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Preface

v

The USMES Project

.
.

Unified Sciences and Mathematics.for Elementary Schools:
Mathematics and the Natural, Social, and Communications '
Sciences In Real Problem Solving (USMES) was formed in re~
sponse to the recommendations of the 1967 Camb dge Con-~
ference on thé Correlatipon of Science and Mathematics in the
Schools.* Since its inception in 1970, USMES| has been '
funded by the National Science Foundation to develop and
carry out field trials of interdi?ciplinary units centered
on long-range investigations of real and practical problems
(or "challenges") taken from the local school/community
environment. School planners can use these units to design
g flexible curriculum fqr‘gredes one through eight in which
real problem solving plays an important role.

Development and field trials were carried out by teachers -

and students in the classroom with the assistance of univer-
sity specialists at workshops and at occasional other meet~
ings. The work was coordinated by a staff at the Education
Dévelopmqnt Center in Newton: Massachusetts. In addition,
the staff at EDC coordinated implementation programs in- )
volving schools, districts, and colleges that are carrying
out local USMES implementation ‘programs for teachers and
schools in their area. )

Trial editions of the following units are currently
avallable:.

Advertising Nature Trails

Bicycle Transportation Orientation
Classrgom Design - Pedestrian Crossings
Classroom Management . Play Area Design and Use
Consumer Research Protecting Property
Describing People ! #School Rules
Designing for Human Proportions  School Supplies
#Design ,.Lab Design , School Zoo '
{#fEating in School | Soft Drink Design
Getting There Traffic. Flow

Growing Plants - . #Using Free Time
Manufacturing ‘ . Ways to Learn/Teach -
Mai7'Communications . Weather Predictions,

*
T

*Seg Goals for the Correlation of Elementary Science and .
Mathematics, Houghton Mifflin Co., Boston, 1969.

#Available fall 1976. .
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In\responding tosa long—range challenge, the students
and teachers often have need of a wide range of" resources.
In fact, all of the people and materials in the school and
c nity are important resources for USMES activities.
USMES provides. rgsources in addition to these. One resource
for students is the Design Lab or its classroom equivalent:
using.the tools:-and supplies available, children can follow
.through on their ideas by constructing guring tools,
testing apparatus, models;. etc. Another resource for stu-
dents is the "How To" Cards. Each set of cards gives infor-

mation abdut a specific problem; the students use-.a ‘set only*

when they-want help on that particular problem.

Severa} types of resources are available for teachers:
the USMES Guide, a Teacher Résource Book for each’ challenge,
Background Papers, a Design L&b ‘Manual, and a Curriculum
Correlatlon Guide. A complete s€t of all these written -
materials comprise what is called the USMES library. This
libraxy, which shotild be aVailable in each‘school using
USMES units, contains the following:

-
1. The USMES Guide . : o .

The USMES Guide is'a compilation of materials
,fthat may be used for long-range planning of a
curriculum that incorporates,the USMES program.
In addition ta, basic ‘information about the '
project, the challenges, and, related materf’ls,
it contains charts assessing the strengths of
* the various challengeg in.terms of their- pos-

sible subject area content,: L o .

[
J}\ .t

2. 'Teacher Resource Books (one for each challenge)
4 i
Each book contains a descriptioﬁ%pf the USMES
approach to real problem=solving dctivities,
general information abo&ixthe partidular unit,
edited logs of class ac;ivi;f%s* other written
materials relevant to the unit, ahd charts: :
! that indicate the bagic skills, processes, and., .,
areas of study that may be 1ﬁarned and utilized
as students become engaged ih certain possible
activities. ' '

P

. T : RN
* . | .
‘3. Design Lab’Manual . 3
This coﬁtains sections on the style of Design, Lab
activities, safety cOnsiderations, and aft’ inventory

.
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of tools and supplies. Because many ''hands-on"
activities may take place in the classroom,

the Design Lab Manual should be made available
to each USMES teacher. - .

4. "How To" Cards
These short sets of cards provide information
to students about specific problems that may .
arise during USMES units. Particular computa-
tion, graphing, and construction problems are
discussed. A complete list of the "How To'
Cards can be found in the USMES ‘Guide.

5. Background Papers

These papérs are written to provide information .
for the teachers on technical problems that
might arise as students carry on various inves-
. tigations. A complete list of the Background
Papers can be found in the USMES Guide.

6.. Curriculum Correlation Guide _
This volume is intended to coordinate other
curriculum materials with the Teacher Resource
Books and to provide the teacher with the means
‘to integrate USMES easily into other school,
attivities and lessons.

. \ .

The preceding materials are described in brief in the
USMES brochure, which can be used by teachers and adminis-
trators to disseminate information about the program to the
local community. A variety of other dissemination and im-
plementation materfals are also available for individuals
and groups involved‘in local implementation programs. They
include Preparing People for USMES: An Implementation
Resource Book, the ' USMES slide/tape show, the Design Lab
slide/tape show, the Design Lab brochure, the USMES newslet-
ter, videotapes of classroom activities, a gene:g} report on
evaluation results, a map showing the locations: of schools
conducting local implementation of USMES, a list” of experi-
enced USMES teachers and university consultants, and news~-
paper and magazine articles.

\ S
Besides the cohtributors listed at the beginning of the
book, we are Qeeply indebte@lto the many elementary school

I .
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childpen whose investigggZons of the challenge form the

basiff for this book. Without their efforts this book would
not have been possible. Many thanks to the Planning Commit-
tee for their years of service and advice. Many thanks also
to otherymembers of the USMES staff for their suggestions

and advice and for their help in staffing and organizing the
development workshops. Special thahks also go to ChristopHer
Hale for his efforts as Project Manager during the develop-
ment of this book. ! ¢

.

Because Tri-Wall was tb nly readily available brand of
three-layered cardboard -at the time the project began, USMES
has used it at workshops and in schools; consequently, ref-
erences to'Tri-Wall can-be found throughout the Teacher Re~
'source Books.- The addresses of companies that supply three~-
layered cardboard can be found in the Design Lab Manual.
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Using the'Teacher Resource Book -

-
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When teachers try a new curriculum for the first. time,
they need to understand the philosophy behind the curriculum.
The USMES approach to studenp—initiatedhinyﬂétigations of
real problems is outlined in section A of this Teacher Re-
source Book. ¢ s ‘

Section B staﬁfs with a brief overview of possible stu-
dent activities arising from thé challenge; comments on pre-
requisite skills are included. 'Following that is a discus-
sion of the classroom strategy faor USMES real problem-
solving activities, including introkiyction de the chgllenge,
student activity, resources, and Des%gn Lab use, Subsequent .
pages include a description of the use of the unit ih pri- -é
mary gradés, a flow.chart and a composite log that indicate
the range of possible student work, and a 1ist of questions “
thHat the teacher may find useful for focusing the students’
activities on the challlenge. .

Because studerits initiate all the activities in response
to the challenge and because the work of one class may dif-
fer from that undertaken by other classes, teachers, famitiar —
with USMES need to read only sections A and B before intro-
ducing the challenge to students. ° ..

' Section C of this book is the documentation section. .
{:eée edited teachers' logs show the variety of ways in | '
which students in different classes have worked at finding

a solution to the challernge. ‘

Section D contains a 1list of the titles of relevant sets
of "HowlTo" Cards and brief descriptions of the Background
Papers pertaining to the unit. Also included in sectiorn D
1s a glossary of the terms used in the Teacher Resource Book
and an annotatea'bibliography. s :

Section E ‘contains charts that indictate the comparative
strengths of the unit in terms of real problem solving,
mathematics, science, social science, and language antg. It
also contains a list of explicit examples of real problem
solving and other subject area gkills, processes, and areas
of study learned and utilized in the unit. These charts and * .
lists are based on documentation of activities that have
taken place in USMES classes. Knowing ahead of time: which
basic skills and processes are likely to be utilized, teach-.
ers can postpone teaching that bart of their regular program
until latér in the year. At that time students can study
them in the usual way if they have not already learned them
as part of their USMES activities.

e
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A. Real Problem Solving and USMES - , , .
. N \‘
If life were of such.a constant natpre that
there were only a féx chores to do and they were
i done over and over ih exactly the same way,' the
{ . case for knowing how to solve problems would not
T et be so compelling. All one would have to do would
. ) be to learn how to do the few jobs at the outset.
From then on he could rely on memory and habit.
Fortunately--or unfortunately depending upon one's
point of view--life is not simple and unchanging.

' C. . - Rather it is changing so rapidly that about all we
- ) can predict is that things will Be different in the
. ’ future. In such a world the ability to adjust and

td solve one's problems is of paramount importance.*
! : .
Real Problem Solving - . + USMES ig based.on the beliefs that real problem solving
. is an important’ skill to be learned and that many math, ~ e
science, social science, and language arts skills may be
learned more quickly and eagily within the context of gtu-
- ~dent investigations of real problems. Real problem solving,
< ’ as exemplified by USMES, implies a style of education which
i e . et + * involves ‘students in investigating and gplving real problems.
., It provides the bridge between the abstractions of the
\\ % . school curriculum and the world of the student. Each USMES
. .unit presents a problem in the form of a challenge that is
. : : \ interesting to children because it is both real and prac-
) ' . : . tical. The p%oblem_is real in geveral respects: (1) the
problem applies:to some aspect of student, life in the school
. or community, (2) a solution is needed and not presently
: ' ' " +known, at least for the particdlar case in question, (3) the
. : students must consider the entire situation with all the ,
accompanying variablés and complexities, and (4) the problem -.
* + 18 guch Ehat the: work done by the students can lead to some
. . v . . * improvement in the situation. This -expectation of useful
o » . accomplishment provides the motivation for children;to catry
out the comprehensive investigations needed to find some
solution to the challenge. = ° , .
" The level at which the children approach the problems,
the investigations that' they ‘carry out, and the solutions

/’ L]

.

. *Kenneth B. Henderson and Robert E. Pingry, "Problem-Solvihg

in Mathematies," in(The Learning of Mathematics: Its Theory
. and Practice, Twenty-first Yearbook of the National Council
169 N of Teachers of Mathematics (Washington, D.C.: The Council, '
’ \ 1953), p. 233. . : . ' : 140 b
. a . . ' . ;.‘4.9
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that they devise may vary according to the age and ability
of the children. However, real problem solving involves

Jthem, at some level, in all aspects of the Jproblem-solving
process: definition of the problem; determination of the
important factors in the problem; observation; measurement;
collection of data; analysis of the data using graphs,
charts, statistics, or whatever means the students can find;
. discussion; formulation and trial of suggested solutgtns,
clarification of values; decision mgking; and communications
of findings to others. In addition, students become more
inquisitive, more cooperative in working with others, more
critical in their thinking, more self-reliant, and more in-
terested in helping to improve secial conditions.

To learn the process of real problem solving,.the stu-
dents must’ encounter, formulate, and find some solution to
complete and realistic problems. The students themselves,
not the teacher, must analyze the problem, choose the vari-

,ables that should be investigated, search out the facts, and

judge the correctness of their hypotheses and conclusions.
In real, problem-solving activities, the teacher acts as a_
coordinator and collaborator, not" an authoritative answer—
giver. N

The problem is' first reworded by students in specific

,terms that apply to their school or community, and the

various aspects of the problem are discussed by the class.
The students theh suggest approaches to the problem and set
priorities for the investigations ‘they plan to carry out.
A typical USMES class consists of several groups working on
different aspects of the problem. As the groups report
periodically to the class on their progress, new directions °
are identified and new task forces are formed as needed.
Thus, work on an. USMES challenge provides students with a -
"discovery-learning action—oriented" experience.

Realxproblem solving dees:not rely solely on the
discovery-learning concept. In the real world people have
access té’ certain facts and techniques when they recognize
the need for them,”’ The same should- be true in the classroom.
When the students find that certain facts‘and sk{lls are
_necessary fdr continuing their investigation, they learn
willingly and quickly in a mone directed way to acquire
these facts and skills. Consequently, the students<should
have available different resources that they may use as
they recognize the need for them, but they should still.be
left with a widexscope to ,explore their own ideas and °
methods. . \

»
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Certain information on specific skills is provided by the
sets of USMES "How To" Cards. The studths are referred
only to the set for which they have clearty identifted
need and only when they are unable to proceed on their own. -

. *Each "How To" Cards title clearly indicates the skill in-

oL volved--"How to Use a Stopwatch," "How to Make a Bar Graph
Pjcture of Your Data," etc. (A complete list of the "How

- . To" Cards can be found in Chapter IX of the USMES Guide.)
Another resource provided by USMES is the Design Lab or
its classroom equivalent. The Design Lab provides a cen- -
tral location for tools and materials where devices may be
constructéd and tested without appreciably disrupting other
classroom activities; Ideally, it 1s a separate room with

. space for all necessar? ‘supplies ‘and equipment and work

.space for the children. However, it may be as small as a

corner of the ‘classroom and may contain only a few tools and

supplies. Since ;he'benefits of real problem solving can be

obtained by the students only if they have 4 means to fol-

‘low up ‘their ideas, the availability of.a Design Lab can be

a very important asset. . .
AL . Optimally, the-operation of the sthool's Design Lab -~

© ¢+ 7 'should be such as to makeé it availahle to the 'students when-

’ ever they need it. It should be aj free as.possible from

set scheduling or programming. The students. use the Design

Lab to try out thdlr own ideas and/or to design,, congtruct, |,

test, and improve opny devices\initiated by their responses

to the USMES challenges. While this optifium operation of
the' Design Lab may not always be possible duw to varioys '
limitations, "hands-on" activities may- take placesin the
classroom eVen though a Design Lab may -not be available.

(A detailed discussion of the Design Lab can be found in

Chapter VI of -the USMES Guide, while a complEte '1ist of "How -

To" Cards cOVefiﬂg such Design Lab skills as :sawing, gluing,

- nailing, soldering, is contained in Chapter IX.) . .

. Work on all'USMES ‘challenges *is not only sufficientPy
complex to require’ the collaboration of the whole class but
also diverse enough to enable each student to contribute
according to his/her interest and ability. However, it

.' " should be noted that if fewer than ten to twelve students
. A from the .class are carrying out the investigation of a urit.
' challenge, the extént of their discovery ‘and léarhing can be °
. expected to be less than if more members. of the class are
] involved. 'While it is possible for & class to work on two
related units at the same time, in many classes the students
progress better with just one. .,
R " .The amount of, time spent each weekkworking ori an UéMES
challenge is cfucial tq.a successful resolution of the .

* » ! ' . - N
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problem. Each challenge is designed po that the various
investigations will take from thirty %o forty-five hqurs,

depending o the age of the children, before some solution
to the problem is found and some action is taken on the
results of the investigations. Unless sessions are held at
hleast two or three times w week, it is difficult for the
children to maintain their interest and momentum and to be-
come involved intensively with the challenge.” The length of ,
each session depends ypon the age lewel of the children and
the nature of the challenge. For example, children in the
primary gradesl may proceed better by working on the challenge
* more frequently for shorter periods-6f time, perhaps fifteen
to twenty minutes, while: older children may proceed better.
by wotrking less frequently'for much longer periods of time.

Student interest and the overall accomplishments of the
class in finding and implementing solutions to the challenge
Yndicate when the class's general participation in unit
activities should end.! (Premature discontinuance of work
on a specific challenge is often due more to waning interest
‘on the part of the ‘teacher tham to that of the students.) °
However, some students may continue work on a voluntary
basis on one problem, while’the others begin to ddentify .
possible approaches to another USMES challenge.

7 .
L Although individual (or group) discovery and student
initiation of investigatioms. is the process in USMES units,
this does not imply the gonstant encouragement of random
activity. Random activity has an important place in
children's learning, and opportunities for it should be
made available at various times. During USMES activities,
,however, it is believed that childyen learn to solve real
problems only when their efforts are. focused 'on.finding
some solution\to the real and practical problem Presented
in the USMES challenge. It has been found that students
are motivated to oVercome many difficulties and frusttations
in their efforts to achieve the_goal of effecting zome
change or at least of providing some useful information to
others. Because the children's commitment‘to finding a
solution‘to the challenge is one of the keys to' successful -
'USMES work, it is extremely important that the challenge be*
introduced so, that it is accepted by the class as an im-
portant problem to which they are willing to devote a com~ °
siderable amount of time. "

The challejge not,only motivates the children by stating
the problem but also provides them with a criterion for
judging their results. This criterion--if it works, it's
right (or if, it helps us find an anSWer to our problem, it s’

TN
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a good thing to do)+~-gives'the children's ideas and results
a-meaningwithinm the conted of their goal. Many teachers ’

. have® found this concept io be a valuable strategy that not ‘//
- only allows the teacher, fo respond positively to all of the
. children's ideas but also helps thé children themselves to
Lot " judge the value of their efforts.

, ‘ ' With all of the above in mind, it can be said that the
© teacher's responsibility in the USMES strategy for odpen .
classropm activities is as follows:

< 1. 1Introduce the challenge in a meaningful wéy ot
® . . that not only allows the children to relate .
it to their particular situation but also f
: . opens up various avenues of approach. s

-~ 2. Act as a coordinator and collaborator. Assist,
. | e, , DOt direct, individuals or groups of students
.. " as they'investigate different aspects of the.
problem. , . ’ '

[
v
kY

3. Hold UéﬁES sessions at least éﬁb or thrgp times

a week so'that the children have a chance to be-
come involved in the challenge and carry out
o —— comprehensive investigations.

4. Provide the tools and supﬁlies necessary for

R initial hands-bn work in the classroom or make
arrangements for the children to work in the. -
\ . Design Lab.

. haaN
5. Be patiént in letting the children make their
own mistakes and find their own way. Offer
assistance or point out sources of Belp for
specific information (such as the "How To" . '
Cards) only when the children become frustrated i7
Y in their approach to the problem. Conduct ' ~
" skill sessions as neoessary. ‘

6. - ProvJ;e frequent opportunities for group reports

. and student exchanges of idead.in class dis-

R cussions. In most cases, students will, by . '
‘their owjacritical examination of the procedures

they have used improVe or set! new directions

in their_investigat;oqé. -

. < s '




i 7. If necessary, ask appropriafe questions to stim-

e ~-;~~ v - ulate the students' thinking so that they will
make more extensive and comprehensiye investiga-
. ' ‘ tions or analyses of their data.

. L]

. . ) \ , ¢
8.  Make sure that a sufficient number of students -

(usually ten to twelvedare working on the
. challenge so that activities do not become
- . " fragmented or stall. \

s,

the progress they make in finding some solution to the
. challenge, not by following a particular line of investiga-
’ ; tion nor by obtaining specified results. The teacher's .
‘role in the USMES strategy is to provide .a classroom at-
. \ mpsphere in which all students can, ‘in their own way,
. search out some solution to the challenge. C oy

- ' Student success in USMES unit activities is indicatez/py'

USMES in the Total School Program . "Today many leading educators feel that real problem
l : . solving (under différent names) is an important skill to
~ ~— be learned. In this mode of IEarning particular emphasis
- . ‘I . is placed on ‘developing skills to deal with real problems
. rather than the skills needed to obtain "correct" answers
to cdntrived problems. Because of this and because of the
interdisciplinary nature of both the problems and the re-
sultant investigations, USMES is ideal for use as an impor-
tant part of the elementary school program. Much‘of the
me ° normally spent in the class on the traditidnal ap-
prodches to mdth, science; social s¢ience, and language
arts skills cag be safely assigned to USMES activities. In
f%ct, as much as one-fourth to one-third of the total school®
- program might be allotted to work on USMES challenges.
' : Teachers who have worked with USMES for several years have
» each succeeding year successfully assigned to USMES activ~
- ities the learning of a greater number of traditional |
toe . skilld, In addition, reports have indicated that students
’ , % retain for a long time the skills and concepts learned and
e . ¢ ' practiced during USMES activities. Therefore, the time
“ ) - i normally 'spent in. reinforcing required skills can be greatly
S . . reduced if thede skills are learned and practiced in the
. l i context of real problem solving
. t . Because real prbblem—solving activities cannot possibly N
f 3 . cover all the skills and concepts in the major subject
. T -areas, other curricula as well as other learning modes
- . . (such as "lecture method," "individual study topics," or
o \programmed Instruction) need to be used in conjunction with
Q ' _ . U USMES in an optimal education program. However, the other
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inst:uction will be enhanced by the skills, motivation, and
understanding provided by real problem solving, and, in
some cases, work on:an USMES challenge provides the context
- within which the skills and concepts of the major subject
. ¢ - areas find application. ‘
. ‘ : In order for real problem solving taught by USMES to have
an optimal value in the school program, class time should be
! apportioned with reason and forethoughtn and the sequence
of challenges investigated by students during.their years. in .
. elementary school should involve them in a variety of skills
- ) and processes. Becduse all activities are initiated by stu- -
dents in response to-the challenge, it is impossible to -
state unequivocally which activities will .take place. How-
, ever, it '1s possible to use the documentation‘of activities
¢ ) ‘/that have taken place in USMES trial classes to schedule in-
struction on the specific skills and processes required by
: the school system. Teachers can postpone the traditional
. "~ way of teaching the skills ‘that might come up in work on an
) USMES chgllenge until later in the year. At that time stu-
| R dents can learn the required skills in the usual way if they l'
' ) have not already learned them during their USMES activities.
| These basic skills, processes, ‘and areas- of study are _
! listed in Charts and 1lists contained in each Teacher Resource
! Book. A teacher can use these charts to decide on an qver-
all allocation of class time betweem USMES and traditional
J T earning in the major subject .disciplines. Examples’of in-
- ividual skills and processes-are also given so that the
: . teacher can see beforehand which skills a student may en-
. counter during the course of his investigations. These
charts and lists may be found in section E.

-

E 3
f , .
Ways In Which USMES Différs From Other ' As the foregoing indicates, USMES differs significantly
Curricula from other curricula. Real problem solving develops the
" problem-solving ability of students .and does it in a way . .
(learning—by—doing) that leads to a full un&erstanding of. |
N the process. Because of the following diffetences, some
teacher preparation 1s necessary.  Some teachers may have
g " been fntroduced by othef' projects to several of the follow-
ing new developments in education, but kew teachers have - ]
%\ integrated all of them into the new stylé of teaching and
learning that real problem solving involves. '

‘ ) 1. New Area of Learning-~Real problem solving is a
{ ’ new area of learning, not just a new approach or N
. N a new content within an already-defined subject

.area. Although many subject-matter curriculd,

’ e ‘Y N . ‘UO f e . R ! o
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‘include something called problem solving, much-of
’ this. problem solving involves contrived problems

or fragments of a whole situdtion and does not
require the cognitive skills needed for the in-
"vestigation,oﬁ real and practical problems.
Learning the cognitive strategy required for real
problem solving is different from other kinds =~
of learning.

Interdisciplinary Educat fon~-Real problem, solv-
ing. integrates the disciplines in a natural way;
there is no need to impose a multi—discipiinary
structureX Solving real and practical problems *
requires the application of skills, concepts,

and processes from many- disciplines, The number
and range of disciplines are unrest ted and .
.the importance of each is demonstrated in work-
ing toward the solution of practical problems.

4 : .

- Student Planning-<To learn the process of prob-

lem solving, the students themselves, not the
teacher, mﬁst analyze the problem, choose the
variables that should be investigated, search ‘
out the facts, and judge the correctness of the -
hypotheses and conclusions. In real probleﬁ-
solving activities the teacher acts as a

coordinator and collaborator, not as

authoritative source of answers.

‘Learning—by*Doing—-Learning-by—doing, or discov-

' ery learning as it is sometimes called, comes
about naturally in real problem solving since

_ the problems tackled by each class have unique

- aspetts; for example, 4#fferent lunchrooms or
pedestrian crossings have different problems
associated with them and, consequently, unique
solutions. The challenge, as.defined in ‘each
situation, provides the focus for the children's
hands-on learning experiences, such as collecting

. real data; cdﬁstructing measuring .instruments,
scale models, test equipment, etc.j trying their.
suggested improvements; and (in some.units) pre-
paring reports and presentations of their findings
for the proper authoritieé “

Learning Skills and Concepts as Needed—-Skills
and concepts are learned in rea% problem ‘solvipg
. L}
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as the need for them ariges 4n the contéxt
- of the work being done, rather than having a
* ’ situation imposed-by the teacher or the text-
© ' book being used. Teachers may direct this ° ‘
. i ' learning when the need for it arises, or stu-
' dents may search out information themselves _-
from resources provided. '

&

) ! 6. Group Work--Progress toward a solution to a
‘ Y real problem usually requires the efforts of
. ) groups of students, not just individual stu-
- ) dents working alone. Although some work may~
. be done individually, the total group.effort r
. ) . provides good opportunities for division of
: labpor and exchange of ideas among the groups
and individuals. The grouping is flexible
and.changes in order ‘to meet the needs of the
=~ different stages of investigation. - . %
. o

o

7. Student Choice--Real problem' solving offers i
classes the opportunity to work on problems
oo ’ ‘ “that are real to“them, not just to thé adults _—
—e . —~ - whc‘ prepare the curriculum. In addition, p—
: c ' "o students may choose to investigate particular
c ‘ aspects of the problem according to their . ‘ ;
oo . . interest..' The variety of activities ensuing
A from the challenge allows each student to,

B ’ < make some contrib_utio'n towards the solution of

. 4 , , theﬂgroblem according to his or her ability and
$ . ) to learn spécific skills at a time when he.or ()

: ' she is ready for that partfcular intellectual '

' . structure. , ..
‘~. / ) " . . -
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B. General Papers on Traffic Flow
L] .

v

1. OVERVIEW OF ACTIVITIES
Challenge:

Recommend and try to have a change
accepted so that the flow of traffic
will be improved-at a nearby problem
location. \

Pdssible Class Challenges: .

How can the flow of traffic around
the traffic circde be, im-
proved so that children may cross

Investigate ways to change traffic
" patterns so that school buses could
go faster along , Avenue.
Try to have your recommendation
_ accepted.

Make Street a safer street
to ride bicycl#s along.

l,‘¢;~"“”fhe street safely andvmore quickly.™

N

Although children do not drive automobiles themselves,

" they are often endangered or inconvenienced by rush-~hour
traffic jams, speeding cars, and long waiting periods on
street corners. Frequently, problems in crossing a street
at an intersection may be solved during work on a Pedestrian
Crossings challenge as children,recommend the installation
of stop signs or traffic signals or request that "WALK"
lights be left on for longer periods of time. In many cases,
children working on a'Pedestrian Crossings problem will find
that the best solution is to change the flow of automobile
traffic at a dangerous intersection, leading to work on a
Traffic Flow challenge. 2 o '

In other cases a Traffic Flow problem will arise when the
class finds that fast-moving cars endanger children riding
bicycles or playing near or along a particular street. Some-
times class discussions of traffic jams or accidents at par-
ticular intersections or of problems children encounter while

" walking or riding the bus to school may lead to work on a
Traffic Flow ¢hallenge (e.g., "What can we do to help cars
move -more quickly through the intersection of X and Y {

" streets?"). " Children might conduct a survey or study of —~

traffic problems in the area before focusing on a challenge™
which concerns a particular problem location. ,
Once a target location has been chosen, the children hcld
class discussions to decide what things they need to know
about the traffic patterns of the particular street or inter-
section. They identify some of the things that they feel
can be improved at the problem location, such as speeds of
automobiles or amount of time cars take to get through the
intersection. ‘ )
Working in groups, children may take photographs or movies
.of the area to document heavy traffic flow, "bottlenecks"
that create traffic jams, or hazards to pedestrians and cyr
clists. They may interview local residents, store-owneré,
city officials, or other studepts to collect additional evi-
dence of the problem and ideas for possible solutions. Other
students collect quantitative data on the traffic problem.
They may record arrival times of cars at the intersection or

"

" wtime cars passing between two points to determine speed.

Other important data may be obtained from counting cars pass-
ing a particular point-'or stretch of roadway. This informa-

)
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tion may be used to calculate traffic volume at the problem
location. Classroom trial of traffic flow (children acting
as cars) is beneficial as a means of testing data collection
methods., . . .

Once children have collected data through survey or mea-
surement activities, they may make graphs to help in analyz-
ing their information. Histograms of car speeds, bar graphs
comparing traffic flow at different locations (or the same
location at different times of day),- and conversion graphs
to help change car speeds from feet per second to miles per

 hour will be particularly useful to students working on a
Traffic Flow problem. .

Students may use the information obtained from graphs and
data analysis for helping them decide on a particular solu-
tion to recommend to authorities. Older students may design
simulation experiments, using data already collected, to try
out some of their ideas. Possible sqlutions to various traf-
fic problems include: rerouting traffic by means of one-way
streets; imposing parking restrictions; constructing over-
passes, underpasses, or access roads to highways; changing
speed limits; increasing local bus services; or promoting
car .pools for commuters. » .

" If the solution might involve a new road design, students
may construct scale models in the Design Lab or draw scale
maps to compare alternatiye designs. . :

In addition, they may want to obtain data on amount: of
curvature or length of acceleration and deceleration lanes.
Other types of information they may need include data on
sight distances or car braking distances. R

Students may also research local traffic regulations and
enforcgmﬁnt procedures or investigate accident statistics,
or spot maps. They might conduct cost analyses of their al-
ternatiye solutions to ¥nd out which are the least expen~-
sive. If their solution involves a rerouting of traffic or
construction of a roadway, they will find it helpful to
obtain land use plans for the area to compare their sugges- .
tions with officially proposed changes.

Before promoting their solutions,' the children will need |,
to consolidate, their: work, arrive at a final set of recom-
mendations, and prepare their presentation to the authori-~

-ties--local ,or state traffic 6fficials. If their solutions

are accepted and implemented soon after presentation, chil~-

Jdren might conduct follow-up studies to determine the ef-

fectiveness of the changes. Other proposals may lead to

additional activities on' the part of the class, such as ad-

vertising campaigns at local industries or offices to pro-
4
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2. CLASSROOM STRATEGY FOR
TRAFFIC FLOW

mote estaélishment‘pf car pools that would decrease traffic
volume at rush hour' The children's continued interest in
the problem may also lead to a_study of transportation
planning or to promotion of alternative transportation meth-
ods in the city or region. Techniques acquired in Traffic
Flow investigations may also be applied to the Bicycle

\ Transportation or Pedestrian Crossings challenges.

Although many of these activities may require skills and
concepts new to the children, there is no need for prelim—
inary work on these skills and concepts because the children
can learn them when the need arises. In fact, children
learn more quickly and easily when they see a need to learn. '
Consider counting: whereas children usually learn to count
by rote, they can, through USMES, gain a better understand-
ing of counting by learning or practicing it within real
contexts. In working on Traffic Flow children also learn
and practite graphing, measuring, working with decimals, and
dividing. Although dividing-seems necassary to compare
fractions or, ratios, primary children can make comparisors
graphically, sets of data can also be compared graphically
or 'by subtracting medians (half-way values). Furthermore,
instead of using division to make scale drawings or models,
younger children can convert théir measurements to spaces
on graph paper. Division may be introduced at the proper
grade level during, calculation of percentages or .averages.

3

The Traffic Flow unit revolves arounq a challenge=--a_»
statement that says, "Solve this problem." Its succéss or
failure depends largely on (1) the relevance of the problem
for the students, and (2) the .process by which they define:
and accept the challenge. If the children see the problem
as‘a real' one, they will be committed to finding a solution;
they will have a focus and purpose for their activities.. If
the students do not think the problem affects them, their
attempts at.- finding solutions are likely to be disjointed
and cursory.

The challenge ‘as stated in the Traffic Flow Resource Book
is general enougﬁ to apply to many situations. Students in -
" different, tlasses define and reword the challenge to fit
their particular situation and thus arrive at a specific
class challenge. '"Recommend and try to have a change ac-
cepted so that the flow of traffic will be improved at a

»
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.The Process of Introducing the
Gpallenge

v

L vopmn e e o v wmpr e am

nearby problem location” has been restated by some classes
in terms of a specific street with heavy traffic¥that causes

traffic jams. - . :

Given that 2 Traffic Flow problem exists, how can a ,
teacher, without being directive, help the students identify
the challenge that <hey will work on as a group? 'There is °
no set method because.of the variations among teachers,
classes, and schools. However, USMES teachers have found
that certain techniques are helpful in introducing the
Traffic Flow challenge. . !

One technique is to turn & spontaneous discussion of a
recent event relating to a traffic problem toward a Traffic
Flow challenge. For example, the teacher might focus a dis-
cussion of an automobile accident along a busy road on the
challenge by asking the_glass how the accident could have
been prevented.

v .

A fifth-grade class in Arllngton, Massachusetts, .
began the Traffic Flow unit through a discussion of
traffic problems in the immediate vicinity of the
school. Class attention focused on nearby Route 2
‘where a child had been killed the year before. Stu-
dents related their personal reactions to the inci-
dent and possible actjons which could be taken to
make the road safer for the children who had to

crogs it. . ) A

A discussion of personal experiences with traffic jams or
slow-moving traffic might be turned toward suggeétions for
improvements at intersections or along roadways that are
frequently jammed.

1

A fifth-grade class in Watertown, Massachusetts,
\\ 'became involved in Traffic Flow during class dis-
cussions of problems students pncountered while
bike riding and traveling with parents through
Watertown Square. Children began diagramming the
+ + square, labeling the various streets, -and identi-

7

fying the_traffic problems. A trip was planned to '~
observe the square and to gather necessary data

for designing and constructing ‘models of the area.

( L)
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Often, work on one challenge leads to another.. For ex-:
ample, students working on the Pedestyian Crossings‘chal-
lenge might find that the best way to solve a crossing prob-
lem is to reroute traffic through an intersection. They
might then begin to investigate‘the best way to change the
existing traffic pattern, leading to work on the Traffic

\ Flow challenge by either the whole class or a group within
the class.

i

Students in a sixth-grade class in Lexington, Massa-
chusetts, conducted an advertising campaign for pe-
] destrian safety in their school. Towards the end of ,
s the year they decided to focus on safety problems in
' the school driveway and parking area. A group of
) children conducted a survey of vehicles using the
. . - driveway and estimated their speed. Another group .
PR ' " made scale models of the area and teachers' cars to
use in working out solutions to the problems. The

‘:\ . *  class ended their investigations by offering five sué—
T gested improvements to the principal. ,
——"Zﬁ B ) A vt '\a '*"\" ) oy : , .

When a class works on CWo'or more related USMES chal-
lenges at the same time, children divide into groups to con-
S ) duct investigations on the various problems. However, there
- should be at least ten to twelve students working on any one
challenge; otherwise, the children's work may be fragmented
or superficial or may break down compIetely.
The Traffic Flow challenge may also evolve from a discus~
- .sion of a specific topic being studigd by the class. For °®
example, students studying transportation systems may ob-
serve local roadways; when théy become aware of problem
areas,’such as bottlenecks or dangerous intersections,.they
. may decide to collect data on these problems in order to
' propose helpful changes.
\ Sometimes the disctussion of a broad problem may encompass
the challenges of severdl related units. For, example, a '
B discussion of how .they get to school can lead the students'
to the challenges for T ic Flow, Bicycle’ Transportation,
Pedestrian Crossings, or Getting There as the children iden-
tify specific problems. .

S, .
< - * A fourth- and fifth-grade class in Durham, New Hamp-
shire, discussed tbe nature of traffic and what could

>
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. challenge is before beginning work on it. This is particu-

be learned about it. The class talked about pedes-
triap, bicycle, and automobile traffic. Children

wer most interested in auto traffic; they discussed
experiences they had had while riding in.cars with
their families. The class focused on the town's cen-
tral traffic area and the problems creited by exist—
ing traffic patterns. .

-

~An experienced USMES teacher is usually willing to have
the children work on any one of the several challenges -that
may arise during the discussion of a broad problem. While
this approach gives the children the opportunity to select
the challenge that they are most interested in investigating,
it does place on the teacher the .additional respqnsibility

of being prepared to act as a resource person for whichever
‘challenge is chosen, ° :

Classrpom experience has shown that children ] progress

on the Traffic Flow challenge may be poor if the teacher. and
students do not reach a common understanding of what the

larly true-if the'teachér introduces a broad problem and = -
does not encourage the children to delineate a specific chal-
lenge. Having no shared focus for their work, the children

will lack the motivation inherent in working together to

solve a real problem, As a result, they may quickly lose

interest. ’
Ay t

Children in a fifth-grade dlass discussed problems
they, experienced in getting to school safely, in-
cluding crossing dangerous intersections, riding .
bicycles without a pathway, and having long. and
crowded bus rides to- school. The class divided into . -
groups to work on different problems. Within groups,
children collected data on flow of traffic and stu- .

) dent-crosszng*times, conducted opinion surveys on
cross;ng problems and problems. riding school buses,
and constructed scale models of roadways.: However,
the problem was too broad and the groups were too
small fbr any significant changes t0~resu1t from

. their work.

.
. b

, ‘ .
A similar situation occurs if the teacher, rather than

"insuring that the children have agreed upon a Traffic Flow

challenge, merely assigns a seried of activities. Although
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- he or she may see how these activities relate to an overall
goal, the children may not.

A fifth-grade class stamted work on the Traffic Flow
. challenge by discussing the meaning of "traffic."
. They were given road maps of the area and asked to
solve problems using them. They took several walks
| to nearby intersections with a list of questions
i ' given them by the teacher. In trying to answer these
o ' questions, the children’observed the traffic and 1
~ counted cars. However, the teacher never issued a
© : challque to the children. Consequently, their work
: was never focused, and interest in the unit died out.

h ¢ I .

Students have the best success with the Traffic Flow chal-
-lenge if they focus on a real traffic problem that is near
at hand. Classes investigating a traffic situation that. is
in an area far from the schoo¥ will usually become disin-"
terested P cause «children will find the problem too far re-
. moved from their personal experience to be sufficiently chal—

. _ lenged. »

Initial Work on the Challenge Once a class has decided to work onja Traffic Flow chal-
*lenge, USMES sessions need not be rigidly scheduled but
they should be held several times a week. When sessions T
o } " are held infrequently, students often have difficulty.remem-
bering exactly where they were in their investigations and
their momentum dfminishes.

P4 ' _ When students begin work on their challenge, they list
aspects of the traffic fldw problem in the area being in-
vestigated. This procedure is combined with or followed

. * by preliminary ébservations of the problem area and/or opin-

s . ion“surveys to identify traffic problems that other people

R - . , feel are critical. .

" ) ‘ : Next, the students usually categorize their suggested -

’ approaches, groupjng similarﬁideas together. Th¢ children

then set priorities for the tasks they consider necessary :

‘to help solve the particular traffic problem. Most of these .

tasks are carried out by small groups of children.

- .
oy

N -

" . . Fifth-graders jn WEQQrtown, Massachusetts, worked
on improving traffic problems in congested Watertown
- ’ . Square. After examining ‘the area and listing the

at
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' problems that needed to be improved and the informa-
. ’ tion they needed tp obtain, the children divided

into four groups work on the challenge: (1) In- .
terview Group I to jinterview pedestrians and store
employees about the traffic problem; (2) Interview

. Group II to interview traffic and safety officials

and drivers; (3) Timing and Measuring Group to time

lights and pedestrian crossing times, count cars,

etc.; and (4) Photography Group to take pictures of

traffic problems. . .

As varipus groups complete their work, their members join
other groups or form new groups to work on additional tasks.
o However, if too many groups are formed, work on the challenge
can become fragmented, .The teacher finds_ it impossible to
be aware of the progress and problems of each group; in ad-
- dition, the small number of students in each group lessens
the chance for varied input and interaction! *
Refocusing on the Challenge As a class works on a Traffic Flow challenge, the chil-
) . dren's attention should, from time to time, be refocused on
. that challenge so that they do not lose sight of their over-
all goal. Teachers find it helpful to’ hold periodic ¢lass
discussions that include group reports on their investiga-
tions of traffic problems. Such sessions help the students
review what they still need to do;in order to recommend im-
provements for a roadway or congested area. These discus-
sions also provide an opportunity for students to evaluate
-their own work and exchange ideas with their classmates.
(Another consequence of having too many groups is that not
, every group can be given enough time to report to the class,
ro éthereby increasing the possibility that the children's ef-
forts will overlap unnecessarily.) . .
’ Students should keep in mind the real problem that they N
s are workitig on while engaging in Traffic Flow activities.
- * The theoretical nature of traffic movement and road design
can eagily turn the unit into a study topic unless the
teacher 1s aware of the dangers involved. This is especially
important when children construct scale models of existing
traffie patterns and proposed changes for a problem area.
Although model building is extremely helpful for students
¥ I trying to choose from a number of possible traffic patterns, i
- students should recognize that models only approximate a '
real life situation; they must consider all factors involved
when deciding which traffic pattern is the best to recommend.

CERIC T 37
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A sixth-grade class began Traffic Flow by examining

; A a model of a hypothetical right angle intersection °
and discussing possible changes that could make it
safer. They then decided to investigate a real in-
tErsec;;Fn nearby that they felt-was dangerous.
After measuring widths of roadways, they broke into
groups to construct scale models of the intersection
that showed their solutions to the traffic proBlem.

. Most of the plaps they developed involved extensive
land-taking and relocation of families. When the
children returned to the real intersection, they
were less willing to recommend such solutidns than
they had been when they wére dealing with a purely
hypothetical situation. They proposeg that a traf-

1

i - fic light be installed at the intersection and a
policeman be added at peak, hour's.to direct traffic... _. ____.
Resources for Work on the when children encounter difficulties during their Traffic
’Challenge ' Flow investigations or try to decide on solutions before

collecting enough data, an USMES. teacher helps out. Instead ’
of giving answers or suggesting specific procedures, the
teacher asks open-ended questions that stimulate the stu-
dents to think more comprehensively and creatively about
. j’ - their work. For example, instead of telling children that
: their golutions need data to support them;, the teacher might
.ask hoj they can prove to others that a problem exists.
Rather than tell the children that their ideas for rerouting
. ' ) traffic are impractical, the teacher might ask them how
: much each system would cost, how many families or businesses
would need’té be relocated, etc. Examples of other hon-
directive, thought-provoking questions are given at the end
of this section .
- The teacher may also refer students to the "How Té" Cards
relating to Traffic Flow for information about specific
skills, such as using a stopwatch or Jdrawing graphs. Often,
many students or even the entire class may need help in
‘particular areas such as caIbulating speeds of cars. Teach-
¢ : . ers should conduct skill sessions' as these needs .arise. Par-
ticular concepts may be ‘learned in the context of investi- .
gating the problem; for examplg, use of angles to define the
amount of curvature of a’ road can be learned during construc-
tion of a scale model. Other concepts, such as the relation-
ship between speed of a vehicle and curvature of a roadway,
can be learned by referring to familiar examples, such as
what happens when a student rides a bicycle around a corner.

4
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(Background Papers on Traffic Flow problems provide teachers
with additional information on specific problems associated
with the challenge. Other Background Papers on general
topics may also be helpful.)
7\ USMES teachers can also assist students by making it pos~
sible for them to carry out tasks involving hands-on activi-~
ties. During work on the Traffic Flow challenge children
may need to collect data along streets or at intersections.
The teacher can help with scheduling and supervising during
such data-gathering activities. If the children's tasks
require tpem to design and construct items, such as trundle
wheels or scale models of roadways, the teacher should make
sure that they have access to a Design Lab--any collection
of taols and’mdterials kept in a central location (in part
of the classropﬁ, on a portable cart, or in a separate room).
A more defailed accouft bf the Design Lab may be found in .
N the USMES “Guide. ’

Valuable as igais, a Design Lab is not necessary to begin N
work on Traffic Flow. To carry out construction activities
in schools without Design Labs, students may scrounge or
borrow tools and supplies from parents, local businesses, :
or other members of the\pommunity.

A, fifth-grade class iin Washlngton D.C., responded
to the Traffic Flow %hallenge without using the
Design Lab. Their ihvestigations included the fol-
lowing activities: bservatlons of three intersec-
tions near school; cquntlng caré¢ entering and leav~
%Mma. 9‘%6'_ M ing a complicated rotary; measuring the gap times
of cars leaving the rotary along one street; observ-
- " (From Bertha Wahl, Grade 6) ing traffic and measuring the widths of streets at SN

an intersection; and writing to'the city Traffic

Figure B2-1 Rivision about their recommendations. .

~ .
“~

y e The extent to which any Design Lab is used varies with
different classes because the children themselves determine
the direction of the Traffic Flow investigations.

Culminating Activities i ﬁwwijw”m_ﬂmgggggnt investigations. on Traffic .Flow generally continue
: : until the children hayve agreed upon and recommended some
—_ solution for their traffic problem. Once they have chosen

their solution(s)—-a’new Yoad design, a system for rerouting
; cars or buses, or new traﬁfic regulations-~they will try to
\:\} i LA have them implemented by authorities. They may write let-
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L it ‘ters to traffic official's describing the data they have h
collected on the problem and recommending their change(s).
They may follow up their letter writing by making presen-:
tations or holding informal meetings to discuss and demon~
_ . . . strate their findings. For example, scale models made by
. . - : the students may be useful for simulating changes in traf-
——— fic situations. If the traffic problem investigated in- /,

[ volves a school bus route or traffic patterns in the school
g driveway or parking lot, the children may present their
\ proposed changes to the principal or superintendent of . i
, , schools, -
b ‘ If a solution has been implemented by authorities, stu-

" dents evaluate the effects of the changes by observing traf-
q ' fic patterns, by measuring speed, volume, or density of traf-
e ' fic, or by conducting attitude surveys among people ‘affected

by the changes. , \

Vi
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3. USE OF TRAFFIC FLOW IN THE i . This unit is most successful when tried at the intermed-
. . ] PRIMARY GRADES . Y iatg and middle*échool grade levels, Children in primary -
- < - ' s "~ " "grades (K-3) with limited e§$érience riding in automobiles
: S g . might have difficulty finding a Traffic Flow. challenge that
} ) . . is a real problem for them. However, in a few exceptional _
g ' - cases, such as school buses delayed by traffic congestion
’ T or parked cars in school turn-arounds obstructing «children's
> ) rrﬁ piax, Traffic-Flow problemslyax arise that can be acted upon
. o A ¢ by y?gnger»chil?ren. ‘¢~ ",

M M
3 ' , ; i ;
: _ A ' {

F

N SR o ' : ¢
= 4. FLOW CHART / . The followihg flow chart presents some of the student
. . activities--discussiops, observations, calculations, con- {
: structions~-~that may occur during work on the Traffic Flow
challenge. Because each class will choose its own approach

: to the challenge, the sequence of events given here repre- = |

e N sents- only a few of the many possible variations. Further- i

. s - more, nd one class is expected to undertake all the activi~
N < - . - tles listed. .. ) . ‘
/ . The flow chart is not a lesson plan and should not be
- , used .as one. Instead, it i1llustrates how comprehensive in-
o e vestigations evolve from the students' discussion of a Traf~
: fic Flow problem. '




Challenge: Rec@mmend and try to have a change accepted so that the flow of traffic will be
improved at a nearby problem location.

3 7

Optional Other USMES Units: | e Pedestrian Crossings Study of transportation
Preliminary - ‘ ® Bicycle Transportation or urban problems.
Activities: ‘ e Getting There .
___.}...._ ———— e e e e e —— e
Possible Class Discussion: What problems do you have riding your bicycle or riding in
Student a car or bus that are caused by traffic jams, speeding cars, etc.? Is there a .
Activities: |particular place where the flow of traffic might be improved? How might we find
odt what improvements to suggest?
{ Study of maps and On-site observations--written
' aerial photographs. and photographic documentations
. of traffic problems.
. v v
Clags Discussion: What are the main problems at this location? How can %g
collett more evidence of these problems? What information can we collect from
roadway observations? What can we find out from interviewing other people?
How big a sample do we need? How do we choose our sample? Formation of groups |-
"} to work on data collection.
Design and construction of Classroom trial of measurement
measuring instruments. ' procedures. .
) i - 3 T . X
Data Collection: Measuring Data Collection: Photo- Data Collection: Mea~- Data Collection:
cgr and bus waiting times graphing or counting suring roadways for Public opinion survey
and times to travel from one{ |number of vehicles on a determining scale model of existing problems
point to another. Time and street at a given in~- dimensions. and possible solu-
distance measurements for stant, tions.
figuring speed.’ S
| , ,
Calculation of median Calculatipn of traffic Calculafion of scale
waiting times, travel i density, for model or drawings.
times, speed of cars.

—_—T on: Preparation of Destgn of scale draw-]  “|Data Representationt]
bar graphs, histograms, scatter graphs, ings or congtruction Tally and histogram
conversion_graphs.. of scale model. ) of survey results.

L : I ]
- ! v
}
T | .
. A
fa) Y - 1‘4
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Class Discussion: Analysis of graphs, drawings, ‘models. What conclusions
can we draw from our results? Are cars going too fast, too slowly? Are they
. observing traffic signs? What different solutions can we propose? How can

‘ 4 ~
!

we tell which is best? , ) -
N 1
’ i . i
Data Collection: Timing, Cost analyses of Classroom simulation Research of traffic
counting, measuring, etc., alternative solu-’ of proposed solutions. rules and regglations.
on different days, at tions ) ‘
different times of day. - . ? ‘
T .
M 4 ) Y }

Class Discussion: What are the best recommendations we can make? To whom
) should we present our findings?

e

.

» ~

Report and letter writing .
: to traffic authorities.

Presentation of proposed changes Advertising campaigns to promote . .
to traffic authorities or state/ car pooling, observance of traffic
local governments. laws, increased use of buses or
‘ ‘ trains.
‘ . . — n
) . — -
Optional Other USMES Units: e Pedestrian Crossings J study of alternatige
Follow-Up . ® Bicycle Transportation . ,Jtransportation methods .
Activities: , e Getting There . or urban economics. *
n A Y
)
- ’ ‘,
hd o ’
. : ~ . ,4(; .
- X
\
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5. A COMPOSITE LOG* ) " A teacher introduces the Traffic Flow challenge to‘her
: . sixth-grade class during a discussion about the problem of

This hypothetical account of an getting to school on time in the morning. Several students
Intermediate-level class describes have been late getting in because the school buses and par~
many of the activities and discus- ents' cars are frequently held.up by traffic in front of
slons mentioned in the flow charts. the school. Other children who arrive earlier become im-
The composite log shows only one patient because they have to wait for the late arrivals be-
of the many progressions of events fore daily activities can begin. The late arrivals, on the
that might develop as a class in- other hand, protest that the situation is not their fault.
vestigates the Traffic Flow chal- One child says that he has asked the bus driver several
lengey, Documented events from times to let them off while they are stuck in traffic fur-

“actual classes are italized and ther down the sgreet, but the bus driver says it's against

set apart from the text. »//ﬂT“lEF‘ buses cannot unload until they are in the parking
lot.” Other children agree that it would hold up traffic
even more to have a busful of forty students unload in the
middle of the street and that this situation would be dan-
gerous for the students as well. Other comments on the
traffic situation are made: ' .

"It's worst when it rains. Then it"s backed up to
Canal Street."

"They shouldn't let anybody on that street except
people going to the school when it rains."

"No, that's stupid. You can't keep cars off."

"They should put a cop there. There's one in front
where the walkers come in." .

Everyone has his or her own ideas about how to‘solve the
problem. However, the teacher says, "Before we talk to any-
one about solutions, maybe we should find out more about \
the problem. How can we tell if there really is a problem?"

Children impatiently repeat some of the compfhints that
have already been made. Thep one student volunteers to
make a list qf the different aspects: vt

1. Students are late getting fo school.

2. A lot of time is wasted waiting for ‘the bus to
unload.

3. Cars cén't.get through the traffic in the morning
_*nd when school lets out in the afternoon.’

4. Cars stop and let Btudents out in the street or
'wait to pick them up (this hefds up traffic even
more).

.
.

5. There are no places to park during congested
times. .

*Written by USMES staff. ’
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6. Rainy dayg are really bad because more kids are
driven to school. .

y r
»

The teacher restates her question: "But how can we
prove that these problems exist?"
"We, can count cars," one student suggests.
"We can see how long it takes to get our class started
in the morning," another adds. .
""Let's make a map to show ‘the congestion.
Other suggestions follow. During this part of the dis-
cussion, one child records suggestions while another stu-

"dent draws a rough sketch of the area on the board:

gl

¢ |
|

At this point the teacher asks them if they feel they
can work on this traffic problem and come up with a solu-
tion. The class is overwhelmingly enthusiastic, and the
teacher writes this challenge on the board: .Try to have
changes made in the flow of traffic .on Grove Street so that
cars and buses, ctan get through more‘quickly before and af-
ter school. . . '

o Lo : -
A fifth-grade class in Arlington, Massdthusetts, ,
decided that sdmething had to be done near™a’ .. .
rotary on a major highway near ‘the school. Acci-
dents occurred regularly, and one of their class-
mates had been killed the previous year while
crossing the highway. The,gbé;dren decided to
parents about the problem.
walsh.)

o 93

(See log by Bernard .




During the next class gession, the first thing discussed
is general dissatisfaction with tlie sketch one child has
drawn on the board. )

 "The parking lot's drawn too small," one student says.

"How big is it really?" another asks.

"We nedd to measure it and draw a better sketch."

The class agrees with this suggestion. After much dis-
cussion and argument, a group is formed to measure not only

.the parking lot but the whple block, thé width of the
"street, and “the sidewalk leading from the parking lot to

the school.
"What other groups do we need?" The teacher asks.
The class lists other information they need to show that
the problem is serious:
N
1. Amount of time wastéd on the bus

2. Number of cars using the street

3. Number of cars parked along the street
¥
4. Amount of time 4t takes for a car to go from
- one end of the block past the school.to the
next street during congested periods

The class decides to form three more groups--the Bus
Timing, Car Timing, and Counting Groups--and to call the
first group the Measuﬂlng Group. The children break into
these groups to figure out how the different kinds of infor-
mation can be collected.

Students in a fifth*>grade class in Watertown,
Massachusetts, were asked what problems their
parents had while driving through Watertown
. Square, about fouz.'f bloqks from the school. Stu- .
< dents listed problems with traffic jams, illegal
parking, and WALK lzghts not being long. enough
for crossing. Several children immediately
wanted to build a model of the square. Other
groups were -formed- to-survey pedestrians; count
cars on the streets coming into the square, and , .
to time traffic light sequences and pedestrians
, crossing the streets. : (See log by John Flo;és.)
. The children in the Bus Timing &roup try to figure out
how they can measure the amount of time wasted on the buses
each dgg. They quick}y decide that measuring time rasted
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- the block, they agree that the distance traveled from the ,

29
would be difficult because they have no standard time to
compare with the longer times. One child suggests that
they measure the amount of time spent on the buses from
the beginning of the block to the time when they unload.

The other children in the group like this suggestion,' Since
the entrance to the parking lot is roughly in the middle of

Canal Street intersection should be about the same as the
distance from the School Street intersection.

They decide to hand out stopwatches to one person on ‘
each of the nine buses so that he or she can clock the time
taken to get from the beginning of the block to the side
entrance of the school. The children with stopwatches will
also measure the times spent on buses while traveling from
the parking lot to the end of the block in the afternoon oi .
each day:; Of the eight children in this group, four will . .
collect times while riding on his or her bus; the other ’
five buses in the school, must be timed by volunteers from
other classes who ride them each, day.

The task of timing cars passing through seems even more
difficult to plan. The children in the Car Timing Group
realize that timing a car over a long dfstance would not be
an easy feat. They finally decide to have two students- *
collect starting times for cars at one street corner while
two more collect finishing times at the dud of the block
(one student of each pair would operate the stopwatch while
the other would record); the times could be subtracted to
get travel time from one end of the block to the next.
Everyone in the gr#up agrees that not all cars passing
through can be timed. After much argument, the children
decide to time .only VW "beetles.". They plan to have a re-
corder at each end note the first two digits of the license
number for each car so that they can match the beginning l
and ending times for each car. The group decides to col-
lect times for tep cars, before school in the morning,
shortly before noon, and after school in ‘the afternoon for
a period of several days. ‘

»

~

© gt

Students in a fifth-grade class in Washingt:;/ n.c.,

wanted to measure the speed of.cars on a strget
near the school to find out how many were exceeding
the speed limit. They decided that they must time
cars over a certain distance in order to find speed.
They began by measuring the distancé between two
poles in the sidewalk, using different measuring

' devices and averaging the measurements. Before

v timing cars, the studentghused a stopwatch to time
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each otheriwalkiqg and running between the poles.
They calculated speed in feet per second, and then
used the same method to time cars and calculate
their speed. (From log by Audrey Robinson.)

The Counting Group is responsible for counting moving
vehicles and vehicles parked along the street. The chil-
dren Quickly realize that although counting parked cars
would be.relatively easy, counting moving cars would be
much harder. One student suggests that they count cars
as they move past a certain point--the lamp post near the
entrance to the parking lot. The rest of the group is in-
terested this suggestion. The teacher, who happens to
be sittifg in on this group's discussion, suggests that
out this technique the following morning. Two
children from the group volunteer to count cars to see how
the method works.

When the group meets the following morning, the two
children's report is discouraging.

"There was a big jam when we were there and the cars
didn't move. - There were a lot of cars but we only counted
twelve going past the post in ope minute," one student
complains. . *

"We need a way to really show how many cars are in the
block!" a student exclaims.

Everyone agrees that it would be nearly impossible to
count the total number of cars along the street at once.
Not* only do the cars move during the ime needed to count,
but the whole street cannot be seen once.

"I know!" says one boy. "We can do it from above!
Let's go up towthe third floor. You can see the whole
block from Mrs. Peterson's room. '

This still doesn't solve the problem of car movement
during the counting time, however. At last, one student
toPes up with an idea that everyone agr#es is brilliant.

! "We can take -picturés,” he says: '"Cameras stop cars’in .

their tracks!" . ~

The following day, several cameras are brought in. The
children appropriate Mrs. Peterson's classroom during lunch
time and test their method for measuring,traffic density,
as the teacher calls it. They quickly find that one camera
will photograph one-half of the block; two are necessary to
include all the cars on the block at pne time. The group
decides to use the photographs #o determine the number of
parked cars as well.

Two children volunteer to bring in their parents tri—
pods so that the fields of view could be set up carefully




have the two photos taken simultaneously, the group degides
to station one person at each camera while a third student
gives the signal to shoot. .They decide to take pictures
three, times a day for several days to collect enough data
for documenting the congestion problem. (The children

agree that the photos themselves could be useful as evidence
of the problem.)

before the pictures are taken. Because it is importan§Lto

.
")

The fffth-grade class iq Watertown, Massachusetts,
decided to take pictures of. the flow of traffic

through Watertown Square to see if they could ' -

‘learn more about the traffic problgms. They formed

a group to photograph traffic bottlenecks and to

£ilm cars as they entered from different streets.
Afterwards, they viewed their movie, examined

the photographs, and used these visual records to

help them pinpoint problems and propose changes

in #he traffic flow through the square. (See e
log by John Flores.) ) '

During a class discussion the groups make final plans
for data-collecting. The class decides to.complete trials
of their methods of collecting traffic data the following
week and then to devote two whole weeks to the actual col-
- lecting. To keep costs down, the Counting Group decides
to take pictures only five days.out of the ten; other data
will be collected every day. All the traffic data col~-
lectors except the children taking times on buses will make
their observations starting ag 8:15 A.M., 11;15 A.M.r and
2:30 P.M. during the school day.

) Meanwhile, the Measuring Group has decided to make two
trundle wheels to help them ‘measure the length of the block,
the width of the street, and the dimensions of the parking
lot. The group works in the Design Lab constructing these
instruments while the other groups are figuring out their .
methods. ’ ; B o ' "

The data-collecting sessions go fairly smpotﬁly, al-
though not without problems. For two days it rains and the
children are unable to collect data outside. The class de-

)31

cides to have two "make-up" days the following week for the
studénts working outside. Also, students forget six times
to time buses coming to school in the morning and leaving
in the afternoon, but because they plan to use averages,
they feel the data they have will be sufficient.
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Figure B5-1
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Students in the fifth-grade class in Arlington,
Massachusetts, took a fié?ﬂ“%rip to nearby Route 2
to measure the speeds of cars. After marking out
a distance, the children worked out a signaling
system for timing Volkswagens as they traveled
this stretch of roadway. The children_encountered
some problems in the f#ld, such as not being .
able EJ;Ftart the stopwatch on time, confusion ,
as to which cars were being timed, and not being
able to see when the car being timed had reached
the finish line. They discussed these problems
and their methods'for calculating spepd whln they
returned to the classroom. (See log by Bernard
Walsh.) ' .

~Ufice the data has been collected, the students work in
groups preparing their information to be shown to the other
children. The children in the Counting Group cotnt the
number of cars in the traffic lanes (on both sides of the
street) for each day; they add up all the daily tallies from ~
the photos taken at 8:15 .in the morning, then from tHose '
taken at 11:15, and again from the shots taken at 2:30 in

(five) to find the average number of cars (traffic density)
for each time period and then make a bar graph ¢f the
averages (See Figure B5-~1). /

After examining the photos and noting the number of
parked cars, one student in the Counting Group says that
she feels this information is not really important since
"one parked car is as bad as a lot of them, because every-
one has to move around it to get through." The children

* decide that the number of moving cars will provide enough .
~\information, and they-do not count the%arked ones.

The children in the Bus Timing Group examine their data
on the time spent on buses between the beginning of the
block and the school and wonder how to present all the .
pieces. The children have collected one set of times for
buses cbming‘into the parking lot and another set for those
leaving in the afternoon. Each set contains between eighty
&nd ninety pieces of data. (Data was collected for nine
buses over ten days, except for the days when stiidents
forgot.) ”' .

The: teacher asks the students working in this group what :
they plan to show with the information they have gathered.
The students, after much discussion,, decide fhat they would

"like to indicate the amount of time students .spend waiting
on buses over a whole year., They realize that this figure
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will take a long time to calculate; . At firgt, thé{g:ogp‘iq"i

uncertain whether to begin by éalcul%iing,tﬁg ayerage time'.; -

for each bus or the average.time for each ‘day. * They finally .

decide that if they find the.iverage time’ per day for each; * ¢:

of the buses, they can multiply each.itime by tﬁgcnquSt‘qﬁ;:;&g“-i
students on that bus and add the resilts to find the total - &
amount of time the students have speqt waiting on the buses <. '

éach day. : ‘ ool N
. Meanwhile, the Car Timing Group i% working on:organizing '« )

and graphing the data on car t%gnsig times., ‘Thgy\have ¢al- ‘-

lected times for ten cars going from School Street to Céqala

Street at 8:15, at 11:15, and -at 2:30;each day. . Qriginally," N

- the children planned to time only Volkswagens, but’ they P

find that during the 11:15 session’ it takes too'long to“Waiﬁ?j )

for ten Volkswagens to pass. They devise a hand signaling :y

system that enables them to time other cars as well, ~.. )

Since all times have been read off stopwatches that ot _

have been synchronized before the timing begins, the stu- Y

dents must first subtract the School Street time from the

Canal Street time to get the amount of time a chosen car

takes to go from one end of the block to the other. ‘One .

of the data sheets looks like this after the calculations

.o o
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v
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Tuesday, November 5, 197- . ;
Timing Period: 8:15-8:30 . :

‘Tl Car License Canal Street School Street Car Travel . 5:.;

Number * Time Time ~ _ Time )
ve , .3
+ T WRB 2 min. 45 sec. 3 min. 48 sec. 1 min. 3 seé.. -
’ o CZR 3 min. 29 sec. 4 min. 38 sec. 1 min. 29 sec. : ;
. am LSD 3 min. 51 sec. 5 min. 36 sec. 1 min. 45 sec. .. >
I3 e CTJ " 4 min. 38 sec. 6 min. 27 sec. 1 min. 49 sec.
. -+ |- JMK 5 min. 56 sec. 7 min. 30 séc. 1 min. 34 sec.; .
" RTB 7 min. 19 sec. 8 min. 55 sec. 1 min. 36 sed. e
LBN 7 min, 59 sec. 9 min. 16 sec. ~ 1 min. 17 sec. L
EZM 8 min. 16 sec. 10 min. 13 sec. 1 min. 57 sec, - "
SAS . 9 min, 10 sec. 10 min. 54 sec. 1 -min. 44 sec. - |
FXG 11 min, 28 sec.’13 min. 15 sec. 1 min. 47 sec. - o

Figure B5-2

The students change all these car travel times into sec~
onds, then calculate the times in seconds for. the _other 7 e
twenty-nine observation periods. After reviewing the "How
To" Cards on histograms, they make three histograms, each .
showing data on one hundred cars. The histogram showing B
the times it took cars to travel the’one block during the -~ ..

o7
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.+ v 8:15 period is shown in Figure B5-2.

‘When the histograms have been made, the children use them
to find the median travel time for each timing period. They
£ind, that the median time for the 8:15 period is 95-100
secands, for the 11:15 period, 30-35 seconds; and for the

.2:30. period, 80-85 seconds. In order to show this informa-

tibn to the class, the group makes a bar graph of the

meaiaﬁ travel times. (See-Figure B5-3). .

Besides taking movies and photographs, the fifth

"?E"'graders in Watertown, Massachusetts, collected
" . séveral kinds of data on their trips to Watertown

o R 'Square.~.Two groups taped interviews with pedes-
"1 v, trians, drivers, officials, and other people.

fh’,’ 4 '.f Another group counted the numiber of cars coming

7 +7 " . .into the. sguare, measured widths of streets,

R _.QY,- timed thé’ length of red lights, and timed

At ., . pedéstriang Crossing the street. Back in the

“:x'*f' cﬂassroom, thE'cbaldren discussed different

2\ . o
L S 2R

Kznds qf graphs ‘and_ decided to make baY graphs

"X

”,;. df thezr ﬁ;ndings. “after maklng some prelim-

/,ina;y graphs pn the bdard, the children worked

<Y VN

s

“in grénps graphlng ‘their .results.on large pieces

-

R

of papez., ter‘ they took another trip to the’

~d

1 - fff‘ _sguare to cai$e9£ additiohal information, which

they used ta make new graphs for discussion and

AGTAD T

s ng by thn Flores )
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le the dhta*collecting groups have been organizhng

3 {1
‘?.;;f: an&,gtﬂphing ‘their data, the Measuring Group has completed

theif measuxements of outside distances and is busy making

4

‘,”’ﬁi map té*scale., They have' .chosen the scale of 1 cm&—> 5 m

-

Pe

_qggware busy,cpnyezting their.meaSurements in meters to

e

centimeters: EoF the “map.

. Hhen\gtgﬁhs and the Tap. have been completed, three of the
g;ovps pxasen; thelr 1nformation to the whole class. The

ildren examing the g;aphs and commeht on the information

géh;g:oup has.gxesegrmi T

\\

Zhe dveragé aﬁmbe; of cars on Grove Street is seventy-

ona ;ay B»1§~A.Mw aﬂd tweive at‘ll 15 A.M. That's a big
wdifié%encex“vvi,, 7

"{ e mérning tﬁeré'were eighty—four cars on the street
“Fog a.stteet,36&% meters Jlong, that's a lot of

S %Q}en'also eomment'on the number of cars that hse
- ,”thay,tregr,ag,ddffefént times of day and the time it takes
They npte.that it takes sixty-




five seconds longer to travel past the school on Grove
Street at 8:15 A.M. than at 11:15 A.M. and fifteen seconds
longer at 8:15 A.M. than at 2:30 P. M.

The children discuss the scheol traffic problem Ehey \
have documented and decide what to do about it.

"Let's ask the principal to put a cop there in the morn-
ing and the afternoon,” someone suggests.

A long discussion .of the different changes that could
be made follows this comment. Alterhative suggestions are
listed on the board: '

-

1. Make street oné-way in morning and afternoon.

»

Widen street to take more cars.g

Add an entréhée to the parking lot in the back.
*

No park;pg on one side of street.

Policeman or woman .to direct traffic.
One student suggests that the class take a vote on the
e . different recommendations, but another.child_requests that -
they check costs of the various alternatives before making

a decision. When the class agrees, several children volun- '
teer to form the Research Group. The function of this new
group.is to collect estimated costs for the five alterna-
tives from the local Department of Public Works. s

Children in a sixth-grade class in Lexington,
Massachusetts, worked on alternatiye solutions
to a traffic problem at a heéarby intersection.
They made models of ‘the alternatives, which they
presented to the rest of the class. Many of the
plans involved extensive land-taking and reloca-
7 tion of families. The children felt these plans
were too costly and they decided to concentrate
‘on two suggestions: installing an overhead traf- .
fic light and having a policeman direct traffic
during peak hours. They tried to compare these -
solutions by researching their costs. They were
able to find out how much a policeman would be
paid for his labor, but they never received a reply
from the state traffic division on the cost of a
traffic light. (From log by Bertha Wahl.)
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After examining the map made by the Measuring Group, the
class decides that it will be easier to plan changes and to
assess the various alternatives if they can actually look
at a representation of the school area. They decide to use
the map to construct a Tri-Wall layout to scale. Several -
students volunteer to work on this project in the Design
Lab. When they have ‘finished construct!gg the layout, they
add toy trees, buildings, -and cars to make it more realis-
tic. 2 : i

Students in the Arlington, Massachusetts; class
made sketches and congtructed models in the Design
Lab of their problem roadway, Route 2, and the
way they would like it to be improved. They

spent a great deal of time discussing the best
angles of entry and exit onto the highway. They
drew different types of entrance apd exit ramps -
on the floor and compared them, then used the M
best one as the design for a model of their
"future Route 2." The children also built other
models of real and hypothetical traffic-.situa- -
tions. (See log by ‘Bernard Walsh.)

While the rest of the class works on cost estimates and
the scale model, the Bus Timing Group makes the estimate of
time spent on school buses between the beginning of the con-
gested block and the school over the whole year. -Once the
average time lost over the ten-day period has been calcu-
lated for each bus from their data, the children obtain a
list of the number of children on each bus from the office;
they multiply these figures by the corresponding time per
day for each bus. A sample calculation is shown below::

8% minutes--average time spent waiting on bus No. 9
each day (rounded off)
x 31 students ‘ .

263% minutes for all students riding but No. 9 each day

The children add th# total student time spent on all the
buses, and then multiply the sum of the ten figures by 180,
the number of school days in a year. They come up with the
astonishing figure of 517,320 minutes, or 8,622 '"student
hours" spent over an entire school year by children waiting *
in buses near the school!

During the next class discussion, the children use the
completed scale model to discuss possible changes in the
flow of traffic on Grove Stieet. Most children agree .

"1




that widening the étreet which means moving trees on one
side, or building a new entrance to the parking lot, which
jmeans relocating -part of tgg,playground do not seem to be
very practical suggestions. The economic figures of the
Research Group bear out these observations: both sugges-
tions are too expensive.
. Several children favor getting a policeman or policeg
) woman to help direct traffic, but most of the class agrees
that this will not solve the problem of high traffic den-
sity before and after school. However, the children decide
that if parked and stopped cars were removed from the side
of the street opposite the school, cars would have less
trouble getting through. They plan to recommend thanging
the parking regulations as a solution.

. When thé children discuss making the street one-way,
they realize that they have to take -into consideratior how
parallel streets will be affected by additional traffic.
The Scale Model Group has not bothered to measure the two

. streets on either side of Grove Street. Now they-go out-
side to measure length and width of the street and to add
these dimensions to the scale model. They find that the
streets are approximately the same width as Grove Street.
The students also note that there are not as many cars on
these streets as there are on Grove Street. After serious
discussion, the class decides that both streets can absorb
the additional traffic if Grove Street is changed to a.
one-way street, -

Once the children in the Watertown class had
collected enough traffic data, they talked’
about possible changes to the problem in Water-
town Square. Working in groups, they drew up
plans and made scale models of the square which
indicated their changes. Fach group also wrote a
report justifying their plan. The models were
displayed in the school lobby and a local news-
paper report on the children's work publicized
their criticisms and proposed changes., (See e
log by John Flores.)

During a class discussion tW# children decide to inform
the principal of their recommendations. They write a re-
port that includes their data and graphs and conclude it
with two recommendations: - \

1. Grove Street should be made one-way from 7:45 A.M.

to 8:30 A.M. and from 2:15 P.M. to 3:00 P.M.
police patrol should put up and take down the sign.
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2. There should be no parking and no stopping on the
opposite side of the street from the school between
those hours. This way traffic can get through.

’“N(‘h Co Stopping should be allowed on the side near the
school, but not-parking. \\ ‘
The diagram below shows the children's proposed changes:
. I S L I '
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The class decides. to ask the principal to read their
- report and view their wodel. The principal comes into the
class to talk to the children about their results. She
suggests that the children send a letter containing their
recommendations to the head of the.city Traffic Department.
A group of children draft a letter and the whole class re-
‘f#hes the draft during a discussion.: The' letter is sent N
A with a copy of the report to the Traffic Department. The
. . children receivé a reply about a week later indicating that
a representative of the department will visit the class to
talk about the proposed changes. .

When the traffic official arrives, the children show him
their scale model and explain how they arrived at their
proposal. They ask him for a trial run to see whether
making the street one-way and eliminating parking on'onh

- . sides and stopping on one side would be feasible. He re~
. : _ plies that the decision must be made by the head of the.
Traffic Department, but that he would recommend that the
. children's suggestion be put into effect. He adds that the
department already recognizes the need for ‘a change in
®, Q existing traffic patterns on this street.
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o . The children in the Arlington class decided to
v ‘ recommend an overhead pedestrian crosswalk for
) Route 2 because they felt that lowering the speed
limit or putting in a traffic signal would be
impractical on a high-speed road. They also
made a model of their final recommendations for
; changing the flow of traffic at the traffic cir-
cle. The following year, a pedestrian overpass
similar to the one proposed by the children was
! constructed based on traffic studies by the town
. ' government. (See log by Bernard Walsh.) .
l A few\days later the children receive word that a two-
; 7 g AN week trial run of their proposal will be held to see if the
» [ traffic situation can be improved. The Traffic Department’
f MFTER GHANGING] KTREET 10 will also have a policeman sent to se¢ that the regulations
" are enforced. The class declides to cdllect data during
” B .this trial period to document improvements in the flow of
traffic. The children decide to photograph traffic density
before school and after school for five of the trial days
P and §o compare this data to the earlier set of photographs.
] They also decide to measure time wagted on the bus and
5 “~~transit time for cars going past the school for comparison
j to previously collected data. . . ] !
et . B PR ud ol M . 1 During the trial period, the data collecting goes quite
. # smoothly since the children are now proficient in timing
and photographing vehicles. The children timing cars no-
tice that through traffic is using the left-hand lane much
.more than the right-hand lane. Those cars going through
. i in the right-hand lane usually pull into the left lane to
avoid school traffic. Some children who are watching the
’ﬁ— ' " traffic flow on the two streets parallel to Grove Street
' agree that there seems to be more traffic than before but
that the streets do not appear congested. :
After the trial period the children discuss their ob-
servations and organize their data. Most of the children
are sure that the traffic situation has improved, but they

-
4
}

e

2 * still feel the need to make graphs and calculations to docu-
. . . ment the improvements, After the children in the Counting,
S ANEETYY 3 AfH | Groups tally cars and find average densities from the .
‘ : photographs of traffié’dens;ty, they calculate a decrease
r ’ ﬂh?"" T of 26% in the average number of cars on the. street during N

the morning and one of 11% in the average number of cars
in the afternoon, when the street is one-way. Figure B5-4
is their bar graph documenting the changes. Children_also
prepare histograms of car travel times on Grove Street

. : during the morning and afternoon periods. They find that
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Figure B5-5

the median travel time for through traffic has decreased
from 95-100 seconds to 45-50 seconds in the morning and
from 80-85 seconds to 40-45 seconds in the hfterqpon, ang‘\\\
they make a bar graph showing this decrease (see Figure

BS 5) " | =
The children responsible for measuring time spent waiting
on school buses calculate average time lost over the ten- \

day period for each bus. Although most times seem shorter,
there seems to be certain buses that still take a lorg time
to unload. The children feel that this is because a number
of buses seem to enter the parking lot together in the
morning and pometimes have to wait while others unload.
Using the same methods they have devised for the '"before"
data, they calculate the total time spent waiting on the
bus projected over a school year to be 6,461 student hours,
a decrease of over 257%.

The children write up their comparisons and present them
to the Traffic Department. The traffic officials have also
made studies and feel that the change would be beneficial
to the traffic patterns in the community. The children are
Ynformed of a long-range plan to build an exit to the park-
ing lot onto Canal Street which would involve relocating
the playground to the other side of the school.

The following week,* the new traffic regulations go into
effect for the rest of the school year. The children help
advertise the changes to the rest of the school. They also —
try to explain the new rules to adults and other students
who feel inconvenienced by the one-way street and parking
restrictions.
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3 6. QUESTIONS TO STIMULATE FURTHER o What streets (driveways, parking lots) nmear the school
N ’ INVESTIGATION AND ANALYSIS do your parents or the school bus have trouble driving
v through? ‘
't %t , . © What streets haye a lot of accidents on them?

e What do you think. caJses the heavy traffic and/or the
N { ) accidents in these places? .

e What information do we need in’order to prove that a prob-

: ° -lem really exists? How can we get this information?
’ ' |
| . : o How can we find out what other people think of these
' S traffic problems? . !
!
- e How can we best organize oprselves to collect the data
M , we need?
i . ' \ . e What is a good way to measure.the amount -of traffic?...
S v, . ’ the speed of the cars?

o kK 3 » . L}
o How can we "stop action to count’ cars that are in a
- ' section of roadway at-a certain, time?

A N ' “
. R . gf’ [ How can we tell how much time people waste when they're -
. stuck in traffic jams?
Ea < e How cah we tell 4t what time of day traffic is the
N ~ ® . ] ‘heaviest? \
. . N oy A ‘ ' !
- L ® What is a good way to keep a record of our, data?
3 ':.'. ‘ :\_ e What is a good way to show other- people the data we have
) T collected?
s, * - v v ) L .
. i : e What kinds of graphs would best present t formation
S , ' T - we have found out? ‘{\; o
» ) ’ ' k
L " ° How could traffic regulations be chanded to make the
' . ) traffic flow better? ¢ ,
. L] \.\
. - ’ b e How can we change the stxeets (parking logs, driveways)
. ' y so that congestion or traffic accid®wis are decreased? .
' " . , . .g “° o Which design for changing traffic flow you think would
s R NN 2 cost the least? How could you find du

\)‘( K ’ LI ~




e Which rpad design would take up the least space or cause
the least dislocation of homes and businesses?

e How could we try out these different designs to see which
is best?

e How can we prepare our information for presentaéion to
other people so they will be convinced that our changes
might work? . L

e Who should we ¢ontact about changes in the schooI parking
lot or driveway? What would be the best governmeqt

agency to contécqqabout changes in traffic controls or
. E E g o How can we convince people to try our changés? .
lf)il . e Now that our change has been carried out, how can we tell
: z/yﬁa ' if it is working successfully?
. 4 R A

regulations?...road designs?
¢ <

Y

(From Audrey Robinson, Grade 5) ’ ' h

« Figure B6-1 ‘
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- 1, -¥LOG" ON TRAFFIC FLOW

. N » ,
by John Flores* ABSTRACT .
Hosmer School, Grade 5 . Children in this fifth-grade class concentrated on how
Watertown,. Massachusetts they could improve traffic flow and pedestrian safety in a
(September 1972-June 1973) local center, Watertown Square. After drawing a map of the
¢ . ) area and listing questions to be answered in their investi-
gations, the students d1v1ded into groups to interview peo-
ple about the traffic problem, to collect traffic data, and
to photqograph and film the area. The data.group measured
the widths of streets and traffic islands, timed traffic
lights and pedestrians crossing at different points, and
counted cars coming into the square. When the groups had
gathered enough information, they plotted their results on
graphs. Then they returned to the square to collect addi-
tional information that they thought was needed. The chil-
dren discussed what changes they felt should be implemented,
including, overpasses, a tunnel, and an additional street
through the central island. Each group made a model of the
square 1ncorporat1ng their recommended changes The models
were dlsplayed in the school, and the local paper published..
an article on the children's research and conclusions.
- ‘ A

g Street

® Miln St\'rc('{: * N ’

LS

" 4 3
. I introduced Traffic Flow -to my class during a discusston-—-—
" oof the problems they encountered riding their bicyeles and
traveling by car with their parents through Watertown Square.
The ‘thildren. came up wiﬁh the following list of problems"

e 1.. T:affic .does not flow continuously
W 2. Parking, both legal and illegal, slows the -
flow of traffic. )
~ .3.‘«Pedestrian§ don't have ﬁime toé. cross.
‘4. Lights are timed badly; s are too long,
others too shdrt., | ‘

~

*
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To this list they added the special problem Watertown Square

. poses for blind pedestrians. The square 1s close to the

Perkins School for theQBIind and is equipped with a special
system of bells so that the many blind people in the area
can travel by themselves and still cross safely. The kids
felt that this system was confusing for the blind pedestri-
ans, however, and more a hindrance than a help. -

The class decided to draw a map of the square on the
board to help in the discussion. They talked about the lay-
out of the area, drew and labeled all the streets, and
marked the locations of the traffic lights with X's and the
central traffic island with a.circle. Their map looked
something like the sketch in Figire Cl-1. .

By locating trouble spots on their map, the children re-
viewed the problems they had listed. They were excited

"about the challenge during this first session and responded

»

with a spirited 'we'll show 'em" attitude.

During the next session the students expressed the feel~-
ing that they did not know enough about the square to iden-
tify all the problems. They began talking about what in-
formation they needed and how they could obtain it. They
decided that they should ask different people what they
thought about the situation and also make scientific obser-
vations of the area. They listed their ideas on the board:

Things to Find Out
. What do pedestrians think about the sit tiont

a
. What do drivers think about the situatighg
. What do policemen think about the situation?,
+ What do employees in gtores around the square
think? \
. What does-the Highway Department think about,
the situation?
6. How many traffic lights are théere in the square?
7. How long are the lights red?...green?...yellow?
8. How long does it take to cross aX different

. crosswalks?
9. What is the distance across the streets at the
crosswalks? ’ . .
10. How many cars enter and leave from the different
streets?

"11. . What causes accidents in the square?

Several chlldr;n also suggested taking bhotographs and
movies of traffic in the square to provide concrete evidence
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of the problems. Two boys started making a model of the
area out of wood and clay to use in the discussions.

The next time the class worked on Traffic Flow they fo-
cused on how they would obtain the information they needed.
After much discussion, they set up four tesk groups: .

’

. Group 1: “Interview pedeétrians and store employees

Group 2: Interview policemen, meter maids, firemen
.o and drivers . '’

Group 3: Time lights and pedestrian crossing times,
measure widths of streetsy count number of
cars entering and leaving on different
streets

/ . - Group 4: Photograph traffic problems

The students then discussed what equipment and tools each
. group would need to do its job. Then each clild chose the
. . group with which he or she wanted to work.
Groups 2 and 4 turned out to be more popular than 1 and
3. Because the class felt that each group needed roughly
the same numbef)of people to do its-job well, we decided .to
think about what type.of person would work best in/each
group and then redistribute<the children among the groups.
. ~After thinking the problem over, the children chcluded
that the class members who were not afraid to interview
. people should be in the interviewing groups and that the
© others should do the other tasks. They had trouble deciding * °
who was not afraid to interview, however, and continued to
have difficulty dividing themselves among the groups. In
the end I had to assign some children to groups. The ¢lass

—— : decided that this was the only way to solve .the problem.*
oL The children met in groups and planned their strategy fgr
” the trip to Watertown Square. Each.group member was as-'.
\ signed a job by the group. In some cases children found it
' *Another’ solution might gz\?b{\children in the largest’ >

| groups to draw lots so that a certain number are chosen to
‘ go to smaller groups. If some groups are more popular than
| ) others, the children might decide to switch tasks at some
point; in that way, everyone might have a chance to par-
Q ticipate in a more epjoyable task. ——ED.
’ ]
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hard to agree on who would do what. By thinking about what
N ‘ a job involved and how each student felt about it, they
. . eventually came to a reasonable division of labor.
(lvd r‘gamown Mesfs, \ Each group.decided what equipment it needed for the trip
. to the square. The interview groups requested cassette tape
" ‘Atheam ?“m +k¢ Homer Schod and we ace shody rerrders; the Photography Group requested still cameras
* taby . 9“*“” of  Whtertown %r"f-jrf b hove imcﬂ_and 8mm movie cameras; and the Timing and Measuring Group

e ou wed amwenTy afed f“’WﬁD requested stopwatches and measuring tapes. We assembled all
this material from that available at the school and that
bt do N1 thak bt bhe ﬁwkj preloiem o which the students could bring from home. Each group became

L ater b > toht abod ¥h<,¥nﬂT.7 ) familiar with its equipment before setting out for the
/f"" A%V"tiﬁ ) ﬁidoﬁ%§h<gukm;¢¥heh4(m? &*P] square. The interview groups also prepared lists of ques-
X ek de dou Yhw . y '’+ tions like the.ond'in Figure Cl-2. .
37 36v bave any Mdews on hew do dyiég, !“*fﬂfg The classg went to Watertown Square at eleven o'clock one

¢ 55 ol lobbmaie ot 1 “ day in late October. Each group set about its tasks as out-
4 jbo Qv**hntxk**ke e Jfre o trogh Tome lined above. Group 1 taped interviews with pedestrians and

R s {ﬂ.SﬁVeE store employees. Group 2 taped interviews with drivers and
s lu Yoo o ’ -police officials. Group ?,(ﬁ) counted the number of cars
» hen  You (eme b la‘ﬂ@"é,%‘ /éc—jnwmg‘ coming into the square from each stréef for five minutes

- hidvg 4 pVhey S e : and noted the street onto which thegeexited,* (b) measured

the distance across the streets at the crosswalks and the
b o 7 ‘Vﬂfyff distance around the central traffic island, (c) timed the
iy G v duration of the red lights, and (d) timed pedestrians cross-
1\7 D o 1k ’Lj et shod Lc Poss. L ing at different places. Group 4 filmed the traffic flow
1”‘58” ﬁ”:y " ag cars entered from different streets and took photographs
. of traffic trouble spots. N
- In the classroom the children viewed the videotape and

]:5 Yhere ever o much ;'ﬁ.ff;t '%lj’b

Figure C5-2

’ then discussed what they could do with the raw data they had
. - collected. They decided they needed to make another trip
. to the square to complete their activities, but they felt

' they should wait until after they had sorted the informatibn

they had already collected.
The: Timing and Measuring Group reported that 'they felt

measuring long distances with tape measures was not reliable.
AN I referred them to the "How To" Cards on measuring distances,
o . and they discovered the value of the trundle wheel. They
‘ then, found out that we had a commercially-made trundle wheel
in the school. They examined it closely, tried.it out, and
then started building one for themselves.

A Y -
. ) *Observation at several times during the day would show . .
.’:} . . variations in the traffic volume and subsequently in the )
. LS speeq_of‘the cars. See Background Paper, Dp14 Speed,_
> \ Travel Time Volume and Density Relationships in Traffic

Q : Flow .--ED. . -~

RIC - ‘ . . ' ST .




*/”dﬁ*z%w i oDt 4y

W“ fiutwgu 3/ -5v («,/-7:/f/

I s b 1 3 3L AV s -8
M/.‘f hrwar-203 4574 7 5,

4 wmal-3:3, 4 5 - L7 g
La-34/ w

,Z}L:m.,k Iomel 23, =4 S - G WA
MV%WV%T‘I/ R A

M fwuy #«—aﬁl/&/ 34 S Tty
Bigno lights b 123 4~ 5-6.7 7 7

F.lgll!:? Ccl —,%; ~

Figure Cl-4

sJ .
&)

B

0
'

Since we were dealing with measurement during math ses-
gions, the Timing and Measuring Group.introduced the rest
of the class to the real measuring problems they were eh-
countering. The group had measured the circumference of -the
traffic island at the square, and the class used this ex-
ample as the basis for discussion of the meaning and use of
circumference and diameter.

During the next USMES session the groups worked sepa-
rately sorting the information they had gathered during
their trip to the square. The interview groups listened to
the tapes of the interviews *and tallied the number of dif-
ferent responses to each question. A copy of one student's
initial tally sheet is shown in Figure C1-3. He assigned a
number to each of eight people fhterviewed and then checked
that number if that person made the particular response in
question. Then the group members summarized their findings
in parggraph form. They wrote jinformal reports on their
results like the one in Figure Cl-4,

Uq\‘cr*oun Sguace s o mess, the \‘357.:-,55 w rong,

ne t enough Ttme 1O cross the Sfr‘ch'] 7o mny
Cars ‘l‘r‘AFF.g Jom™ms To mean st e+ 0n ™M Qin ST

o man( u&\cmds.Pcop\u (oopa\-oﬂ'ed Pecass € ™

dotsn+-
there s conseced aloour :#,L)od’crrcun kST

e wmworsT TeaFre Problem buT i+ a,Fa It
ovee 100 cars Come N cvc‘r)/ dq), from
CQC\\ ST-- .U\' OF +0UJI'\ ar\d .Iﬂ mqs 3o (."n)ﬁ rfs

t&//B hat¢ Po.rK\ﬂ /7 Think e 7ra Ffi
\5 \)q %uf)’af hrc i('ry warer'fuwn L)U '
we.-(\'? dowr\ F«-AmsOchber QO \Q?a..I don’t
hiaw The FeafPic was that bqé That o/ay, .

The Timing and Measuring Group compiled and compated
their different pieces of data and then discussed possible
reasons’ for the differences. The Photography Group col=
lected their rolls of film and made plans for ‘having them
developed.

Later, we met as a clas§¥ to discuss the best way to pre-
sent the findings of the interview groups and the Timing °
and Measuring Group. Several students suggested making

.booklets and reports, while others opted for drawing graphs,

-

47




and diagrams. After talking it over at length, they de-
cided that graphs might be best since they would not only
show all the data but would also be easy to read. We went
on to discuss different kinds of graphs, focusing on bar

d line graphs We talked about how to draw and label
graphs and how to decide what size to make the intervals be-
tween the numbers on the axes.

During the next USMES session we worked on graphing our
findings. The children decided to draw two graphs on the
board first, one showing “the crossing|times at six different
sswalks in the square and the other showing the number

of people citing different causes for the problems in the
square. 'In figuring out how to number the vertical axis for
. the first graph we had the following discussion: 3

Teacher: How are we going to nugber to show the
. exact number of seconds?
Student: ‘Go by ones. .
Student: We might not have enough room.
Student: Then we can go by tens.
Student: Or by fives. R
Student: And,we can still write the exact number ’
_over the bar if we want. T

The students decided to count the number of squares first
when making their own graphs. Then if the biggest number
. they had were smaller than the number of squares, they would
use intervals of one. If it were bigger, they would try: in-
. terbals of tko, and so on. .
@ When they had finished making the graphs on the board, we
v talked about adding some important finishing touches:
L0 [
. Teacher: _There's something missing from the graphs.
Cow Student"‘People won't know why we did it or where
' : we did it.
Student: We'll have to put down "Watertown Square."
Student: And the date.
N . Student: And tell why we made each graph.
Teacher: Why did you? .
Student: To show the amount of time... ~
Student: To cross different places.
Student: And how many people gave different reasons
for the traffic mess. '
When they added this information, the finished graphs re-
sembled the ones shown on the next pages.

.80




The children worked in groups graphing the rest of their
findings on large sheets of graph paper. Each of the two

N§ intervi%y/groups made a graph of the number of people citing
different reasons for the traffic problems in the square.

Since Group 1 had also asked for suggested improvements, the

children in this group graphed the number of people offering

different suggestions-as well, One of their graphs is shown

i . in Figure C1-5. -
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The Timing and Measuring Group organized the rest of
their data and drew thYee different graphs. One showed how

- many seconds the crossing light stayed on at six different
' crosswalks., This graph is shown in Figure C1-6. Another.
. graph showed the distance in feet across the streets at each
of_the six crosswalks, A thiyd showed the number of cars
‘ entering and leaving Watertown Square via three different
o *
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streets. (See Figure C1-7.)%*

‘Meanwhile, the Photography Group worked on ma;king a !
\cl\e . sual display of the traffic situation in'the square. Th y*’ |
. \& ' organized and labeled the photographs and edited ,the Bmm . ‘
. fi]_m. . 5‘ /4‘;
ot ) .After -they had-flnfghed‘their graphs, the students began
. “ - . suggesting.changes to ‘improve the-traffic -situation. Many ‘

felt’ that either an overpass or an underpass was the only
change that could help. Others asked about the cost of such
a plan,%ointing out that it might be too expensive to be'
considered seriously. Supporters of the plan decided t&con—
tact engineering firms for information on costs and feasi-.*

bility. . . '
When the students had reviewed all the information they
had gathered and graphed, they decided ‘that they needed an-
other trip to the square to fill in some gaps and to chéck
some data® The interview groups rewrote sofk of their
questions to eliminate simpke yes or no answers. The Timing
and Measuring Group decided that they would use the trundle
wheel to-remeasure the crosswalk diskances. They also
planned to recount the number of cars ente}rng and leaving
‘the square. The Photography Group discussed the shots that
' they needed to complete their Film. - )
. - . 30 With.the jobs assigned, we set out for the square again
. one morning in early December, umdaunted (at least to begin
wibﬂ) by the subfreezing temperature. Group 1 taped inter-
views with store owners, taxi‘dPivers, and shoppers. Group
. 2 taped interviews with more traffic and parking officials,
Gtoup 3 recounted cars entering and leaving via different
streets and.re&easpred the crosswalks with the trundle wheel.
The Photography Group finished making their film and then
helped’ me videotape the others at work, e
. Back in the clgssroom the students went immediately
work organizing their data. They graphed their findin

’

water e Sq
Ot 5 197,

and
e it f then compared them to the fir§t set of graphs. They were .
Covntina 2 s .happy to’find thé results from the second trip consistent
% ' - i 4
Comira n apd - & by ) with those from the first. e,
ot o % Ljakere ﬂ.* N . The children dectded that they had collected enough in-
toum o b > v formation and should move‘on to recommending changes. _Some
. + students first suggested that some of the'streets'be made
o A . one-way, but most felt mdjor construction*was necessary.
i’ Figure Cl-6 :‘ .The kids:divided inko groups according to the recommenda-
. . X 4 . ) . L
. ) ‘ - . .
. - o’ . .
- g *They might also construct a traffic flow patterr for the
. " 2 ,

: . square; see Background Paper, DP 13 People and Space, —=<ED. 4
}’ " v . e ' :
. . . N \ 7 -

L)




.,

The II ’\f‘: ‘/'O\'
p eop lc. To eress

¥ , - re t:f

- : ' ) 51

tions they supported and began\formulating more detailed
proposals. One group recommende¥, an overpass from Mt.
Auburn Street to Galen Street. Two other groups, which had
obtained rough estimates of the cost and feasibility of
such major construction, came up with another alternative.
They decided to recommend the construction of a street
through the central traffic islanﬁ so that traffic travel-
ing from Mt. Auburn Street to Galen Street could drive
straight through and avoid the rotary traffic.

. The children then decided that each group should make a
scale model of the square including the recommended changes.
For the next two months the class worked on this project.
First they drew plans and diagrams 'and 'decided on materials
for the model. Then they went to the Design Lab and began
learning how to use the tools while constructing their
models. They measured, sawed and glued Tri-Wall and other
materials together and finally added the finishing touches
to their models with paint. ,Several groups also built
electrical cifcuits into their models to support traffic
1light and belg systems. Sketches of the models are shown
in Figure Cl

Aftersthey had finished their models, each group wrote
a report summarizing the class findings and justifying their .
recommendation, The models, with the reports attached, were
displayed in the main lobby of the school at the end of the
year and stimulated a great deal of interest in the traffic _
problem within the school and the neighborhood. Parents,
teachers, and other classes .came to see the wo “42d discuss '
the problem. The ,local newspaper also published an account
of the class project, spreading the information further into
the community. ‘
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2. L0G ON TRAFFIC FLOW o

' ) o o
by Bernard Walgh* . '
Hardy School, Grade 5

. Arlington, Massachusetts
(September 1972-June 1973)

’
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ABSTRACT ‘ '
Students in this fifth-grade class responded™o the Traffic
Flow challenge by focusing on g nearb ighway and traffic
circle (rotary) where many accidents ﬁlving both cars and
pedestrians, including a student fatality, had occurred.
The class decided that road design at the rotary and lack of
a pedestrian crossing were the main traffic problems to be
solved. They first gathered information by taking pictures
of the area and studying the bhotographs to see where the
problems lay. Discussing the Dbhotographs, the children ques=-
tioned whether many cars were not going ‘faster than the
posted ‘speed limit and decid® to measure the .speed of the
cars. ' Arter much confusion they figured out How to station
themselves so that they could measure both the time (using
a stopwatch) and the distance the cars travelled in five
seconds. Other groups constructed models in the besign Lab
for studying the highway as it existed and as they would
1;ké‘to improve it. After the teacher introduced the con-
cept of traffic volume,'the "tally" group concentrated on
counting numbers of cars on the highway at different times
‘of day. Dpuring the entire study, another group conducted
interviews with govérnment officials and certain‘local peo~-
ple to document other opinions on the traffic problems and
on possible solutiqns. The class received blueprints of
proposed changes froh the State Department of Public Works
and compared these to their own recommendations. They found
‘that the State d planned a pedestrian overpass for the
highway which corresponded with their findings. The chil-
dren also proposed, in a final model, a bdpass of the rotary
for traffic going into Bostgnc -

L]

N

We began'ﬁorking on Traffic Flow during a class discus-
sion about the traffic problems we had encountered in the °
vicinity of the school. We talked about the local streets

terms of whether or not they would be safe for riding bi-
cj@les, and the children mentioned two ‘areas--Route 2 and
Arlington Center--that they felt were unsafe.

e t - " - ]

i . [ . [
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“The children w@Tmparticularly concerned about Route 2.
They felt the highway presented some serivus traffic hazards;
the previous year, a child had been struck and killed there.
Students related their personal reactions to the incident.
We discussed the actions that had been taken and to make the
road safer for the children who had to cross it: the addi-
tio® of a dividing fence and the circulation of a petition
for pedestrian safety. The class also discussed problems
from the drivers' point of view, and the children decided
that we might be able to improve the situation.

First, we listed problems created by the highway, includ-

, ing-—-—

1. Sgeeding cars
2. Fdur lanes of traffic merging to two lanes
approaching the rotary at thd end of Route 2.
3. No pedestrian crossing--motorists had to slow
down to avoid hitting the children .
4, Numbers of accidents to both pedestrians and cars
S. Poor lighting in the area

Next, the class listed ways of cellecting information on

the problem:

1. Take pictures bf problems we see ¢
2. Interview people who .live or work in the area
to see what they can recall from past experience

3. Go to police or registry to get facts on the
N numbers of accidents
4. Have children observe the area regularly
5. Try to judge the speed of cars in the area :
6. Try to construct a model of a pedestrian crossing
7. Try to get parents to help find a s6lution to
the problem after we collect accurate facts »
W

We planned a field trip to Route 2. The children decided
to take along a camera for photographing ‘the traffic prob-
lems. A camera committee, formed for this purpose, spent
time learning how to operate their Polaroid camera. The
rest of the class took notes on the traffic problems they: ’
observed around Route 2. After the field trip the children
compared their observations with .the pictures taken by the-
camera committee. The camera work helped ‘the children under-
stand the flow ‘of traffic, particularly the design of the -
rotary and the lane changes.

The committee had taken seven pictures During the rext

£y
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class session, the children compiled a list of the traffic N
‘problems that they were able to spot in' the photographs. .

The children then compared their list with the original list

of problems. Three of the problems first cited by the stu- ‘
dents were included in the list of four problems observed

in the photos (they are asterisked): .

*1. No traffic lights for pedestrians

*2,., Unmarked lanes where four lanes become two _
" : *3. No c_:ro'sswalks for people \ M
¢ 4. No .sidewalks. ' ,

4 -
The camera committee planned a second field trip during
' the next class session. The children decided to have each
child in the group take two pictures, concentrating on the

following places: .
> . . i
. 1. The speed limit.signs on the road where Route 2-
; approaches the rotary )
* 2. The changes from two lanes to the rotary “and
,,j : the narrow bridge
¢ 3. The intersection of Route 2 with Routes 3
¢ and 18 at the rotary - .
4., The general flow of traffic at the bridge and
the rotary l
5. " The motorists' probleths wlth the approaches,
. to Route'2. . - \
During’ the field trip, they observed the speed of cars -t

along Route 2 and noticed that they were moving too fast
for pedestrians ‘to cross gafely. The committee decided that
a group should be formed to collect data on speeds of vehi-
cles and to verify them with the police department. The
children discussed how speed could be measured and what in-
struments we would need. I introduced the children to the.’
"How To" Cards on how to,use a stopwatch and how to take
tallies.* . X ..
, During the next class session, the class was broken into .
% two groups:
. ! 1. Measurement of Speed Group--spent the session e
¢ 3 familiarizing themselves with the stopwatch. T T

¢ '

‘ *The set of pards on "How to Find the Speed of Cars" was.
Q not available at that time——ED -




-~ : 2. Camera Group--spent the session comparing the
- two sets of pictures that had been taken on the
two field trips, then chose the ones-that showed
- the most information.

I assured the .children that we would rotate the groups
throughout the year so that. everyone would be familiar with
theé different group procedures.
Before going out in the field, the Measurement Group took
| turns practicing timing with a stopwatch. They timed var-
| ious daily activities, including-- v
. e How long it took me to walk from one point o

} _ to another .
! " e Time spent going to Certain classes -
| . o Time spent doing homework .
| ¢ Time. taken to eat lunch .)
; . ‘ The stopwatch was the only instrument that the children
. 3 took with them on their first field trip. When the group
. arrived at Route 2, they discovered that the speed limit
)y f . sign they had planned to use as a marker was missing. A

discussion followed to decide what to do, Some children
. .8till wanted to time cars that were going by, but they soon
s - 4 realized that this would not be possible because they had .
yet to take an exact measurement of the distance from the
» T starting point to the "finish line." The group listed the - .
. . ways that they £ get the necessary measurement on the
% next trip. These Included--
T ‘ 1. Use a ruler and measure the distance from the
- \' : ” end of the bridge (where the sign saying 25 mph
: had been) to the post .

¢

i boe - , : 2, Use a tape measure to get the distance !

| . : . o e . ") ‘
? : N ' 3. 'Use their feet, noting tHat they would-have to” -
| L Lo . get a pair of size twelve shoes in-grder to have
v ' R N a one~foot sﬁandard .

} . . %, Use a measured ot marked stick along the edge
oL , of the rgad" . -
N . A} - L N
o 2 3 5. Measute the exacf‘disfance‘frdm one point to
K - P another by.some heasurements: ‘gystem that could

: Y ' . be made up in. the’ classroom .

CLRIC: w - 90 A
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The children then sat by the road to develop a method of
timing cars. They decided to station one of the boys as a
fixed point with a stopwatch to record times of the cars
that went from the starting point to his poisiton. The
students realized that it would be impossible to time every
car. Deciding to time only certain ones, they {inally
chose Volkswagens. The children also recogni the im-
portance of consistence in their timings. 'Cars had to be
timed from the same point in order to be sure of accurate .
measurements. It was decided that the person at the start-
ting point would measure from.the front offthe car and not
from the middle or rear. The persen at the finish line
would measure the time when tfie back-of the car passed his
location.*

The method the children planned ta use worked like this.

A person stationed at the rotary would raise a book in the

alr to indicate to the boy at the starting, point that the -
Volkswagen had passed. The timer at the starting point
would record the time when the car reached his point, ig-
noring any other Volkswagen that came through until the
+car had passed the finish line. The timer at the finish
lirie would record the time for the car to pass that point.

The children tried this method on ten cars. After the
data were collected, the group returned tb the school and
presented their information to the rest of the class. The
timing data, sketch and some figuring iq shown in Figure
C2-1.

During the next class discussion we tJiked about what
type of measuring device would be most accurate for .de-
termining the distance over which the cars were to be

. timed. The class listened to the reporté of the measuring
" group and made the decision to use either a 100-foot tape
measure or a measured ‘string to determing the distance from
the rotary to the startipg point. When the children went
out to measure the area, they found the distance to be

300 feet.

Besides the confusion over having to be aware of two
factors}_t{pe and distance, the children Encountered other
problems while measuring spéed. . The Measurement Group re-
ported the problems they had encountered in the field:

. ' —

’ 1. Not being able to start the stopwatch on-time
a' ? "
2. Confusion as to which car was Being timed

*The measurements would be more accurate if they consis-
tently used the front of the car.--ED. .

..o, 91‘ ; C .
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Impaired vision, which made it impossible to
determine when the timed car reached the
finish line

They also had trouble with the math inveived in determining
speed. The children were confused about wha¥ process to
use--distance + time (addition), distance - time (subtrac-
tion), distance x time (multiplication), or distance/time
(division) LI
When the Design Lab opened in October, the children in

the Measurement Group worked on a simulation activi%y ‘with
a marble that they hoped would help them work outr a method

" of determining speed. During our first simulation session,
six children placed a piece of masking tape on the door.
A tape measure was stretched next to the tape for a «dis-
tance of twelve fqg;gfna the tape was marked off at one-
foot intervals. Momst-0f the children were situated at
Point A, the beginning of the "roadway.'" Their responsi-
bility was to release a marble along the track after a
countdown. Two children with stopwatches at Point B, the
end point, timed the marble for two seconds. Another child
and myself were stationed at points along the measure tape;
we were expected either to stop the marble or to note its

. - position after two seconds. A diagram of the model and

. the results of ten trials are shown below.

é)—-? 2
T - , Danny Bernie
V4 \\ - X X

’?0"59009 300 'fcfrt )300 APh, A : B
'3“? . ,1. ~ 1 2 3 4 5 6 7 8 9 10 11 12
1(.:'3 (,
' g

D' V'SlO,y

-

Distance Covered in Two Seconds

7' 6", Test 6

il
H

Figure Cc2~1 . 9t gn Test 7

Tﬁ?t 3 No measurement Test 8
' Too fast on road

I4 .
Test 4 5' 9" \\ Test 9

, Test 5 - 10' 9" Test 10- 11' Q"

*As a result of discussions with members of the USMES staff
"How to Find the Speed of Cars" and "How to Find How Many
Feet Per Second 18 .the Same Speed as 60 Miles Per Hour")}J
were written for children.




The children identified the yariables affecting speed’as 'the
speed at which the marble was released and whether or not
the marble touched the sidé of the course.

During the.next sessiofi, the group constructed a roadwayp~"
model using small pieceg of wooden dowels fog the sides.
From their simulation éiperiments with this model, the
children felt that two major prBblems emerged: '

N

1. How to /control the marble speed

2. How‘to keep the marble from bumping the sides .
of the track

The model helped the children in the Measurement Group
understand some of the factors involved in measuring speed.
They were still concerned, however, about not being able to
understand the calculations. Although some children in the
group were now convinced that speed was determined by di~-
viding distance by time, the problem of conversion from
feet per second to miles per hour was still unsolved.

To help the children overcome the math problem, I asked
the Me3surement Group to presefit the problem of determining
the speed of a car to the entire class. During the next
sessions, the group presented their data and a report of
the group activities to the class. They informed the other
children about their trial tests with a marble and about the

. math problems they had done so far. v/

Since the math involved in converting feet per second to
miles per hour’ seemed too difficult for the children, I
introduced the concept of the conversion graph to the chil-
dren. Playing games such as "Battleship",‘"Tic—Tac—Toe"
and "Blind Man Sink" provided opportunities for the chil-
dren to plot points on a graph. When the whole class began

¢ to work on these activities along with the Measurement
Group, we made progress. As a class, we worked out the
calculation that sixty miles per hour is equal to eighty- ..
relght feet per 8econd. Groéups of children then made con-
version graphs and practiced changing car speeds in feet
per second to miles per hour. . .

When the entire class had worked on these activities,
the Measurement Group planned another field trip tao Route 2
" to collect data on speed of cars. They decided that they
would find spéed by measuring the distance Volkswagens
traveled in five seconds. Taking lalong stopwatches and a
fifty-foot tape measure, we went back to the location where .
we had collected data in September. Two children with- a,
stopwatch were stationed at the starting point, a 25 mph

94




speed limit sign. | One child ogprated the stopwatch while
»  the other signaled to indicate that the timing had begun. .
Two other children situated between the starting point and .
the selected ending point kept their stopwatch going for
five seconds .and signaled when .the timing had ended.* A
third group of children observed and marked the position of o
the car when the timing had ended. The children timed and
marked the distance that each of five Volkswagens traveled ,
. in five seconds. After all the timings had been completed,
' the children measured the distance covered by each car.
Then they calculated the speed of the vehicles during the-
- next class session. Their data and calculated_speeds arfi
l ’ - shown below. o

N L
Speeds of Volkswagens on Route 2
. . Car 1 - 199' in 5 seconds -- 40' ,per second
Car 2 - 231' in 5 seconds -- 46' per second
Car 3 - 241" in 5 seconds -- 48' per second
Car 4 - 237' in.5 seconds -- 47' per second DR
“ Car 5 - 243' in 5 seconds -- 49' per tecond °

- s PR N

The children used conversion graphs to’ change their data
recorded in feet and seconds to speed in miles per hour. .
- They were’ very cpncerned-that their measurements were not
precise. A class discussion followed on approximation and
rounding off mumbérs. It was hard for the children to v .
, accept the idea that exact answers dére not only not always
 , needed but sometimes impossible to determine. We explofed
the use of estimation and how it was necessary in oyr meth-
‘ ods of data collection, The following chart shows the

’ children's conversions of feet per second to miles per Hour. -
- . ' . .
. T ' Conversion of Feet Per Sgcond to Miles‘Per Hour -
. CLar # ‘Feet Per Second Miles Per Hour :
\ " Car 1 40" per- second ’ 27- mph )
. ) Car 2 46' per second . 31 mph L
} Car 3 48' per. second . 33 mph B .
. ! Car 4 47" per second 32 mph .
: car 5 49' per second 34 mph - o
<, - ~ *It .is not cledr why the students used tyo stopwatches. * .,..
. NS Using one stopwatch and a good.hand sighaling systeh © ot
' might be easier.--ED. . . , ¢




During work on the Traffic Floy challenge the Design Lab
provided an important focus for unit"activities. Those .
children previously upinvolved in fhe unit .became interested
in building ‘models of roadways and'constructing trundle
wheels. Begides the Measurement Group's simulation activ-
ities with the marble, four other prajects were worked’on
by the class during the course of the unit. Each group was
“asked to plan its project, draw a sketch, present it to the
class, and begin work on its design. ot

Group 1 -- build a model roadway in order to test |

the speed of model cars using data from
the Measurement Group -

Group 2 -- build a model of Route 2 the way it is
- now and indicate areas where most of the
¢ accidents occur as well. as how they happen
Group 3 -- construct a trundle wheel to be used in )

¥ measuring distances ofi Route 2 -
construct a model of Route 2 thé way it
should appear (with an overpass, overhead

Group 4

lights, etc.) .
’ .

Figure C2-2 is a student '‘sketch of the way Route 2 looks
presently, while Figute C2-3 shows one child's plan for
- Route 2 in the futurd.

Four children working on testing model cars on an in-
clined roadway set ‘up a piece of plywood as a track. The
children were puzzled because the cars kept falling off
the track when they tested them.:- I presented the children
with some questions to think over before the next sessioh,

1. Why were the cars falling off the road?

‘2. HOY wag-the model car built?. ' ~\$\\
3. What was the yoad made of? How did it feél?

4. Does“the surface of the road affect the speed
of 'a car?| '

5. What about other materials for the roéd? What
would you choose and how would it cut down on
friction? !

6




62

N
wn
)

4

-
13
\':ps,co-n‘

__L_g_ ~L ‘_._,___..,_,__m.uu_ ?.__..

-
[}
/7
5 - /
ull /
= \/ ’
Nl
// : )
[
e D el -—-——-—--—-—--—-'w“._— .
_— —— D> . .
—— —— . .Figure C2-2
. J

é:\.: e

M v

A BATA T Poanir
Nele ¢

Figure C2-3

Rtedhow wodd (Xe ~
+o be




‘ : . 63
The children in this group spent the next several ses- X
sions in the Design Lab trying to work out the solutions
to these questions They finally chose a piece of plywood
, that was long enough not to bend under the weight of the
cars as they went down. To find out how spe€d-of an object >pﬂ
is affected by different heights, they needed to make the
-angle of the incline adjustable. Part of the group cali-
brated a piece df lumber for thirty—six inches and mounted
the wood on a base. Each inch of height was marked by a
nail. .The track was attached to the nails with a screweye
so that the helght could be adjusted.” In order°to keep
the model on the track, several students attached Tri-Wall
strips to the sides. Here is a sketch of their model:

N - e ege hook ‘

Noiks set e heo . . .
1 apart for
tota\- 3

.2
Trwe o . Pralolem: To have mgl
C Tane as onby zf"""
g L . Srfeci- reduce frichin
* ) v
During successive sessions the children ran trial tests
of their model on the inclined roadway. The children solved
various problems as they arose. For instance, the car
wheels had to be adjusted because they seemed to tighten
as they moved down the track. They also tried using a
Tri-Wall incline because the plywood seemed to make the
cars veer to the side. Over several weeks of observation,
however, the children were able to make this conclusion: |
the greater the incline of the surface, the faster the speed
of the moving object at the bottom of the hill. '
While the various groups worked on ficdels in the Design
Lab, ‘the Measurement Group and I decided to count cars at
Vvarious points along Route 2 so that we would know where
' and when traffic was heaviest. Before going out on our
field trip, we examined "How To" Cards on tallies and bar
graphs and practiced making bar graph tallies. The entire
class was involved in a ‘discussion of the activities of the

. ERIC . - J9 ’

)

- *




‘new Tally Group.:

Using a model constructed by the children at the USMES
Winter Workshop, I introduced the concept of traffie volume
to the class. After we had discussed the term, I asked how
the volume of traffic related to the size of the roadway.
The children responded that a small rvad would have trouble
handling a large number.of cars--for example, Chandler
Street near the school. The children compared what Route 2
would look like at the rush hour to its appearance when we
had' observed it in early afternoon. .The class felt that -
the volume of cars would be greater at rush hour, causing

problems.* A discussion then followed as to important
time to collect more ‘traffic data.
e TEACHER: We're interested in going back to Route 2,
but at what particular time?

STUDENT: In the morning? . .

TEACHER: Why? . ' ‘

STUDENT: Becausé that's when everybody's going to work.

TEACHER: We want .to gq at what particular time then?

STUDENT: The rush hour.

TEACHER: What might we see at rush hour, that we would,

not have seen before? -

—

STUDENT: A lot of cars. - ’

-

’ LA

. 'The class .decided to measu¥e the volume of traffic on the
rohd at rush hour for a half hour. Our final activity ber
'fore our field trip was to pinpoint problem areas at.which
to station observers, These were the following locations: «

L

L4

Point A - rotary

d Point B - ﬁalf way-arouﬂa the rotary V“

1
‘

'Point C - narrow bridge

)
]

Point D - four lanes into two lanes

During the next session,the Tally Group went.‘to the ro-
tary to count cars during rush hour. We arrived at the
bridge at 8:50 A.M. and stationed ourselves at the 25 mph
sign to conduct our tally and make our observations The
children obaerved that=-- :

*The density of cars at .rush hour might be greater, but if

‘there is a traffic jam, the traffic volume could actually be

less than at other ?imes of day since the cars would be
moving more slowly.' Seée Glossary for definitions of traffic

’olume and traffic density.--ED.
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Traffic was very heavy.

Traffie wa\s ba<‘:ked up to ‘the bridge away from
the rotary.

Traffic could not move at the posted 25 mph
-‘8peed limit.

’
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‘\'

4. Cars were moving veri" slowly at all points.
* i 5. Greatest problem was at Point C where traffic
‘ 4 is half-way around the rotary. :
) . ' e
/{ e . v the group made three tallies beginnﬁ{'g at 8:55 A.M.
s . t .
. X ' . Trial #1 (8:55) Cars counted for one minute
~ ’ ' 42 cars (other children had same
< caunt for same period)
' . .' ’ ' _Frial #2 (9:00) Cars counted for one minute
- : '/,,-/?/ . 43 cars- (cars had been released
e cr \’- . _’q_'_/ from traffic jam up the road)
T:(\\\\s (Jm\)? 0\D$,CCVQ WO 0 ‘ : Trial #3 (9:05) Cars counted .for two minuted
n ’ R : 1 R \n . 68 cars
R L Resn Your - IO
o N , The cliildren made the following observations at 9:10 A.M.
~ %85 “cars ' . " ‘
\t “‘3 \J\CD-V\Q_\‘QQ‘QQ\Q l.. Traffic not as hea\}y as when we arrived .
5 Mhles et Nour Nowme §55 . I
\ oo . 'R o 2, Traffic moving around rotary’with more® ease
N . . O‘VV\ %)\ 3 » 3. Point 'C still a problem
o\ ¥:5 , :
- bb 5 \ m\ﬂ\{\'& H . Lary, ?O\N" }) 4, Cars going faster; probably ex:{eeding the
- \ . d 25 mph limit :
4 - Mo 9. - . )
N0 \munvke 43 ears, Dt D , \
A N’B o \)\’ T A final tally was made by the children at 9:23 A.M.
. 05 Q._m\n es Qg CQ-“S. p * . . , . )
oy © .
CO«!‘S not da . \ . Trial #4 (9:23) Cars counted for three minutes
N qang as slow ag $i55 : 109 cars (more often, fewer
M AW smindies \oq cars RortD problems)
, ' y -e An example of a data sheet from the Tally Group's observa-
’ Figure ¢2-4 tions may be found in Figure C2-4.* '
\ P SO ' .
. . *The children might'fbﬁstruct a scatter graph of the volume
x ) (number of cars per minute) vs. the time of day.--ED.
LS . 1 L - ' ’
ERIC 1o 102
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Children in the Tally Group reported to‘éhe rest of the
class during the next session. The class was concerned
about the amount of congestion at various points as well as
the total number of cars. They noted that as nine o, 'clock
passed, the volume of traffic decreased, As the volume °

v decreased, the speeds of cars increased and much skidding
occurr when‘cars braked because of 'sudden traffic jams.
.The children inferred from the data presented that traffic
. thinned out and the problems decreased as the morning went’
.on.

.

During the first field trip the class had taken to Route
2, the children had met a man who owned a gas station along
the road. He had described some of the problems as he saw
them from his location. The children who had talked to him
were very excited about having conducted an interview and
were anxious to form an interviey committee to gather more
information from othér people. This group of students con-
ducted interviews with members of.the community, town gov-
ernment, and the Departmenq of Public Works throughout the

’ entire. study. Information gathered in later interviews

. . proved helpful in reexamining our own proposals and designs
¢ for changes. S
1 Materials used foéainterview;pg*inqiuded a tape recorder,

. . hote paper, pencil, and. sdmetimes Vvideotape equipment. Here

\\ are some questions the students asked:
1. What kind of piobleus do you see in the area
when you come to work?

.
2. What do you think some of the dangers are in
the ar{pfor the children?
J
3. Do you think the speed limit should be e
lowered?...To what? _ \
¥ \ 4. Do you think the guardrail helps? If not,
why? . .

5. Do you think Route 2 is better nowbthan a
. year ago? Ifsnot, why? . . .
. 6. What do you think about the rotary at the end

\ of Route 2? What would you put in place of it?

7. Do §ou think we should have sidewalks on Route 27

\ ‘14") !
Ly .
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The children interviewed many people in different of-
ficial positions. Here is a list summarizing the informa-~
tion gdlned from these interviews as well as from their
first interview with the garage owner.

<

Position Knowledge/Direction Gained From Interview
S
Executive at Need for overhead lighting; role of poli-
Arthur§D. tics in problems of road, e.g., the type
Little " of fence recommended to the state not
Cr . constructed; need for saf education of,
) childrea. .

'

GarageeOwner Speed as safety fdctor; need for overhead
- ¢ 1ights; danger to children; difficulty
getting road improved.

‘Town Meeting Need for overhead crosswalk} need for

Members better lighting;.need for improvement to"
rotary; information on how to get recog-
nition on floor 6f town megting, children

‘directed to state to get necessary answers;

>

stressed children s models. X
Asst. Town Recommendation of town governqent, over=-
Manager head lights, sent to Department of Public ..

\ Works~-no action; no immediate cost to
. taxpayers of Arlington.

Public Safety Route 2 comes under jurisdiction of five
police departments. . .
Department of State proposed changes: pedestrian cross-
Public Works ing in planning stage. Received blue~
prints of proposed changes.
A Ay

P

Toward the end of the school year, the clasg began a .

survey of teachers, stuﬁents, and parents to gather addi-
tional opinions on the traffic problems created by Route
2. They hoped to be able to compare other people's per=-
ceptions of the traffic problems with the quantitative
data they had collected along the roadway. However, there
was not enough time left for.them to complete this activity
before the year ended.

When the ¢hildren conducted an interview with a repre=
sentative of the Massachusetts Department of Public Works,
théy were givén a st of blueprints of the changes for,

104




Route 2 proposed by the state. The children compqred the
blueprints with designs made by the group building a model
of Route 2 aq they would like it to look. ,Théy first noted
that the blueprints were much more exact than their own

diagkams. ir examination of the state's diagrams showed
that Yhe fgllowing changes were being considered:
1. .A portable pedestrian overpaés (to be con~
structed first) C

'

Installation of street lights
Construction of g}avel ard concrete sidewalks
Warning signs to cars entering the rotaty

We.also discussed the ‘angle of entrance of roads coming
into Route 2 from businesses along the highway. The blue-
prints indicated that the state was planning ninety-degree
angles for thes& entrances, as opposed to the forty-five
degree angle used for most super highways. We agreed that
in this case, entering on a right angle would be safer be-
cause drivers wauld be fofbgdwto stop and look, rather than_
merging into the traffic from an acute angle.

Following this discussion, the children working on the
model of «the "future Route 2" began constructing an exit
ramp leading from the main road to the other side at.a

_ninety-degree angle. I realized that they were confusing
the entrances recommended by the state with the exit ramp.
We spent several sessions discussing angles of exit and
entry to a road. The cliildren were confused by the lessons,
and we had to backtrack and try a different approach.

During the next session, the following diagram of the
group's proposed ramp was drawn on the board:.

Al

.

i

Model #1




I asked the children to conster these questions concerning
the flow of traffic in their design:

1. What would happen to the traffic that tried to
. ‘exit from.,the road at this angle if cars were
.o going at 60 mph? [

2. ~What effect does the speed of a moving object
have on objects that are in its path? !

3. What would the area of collision be on your
model? .
4. Oan you design another model:, keeping in mind
the afgle of exit off the road?
' [ ]
: To help the children understand the relationship of their
. model to the real world, we tried simulation exercises
using children as cars and doorways to represent exits from
the highway. We decided to have different "cars' try dif-
° . ferent angles of exi# from the aisle to the corridor so
that the children would understand the relationship between
speed and angle of exit. First, a boy pretended to be an

automobile traveling at 60 mph approaching the ramp. The
w boy raced down the aisle and made a sharp right turn out
o the door. He repeated this action several times} each time

t a faster rate. The last time he nearly collided with _°
he door frame.
‘The children discussed. their observations of the simula-
"tions and establishqd the following conclusions:

1. An object moving down a roadway stays on the
outside' edge of the curve.

2. In a twolane road, a car e 'inside lane
approaching a curve at a fast, steady speed
will be drawn to the outside lane, possibly
causing an accident. '

-

* 3. The.angle'of the road leading off a super
R highway makes a difference. .
4. A gradual reduction of spee] in addition to the
proper angle of exit reduces the chances of
collision.

S

More complex simulationlactivities continued as the

100
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chilareﬁfdrew different types of exit‘ramps of Route 2 with
chalk,on the, floor and tested the various angles. Here is

a sketch of one of their diagrams from the simulation
. activities'

A

I

(z:;)A ( ?.") h""‘*) (Best Ramp OFF '!kt 2) .
Rotary V= La".'::::‘I tzl-_<zgﬁéf;__:52523§::::_ }? a%;%
7 Simulated |
- , Traffic
3

They concluded that Exit D, as shown"above, was the best
type of exit ramp for their purpose.

When; the class had completed simulation activities, the
children in the "future Route 2" group reconstructed their
exit ramp to look like the ramp in the sketch below:

3

) . Model \#2

K
When the final model had been completed, tke group pre-
sented it to the rest of the class. The children compared —

it to the neat blueprints of the Massachusetts Department
of Public Works and decided that it was still fairly rou§h

but they were pleased wifh the results. (See sketch at
top of next page). .

The following year the pedestrian overpass shown in the
photograph was erected. This was consistent with (though
not a direct result of) the children's recommendations.

it

. . -




t

4I . . /
Sketch of final mod:;z Route Zlfwitﬁf:ropqaed exit ramp

for traffic.

’

. Points . vy
A Major traffic problem area%}-
most prime collision area
(A M. traffic flo¥k)
B Collision area--traffic sparl ’
C Secondary colli$ion area
(prime grea, P.M. traffic|flow)
D Problem area, A.M. and P. .
peak times’

-

Ramp was supported, by stilts.

Problems during c&nstruction:

1. Angle of exit was initially too sharp

2. Speed pf,moving cars had to be considered

Ramp Allowsi. -

é. Free flow of/
. Present road at rotary to be used as one-way

from Boston and for local traffic

~

N uldhhihﬁhn 45”’R !
. b 7 .
td P
— — . e— —— A
:J ' - )
— = = = —
. .
Tropedad Podastiian -
Overpass ’

traffic to Boston away from rotary
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D. References

1,

LIST OF "HOW TO" CARDS

GEOMETRY

GRAPHING

MEASUREMENT

PROBABILITY AND STATISTICS

\

* Below are listed the current "How To'" Card titles that
students working on the Traffic Flow challenge might find
useful, A complete listing of both the "How To'y Cards and
the Design Lab "How To" Cards is contained in the USMES
Guide. In addition, the Design Lab Manual contains the list
of Design Lab “How T%V Cards.
G 3 - How to Conmstruct a Circle Which is a Certain Distance

Around : ' :

.

. 4

GR 1 - How to Make a Bar Graph Picture'gF'Your Data

GR 2 - How to Shew the Differences in Many Measurements or
Counts of the Same Thing by Making,a Histogram

GR 3 - How to Make a Line Graph Picture of Your Data

GR 4 - How to Decide Whether to Make a Bar Graph Picture or
a Line Graph Pictute of Your Data

GR 5 - How to Find' Out If There is Any Relationship Between

Two Things by Making a Scatter Graph
6 - How to Make Predictions by Using a Scatter ‘Graph
7 - How_to Show Several .Sets of Data on One Graph

-

M 1 - How to Use a Stopwatch

M 2¢- How to Measure Distances '

M 3 - How to Measure Large Distanceg by Using a Trundle
Wheel

M 6 - How to Find the Speed of a Car

M 7 - How ‘to Find How Many Feet per Second is the Same
Speed as 60 Miles per Hour o

M 9 - How to Make a Conversion Graph to Use in Changing

e Measurements from One Unit to Another Unit

M 10 - How to Use a Conversion Graph to Change Any Megsure-
ment in One Unit to Another Unit

’

PS 2 - How to Record Data by Tallying

PS 3 - How to Describe Your Set of Data by Finding the
Average ,

PS 4 - How to Describe Your Set of Data by Using the Middle
Piece. (Median)

PS 5 - How to Find the.Median of a Set of Data from a
Histogram .

»




How to
How to
How to
How to
How to
How to

How to Make a Drawing to Scale
How to Make Scale Drawings Bigger or Smaller

o

o/

v

. New titles to be addéd in 1976:
L

Round Off. Data
Compare Two Sets of pata by Making a Q-Q Graph
Design and Analyze a Survey .
Choose a Sample
Compare Two Sets of Data by Using Interguartile Ranges
Make agd Use a Cumulative Distribution Graph

: !
. A cartoon-style set of "How To" Cﬂrds for primaty grades
is being developed from the present complete set. JIn most
cases titles are different and contents have been rearranged
among the various titles. It'is planned that this additional
set will be available early in~1977.

e *
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2, LIST OF BACKGROUND PAPERS - | As students work on USMES challenges, teachers may need

: ‘ background information th%t is not readily accessible else~

. where. The Background Papers fulfill this need and often P

‘ include descriptions of activities and investigations that
students might carry out.

Q On;the following pages are resumes.of Background Papers
that teachers may find pertinent to Traffic Flow. The
papers are grouped in the categories shown, but in some
cases tlie categories overlap. For example, some papers that
deal with graphing “also include probability and statistics.

.

DESIGN PROBLEMS . ‘ : DP 7 Traffic Congestion by James Kneafsey
) ‘ DP 8 Traffic Flow at Pedestrian Crossings by James Kneafsey
o DP 9 Traffic Flow under Alternative Structural Conditions

Y . by James Kneafsey
pY . - DP10 The Need for Traffic Signal Synchronization in Urban
L Areas by James Kneafsey )

DP11l The Impact of Parking Restrictions on Traffic Flow
in Urban Areas during Peak Periods by James Kneafsey
. DPI2 Traffic Flow at Rotaries by James Kneafsey ’
. \ DP14 Speed, Travel Time, Volume, and Density Relationships
' in Traffic Flow (based on suggestions by James Kneafsey)

) 3 v \

S -
GROUP DYNAMICS GD 2 A Voting Procedure gomparrson That May Arise in USMES '
Activities by Earle Lomon

GRAPHING .- GR 2 Notes on Data Handlizg by Percy Pierre
: p GR 3 Using Graphs to Understand Data by Earle Lomon
: GR 4 Representing Several Sets of Data on One Graph by Betty
: Beck .
. ) GR q_vsing Scatter Graphs to Spot Trends by Earlé Lomon - e
- . 1
MEASUREMENT ) . M 2 Measuring Heights of Trees and Buildings by Earle
R - Lomon
M 3°Determining the Best Instrument to Usegfor a Certain
- S . . ) '  Measurement by USMES Staff . ~

. ) ‘M 4 Measuring the Speed of Car¥by Earle Lomon
ig ) - : M 5 Electric Trundle Wheel by Charles Donahve

hd . N




PROBABILITY AND STATISTICS

’

il
4
\

i
SIMULATION ACTIVITIES

prs

RATIOS, .PROPORTIONS, AND SCALING .

v s
« e
' .
‘ ’

o
.

PS 4 Design of g‘urveys and Samples by Susan J. Devlin and
Anne E. Freeny
PS 5 Examining One and Two Sets of Data Part I: A General
trategy and One-Sample Methods by Lorraine Denby and
ames Landwehr ‘
‘'PS 6 /xanu.mng One and Two Sets of Data Part II: A Graph-
cal Method for Comparing Two Samples by Lorraine
‘Denby and James Landwehr

1

«

.
"

R 3 Making and Using a Scale Drawing by Earle Lomon

LY

$A 4 Simulation/Modeling as a Tool in Assessing Various
° Solutions by Bektty Beck
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3. BIBLIOGRAPHY OF NON-USMES MATERIALS The following references on traffic and road design may
be of some use in teaching Trpffic Flow. . A list of refer-
Lo e . : ences on general mathematics and scientific topies can be
\ found in the USMES Guide. '
\ Baerwald, John. E., ed. Traffic Engineering Handbook. 3rd ,

' ed. Washington, D.C.: Instifute of Traffic Engineers, -
1965«

Aitechnical guide to traffic in the U.S., includin
céhpters on traffic characteristics, survey methods,
, . ; " and urban planning. Section on geometry of roadways
. . : discusses variousdcriteria to consider when evaluating
. u "intersection and street design.
- 3
Charles Eliot Junior High School Ecology Club, Eyeballing .
’ . . Traffic Flow: An: Environmental Awareness Study.
. . Cleveland, Ohio: Institute for ‘Environmental Edu~
[
\ cation, 1973, . . \ e

Short paper on measuring traffic flow at various times ‘o
of the day by counting cars at an intersection. Use~
\ ful for both teachers and students. N

- . Matson, Theodore et al. Traffic Engineering. New York
. ) \ . - McGraw Hill, 1955. ‘e
A guidg for traffic engineers of traffic flow charac-
teristics and administrative procedures. Contains
. sectiohs on cdntrol devices, intersection design, and
\ planning for traffi€ flow. - . . >

P

| - . Maps’ and aerial photographs showin!(traffic flow patterns
may be obtained from state government agencies (e.g.,

Massachuse'tts Department of Public Works) or traffic en-
gineering departments at a city or ?niversity. ) i ,

a

y A list of available government publications concerning traf-
. fic flow may be obtained by wr%tin% to the Superintendent
of Documents, Washington, D.C.! . .




4. GLOSSARY

Average

Brake Distance
5 v sy

Calibration

Centripetal Force

s R
Congestion

Conversion ~
v

0}

Correlation

Cost Lo

" whose class is investigating a Traffic Flow challenge. 'Some

measurements.
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The following definitions may be helpful to a teacher

of the words are included to give the teacher an understand—
ing of technical terms; others are included because they !
are commonly used throughout the resource book. ..,

These terms may be used when they, are appropriate for the
children's work. For example, a teacher may tell the chil-
dren that when they conduct surveys, they are collecting
data. It is not necessary.for tHe teacher or students to
learn the definitions nor to use all of the terms while
working an “their ché&llenge. Rather, the children will begin -
to use the words and understand the meanings as, they pecome
involved in their investigations. J//b

, Y
. s .

The numerical value obtained by dividing the. fum of the
elements of a set of data by the number of. elements in that
set, Also callgd the mean. y
The distance a vehicle (eYg., ‘bicycle, car) travels from the
time the brakes are applied to the™time it stopsg.

Setting and marking an instrument to correspond to standard

An inward force on an object that causes it to move in a s
curved path. For example; when a car goes around a curve
the road exerts a.fqQrce on the tires that causes the car to
go in a curved path. *

A traffic flow problem that exists when the volume or den-
sity of traffic affects average speed to the point where
normal traffic flow is reduced shaxply.

A change from one form to another. Generally associated in
mathematics and science with the change from one unit of "
measure to another or the change from one form of energy to
another. |

A relationship between two sets of data.

The amount of money needed to. producé or to purchase goods
oxr services. * - S

Any facts, quantitative information, or statistics.

[ i- ;lglé; . ' ‘.“.‘ ! N




Degree .
Density
Distribution
Economics

Event

Force

.
Frequency

Friction, Sliding
Gap Time

|

Graph

Bar Graph ‘
~ |

A unit of measyrement of temperature -or angle.
’ = '

See Traffic.
The spread of data over the range of possible results.

A socia% science concerned chiefly with description and
analysis of the production, distribution, and consumption .
of goods and services. ,
A happening; an occurrence; sometﬁing that takes place.
Example: a car arriving at an intersection.

L]
L

A push or a pull,

The number of times a certain event occurs in a given unit
of time or'in a given total number of events.

A force between two rubbing surfaces that opposes their
relative motion.
The time interval between successive arrival times of vehi-
cles at an intersection. < ¢ .
A drawing or a picture of one or several sets of ﬁata. o

- . . .<§
A graph of a set of measures or counts whose sizas are re~
presented by the vertical (or horizontal) lengths of bars
of equal widths or linest Exampled, volume of cars along
several differenf streets during a glven time period.
LI LTI
° Véldnle ] ] b

) «F Y:a0 4. .
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Street

Mesa
Juniper .
Nevada
Main

Mountain

k3
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Cohversion Graph

Cumulative Distribution éréph‘
» .

A line graph
to anothqr.
per hour,

Car Speed "
(mph)

that is used to change one unit of measurement
For example, changing feet petr second to miles

IR

X'

A graph that ¢an be constructed from a histogram by comput-
ing trunning totals from the. histogram data.
ning total is the first value in the histogram data (see
The_second running total is the sum of
the first and second values of the histogram; the third is
the sum gqf .the first, second, and third values, and so on,
The horizontal scale on the graph is similar to that of the
histogram; the vertical scale goes from zero to the total
er ‘of events observed or samples taken (in the example,
‘the "total number of cars for which speed measurements have
Each vertical distance on ‘the
. graph shows the running total for-the value shown on "the- .
* horizontal scale, thus the graph, below indicates that thirty-- ¥
four tars have a speed of forty miles per heur or less.

table of values).

been taken along a street).

Running
Totals

"
"
”"
"
"
.ll

15 or less
'20 "

"
1"
"
1"
"
1"
1"

‘1
5
12°
21 -

29

3 |
36

37

The first run-

(L
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. Histogram »

e

8-

Street  Number’ Number u

of Cars of Cars /

9:00 A.M. 11:00 A.M. JiNEn
Nevada 11 . 6 . > 7
Juniper 14 " 11 o A | A .
‘Mountain 15 - 13 :E:
Mesa 23 14 H v,
Main 26 - 18 M

e i : )

~

A type of bar graph that shows the distribution of the num-
ber of times that different measuresdor counts of the same
event have occurred. A histogram alwhys shows numerical
data on the horizontal axis. Example: the different number
of cars traveling at different speeds along a street.

JIATL A ga 3119 '
Number . Speed ]
of Cars (mph) = ‘
1 10-15 1T
4 - 15-20 :ﬁ
7 20-25
9 25-30 n .
8 30"‘35 . _k L ‘ /
5. 35-40
2 40-45 { He
1 50-55 ,
AT RSP IE I Shar ARyt |
RN ar
| 1 I y
A bar graph that is represented by circles, triangles, or i

crosses with lines connecting them so that it has the appear-
ance of a line graph.. (See Line Graph.) This is a useful '
representation when two or more sets of data are shown on

the same graph. Example: the volume of cars along several

" different streets at different times of day:

TTTTTTL] L
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Line Graph

- Q-Q Graph

o

A graph in whichxa smooth line or line segments pass through
or near points representing members of a set of data. Since
the line represents an infinity of points, the variable on
the horizontal axis must be continuous. If the spaces be-
tween markings on the horizontal axis have no meaning, then
the graph is-not a line graph but a line chart -(see Line
Chart), even if the data points are connected by lines.

A graph that shows the comparison between the same type of»
data collected from two groups of people or from two dif-
ferent situations. Example: speeds of cars along a street
before a warning sign-has been posted and after a sign has
been posted. The data for each set is. ordered and the small-
est measurement of one set plotted against the smallest of
the other set, the second smallest ,against. the second small-
est, etc. The scatter of points is compared to a reference

line, a dashed 45  line that represents data from two iden-
tical sets,

Car Speeds Car-Speeds*

Before After »
Warning Warniqg
(mph) (mph)
16 15 ~
21 17 AEEN 4##5 ]
Y 18 cﬂ 3 s
Y 23 - 4 &
29 25 ; ' iz A L L]
32 © 25
36 26 =
38 33 %3 -
46 © 38 ,
51 42 b :
: 1%
2 D f
‘ ) : 0 A
]

cq

- ’,“
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Scatter Graph

Histogram

Hypothesis
Inference

Mean

Median

- ex

A graph showing a scatter of points, each of which repre-
sents two characteristics of the same thing. For example,
in the graph below, the position of each point indicates
the time a bus takes to get to school vs. the distance it
travels. .

ENEEE NPEERREEN

' thrhAsd us Tf?;!‘gls AN
Time Distance | Iir 1. 1AkEs | 70 Td kdx l:
(Min.) M) 1
36 9 <L
44 12 , . 3
57 18 [ ) -
58 23 NENE
63 , 22 g ¥
69 29 .
76 . 31 NED

) *Aﬁf Jf ’f‘_
l ' "'T [ T . I l

See Graph. B

@

A tentative conclusion made:in order to test its implica-
tions or consequences..

An assumption derived from facts or information considered
to be valid and accurate.

“ »

See average.

»

The middle value of a set of data in which the elements have.
been ordered from smallest to largest. The median value has
as many elements above it as beldw it.

The element or elements in a set of data that occur most
often. . -

The momentum of an object in_ the direction of its motion is
the product of its mass and Speed in the direction of its
motion, . .




Neéatiée ‘ ' A transparent material upon which a photographic image has
X been formed; used for printing photographs.
Ordered Set A set of data arranged from smallest to largest.
Per cent Literally, per hundred. A ratio in which the denominator is

always 100, e.g., 72 pdr cent = 72/100 = 0, 72 = 727 , where
the symbol % represents 1/100.

Percentage ) A part of a whole expressed in hundredths.

Population ' Any group of objects (e.g., people, animals, items) or
events from which samples are taken for statistical measure-
ment.

Probability The 1likelihood or chance (expressed ndmerically) of one
. event occurring out of several possible events. -

Proportion A statement of equality of two ratios, i.e., the *first term
.divided by the second term equals the third term divided by
the fourth term, e.g., 5/10 = 1/2. Also-a synonym for ratio:

- wheri two quantities are in direct proportion, their ratios

: are the same.

—— : \
Quartile % ,
First The first quartile 4s the value of the quarter-way piece of
data in an ordered set of data. . ’

Third The third quortile is the value of the three-quarter-way
piece of data in an ordered set of data. . -~

Interquartile Range The range or length of the middle 50% of an ordered set of
data; the difference between the first and third quartile.

Range . The difference between the smallest and the lafgest values -
— - in a set of data. - .

- Rank ) To order the members of a set according to some criterion,
such as size or importance.' Example: to put pieces of
data from smallest to largest.

Ratio ‘ . The quotient of tws denominate numbers 'or values indicating
' . ) =the relationship in quantity, size,.or amount between two
. ’ different things. For example, car speed is a ratio of the
. distance a car travels to the time it takes to cover this
distance, such as 100 feet .
3 seconds




Saméle

Sample Size ¥

‘Scale

Scaje Drawing

Scale Map

. Scale Model

Sight Distance

Speed

Statistics

Tally

'

Traffic Density

‘Traffic Volume

¢

Travel Time

Videotape

'Visibility

A representative fraction of a population studied to gain
" informatidn about the whole population.

e number of elements in a sample. ‘

A direct proportion between two sets of dimensions (as be-
tween the dimensions irr a drawing of an intersection and
those of the .actual intersection).

A drawing whose dimensions are in direct proportion to the,
object drawn. .
A map whose dimensions are in direct proportion to the di-
mensions of the area represented.

A three-dimensional-wepresentation constructed to scale.

The maximum distance from a given point at which a vehicle
can be seen.

A measure of how fast something is moving. The distance
covered divided by the elapsed time. )

The science of drawing conclusions or making*predictions
using a collection of quantitative vata.

A visible record used to keep‘ count of some set of data,
especially a record of the number of times onk or more
events occur.’ Example: number of cars passing a certain
point in a given period of time.

The number of vehicles on a fixed length of roadway at a
given instant. .

The number of vehicles passing a fixed point on a roadway .
in a given period of ‘time. N

The fime required by a vehicle 66 over a given distance on
a roadway. -

A magnetic tape used to record a teleévision production.

A measure of how ¢lear the atmosphere is. Technically. the

horizontal distance at which an object can be recognized by

Fhe unaided eye. .
- I A
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‘Work is done when a force is exerted through a distance.
Work is the product of the force exerted and the distance
moved.
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.B. 8kills, Processes, and Areas of 8tudy Utilized in Traffic Flow . '

- b A
.

'

The unique aspect of USMES is the degree to which it pro-
' vides experience in the process of solving real problems.
o * ' Many would agree that this aspect of learning is so impor-
. .tant as to deserve a regular place in the school program
< even 1f it means decreasing to some extent the time spent
‘ " in other important areas. Fortunately, real problem solving
A is also an effective way of learning many of the skills,
processes, and concepts in a wide range of school subjects,
On the following pages are five charts and an extensive,
{1lustrative list.of skills, proceggses, and areas of study
that are utilized in USMES, The charts rate Traffic Flow
according to its potential for learning in‘varioug catego-
, . riég .of each of five subject areas--real problem solving,
. ) a ’ T e e mathematics, science, ‘social science, and language arts,
" -The' ratirg system is based on the amount that each skill,
. - i process, or area of study within the subject areas is used--
‘ , extensive (1), moderate (2), some (3),,iittle or no use (-).
. (The USMES Guide contains a chart that rates all USMES units
v « in a similar way.) ‘ :
- . i ' The chart for real problem solving presents the many as-
. pects of the problem-solving process that students generally
use while working on an USMES challenge. A number of the
' . ¢ ) steps in the process are used many times and in different ;X .
. ' ;7 : orders, and many of the steps can be'performed concurrently

¢

L[R2

by separate groups of students. Each aspect listed in the
chart applies not only to the major problem stated in the
. . unit challénge but also to many of the tasks each. small
- group undertakes while working on a solution to the major
problem. Consequently, USMES students gain extensive exper-
A :iénce with the problem-solving process.

The charts for mathematics, science, soclal science, and
language arts identify the specific skills, processes, and
areas of study that may be learned. by students as they re-

R ’ spond to a Traffic Flgw challenge and become involved with

. , certain activities. Because the .students initiate the ac-
) tivities, it is impossible to state unequivocally which .
activities will take place. It is possible, however, to

document activities that have taken place in USMES classes

. . ! and identify those skills and processes that have been used
o, by the students. c ) i}
. ‘ . Knowing in advance which skills and processes are likely "
: to be utilized in Traffic Flow and knowing the extent that !
1'r;£} v » they will be used, teachers can postpone the teaching of
' . . N

‘. " . ) N ' . 130 . . )




those skills in the traditional manner until later in the ‘
year. If the students have not’ learned them during their

USMES activities by that time, they can study them in the

usual way. Further, the charts enable a teacher to inte-

grate USMES more readily with other areas of classroom work. -
For example, teachers may teach fractions during math period

when fractions are also being learned and utilized in the
students' USMES activities. Teachers who have used USMES

for several successive years have found that students

are more motivated to learn basic skills when they have de-
termined a need for them 'in their USMES activities. During

an USMES session the teacher may allow the students to

learn the skills entirely on their own or from other Stu- . -
dents, or the teacher may conduct a skill session as the

need for a particular skill arises. i e e

Because different USMES tnits have differing emphases on
the various aspects of problem solving and varying amounts
of possible work in the various subject areas, teachers each
_year might select several possible challenges, based on
théir students' previous work in USMES, for their class to
consider. This choice should provide students with as ex-
tensive a range of problems and as wide a  variety of skills,
processes, and areas of study as possible during their years
in school. The charts and iists on tqe following pages can
also help teachers with this type of planning. ’

Some USMES teachers have used a chart similar to the one
given here for real problem solving ‘as a record-keeping tool, ,
noting each child's exposure to the various aspetts of the
process. Such a chart might be kept current by succeeding
teachers and passed on as part of a student's permanent
record. Each year some attempt could be made to vary a stu-
dent's learning not only by introducing different types of
challenges but al$o by altering the speqific activities in ~
which each student takes part. For example, children who
have done mostly construction work in one unit may be en- |
couraged to take part in the data collection and data analy- |
sis in their next unit.

Following the rating charts are the lists of explicit ex~
amples of real problem solving and other subject area skills,
processes, and areas of study learned and utilized in
Traffic Flow. Like the charts, these lists are based on
documentation of activities that have taken place in USMES
classes. The greatér detail of the lists allows teachers
to see exactly how the various basic skills, processes, and
areas of study listed in the charts may arise in Traffic
Flow.

©

o




The numb examples in the real problem solving list‘
have been ligited because the list itself would be unreason-
ably long if all the examples were listed for some of the
categories. It should also be noted that the example(s) in
the first category--Identifying and Defining Problems--have
been limited to the major problem that is the focus of the
unit. During the course of their work, the students will
encounter and solve many other, secondary problems, such as
the problem of how to display their data or how to draw a

_ scale layout.

Breaking down an interdisciplinary curriculum like USMES
into its various subject area components is a difficult and
highly inexact procedure. Within USMES the various subject
areas overlap significantly, and any subdivision must be to

- . some extent arbitrary.. For example, where does measuring
' ’ as a mathematical skill end and measurement as science and
social science process begin? How does one distinguish

between the processes of real problem solving, of science,
social science? Even within one subject area, the

3

as a skill and graphing as an area of study? This prob-
m has been partially solved by judicious choice of ex-
amples and extensive cross-referencing. - ] T
Because of this overlap of subject areas, there are
/T clearly other outlines that are equally valid. The scheme
presented here was developed with much care and thought by -
members of the USMES staff with help from others knowledge-
able in the fields of mathematics, science, social science, \
and language arts. It represents one method of examining .
comprehensively the scope of USMES and in no way denies the
existence of other methods.




REAL PROBLEM SOLVING

Overall
Rating

*REAL PROBLEM SOLVING-:’

1 0

Identifying and defining problem.

Deciding on information and investigations
needed.

Determining what needs to be done first,
setting priorities.

Deciding on best ways to obtain information
needed.

Working cooperatively in groups on tasks.

Making decisions as needed.

Utilizing and appreciating basic ski%ls and
processes. ‘

</ »

Carrying out data collection procedures--
observing, surveying, researching,
measuring, classifying, experimenting,
constructing.

Asking questions, inferring.

.Distinguishing fact from opinion,
relevant from irrelevant data,
reliable from unreliable sources.

1

.

Evaluating procedures, used for data i
collection and analysis. Detecting
flaws in process or errore in data.
Organizing and processing data or informa-
tion.
4. .
Analyzing and interpreting data or informa-
tion. , .
Predicting, formulating hypotheses,‘sug—. ‘
gesting possible solutions based on data
collected
Evaluating proposed solutions in terms of '
practicality, social values, efficacy,
aesthetic values. oo
Trying out various solutions and evaluating
the results, testing hypotheses.

Communicating and'displaying data or in- ; ;
formation. 4 TN B

. . ST ey . )

Working to implement solution(s) chosen !
by the class. *  .* : Y

Makif: generalizations that might hold
true under similar circumstances; :'"
applying problem .golving process to

other real problems.

‘: ."e
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MATHEMATICS = . _ Eeran ” "SCI1ENCE' Overall
. . Rating
‘Basic' Skills ) s Processes , i N
.Classifying/Categbrizing - 3 Observing/Describing 1
| Counting ~ e - 1 Classifying R 2
'Conputation Using Operations Identifying Variables - 2 [
.. Addition/Subtraction ’- 1 Defining Variables Operationally 2
, - Multiplication/Division 1 Manipulating, Controlling Variables/
N A Fractions/ Ratios/Percentages 1 : Experimenting 3
Business dnd Consumer Mathematics/ Designing and Constructing Measuring
=i HOney and Finance : . 2 Devices and Equipment 2
‘| Measuring . vt 1 Inferring/Predicting/Formulating,
"Comparing - : 3 Testing Hypotheses/Modeling 1
' Estimating/Approximating/Rounding Off 1 | Measuring/Collecting, Recording Data 1
N .~0rganizing Data 1 Organizing, Processing Data 1
Statistical” Analysis 1. Analyzing, Interpreting Data 1
Opinion SurVeys/Sampling Techniques . 2 Communicating, Displaying Data .1
Graphing - ' 1’ Generalizing/Applying Process to New
Spatial Visual,ization/Geometry \ g S Problems 1
. ~Areas of Study . \ i Areas of Study
Iy ' " - . i
~ ' +|'Numeration Systéms ¢ "2 Measurement - 1
. | Number Systems and Properties < 1 Motion . ' [ 1
R Denominate Numbers/ Dimensions ' 1 Force 3
Scaling 2 Mechanical Work and Energy 3
Symetry/Similarity/angrqence -. | '|Solids, Liquids, and Gases ' 3
.Accuraey/Measuremen.t Error/ ' . . ﬁf‘*‘-““”« . Electricity . 3
o . Extimation/Approximatich A 1 ¥, Heat o \ -
v - | Statistics/Random Processes/ProBability f 1 . h Light v‘» - ) -
) ‘| Graphing/Functions . . 4 1 »  |Sound ' . -
- .Fraction/Ratio o ] ‘ : e d, o7 Animal and Plant Classification .-
= - | Maximum and Minimum Values Cos : 3 *Ecology/Environment R : 3
R ’Equivalence/ Inequality/ EquatIons 3 Nutrition/Growth ' -
'Money/Pinance 2 Genetics/Heredity/Propagation -
Set Theoxry , . - Animal and Plant Behavior -
N S ) . . |Anatomy/Physiology -
ATt Tl a , \
TR N 7
1 = extensive*use, 2= moderate use, 3 = some use, - = little or no, use ) ,
. ( |

s s}
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SOCIAL SCIENCE ' Overal LANGUAGE ARTS Overall
N . Rating Rating
1 process - Basic Skills
Observing/Describing/%lassifying 2 F Reading ) >
Identifying Pioblems, Variables 1 Literal Comprehension: Decoding Words
Manipulating, Controlling Variables/ : Sentences, Paragraphs ’ 2
Experimenting d.3 .| Critical Reading: Comprehending \
R Inferring/Predicting/Formulating, i . Meanings, Interpretation . . 2
Testing Hypothesqt 2 " |oral Language
Collecting, Recording Data/Measuring 2 Speaking 1
, Organizing, Processing Data 2 Listening 1
. Analyzing, Interpreting Data 2 ) Memorizing 3
I Comnunicating, Displaying Data 2 Written Language i
- Generalizing/Applying Process ‘to Daily Life o2 Spelling 1
. \ . . . Grammar: Punctuation, Syntax, Usage “ 1
f Attitudes/Values * . Composition - 1
- o ) Study Skills '
Accepting responsibility for actions and Outlining/Organizing ) -1
results 1 Using References and Resources 2
Developing interest-and involvement in i .
. human "affairs 1l Attitudes/Values .
Recognizing the importance of individual . : .
T | and group contribution# to society 1 Appreciating the value of expressing ideas
Developing %pquisitiv ness, self-reliance, S . through speaking and writing 1
and initiative 1 . Appreciating the ,value of written
Recognizing' the eration, A , resources g 3
group work, and division of abot 1l " |Developing an interest in reading and
o Understanding modes of inquiry used.in the . writing £ 2
_sciences, appreciating their power and g judgments concerning what is read 2
"precision 1 Aperciating the value of different forms
. |Respecting the views, thoughts, and of writing, different forms of '
feelings of others . )//~ 1l comtunication . .1
) Being-open to new ideas and information 1
- Learning the importance and influence of
values in decision making, ! 1 - : .
Areas of Study . . ! ) \N\\\‘\//’/";:S
R Anthropology ’ - ‘ ) .
Economics ' ' 2 “
Geography/Physical Environment 3 KEY: 1 = extensive use, 2 = moderate use,
Political Science/Government Systems 1 3 = some usé, - = little or no use
Recent Local History , 3
* | Social Psychology/Individual and Group . . .
Behavior® . ——— 3 .
Sociology/Social Systems 2 .

137 i * ’ . 138
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REAL PROBLEM SOLVING IN TRAFFIC. FLOW

Identifying and Defining Problems

Deciding on Information énd

‘Investigations Needed

3

Determining What Needs to Be
Done First, Setting Priorities

Deciding on Best Ways to Obtain
Information Needed

2

"OWbrking Cooperatively in Groups

3

on Tasks

Making Decisions as Needed

[}

-

40

Students identify an grea near the school where traffic
is frequently backed up in the morning.

See also SOCIAL SCIENCE list: Identifying Problems,™
Variables.

During a discussion students dec¢ide to collect data'on
number’ of caxs and amount of time it takes cars to get ‘
through the congested area. ' T
After counting cars in the morning, children decide that
they need to count them at other times of day. - .
Students decide to research costs of various changes in e
the flow of traffic in the problem area. -

Children decide to collect data on the congested street
before trying to propose solutions.

\ . . ‘
Students decide that 'one child will hold the stopwatch

. while another records times when timing cars and buses

passing through congested area. -
Students decide ‘that taking photographs is the best way

to count the number of cars that are in the congested

area at one time. '
Children plan to conduct Opinion surveys to obtain sug-

gestions for improving thHes traffic probiem. ) T
Children decide to ask traffic officials abgut - traffic -

laws and methods of .collecting traffic data:

~

Students form grouﬁs to collect data on numbers of cars
and times of cars and to take measurements for making
a scale map or model of the intersection.

Students decide to work in groups so that more can be
,accomplished.

Children decide to propose making the street one~way as
‘a solution. ¢
Students dec¢ide to make a presentation of their proposed

change to local traffic officials.

140 | T
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Utilizing and Appreciating Basic Children use trundle wheels or meter sticks to measure
Skills and Processes L distances for making a scale map or model.
Children make graphs of car gcounts and times.
Children recognize that making the roadway less congested
will help many people besides themgelves.,
Stuldents write letters to local trhffic officials.
See also MATHEMATICS, SCIENCE, SOCIAL-SCIENCE, AND
LANGUAGE ARTS 1lists. -

.

Carrying Out Data Collection . Students take phétographs and count the number of cars
Procedures--Opinion Surveying, and.buses in the photographs,
Researching, Measuring, Classifying, Students time cars passing through the congested area.
Experimenting, Constructing Children measure streets and make ‘a scale map or model
of the problem area.
Children conduct opinion survey to -find out how others
view the traffic problem.
Students investigate the costa of various possible
- changes.
-See also MAT§EMATICS list. Classifying/Categorizing.
Measurlng.
See also SCIENCE list: Observnng/Deschang; Classifying;
Manipulatlng, Cbntroll;ng Varlables/Experlmentlng,
Designing and Constructing-Measuring Devices and Equip~
ment; Measuring/Collecting, Recording Data..
See also SOCIAL SCIENCE list: ‘Observing/Describing/
Classxfylng, Manipulating, Controlling Variables/
. Experimenting; COllect.mg, Recording Data/Measu.rmg. X
3

5

Asking Questions, Inferring ’ Students ask whether,a pJ;ticulér street is congested and
‘ . . : infer from data collected that it is.
. Students ask which of several alternative suggestions i
. for rerouting traffic to recommend. They infer that
" the cheapest and easiést to enforce will be most
acceptable to authorities. |, -
See also SCIENCE list: lhférring/Predicting/Formulating,
Testing Hypotheses/uodeling.‘
N See alBo SOCIAL SCIENCE list: Inférring/Predicting/ibn- g
. ' mulating, Testlng Hypotheses. . SN

.
.

- -

Distinguishing Fact from Opinion, <@ Students recognize- the qualitative aspects ¢f obtaining
Relevant from Irrelevant Data, ) . data from opinion surveys as distinct from data they
Reliable from Unreliable Sources . * gather at the congested area. ¢ .

142
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Distinguishing Fact from Opinion,
b Relevant from Irrelevant Data, -
Reliable from Unrellable Sources (cont.)

Evaluating Procedures Used for Data
Collection and Analysis, Detecting
Flaws in Process or Errors in Data

Organizing and Processing Data

. Anaiyzing and Interpreting Data

.

Predicting, Formulating Hypotheses,
Suggesting Possible Solutions
Based on Data Collected

113 .

Q

e Children recognize that traffic officials are reliable
sources for information on traffic laws and that the
traffic departhent can be used to obtain information
on costs of various charlges.

Students evaluate the manner in which car and bus times
were measured. They agree that ‘they cannot time every
car and decide to time only a certain type of car.
Students realize that more than one camera must be used
to "cover" thé congested area. They decide to use two
cameras' and synchronize them so that the photos are
taken at the same instant.
Children measuring street distances with trundle wheels
and meter sticks obtain different results. They dis~
cuss the &iscrepancies and choose the best instrument
to use.
e Students decide that their opinion surveys are biased
towards one favored alternative. They improve the word-
ing to eliminate this problem. .

o See algso MATHEMATICS .1ist: Estimating/Approximating/
Rounding Off. p ‘

To draw histograms, students order and group measurements
of times of cars passing through the congested area.
e See also MATHEMATICS list: Organizing Data.

e See also SCIENCE and SOCIAL SCIENCE list: Organizing,

Processing Data. -

e Students find median time for a car to pass through the
congested area.

® Students find that there are more cars in the congested
area in the morning than in the afternoon.

e Children find ‘that 90% of the people surveyed feel that
* the congested area needs some kind ‘of change.

o See also MATHEMATICS list: Comparing; Statistical Analy-
sis; Qpinion Surveys/Sampling Techniques; Graphing.

e See also SCIENCE and SOCIAL SCIENCE lists: Analyzing,
Interpreting Data. -

o

e After collecting data on traffic flow and conducting an

opinion survey, the students decide that parking should
be eliminated on the street during congested periods.

N -

L 1y o
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Predicting, Formulating Hypotheses,
Suggesting Possible Solutions
Based on Data Collected (cont.)

Evaluating Proposed Solutions in
Terms of Practicality, Social Values,
Efficacy, Aesthetic Values

-«

Trying Out Various Solutions and
Evaluating the Results, Testzng
Hypotheses v

i
1
L

Communlcatlng and Dlspdaylng Data or
Information

Wbrking to Implement Solutlon(s) Chosen“w
by the 'Class '

‘i

king Generalizations That Might Hold
.True‘'Under Similar Circumstances; Applying
onblem~Solv1ng Process to Other Real

After investigating, students predict that other streets
could handle extra traffic if the congested street is
made one-way. .

See also SCIENCE list: Inferring/Predicting/Formulating,
Testing Hypotheses/Modeling. 2

See also SOCIAL SCIENCE l1ist: Inferring/Prédicting/
Formulating, Testing Hypotheses.

-

|
Students evaluate costs of having a policeman or police
woman on duty to help direct traffic.
Children determine whether widening the street or making ~
traffic one-way would be a better solution in terms of
land use. ‘ -

L ® -

Students use simulation to model changes in the traffic
flow in order to evaluate their proposed solution.

Children collect data after a change has been made to
see if the flow of traffic has been improved. -

See also SCIENCE list: Inferr1ng/Pred1cting/ibrmulatzng,
Testing Hypotheses/Modeling.

See also SOCIAL SCIENCE 1list:
lating, Testing Hypatheses

v p

Students draw bar graphs and histograms to show car counts
and times of cars passing through the congested area.

Children make q-q graphs to compare car times passing
-through the intersection before and after the proposed
changes.

Students draw scale layout of congested area.

See also MATHEMATICS list: Graphing; Scaling.

See also SCIENCE and SOCIAL SCIENCE lists: Communicating,
Displaying Data. ,

See also LANGUAGE ARTS list.

’

InfErring/Predicting/Formuﬁm

’

Students make presentation of proposed changes to traffic
authority.. ’

Students working on Traffic Flow apply skills acquired to
work on Pedestrian Crossings.

Children use graphing skills developed while organizing
data on car and bus times for displaying .data on other
problems.

-




' .
. 3
.
. -

Making Generaljzations That Hig}ht: Hold e See.also SCIENCE list: Generalizing/Applying Process

True Under Similar Circumstances; Applying * " to New Problems. ) :
Problem-Solving Process to Other Real ® See also . SOCIAL SCIENCE list: Generalizing/Applying
Problems (cont.) ’ " Process to Daily Life. .
g‘ »
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ACTIVITIES .IN TRAFFIC FLOW UTILIZING.}_!ATHEMATICS

1
LENSEN

r
"Basic Skills

N
v L.

L

Classifying/Categorizing e Categorizing characteristics (number of cars, types of
o -streets or intersections) qhere the flow of traffic is
.impeded. k
e See also SCIENCE list: Classifying. )
e See also SOCIAL SCIENCE .l1ist: Observing/Describing/
Classifying.

* ~ 72

y , ‘

e Counting survey data on opinions of parents, students,
officials, etc., about a traffic problem.
‘e Cout number of minutes or seconds, number of meters,
er of cars while collecting traffic data.
" o Counting by sets to find scale for graph axes. [\
e Counting votes for determining what solution to recommend.

Computation Using Operations. ’ ¢ Adding one- or two-digit whole numbers to find total tally
) Addition/Subtraction o : of cars or total measurement of street length.
‘ K ° ﬁdding minutes and seconds when timing cars.
® Subtracting to find differences between car speeds before
and after the speed limit is changed.
"o Subtracting one- or two-digit whole numbers to £ind
ranges .for graph axes or for measurement data.
e Subtracting medians to compare sets of data.
o
Computation Using Operations. o Multiplying whole numbers to find total tally of cars, -
Multiplication/Division i, total measurement of gtreet length. .
) e Using multiplication and division to incj%ase or decrease
"measurements for sgale drawings, scale models.
o Multiplying and dividing to convert feet per second to
. miles per hour.
e Dividing to calculate average travel time, car speed,
number of cars. f
e Dividing to calculate percentage of cars traveling a
certain speed or less, etc. ]

*

N ‘k( A . a‘\
Computatlon Using Operationss e Using mixed numbers in making a scale model.
Fractiona/Ratios/Percentages ° Changing fractions to higher or lower: terms (eQuivalent
‘- fractions) to perform operations such as addicion and

. CL division.
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utation Using Operations: e Using ratios and fractions to convert from feet per second
Fractions/Ratios/Percentages (cont:) to miles per hour.
e Using ratios to increase or decrease measurements for a
. . scale drawing or model of a problem area.
e Using fractions in measurement, graphing, graphic com-
. parisons, scale drawings or models. .
) e ‘Calculating percentage of people favoring particular
. solutions to a*traffic problem.
N e Calculating actual measurements from scale maps of an
interséction usjng ratio of scale map. ~—
e Calculating percentage of cars turning right, percentage
- _ +of cars traveling a certain speed or under, etc. ’

. . B - !
Computation Using Operations: e Adding, glibtracting, multiplying, and dividing doliars
Business and Consumer Mathematics/ ~ and cgnts to perform cost analysis of various solutions
) Money and Finance to a/traffic problem.
T —_— o Gaining experience with finance: sources, uses, and
¢ ) limitations of revenues for road design, constructions,
. etc. /

e Investigating and comparing costs of widening road, making
new roads, ‘synchronizing traffic control equipﬁhnt, etc.

0

. i

Measuring ' : e Converting from yards to feet, inches to feet, centimeters
to meters, minutes to seconds, and vice versa. .
T ¢ Using different standard units of measure to measure dis-
tances of roadways.
o Using different measuring tobls to measure lengths,
. ’ widths of roadways.
e Reading stopwatches, meter sticks, tape measures, trundle
, wheels accurately. \
. ™ See also SCIENCE list: Measuring/Collecting, Recording
bata. " ;
e See also SOCIAL SCIENCE 1ligt¥ Collecting, Recording Data/
Measuring.

Comparing . e Comparing quantitative dgta on travel times, traffic
density, and speed gatﬁgrea\elong roadways with in=-
. L : «ormation gathered by traffic officials.

- ¢ Comparing qualitative information on a problem area
gathered from various sources, such as people's
observations and opi

e Comparing qualitative ta gathered from an opinion survey
with quantitative data gathered at the problem area.
. o Comparing estimated and actual measurements on car speeds,
. street length.
4

. - 2
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Comparing (cont.) . e Making graphic comparisons of car travel times at
' different times of day. .
® Comparing costs of various alternative solutions.
# Comparing speeds of cars along a roadway,
® See also SCIENCE list: Analyzing, Interpreting Data.
® See also SOCIAL SCIENCE list: Analyzing, Interpreting

Data.
Estimating/Approximating/ ° Esﬁimating error in qualitative judgments on traffic prob-

‘e Estimating the number of cars that will slow down if the"
speed limit is changed. '

® Estimating car travel times before collecting data Br
costs of different solutions before checking with

R\ . * ~ authorities."
-~ o Estimating traffic density by eyeballing.
X . - ® Determining when a measurement of street distance is
v L . Lo likely to be accurate enough for a scale map.
N ® Using approximation when constructing scale models.

¢ Rounding off data while measuring length of streets,
travel times, etc. ’ ' o

® Rounding off data after measuring length of streets,
speeds, etc.

Tallying on bar graphs, histograms,
Ordering real numbers on graph axis. :
Ordering the steps in the process of collecting data.
Ordering survey results on opinions about a traffic -
problem. C.

Ordering number of centimeters, seconds, etc. -

\ ® Ordering quantitative data on’ distances, travel times,

speeds. . . b
e .See also SCIENCE list: Organizing, Processing Data.

. ® See also SOCIAL SCIENCE list: Organizing, Processing Data.

Organizing Data

»

Statistical Analysis ! e Finding the median in an ordered set of data on travel
times, number of cars, etc. .
~Téking repeated measurements of street widths and using
. the median measurement. - :
® Assessing accuracy of estimate of all car times passing
through a pr?blem area based on results from a small
sample. . o C
. ® Finding quartiles from ordered data or histogram on‘car
- travel times, . !
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Rounding Off ! . lems when collecting survey data. .
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Statistical Analysis (cont.) o Determining the interquartile range of travel time data.
e See also SCIENCE list: Analyzing, Interpreting Data. 4
® See also SOCIAL SCIENCE list: Analyzing, Interpreting
Data:

: - o

Opinion Su}veys/Sampling Techniques e Conducting opinion surveys about traffic problems; de-
fining data collection methods, makeup and size of
) sample.
o Devising methods of obtaining quantitative information
. ' ’ about subjective opinions on traffic problems,
. ) e Evaluating the way survey was organized, data obtained

.

- . . size andutype of samples. K
e See also SCIENCE 1ist: Analyzing, Interpreting Pata.
LIR o~ - e See also SOCIAL SCIENCE list: Analyzing, Interpreting
mta. 4
L . "
Graphing > L e Using alternative methods of displaying data on car
. speeds.

° Making a graph form~~dividing axes into parts, deciding g
on an appropriate scale. ¢
»® Representing data on graphs. ’
e Bar graph~--plotting individual car travel times,
traffic density at different .times of day.
o Histogram~-plotting the number of cars that pass

. - through in certain times (travel times) o
. ' t oy e Conversion graph--plotting feet per second vs. miles .,
v ' ‘per hour. )
. ® Scatter graph-~plotting distances of bus routes vs. )
times the buses take. T

- ) Y e Q-Q graph--plotting car travel times before a change
vs. times after a change. '
e Obtaining information from graphs on car travel times,‘Q
speeds, number of cars.
® Representing several sets of data on one graph €.8.,
speeds of cars at different times of day.
e See also SCIENCE 1ist: Communicating, Displaying Data.

U =TT See 3133 SOCIAL SCIENCE list: Communicating, Displaying
v i Data¢” s g
- N “ .
Spatial 6isuslization/Geometry o Drawing a map or constructing a model of a congested

area. . . o
e Designing a new system of roadways
e Constructing and using a circle when making a trundle

wheel. . .
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Spatial Visualization/Geometry ’ - o Using standard mensurational formulas such as circumfer-
' . : ence (of trundle wheel) = TI" x diameter. ,
o Measuring and constructing a scale model using rulers or.

s

meter sticks. 8
e Using .spatial arrangements to convey information about a
) congested area. ’ . :
y . eaced |
Areas of Study - .
Numeration Systems - e Using metric system in measuring distances.

e Using fractions in measuring feet.
¢ Using decimal system in making cost analyses of various
solutions. .o
Number Systems and Properties R ® See Computation Using Operations.
Denominate Numbers/Dimensions . e See Measuring.
Scaling e Deriving information from scale maps or scale models of a

problem area.
e Finding an appropriate scale for the scale map or model.
e Using a scale to draw and make representations in the
scale map or model.
e Making a scale map or model of a problem area.

«

Symmetry/Similarity/Congruence e See Spatial Visualization/Geometry.
Accuraty/Measurement Error/ ~ . :
Estimation/Approximation ~ ® See Measuring and Estimating/Approximating/Rounding Off.
‘Statistics/Random Processes/ e See Statistical Apalysis.
Probability
Graphing/Functions ' e See Graphing. T ,
Fraction/Ratio e See Computation Using Operations: Fractions/Ratios/

- Percentages.

. | | %_,53_ B




Maxintm and Minimum Values o. Finding the traffic solutions that will solve the
problem at minimum cost.

¢
. [y

Equivalence/Inequality/Equatiéns e See Comparing and Computation Uging Operations

2

Money/Finance . ® See Computation Using Operations: Business and
Consimer Mathematics/Money and Finance.

)

N . e




ACTIVITIES IN TRAFFIC FLOW UTILIZING SCIENCE

Process

Observing/Describing . °

Classifying o

Identifying Variables °

Defining Variables Operationally °

Manipulating, Controlling ’ °
Variables/Experimenting ’i)

A
I

Observing and describing various traffic problems in the
vicinity of the school. '

Noting that traffic is greater at certain times of day.

Describing various kinds of traffic systems and how they
are suited to different areas.

See,also SOCIAL SCIENCE list: Observing/Describing/
rClassifying.

Classifging streets as congested or uncongested.
Classifying alternative road designs or systems by
- expense, efficiency, etc.
See also MATHEMATICS list: Classifying/Categorizing.
See also SOCIAL SCIENCE list: Observing/Describing/
Classifying.

Identifying travel times,. car speeds, number of vehicles,
width of roadway, as things to measure for determining
safety or congestion of a roadway .

Identifying number of cars, speeds of cars, travel times,
system of roadways as factors to change to make the
roadway safer.

Identifying time of day and weather as factors to be held
constant.

See also SOCIAL SCIENCE list: Identifying Problems,
Variables.

Defining travel time as the time a car takes to go from
one point to another.

Defining number of vehicles as number of cars or buses
in a certain distance of roadway at a certain time.

Defining specific time or distance to be used in

-collecting'datq on speed.

Measuring travel times, speeds of cars, and number of
cars at same times of the day and in the same weather
conditions to compare different problem locations. °

Measuring car speeds before and after warning signs are’
put up.
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Manipulating, Controlling ® See also SOCIAL SCIENCE list: Manipulating, Controlling
Variables/Experimenting (cont.) - Variables/Experimenting.
Designing and Constructing Measuring o Constructing trundle wheels for measuring street |
Devices ang Equipment ' L distances.

Lo . b ®
Inferring/Predicting/Formulating, o ¢ Inferring from the data collected that a street is con-

Testing Hypotheses/Modeling gested. '
® Predicting that making a street one-way will alleviate
the congestion.

o Designing simulations to try out various possible solu-

tions. ’ .
. - e See also SOCIAL SCIENCE 1list: Inferring/Predicting/ g
r . Formulating, Testing Hypotheses.
/ ’ N
Measuring/Collecting, Recording Data e Using a stopwatch to measure travel times and recording
. them.
. ) o Taking photographs to determine density of cars.

e Taking distance and time measurements to determine speed.

® Measuring distances of streets in order to make a scale !

- - - map or model of the area.

) e Collecting and recording data obtaiped from simulations.

o See also MATHEMATICS list: Measuring.

® See also SOCIAL SCIENCE list: Colletting, Recording
Data/Measuring.

»

Organizing, Processing Data. ¢ Ordering travel time, car speed, and density data from
smallest to largest. 7
. o Tabulating measurements of the problem area before making
' a scale map or model.

o Ordering data obtained from simulations of alternative -
. traffic flow patternms.
. . " e See also MATHEMATICS list: Measuring, Organizing Data.
. e See also SOCIAL SCIENCE l1ist: Organizing, Processing
Data. B
Analyzing, Interpreting Data e Calculating the averagg or median travel time or speed. -

® Determining that an area is ‘congested from analysis of
number of cars and car travel .time.

e Determining that a particular solution is best from re-
sults of simulations.

X ‘ -
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Analyzing, Interpreting Data (cont.) e See also MATHEMATICS list: Comparing; Statistical Analy-
o sis; Graphing; Opinion Surveys/Sampling Techniques.
i e See also SOCIAL SCIENCE list: Analyzing, Interpreting
‘ : ' — Data. ‘ . .

Communicating, Displaying Data ¢ Showing data on various types of graphs.

i e Showing problems and solutions on a scale map or model
of the intersection.

e See also MATHEMATICS list: Graphing.

e See also SOCIAL SCIENCE list: Communicating, Displaying
Data.

e See also LANGUAGE ARTS list.
Generalizing/Applying Process to e Using knowledge acquired, from working on a traffic
New Problems probiem to help solve other problems involving traffic
' or pedestrians, as in Pedestrian Crossings unit.
® See also SOCIAL SCIENCE 1list: Generalizing/Applying °
L ’ Process to Daily Life.

‘

-

Areas of Study j’ -
" ‘Measurement - - e Using stopwatches to measure arrival times for cars,
speed of cars, and car travel' times.
® Measuring distances with trundle wheels, meter sticks,
yardsticks, and tape measures.
¢ Using photographs to determine traffic density.
e See also -MATHEMATICS list: Measuring.
Motion ‘ /
Speed/Velocity : e Observing and calculating the speeds of cars.
Circular Motion e Noting that the circular motion of the car wheels is
. changed to the forward motion of the automobile; na;ing
, that forward motion of trundle wheel is changed to,
’ ' \ mircular motion. .
Acceleration- ( ' e Observing acceleration when cars gradually gain speed as

| they start from a stop.
’ ‘ . . ® See also Force.




Momentum/Inertia

Friction

echanical Work and Energy

Solids, Liquids, and Gases

Properties of Matter

e Observing that force must be used to push a trundle wheel

- or use a hand saw.

\

. ® Observing that toy cars fall off model cloverleaf ramps

if they are moving too fast or if the curvature of the
ramp is too great; noting that the force required to
keep an object moving along a curved path increases as
the velocity increases, increases as mass increases,
and increases as the radius of the curve decreases.

-

o Noting that cars take longer to stop if their initial \\ .

speed is greater because of their .greater momentum.

e Observing that objects at rest do not move until a force
acts upon them.

o Noting that cars stay in motion at a constant speed
unless an outside force acts upon -them.

-

o Observing that the road surface becomes heated when cars
stop quickly because friction between the two surfaces
generates heat.

e Observing that cars skid more easily on wet spots or icy
patches because smooth surfaces generate less friction
thah rough ones.

e Observing that pushing trundle wheels or hand saws or
hammering nails requires energy.

e Observing that saber saws require less human work to use
than hand saws because they transform electrical energy
into mechanical energy.

® See also Motion and Force.

e Comparing the properties of lumber and Tri-Wall before
congtructing scale models of trundle whee}s.

o

»
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ACTIVITIES IN TRAFFIC FLOW UTILIZING SOCIAL SCIENCE

Process -

Observing/Describing/Classifying ® Organizing and classifying sets of ideas or information.
e Observing and describing problems of children riding buses
that are held up by .traffic congestion.
e See also MATHEMATICS list: Classifying/Categorizing.
® See also SCIENCE list: Observing/Describing/Classifying.

~

Identifying Problems, Variables ¢ Identifying problems of children who are late for school
because of traffic jams.
e Identifying factors that affect drivers (weather, -ffus- s
. tration due to being "stuck" in traffic, etc.).
e Identifying variables that affect the results on an
opinion survey, e.g., time of day, age of people, habits
of people. o

¢
' > ¢ See also SCIENCE list: Identifying Variables.
Manipulating, Controlling Variables/ ® Conducting an opinion survey of different ages of people,
Experimenting L at different times of day or under different conditions
tp see whether there is a change.
- ® See also SCIENCE list: Manipulating, Controlling
* = Varlables/Experlmentlng.

Inferriﬁﬁ/Predicting/Formulating, e Inferring that the results of an opinion survey of a
Testing Hypotheses " sample of peoplée reflect the opinions of many people.

. ¢ Inferring that a particular street is most congested,

- based on results from an opinion survey.
e Inferring that a particular solution to a traffic prob=-
- ) - lem is preferred, based on preference surveys of
- ’ drivers, local officials, or residents. ‘
. e See also SCIENCE list: Inferring/Predicting/Formulating,
Testing Hypotheses.
L]
Collecting, Recording Data/ ° ColleEting data in opinion surveys. . . /y
Measuring e Using a voting procedure to deteimine who will be in
. each group (if there is a conflict), .
e See also MATHEMATIUS list: Counting; Measuring. BN
| ) ® See also SCIENCE list: Measurlng/Collecting, Recording !
, Data. .
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Organizing, Procébsing pata' ) e Tallying votes to determine which solution to recommend.
' ) e Tallying and ordering results of questionnaire data on i
’ traffic problems or on preferences for a solution. ’ ;
e See also MATHEMATICS list: Measuring. . o
e See also SCIENCE list: Measuring/Collecting, Recording R
Data.

Ve N /

Analyzing, Interpreting Data . & Comparing qualitative information gathered from inter-
views of various groups of people. ’
e Evaluating way in which survey was administered, size and
. makeup of sample.
Comparing data obtained-from different groups of people >
or from samples of different sizes.
e Assessing accuracy of the results of the opinion surveys.
e See also MATHEMATICS list: Comparing; Statistical
Analysis; Graphing; Opinion Surveys/Sampling Techniques. .
.. ) ' e See also SCIENCE list; Analyzing, Interpreting Data.

¥l
°

Communicating, Displaying Data e Representing survey data.on traffic problems or solutions
) on graphs or charts. .
o See also MATHEMATICS list: Graphing.
- o See also SCIENCE list: Communicating, Displaying Data.
. e See also LANGUAGE ARTS list,

Generalizing/Applying Process to e Using knowledge acquired from taking opinion surveys of
Daily Life drivers to help solve other problems where attitudes
are important.
e Using knowledge acquired while working on a traffic
problem to help solve other urban problems.
. o See also SCIENCE list: Generalizing/Applying Process to
New Problems. .

+

Attitudes/Values

N . " r—\ }

Accepting Responsibility for Actions e Making sure that various tasks, such as data collecting,

and .Results ) making scale models, trundle wheels, etg., are done. I

o Scheduling and giving presentations to persons in -
authority (principal, traffic department officials).

¢ Making sure that data collection activities are carried
out safely and efficiently. '

.

0

Developing Interest and Involvement in ° Attempting to have dangerous or congested roadways
n....‘_ Affairs improved

EKC : ' . o
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o

Recognizing the Importance.of
Individual and Group Contributions
to Society

Developing Inquisitiveness, Self-
Reliante, and Initiative

/ ‘ v

Recognizing the Values of Cooperation,
Group Work, and Division of Labox *
’ ’ R A

. J

v

Understanding Modes of Inquiry Used
in the Sciences, Appreciating their
Power and Precision

A

—~

Respecting the Views, Thoughts, and
Feelings of Others

‘Bedng Open to New Ideas amd
Information

e See MATHEMATICS and SCIENCE liggs. - : oo U

1 GOnsidering Other ways of doing various- tasks.

¢ Recognizing that their improvement of a roadway helps -
others,

o Assessing the effects of group action on local government
regulations.

-

* N °
& . N to
. e

e Conducting group sessions. .

e Finding solutions to problems encountered in addition to
the main problem of the challenge.

e Using the telephone to find information, to get in touch -
with officials, etec. ~

e Choosing and developing the best way of presenting to
traffic authorities a plan for improving a roadway,

~

» .
- ..-‘ D.

. o Finding that work on a traffic problem progresses more

rapidly and smoothly when they work in groups.
e Eliminating neédless; overlap in work. -

° Findin§~that work is fun when people cooperate. ' 'E .-

° ﬁsing scientific modes of inquiry to. investigate and
solve a problem with a dangerous or congested areg. .

e Convincing others through u@e of supporting data, graphs,
and mapg- that . ﬁheir improvements to a roadway 4re "

. needed and desirable. Ve

- oxseeing that various traffic improVements can be simulated

“by using a scale ‘model’. - ﬁfs L ;

« CRN
N L . N ean
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. N . ‘

o:Considering alI suggestions and assessing their merit. S

o Considering . the opinions of others whenvproposing\a e
. .change for’ a traffic problem.* "
° Recognizingnand respecting differences in values according
* to agey experience, occupation, income, interests,.
] cultuﬁe, racew religion, ethnic background '

I &
na ~ . .- P

3 K . . , t‘ . 4 .
R N . ¢

Asking other members of the class for ideas, suggestions.

109
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j . Realizing that cost effectiveness alone is not sufficient

Learning ths Importance and Influence
oi Value& in becision Making ’

Areas of -Study

Economicsl
3 1

‘ Geqétaphy!Physical Environment

. Social Psychology/Indi dual and
~ © Groyp Béhavior

v

PP

PN

in considering a solution to a traffic problem; effects
.on people, land, and communities must also be considered.
Realizing that iotorists. and pedestrians have different
. values that affect their preference for regulatiops’
and road design and that both must be considered in any Lo
solution.. = . v

-
‘

[
‘b

o Investigating and analyzing costs of various improvenents
to; a traffic problem, ) .
o Gaining éxperience with finance. sources. uses, and . »

limitations of revenues for road construction, traffic .
. controls, etc. . C e ‘ .

"Investigating differences in traffic problems due to
differences in topography of a region (e.g., steep
hills), . ;
Making and 'using maps of streets near the school .
: o - Co
Invesfigating systems of administration and control
deciphering role of governing body over the body ‘that
~1s governed.
.Investigatinhg traffic rules and regulations. .
Working with school and traffic authorities to discuss °

improvements for roadways. . ,
Finding the most effective way to influence decision -
making about a traffic problem. N . AR
N . 3

Investigating previous attempts to improve a dangerous or
congested traffic situation. -

Investigating frequency and causes of previous traffic o
accidents. L ST R

Developing a gimmick for advertising the need for driver

~ caution and safe practices. - . o f"
Finding the mOst effective way to approach traffic o '
authorities“about a problem. - T

Recognizing need for leadership within small and large
groups; recognizing differing. capacities of individuals . N
_for various. roles within groups. . o P

A

}J - R LT
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P

Sbcigl Phychology/Individual-and .o Analyzing the effects of a small group making decisions

Group Behavior (comnt.) . for a larger growp. .- ( Py
; \ ! '
Sociology/Social Systems e Investigating problems and maki ¢hanges that affect not
: only fhemselves, but other students and people in the
////// community.
o % : e Devising a system of working cooperatively in small and .
///” large groups.
p e Working within established social systems--the school or )
7 ¢ community--to promote changes in a problem area. |

- ® Recognizing that there are many different socidl groups
and that one person belongs to more than one social
group. ' - '




~

. = .
Basic Skzlls , :

|

|

s s

~ Reading: .

i Literal Comprehﬁnsion--Decoding
| Words, Sentences, and Paragraphs

’

’
.
v

Reading:
Critical Reading--Comprehending
Meanings, Interpretation

Oral Language:
Speaking

- - ¢
NS

Y

Oral Language:
Listening

Oral Langoage: , s
Memorizing

Written Language:
Spelling

O

ACTIVITIES IN TRAFFIC FLOW UTILIZING LANGUAGE ARTS

" @ Responding to criticisms of activities.

S ‘ : - {

® Decoding words, sentences, and paragraphs while reading"
information on traffic regulations, traffic controls,
etc.

3
e Obtaining factual information ,about traffic regulations,
controls, etc. \
o Understanding what is read about traffic regulations,
controls, costs, etc.
e Interpréting what is read, such as rules, regulations,
- information on costs.

e Offering ideas, suggestions, and criticisms during
discussions in small group work and class discussions
on problems and proposed solutions.

® Reporting to class on data-collecting, graphing, map-
drawing activities of small groups.

e Preparing, practicing, and giving effective oral presen-~ -
tations as part af the sqlution to the challenge.
e Preparing, practicing, and giving skits, slide/tape
shows, public address announcements, etc., promoting
driver safety. -
® Using the telephone properly and effectively to obtain
information about traffic regulations, traffic controls,
costs of various solutions, etc.
® Conducting opinion surveys on traffic problems. ‘
O‘Using rules of grammar in speaking.

e Conducting interviews of drivers, merchants, authorities.
e Following spoken directions. ’

e Memorizing portions of oral presentations on a traffic
problem and proposed solutions.

¥

® Using correct spelling in writing reports, letters to
authorities proposing solutions to a traffic problem.

164 B
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Written Language: o Writing to communicate effectively: ~
Grammar-~Punctuation, Syntax, Usage e preparing written reports and letters using notes,
- data, graphs, etc., communicating need for proposed
changes at a congested or dangerous location
e writing slogans, skits, videotape skits, posters,
etc., promoting driver safety
® writing opinion surveys for deivers or other people;
N : devising questions to elicit desired information;
Judging whethet a question is relevant and whether
", - 4its meaning is clear.

<

Study Skills: e Taking notes when ¢ongulting authorities or books about
. Outlining/Organizing road design, traffic rules, costs, etc.
e Developing opinion survey for drivers or others; ordering
. questions around central themes, such as traffic
. . problems or possible solutions.
Planning presentations, data collection schemes, etc.
Planning and preparing drafts of letters, reports for
critical review by the class’ before final copy is
. written.
Organizing ideas, facts, data for inclusion in letters,
reports, presentations, etc.

P

Study Skills: Using the library to research information on road design,
Use of References and Resources . traffic regulations, controls, etc.
> Inviting a traffic authority to speak to the class and

. answer questions for them.

e Using indexes and tables bf contents of books to locate
desired information. *

e Using "How To" Cards for information on graphing, using
a stopwatch, etc.

(\ . - ) t -

v . i .
Attitudes/Values | . - ‘ . W
Appreciating the Value of Expressing . e Finding that traffic officials may be persuaded‘%g change
Ideas Through Speaking and Writing a road design when presented with definite, documented

reasons for doing so. X
Appreciating the Value of Written o Finding thatystertain desired information can beé found in -
Resources books on road design, regulations, traffic, etc.

N
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1 . : .

Developing an Interest in Reading " o Willingly looking up information on road design, costs,
and Writing ‘regulations, etc.

T * ° Looking up more detailed information on road design,

- , : . costs, regulations, etc.

e Showing desire to work on drafting letters, reports, on
. scripting skits, videotapes, etc.

Making Judgments Concerning What ® Deciding whether what is read is applicable to the par-
is Read ticular problem, - v
. . . ® Deciding how reliable the information obtained from
~. . reading is.
o Deciding whether the written material is appropriate,
- whether it says what it is supposed to say, whether it
may need improvement,

-«‘h,.’ .

Appreciating the Value of Different e Finding that how information can be best conveyed is

Forms of'Writing, Different Forms determined in part by the audience to whom it is
of Communication - directed.

. R e Finding that’ certain data or information can be best
. .- conveyed by writing it down, pfeparing graphs or

charts, etc.
e Finding that certain. data or ifformation should bes
. . written down so that #t can be referred to at a later
- . . time. -
‘ e Finding that spoken instructions are sometimes better
than written instructions, and vice versa.,

¥
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