet and produce
various graphs as well as statistical analyses of their measures. They update their data every
month and discuss the change, both individually and as a class.

Students survey another class to determine data of interest, such as the last movies seen, and
then organize the data and produce reports discussing the interests of the grade level.

Students work on problems like this one from the New Jersey State Department of
Education’s Mathematics Instructional Guide (p. 7-95):

A fair spinner with 4 congruent regions labeled A, B, C, and D is spun 20 times by
each member of a class of 23 students. Assume that your class conducted the
experiment and obtained the expected results. Make a bar graph illustrating the
combined class results. Explain why you drew your bar graph the way you did .
Explain why an individual student’s results might be different from the class results.

10. Select and use appropriate graphical representations and measures of central tendency (mean,
mode, and median) for sets of data.

Students demonstrate understanding of measures of central tendency by writing aletter to a
fictional classmate explaining how the mean, the median, and the mode each help to describe
data. They then extend their discussion by presenting a picture of an “average student” in
their grade. The picture discusses height, color of hair, preferencein movies, etc. In creating
the picture, the students must choose the appropriate measures of central tendency based
upon the type of data and justify their choice. (For example, the mean is not appropriatein
discussing hair color.) They will likely want to present pictures of both an “average boy”
and an “average girl” in the class.

During asocia studies unit, students determine a method to ascertain the value of the homes
in their community. They determine the mean, the median, and the mode for the data and
decide which provides the most accurate picture of the community. They includein their
study homes from different sections of the town.

Students perform an experiment where one group is given 10 wordsin ajumbled order while
another group is given them in a sequence which facilitates remembering them. After giving

388 — New Jersey Mathematics Curriculum Framework — Standard 12— Probability and Statistics



each group one minute to study the words, the students are asked to turn their papers over
and write as many of the words as they remember. The papers are graded by fellow students
and the scoresreported. After considering various graphing methods, the students determine
that a box-and-whiskers plot would be the best way to illustrate the results and compare the
two groups.

11. Make inferences and formulate and evaluate arguments based on data analysis and data
displays.

Students are asked to develop a generalization about their classmates. They are allowed to
make any hypothesiswhich is appropriate. For example, some boys might suggest that boys
are stronger than girls or others might say that girls are taller than boys. They should
determine how they would determine the validity of their hypotheses by designing adata
collection activity related to it.

The teacher in one fifth-grade class is especialy alert for generalizations that students make
about any topic. She writesthem on dips of paper, and keepsthem in abox. Asan
assessment of the students’ ability to develop statistical activities to validate hypotheses,
groups of students pull slips from the box, develop data collection activities, collect the data,
analyze it, and make reports to the class about the validity of the generalizations originally
made.

Students are shown a newspaper article which states that 25% of fifth graders have smoked
acigarette. They discuss their reaction by indicating whether they believe the figure to be
correct, too high, or too low. They then design a survey which they use to poll their fellow
fifth gradersin an effort to check the validity of the claim for the population of their school.
They also send aletter to the newspaper requesting the sources of data for the article and
compare the datain the article with their data.

12. Use lines of best fit to interpolate and predict from data.

Given ajar with straight sides and half filled with water, students drop marblesin fiveat a
time. After each group of five, they measure the height of the water and record in atable the
number of marblesin the jar and the height of the water. The students then represent their
datain a scatterplot on an x-y plane and find that the points lie almost exactly in a straight
line. They draw aline through the data and use it to determine answersto questions like:
How high will the water be after 25 marbles have been added? and How many marbles
will it take to have the water reach the top? Activitieslike this one form the foundation for
understanding graphs in algebra.

13. Determine the probability of a compound event.

Students create atable to show all possible results of rolling two dice. At the left of the rows
are the possible rolls of the first die and at the top of the columns are the possible rolls of the
second die. They complete the table by putting in each cell the appropriate sum of the
number in the top row and the left column. Counting the number of times each sum appears
in the table, they determine the probability of getting each possible sum. They then roll two
dice 100 times and compare the sums they get with the sums predicted from the table.

Students make alist of all possible outcomes when four coins are tossed and determine the
theoretical probability of having exactly two heads and two tails.
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14. Model situations involving probability, such as genetics, using both simulations and theoretical
models.

»  Students examine the probability of afamily with four children having two boys and two
girls by smulating the situation using four coins. They first choose which side of the coin
will represent males and which will represent females. They toss the set of coins 50 times
and record their results as the number of boys and the number of girlsin each “family.”
They compare the results of their experiment with the prediction based on probability. They
also survey alarge sample of studentsin the school and record the family composition of all
familieswith four children. All of these are used to discuss the likelihood of an evenly-
matched family.

o A 25¢“prize’ machinein the grocery store contains an equal number of each of six plastic
containers with Power Ranger tattoos. Students are asked to determine how many containers
they need to buy to have a good chance of getting all six. They simulate this situation with a
bag containing an equal number of six different colored marbles. They draw out, record, and
replace one marble at atime until they have drawn marbles of all six colors, recording the
number of timesthat took. They repeat the ssimulation threetimes. The classresults are
gathered and discussed. One issue discussed is whether the modd is a good one for the
situation or whether it should be modified in some way to better represent reality.

»  Studentsread Caps for Sale by Esphyr Slobodkina. The peddler in the story sells caps and
wears his entire inventory on his head: achecked cap and four each of identical blue, gray,
and brown hats. Students use concrete objects to model some of the different ordersin
which the hats can be worn. They come to realize that there are many ways and try to
discover the total number of different ways. They search for an efficient way to determine
the number of permutations.

o Students work through the Two-Toned Towers and Pizza Possibilities lessons that are
described in the First Four Standards of the Framework. They make a systematic list of all
the towers built out of four red and blue cubes (or of all the pizza combinations) and
calculate the probability that atower has three or four blue cubes.

15. Use models of probability to predict events based on actual data.

»  Students examine weather data for their community from previous years, and then use their
analysis of the data to predict the weather for the upcoming month. They compare the actual
results with their predictions after the month has passed and then use the comparison to
determine waysto improve their predictions.

» Using data from previous years, students determine the number of timestheir favorite
professional football team scored a number of pointsin each of six ranges of scores (0-5, 6-
10, 11-15, 16-20, 21-25, and 26 or more). They determine the fraction or percentage of
games the score wasin each of those ranges and make a spinner whose areas are divided the
sameway. Each Friday during football season, they spin their spinners to predict how many
points the team will score and who will win the game. Toward the end of the season, they
discuss the success or failure of their efforts and the probable causes.

16. Interpret probabilities as ratios and percents.

» The students are introduced to the game Pass The Pigs (Milton Bradley) where two small
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hard-rubber pigsarerolled. Each pig can land on aside wherethereis a dot showing, aside
where the dot does not show, on its hooves, on its back, leaning forward balancing itself on
its snout, and balancing itself on its|eft foreleg, snout, and left ear. The students determine
the fairness of the distribution of points on the sides of the pig by rolling the pig numerous
times, recording the results, and using the ratios of successes for each, divided by the total
number of ralls, to represent the probability of obtaining each situation.

»  Students examine uses of probability expressed as percentages in such situations as weather
forecasting, risksin medical operations, and reporting the confidence interval of surveys.
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Standard 12 — Probability and Statistics — Grades 7-8

Overview

Students can develop a strong understanding of probability and statistics from consistent experiencesin
classroom activities where a variety of manipulatives and technology are used. The key components of this
understanding in probability for middle school students, asidentified in the K-12 Overview, are: probability
terms, the concept of the probability of an event, predicting and determining probabilities, the
relationship between theoretical and experimental probabilities, and compound events. In statistics, the
key components are: data collection, organization, and representation, sampling, central tendency,
variance and correlation, and analysis and inference.

Students should enter the seventh grade with a strong intuitive understanding of probability and statisticsas a
result of their activitiesin grades K-6, and should have a basic understanding of the more forma methods
which were introduced in grades 5-6. They will build on this foundation in grades 7 and 8.

Studentsin grades 7 and 8 present unique challenges. They are turning to their peer group for leadership and
support and, at the same time, placing a strain on the relationships between themselves and significant adults
intheir lives. Some students begin to experiment with things they associate with being an adult: smoking,
alcohal, drugs, and sex. The quantity of statisticsin all of these areas provides an ideal opportunity to weave
together statistical activities which dovetail with information provided by the the health and physical
education department.

Students at these ages al so become more aware of community issues. Integrating statistics activities with
topicsin the social studies curriculum can enhance their work in both areas as well asfit in with their growing
interests. Hands-on science activities require good statistical methods and understanding in order to develop
accurate and appropriate conclusions. At the same time, students need to understand how often statistics and
probability statements are incomplete, misunderstood, or purposely used to mislead. Having students read
books such as How to Lie with Statistics by Darryl Huff or Innumeracy by John Allen Paulos provides
excellent opportunities to discuss how statistics and probability are misused.

In statistics, students continue to collect, organize, and represent data and to use various measures of
central tendency to describe their data. But they should now become more focused on sampling techniques
that justify making inferences about entire populations. Examples of this appear frequently in the news
media. They also begin to explore variance and correlation as additional tools in describing sets of data.

Many of the probability experiments should continue to be related to games and other fun activities. Students
in these grades should continue to devel op their understanding of compound events and their related
probabilities, and should continue to consider and compare experimental and theoretical probabilities.
Furthermore, the connection between probability and statistics should help them understand issues such as
sampling and reliability. Students need to develop a sense of the application of probability to the world
around them aswell. Everyday lifeisrich with “coincidences’ which are actualy likely to occur. For
example, they should examine the probability that two people in their class, or any group of 25 or more
people, have the same birthday. The results always stir up considerable interest and disbdlief.

At all grade levels, probability and statistics provide students with rich experiences for practicing their skills
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in content areas such as number sense, numerical operations, geometry, estimation, algebra, patterns and
functions, and discrete mathematics. Because most of the activities are hands-on and students are constantly
dealing with numbersin avariety of ways, it assists the development of number sense aswell.

The topics that should comprise the probability and statistics focus of the mathematics program in grades 7
and 8 are:

collecting, organizing, and representing data

analyzing data using range and measures of central tendency
making inferences and hypotheses from their analysis of data
evaluating arguments based upon data analysis

interpolating and/or extrapolating from data using aline of best fit
representing probability situationsin a variety of ways

modeling probability situations

analyzing probability situations theoretically

predicting events based on real-world data
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Standard 12 — Probability and Statistics — Grades 7-8

Indicators and Activities

The cumulative progress indicators for grade 8 appear below in boldface type. Each indicator is followed by
activitieswhich illustrate how it can be addressed in the classroom in grades 7 and 8.

Building upon knowledge and skills gained in the preceding grades, experiences in grades 7-8 will be such

that al students:

9. Generate, collect, organize, and analyze data and represent this data in tables, charts, and

graphs.

Most studentsin grades 7 and 8 have major physical growth activity. Students can continue
to maintain the statistics related to their body that they began to collect in the fifth and sixth
grades. They should continually update what the average person in the grade would look like
in terms of this data.

In the spring, the socia studies teacher and the mathematics teacher plan a unit on the school
board elections. Students are broken into groups to study questions such as What percent of
the registered voters can be expected to vote? Will the budget pass? and Who will be
elected to the board of education? Students plan their survey, how they will choose the
sample, how best to gather the data, and how best to report the information to the class.

10. Select and use appropriate graphical representations and measures of central tendency (mean,
mode, and median) for sets of data.

Students study the sneakers worn by students in the school. They form into a human
histogram based upon their brand of sneakers. The dataisrecorded and adiscussion is
encouraged about the distribution of sneakers throughout the school. Students discussin
their journals which of the measures of central tendency a sporting goods store would usein
determining which brands to stock and in what proportion. The students gather pricesfor a
variety of brands and styles and enter the data into a spreadsheet. They respond in their
journal asto whether and why the mean, median, or mode would be most useful to discuss
sneaker prices.

Presented with alist of OPEC countries and their estimated crude oil production in arecent
year, students determine how best to report the data. Some present their graphs as box plots,
others use histograms, and others use circle graphs. They use the three measures of central
tendency and discuss what each result would mean in this situation and which would be best
to usein other situations.

Students work on problems like this one from the New Jersey Department of Education’s
Mathematics Instructional Guide (p. 7-99):
A set of test scores in Mrs. Ditkof’s class of 20 students is shown below.

62 77 82 88 73 64 82 85 90 75
74 81 85 89 96 69 74 98 91 85

394 — New Jersey Mathematics Curriculum Framework — Standard 12— Probability and Statistics



Determine the mean, median, mode, and range for the data. Suppose each student
completes an extra-credit assignment worth 5 points, which is then added to his/her score.
What is the mean of the set of scores now if each student received the extra five points?
Explain how you calculated your answer.

11. Make inferences and formulate and evaluate arguments based on data analysis and data
displays.

Students are presented with data from The World Almanac showing the number of cigarettes
smoked per year per adult and the rate of coronary heart disease in 21 countries. They
produce a scatterplot and recognize arelatively high correlation between the two factors.
They write an essay on the possible causes of this relationship and their interpretation of it.

Students are asked to predict how many drops of water will fit on a penny. They write their
prediction on a post-it note along with an explanation of their reasoning. The predictions are
collected and displayed on bar graphs or stem-and-leaf plots. Students perform the
experiment and record their results on another post-it note. They compare their hypotheses
with the conclusions. A science lesson on surface tension can easily be integrated with this
lesson.

Students are studying their community’ s recycling effortsin an integrated unit. In getting
ready for discussion in this area, the mathematics teachers ask the students to predict how
many pounds of junk mail comesin to their community in a month. The students collect all
junk mail sent to their house over the course of amonth. They weigh the junk mail weekly
and record the results. At the end of the month, all the students bring in their data. The
class determines the mean, median, and mode for the collected data, decides which of these
measures would be the best to use, and agrees on a method to use to estimate the amount of
junk mail for the entire community.

12. Use lines of best fit to interpolate and predict from data.

Presented with the problem of determining how long it would take the wave to go around
Giants Stadium, students design an experiment to gather data from various numbers of
students. They produce a scatterplot and use it to determine aline of best fit. They pick two
points on the line and determine the equation for that line. Last, they estimate the number of
people around the stadium and answer the question.

Given some of the winning times for the Men's and Women's Olympic 100 meter freestyle
events during the past century, students plot the data and produce a line of best fit for each
event. They usetheir equations to estimate the winning times in those years for which the
information was not recorded, and they predict when the women’s winning times will equal
the men’s current winning times.

Students are presented with an article that states that police have discovered a human radius
bone which is 25 centimeterslong. Students perform measurements of the lengths of radius
bones of various-sized people and their heights, produce a scatterplot, fit aline to the data,
and determine their prediction of the height of the person whose bone was found. They write
aletter to the chief of police, predicting the height of the person, with justifications for their
conclusion.
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13. Determine the probability of a compound event.

»  Students watch the long-range weekend weather forecast and learn that the probability of
rain is 40% on Saturday and 50% on Sunday. They determine that the probability that it will
rain on both days is 20% by multiplying the two percentages together (.40 x .50 = .20 or
20%), and similarly then find that the probability that it will not rain on either day is 30%.
Following the weekend, they discuss the success or failure of their prediction methods.

» Twoteamsarein aplayoff for thedivisiontitle. If the probability of the Eagles defeating
the Falconsin an individual game is 40%, what is the probability that they will win athree
game playoff? What about afive-game playoff?

14. Model situations involving probability, such as genetics, using both simulations and theoretical
methods.

» During an integrated unit with their science and health classes, students discuss the various
gender possihilities for children within afamily. For each large family, that is, number of
children, up to 6, they calculate the probability of each possible gender mix. Three groups of
students conduct simulations — one with coins, one with dice (1, 2, or 3 on adie represent a
female) and one with spinners. They also collect this datafor al of the studentsin their
school. They report their findings and compare the theoretical possibilities, the simulated
probahilities, and the actual outcomes, and discuss the differences and similarities.

e Students study the chances of winning the New Jersey Pick 3 lottery. They modd the
problem by using spinners with 10 numbers and calculate the theoretical probability. They
may also use a computer program to randomly generate amillion 3-digit numbers and see
how closeto 1 out of 1000 times their favorite number comes up.

15. Use models of probability to predict events based on actual data.

o  Students are presented with data collected by an ecologist tallying the number of deer of one
speciesthat died at agesfrom 1to 8 years. Students use the data to discuss the probability
of living to various given ages and what they would expect the life expectancy of this species
to be.

16. Interpret probabilities as ratios and percents.

»  Students examine uses of probability expressed as percentagesin such things as weather
forecasting, risksin medical operations, and reporting the confidence interval of surveys.

e Students work on problems like this one from the New Jersey State Department of
Education’s Mathematics Instructional Guide (p. 7-103):

A dart board is composed of three concentric circles with radii 2 cm, 10 cm, and 20
cm [as indicated in an accompanying diagram]. A grand prize is earned if a dart is
thrown in the 2 cm circle (bulls-eye). Given that a person is blindfolded and throws a
dart somewhere on the board, find the probability that the grand prize will be won
when the first dart is thrown. Explain the process you used to solve the problem.

References
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Standard 12 — Probability and Statistics — Grades 9-12

Overview

Students can develop a strong understanding of probability and statistics from consistent experiencesin
classroom activities where a variety of manipulatives and technology are used. The key components of this
understanding in probability for middle school students, asidentified in the K-12 Overview, are: probability
terms, the concept of the probability of an event, predicting and determining probabilities, expected
value, the relationship between theoretical and experimental probabilities, and compound events. In
statistics, the key components are: data collection, organization, and representation, sampling, central
tendency, variance and correlation, and analysis and inference.

Thefield of statisticsisrdatively new. Beyond the work of scientists, Florence Nightingal e was the great
pioneer in gathering and analyzing statistical data for public health questions. During the great cholera
epidemic of 1854 in London, England, statistics on the prevalence of cholera casesin various London
neighborhoods were used to deduce that the cholera originated with asingle well. In our own century
statistics touches al of usthrough such diverse means as statistical quality control in industry, advertising
claims, pre-election polls, television show ratings, and weather forecasts. To be successful members of
present day society, high-school graduates need an understanding of statistics and probability which formerly
was rare even among college graduates.

By the time students enter high school, they should have mastered basic descriptive statistical methods. On
the basis of their varied experience, they should be able to set up a study, gather the data, and appropriately
analyze and report their findings. Throughout grades 9 to 12, students should have numerous opportunities
to continue to practice these skillsin avariety of ways, and aso to extend these skills, in connection with their
growth in other mathematical areas. As students learn new algebraic functions, they might revisit a problem
they had previously modeled linearly and apply adifferent model. For example, they may have linearly
model ed the series of winning times of the men’'s Olympic marathon but now understand that there would
probably be alimiting time and so attempt to fit a quadratic or logarithmic curveinstead. Where appropriate,
the content should be devel oped through a problem-centered approach. For example, if students are required
to generate areport on two sets of data which have the same measures of central tendency only to find later
they have very different variance, they should recognize the need for some way to identify that difference.

John Allen Paulos, in his book, Innumeracy, cites numerous problems associated with alack of
understanding of probability. If people are to make appropriate decisions, then they must understand the
relationship of probability to real situations and be able to weigh the consequences against the odds. Aswith
statistics, probability needs to be experienced, not memorized. Work done at thislevel should provide insight
into the use of probability and probability distributionsin a variety of real-world situations. The normal
curve presents interesting opportunities to examine uses and abuses of mathematics.

Students should have access to appropriate technology for their work in probability and statistics, not only to
simplify calculation and display charts and graphs, but also to generate appropriate data for activities and
projects. They should make use of data taken from the Internet and CD-ROMSs, and simulate experiments
with Calculator Based Laboratories. Whenever possible, real data gathered from school, the community, or
cooperating businesses should be used.
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Probability and statistics offers arich opportunity to integrate with other mathematics content and other
disciplines. This content provides the opportunity to generate the numbers and situations which should be
used in other areas such as geometry, algebra, functions, and discrete mathematics. The goal to have students
become effective members of a democratic society requires them to practice and participate in decision-
making experiences. The ahility to make intelligent decisions rests on an understanding of statistics and
probability, and students should regularly integrate this content with their experiencesin socia studies,
science, and other disciplines.

The topics that should comprise the probability and statistics focus of the mathematics program in grades 9
through 12 are:

designing, conducting, and interpreting statistical work to solve problems
analyzing data using range, measures of central tendency, and dispersion
applying probability dispersionsin real situations

evaluating arguments based upon their knowledge of sampling and data analysis
interpolating and/or extrapolating from data using curve fitting

using simulations to estimate probabilities

determining expected values

using the law of large numbers
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Standard 12 — Probability and Statistics — Grades 9-12

Indicators and Activities

The cumulative progress indicators for grade 12 appear below in boldface type. Each indicator isfollowed by
activitieswhich illustrate how it can be addressed in the classroom in grades 9, 10, 11, and 12.

Building upon knowledge and skills gained in the preceding grades, experiences in grades 9-12 will be such
that al students:

17. Estimate probabilities and predict outcomes from actual data.

* |Inastandard class test, students are asked to compute the probability that a given raffle
ticket for a senior class raffle to raise money for the senior trip will win aprize. Theclass
will be printing 500 tickets that they will sell for $1 each. First prizeisa stereo worth $150.
Second prizeis a $100 shopping spree in the local Gap store. Third prize is a$50 gift
certificate to The Golden Goose restaurant. There are ten fourth prizes of acommemorative
T-shirt worth $8 each. Students also compute the expected value of each ticket.

»  Students determine the area of anirregular closed figure drawn on alarge sheset of paper
using the Monte Carlo method: Each person in the group drops a handful of pennies over
their shoulder (without looking) onto the paper containing the figure. They count the
number of coins on the paper (total shots) and the number within the figure (hits). They thus
produce theratio of hitsto total shotsand multiply thisfraction by this area of the paper to
estimate the area of the figure.

o Students work through the On the Boardwalk lesson that is described in the Introduction to
the Framework. In thislesson they explore the probability that a quarter thrown onto a
rectangular grid will land entirely within one of the squares on the grid, and then discuss how
changing the size of the squares will affect the probability.

» A point Pinside asguareis selected at random and is used to form atriangle with vertices A
and B of the square. Students determine the probability that the triangle is acute using a
simulation and a theoretical calculation.

18. Understand sampling and recognize its role in statistical claims.

»  While studying United States history, students read about the prediction in the 1936
presidential race that Alfred Landon would defeat incumbent President Franklin Delanor
Roosevelt. They raise questions asto why that prediction was so far off and research how
TV stations can forecast winners of some elections with avery small percentage of the
voting results reported. Students contact local radio and TV stations and newspapers to
discover how they determine their population sample.

19. Evaluate bias, accuracy, and reasonableness of data in real-world contexts.

»  After reading the chapter on sampling in the book How to Lie With Statistics by Darryl
Huff, students bring in ads, graphs, charts, and articles from newspapers which all make
statements or claims allegedly based on data. Students examine the articles for information
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about the sample and identify those claims which may have little or no substantiation. They
also discuss how the sample populations chosen could have influenced the outcomes.

Students take statements such as “50% of the students failed the test,” and “4 out of 5
dentists recommend” and discuss what data they would need to know in order to judge if the
conclusions were reasonable. How many students took the test? How many dentists were
gueried? How were the students or dentists selected? What factors can be identified which
would bias the results?

20. Understand and apply measures of dispersion and correlation.

Students are presented with data gathered by an archaeologist at several sites. The data
identifies the number of flintstones found at each site and the number of charred bones. The
archaeologist claimed that the data showed that the flintstones were used to light the fires
that charred the bones. Students produce a scatterplot, find the correlation between the two
sats of figures, and use their work to support or criticize the claim.

As an assessment activity using their journals, students respond to the claim that children
with bigger feet spell better. They discuss whether they believe the claim is true, how
statistics might have led to this claim, and whether it has any importance to a philosophy of
language teaching.

21. Design a statistical experiment to study a problem, conduct the experiment, and interpret and
communicate the outcomes.

Based on a discussion among some members of the class, a question arises asto which are
the most popular cars in the community. The students work in cooperative groups to design
an experiment to gather the data, analyze the data, and design an appropriate report format
for their results.

Intrigued by the question How long would it take dominoes set up one inch apart all the
way across the room to fall?, the class designs an experiment to gather data on smaller sets
of dominoes and then extrapolates to estimate the answer.

Students have just finished a unit in which they discussed the capture-recapture method for
estimating the population of wildlife. Part of their assessment for the unit is a project where
they work in groups to design and conduct a simulation of the capture-recapture method.
One group uses the method to determine the number of lollipopsin alarge bag.

22. Make predictions using curve fitting and numerical procedures to interpolate and extrapolate
from known data.

Students are presented with this data comparing a student’ stest grade to the number of
hours each studied.

Hous 1 2 3 4 4 6 8 9 10 10 12 12
Grade 60 55 65 65 77 80 83 80 75 90 72 80

Earlier in the year they had produced aline of best fit for the data, but they had recognized
that it was not a good model for the data. Now the students use calculators to help them fit a
guadratic curve to the data and discuss the advantages it has over the straight line.

Students conduct an experiment where they suspend aweight on a string from ahook in the
doorway. They swing their homemade pendulum and time how long it takes for it to swing
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10times. They had performed this experiment in 8th grade and used the median-median line
fit method to model the data. In thisrevisitation of the problem, the teacher insists they use
very short lengths and very long lengths in addition to various ones in between. When the
datais graphed, it becomes apparent that the datais not linear and would fit a quadratic
curve better. (The median-median line, available on many calculators which have statistics
capabilities, isfound by dividing the data points on the x-y plane into three equal sets,
grouped by x-value, finding a single point for each set whose coordinates are the medians of
the respective coordinates of the pointsin the set, connecting the first and third points by a
straight line, and shifting thisline 1/3 of the way toward the second point. See
Contemporary Precalculus Through Applications.)

»  Students perform an Introductory Physical Science experiment where water is cooled by
adding ice cubes and stirring. A Calculator Based Lab temperature probeis attached to a
graphing calculator which is programmed to gather the data. Students (or each group of
students) link their calculators to the original one to transfer the data to their calculators.
They use the statistics functions to perform a quadratic fit, an exponentia fit, and a
logarithmic fit, and use the function graph capabilities to determine which is the best mode.

e Studentswork through the What’s My Line unit described in the Keys to Success in the
Classroom chapter of the Framework. They use median—median and regression linesto
estimate the height of a person whose thigh bone was found in adig.

23. Use relative frequency and probability, as appropriate, to represent and solve problems
involving uncertainty.

» After aunit where dependent and independent events were detailed, students are
challenged by a problem containing this excerpt from The Miami Herald of May 5, 1983.

An airline jet carrying 172 people between Miami and Nassau lost its engine oail,
power, and 12,000 feet of altitude over the Atlantic Ocean before a safe recovery was
made.

When all three engines’ low oil pressure warning lights all lit up at nearly the same
time, the crew’s initial reaction was that something was wrong with the
indicator system, not the oil pressure.

They considered the possibility of a malfunction in the indication system because it’s
such an unusual thing to see all three with low pressure indications. The odds are so
great that you won’t get three indications like this. The odds are way out of sight,
so the first thing you would suspect is a problem with the indication system.

Aviation records show that the probability of an engine failurein any particular hour is

about 0.00004. If the failures of three engines were independent, what would the
probability be of them failing within one hour? Discuss why the speaker in the article
would refer to such a probability as “way out of sight.” Discuss situations which might
make the failures of three engines not independent events.

»  Students keep arecord of their trips through the town and whether or not they have to stop
at each of the four traffic lights. After one month, the datais grouped and studied. They use
their data to determine whether the timing of the lightsis independent or not.

»  Whilediscussing the issue of mandatory drug testing in social studies, students examine the
probability of misdiagnosing people as having AIDS with atest that would identify 99% of
those who are true positives and misdiagnose 3% of those who don’t have AIDS. They
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examine situations where the preval ence of the disease is 50%, 10%, and 1% using 100,000
people asabase. They discussthe fact that, at the 1% level, 75% of the people identified as
having AIDS would be false positives, the implications that fact has on mandatory testing,
and potential ways to improve the predictive value of testing.

24. Use simulations to estimate probabilities.

Students derive the theoretical probability of winning the New Jersey Pick 6 lottery and then
write a computer program to simulate the lottery. The students enter the winning numbers
and the computer generates sets of 6 numbers until it hits the winning combination. The
computer prints out the number of sets generated including the winning one. Students run
the program several times, attempting to verify experimentally the theoretical probability
they derived.

25. Create and interpret discrete and continuous probability distributions, and understand their
application to real-world situations.

Students work on a project where they pick one form of insurance (life, car, home), and
determine the variables which affect the premiums they would need to pay for thistype of
insurance and what it would cost for them to obtain it. Using their research, they write an
essay summarizing how insurance companies use statistics and probabilities to determine
their rates.

An article in Consumer Reports indicates that 25% of 5-Ib bags of sugar from a particular
company are underweight. The class works with the local supermarket to develop and
perform a consumer research project. Each group is given a commodity to study (e.g.,
potato chips, sugar). They design a method for randomly selecting and testing whether the
product matches the claimed specifications or not. They use their datato determine the
probability that a randomly selected bag would be underweight.

Students repeatedly extracted five marbles from a bag containing 10 red and 10 blue
marbles, and each time record the number of marbles of each color obtained. They combine
the data for the entire class, tabulating the number of timestherewere0, 1, 2, 3, 4, and 5 red
marbles, and the percentages for each number. They compared their percentages to the
theoretical percentages for this binomial distribution, and make the connection to the fifth
row of Pascal’striangle.

26. Describe the normal curve in general terms, and use its properties to answer questions about
sets of data that are assumed to be normally distributed.

Students describe atypical student in the school. To do this, they first select arandom
sample of 30 studentsin their school. They then survey their sample for information they
bedlieve necessary to identify what would be “typical.” Finally, they use appropriate displays
and descriptive statistics to support their representation of atypical student.

Students are introduced to the “ central limit theorem” through this problem:

A worker on the assembly line at Western Digital is involved in industrial sabotage by
weakening a soldering joint that causes a hard drive to fail after 5 hours of use. At
his station, he actually comes in contact with 30% of the drives produced. The other
70% will last 100 hours. If they are packed randomly in boxes of 36, what would be
the average expected lifespan of the drives in the box?
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Students prepare simulations of the problem by repeatedly extracting 36 cubes at random
from abag containing 30 yellow and 70 red cubes and calculating the average expected
lifespan for each sdlection. They discover that the answersfall into anormal curve with a
mean of approximately 70 hours.

Students are given the administrator’ s summary of the school’s standardized tests. Each
group is given one area on which to focus. They prepare a presentation they would give to
the Board of Education discussing the comparisons between local norms, national norms,
suburban norms, urban norms, and independent norms using their understanding of normal
distribution, percentile ranks, and graphical displays.

27. Understand and use the law of large numbers (that experimental results tend to approach
theoretical probabilities after a large number of trials).
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