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“Statistical thinking will one day
be as necessary for efficient
citizenship as the ability to
read and write.”

H.G. Welle




FOREWORD

In 1978 the Mathematics Program Guide, K-12 was developed and
disseminated to all public schools in Hawaii "to provide directiom for
teachers and administrators im the development of school-level
mathematics."” One of the major—omtcomes of this effort was a substantial
strengthening of the quantity amd quality of the courses offered as part
of the secondary mathematics program. Existing courses in grades 9-12
vere restructured and several new courses were created.

This document is a course guide for the development of a one-semester
statistics course. It provides teachers with guidelines, suggested
activities, and a resource list to use in structuring the course. The
guide recommends, rather than limits the content of the course. Teachers
should be stimulated to expand upon activities as they work toward
providing students with experiences designed to meet each specified
objective.

The Office of Instructional Services gratefully acknowledges those
teachers who critically evaluated the draft manuscript of this guide.
Special recognition is extended to Arlene Singer, who developed thlS

course guide.

Charles G Clark
Superintendent of Education
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THE NATURE CF STATISTICS

"Statistics is the art of making ammerical conjectures abom—
puzzling questions.” (1)
"Statistics ... has been defined as a science where cne

studies how to make wise decisions in the face of uncertsi—:."
(5)

"Statistics [is] tie science concermed with collection,
analvsis, and int=rnretation of nmmerical information ... "
(2)

As used in the above quotations, the word statistics describes = field of
mathematics. However, the word statistics cam also refer to singie mieces of
numerical data. Statistical methods are used to study and analyze ommerscal
data about specific events. :

: M‘xenitispracticaltmgatheralltheyertinentdatainsobzingapm-
blem, a branch called descriptive statistics is used. Descriptiwes statistics
describes or summarizes data in a clear and precise manner. No gmesswork is
involved and no inferences about the data are necessary; all datz—ran be

gathered bv counting or measaring.

° How many students at University High School earned a grasie of A in
mathematics last term? ’ :

® What is the mean mmber of books circulated each month-=t+ Hamtilton
Library?

° What was the median salary of the sales staff at Akamai Sales Co.
last ronth?

ﬁedatanecessa:ymacamatelyanswereachoftheabovequestionsisavail-
able; thus, descriptive statistics would be used.

In contrast to this is anotber branch of statistics called inferential
statistics. Inferential statistics is used when it is not practical or
possible to gather all the data necessary to answer a questicn or solve a
problem. Information is collected for a carefully selected sample of the
entire set, or population. The methods of inferential statistics are then
used to make generalizations and predictions zbout the population. Answering
the following questions requires inferential statistics:

° What was Hawaii's unemployment rate during the month of April?

° In & carload of lightbulbs, what pervent of bulbs will burn out in
less than 1000 hours?

° What was Hawail's most watched television show during the week of
October 72 .

Nenstatisticians usually find descriptive statistics more useful and
easier to understand than inferertial statistics. Facts are easier to deal
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with than probabilities and unmesw=mities. Researchers and scientists,
however, find inferential statiss=r==—to0 be a powerful tool. It allows them to
intelligently analyze experimem=: Z=ta, which is frequently incamplete.
Statistics in one form or ammm==T is used in virtually every field to

answer questions or to aid in ==memmr the decisions which are most likely to be
correct. It is used to determsme merket trends, to monitor production quality,
to keep track of public opiniam, 1> set standards, to detemmine safety levels,
and so on.

Statistical methods are pomerfml tools used to study the past and the
present as well as to extrapol=t= to the future. Statistics also plays a

large role in the science or art of decision making.

References

1. Freedman, David. Robert PEsani and Roger Purves, Statistics, W. W. Norton
& Co., Inc., N.Y., 1978. ‘

2. Overview and Znalysis of School Mathematics, K-12, Conference Board of
the Mathematical Sciences, Washington, D.C., 1975 (NAOOME Report) .

3. Pieters, Richard S. and John J. Kinsella, “"Statistics,” The Growth of
Mathematical Ideas, Grades ¥~12, 24th Yearbook, NCIM, 1959.

4. Schmidt, Marty J., Understanding and Using Statistics, Basic Caoncepts,
D. C. Heath and Campany, 1975. '

5. Synopses for Modern Secondary School Mathematics, Organization for
Economic Cooperation and Development, 1966.




THE VALUE OF STATISTICS

Statistics, the science concerned with collection, analysdis,
and interpretation of numerical information is impontant in
the Life of every citizen. 1t is needed for the proper
evaluation of everyday mattens such as advertising claims
about gasoline mileage and rnelief §rom indigestion, public
opinion polls and weathen neponts. 1t i8 indispensable for
the solution sy policy questions, from Local affairs such

as property assessment and predictions of school enrollfments
to national problems involving unemployment, crime, airplane
sagety and health. Even though numerical information £is
encowitered everywhere, in newspapers and in magazines, on
nadio and on television, too few eople have the training

%o accept such information ecrnitically and use it effectively.

e Overview and Analysis of
) School Mathematics, Grades
K-12, 1975, Conference Board
of the Mathematical Sciences,
Washington, D.C. 1975

No ratter which way people today turn, they canr "+ avoid statistical
statements such as:

® 9 out of 10 doctors recamerd ...

° The cost of living rose by 6% this year ...
° There is an 80% chance of rain ...

° The mean incare for a family of four ...

° The unemployment rate dropped 0.2% last month ...

Statistics can be and are freguently used tc inform, convince, cajole, enter-
tain, and mislead us. Feople need to be able to separate fact fram fiction
and half-truths. They must realize that a cause and effect relationship does
not necessarily exist whenever a correlation between two things occurs. Any
information provided must be analyzed carefully before an intelligent decision
can be reached about its value. People who have learned to do this analysis,
either consciously or unconsciously, are able to make better informed decisions
about things which affect their lives.

Statistics is an essential part of modern science and technology. Demand
for statistical decision-making continues to rise in these areas and many of
these decisions have a direct influence on our lives. For example, any time a
food or drug item is found hazardous to our health and removed fram the market,
statistics has played a major role in the decision. It is possible that care- -
fully controlled experiments have shown a very high correlation between the
item in question and susceptibility to disease.

Cbviously, a one-semester statistics course will not prepare students to
conduct a comprehensive survey. However, at the end of the course, students
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shouid have an appreciation for what statistics can and cannot do. They should
also have an understanding of basic statistical reasoning to aid them in every-
day life. Furthermore, many students will find the need to use statistics as
a tool in same future profession. And every one of these students will at same
tinefirﬁﬂereedtotakea'_starﬂmanissuebasedmstatisti@lmasaﬁng.
Sirmnanydecisionsnustbenadeinthefaceofmxcertainty,itisalsohoped
that the study of statistics will enable the students to make these decisions
with a litt.s more confidence.

As early as 1959 at least two major groups recognized the need for statis-
tics in the school curriculum. The Camission on Mathematics of the College
Entrance Examination Board suggested that statistics be among the new content
of school instruction. In that same year the National Council of Teachers of
Mathematics (NCIM) published a yearbook entitled The Growth of Mathematical
Ideas, Grades K-12. One entire chapter was devoted to the teaching of
statistics. In addition to providing examples, the authors indicate when and
how statistical concepts should be introduced in the classroam.

In 1967 the Joint Conwmittee on the Curriculum in Statistics and Probability
was formed by NCIM and the American Statistical Asscciation (ASA). These two
groups felt that broad based efforts were necessary if statistics is to take
its place in society. They focused on two tasks; first, persuading educators
arﬂparentsthatstatisdcsisﬁtportantarﬂﬂxatitshmldbewmpartofﬂxe
curriculum and, second, preparing materials which teachers could utilize and
consult (see annotated listing of supplementary materials).

In 1975 the NACOME report was published by the Conference Board of the
Mathematical Sciences. It recommended that "instructional units dealing with
statistical ideas be fitted throuchout the elementary and secondary school
curriculum.” One possible course is described as:

"A statistics course for high school students with little or
no algebra, especially for non~college bound students in the
social sciences who as consumers and citizens must learn to
cope with rumerical information. The main theme of such a
course would be 'making sense out of mumbers' without getting
involved with camplicated mathematical formulae."

It also recamended the emphasis of statistics "as an interdisciplinary sub-
Ject with applications in the natural, physical and social sciences and the
hamanities.”

The NCIM annual meeting in 2April, 1981 will also emphasize the teaching
of statistics. Their yearbook entitled Statistics and Probability will be
presented at this meeting. Articies will fall into three categories: back-
grourd, teaching of statistics and probability, and using statistics. The
focus will be on practical rather than theoretical considerations.

The use of statistical methods is a powerful tool which, whether applied
with mathematical rigor or just cammwon sense, affects the lives of everyone.
The study of statistics not only provides students with the.chance to appiy
many of the mathematical skills learned, but alsc improves critical
thirking and problem-solving abilities. It can also be used "to emphasize
important processes such as active inquiry, discovery of relationships, the
testing of conjectures, and critical thinking" (8).

6
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PROBLEM SOLVING AND STATISTICS

.. when the need to use statistical methods
arises, it is always because there is a problem
tobesolved,adec:.smntobemade oraques-
tion to be answered.” (1)

It is impossible to study statistics without encountering problem solving
techniques and strategies. One of these techniques, for example, the use of
graphs and tables, is especially helpful in organizing data and looking for
trends and patterns.

George Polya, a twentieth—century mathematician, has identified four steps
to problem solving: understanding the problem, devising a plan, carrying out
the plan, and locking back (see pages 15-23 in the State's Mathematics Program
Guide). These four steps are just as applicable to the solution of statistical
problems as they are to problems in any other field. Often the steps are
intertwined. Reliable conclusions are the result of good problem solving
inmvolving clear thinking, careful work, and often same ingemuity.

S 1l: Before any prcblem can be solved it must be understood. One of
the more difficult things a mathematician must do is to define the problem
carefully and unambiguously. All key words must be defined accurately and all
assumptions and relationships must be recognized. For example, in the question
"How many students in Mrs. Horiuchi's math class received a B?" should we be
concerned with students who received B+ or B-? To which one of Mrs. Horiuchi's
math classes does the question refer? Or does it refer to all of her classes?
Are we interested in knowing how many B's were received on the last test? In
the last quarter? Semester? Or year?

Other important aspects of understanding a problem include identifying
and discarding irrelevant facts and deciding how exact the solution should be.
Problem solving behaviors associated with this step include telling the prdblem
to sameone else, stating the conditions of the problem, making a table or a
graph, outlining the problem, and using resources to clarify terms.

S 2: Devising a plan, includes identifying what additional information
is , where it can be found, and how it can best be collected. Can descrip-
tive stat;sta.csbeused i.e., are all of the relevant data availahle? Or should
asanplebeselectedandmferenta.alstaustlcsbeapplied’ This is often the
most difficult stage in problem solving. Teachers can help st:dents by
mdehrx;thetectmzque,pmndingsmdentsmthachedchstofdnic&s,
asknx;qt:estlcnsthatsmg&e choices.

Step 3: Carrying out the plan includes collecting the data, organizing

and analyzing the data to the accuracy necessary for solution of the problem.
Students should be encouraged to keep the problem contimuously in mind. Also,
in collecting the data, students may find that their plan needs to be revised.

Step 4: In looking back at the problem there are many questions that
must be considered. It is important to check both the results and the process
used. Questions and concerns that arose during the earlier stages of problem
solving must also be reflected upon. If\myassmpta.mswereldent:.ﬁedin
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Step 1, the solution must take them into consideration. Were all-of the dis-
carded facts really "irrelevant?” Has the problem been adequately solved? Is
the answer reasonable? If a sample was chosen, is it sufficiently large and
unbiased? Is it a good sample from which to make a prediction? If a predic-
tion has been made, how much confidence can be placed in it? Are any of the
graphs misleading? Are there any other factors which would influence the
solution?

Problem solving and statistical reasoning are interrelated in real life.
Not only are problemsolving techniques necessary for statistics research, but
also statistical methods are often used as an aid in solving other types of
problems. To answer the question, "Should a measles/mumps vaccine be required
for all students enrolling in school in Hawaii?" statistical methods can be
applied. The appropriate data would be collected, organized, and analyzed.
Correlations between variables might be found and predictions would be made.
Based on this analysis a decision could be made. The solution might not be
exact or certain, but it could be suggested with a measurable amount of
confidence. As concluded by the Mathematics Resource Project at the University
of Oregon, "Students must learn to use statistics ... in problem solving to
give reasonable answers when faced with uncertain stituations.”
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APPROACHES TO TEACHING STATISTICS

Too often students perceive math as a class in which hamework is discussed,
a new method or procedure for solving a problem is demonstrated, and homework
is assigned. 1In general they consider mathematics boring. Mathematics,
however, can and should be an exciting subject.

Over the years, teachers have developed many approaches to teaching mathematics
that, if used properly, offer varied and often exciting insights to the topic
being studied. Same of these methods are described below. None of them are
-mutually exclusive; many excellent lessons involve a cambination of these and

other approaches.

1.

Audio-visual presentations: Audio-visual materials provide a versa-
tile way to explore many topics. Films, cassettes, slides, and
transparencies are readily available and often extremely helpful.
(See the Audio Visual Materials section of this quide for specific
examples.)

Discoverny Lessons: Through careful organization or the appropriate
timing of a question, a teacher can often guide students into dis-
covering "new" concepts. For example, a well-planned exercise can
lead a student to discover that the sum of the deviations of the
data from the mean is always zero. (Z(x - x) = 0)

Labonatony Lessons: Laboratory lessons emphasize learning by doing
and are often a type of discovery lesson. The focus is on the
learning process rather than the teaching process. Many of these
lesscns involve experimentation and the collection, organization and
analysis of data. One example is to have students prepare and con-
duct a survey on an issue relevant to the student body. Students
will have to consider questions such as: What is the purpose of the

- study? What questions must be asked to achieve this purpose? Will

the questions result in meaningful data? How can the information
obtained be best summarized and interpreted?

Lessons Evaluating Sounces of Data: Students should realize that
there is often reason to doubt the validity of thedatapresented
Knowledge of the source of data often raises questions concerning
possible biases in the collection, presentation, and analysis of it.
Guidelines for evaluat:l.ng these sources nu.ght include the following
questions: Who is the authority? What is his/her background? what
is the purpose of the material? 1Is the authority objective in the
treatment of the material?

Open Textbook Studies: More often than not students do not read
their textbooks because they do not know how.- As a result the only
part of the text a student is familiar with is the pages of exercises.
If he/she has difficulty with a problem, it just doesn't get done.
The text is not consulted for hints or explanations or even defini-
tions. There should be periods when the students read and explore
their course materials with their teacher. This should help to

teach students the proper way to read a math text--it can't be read

like a novel.

Ut
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10.

Use of Cartoons: Sometimes cgrtoons help students fix comcepts in
their minds. For example, a stndentmay remember to question the use
of the word average if a cartoon has—been shown of a man submerged
in a pool of water and the caption: average depth = 3 feet.

Use of Caleulators/Computens: The availability of calculators and
the increasing availability of camputers in schools today can provide
valuable classroom learning aids. Until recently most problems and
exercises were chosen an the basis of ease of camputation. Now more
realistic examples are possible without undue emphasis on the
mechanics of the problem. .

Use of Models: Concrete models can be used to study abstract mathe-
matical ideas and mathematical models often help in the study of
concrete real-life situations. Graphs are models in statistics which
convey information very quickly to the-eye. Scatter diagrams model
possible relationships between two quantities.

Use of Newspaperns and Magazines: Artirles clipped by the teacher or
brought in by the student can be used—to demonstrate real-world
applications of statistics. They can also be analyzed to determine
whether the data has been presented properlv or whether it is in fact
misleading.

Use of Televis<on: Students can keep a log of cammercials that use
statistics to impress the consumer. Also, news programs use statis-
tics regulariy. They can be classified as misleading or acceptable
with reasons cited. Are the sources of the material identified?
Were all the facts presented? Does the conclusion seem justified
on the basis of the facts presented?

11



THE ROLE OF AUDIO-VISUAL AIDS I8 TEACHING STATISTICS

The use of audio-visual aids in the classroam is essential. They make
mathematics more meaningful to students by adding variety, depth and breadth
to the learning process. The students' number sense, space perception and
imagination necessary to master mathematical ideas can be quided and built
upon by teachers and, when used properly, these materials can help. Also,
using audio-visual materials should result in more correct and richer learning,
more efficient use of time and improve student retention.

The teacher should understand, however that different devices offer
unique contributions and that not every aid is suited for every purpose. If
they are not used effectively, these materials can be a waste of both time and
money .

Different types of audio and visual materials are used to attain the
following goals, adapted fram the book Guidelines for Teaching Mathematics by
Donavan A. Johnson and Gerald A. Rising: '

1. Visualize abstract ideas 50 they have meaning. For example, the
film "Fact Finder for the Nation" by the U.S. Census Bureau will
enrich the students' understanding of the terms statistics and

survey among others.

2. llustrate applications of mathematics in our wornld. The newspapers
are full of examples of how statistics is used in our world.

3. Bring to the school and the classroom imporntant §irnst-hand accounts
0f new activities in mathematics and mathematics education. A tape

recorded session fram an NCIM meeting on the relevance of statistics
in today's society can be used as an introduction to the course.

4. Build favonable cttitudes toward and internest in ma,themaaa

5. Present the histony of mathematics (statistics) and oﬂzm emu.chmenx
Lopics.

6. IlLstrate the discovery of relationships on principles. There are
some excellent transparency sets availalt@e for—this purpose.

7. Present dynamic ideas that depend on motion.

8. Conrelate mathematics with odher subjects by -presenting supplementarny
materials. The film "Usimg SQC" (Statistical @sality Control) pro—
duced by the National Food Processors Associat®n shows how statis-
tics is used in jobs concernmed with quality control.

9. Provide complex drawings fon 3-dimensional efferts.

10. Teach how Zo s0lve problems. Again, many transparency sets are
available.

12



Introduce a new subject on unit. Correlation can be introduced, for

example, with the cartoon of a person sitting in a bathtub with the
telephone sitting on a table right next to the tub. The caption:

This time I'm ready for you to ring!

12.  Summarize on review unils within a coutse. Review and summary mey be
done with a short film on statistics.

11.
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~ As stated in-tme Mathematics Program Guide, Statistics, an Option y
course, is intended "to provide students with an introduction to the concerras
and methods of statastics. It will equip them to deal with .the many statis-
tical matters of impertance to society. Topics included in this course are
graphs and charts, collection and organization of data, measures of centra®
tendency and dispersion, uses and misuses of statistics, frequency distrib:
tions, correlation and regression."

.. There are seven learner objectives for this course. These cbjectives
indicate the minimum course content for a Statistics course. The student:

I. Distinguishes between descriptive and inferential statistics.

II. Constructs frequency distributions and displays the data using
various graphical methods.

III. Camputes percentile and percentile ranks.
Iv. Calculates and campares the mean, the median, and the mode.

V.  Describ®® how scores are dispersed about the center by camputing
rande, Segesane deviation, variance, and standard deviation.

VI. Calculases linear correlation coefficients and draws scattergrams.

VII. Predicts one varimble's value, knowing another, by using the least
squares regression equation and line.

The remainingpages of this section address each of the objectives
individually. Information relative to.each cbjective is provided under the
headings: Important Concepts,  Perfarmence Objectives of the Course, Sample Exercises
and Solutions, and Suggested Student Bezding and Film/Slide Presentations.

Important Concepts includes new vocabulary and definitions. Notation and
formulas are given where appropriate and examples of many concepts are
provided. A listing of performamce cbjectives (as used in this document refers to
identified course objectives for this.sample course guide) which are important to
mastering each learner objective is given under the second heading. Each one
represents understanding and/or =kill tobe acquired by the students.

Under the third heading, Sample-Fxerrises and Solutions a variety of pro-
blems is presented and solntions-are~prowided. In a few cases alternate
methods of solution are shown. The performance cbjectives which each problem
tests are given at the beginmning of most exercises. " (P.0. 4, 16)" means that
the stndemt will develop or demmmstrate mastery of Performance Objectives 4 and
16. The Iisting of sample exercises is just that—a sample. It is not intended
to be complete. Tot all objectiwes are Tepresented and same are used in more
than ome=sample exercise. While it is possible to incorporate some of these
questions in tests and quizzes, the teacher will have to be selective, and

supplementing will be necessary.
Suggested Student Reading and Film/Slide Presentations include Journal

articles, newspaper articles, books and chapters of books that students should
be able to explore on their own or with a minimal amount of help from the

17
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teacher. This list can be used in a mumber of ways. If students are inter—

ested in statistics, they.can be directed to some of these readings to expal their
knewledge. Extra credit reports either in writing or as a class presen-

tation can be prepared fram these materials. Teachers can assigmrreadings to
individual students and time can be set aside in class for reports. In

addition to readings, films:amd slide presentations which are apmropriate to

the topic are suggested. Inﬁ:nrat:mregardmgordenngarﬂca-mlyprenew
policy for these materials axe in the audio-visual sectlon of thiEs guide.

Same of the informatiomrorovided for the learner objectives—-is preceded
by an asterisk (*). This indicates that the cawept or performamce objective
is not required content, but-that it is appropriate to the learmer cbjective.
The teacher should use his/her own judgment on how the information should be
used. In same cases it may be introduced to the entire class asspart of the
course, it may not be dealt with at all, or it may be used to challenge the
better students only.
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I.  LEARNER OBJECTIVE: The student distingnmishes between descriptive =nd
inferential statistics.

A. Important Concepts

1.

h

* 7,

Statistics is both a science and an art in which data are
collected, organized, and analyzed to solve problems and to
aid in decision making.

A Statistic is a single piece of data.

Descriptive Statistics is a branch of statistics used to
describe or summarize data related to a specific population.

Inferential Statistics is a branch of statistics which uses
informaticn about a sample to mmke generalizations or predic-
tions about the population whem it is either impossible or
impractical to gather all of the pertinent data. -

Example: There is an electionm in October. Sheron lee's
name is on the ballot for the Board of Education. In
September her supporters-will use inferential statistics
to analyze her standing relative to other candidates.
be used to analyze voter turnover and the election
results.

A tion is the complete.set—of people, objects or events
about which information is desired.

A Sample is a subset of the population.

Example: In September, when Sheron Lee's supporters try
to analyze her standingin the poritical race, thepswill
conduct a telephone survey. Usingztherlist of registered
voters her supporters willocall a peefetermined persentage
of pecple on this list. Thercamprehlessive list of-wexgis—
tered voters makes up the-populatiorrwhich is criticaTl to
this problem. The people—from the: Fist who are cal¥ed
make up a sample.

A Bias is a systematic error which affects all measurements the
same way.

Example: An employee uses his:car frequently for work-and is
reimbursed the cost of his mileage. If the odometer on
his car is calibrated wrong, the employee's mileage
reports wiil be biased. 4

Performance Cbjectives

1.

The student can identify whether-descriptive or inferential
statistics has been used to reach a conclusion.
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2. The student can detemine whether descriptive or inferential
statistics is appropriate for a given situation.

3. The student. can identify the population in a praoblem. °

4. The student can distinguish between population data and sample
data.

5. The student can describe differences between descriptive and
inferential statistics.

6. The student understands that risk is involved in using inferen-
tial statistics.

7. The student understands that the source of data is important.
* 8. The student understands why sare statistical results are biased.

C. Sample Exercises

1. (P.0. 1,5) Find ten examples of statistics in the newspapers.
Identify each as an example of descriptive or inferemtial
statistics.

2. (P.O. 1,5) The word statistics is frequently used by radio and
television newscasters. Listen to the news and classify each
use as descriptive or inferential.

3. (P.0. 1,5) Classify each of the following according to
use of descriptive or inferential statistics:

a. A report fram the Gallup Polls concerning an upcaming
election. _

b. The Nielson ratings of television programs.

c. The U.S. Census Report.

d. Guinness Bock of World Records.

e. The Department of Labor's report on mtpioynmt statistics.

4. (p.0. 1,4,7,8) Discuss the following quote fram the National
Smoker Study which appeared in a magazine advertisement:

"The overwhelming majority of menthol smokers reported
that low tar Merit Menthol delivered taste equal to—or
better than-——leading high tar menthols. Cigarettes having
up to twice the tar.”

5. The following problem set fram Statistics By Example is also an
appropriate exercise for use with this objective:

23
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"Tom Paine and Social Security" by William H. Kruskal and
Richard S. Pieters in Exploring Data.

Suggested Student Reading and Film/Slide Presentations

1.

2.

10.

11.

Brown, B. W. Jr., "Statistics, Scientific Method and Smoking, "
in Statistics: A Guide to the Unknown.

Campbell, Stephen, Flaws and Fallacies in Statistical Thinking;
Chapters 1, 2 ard 3. ’

"Everything You've Always Wanted to Know About T.V. Ratings,”
A. C. Nielson Co., Northbrook, Illinois, 1974.

"Fact Finder for the Nation," film produced by the Census
Bureau/U.S. Department of Cammerce, available free through Film
Services of Hawaii.

Hansen, Morris H., "How to Count Better: Using Statistics to
Improve the Census,"” in Statistics: A Guide to the Unknown.

Buff, Darryl, How to Lie with Statistics, Chapters 1 and 7.
, How to Take a Chance, Chapter 8. |

"The Science and Snares of Statistics,” Time, Vol. 90
(Sept. 8, 1967): 29.

Taeuber, Conrad, "Information for the Nation fram a Sample
Survey,” in Statistics: A Guide to the Unknown.

"We," film produced by Census Bureau/U.S. Department of Cammerce,
available free through Film Services of Hawaii.

"The Who, What, When, Where, Why of Polls," Honolulu Star-— -
Bulletin, Friday, Nov. 3, 1978, pages A-1, A-4.
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II. LEARNER OBJECTIVE: The student constructs frequency distributious and
displays the data using various graphical riethods.

A.

‘InportantConcégts

1.

6.

A Frequency Distribution is'a convenient organization of data
in which information is tallied in a table to indicate how
often each data item or category occurs.

'nenelauveﬁwlsaratlowmdtcmparesﬂefrequency
ofaparumlardataltantothemnberofdataltensmﬂxe

entire set of data.

AClassmammenmlgm:pmgmtomdxthedatahavebem
partitioned.

A Class Interval is a range of scores.

A Class Freguency represents the number of data items in a
particular class. ]

Example: Frequency Distribution of Students' Weight in
- Homeroom 8A
Relative
_ ) Frequency | Frequency
Class | Interval | Midpoint Tally £ r
1 70-79 78.5 |/// 3 25 = 0.15
2 80-89 84.5 (WL // 7 276= 0.35
3 90-99 94.5 | ML 5 %— = 0.20
4 | 100-109 | 104.5 |/// .3 2 < .15
5 | mo-n9 | m4.5 |/ 1 25 = 0.05
6 120-126 | 124.5 |/ "1 213- = 0.05
Ir =1.00
A is a graph which represents contimous numerical

data area, not height.

The area under one rectangle of a

histogram (relative to the area of the entire histogram)
corresponds to the relative frequency of the data it represents.
A histogram does not need a vertical scale, alﬂn:ghpercamt
perum.t:.softenused
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Example: Distribution of Monthly Wages

v 15 4
3

.glo——

.Cs._,. —
N7/
g 0 2 4 6 8 10 12 14 16 1R

Wag&s (hundreds $)

(The shaded area represents five one hundred dollar
intervals; 25% of the monthly wages are between -
$900-51,400.)

A Bar Graph uses vertical or horizontal bars of equal width to
represent data. The class frequency is represented by the
length of the bars.

Example: 1975 Yearly Mileage Per Car in Hawaii.

Lanai
Molokai
Mani
Big Island
Oahu .
I I LI I IR | UL 1 LB
2000 4000 6000 8000
' Miles
A%is a graph which uses pictures or symbols to repre-
sent . A key or legend indicating the number of items
represented by each symbol must be given.
Example: | U.S. POPULATION
1890 | $%%.
1910 { 22 %24

1930 | $9¢92¢<
1950 | 29929 %%S
1970 | 29233 %%%%%

Key: ¥ = 20 million people
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9. A Frequency Polygon, or Line Graph, is formed by imagining the
bars of a histogram or bar graph and -cennecting the midpoints
of these bars with straight lines. It is used to represent

Example: Cable Television Subscribers in Kauai
1800 -}

1500 —+

11200 +

g 900 —+°

600 —

300 + :
ot 4+ 1
1971 1972 1973 1974 1975 1976

Year
Source: The State of Hawaii Data Rook, 1977

10. A Circle Graph, or Pie Chart, displays data and its component .
parts in a circular format. . Each sector of the circle represents

the proportional part of the data.
Example: Honolulu Marathon Association, 1978 Receipts:

Spansorships
and
Contributions

Newsletter
Subscriptions

*11. An QOgive, or Cumlative Frequency Graph, is a graph in which one
axis represents the values of a variable and the other axis
represents cumilative frequency or percent. A point on the
graph indicates the percent of cbservations which is either
equaltoorbelowthatscaqe. :

Example:-—In-the-ogive-on-the-next-page-the-estimated-50th-— - - -
percentile is approximately score number 8. A4 score
of 25 has an estimated percentile rank of 83.
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100

—
80 o
60 '
>

Percent

A
40
20. Y -~
L S S
0 .5 10 15 20 25 30

Number
Scores on Math Exam

*12, A Nommal Distribution is a symmetric distribution which has -
bell-shaped curve.

Example:

) )
™
-~ S
N

]

200 300 400 500 600 700 800
_SAT MATH SCORES

*13. A Skewed Distribution is a distribution which is not symmetric.

*14. A Negatively Skewed Distribution has a relatively large number
of large values. .

*15. A Positivelekavéd Distribution has a relatively large mumber
: of small values.

Example:

LIS LI

+

Number of Children/Family in U.S. Scores on an Easy Test
(Positively Skewed Distribution) (Negatively Skewed Distr.'butiom)

o | : 25 28




Performance Objectives

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

The student can read data presented in tabular or graphical
displays.

The student understands that to graphically display data, the
data must first be organized and a frequency distribution

campiled.

The student understands that the data in a frequency distribu-
tion should be organized in rank order. ‘

The student can determine a reasonable number of intervals for
a specific data set.

The student can determine a reasonable interval size and the
class limits for each interval.

The student understands that each data item belongs in exactly
one interval.

The student can group data into intervals.

The student understands why the number of intervals used to
display data affects the appearance and possible interpretation
of a graph.

Ihestudenturxierstamisﬂleca'sequenoesofreducingthemmber
of class intervals when displaying data.

The student can determine the relative frequency of an event
Or an occurrence. ‘

The student understands that a histogram displays continuous
nunerical data.

The student understards that a histogram is preférable to a bar
graph when the data is continuous.

The student understands that a key or legend must be given with
a pictograph.

The student understands that histograms, bar graphs, and fre-
quency polygons can be used to display data over time.

The student understands that a circle graph displays data from
one point in time. ~ : o
The student understands that a circle graph displays a distri-
bution of parts.

The student can construct histograms, bar graphs, pictographs,
circle graphs, and frequency polygons.
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18.

19.

20,7

21.
22.

23.

24.

*25.
*26.

*27.

*28.

*29.

*30.

'Ihestudentunderstandswhichtypeofgraiahisappmpriatefor

" displaying a specific set of data.

The student can campare two sets o€ similar data presented
graphically. .

The student understands that relacive frequencies must be used
to campare data sets with different numbers of observations.

The student can explain why certain graphs are misleading.

The student can describe how data has been distorted or mis-
represented on certain graphs.

The student understands that the mmerical scales of a graph
should begin with zero.

The student understands that the numerical scales of a graph
should be marked in equal intervals.

The student can determine cumilative frequencies.
The student can construct an ogive.

The student can estimate the percentile rank of an observation
fram an ogive.

The student can estimate which cbservaticn has a specific per-
centile rank from an ogive.
Ihes’mdentcandistinguishbetweenmmalandpositivelyarxi
negatively skewed distributions.

The student can give examples of normal and positively and
negatively skewed distributions.

C. Sample Exercises and Soiutiaons

1.

(P.0. 2-10,17) .sadrey wanted to buy her boyfriend a camera for
his birthday. Below are the prices. in dollars, she has been
quoted by different stores for the sare camera:

319 285 395 405 350
355 370 347 296 398
_ 324 412 315 . 350__....350
340 360 333 389 425

a. Construct a frequenq distribution.
b. Display the data on a histogram.
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Solution:

a. ’ Relative
Price Tally Frequency Frequency
280-309 // 4 0.10
310-339 111/ 4 0.20
340-369 L 1/ 7 0.35
370-399 | //// 4 0.20
400-42¢ 11/ 3 0.15
L =1.00
b. T 0.4+
=
o)
S 0.3+
)
&
0.2 4+
)
'>
-5 0.14
S .
[~4
280 310 340 370 400 430
Price
2. (p.0. 1,15,16,17)
Smith Family
Budget

a. What percent of the Smith's budget is spent on bills?

~-— b. -~ -Is more money spent o food-orrent? - -

c. If their monthly incame is $700, how much do they spend
on food? : ‘

Solution:
a.  15% [100% - (35% + 30% + 10% + 10%)]
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3.

b. Rent.

c. $210 (30% of $700 = $210)

(P.0. 1,10,25) Camplete the following summary table:

Score

Frequency

Cumlative
Frequency

Relative
Frequency

131-150 -

111-130
91-110
71-90
51-70
31-50

10

30

10

30

120

0.25

Soluticn:

Score

Frqumy

Cumilative
Frequency

Relative

131-150

10

10

Frequency
0,08

(=]

17
60 .25
20 0.5
105 0,12

120 0.13

111-130 30
91-11¢C
71-90
51-70

31-50

20,
30
30
15
15

(=]

4. (P.O. 21,22,23,24) Find examples of graphs in newspapers and
magazines that are misleading. What causes these graphs to

be misleading? Were they constructed this way deliberately?

Identify a relevant issue at your schiool or in your commmnity
and conduct a survey to gather opinions on this issue.
Summarize the data collected in a frequency distribution and
in an appropriate graph.

(P.‘O. 18) which type of graph would be appropriate to display:

a. The populations of Hawaii's major islands?

b. The Hawaii County's harvest of macadamia nuts between
1950 and 19797

c. Sharen's Saturday morning weight from January 1979 to

July 19792
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Sofution:
a. Ban Graph on Cincle Graph on Pictograph.
b.  Frequency Polygon (Line Graph) on Histognram.

c.  Frequency Polygon.

The following problem sets from Statistics By Example are also

appropriate exercises for use with tlils objective:

a.. "Fractions on Closing Stock Market Prices” by Frederick
Mosteller, Exploring Data.

b. "Organizing and Reading Population Data” by Douglas H.
Spicer, Exploring Data.

(p.0. 1,14) ~ BIRTHS OOCURRING IN HAWAII

o+ |
1910 1920 1930 1940 1950 1960 1970

a. How many births occurred during 19302

b. Dzr:.ngwhlchyearwerethereapprmunately 38 births per
1,000 residents?

c. Were there more births in 1940 or 19552

d. True or False: In 1970 approximately 22 births occurred
in Hawaii.

e. During which year between 1910 and 1970 did the fewast
muber of births occur‘>

£. wxywastheblrthrate lowatﬂustlme (seeparte)°

g. Ahlhatlsthecurrenttrendmtennsosz.rthsoccurrmg?

- Solution:

a. ~28 per 1,000 nesidents b. 1920 and 1925

c. 1955 : d. False. ~22 per 1,000
nesidents



e. ~1943 §. WwII

g‘. Decreasing; monre people are concerned with population
control.

9. Complete Chapter 9, Lessons 1, 2, and 5 in Harold Jacobs'
book Mathematics: A Human Endeavor.

10. ETAO N((IR(SHDL((CUM(FPYMWGB) V (KXJ)I(Q 2)
This is a list of the 26 letters of the alphabet in decreasing
~order of use. Ietters grouped by parentheses have about the
same relative frequency in the English language.

a. Analyze the Morse code in terms of this list. Do the
symbols provide for an efficient language? Can you invent
a better one?

b. Analyze the game Scrabble in terms of this list? Does it
make sense?

*1]. (P.O. 29) which of the following sets will have a normal
distribution and which will be skewed? If skewed, indicate
whether it is positive or negative.

a. The age at which people retire.
b. The annual incame for families in the U.S.
¢c. Temperature at 3 p.m. in Honolulu.

d. IQ scores of people in the U.S.

Solution:
a. Negatively skewed b. Positively skewed -

c. Nommal ‘ d. Nowmal -

. C. Suggested Student Readings and Film/Slide Presentations

1. Campbell, Steven, Flaws ard Fallacies of Statistical Thinking,
Chapter 5.

2. Huff, Darryl, How to Lie with Statistics, Chapters 5 and 6.

3. "Presentation of Data,” slide/cassette presentation by Lansford
‘Publishing Co.

4, "Statistics and Graphs I/II," ' video-cassette presentation by
Great Plains National I.nstz'ucta.ona.l Television Library.

5. Tamr, Judith, editor, Statistics: A Guide to.the Unknown.




III. LEARNER OBJECTIVE: The student computes percentile and percentile ranks.

A. Important Concepts
1. A Percentile is a measure of position within a distribution
which gives the relative standing of an individual item as cam
pared to the entire group of data. P; denotes that samething
is in the ith percentile.

2. A Percentile Rank of a term in a distribution indicates the
percentage of scores within a group of data that fall below a
specified score. It is found by adding the Percentage of terms below
the score, B, to one-half the percentage of terms equal to the score,

PercentileRarﬂcofx=B—;£ - 100

Example: In one class scores on a math test were 27, 28, 31,
31, 42, 47, 48, 49, 49, 49, 49, and 53. Kimo's score of
49 has a percentile rank of 75. Another way of saying
this is that Kimo scored in the 75th percentile.

(Kimo's percentile rank =Dﬁﬂ - 100 = -19}- » 100 = 75)

3. A Raw Score is the value of numerical data given in the original
units of measurement.

4. The lLower Quartile, Q,, is the 25th percentile of a distribution.
Twenty-five percent of the terms are below the quartile and 75
percent of the terms are above it.

5. The Upper Quartile, Qj;, is the 75th percentile of a distribution.
Seventy-five percent of the temms are below Q; and 25 percent
are above it.

Example: There are 20 termms in the following distribution of
scores: 62, 68, 72, 73, 76, 76, 79, 83, 85, 85, 85, 86,
86, 88, 89, 91, 91, 93, 95, 100. 25 percent of 20 = 5,
so Q; will lie betiween the 5th and 6th score: Q; = 76.
75 percent of 20 = 15, so Q; will lie between the 15th and
16th score: 89 < Q3 < 91.

— - -—B.-——Performance-Objectives— —— ————— - - —— ... -
1. The student understands why a raw score alone is often
meaningless.
2. The student can determine a percentile rank forascorema
grouped data frequency distribution.

3. The student understands that a percentile rank is meaningless
without reference to a specific group.
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4. The student understands that=a score with a percentile rank of
N is the same thing as saying-the score is in the Nth percentile.

5. The student understands that percentiles from two different
groups cannot be compared withcet additional information.

6. The student understands that the 50th percontile is also called
the median and the second quartile.

7. The student understands that the.three quartile points divide
the data into four equal parts. _

* 9, 'mesmdentcandetemﬁnetheapprmdmterawscoreofapercen-
tile in a grouped data frequency distribution.

10. The student understands that percentiles usually cannot be
added, averaged or maltiplied.

11, The student understands that percentiles are not evenly spaced
12. 'meéttxientcandet'ennimpercentagasofammber.

C. Sample Exercises

1. Is it possible for a score to be in the 100th percentile? Give
an example or explain why not.

Solution: -

It 48 impossible. The fo'mula fon finding the percentile for a
scone involves adding only one-half the percentage of terms
equal to the score to the pencentage of scones below the sconre.
Therefore, the percentile of a score will always be Less than
100: )(100 - one-half the percentage of terms equal to the
dcone].

2. (P.O0. 3,5) Maria and Stanford are in two different math
classes which took the same final exam. Maria scored in the
78th’ percentile in her class and Stanford scored in the 83rd
percentile in his. Who is the better student?

e e
There 48 not enough information to answer the question. 1t is

possible that Maria's class did exceptionally well and a naw
scone of 92 placed her in the 78th percentife. Stanfond’'s
cfass might not have done as well and a naw score of 71 might
give him a percentile nank of §3. :

3. (P.0. 2,4,9) Twenty students at Hawaii High School took the
‘ College Board S.A.T. The mathematics scores for these




students are:

Joe - 461 Audrey - 386 Hans - 555 479
Bill - 286 Eric -579 Mary - - 320 Kirk - 672
OGbe - 579 Evans - 402 Kate 436 Terry - 542
Eseta - 461 Maina - 315 Todd 584 Dave - 337
April - 395 Tam - 463 Thalia - 483 Gail - 428

?

a. Inthisclasswkntisthépercenti.lerankof'ljerry?
b. What is the pe.fcentile rank of Audrey?

Cc. Which students scored closest to the 60th percentile?
Solution: |

a. There are 14 students who scored befow Terwy and there is
one student (Terrwy herself) who equaled her scone.
Therefone,

Tevwy's pe/men,tde rank = 74—+2-01'§—‘7—) « 100 = 72.5
b. Audney's percentile nank = £ EU) . 199 - 22,5

c. To be in the 60th percentile,
Bt BE L 100 - 60 on B+ 5E - 12
When nank ondered, the scones that come closest to satis-
fying that nequinement are Tom's and Allen's.

Tom's percentile nrank = 57

5 and
Allen's percentile rant 2

62.5
(P.0. 2) 1In the junior class of 250 students only 55 students
sold more than 25 Huli-Huli Chicken tickets. Malia and three
other students each sold 25 tickets. Find Malia's percentile
rank.

Solution:
1§ 55 students s0ld more than 25 tickets and 4 students sofd
exactly 25 tickets, 250 - (55 + 4) = 191 students sold Less

than 25 tickets. The/ze.ﬂolce.,
MaLca’é peﬂcento&e nank = ﬂ;s?;f(i’ . 700 77.2

(PO.412) InaclassofBZSquexqts,Gernahadapercentlle

rank of 25. How many students had scores lower than Genoa?

Solution:
Eight of the students. had Lowen scones (25% of 32 = 8).

£.0. 2,4,9,12) This is a distribution of the heights of the
ninth grade students at Kona High School:



Height Height
(in inches) Frequency {(in inches) Frequency

54 1 60 9
55 1 61 7
56 3 62 5.
57 4 63 2
58 7 64 2
59 8 65 1
a. What is the percentile rank of a height of 62 inches?
b. What percent of students are taller than 60 inches?
C. Roland is 58 inches tall. What is his percentile: rank?
d. Wwhat percent of students are more than 60 inches tall,
but less than 64 inches tall?
e. How tall is a student in the 40th percentile?
Solution:
a. Forniy of the 50 students have heights Less than 62 inches.
Theregore,
percentite rank = 550 L 109 - g5
b.  Seventeen of the students arne taller than 60 inches
(17/50 = 34%8). (This question has nothing to do with
percentile nranks!)
' : 9 + %(7)
¢. Rofand's percentile nank = — 100 = 25
d. There are 14 students in this category. This is 14/50 on

28% of the students.

A sludent in the 40th percentile is talfen than 40% of all
Students (40% of 50 = 20). Therefore, someone taller than
20 students, on someone 59 inches tall is in the 40th

percentile.

Have students find examples of percentll&s and percentile ranks
that affect them. (Examples include student rank upon gradua-
tion and percentile rank on College Board scores.)

Suggested Student Readings

1.

2.

Campbell, Stephen, Flaws and Fallacies of Statistical Thinking,
Chapters 8 and 9.

Tarmur, Judith, editor, Statistics: A Guide to the Unknown.




Iv.

LEARNER OBJECTIVE: The student calculates and compares the mean, median

and the mode.
A. Inpgrtantconce;':ts
1. The Mean is the arithmetic average of a set . of mmbers. It is

found by dividing the sum of the mumbers by the mumber of mum-
vers added. ¥ (read -bar) symbolizes the mean of the sample
data and u, or mu, represents the population mean.

zx.

l\ban=?

Meanforgroqoeddata=%§—

The Median of a set of data is the middle value when the data
is ordered. It is in the (n+l)/2 position, where n is the
mumber of data elements. If an even mmber of data exist, the
median is the arithmetic average of the middle two numbers.

Inasetofmmencaldata,thebbdelsthemmmchoccurs
most often. It:.sposs:.bleforasettohaveonenode no
mode, or more than one mode.

Example: Given the set A = {1,1,2,3,4,4,5,8,9}

_ = ZX _ 1+14+243+444454849 _ 37

Mean = Wa=f = 3 =3 4.1
Medl.anz.s1:hete::m:.n'l:.he%'l T—Sthpos:.tlan

Therefore, Median = 4
This set is bimodal; the modes are 1 and 4.
Example: Given the set B = {1,2,3,4,1,4,3,8,9,4}
*Madian is in the %}- l%il- Sk
Therefore, Median = -3;4;

i
w
[ ]
wn

*Mode = 4

*To find the Median and Mode, the set had to be ordered:
B ={1,1,2,3,3,4,4,4,8,9}.

MeasuresofCentralI\endencyaremmncalmethodsthatproduce
a single number to describe the location of a typical
observation. Mean, median and mode are three measures of
central tendency'.

Z is the Greek symbol read as "sigma.” It is used as a summa-
tion notation and appears in the formula for determining the
mean.
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Ix means "the sum of all x's."

mmgtedpban_sﬂleanﬂmtlcaverageofasetofmmbers
mwhlchallvalu&saremtofe@almportarwe Tc campute a
weichted mean multiply each number x by its assigned mumerical
welgntwanithendlndethesmoftheproductsbythesunof
the weights.

Voielgirrl:edmean---%ﬂ

Example: Naami has $1, 000earmng5%mterestand$5 000
earning 8% interest. 'merefore,hernmmeylseamlnga
mean interest of 7.5%.

_ (0.05)1,000 + (0.08)5,000 _
o I,000 + 5,000 = 0.0075

Performance Objectives

1.

The student understands that the word average can refer to the
mean, median or mode of a set of numbers.

The student understands which statistic——mean, median or mde-—
is appropriate for a given situation.

The student understands that the mean is always a unique rumber.

'I!-zesuzdentunderstarxisthattheneancanbecalculatedformy
set of mumerical data.

'mestudaaturﬂerstandsthatmahlstogramtmmeanactsasan
equilibrium point, or "balance point."

The student understands that the mean is the most sensitive of
the three averages because it is determined by every item in a

" set of data.

'mesmdentmﬁerstarﬂsthatextreﬁevalu&sdistortthenean
more than the median or the mode.

The student understands that when data are rank ordered the
number of observations to the left of (or above) the median
equals the number of observations to the right (or below).

PRI 4 et e e e e+ —

'mesmdentlmderstandsthatthemedlanofahlstogramseparates

dxeh:.stogrammtotwosectlcnsw:.thequalareas

'Ihesuxientmﬂerstandsthatﬂuemedlanlstmseocxﬂquarule
of a distribution. _

The student understands that the median can be used to describe
events which cannot be quantified (e.g., samething of average
difficulty).



12.

14.

15.

16.
*17.

18.

19.

20.

*24.

- *25.
*26.
*27.

28.

29.

The student understands that to find the mode requires no
calculations.

The student understands that the mode can be used to describe
both quantitative and qualitative data.

mestuimturﬁerstanistheeffects.mthenean,medianand
mode when each piece of data is increased or decreased by a
constant amount. '

Thestudentcanfmdtheoverall‘neanofseveralsetsofdata
given the mean and the number of cbservations in each set.

ﬁesﬂ@tcanreadmﬂuseﬂxesumatimmtatim.
The student understands and can use subscripted variables.

'mesttxientcanczlculatethemean,medianardncdeforgrouped
data.

The student understands the relationship between the formula
for finding the mean for ungrouped data and the fornula for

grouped data. : :

'mesuxientcanfindthemanofgmipeddatawtmclass
intervals are used in the frequency distribution.

The student understands that the mean value is an approximation
when data are given in interval form.

The student can determine a weighted mean.

The student understands when it is appropriate to use &
weighted mean. '

ﬁnsuﬁentis.awareofaspecialc]assofweightedaverag&c
called index mumbers such as Gross National Product, Consumer
Price Index and the NY Stock Exchange readings.

The student can find the estimated median of grouped data when
class intervals are used in the frequency distribution.

The student understands the relationship of the mean, median
ard mode in a nomal distribution.

ﬁnsuﬁmtmﬂerstarﬁstherelationshipofthenean,nedian
and mode in a skewed distribution.

The student can calculate the mean of a set of data by using
an "assumed mean" (see Exercise C.l). T

mesmdentutﬁerstandsthatthemeanisthemstusefulnea—
sure of centralterxia:cybecause it can be treated algebraically.
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C.

30.

The student understands that people and campanies try to influ-
ence others with information about averages that is often
deceiving—it is unknown which average is meant.

Sample Exercises and Solutions

1.

(.0. 3,4,8,12,14,28) The mmber of cars in a parking lot each
day this week was 48, 37, 49, 59, and 40.

&. Campute the mean, median and modal number of cars.

b. If there had been five additional cars parked in the lot
each day, what would the mean and median be?

Solution: »
a. Fist avange the data in rank onden:
37, 40, 45, 49, 56
Mean = Ix _ 230 46; Median = 48; there is no mode
n 5 ’ ’ *

a. (alternate solwiion §or meanj

Guess the value of the-mean--45. The difgerence between
each data point and the assumed mean of 45 is -8, -5, 3,
4, and 11. On the average, the assumed mean is wiong by

-34(_5)54344411 - _g_= 1. Theregone, the actual mean is
45 + 1 = 46. -

b. Mean = 46 + 5 = 51; Median = 4§ + 5 = 53.

(.0. 5,6,7,9,27) Use the words mean, median and mode to can-
plete these statements.

a. Xxrepresents the = of the distribution.

b. vy represents the of the distribution.
¢. =z represents the  of the distribution.

Solution:

a. mode b. median c. mean

The mode, x, is the most grequently occurring value. The mean
5 mosZ affected by Zhe presence of extreme values in a distni-

" bution. The median separates the histogram into two sections
0§ equal areas.
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4. (P.O. 5,8,9) The dotted line at x separates the histogram into
two sections of equal area. What is x?

i X
Solution: The median.

5. (p.0. 3,4,8,12,14,18,19,20,21,25) The test results in an
. introductory psychology class were as follows:

Score No. of Students

70-79 40
60-69 75
50-59 50
40-49 | 20
30-39 15

a. The median and mode fall into which class intervals?

b. Calculate the approximate mean score.

*c. Caiculate the approximate median score.

Sofution:

a.  There are 200 students s0 the median 48 in the %5l « 100%
position. Therefore, Lt 48 in the interval
60-69. The mode <8 also in the interval 60-69.

b. The midpoints of the interwals are 74.5, 64.5, 54.5, 44.5,
and 34.5. Using these values and the formuba fon grouped

data: .
u = %%6_ _ 74.5(40)+64.5(75)+54.5(50)+44.5(20)+34.5(15)
- - Z00
- 11,950 g4 75

b. (alternate solution)
Subtract 54.5 grom each midpoint of the intervals: 20,
10, 0, -10, -20. Using these values and the §ormula fon
grouped data:

54.5 + %ﬁ= 54.5 + 20(40)+10(75)+0(50)+-10(20)+-20(15)

H -200

54.5 + %ﬂ: 54.5 + 5.25 = 59.75

c. The median &8 in the 100% position. Count«'.ng §rom the
bottom there are 85 scones up to and including a scone of
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59. Another 15% scones anre needed 4in the next interval.
Since there are 75 scones in that interval the median L8

the scone -175;'2 of the way betwezn 60 and 69. Since

T2 x 10 = 2.1 (ten is the Longth of the intenval) the
median must be 2.1 units beyond 59 (the Last sconre
counted). Theregone, the median is estimated to be

59 + 2.1 on 61.1.

6. . (P.0. 2,6,7,8) Which will be larger, the mean or the median
age of quests at a local discothéque? Explain.

Solution:

Probably the mean. Most discothques have a minimum age
nequinement. ALso, most guests tend to be in the same age
categonies. There are often a few "older" guests. The age of
these "olden" guests will affect the value of the mean much mone
than the value of the median. .

7. (P.0. 16,17) y1=7,y2=13,y3 =14, y» =0, ys = 6,
Iy = 2 .

Sofution: Ty =7+ 13+ 14+ 0+ 6 = 40

8. (p.O. 3,4,18,19,22,23) Keola bought 20 shares of stock for $25, .
50 shares of a second stock for $15 and 30 shares of a third
stock for $20. What was his mean price for a share of stock?
Solution: .

Since each share of stock has a different value, or weight, the

- formula fon weighted mean must be used.

_ Zw _ 20(25)+50(15)+30(20) _ 1,850 _
W e 1 = ~— = $30.83

9. (P.O. 3,4,6) Ieilani has worked for a total of 52 hours in the
last three weeks. If she wants to average 16 hours a week, how
many hours must she work this week?

Solution: '
This problem musi be wonked backwards. To average 16 houns fox

the four weeks, the total numben of hours she must work is

16 x4 =-64. Therefore, she must wonk 64 - 52°= 12 howrs Zhis =~~~

week.

10. Find examples of measures of central tendency used in news-
papers,inmgazin&sand_or}television. Have they been used
properly? Are they deceiving?

11. The following problem sets fram Statistics By Example are
also appropriate for use with this objective: .
a. '"Babies and Averages” by William H. Kruskal, Exploring
Data. '
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12.

13.

b. "Characteristics of Members and Their Families" by Joseph
I. Naus, Exploring Data.

c. "Collegiate Football Scores" by Frederick Mosteller,
Exploring Data.

d. "The Cost of Eating” by William Kruskal, Exploring Data.

*e. "Prediction of Election Results from Early Returns" by
Joseph Sedransk, Weighing Chances.

f. "Ratings of Typewriters” by Frederick Mosteller, Exploring
Data.

Mény of the student pages 513-539 from The Mathematics Resource
Project: Statistics Information and Organization are also
appropriate exercises for use with this cbjective.

Camplete Chapter 9, lesson 3 in Harold Jacobs' bock Mathematics:
A Human Endeavor.

Suggested Student Readings and Film/Slide Presentaticas

1.

2.

Angoff, William H., “"Calibrating College Board Scores,” in
Statistics: A Guide to the Unknown.

Campbell, Stephen, Flaws and Fallacies in Statistical Thinking,
Chapter 6.

"Distributions," sound/slide program hy Prismatron Productions,
Inc. '

Huff, Darryl, How to Lie with Statistics, Chapters:“z*and 3.

McCarthy Ph.lllp J., IheConsm\erPnceIrﬂex in Statistics:
A Guide to the Unknown. .

Moroney, M. J., Facts fran Figures.

PhJ.llJ.ps, John L., Jr., Statistical Thinking, A Struct:ural

"what is Average?" sound/slide program by Prismatron Productions,
Inc. _
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IEARNER OBJECTIVE: The student descr:beslnvscor&sared.lspersedabwt
the center by camputing range, average deviation, variance, and standard
deviation.”

A.

Important Concepts

1. The Range of a set of data is the difference between the largest
and the smallest values in the distribution.

Example: For the second week in June, the high and low temper-
atures in Honolulu were as follows: ‘88/69, 87/68, 90/68,
90/70, 86/67, 89/70, and 85/68. Therefore, the range in
tamperature that week was 90° - 67° = 23°,

2. The Average Deviation of a data set is the sum of the absolute
differences of the mummbers fram the mean divided by the number
of observatmns. When describing sample data, .

average deviation = z xn- X

and for population data,
average deviation = EIXT_EL

3. The Vanance of a set of data is the average of the s?uar&s
the differences of each observation from the mean. o?, or
51gmasquared represents apopulatlon variance and the symbol
s? is used for a sample variance. (Because I(x - X)2 < Z(x - u)?
the divisor, n - 1, is used with sample data to avoid bias.)

2 _Z(x-1u)? 2 _ ¢ (x=-%)?2
g —T and s = ZTr
More convenient computational equations for variance are:
2 _ X2 _ (Tx)? 2 _nix? - (2x)?
¢ = nZ__ and s = n-1

W
Note: 0%, the population variance, should not be confused with
z, thesmallGreeksymbolusedasasmtmatJ.onmtatlm.

4. 'Ihe Standard Dev:LatJ.on describes the distance bywh:.ch atyp1cal

observation differs fram the mean. It equals the positive
square .root of the variance.

= _ &x-w? _ _ Tx-%2
o =/o2= Tands—/s_z— -1

The corresponding camputational equations for standard devia-
tion are:

= /ix? _ (Ix) - 2 - (Ix)2
c=/ nZ and s / n(n - I)
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Rule of thumb: The ratio ra.qgie ——— is rarely smaller
tlxanZorgreaterﬂzans.StamaId tion

Measures of Variation are methods of analyzing the dispersion
or the differences among terms in a distribution. Range,
variance, standard deviation, and average deviation are all
measures of variation.

Example: A = {13,14,15,15,16,17}
B = {5,10,15,15,20,25}

In set A: u =15, median = 15, mode = 15
In set B: 1 = 15, median = 15, mode = 15
Range of set A =17 - 13 =4
Range of set B=25 - 5 = 20

2+1+0+0+1+2 _ 6 1
® %"

Avg. Deviation of A = §an— bl

10+5+0+0+5+10 _ 30 5
6 3"

Avg. Deviation of B = Hxn' ul _
0.2 = Z0Oe = W% _ 4+140+0+144 _ 10 _ 5
A n 6 = T 3
2 _ I(x = p)? _ 1004+25+0+0+25+100 _ 250 _ 125
o. = = = =
B n 6 6 . 3
5 . = /o T = /I75 = |
/_T *1.29 ; oB-/cg‘- /=3~ = 6.45

In every case, the measures of variation for set B are
larger than those for set A. The data in set B is more

dispersed or spread out.

Coding is a method of smpllfy:_ng camputations for the mean,
varlanceandstarxiarddemtlonbyfustaddmgorsub'!ractmg
a constant amount to each term in a distribution.

Example: Five light bulbs with an."average life of 1,000 hours"
were tested-by the quality control department. They
burned for 960, 1,070, 995, 1,040 and 980 hours each.

To find thevananceandstandarddev:.atlm, the data is

~arranged in increasing order and ¢coded by subtracting— "~

1,000 fram each num.>»r. The variance and standard devi-
ation remain the same for coded data as for original data.

. 2 2
X x? Therefore, o2 = XXT- - -‘—i—’?—
e R _ 8,525 _ 457
5] 25 5 F
+40 {1,600 =1,705 - 81 = 1,624
+70 | 4,900
sum: 45 18,525 o = /I,624 = 40.3
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('memeanlsobtaa.redbyadhnglooomtheneanofthe
new distribution.

merefore,u-%+1ooo-45—5+1ooo-1009)

Performance Objectives

1.
2.
3.
4.

5.

6.

7.

8.

9.

10.

1.

12.-

*13.

The student understands that the range depends solely on the
two extreme values in a distribution.

Ihesmdenturﬁerstandsthattlerangelsaffectedbyextrene
values.

The student understands that the range does not indicate how
the other terms vary.

The student can determine the square root of a number by hand,
with a calculator or by using a table of square roots.

The student urnderstands that the sum of the differenzcs of each

- observation from the mean is zero. [E(x - X) = 0 and

Z(x - u) =0]

The student understands that in most cases the measures of
variation use a measure of central tendency as a reference.

The student understands that the variance measures the mean
of the squared deviations of each cbservation fram the mean.

The student can determine the range, average deviation,
variance & i standard deviation for grouped data.

The student can determine the range, average deviation,
variance and standard deviation for grouped data when class
intexvals are used in the frequency distribution.

‘The student understands that the variance, the standard devia-

tion, and the average deviation are measures of var:.ab:.l:n.ty
that are affected by every cbservation.

The student understands that the larger the value of g, the

standard deviation, the more dispersed the scores are about
the mean.

The student understands that ¢ must have a value between the
largest deviation fram the mean and the smallest deviation fram
the mean. .

The student understands that for many sets of data, roughly
68% of the observations are less than one standard deviation

away from the mean and that roughly 95% are less than two
standard deviations away.
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14. The student can explain the concept of variability and the
purpose of the measures of variability.

15. The student can describe the differences in two sets of data
with identical measures of central tendency, but with different
standard deviations.

16. The student understands that if each data item is increased or
decreasedbyaconstantamount,thestandardde\natlmandﬂle

variance are unchanged.

*17. The student understands that coding can smphfy camputations
if used correctly. .

18. The student mxderstands_that the average deviation is less
popular than the standard deviation because absolute value
is difficult to work with algebraically.

C. Sample Exercises and Solutions

1. (P.0. 10,11,12) what does a distribution lock like if the
standard deviation is zero?

Solution:
Everny element of the set 48 equal to the mean.

X) % X, 5 X3 % co. =X =}

2. (p.O. 4,16) Given A = {5,6,6,8,9,9,13}

a. Find the mean and standard deviaticn.

b. Create set B by adding 12 to each element of set A.

c. Find the mean and standard deviation of set B.

d. Create set C by subtracting 4 fram each element of set A.

e. Find the mean and standard deviation of set C.

f. 1If set D is formed by adding 21 to each element of set A,
what will the mean and standard deviation of set D be?

Solution:
Se,tA Set B Set C a. - 2_":%"1,3
x o y 2 - "“‘"’_"""‘"z o -—"z-2' . o e " " ot
—5——5— “%'Lirzq‘ T T
6 324 21| 4 A T T
6 36 13 324 2| 4
§| 64 20 400 4| 15 - g_- %%2_
9| 81 21|, 441 5| 25
91| 81 21 441 5| 25 R
13 |169 625 9| &1 = /6.79 = 2.5
sum: 56 [492 ZU 7,844 78 | 156
Ty . 140 _ ) _ JIEE T80T . e
c. wg=Li =20 ; og- B CRRRCEAAEI
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§- By = ug * 21 = 8+ 21 =29 ; op=04 =25

3. (p.0. 4,16) Given A = {5,6,6,8,9,9,13} (the same set as in
2 above).

a. Create set E by multiplying each element of set A by 2.

b. Guess the values of the mean and standard deviation of
set E, then campute the actunal values.

c. Explain your results.

Solution:

a4 E-= {10,12,12,16,13,13,26}/-‘

b. Ix=112; Ix* = 2,292

x _ 112 _ . _ /2,09 117 AT T =
]JE'_'TL——T— 16,0’E— ’7 = 49 . “'8.45

c.  When each element of a set is multiplied by a constant,
the mean of the new set equals the mean of the ofd set
times the same constant. The standard deviations of the
two sets will not be equal because each data item has
been increased by a different amount.

4. (P.O. 4,16) In 1975, Gov. Brown of California suggested that
all state employees be given a flat $70 a month raise. How
would this affect the average monthly salary of the employees?
Bow would it affect the standard deviation?

Solution:
The average monthly salary (mean) would be increased by $70.
The standarnd deviation would remain unchanged.

5. (P.0. 4,12,16) In Hawaii in 1979, the state offered scme of
its bargaining units a 7% raise, across the board. How would
this affect the mean and standard deviation of their salaries?

Solution:
The mean salary would be 7% higher. The standard deviation

T T T T el be fanger. The top-salanied employees will get Langer T T -

raises than anyone else and this will make the difference
bztoemthMAW andthemeanéazwzyzmgmthanam
before the naise.

6. (P.0. 12) Can the standard deviation ever be negative?

Solution:
No. By definition the standard deviation is always non-

negative.
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7. (P.O. 12,15) Each of the fbllaving lists has an average of 30.
Guess whether the standard deviation for each is closer to 1,
2 or 10. _

a. 29,31, 29, 31, 29, 31, 29, 31, 29, 31
b. 28, 32, 28, 32, 28, 32, 28, 32, 28, 32
c. 28,31, 29, 32, 27, 32, 26, 31, 33, 31
d. 34, 29, 26, 29, 31, 33, 30, 30, 29, 29
e. 40, 16, 11, 30, 28, 30, 34, 36, 42, 33

Solution:
a. 1 b. 2 c. 2 d. 2 e. 10

8. (P.0. 6,11,13,15) which of the following descriptions matches
the sketches of the histograms below? .

. (1) mean=6.5; SD=1 (iv) mean = 7.5; SD = 0.5
(ii) mean = 6.5; SD = 0.5 (v) mean = 7.5; SD=2
(iii) mean=7.5; SD=1 (vi) mean = 7.5; SD = 1.5
a. b. c.
AI l l/L\l ll/\l I
[} i [j ] | i i ] 1 L ¥ i 11 1 1
56789,1056,78956789
Solution:

Roughly 95% of the observations should be Less than two stan-
dard deviations grom the mean. Therefone:

a. (k) w=175; aog=1 b. (dv)] u=75; o=0.5

c. (i) w=6.5; o0=20.5

9. (P.0. 1,4) LiAnn loves to talk on the phone. Tuesday she '
spoke for 22, 36, 18, 27, 41 and 15 mimutes during six different
calls. Find the range, mean, variance, standard deviation, and
average deviation for the length of a telephone call.

o

Solution:
X x> . Range = 41 - 15 = 25
_ 159 _

18 324 Mean = i 26.5

22 | 484 2 2

27| 729 Variance = B - [ZX)” 4,739 159gy

36 (1,296 .
: 41 11,681 Standard deviation = Yvariance = 9.4
sum: 159 | 4,739 AP

- T Average-deviation ===

- 11.548.544.5+0.5+9.5+14.5 _ 49 ., ,
6 T
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10.

*13. |

(P.O. 1,10) Which of the following measures of variability, if
any, mmtdepaﬁentmtheemctvalueofeadzscore"

a. range
b. average deviation

c. variance _

d. standard deviation

Solution:

a. The nrange u only dependent on the two extreme values.

(p.0. 7,9) Find the variance for the following distribution:

Interval | Frequency
20-24 6
25-29 8
30-34 5
35~39 10

Solution:
The variance must be estimated using the interval mdpo%

as x values.

Interval | x xf | x2. | x2
—70-724 ] Fzr“f 154 | 434 .’7362?—
25-29 27 | 81216 {- 729 | 5,832
30-34 32 | 51160 1 ,024 5 120
34-39 37 |10 }370 1 369 13 690

sums: |30 900 | 28 030
For grouped data,

2 < 2
2. O (zzg} _ 283330 (90012 _ 5243 _ 900 - 34.3

e

g

(P.0. 13) A cylindrical part for the Saturn rocket is to have
a diameter of 45 mm. The part has a standard deviation of
0.5 mm in the production process.™ If-NASA will only accept
partsmthdiametersmtherangeofMSto455nm,vmat
percmto;partsw:.llberejected? P

Solution:

-

" NASA will accept pants in the nange 44.5 to 45.5 ‘o, -Another

way to state this 4is 45 * 0.5 mm. Theacceptablepaﬂt&muét
be within one standand deviation of 45 mm. This means 1o
68% of the pwoté will be accepted and 32% will be nef

The Sollowing prcblen set f’““%?m%’a@%— e i Y s
appropriate exercise for use wi 3 ve for students
whohaveectetﬂedthe:.rwoﬁctomchﬁetheareamﬂerthe
normal distribution:”

"How Much Do&s a 40-1b Box-of Bananas Weigh?" by Ralph B.
D'Agostmo in Detecting Patternms.

-
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14.

18,

Many of the student pages 541--569 fram The Mathematics Resource
Project: Statistics Information and Organization are also
appropriate exercises for use with this dbjective.

Eamplete Chapter 9, lesson 4 in Harold Jacobs' book Mathematics:
A Human Endeavor. '

D. Suggested Student Reading and Film/Slide Presentation

1.

Campbell, Stephen, Flaws and Fallacies in Statistical Thinking,
Chapter 7.

"Descriptive Statistics," ‘a sound/slide presentation available

- from Lansford Publishing Campany.

Huff, Darryl, How to Lie with Statistics, Chapter 4.

Phillips, John L. Jr., Statistical Thinking, A Structural
Approach, Chapter 4.

Tanur, Judith, editor, Stat_istics: A Guide to the Unknown.
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VI. LEARNER OBJECTIVE: The student calculates linear correlation cneffi-
cients and draws a scattergram.

A. Important Concepts

1. AScatterDlagramlsagraphlcalteclmqueusedtoanalyze..he
relationship between two variables. Each of the two axes of
thegraphrepresentsmevanable. Pomtsonthegra@repre—
sent paired observations of both variables.

Example: The following data was recorded for 10 adult males:

Height -
i ey | 68 66'71,59,69 &8 65"72 67!73!
Weight | ;44 lGll 190, 172 l 155i l80l 143! 200 159i 195'l
(in pounds) i i Bt
200+ .
190+ .
180+ .
]
N -
= 170-T- .
£
160+ -
150+
140+
| 1 ] i I { 1 1 1
1 1 i [] S i 1 1 L
65 66 67 68 69 70 71 T2 73

2. Alamarcorrelatlonlsarelatmnshlpbetweenmovanabla
which tells whether an increase in the value of one variable
will cause an average change in the value of the other variable.
If two variables have a linear cagmelation, the points on the
corresponding scatter diagram wiBl form an approximate straight

Example: The variables, helght amt weight, have a linear corre-
lation as seen in the above scatter diagram.

3. The Coefficient of Linear Correlation, r, is a statistic that
measures the strength of the linear relation between two
variables. The camputational formula for r is:

_ nixy - (x) (Zy)
= /A - (X2 - /nly?d) - Q) Ty) 2




*6.

It will always be true that -1 < r < +1. If Irllsclosetol
the correlation is said to be strong. If |r| is close to 0,
there appears to be no correlation.

Example: Using the above example of helghts and weights,
Ix = 688, Ix? = 47,394, Iy = 1,724, Iy® = 300,368 and

Ixy = 118,995. ‘I‘herefore,

10(118,995) - 688(1,724)

T = /i0(47,394) - 6882 - /10(300,368) - 1,7242

3,838 3,838

= 75% - /31,508  (24.4) (77.s - 0%

Since r is very close to 1, this indicates there a high
correlation between height and weight in adult men.

A Pos.;t:.ve Correlation indicates that the two variables are
directly related. That is, as one variable increases so does

the other.

Example: There is a positive correlation between height and
weight (r = +0.89). This indicates that as men get taller,
their weight also rises.

A Negative Correlation indicates that there is an inverse
relation between two va.r:.ables. That is, as X increases, y
decreases.

Example: There is a negative correlation between the age of a
car and its selling price (excluding antiques). The older
.a car gets, the less it costs.

The level of Significance indicates the percentage of times for
which a correlation i1s statistically significant. A chart or
table in most statistics texts helps to interpre+ the value of
the correlation coefficient correctly.

Example: Using a table on the Critical Value of r indicates
that there is a definite positive correlation between
height and weight over 99% of the time. (For n = 10,
Yo.00s = 0.765. This means that if |r| < 0.765, there is
no statistical significance to the correlation 99% of the

time.)

B. Performance Objectives

1.

2.

The student understands that in a scatter diagram the indepen-
dent variable is graphed on the horizontal axis.

The student understands that in a scatter diagram the scales
do not necessarily begin with zero.

W1

)
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10.

11.

12.

13.

14.

15.

16.

17.

18.

*19.

220.

The student can plot points on a two~dimensional graph.

The student can interpret pomts plotted on a two-dimensional -
graph.

The student understands that the correlation coefficient will
always be between -1 and +1.

The student understards that there is a perfect correlation,
that is all points lie on a straight line, if |r] = 1.

The student understands that there is a high linear correlation
if |r| is close to 1.

The student understands that there is a low linear correlation
if |r| is close to zero.

The student urderstands that there is no linear correlatlm if
r=0. -

The student understands that if r = 0, there is essentially no
linear relationship, but another relatmnshlp may exist.

The student can predict whether two variables will have a posi-
tive, negative, or zero correlatmn.

The student can explain the purpose and fundamental character-
istics of the correlation coefficient.

The student understands that r = 2x does not indicate twice as
much linearity as r = x.

The student understands that correlation measures association,
but it does not measure causation.

The student understands that because it determines whether two
variables are related, but does not specify how, the correlation
coefficient cannot be used to solve prediction problems.

The student understands that the correlation coefficient is one
of the most misused statistical measures. :

The student understands that even though two things appear to
be correlated, theremaybeaﬂurdvanablewludllshlghly
correlated to both.

| The student understands that the correlation coefficient indi-

cates the direction and degree of the relation between two
variables.

The student understands that the correlation coefficient is
unaffected by coding.

The student understands that the correlation coefficient is
unaffected if the two variables are coded in different ways.
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*21.

The student can determine whether a significant statistical
correlation exists between two variables.

C. Sample Exercises and Solutions

1.

(P.O. 9) Indicate whether each of the following will have a
positive, negative, or zero correlation:

a. A parent's IQ and a child's I1Q.

b. The price of gas and the number of econamy cars sold.

c. 'memmberofm;rssmdiedanigradeonaam.

d. The number of students in New Hampshire and the number
of pets in Vermont.

e. The interest rate on mortgages and the number of new hame

loans issued.
Solution:
a. positive b. positive c. positive
d. zero e. negative

(P.0. 5) Wwhich set of paired cbservations shows a stronger
linear relation: one in whichr = -0.8 or r = +0.7?

Solution: _ _
|-0.8] > |+0.7|, therefore the §inst one has a higher

corvelation.

Give examples fram everyday experience that demonstrate a
ccrrelation between variables.

(P.O. 4,9) If daughters were always 10% shorter than their
fathers, what would the correlation of their heights be?

Solution: .
A perfect positive comrelation would exist. Therefore, n = +1.

(P.O. 10,17,18) How are the correlation coefficients related

in the scatter diagrams below?
‘X

4 X X 2 X
3 X X 1 X X
' L |1
] 1 i
1 2 3 7 8 9
Solution:

The conrelation coefficients are the same. The graphs just
have a change in scale.

(P.0. 12,14,15) There is a positive correlation between blood
pressure and income. How can this be explained? Is there a
causal connection?



Sofution:

A positive cornrelation does not imply cause and effect. There
may be a thind variable, such as age, which s highly corre-
Lated to both.

(P.O. 4,9) study each cf the scatter diagrams below:
(1) Yy (ii) Y
5+ 5+.. °
4__ 4—— n. [}
31 - 3__3. ..n
I el s S
1+ °.' 11 *.
G+ = =
1 2 3 4 5 1 2 3 45
Answer the following questions for each one:
a. Is the average of x closest to 2, 3, or 4?
b. Is the average of y closest to 2, 3, or 4?
c. Is the standard deviation of x closest to 0.5, 0.75, or 1?
d. 1Is the standard deviation of y closest to 9.3, 1, orl.S?

[
e. Is the correlation positive, negative or zero?

Solution:
For (4):
a. 3 . b. 2
c. 0.75 (mean * 2 S.D. should include approximately 95%
of the observations)
d. 0.3 e. positive
For (4&):
a. 2 b. 3
c. 0.5 d. 1
e. negative

(p.O. 5,9,16) The correlation between the heights of fathers
and mature sons is:

(a) exactly -1; (b) close to -1; (c) close to 0;

(d) close to +1; ‘_(e) exactly +1.

Solution:

(d) There 48 a definite positive correlation, but it {8 not
perfect. ~Therefore, it 48 close 2o +1.

(P.O. 5 ,18) Find the correlation coefficient for ten nmths of

acmpanysnmthlyadverusmga:permmreandn-stotal
monthly sales. If x = adver*ising itures and v = total.
monthly sales, Ix = 426, Iy = 735, Ix® = 18,416, Iy’ = 54,803
and Ixy = 31,763.
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10.

Solution:

. - nlzry) - (Zx) (zy)
1050 B o B A BRI

10(31,763) - 426(735)

,416) - 4262 - , =
) 4,520 . 4,520 _
" VI,68F - /7,505 %788 - 099

(P.0. 5,6,9,16) The correlation coefficients for the three
scatter diagrams below are 0.8, 0.2, and -0.6, not necessarily
in that order. Match the diagrams with the correct value.

a. - b. . . c. - - .
Sofution: :
a. -0.6 b. 0.2 c. 0.8

(P.0. 5,18,19) Twelve students recently tock a math test and
a science test. Their grades are shown below. Find the
correlation coefficient for these grades. :

(x)

Math |83]71]/48]95]|65]|88]63]72{100]77}35[69]

Science [ 69|74 72| 91| 72|94 671 73| 98| 86| 43| 77
(y)

Solution:

Ix = 866, Ix* = 66,296, Iy = §96, Ty* = 69,838 and Ixy = 67,791.
Therefonre, :

p - o 12067,797) - 866(896)

v17166,796] - 8662 - /17(69,838] - §962
_ 37,556 < 37,556 _ , os
" VF%,59 - /35,740 " 714~ 788~ O

Alternate Method of Solution:
Finst code both sets of scones by subtracting 75 §rom each

grade:

0]-10] 13[-12] -3] 25] 2 |-40] -6
61 -3 19| -8 -2 231 1T[-32] 7 |

x| 8 ]-4]-27]2
=& -T1-23] 1
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12.

13.

14.

12(3,141) - ( 34) (-4)

* = TITEE9T - (3017 - /IO, 95T = 177

37,556
= 72559 - /35240 - 0-93

(P.0. 7,18,21) what is the difference between a situation
where r = -0.8 and one where r = +0.8? Which will result in

better predictions?

Solution:
Both situations are equally Iughzy conelated. However, one
has a positive correlation and the other is negative. Be.ﬁon.e

answering which will result in a better prediction, more
Anformation (including Level of significance) 4is needed.

The following problem set frem Statistics By Example is also
an appropriate exercise for use with this cbjective:

"Examples of Graphical Methods" by Yvonne M. M. Bishop
in Exploring Data.

Same of the exercises in student pages 483-496 in the
Mathematics Resource Project: Statistics and Information
Organization are also appropriate to this obJective.

Suggested Student Readings

1.

2.

Andersen, Lecnall C., "Statistics for Public Financial Policy”
in Statistics: A Guide to the Unknown.

Brown, B. W. Jr., "Statistics, Scientific Method, and Smoking"
in Statistics: A Guide to the Unknown.

Campbell, Stephen K., Flaws and Fallacies in Statistical
Thinking, Cahpters 10 and 13.

"Gun Use Drops in Massachusetts,” Bonolulu Star-Bulletin,
June 30, 1979, page F-3.

Huff, Darryl, How to Lie with Statistics, Chapter 8.

Link, Richard F., "Election N:Lght: on Television" in Statistics:
A Guide to the Unknown.

"Reef Rurway Has Most Tire Blowouts," Honolulu Star-Bulletin,
June 21, 1379, pages A-1 and A-4. '

mitrley, C. A., "Statistics, the Sun, and the Stars" in
Statistics: A Guide to the Unknown.
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VII. LEARNER OBJECTIVE: The student predicts one variable's value, knowing
another, by using the least squares regression equation and line.

A. Important Concepts

1.

*3.

Regression Methods are methods designed to find the best fit
of an equation to a set of mmbers. These methods make it
possible to predict one variable's value from the cbservation
of the other.

~Linear Regression is the method used to fit a straight line
to a set of numbers. - .

Curvilinear Regression fits a curve to a set of mumbers.
Example:

manager

1 [N

IQ

AnEstimatedmgressimLineisatrexﬂlimwhichb&strepre—
sents the two varlables on a scatter diagram. The points on
the regression line are used to estimate the value of the
dependent variable given the value of the independent variable.

The Dependent Variable is the variable for which the value is
to be predicted.

The Independent Variable is the variable for which the value
is known.

Example: 4.0 .
£, 3.0 o
-l Q LU . . . ®
88 < :
b 2of T T
§ & Lol ~~% . % Estimated Regression
: . o Line
ol ! [ !
| ) ) 1 T
200 300 400 500 600 700 800
SAT Scores

The independent variable is SAT scores and the grade-point
average is the dependent variable. 2 student who scores
500 on the SAT is predicted to have a 2.5 CPA.

The Least Squares Method is a regression method used to deter-
mine the estimated regression line. It identifies the linear
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*8.

equatlonsothatthesunofthesquareddlstancabeMthe
l:neandthedatapomts:.sassmallasposs:.ble. The equation
of the estimated regression line is: ,

- (Ix) (% .
b = 2D - () (39 here

n = the number of paired observations.

Example: Using the data from the example given in Learner
Objective VI on heights and weights of adult males:

b = 10(118,995) - (688) (1,724) _ 3,838 _ 6.4
- 10(47,394) - 6882 ~ 59 :

- 688 — 1,724

= 172.4

Therefore, the estimated regression line is
y =172.4 + 6.4(x - 68.8) or
= -267.92 + 6.4x

Based on this eguation, someone who is 72 inches tall is
estimated to weigh 192.88 pourds. .

The Standard Error of the Estimate, denoted Syxr is a method
used to indicate how well the estim::iad regression line fits
the data. It measures the average difference between the
observed and predicted values. .

- 2
Syx= (1:1_1;) ’ where

Yp = pred:.ctedvalue,y observedvalueandn-themmberof
paired observations.

Example: For each of the given he.19hts in the above example
yp must be found. Then I(y - yp)zcanbedetennuxed
YA
X |y Yo |[Y-Y,|ly-%)
68 1170 | 167.28 | +2.72 7.40
66 | 161 | 154.48 | +6.52 42.51

71 {190 | 186.48 | +3.52 12.39 s = 678.97
69 1172 | 173.68 | -1.68 2.82 yX 8 :
69 {155 | 173.68 | -18.68 | 348.94

68 | 180 | 167.28 | +12.72 | 161.80 VX = 9.2

65 [ 143 | 148.08 | -5.08 25.81
72 {200 | 192.88 | +7.12 50.69
67 | 158 | 160.88 | -2.88 8.29
73 1195 | 199.28 | -4.28 18.32

TOTAL 678.97
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Performance Cbjectives

1.

2.

10.

11.

*12.

*13.

*14.

*15.

The student can sketch the estimated regression line in a
The student can determine the equation for the estimated
regression line.

The student can use the least squares method to predict the
dependent variable's value.

'mestlﬁenturxierstandsthattheobservedvaluewillvaryfran
the predicted value.

The student understands that when the correlation between two
variabl&sislowthedifferenwsbemeenobservedandpre-
dicted values will generally be quite high.

The student understands that when the correlation between two
variables is high, observed and predicted values are
to be close. :

The student understands that "b"” in the regression equation is
the slope of the line.

The student understands that the sign of the correlation
coefficient indicates the direction of slope for the regression
line.

The student understands the role of correlations in making
The student understands the algebraic equation for a straight
line.

The student can plot a straight line on a graph given an
equation. o

The student understands that the standard error of the estimate
indicates how well the least squares prediction equation
(equation of the regression line) describes the relationship
between two variables. ,

The student understands that to find Syx the regression
equation must first be used on all observed values of x to find

the predicted values of y.
The student understands thatthemllersg,e(is, the more pre-
cisethefut:.repre;iictimsamlikelyto .

'mestndmturﬂerstarﬂsthatsyx=0meanstheleastsquam
regression equation is a perfect description of the relation
between x and y.



*16.

*17.

*18.

The student can campute the standard error of the estimate.

The student understands that roughly 68% of the time the actual
value of the dependent variable will not differ fram the pre-
dictedvaluebynorethansyx.

The student understands that roughly 95% of the time the actual
value of the dependent variable will not differ from the pre-
dicted valuebymrethanZ(Syx).

C. Sample Exercises and Solutions

1.

*2.

(P.0. 9) What iz the purpose of the regression equat:.on"

Solution:
1t 4s used to make predictions about the value of the dependent -
varuiable.

(P.0. 15) True or False: The standard error of the estimate
equals 0 when r = -1,

Solution:

Thue. Syx = 0 means that the negression equation describes the
relation” perfectly. In other wornds the orndered pains of obser-
vations Lie on a sitraight Line. 1 = -1 also means there 48
perfect correlation and the points Lie on a straight Line.

(P.0. 1,2,3) Eight junior high school students received the
following grades on their English and foreign language exams:

English Foreign Language
Student. Score Score
Betty 69 57
Lukas 81 90
Kimo 53 ~ 55
Maile 93 88
LiAnn 79 75
David 83 83
Gloria 86 81
Jeff 75 69

a. Construct a scatter diagram.

b. Compute the regression equatlon to predict a student's
foreign language score.

c. If a student receives a 71 in English, what would you
expect him/her to receive in foreign language?

d. Camute the regression equation to predict a student's
English score.



e. If a student receives an 87 in foreign language, what
would you expect him/her to receive in English?

Solution:

S
?
T

a.

o0 WO
T

~
?

[« )
?

e Tt
50 60 70 &0 90 100

English
b. The independent vank’.abie, X, 48 English score and y, the

dependent variable, is Foreign Language score. Ix = 619,
Ix? = 48,931, Ty = 598, and Ixy = 47,277

Foreign Language

W

b - 8147,277) - 619(598) _ 8,054 _ , o
§145,9317 = 16191z ~ 5,287 = '-

—_ 619 _ - _ 598 _
X = T- 77.375 y = T- 74.75

Therefore,
y = 74.75 + 0.97(x - 77.375) o
y = -0.304 + 0.97x
c. Y =-0.304+ 0.97(71) = 65.566
d. In this case the Foreign Language Sconre is x, the indepen-

dent variable, and the dependent variable, y, 45 English.
Ix = 598, Ly = 619, Ixy = 47,277, and x? = 45,954

b - Bl47,277) - 5981619) _ E,054 _ 4 g

14

- _ 598 _ - 619 _
X = == 74.75 A 77.375

Therefone,
y = 77.375 + 0.8(x - 74.75) on
y = 17.575 + 0.6x
e. y=17.575 + 0.§(§7) = §7.175

4. (P.0. 13,14,16,17) Use the data in Exercise 3 to answer the
following: i




5.

cae px iyl gt [9-Yy | Y- y)2

a. Firﬁﬂmestarﬂarderrorofﬂleestj:tateforthedefsexﬂmt
variable, Foreign Language.

b. If a student scored 84 on the English test, 68% of the
time the student's Foreign language score would be between
which two numbers?

Solution:

69 57] 66.626 | —9.626| 97.7

81|90 78.266 | +11.734| 137.7

52(55| 51.106| +3.894]| 15.2 s ,=/ﬁTﬂ

93| 85| 89.906 | -1.906 3

79| 75| 76.326 | -1.326 1

83| 83| 80.206 | +2.794 7.

s6| 81| 83.116 | -2.116 4
1

75| 69| 72.446 | -3.446| 11.
TOTAL - 275.

*The equation y = -0.304 + 0.97x is used here.

b. y = -0.304 + 0.97(84) = 81.176
The student would be expected to score between 74.376 and
87.976 68% 04 the time (81.176 - 6.8 = 74.376 and
8§1.176 + 6.8 = §7.976).

The following problem set fram Statistics By Exalgle is also an
appropriate exercise for use with this objective:

“Points and Fouls in Basketball" by Albert P. Shulte
in Exploring Data.

Suggested Student Readings

1.

2.

Battan. ILouis J., "Cloud Seeding and Rainmaking" in Statistics:
A Guide to the Unknown.

Campbell, Donald T., "Measuring the Effects of Social
Innovations by Means of Time Series" in Stat::.st:.cs. A Guide

to the Unknown.

Cliff, Norman, "Adverbs Multiply Adjectives" in Statistics: A
Guide to the Unknown.

Miller, Robert G., "The Probability of Rain" in Statistics: A
Guide to the Unknown.

Street, Elisabeth and Mavis G. Carroll, "Preliminary Evaluations
of a New Food Product” in Statistics: A Guide to the Unknown.

Tufte, Edward R., "Registration and Voting" in Statistics: A
Guide to the Unknown.
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AVAIIAEBLE MATERTALS

Until recently statistics has been taught primarily to college students
and highly motivated high school seniors. Consequently the number of available
materials for teaching an option y course is very limited. The textbooks tend
to be aimed at college level students. However, more and more schools are
adding lower-level statistics courses to their curriculum and the need for
more appropriate materials has been recognized. Develogpment is underway, but
it does take time. Mearwhile, there are a few materials aimed at high school
students and there are a2 few college texts that can be adapted for use in the
classroam. In addition to forthcoming texts, the Natiomal Council of Teachers
of Mathematics 1981 yearbook on Statistics and Probability should provide same
interesting and worthwhile suggestions for teaching this course.



TEXTS (ANNOTATED)
Freedman, David, Robert Pisani, and Roger Purves

STATISTICS
W. W. Norton & Co., Inc., 1978

The authors of this text believe that too much mathematical notation can
be confusing and that too often not enough emphasis is placed on under-
standing concepts. Their approach emphasizes the use of models and reai-

life jllustrations and applicaticns. -

Part II. Descripti Statistics and Part ITI. Correlation and Regression
would provide the major content for an option y Statistics course.

Chapter 3 (Part II) develops the concept and understanding of histograms
very well. The histogram is then used throughout the text to develop and
relate many other concepts. Other graphing techniques such as bar graphs
and circle graphs are not introduced. The construction of frequency
distributions is also omitted. Chapters on the mean, standard deviation,
correlation and regression are presented very well and include many
excellent examples.

In general, the book uses a narrative format with everyday language to
describe statistical ideas. Mathematical forrulas are introduced only
after basic concepts have been developed. There are many exercises
throughout the text. Same of them provide practice in camputaticnal
skills while others carnot be solved by plugging mumbers into formulas.
They involve estimates and qualitative judgments so that students can
came to grips with the concepts.

This book makes an excellent addition to the classroom library even if
not adopted as a text. It will provide the teacher with many ideas for
presentation of material as well as possible test and quiz items. It
winalsobenefitﬂ:esmdentwhoneedshelpinmderstarﬂmgaoanept._

Code Price

Hardcover, 589 pages 0-393-09076-0 $13.95
Instructor's Manual ) 0-393-09041-8 _——-




Freund, John E.

STATISTICS, A FIRST OOURSE
Prentice-Hall, Inc., 1976

'mistextbodciseasytoreadandjnchdessaneverygoode:q)laxations
and examples of new concepts. All of the learner cbjectives are covered.
However, the organization of the text requires some work with probability
distributions and normaal distributions before variance, standard deviation
and average devixztion are explained. To include this work in the course
maywzsedifﬁmltytine—wiseincoverﬁ;gﬂleretainﬁxgobjecﬁv&s.

Same topics are-covered a little too quickly. In same instances new
vocabulary is introduced and developed in the exercises. This allows the
betterstﬁentstoexterﬁ*teirbackgmmda:dgiv&sscaeﬂe:dbilityto
the instructor. Knowledge of these concepts is not required in future
chapters. )

Supplementary materials designed to camplement the text are included in
a studert workbci™. 'Ihewoﬁcbookchaptm:sconespamdtothed‘zaptersm
the text a+* ‘zcivde a Gleossary, Formclas, Trus-False, Multiple Choice,
and Completi - Itams. -Review sections are also included.

Code = Price
Cloth, 374 pages 84605-5 S$11.16
Stadent Workbook 84601-4 4.40
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. Ingram, John A.

ELEMENTARY STATISTICS
Addison-Wesley Publishing Co., 1977

The author states that the thaneofthlsworklsusmggoodjtﬂgumtand
exercising a sense of reasonableness.” The book is written for beginners,
uses clear language ard is fairly easy to read. An appendix on Math
Essentials is included for students who need the review.

All of the learner objectives for the statistics course are covered
although the desired depth is not always there. Explanations tend to be
a little too brusque for this level of student. Although they are used
to illustrate correlation and regression examples, scattergrams are never
defined. meledgeoflmtocmst::uctonelsassm Also, linear
regression is discussed before correlation coefficients. The concepts”
of slope, y-intercept, arxilmea.ntymstbemderstoodbeforethesectlm
on regression can be mastered.

Suppletartazynaterialsd&sigmdtocmplmtﬂ)etextareimhﬂedina
student workboock. The material for each chapter includes Key Words,. a
chapter Overview, Procedure Guides, Self-Study Questions and Study
Problems. A data base of characteristics of 234 students is used through-
out the workbook. .

This is a usable text, but the workbook and/or a lot of teacher support
are necessary for this level student.

Code Price
Hardcover, 445 pages 52660  $12.76
Instructor's Guide 52662 0.80
Student. Workbool . 52661 3.96




Newmark, Joseph

STATISTICS AND PROBABILITY IN MODERN LIFE
Holt, Rinehart and Winston, 1977

This text is written in clear everyday language that the student should
be able to understand. The amount of new terminology introduced is held
to a minimm. Each chapter begins with newspaper or magazine clippings
illust:rat:‘ngtheoonceptsdiscussed:inthedxapter. _

All of the learner abjectives for the statistics course are covered.
Because this is a non-mathematical text the rigor of a mathematical
explanation is often amitted. In general, -this works well for students
at this level. However, there are times when not enough of an explanation
isgivmforﬂ:esmdenttothorou@lyunderstandtheconcept. Many
ecanpl&sareprwidedﬂmg!mtﬂaediapteraxﬂexercisesareplmtiful.
may wanc to supplement explanations and/or to introduce additional
terminology.

- Code Price

Cloth, 516 pages | 03-018881-4 $14.95
Solution Manual 03-022216-8  3.20

71
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Schmidt, Marty J.

UNDERSTANDING AND USING STATISTICS BASIC CONCEPTS
D. C. Heath and Campany, 1975

This textbook emphasizes "principles and ideas that are the basis of
applied statistics rather than including a large number of different
methods.” It is intended as either a primary text or as a supplement
to provide the student with a clear conceptual framework from which to
build.

Part I/Descriptive Statistics would provide the major content for an
option y Statistics course. The minimm course would have to include
the Introduction (which describes the nature of statistics), Chapter 2:
The Frequency Distribution, Chapter 3: Central Tendency, Chapter 4:
Variability, Chapter 6: Correlation and Chapter 7: Regression.

The book uses a narrative format and attempts to pramote understanding

of concepts. Manycmcepu:alexamplesarxifewernmencalexanplaare
provided.

Because of the narrative format and the language of statistics, the
reading level is higher than many other textbooks. Also, the appropriate
dnptersmludeetmghmatenalmaddltlmtotherequiredbasusﬂaat
a teacher using the book must be selective. Otherwise, it would be -
difficulttocmpletethecorecmrse&:ringthesetester. The exercises
at the end of each chapter are good, but very limited in mmber.

Even if this bock is not adopted as a text, it makes a very good
reference bock for both teachers and students.

Code  Price

. Paperback, 361 pages 0669-94490-4  § 7.95
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SUPPLEMENTARY BOOKS (ANNOTATED)
Campbell, Stephen K.

FLAWS AND FALIACTIES IN STATISTICAL THINKING
Prentice-Hall, Inc., 1974 :

The purpose of this non-technical book is to help lay fersons to "increase
their ability to judge the quality of statistical evidence and, in turn,
to make better informed decisions of many facets of everyday life."”

The sequence of topics is similar to that found in most beginning texts.
Chapters include: Dangers of Statistical Ignorance, Meaningless
Statistics, Cheating Charts, Accammodating Averages, Improper i
and Relationships: Causal and Casual. The terminology and manner of
presentation assume no previous knowledge on the part of the reader,
although occasional terms such as logarithm may cause difficulty.

This boock has good examples and makes interesting reading.

Code  Price

Paperback, 220 pages 013-32214-4 $6.95
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‘Huff, Darreil

HOW TO LIE WITH STATISTICS
W. W. Norton and Campany, Inc., 1954

This non-technical book illustrates how statistics can be used to demon—
strate any point of view. It is a "primer in ways to use statistics to
deceive." Although the bdck is over 25 years old, the examples are still
relevant.

Chapters in the book include: The Well-Chosen Average, The Gee-Wniz
Graph, and How to Talk Back to Statistics. Most examples are humorous
ard make interesting reading. The teminology and mammer of presentation
assume no previous knowledge on the part of the reader.
'nussupplanentaxybooknak&sgoodreadmgforboﬂ:teadmermﬂsnﬁent
and is a very good addition to the classroom library.

Code Price

Paperback, 142 pages 0-393-09426~X $1.95

e R
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‘Mathematics Resource Project, University of Oregon

S'mTISTICS & INFORMATION ORGANIZATION
Creative Publications, 1978

This resource bock is divided into five major sections: Content for
Teachers, Didactics, Teaching Emphasis, Classroom Materials, ard Glossary
and Ammotated Bibliography. The Classroom Materials section has two
major subsections: Concepts and Skills and Applications. All five
sections are further subdivided by topic.

The book is meant to be a topical resource for teachers and the classroom
materials areintendedtosupplemtadoptedpro:m or textbooks.

There are over 450 pages of student materials for worksheets, calculator

d activities, games, puzzles, bulletin board suggestions, project ideas and
so on.  Reproduction permission is granted. Headings appropriate to this
course include Tables, Graphs, Scatter Diagrams, Misleading Statistics,
Mean, Median, Mode and Range & Deviation. .

Although the resource is intended for use in grades 5-9, much of the
material is appropriate for older students as well. Ideas from same of
theretmm.ngnatenalwnbeadaptedbytheclassroantead:er

Code  Price

Re~dy to put in binder; 882 pages 10684  $27.50

MATHEMATICS IN SCIENCE AND SOCIETY
Creative Publications, 1978

This book deals with mathematics as it relates to astronamy, biology,
enviroment, music, physics, and sports. Each .of these topics is described
with an introduction, classroom materials, glossary, and aanotated .
bibliography. Many of the materials are appropriate to the study of
statistics. ' .

Code Price

Ready to put in binder; 464 pages ' 17..83 $22.50
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Mosteller, Frederick, William Kruskal, Richard F. Link, Richard S. Pieters,
and Gerald R. Rising, editors

STATISTICS BY EXAMPLE
Addisan-Wesley Publishing, 1973

This is a series of four pamphlets providing real-life problems in
probability and statistics for the secondary school level. They are
Exploring Data, Weighing Chances, Detecting Patterns, and Finding Models.
Each pamphlet is intended to stand alone, but cross-referencing 1s given.
The materials were prepared by the Joint Cammittee on the Curriculum in
Statistics and Probability of the Zmerican Statistical Association anc
the National Council of Teachers of Mathematics.

Exploring Data "shows how to organize data tabularly and graphically to
get messages and to give them, and it introduces elementary probability .
in circumstances where simple counting gets one off to a good start.".

Weighing Chances "develops probability methods through random mabers,
‘simulations, and simple probability models, and presents serious analyses
of camplex data using informally the idea of scatter and residuals."

Detecting Patterns "presents several standard statistical devicé;-the
nommal distribution, the chi-square test, and regression methods. "

Finding Models "encourages tbeé‘b.:de_nttodevelopnodelsasstmctxr&s
for data, so that departures fram models can be recognized and new struc-
tures built." ,

Each problem is explained in easy-to-understand language and includes
exercises and projects relative to the example. They can be used by an
entire class, for enrichment or for extra-credit work. The pamphlets are
excellent supplements to this course with the first two, Exploring Data
and ¥zighing Chances, being especially appropriate. ,

] - Code Price
Exploring Data, 125 pages 04873 $3.48
Teachers' Cameentary and Solutions Mamual 04874 2.13
Weighing Chances, 145 pages 04875 3.48
Teachers’' Cammentary and Solutions Manual 04876 2,13
Detecting Patterns, 166 pages . 04877 3.48
Teachers' Cammentary and Solutions Manual 04878 2.13
g:_rggg Models, 146 pages 04879 3.48

Camentary and Solutions Mamual 04880 2.13
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ur, Judith M. et. al., editors

STATISTICS: A GUIDE TO THE UNKNOWN
Holden-Day, Inc., 1972

This book contains a series of 44 essays on the applications of statistics.
It was prepared by the Joint Cammittee on the Curriculum in Statistics and
Probability of the American Statistical Association and the National

Cmnml of Teachers of Mathematics.

"The essays explain stat::stlczlldeas and contributions without dwelling
,on their mathematical aspects.” They illustrate a wide variety of fields ’
of applications. The authors were asked "to stress one or a very few
important problems within their field of application and to explain how
statistics and probability help to solve them and why the solutions are
useful to the nation, to science, or to the people who originally posed

the problem.”
misbodcnalmanawellentsupplenenttoanytext.

Price

Paperback, 430 pages (available through NCTM) ~ $7.50

- —
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TEACHING STATISTICS

"Teaching Statistics is a new journal (Spring, 1979) for all who use statistics
in their teaching of pupils and students aged 9 to 19. It is sponsored by the
Applied Probability Trust, the Institute of Statisticians, the International
Institute, and the Royal Statistical Society. Teaching Statistics seeks to
inform, enlighten, entertain and encourage all teachers to make better use of
statistical ideas.” ]

Contents include "articles on teaching statistics, statistics in mathematical
lessons, ... ideas for project work, basic concepts in statistics, ... ideas
for classroam teaching, historical develogments, ... etc.” Also included are
"authoritative reviews of books ard equipment, correspondence and problems
solved.”

Three issues are to-be published each year. Qubscrlptlons are $6.00 and should
be sent to:

Peter Holmes, Editor

Department of Prcbability and Statistics
The University

Sheffield S10 2IN

UNITED KINGDOM



ADDITIONAL RESOURCES

The following is a list of books and/or pamphlets which can be used as

teacher references, situdent references, and/or student supplements.

1.

2.

Applied Statistics, Alfred D. Garvin. Portland, Maine: J. Weston Walch,
Publisher, 1977. (124 pages, paperback, teacher/student reference).

"Careers in Statistics.” Washington, D.C.: American Statistical
Association. :

" Pamphlet describes occupations in area of statistics. -A variety of .

appllcat::.ons are described and information on higher education in stat.:.s—
tics is given. »

Collecting, Organizing, and Interpreting Data, Topics in Mathematics,
Booklet Number 16. Reston, Virginia: National Council of Teachers of
Mathematics, 1969. (42 pages, paperback, teacher reference).

The Figure Finaglers, Robert S. Reichard. New York: McGraw-Hill Book
Co., 1974. (274 pages, paperback, teacher reference, student supplement).

Guidelines for Teaching Matheta';.lcs, Donovan AA Johnscn and Gerald R.
Rising. Belmont, California: Wadsworth Publishing Co., Inc., 1967.
(438 pages, hardcover, teacher reference).

How to Take a Chance, Darrell Huff. New.York: W. W. Norton and Campany,
Inc., 1959. (173 pages, paperback, teacher/student reference, student

supplement) .

Although ti¢ book emphasizes probability more thian statistics, there are
sections that are appropriate to this course.

Introduction to Statistical Anaiysis and Inference, Sidney J. Armore.
New York: John Wiley and Sons, Inc., 1966. (546 pages, hardcover, text-
book, teacher/student reference).

This is an excellent teacher reference for course content. Complete,
detailed ccoverage of tOplcs is provided. Explanations are very good.

"Understanding of material is emphasized.

Making Mathematics, Books 1-4, D. Paling, C. S. Barwell, K. D. Saunders.
New York: Oxford Umiversity Press, 1972. (125 pages each, booklets,
teacher reference).

These bocklets cover many topics and are intendid for grades 4-8.
However, activ: .esfcrstat.:.stusare:.ncluiedandcanbeadaptedfor
use in this cc 'se by the teacher.

Mathematics: A Human Endeavo:, Harold Jacobs. San Francisco: W. H.
Freeman and Co., Publishers, 1970. (529 pages, hardcover, teacher/
s<udent reference, student supplement).
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10.

12.

13.

14.

16.

17.

18.

Includes an interesting chapter on stata.st:.'" with same very good examples
and exercises.

Overview and Analysis of School Mathematics, Grades K-12. Washington,
N.C.: Conference Board of the Mathematical Sciences, 1975.

Probability and Statistics, Stephen J. Willcughby and Bruce R. Vogeli.
Morristown, New Jersey: Silver Burdett Campany, 1968. (216 pages, hard-
cover, teacher re.ferenqe) .

Contains good chapter on organizing and reporting data.
Readings in Mathematics, Book 2, Irving Adler, editor. ILexington,

Massachusetts: GmnandCcnpany 1972. (188 pages, paperback, teacher
reference, student supplement). .

Sampling and Statistics, Applicztiohs in Mathematics, Course A, Donovan A.
Johnson, et al. Glenview, Illinois: Scott Foresman and Co., 1972.
(62 pages, booklet, teacher reference).

This activity-oriented booklet is intended as a t=it, but it is too ele-
mentary for “his course. However, therearescnegoodecarpl&sfozrﬂxe
teacher to draw upon.

Schools Council Project on Statistical Education, project papers. United
Kingdom: Schools Council Project aon Statistical Education, 1976.

Series of ten papers on the present position of statistics in the
secondary schoois. _::

Science in Geography, Books 1-4. New York: Oxford University Press,
1974. (Booklets, teacher reference).

Set of four books which describe a scientific approach to the study of
geography. Many examples and problems presented which require the use of
statistical methods.

Statistical Thinking: A Structural Approach, John L.- Ph:.lllps, Jr.
San Francisco: W. H. Freeman and Co., Publishers, 1973. -~ (124 pages,
paperback, teacher reference, student supplement, high resading level).

"Statistics,” Richard S. Pieters and John J. Kinsella. The Growth of
Mathematical Ideas, Grades K-12. Reston, Virginia: National Council of
Teachers of Mathematics.

Provides an excellent overview of statistics at *he pre-college level and
makes recammendations for the teaching of statistics in grades K-12.

Statistics and Probability, S. E. Bodge and M. L. Seed. -Iondon: Blackie

and Son, Iimited and W. ard R. Chambers, Limited, 1972. (264 pages,

paperback, teacher reference, high reading level).
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19. Statistics in the Real World, A Boock of Examples, Richard J. Larsen ard
Donna Fox Stroup. New York: Maamillan Publishing Co., Inc., 1976.
(245 pages, paperback, teacher reference). °

This is a workbook "... designed to show how statistical procedures can
be applied to real problems.” Many of the examples include advanced
topics, but others cover same descriptive statistics and regression and
correlation. 'mebookprovidestheinsm:ctorwithsareapprcpriate
hamework problems, class exercises and roview materials. '

20.  Statistics Made Relevant: A Casebook of Real ILife Examples, Paul Brown
and Ernest M. Scheuer. New York: John Wiley and Sons, Inc., 1976.

(217 pages, paperback, student supplement).

'Bﬁsmrkbodccontaﬁws%cas&sdrawhlaxgelyfmnthenewsmdia. Many
of the cases, however, involve more advanced concepts. i

2l. ‘The Teaching of Probsbility and Statistics, Lennart R‘aade, editor. New
York: John Wi.ey and Sons, Inc., 1970. (373 pages, hardbound, teacher
reference, high reading level).

misisacouectionofpaperspresentedatthefirstmmtenlatimal
Conference on the Teaching of Probability and Statistics. It contains
nmzyideasforclassroanactivitiesalﬂn;ghsaneideasarevetyadvawed.

22. —Theory and Problems of Statistics, Schaum's Outline Series, Murray R.
Spiegal. New York: McGraw-Hill Book Company, 1961. (359 pages, paper-
back, teacher reference).

This book contains 875 problems solved in detail.

23. The Use and Misuse of Statistics, David Newton. Portland, Mair=:
J. Weston Walch, Publisher, 1973. (42 pages, paperback, teacher reference,
student supplement). : .

§1
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1z.

13.

14.

15.

16.

SOURCES OF DATA
"Annual Economic Review." Bank of Hawaii, Department of Business Research,
Financial Plaza of the Pacific, Honolulu, Hawaii 96813. (FREE)

Consurer Reports, the (year) Buying Guide Issue. Consumers Union of the
United States. :

County of Fawaii Data Book. Department of Research and Develcurent,
25 Aupuni Street, Hilo, Hawaii 96720. (FREE)

"Econamic Indicators.” A monthly report by First Hawaiian Bank, Research
and Planning Division, 156 S. King Street, Suite 1505, Honolulu, Bawaii

96813. (FREE)
Guinness Book. of World Records, by Norris McWhirter and Ross Mc¥hirter.

"Hawaii County——Facts and Figures," The Big Island Report Annual
parphlet by Department of Research and Development, County of Hawaii,
25 Aupuni, Street, Hilo, EBawaii 96720. (FREE)

Historical Statistics of Haweii, by Robert C. Schmidt. University Press
of Bawaii, 1377.

Historical Statistics of the United States, Colonial 'I‘ur&s to 1970,
Bicentennial Edition. U.S. Bureau of the Census.

Information Please Almanac. Dan Golen Paul Associates.

The Official Associated Press Sports Almanac. The Associated Press.

Pocket’ Data Book. U.S. Bureau of the Census. (For sale by Superintendent
of Documents, U.S. Govermment Printing Office, Washington, D.C. 20402 or
any U.S. Department of Cammerce Field Office.)

Reader's 019th (year) ‘Almanac and Yearboock. Reader's Digest Association,
Inc.

Research and Statistics Offices of most city, state axd federal agencies
publish pamphlets and brochures containing :3tatistics relevant to-their

area.

The State of Hawaii Data Book: A Statistical Abstract. An annual publi-
cation of the Department of Pianning and Economic Development, Information
Office, 7th Floor, Kaimalu Building, 250 S. King Street, Honolulu, Bawaii
96804. ($4.00 locally and $5.00 post—paJ.d ocut-of-state)

Statistical Abstract of the United States. US.BureauoftheCensus
(Also publisted as The U.S. FactBodcby&nssetaniD.nﬂop)

Webster's New Collegiate Dictionary. G. & C. Merriam Campany.
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17. The World Almanac and Book of Facts. Newspaper Enterprise Association.

18. The Werld in Fiqures, by Victor Showers.

19. World Statistics in Brief. United Nations.




Films Incorporated:

Statistics (16-mm Sound B/W Film; No. 324-0058; 13 min.; $180 sale;
$25 rental)
*... Bar graphs and circle graphs may be used to present statistics.
The film illustrates problems relating to world food supply and
world population distribution with graphs. Surprising facts emerge
and l=ad to the study of related statistics. ...
... the film stresses that we must be sure that cur statistics tell
the true story and the whole story. For example, there are many
more auto accidents in 1975 than in 1939. Are today's drivers
worse or are there other contributing causes? Many interesting
examples leading to ridiculous conclusions are given to illustrate
the point that, 'Figures never lie but hars often figure.' "

Film Services of Hawaii:

Fact Finder for the Nation (Census Bureauw/U.S. Dept. of Cammerce; 29 min.;
color; #30472)
"The Census Bureau is the only agency of the government that cames
in contact with every person in the country. The film shows how
the census is taken every ten years, aswellasthemdescopeof
work the Bureau does during the other nine years——work which
provides statistics about how the people’ and the econamy change on
a weekly, monthly, quarterly, and annual basis."

We (Census Bureau/U.S. Dept. of Cammerce; 29 min.; color; #30473)
"This film, narrated by Burgess Meredith, presents key findings of
the 1970 census—the enormous growth of our suburbs, the continued
rovement of the population fram rural to urban areas. The
statistics about the progress ani problems of America are put into
htmante:ms, concentrating on the people as they work, play and
relas.

(All films are 16-mm sound films ava:.lable to educators on a FREE-~1locan
basis.)

Indiana University Audio Visual Center:

Statistics at a Glance (16-mm, sound; 27 m:.n., color; ISC-725; $12.50

rental)
"Explains, using camputer graphics, that d&ecuptlve statistics is
a method for organizing and summerizing data so that the data can be
understood quickly and expressed in precise, accurate terms.
Illustrates the use of measures of central tendency, such as mean,
median, and mode in a frequency distribution. Demonstrates the use
of variability, standard deviation, Z-scores, percentile rank, and
correlation as they relate to frequency distribution.”

84
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Inferential Statistics: Sampling and Estimation Saves $122,000,000!

(16-mm, sound; 20 mi~.; color; ISC-769; $11.50 rental)
"Presents a situation in which the use of statistics saves a campany
fram promoting a product that the public would not buy to introduce
basic concepts in statistics. Dplains the concepts and applica-
tions of defining a population, selecting a randam sample, using
tables of random numbers, and conducting surveys. Demonstrates the
inference of interval estimates of the population fram the statistics
of the sample. Concludes with a familiar, amising twist."

Michigan State University:

The Fact Finders (16-mm, sound; 31 min.; color; $5.00 rental)
"How farm statistics are collected and used ... from the farmer
through the state's FEDERAL CROP REPORTING SERVICE back to farms and
agribusiness. Shows crucial national crop and livestock
being prepared and released under rigid security regulations.”

Statistics at a Glance
See listing under Indiana University.
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SLIDES/CASSETTES

Food Processors Institute:

USING SQC (46-2x2 color slides; 17 minute recorded tape; printed-
illustrated script; reference material. With cassette tape - FA(S510 ...
$55.00; with reel-to-reel tape - FA0520 ... $55.00)
"Explains the use, value, and meaning of ststistical quality
control carts in a non-technical manner and in simple mathematical
terms. Filling operations and labeling are used as examples."

Great Plains National:

MATNLY MATH, PROGREM 14, STATISTICS AND GRAPHS (videotape or video
cassette; 20 min.; $25.00 rental; $175.00 sale)
"The opening vignette of an executive board meeting emphasiz s
the ever increasing problem of properly cammnicating information.
This lesson focuses on the topics of statistics and graphs--tools
used in organizing and classifying data ... to graphically
camunicate information."

MAINLY MATH, PROGRAM 15, STATISTICS AND GRAPHS II (Videotapeorvideo

cassette; 20 min.; $25.00 rental; $175.00 sale)
"Ag:roupofsuﬁmtsde,.ldetoccmstructagraph 'Ihel&sson
shows how to organize and construct understandable ¢raphs——
whether they be of the bar, parts-whole or line variety."

Lansford Publishing Co.:

STATISTICS FOR THE NON-STATISTICIAN (2 cassettes; 1162AD ... $35.95)
"Provides the non-statistician with an overview of descriptive
" statistics and an overview of inferential statistics.”

PRESENTATION COF DATA (40 slides; ‘teacher guide; 1 cassette; 1240AD

$99.95)
"Covers ithe followmg subjects: - use of graphic presentatlms,
presenting datz. in tabular form, pie charts, simple vertical and
horizontal bar charts, mmltiple bar charts, simple and multiple
line charts, statistical maps, pictographs, logarithmic scales,
and related concepts of charting. Also covers methods to improve
graphic presentations, appl:.catlons of basic chart.mg methods, and
how to avoid creating misleading J.mpress:Lons in graph:.c
presenta’c:.ons."

DESCRIPTIVE STATISTICS (40 slides; teacher guide; workbock; 1 cassette;

1241aD ... $109.95)
"Deais with frequency distributions; measures of central tendency
and measures of dispersion. Subjects covered include: the nature
of descriptive statistics; arrays; tallies; frequency distribution
tables; frequency polygons; histograms; shapes of frequency
distributions; discrete vs. continmuous distributions; the normal
distribution; mean; median; mode; range, mean deviation; variance
and standard deviation. Treatment of these subjects is at an

)
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introductory level with emphasis on understanding of concepts, and
examples and applications.” '

Prismatron Productions, Inc.:

STATISTICAL DIAGRAMS (45 slides; cassette; prograr guide; S1 ... $85)
"large tables of statistical data can often be presented more
ccnciselyarxineaningfullybyasuitablediagram, but care must
betakmtoinsurethatcazpleteaocuracyisnajntained. This
program provides an introduction to the representation of
statisticzldatabydiagrats,andexphasisisla_idthrougtmtm
thecorrectuseofscalesa:dkeystoguard-againstnﬁsintexpretatim.
Follavingadiscussionofthecmsmlctionofgraphs,theprogram
d&scribeslnvther&sultsofasrmﬂdngsmeymightbedisplayed
by histograws or pictograms. A new example forms the basis of an
explanation of several kinds of bar charts, ard the program con-
cliﬁesbyd&scribingttwsteps_ixmlvedindrawingapie diagram. "

WHAT IS 'AVERAGE'? (40 slides; cassette; program quide, S2 ... $85)
"Mmypeopledomtrealizethatwhentheyta]kgliblyofateam's
goalaverageortheaverageteperaturebfaholiday,theyare
actually referring to the arithmetic mean. However, this is not
always the most appropriate measure to use. This program explores
the differences between the arithmetic, gecmetric and harmonic
meane, showing how to calculate them and when to use them. The
arithmetic mean is also campared with the mode and median of
several types of prcbability distribution. This is an elementary
but extremely informative program.” _

SAMPLING AND QUESTIONNAIRES (44 slides; cassette; program guide; S3 ...
$85)
"Mﬁemadvertisingandopinionpollsneanthateve:yoneisfaniliar
wiﬂ:trecaweptoftakjngsarpl&sarﬂadministeﬁngqtmtimirs.
mispmgramprovid&salightheartedintroductiontotheproblens
of sample selection and questionnaire design. The cartoon-style
diagrams enable many important points to be made extremely sinple.
and clear. The merits of collecting information by difect inter-
view and postal questionnaire are compared, and the basic principles
underlying the construction of a good questiomnaire are discussed.
. The necessity of choosing a velid szpling technique is stress:i,
. arxithecmce;tsof.randanarﬂstratifiedsazplinared&scribe&
in more detail. Illusiz'ativee:mtpl&saredracmfranawidevariety
of fields.”

DISTRTBUTIONS (46 slides; cassette; prcgram quide; S6 ... $95)
"Distributions play a fundamentally important part in the study of
Statistics,andstudentsneedtoacquireanmﬂerstarﬁjngofthe
relationship between a distribution curve and the data it renpresents.
This program makes use of many different examples of discrete and
ccntimnzsvariabl&stoecplainﬂaecmsu'uctionoflinedja'grans,
freguency polygons and distribution curves. The calculation of the
of terms such as skew and kurtosis is discussed. The calculation
ard use of the mcde, median and fractiie measures are described. "’
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THE NORMAL DISTRIBUTION (40 slides; cassette; program guide; S7 ... $85)
"Since this is the most important distribution, it is essential for
the student to have a thorough camprehension of what is meant by a
normally distributed variable. This is a quick-paced, highly
visual program in which the Normmal distribution curve is derived as
an approximation to a histogram representation of a distribution of
mean's heights. The significance of the two descriptive parameters, -
the mean and the standard deviation, is explored in depth, and a
discussion of the area under the curve leads naturally to an
explanation of converting any Normal distribution to the Standard
Normal. The far-reaching importance of this distribution is illus—
trated by examples taken fram quality control, medical research
and other fields."




TRANSPARENCIES

GAF Corporation: ] Code Price

Introduction to Statistics (camplete set, 253-760 $144.00

29 transparercies)

Concepts (19 tra sparencies) 253-761 96.00
What is Statistics? (2) 259-489 6.40
What do Statisticians Do? (3) 259-490 7.70
Graphic Presentations (2) 259-491 5.25
Bar Graph (2) 259-492 5.25
Pie Graph (1) 259-493 5.50
Pictograph (2) » 259-494 5.25
Map Chart 259-495 4.05
Frequency Distribution Table & 259-496 6.60

Line Graph (3)
Grouped Frequency Distribution Table, 259-497 7.75
Histogram & Frequency Polygon (4)
The Average Measures of Central Tendency (2) 259-498 5.25
The Arithmetic Mean (2) 259-498S 5.25
The Median (2) 259-503 5.25
The Mode (1) 259-504 4.10
Measures of Variability-Range (2) 259-505 5.25
The Normal Frecuency Distribution Curve (2) 259-509 5.25
Relationship between Variables, 259-512 5.25
Correlation & Regression (2)
Regression-Scatter Diagram (1) . 259-513 4.10
Sampling (2) 259-516 5.25
Sampling Methods (2) 259-517 5.25

Calculations (10 transparencies) 253-762 48.00

Calculation of the Arithmetic Mean fram a 259-500 4.10
Grouped Frequency Distribution I (1)

Calcuiation of the Arithmetic Mean fram a 259-501 4.10
Grouped Freguency Distribution II (1)

Calculation of the Aritrmmetic Mean from a 259-502 6.60

Grouped Frequency Distribution by the
Class Interval Method (3)

The Standard Deviation (2) 259-506 5.25

Calculation of Standard Deviation fram 259-507 - 4.10
Grouped Data (1) -

Calculation of Standard Deviation fram 259-50¢€ 4.10
Group Jata by Class Interval Method (i) ’

Characteristics of the Normmal Curve (1) . 259-51G 4.10

Use of the Nemmal Curve (2) 259-511 5.65

Regression-Calculaticn of Best Fitting 259-514 . 7.35
Straight Line (1}

Correlation-Calculating the Degree of 255-515 . 4.10

Association Between Twc Variables (1)




Lansford Publishing Co.:

EFFECTIVE PRESENTATTON OF DAIA

"Deals with effective presentation of data in graphic forms, such as pie
charts, bar charts, simple line charts, multiple bar and line charts,
pictographs, statistical maps, and others. Fundamental applications and
use of logarithmic scale and charts are discussed.”

W215TAD (17 transparencies, workbook, teacher guide) ......c..... $159.95

FREQUENCY DISTRIBUTIONS

"Includes the following: measurements and scales; graphic presentations;
arrays and frequency distribution tables; freguency polygons; histograms:;
cumulative distributions; discrete versus continuous distributions;
shapes of different distributions; and percentiles.”

W301TAD (14 transparencies, workbook, teacher quide) ............ $139.95

HOW TO CONDUCT A SURVEY

"A brief course for classes where non-statisticians are expected to know
sanething about survey research. Covers problem definition, questionnaire
design,- sampl:mg schemes, tabulation, and presentation of data. Very
practical." %

568AD (17 transparencies, teacher gu:n.de, sample size calculator,

DOOKIEES) tneeveereneeceecncesecncacsacciooscacoe. vocecesccscaces $149.95

QUESTIG\JNAIRE CONSTRUCTION
Ehabl&stheteacheroru-amertoexplaanhowagoodquestmrmalrels

designed, how to avoid cammon pitfalls in question wording, the variety of

answer formats available, how to pre-test questionnaires, how to analyze

questionnaire results, and other features."

5702D (11 transparencies, teacher guide, sample questionnaires) .. $99.55

MEASURES OF CENTRAL TENDENCY

"Covers the concepts of mean, median, a:xinndew:.ththe:.rmethods of
calculation, characteristics, and proper use."

W302TAD (10 transparencies, workbook, teacher guide) ....... eseece $99.95

MEASURES OF DISPERSION :
"Deals with concepts or range, mean deviation, variance, and standard
deviation with other metixods of calculation, characteristics, and use."
+303TAD (13 transparencies, workbook, teacher quide) ...cecceeec.. ©$99.95

TEE NORMAL DISTRIBUTION )

"One of the most important distributions in statistics is discussed and
applications are presented."”

W216TAD (10 transparencies, workbook, teacher guide) ............ $109.95

APPLICATIONS OF RANDOM SAMPLINGS

"Covers polls, T/ ratings, work sampling, sampling applications in
quality control, and other areas. Presents uses of sampl.mg by 0. S.
Bureau of the Census and other govermment agencies.™

W341TAD (18 transparencies, booklet, teacher guide) ...... ceseres $149.95

9]
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REGKESSION AND CORRELATICN ANALYSIS

"Teaches the principles and applications of these important statisticail
tools. No knowledce of statistics is required to understand the material.
The student is £z .t show. how to piot a scatter diagram and handfit a
regression line. After an illustration of the least squares criterion,
goodness of fit is illustrated. Regression coefficients are estimated
and calculated. Explanations and illustrations of starviard error of the
estimate, curvilinear regression, coefficients of determination, and
multiple regression and correlation are shown.”

W102TAD (18 transparencies, teacher quide) .......eeeeeenennen... $175.95

ANALYZING TIME SERIES
"Covers essentials of Time Series Analysis, including defining and
recognizing time series, why time series analysis is important, compo-
nents of a time series, recoynizing linear and non-linear trends,
expressing linear trends mathematically, establishing trendlines through
handfitting and the semi-average method, calculating least-squares trend
lines, moving averages and their characteristics, seasonal indexes,
izing time series, calculating seasonal indexes, determining
cyclical and irregular components, and forecasting through the use of
time series."
1570AD (19 transparencies, teacher quUide) ....ceeeeceeneeeonnn.... $179.95

ABUSES OF STATISTICS

"Transparencies highlight many of the traps into which uninformed students
might fall if they are not aware of ‘the ways in which statistics can be
misused, including creating a misleading impression, looking at the wrong
thing, not telling the whole story, misusing the average, and inferring
cause and effect relationships, among others."” :

W218TAD (20 transparencies, teacher guide) ......ceeceeecoennn... $179.95

COMPLETE COURSE IN STATISTICS

"Designed to present the material normaily covered in an introductory
statistics course, this material requires only a minimm level of mathe-
matical sophistication. Focus is on statistical concepts and their
applications. Handouts for the students are included on each topic. Due
to the volume of materials in this kit, it will not be available on a
preview basis, but a previewing packet is available on request.”
Includes: Effective Presentation of Data (W215T2D), Frequency
Distributions (W301TAD), Measures of Central Tendency (W302TAD), Measures
of Dispersion (W3"3TAD), Probability (W107T2D), The Normal Distribution
(W216TAD), Randam Sampling (W340TAD), Applications of Randam Sampling -
(W341TAD) , Hypo*hesis Testing (1429AD), Regression and Correlation
Analysis (WL02TAD), Chi-Square Test (WS301TAD), Analysis of Variance
(W306TAD) , and Abuses of Statistics (W218TAD).

W406KAD (195 transparencies, random number dice, binomial

demonstrators, teacher guide, workbooks, reference materials) .. $1,824.00

3M Campany:
Introduction to Probakility 15-0245-9
Analytic Gearetry - The Straight Line 15-0253~3
Aalyzing Graphs and Charts 15-2563-3
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(Pach title consists of a packet of 20 originals from wihich to make
transparencies. $2.75/title) . '

United Trzosparencies, Inc.:

Basic Statistics {23 transparencies with teacher guide) BS-S $36.30
Tabulating Test Scores in a Frequency Distribution Ma 2400 1.65
Tabulating Test Scores in a Short Method, 10 pt., Ma 2401 1.65

C.1l

Tabulating Test Scores Short Method, 5 pt., c.i. M= 2402 1.65
The Frequency Polygon Ma 2403 1.65
The Histogram Ma 2404 1.65
Cumilative Freguency Ma Z:%7 1.65
Cumlative Frequency Curve Ma 2auo 1.65
Theoretical Normal Curve Ma 24G7 1.65
Negative Skewness Ma 2498 1.65
Positive Skewness Ma 2409 1.65
Frequency Distribution Ma 2410 .1.65
Scores in the Interval Ma 2411 1.65
Arithmetic Mean Ma 2412 1.65
Statistical Mean (ILanguage Scores) Ma 2413 1.65
Statistical Mean (Reading Scores) Ma 2414 1.65
Median Scores Ma 2415 1.65
Percentile Ma 2416 1.65
Standard Deviation v Ma 2417 1.65
Correlation Coefficient : Ma 2418 1.65
Normalized T. Score : Ma 2419 1.65
Relation Between Various Types of Derived Scores Ma 2420 1.65
Typical Standard Scores : Ma 2421 1.65
Canplete Normal Curve . Ma 2422 1.65
92

91




MISCELLANEOUS

Lansford Publishing 0., Inc.

WALICHARTS FOR SiR(ISTICS (2060AD (8 wallcharts sold only as set).$89.95)

Ead1<:hartls.$5w4: inches. Printed on heavy stock.

. 'Iheeffectofsanplesmearxishapeofmversemﬂmedlstnmum
of means of randaom samples.

. Table of areas under the normal curve.

3. The nomal distribution.

The us2 of the table.of t-values.

5. Effect of sample size on the distributicn of means.

The significance of the coefficient of correlation.

Validity of psychological tests.

. Semi-logarithmic charts and arithmetic charts.

N

o
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LaPine Scientific Campany

PROBABIT.ITY AND STATISTICS 1AB . ’ (2-08864E ... $32. 00)
Materials provide an mtroductmn to demonstration of elements of
probablhtyandstatlstlcsbyasenesofﬂsugg&stedexperimnts
described in 120-page manual. Features coin tossing machine which can be
set to toss heads continuously, or with adjustment can be altered to 50%
probability or other intermediate value. Also inciuded are satplmg
baxes, a set of dice, nurbered cards, a Hexstat unit, an arrow spinner,
ad:.stmcescalemmc}mandtenths, and other material correlated to
text. Chapter titles include: Even Scattering; Uneven Scattering;
Randam Numbers; Conclusions fram Samples; The Nommal Distribution; Randam
Digits.

HEXSTAT PROBABITITY AND STATISTICS UNIT (2-08863E .... $6.86)
When Hexstat is held upright, 300 smalil steel balls pour down © ugh a
network of hexagonal chamnels and are distributed into 9 paral. .. colums
to varying heights, producing a bellshaped distribution curve. Repeated

readings verify the results. With teacher's manual.

NORMAL, DISTRIBUTION CURVE (z-03964E ... $23.00)
For fastgraphnmgandaccuratechalkboarddrawingofthemrveillustr&-
ting the nommal probability distribution. Base of curve, 80 cm; height,
40 cm.

NORMAL CURVE TEMPLATE  (2-03960E .... $2.00)
Size 6" x 3%" x 0.030". T

VARIATION KIT: NORMAL DISTRIBUTION OF

CHARACTERISTICS CF A SPECIES (z-08834E ... $15.50)
Introduces the fundamentals of statistics and "real” data. An attempt is
made to determine whether plant populations exhibit the same general kind
of variations as is found in humans. Contains: 30 packets of sunflower
seeds; 22 uniformity containers; 22 container channels; 1 vinyl mount;

1 plastic storage bag; 1 pad of data charts, inst: ction manual.
30-stdent kit. 9'3
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Jacob Way
Reading, Massachusetts 01867

American Statistical Association
Suite 640, 806 Fifteenth Street
Washington, D.C. 20005

" Benjamin/Cummings Publishing Co.
2725 Sand Hill Road
Menlo Park, California 94025

Blackie and Scn, Ltd.
450/452 Edgware Road
Iondon W2 1EG
UNITED KINGDOM

Conference Board of the
Mathematical Sciences

832 Joseph Henry Building

2100 Pemnsylvania Averme, N.W.

Washington, D.C. 20037

Ginn and Campany

A Xerox Corporation

191 Spring Street

Lexington, Massachusetts 02173

Holden-Day, Inc. )
San Francisco, California

Bolt, Rinehart & Winston
383 Madison Aveme
New York, New York 10017

John Wiley and Sons, Inc.
605 Third Averme
New York, New York 10016

J. Weston Walch, Publisher
321 Valley Street
“Portland, Maine 04104

McMillan Publishing Co., Inc.
866 Third Avenue
New York, New York 10022

PUBLISEZERS

McGraw-Hill Book Co.
1221 Aavemie of the Americas

New York, New York 10020

National Council of Teachers of
Mathematics

1906 Association Drive

Reston, Virginia 22091

Oxford University Press
200 Madison Avenue
New York, New York 10016

Prentice-Hall, Inc.
Englewood Cliffs, New Jersey 07632

Schools Council Project on
Statistical Education

Department of Probability and
Statistics

The University

Sheffiend S0 2IN

UNTTED KINGDOM

Scott, Foresman and Campany
1900 East Lake Averme
Glenview, Illinois 60025

Silver Burdett Campany
250 James Street
Morristown, New Jersey 07960

W, H. Freenan and Co., Publishers
669 Market Street
San Francisco, California 94104

W. & R. Chambers, Ltd.
11 Thistle Street

Ed:mhn’ghz

W. W. Norton and-Campany, Inc.
500 Fifth Averme
New York, New tork 10031

Wadworth Publishing Co., Inc.
10 Davis Drive
Belmont, California 94002
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SCURCES OF AUDIO VISUAL MATERIALS

Camparny

Film Services of Hawaii
205 Kaiihi Street
Honolulu, Hawaii 9681Z
(808) 848-0809

Films, Incorporated
1144 Wilmette Avenue
Wilmette, Illincis 60091

The Food Processcrs Institute
1133 20th Street NW
Washington, D.C. 20036 -

(202) 857-0890

GAF Corporation
Audio/Visual Order Department
Binghamton, New York 13902

Great Plains National
Box 80669

Lincoln, Nebraska 68501
(402) 472-2007

Indiana University
Audio~Visual Center
Bloomington, Indiana 47401
(812) 337-2105

ILansford Fublishing Camnpany
1088 Lincoln Averue

P.O. Box 8711

San Jose, Califarnia 95155

lLaPine Scientific Company
Department E4

920 Parker Street

Berkeley, California 94710
(415) 845-3614 :
Michigan State University
Instructional Media Center
East Lansing, Michigan 48824
(517) 353-4473
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Preview Policy

All films are available to educators
on a free loan service.

No previews are available for rental
cansideration. Audiovisual directors
may preview on 16 mm for purchase

All items are shipped on 30-day
approval, but school will be invoiced
during the approval period. Materials
may be returned within the approval
period.

Preview kits available.

No previews—rental rate covers

transportation charges only.

Requests for previews will be
charged a $10 per item restocking
fee.



10.

Campany

Prismatron Productions, Inc.
155 Buena Vista Avenue
Mill Valley, California 94941

3 Campany

Visual Products Division
3M Center

St. Paul, Minnesota 55101

United Transparency, Inc.
P.O. Box 688
Binghamtin, New York 123332

6
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Preview Policy

All programs are available on
approval free of charge or obliga—
tion for a period of 30 days.

Preview filmstrips are available
for 15 days on rost sets of

“END OF DOCUMERT"



