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Preface

The USMES Project
,

Unified Sciences and Matliematics,for Elementary Schoois:
Mathematics and the Natural, Social, and Communications
Sciences in Real Problem Solving (USMES) was formed in re-
sponse to the recommendations of the 1967 Cambridge Coh-
ference on the Correlation 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 interdisciplinary units centered
on long-range investigations'of real and practical problems
(or "challenges") taken freq the local schoal/community
environment. School planners can use these units to design
a flexible curriculum for,grades 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 cooidinate.d by a staff at the Education
Development Center in Newton, Massachusetts. In addition,
the staff at EDC coordinated'imgtementation programs in-
volving schools, distribtsr 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
available:

Advertising

Bicycle Transportation

Classroom Design
Classroom Management
Consumer Research
Describing People
Designing,for Human Proportions

' I/Design Lab Design

I/Eating in School
Getting There'
Growing Plants
Manufacturing
Mass Communications

Nature Trails
Orientation

Pedestrian Crossings
Play Area Design and Use
Protecting Property

//SchoOr'Rules

School SuppliRs
School Zoo
Soft Drink Design
Traffic Flow
I/Using Free Time

.Ways to Learn/Teach
Weather Predictions

ekSee Goals for the Correlation of Eldmentary Science and
klathematics, Houghton Mifflin, Co., BoSton, 1969.

I/Available fall 1976.
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In responding to a long-range challenge, the students
and teachers often have need of a wide range of resources.

In faft,'all of the people,and materials in the school and
community are important resources for USMES activi'ies.
USMES provides resources in addition to these. One resource

for students is the Design Lab or its classreom iquivalent:
using the tools and supplies available, children can follow
through on their ideas by constructing measuring tools,
testing apparatus, models, etc. Another resource for stu-

dents is the "How To" Cards. Each set of cards gives infor-
mation about a spr-ific problem; the students use a sdt only,

when they want p op that imrticular problem.
Several types of resources are available for teachers:

the,USMES Guide, a Teacher Resource Book for each challenge,
Background Papers, a resign Lab Manual, and a Curriculum

Correlation Guide. A complete set of all these written
materials comprise what is called the USMES library. This

\ librar5r-w1.ci should be available in each,school using

USMES gni s, contains the following:

1. The USMES Guide

The USMES Guide is a compilation of materials
that may be used for long-range planning of a
curriculum that incorporates the USMES program.

In addition to,basic information about the
project, the challenges, and related materials,
it contains charts assessing the strengths of
the various challenges in terms of their pos-
sible subject area conten!...

Teacher Resource Books (one for ealh challenge)

Each book contains a description of the USMES
approach to real problem-solving activities,
general,information about the partidular unit,

edited logs of class activities, other written
materials relevant to the unit, and charts
that indicate the basic skills, processes, and
areas of study that may be learned and utilized
as students.become engaged in certain possible
activities.

3. Design Lab Manual

. This contains sections on the style of Design Lab
activities, safety considerations, and an inventory

.A.
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of tools and supplies. Because many "hands-on"

activiiies 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. Parficular 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 papers 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'

integrate USMES easily into other school
activities 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 materials are also available for individuals'
and groups involved in local implementation programs. They

include Preparing People for USMES: -An ImplementAion
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 general report..on
evaluation results, a map showing the locations of schools
conducting local implementation of USMES, a list of_sxperi-
enced USMES..teachers and aniversity constiltants, and news-

paper and magazine atticles:

Besides the contributors listed at the beginning of the
book, we are deeply indebted to the many elementary school

1 11



children whoie investigations of the challenge form the
basis for this bOok. Without their efforts this book would
not have been possible. Many thanks to the Planning C4mmit-
tee for their years of service and advice. Many thanks also
to othe'i members of the USMES staff for their suggestions
and advice and for eheir help in seaffing and organizing the
development workshops'. Special thanks also go to Christopher
Hale for his efforts as Project Managtr duriig the develop-
ment of this book.

Because Tri-Wall was the only 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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Introduction

Using the Teacher Resource Book

1

When teachers try a new curriculum for the first,time,
they need to understand the philosophy behind the curriculum.

I,The USMES approach to student-initiateli investigations ofi

lreal problems is outlined in section A of this Teacher Re-
source Book.

Section B starts with a brief overview of possible stu-
dent activities arising from the challenge; comments on pre-
requisite skills are included. Following that is a discus-
sion of the classroom strategy for USMES real problem-
solving activities, including introduction of the challenge,
student activity, resources, and Design Lab_use. Subsequent
pages include a desctiption of the use of the unit in pri-
mary grades, a flow chart and a composite log that indicate
the range of possible studenl work, and a list of questions
that the teacher may find useful for focusing the students'
activiities on the challenge.

Because students initiate all the activities in response
to the challenge and because the work of one, class may difF
fer from that undertaken by other., classes, teachers familiar

with USMES need to read only sections A and 3 before intro-
ducing the challenge to students.
ASection C of this book is the documentation section.
These edited leachers' logs show_the variety of ways in
which students in different glasses have worked at finding
a solution to the challenge.

Section D contains a list of the titles of relevant sets
of "How To" Cards and brief descriptions of the Background
Papers pertaining to the unit. Also included in section D
is a glossary of the terms used in the Teacher Resource Book'
and an annotated bibliography.

Section E contains charts that indicate'the comparative
strengths of the unit in terms of real problem solving,
mathematics, scien0, social -r-ience, and language arts. It
also contains a iist of explicit examples of real problem
solving and other subject area skills, processed, 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 part of their regular program
until later'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.

-IL kJ



A. Real Problern Solving and USMES

Rea'l Problem Solving

If life were of such a constant nature that
there werezonly a few chores to do and ther'were
done over And ovin exactly the same way,'the
case for knowing how to solve problems would not
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 viewlife is not simple and unchanging.
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 abiiity to adjust and
to solve one's problems is of paramount importance.*

USMES is based on the beliefs that real problem solving
is an important skin to be learnedland that many math,
science, scicial science,' and language arts skills may be
learned more quickly and easily within the context of stu-
dent investigations of real problems. Real problem solving,
as exemplitied by USMES, implies a style of education which
involves ftudents in investigating and solving 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 c1#1dren because it islboth real and prac-
tical. The problem issreal in several 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 particular case in question, (3) the
students must consider the entire situation with all the
accompanying variables and complexities, and (4) the problem
is such that the work done by the students can lead to sate
improvement in the situation. This expectation of useful
accomplishment provides the motivation for children to carry
out the comprehensivelinvestigations needed to find some
solution to the challenge.

The level at which the children approach the problems,
the investigations that they carry outs and the solutions

*Kenneth B. Henderson and Robert E. Pingry, "Problem-Solving
in Mathematics," in The Learning of Mathematics: Its Theory
and Practice, Twenty-first Yearbook of the National Council
of Teachers of Mathematics (Washington, D.C.: The Council,
1953), p. 233.

r)1
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that they devise may vary according to the age and cbility
of the children. However, re,.1 problem.solving involves
them, at some level, in all aspects of the problem-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,
harts, statistics, or whatever means the students can find;
cussion; formulation and trial of suggested solutions;
arification of values; decision making; arid cOmmuniCations
findings to others. In addition, students become more

quisitive, more cooperative in working with others, more
c itical in their thinking, more self-reliant, and more in-
t rested in helping to improve social conditions.

To learn the process of real problem solving, the stu-
de s 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 thal 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.

The problem is first reworded by studente in specific
terms that apply to their school or community, and the
various aspects of the problem are discussed by the class.
The students then 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 c/iss 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" or "action-oriented" experience:

Real problem solving does not rely solely on the
discovery-learning concept. In the real world,people have
aCcess to" 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 skills are
necessary for continuing their investigation, they learn
willingly and quickly in a more directed way to acqui,re
these facts and skills. Consequently, the students Should
have available different resources that ithey may use as
they recogniye the need for them, but tliey shoulCstill be
left with,a wide scope to explore their own ideas and
methods.

1-



5

Certain information on specific skills is provided by the
sets of USMES "How To" Cards.. The students are referred
only to the set for which they have clearly identified a
need and only when they are unable to proceed on their own.
Each "How To" Cards title clearly indicates the skill in-j
volyed--"How to Use a Stopwatch," "How to Make a Bar Graph
Piéture of Your bate," 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
constructed and tested without appreciably disrupting other
classroom activities. Ideally, it is a separate room with,
space for all necessary supplies and equipment and work
space for the children. However, it may be as small as a
corner of tLe classroom and may contain only a few tools and
supplies. Since the benefits of,real problem'solving can be
obtained by the students only if.they have a means to fol-
low up their ideas, the availability of a Design Lab can be
a very important asset.

Optimally, the operation of the school's Design Lab
should be suchtas to make it available to the students when-
ever they need it. It should be as free as possible from
set scheduling or programming. The students use the Design
Lab to try out their own ideas and/or to design, construct,
test, and improve many devices initiated by their responses
to the OtMES challenges. While this optimum operation of
the Design Lab may not always be possible'due to various
limitations, "hands-on" activities may take place in 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 litt of "How
To" Cards covering such Design Lab skills as sawing, gluing,
nailing, soldering, is contained in Chapter IX.)

Work on all USMES challenges is not only sufficiently
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
from the class are carrying out the investigation of a unit
challenge, the extent of their,discovery and learning can be
expected to be less than if more members of the class are
involved. While it is possible for a class to work on two
related units at the same time, in many classes the students
progress better with just one.

The amount of time spent each week working on an USMES
challenge is crucial to a successful resolution of the

0 el
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Importance of the Challenge

problem. Each challenge ,is designed so that the' various

investigations will take from thirty to 'forty-five hours,
depending on 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
least two or three times a week, it is difficult for the
children to maintain their interest and momentum and to be-
comisinvolved intensively with the challenge. The length of
each session depends upon the age level of the children and
the nature of the challenge. For example, children in the
primary grades may proceed better by working on the challenge
more frequently tor shOrter periods of time, perhaps fifteen,
to twenty minutes, while older children may proceed better
by working less frequently ior much longer periods of time.

Student interest and the overall accomplishments of the
class in finding and implementing solutions to the challenge
indicate 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 interes
on the part of the teacher than to that of the students.)
:However, some students may continue work or a voluntary

1 /basis on one problem, while the others begin to-identify
possible approaches to another USMES challenge.

Although individual (or group) discovery and stUdent
initiation of investigations is the process in USMES units,
this.does not imply the constant encouragement of random
activity. Random activity has an* important place in
children's learning, and opportunities for it Should be
made available at vayious times. During USMES' activities,

however, it is be,L4ved that children learn to solve real
problems only whéi their efforts are focused on finding
some solution to t d.practical problem presented
in the USMES chal enge. It ts been found that students
are. motivated to vercome man difficulties and frustrations
in their efforts o achieve t e goal of effecting some
change or at leas of providi g some useful information to
others. Because ,he children commitment to finding a

solution eo the challenge is one fokthe 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 con-
siderable amount of time.

The challenge'not only motivateS the children by stating
the

I

problem but also provides them witha criterion for
-

judgini-eheir results. This criterion--if it works, it's
right (or if it helps us find an answer to our problem, it's

1414
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Role of the Teacher

a good thing to do)--gives the children's ideas and results
a meaning within tha context of their goal. Many teachers
have found this concept to be a valuable strategy that not
only allows the teacher to respond positively to all of the
children's ideas but also helps the children themselves to
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 open
classrodm activities is as gollows:

1. Introduce the challenge in a meaningful way

ihat not only allows the children to relate
it to their particular situation but also
opens up,various avenues of approach.

2. Act as a coordinator and collaborator. Assist,

not direct, individuals or groups of students
as they investigate different aspects of the
problem.

3. Hold USMES sessions at least two or three times

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

4. Provide the tools and supplies necessary for
initial hands-on work in the classroom or make
arrangements for the children to work in the
.Design Lab,.

5. Be patient in letang the children make their
own mistakes and find the5 -. own way. Offer
assistance or point out sources of help for
specific information (such as the "How To"
Cards) only when the children become frustrated
in their approach to the problem. Conduct
skill sessions as necessary.

6.. Provide frequent opportunities for group reports
and student exchanges of ideas in class dis-
cussions. In mbst cases, students will, by
their own critical examinat,lon of the procedures

theY have used, improve or set new directions
in their investigations; .

7



usmEs in the Total School Program

7. If necessary, ask appropriate questions to stim-
ulate the students' thinking so that they will
make more extensive and comprehensive investiga-
tions or analyses Oftheir data.

8. Make sure that a sufficient number of students
(usually ten to twelve) are working on the

challenge so that activities do not become
fragmented-or stall.

Student success iv USMES unit activities is indicated by

the progress.they make in finding some solution to the
challenge, not by following a particular line of investiga-
tion nor by obtaining specified re§ults. The teacher's
role in the USME8strategy is to provide a classroom at-
mosphere in.which all students can, in their own way,
search out some solution to the challenge.-

Toddy many leading educators feel that real problem
solving.(under different names) is an important skill to
be learned. In this mode of learning particular emphasis

is placed on developing skills to deal with real problems
rather than the skills needed to obtain "correctr answers

to contrived probletas. Because of this and because of the
interdisctplinary nature of both the problems and the re-
sultant investigations., USkES is ideal for use as an impor-,

tant part of the elementary school program. Much of the
time normally spent in the class on the traditional ap-
pr Aches to math, science, social science, and/language
arts skills can be safely assigned to USMES activities. In

fact, 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 rf trqditinal
skills. In addition, reports have indicated that students
,retain for a long time the skills and concepts learned and
practiced during USMES activities. Therefore, the time
normally spent in reinforcing required skills can be greatly
reduced if these skills-are learned and practiced in the
context of real problem solving.

Because real problem-solving activities cannot,possibly
cover all the skills and concepts in the major subject
areas, other curricula as well as other learning modes
(such as "lecture method," "individual study topics," or
programmed instruction) need to be used in conjunction with
USMES in an optimal education program. However, the other

co rt
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Ways In Which USMES Diffeis From Other
Curricula

instruction'will be enhanced by the skills, motivationoand
understanding provided by real problem solvimg, 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 forethought, and the sequence
of challenges investigited by students during their years in
elementary scilool should involve them in a,variety of skills
and processes. Because 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 is 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 challenge until later in the year. At that time stu-
dents can learn ihe required skills in the usual way if they
have not already learned them during their USMES activities.

These basic skills, processes, and areas of study are
listed in charts and lists contained in each Teacher Resource
Book. A teacher-can use thesi charts to decide on an over-
all allocation of class time between USMES and traditional
learning in the major subject disciplines. Examples of in-
dividual,skills and processes are also given so that the
teacher Can see beforehand which skills a student may en-
counter during the aourse of his investigations. These
charts and lists may be found in section E.

As the foregoing indicates, USMES differs significantly
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 understanding of 1

the process. Because of the following differences, some
teacher preparation is necessary. Some teachers may have
been 4.nt-oduced by other ptojects to several of the folloW-
ing new developments in education, but few teachers have
integrated all of.them into the new style of teaching and
learning that real problei solving involves.

1. New Area of LearningReal problem solving is a

new area of learning, not just a new approach or
a new content'within an already-defined subject '
area. Although many subject-matter curricula

4.



include something called problem solving, much of
this problem solving involves contrived problems
or fragments of a whole situation and does not

require the cognitive skills needed for the in-
vestigation of real and practical problems.

Learning the cognitive strategy required for real
problem solving is different from other kinds
of learning.

3. Interdisciplinary Education--Real problem solv-
ing integrates the disciplines in a natural way;
there is no need to impose a multi-disctplinary
structure. Solving real and practical problems
requires the application of skills, concepts,
and processes from many disciplines. The number
and range of disciplines are unrestricted and,
the-importance of each is demonstrated in work-
ing toward the solutiovof practical problems.

3. Student Plannink---To learn the process of prob-
lem solving, the students themselves, not the
teacher, must 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 problem-
solving activities the teacher acts AS a,

coorOmator and collaborator, 'not as an
authoritative iource of answers.

4. Learning-by-DoingLearning-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
aspects;Jor example, different 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; constructing measuring 'instruments,

scale miodels, test equipment, etc.; trying their
suggested improvements; and (in some units) pre--
paring reports and presentations of their findings
for the proper authorities.

5. Learniflg Skills and Conce ts as Needed--Skills
and concepts are learned in real problem solving



as the need for them arises-in the context
cf the work being done, rather than having a
situation imposed by the teacher or the text- '

book being used. Teachers may direct this
learning when the need for it arises, or stu-
dents may search out information,themselves
from resources provided.

6. Group_Wort--Progress toward a solution to a

real problem usually requires the efforts of
groups of students, nob just individual stu-
dents working alone. Although some work may
be done individually, the total group effort
'provides good opportunities for division of
labor and exchange of ideas among the groups
and individuals. The grouping is flexible
and changes in order to meet the neells of the
different stages of investigation.

7. $tudent Choice--Real problem solving offers
classes the opportunity to work on problems
that are real'to them, not just to the adults
who prepare the curriculum. In addition,
students may choose to investigate particular
aspects of the probleth according to their
interest. The variety of activities ensuing .

from the challenge allows each student to
make some contribution towards the solution of
the problem according to his'or her ability and
to learn specific skills at a time,when he or
she is ready for thit particular intellectual
structure.



B. General Papers on Weather Predictions.
#

1. OVERVIEW OF ACTIVITIES-

Challenge:

Make your own weather predictions (for
this afternoon, tomorrow, or a special
occasion).

I 1

(*)

13

Most children have been disappointed by "bad" weather:
a Picnic cancelled because of rain; a family outing post-
poned because of fog, etc. Such an event will serve to call
the children's attention to the effect weather has on peo-
ple's,lives. It is the perfect time for the Weather Pre-
dictions challenge to be introduced to the class.
.Preliminary activities which might lead naturally to the

Weather Predictions challenge include work on Play Area De-
sign and Use, Using Free Time, or Nature Trails. During
investigations of each of these challenges; students may be
faced with the problem of having their activities restrict-
ed by inclement weather. They may want to predict the
weather in an attempt to help them plan their activities
and schedule.

The simple question--"What difference does the weather
make to you?"--posed by a teacher is the basis for a lively
discussion. After outdoor observation, the class might dis-
cuss the things they think make the weather. The students
might guess what the weather will be that afternoon or the
next day. In response to their teacher's question--"How
will you know Vhich guess was right?"--the students might
suggest that the guesses be recorded as a basis for compari-
son. The children may then decide to work in small groups
to investigate certain factors they think are important,
such as cloud type, temperature, precipitation, i)ressure,
wind speed or direction. The flow chart suggests some

, activities that might,take place. Motivated by their own
experiences and curio;ity, some groups may want-to construct
simple, weather instruments; these may be calibrated using
local weather data. A few children may decide to check on
the recotds of past wdather and the factors present at the
time.

The data collection scheme should be designed by the
children with help as needed from the teacher or from the
"How To" Cards. Data may be represented in several ways;
many groups may choose to construct line graphs. A wind
direction group may make a circular scatter graph. Other
scatter graphs may be constructed to compare the data of
two groups. Hiseograms may be plotted to show the number
of days it rained or was sunny vs. changes of pressure.

Predictions should be correlated with observations as
early as possible in the unit. This might be brought about
by a siliChallenge:-----Nhat-Ao_you think_the weather will
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Collecting weather data.

Bonnie Rollenhagen, Grades 4-6.

t:fr

be for the gams (or other event) today?" Representation of
data on pegboards may help the children correlate weather
factors with the actual weather. The class may decide to
issue short-range local weather predictions for the school.
Some competition with other classes or schools may be
worked out.

As the children collect the data and make their observa-
tions and predictions, they may see the need for more data
or for a different type of data. Other activities may in-
clude the comparison of the student's measurements with the
weather forecaster's measurements or the introduction of
another factor, such as high and low pressure areas, on
which to base their predictions. Class discussions and in-
formal discussions with other students may provide suggest
tions for possible improvements to their predictions and
information necessary for documentation.

It.is hoped that the unit might culminate in some action.
The children might set up a weather station in school and
post day-to-dayyeather predictions or write up predictions
for the school newspaper; they might establish a service to
make weather predictions for special events. While seeking
different ways to publicize their predictions, the children
might decide to investigate the challenge of Mass Commun-

, ications.

Although many of these activities may re4uire skills and ,

concepts new to the children, tliere is no fieed for prell*-
nary 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 have a need to
learn. Consider counting: whereas children usually learn
to ccunt by rote, they can, through USMES gain a better
udderstanding.of counting by learning or practicing it with-
in real coritexts. In working on Weather Predictions chil-
dren also learn and practice graphing, measuring, working .

with decimals, and dividing. Although dividing seems neces-
Aary to compare fractions or ratios, primary children can
make comparisons graphiCally; setsgof data can also be com-
pared graphically or by subtracting medians (half-way vilues).
Furthermore instead of usiftel-ivision to make scale drawings,
younger children can convert theinmeasurements'to spaces on
graph paper. Division may be introauced during calculation
of percentages or averages.



2. CLASSROOM STRATEGY FOR WEATHER
PREDICTIONS

The Process of Introducing the
Challenge

The Weather Predictionsunit is centered on a challenge--
a statement that says, "Solve this problem." Its success or

failure in a classroom depends largely on (1) the relevance
of the prablemifor 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
s solution; they will have a focus and purpose for their

sctivities. If the students do not think the problem af-
fects them, their attempts at finding solutions will likely

be disjointed and cursory.
The Weather Predictions challenge--"Make your.own weather

predictions (for this afternoon, tomorrow, or a special oc-
casion)"--is general enough to apply to many situations.
Students in different classes define and reword the chal-
lenge to fit their particular situation and thus arrive at
a specific tlass challenge. For example, second- and third-
grade students in one school were challenged to make daily
predictions for the school.

Given that a problem exists how can a teacher, without
being directive, help the students identify the challenge
that they will work on as a group? There is no set method,

because of variations among teachers, classes, and schools.
However, USMES teachers have found that certain general tech-
niques in introducing the challenge are helpful.

One siich technique is to turn a discussion of soié recent

event toward a related cHallenge. For example, on tormy

day,pr after a flood or hurricane, a teacher might focus a
discussion of the weatherAll a Weather Predictions challenge.
'(This may be a particularliruseful strategy if some class
outing was cancelled because of the bad weather.) The chil-

dren may be asked whether knowing ahead of time what the
weather may be would help people prepare for it. ,

A combination second/third-grade c2ass began their
investigation of the Weather Predictions challenge
through a discussion of what the weather meant to

them. Their city'had been flooded during the sum-
mer because of heavy rains. Each student related
how 4he flood had affected him/her. The children
discussed the weather changes they had observed

before the flood.

15
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The Weather Predictions challenge may also be introduced
during or after work on another USMES challenge., For ex-

ample, children, working on the Play Area'Designjand Use chal-,
lenge whose investigations are interrupted by inclement wea-
ther may decide to_work on the Weather Predictions challenge.
When children encounter a problem that leads to.a related
USMES challenge, one group of children may begin work on the
second challenge while the rest of the class continues with

the first challenge. 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 completely.
An USMES challenge may also evolve from a discussion of

a specific topic being studied by the class. The topic it-

self may lead directly to certain aspects of weather, and
the challenge then puts the study of weather into the con-

twa of a real problem. For example, children involved in
the stddy of geography of their own area may become inter-
,ested in predicting weather for the school or community.

Experience in classronms has shown that the children's
progress on any USMES challenge may be poor.because of lack

of an initial challenge or lack of continuous focus on the

challenge. If.the challenge is not given at all or if it
is given and then divided by the teacher into a sequence of
activities, the work becomes purposeless in the children's '

minds. The motivation inherent in searching for a solution
to a real problem is missing, and.the children quickly lose

interests Work on the Weather Predictions challenge can
easily degenerate into a study of weather (with subsequent%
loss of interest) unless the work is focused on first making,
and then improving, predictions of the weather.

A primary teacher working on the Weather Predictions
challenge failLd to issue a challenge. Instead, the

children investigated various elements of the wea-
,ther as independent areas of study, e.g., wind, rain.
The children were engaged in many "hands-on" activi-
ties, such as feeling hot and cold places, taking
different, temperature readings, blowing bubbles to

see the direction of the wind, and using hygroscope
cards;'yet, the birtivities were fragmented. Each

activity briefly gained the interest of the children
and occasionally involved prediction, but the chil-
dren did not develop the momentum usually attained
when work, is focused toward the solution of a real

problem.

r)
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An intermediate-grade teacher periodically issued
what she said were class challenges but which were,
in fact, study topics rather than real problems,
e.g., "What is the relationship of the sun, moon,
and tides?" "What makes clouds?" The children re-
searched the questions, conducted experiments, and
viewed films. Class attention gradually focused on
observations.of the weather and collection of data
on weather factors, and although construction of wea-
ther instruments was begun, it was without a purpose.

A third problem that has in the past blocked significant
progress on the Weather Predictions challenge occurs when
too much emphasis is placed on facts; that is, exact measure-
ments, terminology, etc., and not enough emphasis is placed
on day-to-day changes and on forecasting,based on these
changes.

A sixth-grade class investlgating the Weather Pre-
dictions challenge became involved in making outside
observations, collecting data from weather instru-
ments and newspapers, and formulating predictions.
However, very little use was made of the weather
patterns and trends indicated by the day-to-day
changes in the weather contained in the data Col-
lected by the class. Thus, an important way to im-
prove predictions was ignored.

In summary, the Weather Predictions challenge should
focus on making predictions from the very beginning. Chil-
dren should be encouraged to guess what the weather will be
and record both their guesses and the accuracy of their
guesses. It is only in this way, wtth the children keeping
records of their early predictions and results, that the stu-
dents are able to compare later predictions with early ones,
evaluate ,their efforts, and make necessary changes to im-
prove their accuracy.

Onceaclasshasdecidedtowork on the Weather Predic-
1

tions challenge, USMES sessions should be held several times
a week, but they need not be rigidly scheduled. When ses-
sions are held after long intervals, students often have
difficulty remembering exactly where they were in their
investigations and their momentum diminishes.

1.4

17



18

Initial Work on the Challenge

Focusing on the Challenge

t the students usually assign priorities to the var-
tasks that must be performed so that some groups do not

become stalled on their progress because others have not com-
pleted their tasks. The students then form groups to attack
different aspects of the problem. For example, in one class
students working to formulate daily weather predictions for
the school population formed different groups to accomplish
this. Some students charted daily outside observations; one
group collected data frqm commercial weather instruments;
others-designed, built, and used simple weather instruments;
another group collected,weather data from the local news-
paper and plotted it on a large plastic map of the United
States that they had cOnstructed. Each aspect required com-
prehensive investigation by both groups and individuals, and
the work was then correlated and used by students to formu-
late weather predictions. However,-the teacher may find
that having too many groups of -only two or three students

attacking different aspects of the problem at the same time
not only makes it difficult to be aware of the progress or
problems of each group, but alsa makes it difficult for
thorough investigations of the challenge to be performed by
the class; the larger the number'of groups, the smaller the
membership of each group, thus lessening the chancejor
varied student input and interaction. As initial work is
completed, students regroup to investigate other parts of
the problem.

As a class works on a challenge, the children's attention
should, from time to time, be refocused on that challenge so
that they do not lose sight of their overall goal. Refocus-
ing is particularly important with younger children because
they have a shorter attentron span. Teachers find it help-
ful to hold periodic class discussions that include group
reports. Such sessions help the students review what they
have accomplished and what they still need to do in order to
find some solutions to the problem. These discussions also
provide an opportunity for students to participate both in
evaluating their own work and in exchanging ideas with their
classmates. (Another consequence of having too manyiogroups
is that not every group can be given enough time to report
to the class, thereby'increasing the possibility that the
children's efforts will overlap unnecessarily.)

A combination class of second- and third-grade stu-
dents met for class discussions many times during

r)
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Resources for Work on the Challenge

Constructing anemometer and wind vane.
Bonnie Rollenhagen, Grades

4%

the course of their investigations. The teacher
took these opportunities to refbcus on the predic-
tion aspect.of the challenge, thus insuring that
her students' effbrts were in response to the real
problem of making a daily school-wide forecast.

When children try to decide on solutions before collect-
ing and analyzing enough data or encounter difficulties
during their investigations, an USMES teacher helps out.
Instead of giving ansWers or suggesting specific procedures,
the teacher asks open-ended questions that stimulate the
students to think more comprehensively and creatively about
their work. For example, instead of telling students in-
volved in a Weather Prediction investigation what informa-
,tion they will need to make their predictions, the teacher
might ask,-"What do you think makes the weather?" or "What
information would help you most in predicting the weather?"
ExamPles of other nondirective, thought-provoking questions
are given in the Teacher Resource Book.

The teacher may also,refer students to the "How To" Cards,
which provide information about specific skills, such as '.

using a stopwatch or drawing graphs. Irmany spu'dents, or
even the entire clags, need help in particular areas, such
as using fractions to calibrate weather instruments or to
Make graphs_ of weather data, the teacher should conduct
skill sedsions as these needs arise. _(Background Papers

-

provide teachers with additional information on specific
problems associated.with some challenges and on general
topics applicable to most challenges.)

USMES teachers can also assist students by making it pos-
sible for diem to carry but tasks involvling hands-on actild-
ties. If children need to collect weather data outside of
their classroom, the teacher can help with scheduling and
siipervision.' If the children's tasks require them to design
and construct items, the teacher should make stie that they
have access to a Design Lab. 'Any collection of tools and
materials kept in a central location (in part of the class-
room, on a portable cart,.or in a separate room) can be
called a Design Lab..

Valuable at it is, a Design Lab is not necessary to begin
work on an USMES challenge. The Design Lab is used only
when needed, and this need max not arise during early work
on the challenge. 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 community.



Fifth.graders in one class worked successfully on

the Weather Predictions challenge without the use
of a Design Lab. Data collection activities were
begun imnediately. A plastic map of the'continental
United States on which weather data was recorded was
constructed. As the need for more data arose, chil-
dren became involved in the construction of weather
instruments in the classroom. Initial construction
activities focused on wind instruments; the class-
room teacher suppdemented the materials brought in
by the students with supplies from the art room. A
rain gauge, simple hair hygrometer, and a portable
weather station were designed and built in the
classroom.

Another fifth-grade class began work on the Weather
Predictions unit before the school's Design Lab
opened for use. Data collection, which was begun
imnediately, showed the need for more weather in-
struments. Students built a thermometer in the
room. Scrounging in the community and an Open
House for parents provided enough materials to,set
up a mdni-Design Lab in the clas.troom. Students
continued to build weather instruments, e.g.., Min-

eral oil barometer, anemometer, weather vane, ther-
mometer shelter, to facilitate data collection and
weather predictioh.

The extent to which any Design Lab is used varieswith
different classes'iand schools because the children them-
selves determine the direction of the investigations and '
because construetion activities are more likely to occur

, in some units than in others.

Student inveatigations generally continue untifthe çhil-
drenhave agreed upon and implemented some solution to the
problem. One class accurately predicted the weather for
Manksgiving vacation in_spite-of-conflioting-forecast&-from
.the weatheebureau. Other classes formed groups to make
competitive predictions and to broadcast daily weather pre-
dictions over the-school's public address system.



3. USE OF WEATHER PREDICTIONS IN THE
PRIMARY GRADES

,44 0

, 21

Children in the primary grades may become very involved
in the Weather Predictions unit while working on a series
of class challenges to predict the weather for certain times

.

or certain days. By examining weath.J. variables, such as
temperature, clouds, wind, and rain, they will determine
what information helps them most in accura,ely predicting
the weather. Although their entry level tO the challenge
and sophistication with the investigation will certainly
be different than that Of intermediate-grade children, they
will.be able to realize both how the wet. '.er affects their
lives and how they can anticipate it, tht.t fore making pre-
diction useful in planning their activitie . A cancelled
excursion or several days of indoor recess because of an
unexpected storm may be the basis for a lively discussion
in response to the teacher's question, "What difference does
the weather make to you?"

1

Second and third graders react enthusiastically to dis-
cussions,of their own experiences with weather and what it
means to them. In order.to maintain the motivation and
interest of young children, one must acknowledge the ego-
centrism inherent in their stage of development and focus
investigations around their experiences. Past work has
shown that this is essential to the success of the unit
with primary-aged children.

Multi-sensory experiences and outside observations, when
followed by discussions of how'each child feels, lead nat-
urally to a series of class challenges--"Predict what the
weather will be for gym today." "Will we be aVle to go
outside?" Observations made by the children are recorded
on the daily calendar which is a standard learning material
in many primary classes. The range of their observations
is wide: some examples are sunny, rainy, darkclouds, trees
blowing, cold, And warm.

The teacher and children may record their ongoing pre-
dictions on a chart or in their weather books. This can be
accomplished by using symbols or words. 4 combination of
such symbols or words recorded in individual logs is an ef-
fective and personal way to teach them to read. These, pre-

dictions are then compared with the actual weather by .the

children during_later discussions of the weather and_wheLt
it means to them. The children bigin to think about ways
they can improve their predictio s; for example, "Is it
more likely to rain (or snow) whe itis getting colder or .

when it is getting warmer?" "Is i more likely to rain when
the wind is blowing hard or when it is calmer?" It is ad- .

visable for the teacher to ask questions which directly



4. FLOW CHART

pertain to the Children's'eXperiences and make them aware
of some ways that the ability to predict the weather helps
them, e.g., "How do we know whether to wear a raincoat or
snowpants?" "Why does the wind make it harder at times to

walk to school?"
In order to collect data, the children must learn to

read simple thermometers; the task is,made easier by the
fact that they have a reason to learn it. They might want
to construct simpleweather instruments such as wind vanes
and rain gauges. After observing the clouds, the children
compare clouds they have seen with pictures.of clouds and
begin to discuss what the'different clouds indicate abOut
the weather. The childreh can then make simplebar graphs
and other simple representations of the data colldcted.
This helps them to focus on the quantitative aspect of the
data collected and relate it to the weather. For example,

some questions raised by the class are "How much colder was
it yesterday than it is today, and how does that affect the .

clothing we are wearing?" "How much rain fell last week as
compared with the amount that fell this week?" "Did we.

spend more days outside last,week or this Week?"
As these activities continue, the children's own weathet

logs or class log may show improvement in their predictions.
They can tally the number.of right and wrong predictions
made 4nd consider why one forecast was more accurate than
another. The discussionsmay center on the kinds of informa-
tion which were collected in their correct predictions, and
a pattern may begin to emerge. 1

USMES' goal of impartihg to children the power Of Using
.concrete investigations asithe basis for decision making
can be realized in the primary grades. The interdiscipli-
rfary nature of USMES activities is especially helpful in the
development of the "whole" child. Pursuit oi solutions to
the class challenge invoiVe language arts, mathematics and
science activities. The children are now ready to use their
knowledge of weather predictions to help them schedule other
class trips, predict the Weather for recess or Iunchtime,_
or predict the weather for a holiday weekend. ,

The following flow chart presents some of the student
activities--disciissions, observations, calculations,4pon-
structions--that may occur during work on the yeather Pre-
dictions challenge. ,Because each class will choose its own
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approach to the challenge, the sequences of events given
here represent only a few of the many possible variations.
Furthermore, no one classtis expected to undertake all the
activities llisted.

The flow chartAs not a lesson plan and should not be
used as one. Instead it illustrates how comprehensive in-
vestigations evolve from the students! discussion of a prob-
lem.

,Measuring wind direction.
Florence Duncan, Grade 6.
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Challenger Make your own weather predictions (for this afternoon, tomorrow, or a special occasion).

Optional USMES Units: Growing Plants I Study of geography (Study of weather.

Pre"lintinary Nature Trails

Activities: Play Area Design and Use

Possible 1

Student
Activities:

Class Discussion: What difference does the weather make to you? What

are the different types of weather? Would knowing ahead of time what the
weather will be help people?

'Observation of weather on a particular day.

Class Discussion: Report on observations, e.g., "sky was cloudy, it was
dark." Directions to watch for weather changes.

If
Simple predictions and,verification:
guessing, persistence, trends,
Farmer's Almanac, folklore.

Daily observations and forecasts.
Chart.of observations: notation
of changes.

TV-br newspaper forecasts.

Class Discussion: Review of 1 st of observations and types of weather.
Information needed for predictions. Identification of variables.

Precipitation: Con-

struction of rain
gauge. Collection
of newspaper data.

Clouds: Type and direc-

tion. Weather,associated
with different types.

Temperature: Use
of thermometer.

V

Wind Speed and Direction:
Construction of wind vane.
Observation of weather
from various directions.
Beaufort scale'of wind
speed.

Representation of
data on charts.

Representation of data on
circular scatter graphs.

a

Barometric pressure:
Construction of simple
barometer. Collection
of newspaper data.

4

Relative huirtidity:

ConstructiOn of
psychrometer, hygrom-,

eter. Collection of
newsPaper'data.

-4
Representation of data
on line.graphs, bar
graphs.

4---
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Data from own
instruments.

Class Discussion: Review of successes in daily forecasts. Conclusions

drawn frog data, graphs, Apps. Correlation of data; suggesting Most
useful information.

Data from commercial
instruments.

Data from news-
paper or TV.

Graphic representation of changei,

in variables; correlation of changes.

,Optional

Follow-Up
Activities:

Use of weather map to
obtain and present data.

Competitive forecasting and verificati9n:
half-day, one-day, and two-day periods.

25

Collection and use
of climatology
data.

Forecasting far school; compilation of local data for future use.

Study of storms; 1 Climatology USAIR'S Units: 0 Play Area Design and Use
cauSes and movement J studies/ 0 Nature 21,rails

Growing Plants

.41)
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5. A COMPOSITE LOG*

This hypothetical account of an
intermediate-level class describes

many of the activities and discus-
sions mentioned in the flow chart.
The composite log shows only one
of the many progressions of events
that might develop as a class inf-

vestigates the Weather Predictions
challenge. Documented events

from actdal classes are italicized
and set apait fiom tpe :ext.
Weather data used is that for the
Boston, Massachusetts area.

"I'm going to get soaked going home," mnans one student

watching the rain pour'ontio the playground. "I didn't know

it was going to rain, and I didn't bring a rain jacket."
"Maybe ir will stop sbon," replies a classmate.
"I hope so!"
Hearing this exchange, the teacher asks the class, "What

difference does the weather make to you?"' Some children
reply that someone has to come and pick them up on rainy

. days and that they Cannot go outside to play. On sunny

days they have funwalking to school and playing outside

during recess and lunch periods. Their opinions are listed

on the board in columns labeled "good weather" and "bad

weather." e list is expanded when the teacher asks what

dif rence weather makes to.other people.
The teacher next asks whether knowing ahead of time what

the weather might be would help people. The children's

answers vary and include the fact that forecasts are often

wrong. The class lists different types:of weather: rainy,

sunny, windy, foggy, snowy, cold, hot, sandstormy, etc.

The teacher then takes the class outside to observe
everything they can 'about the weather on that day. When

they come in again, the children discuss what they saw.

Their comments vary: "It was raining." "It was dark."

"The sky was cloudy."

A sixth-grade class in Abnterey, California, listed
the following observations about the weather after

observing outdoois: warm, windy, not too hot,

breezy, trees moving, some clouds very high, clouds
were moving, moving to the north (teacher notes
they were actually moving to the east), weather

is "green." Two days later the children listed
observations as follows: heat, clouds, wind, haze,

blue sky, cold, green, sun, clouds moving, wind
from the southwest, wind gusty, and wind breezy.
(See log by Gary Childs.)

A fourth/fifth/sixth-grade class in Lansing,
Michigan, responded in many,different ways to the
questions, "How does daily weather affect us?"
"Why do we listen to the weather forecast.on TV
or radio?" Their answers were as follows:

*Written by USMES staff.
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1. People who ire travellin.want to
know what the weather is going to be.

2. So Pe know what clothes to wear,

3. To plan a camping trip, baseball or
football game, a picnic.

4., For sa ty--fiddds, tornadoes.

The childreri then listed rain, silow, sleet, hail,'
4 .

. floods, sunny, gold, clouds, fog, tornadoes,
,typhoons, hurricanes, And windy as types bf

weather. At the( next, session, they grouped fhe

above-listed types of weather irito four categories:
water, air, wind, and clouds. (From log bg

Bonnie Rollenhagen.)

As the session draws to a close, the teacher asks them to
guess what the weather will be for the next day. Most of

the students agree that it Will be rainy, but some say it
wjll be warm and others say it will be cool. One girlssays

she thinks it will be clearing because it isn't raining as
hard as it was in the morning.

The next morning brings a light rain but by midmorning

the skies begin to clear. A discussion ensues centered on

the question of who was right. They decide that everyone
was right in this instance but that in future predictiops
they will have to be more specific with regard to rainfall.

"If you say it's going to be fair, and it rains, then
your prediction ig wrong," states one boy.

"But what If it's only a brief shower?" another child

asks.'
"People would still get wet," he replies. The children

then decide to limit their predictions to temperature,
fain/no rain, and cloudy/partly cloudy/sufiny.

"How will we know who's right and who's wrong?" one girl
asks. In response, another girl suggests that they,record'
theirsuesses in épecial,weather loig booklets. The class
enthusiasticdlly agrees with this idea. They decrtle to

start with four columns on each page't record the data,

their predittion.for that data; their cervationsof the
weather on that data, and'whethei the pre ction was right..

(See Figuie B5-l). One boy also suggests that they make
their observations and predittions in the morning around
9:00 A.M.

.1

= , Second grader4 in Plainfield, New Jersey, eachr
had a weather book as part ofztheir invegtiga-
tion of the Weather Predidtions challenge. In ,

LO /
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the book the children recorded new weather-related
vocabulary along with their meenings, sketches
of weather instruments', and theix.weather pre-
dictions. Temperature readings were also charted
individually in the books as well as on a class
chart, and the children calculated average temper-
atures. (See log by Judith Gray.)

Each morning for the next two weeks the class goes out-
side for a short time to observe the weather. Upon their

return to the room, the students form groups,to guess what
the next nay's weather will be. This is then written in
the proper column for the next day in their weather book-
let. To measure the outside temperature, one child suggests
taking the classroom thermometer outside.

Sixth-grade students in Charleston, South
Carolina, began their investigation of the
Weather Predictions unit by doing some "pre-
liminary" work on learning about different
weather variables. Soon challenged to predict
the weather, they first predicted the high
temperature range for the day. As their con-
fidence grew, this changed to the exact high
temperature..-Simultaneously, groups formed
to collect data on different weather variables
using homemade and commercial instruments, and
the.data was charted as it was collected. They

3 were elated when their first public weather
prediction for the October PTA meeting was
correct. (From log by. Mary Ellen Warner.)

Fourth graders in Iowa City,,Sowa, focused on
predicting the weather for their schoolmates
early in their investigations. Everyone agreed
tpat the class needed a system for recording the
weather information they obtained. One child
prepared a,chart on which to record their data.
The children selected the following variables to
follow: temperature, humidity, cloudcover, and
wind speed and direction. The class met at the
end of each day, read the weather information that
had been recorded earlier on the chart, and formu-
lated a weather prediction for after school. Stu-
dents went to other classes and shared their pre-
dietion with schoolmates in a way most comfortable

' for themspokenior written. (From log by Florence
Duncan.)

ti
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Sometime during the third week, the teacher reviews
thpir original lists of what difference weather makes to
people and asks the children how accurate their forecasts,
have been and whether they think they can improve the ac-
curacy of their predictions of what the weather will be

like the next day. The children examine their weather logs

to calculate the accuracy of their predictions. They com-

pare the percentages of correct forecasts and find that

two groups have a record of 70%, one has a record of 60%,

and two have a record of 50%. 1

The teacher theu asks the children whether any weather
characteristics seem to change when the weather changes.
The children quickl_ nee that it changed from partly cloudy
to cloudy before it rained and that the wind changed dir-

ectiong as it cleared.. Other characteristics such as tem-

perature have not changed so consistently. Another student

mentions that the clouds on different days haven't looked

the same. She reports that a book she found in the library
shows many different types of clouds and gives the types of
weather that usually come with each type of cloud. She

suggests adding cloud type to the list. The teacher asks

the children to listen to weather forecasts that.eirening
on TV or radio or to read them in the newspapers to see
whether the forecaster talks about anything they don't have

on their charts.
Next day, after reviewing the previous day's list of

changes in weather characteristics, the teachv asks the
children whether anything should be added. One child says

that they E;hould add "pressure" because it was on the TV

but that he doesn't know what it is. The teacher tells

them that pressure is related to wind and asks them if they

can think of a way to make a wind in the room. The children

decide that there must be an excess of air in one spot and a
lack of air in an adjacent spot in order for the wind to

blow. The teacher then explains that.the amount of air in
(or over) a certain spot causes what is called air pressure

on that spot. If there is a lot of air over a place, the

pressure is high; if there isn't as much air, then the pres-

sure is lower. The teacher then adds that the air pressure

can be measured:*,
As the teacher is adding pressure to the list of charac-

.

*The explanation of pressure can be made more elaborate with

older children. The standard "crushed" can experimellt is a

good one, but a complete explanation is a bit complicated. ,

To initiate another, perhaps simpler, experiment, the chil-
dren could be asked to figure out how they get milk to go
up a straw or how to get liquid into a medicine dropper.--ED.

t7r1
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teristics to be watched,, one boy suggests that they add two

more columns to their weather booklets, one,for'the TV,

newspaper, or radio forecast and onp for whether it was

right. The class agrees that this will be a further check

on the accuracy of their predictions.

Children in the Iowa City class checked the
accuracy of their weather predictions daily.

'After the class formulated their afterschool
fbrecast based on data they had collected,
other students called the local radio station,
asked for the station's forecast and compared

it with their own. (From log by Florence Duncan.)

The teacher then asks he childred whether they think
they can forecast the weather more accqrately by using one

-or more of the characteristics they have listed. She also

asks how they can make their observations more accurate
and what characteristics can be measured. Groups are formed

to discuss the problems involved with each characteristic:
wind direction, cloud types, temperature, and pressure.
Some groups decide to construct crude instruments. Some

of the ideas for the instruments come,from the students,
other ideas come from library books or the "How To" Cards

,
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The students in Plainfield became intezested in
building an anemometer. They listed the materials

they would need, gathered them, and built an ane-
mometer with a minimum amount áf teacher input.
They also constructed a simple rain gauge and con-
struction paper,thermometers that helped them to
understand-and to learn how to read their commer-
cial outdoor thermometers. (See log by Judith Gray.)

Groups of children in the Monterey class spent many
periods in the Design Lab constructing measuring
instrumeAts. The Temperature Group started taking
data with commercial thermometers (both centigrade
and Fahrenheit) but then constructed several
colored water thermometers in the lab. The Pres-

sure Group constructed coffee can andmineral oil
barometers, with varying degrees of success. Vari-

ous types of hair hygrometers were tried by the
Humidity Group, while the Wind, Group made a number
of successful improvements totheir wind vane and
anemometer before working instruments were achieved.
Rain gauges were also constructed. The Cloud

o )
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Group made daily visparobservations of clouds and
;also cohsbructed a device that formed a cloud in a
bottle. (See log by Gary Childs.)

While working on their instruments, the class continues
their observations and decides that they need to keep a
large chart on the wall to display the measurements they
plan to take. Each day the groups (Wind Direction, Cloud
Type, Pressure, Temperature) will measure'their character-
istics and record them on the chart. When ne boy points
out that they haven't said anything about rain or snow, the
Cloud Type Gtoup offers to construct a simple rain gauge.
Until they finish it, t'rey decide to use rainfall measure-
ments given in the newspaper. They agree that they need
six columns, one for the date and five for recording the
measurements. Their chart looks like the one in Figure
B5-2. (They still keep a record of iheir predictions, the
TV prediction,,and the actual weather in their weather
logs.)

After a few days work, the various groups making in-
struments report to the class.- They explain the instru- .

ments, including their good points and the difficulties en-
'countered during construction, while students in other '

roups make suggestions for improvements of the instruments.
The Temperature Group reports that, although constructing

a tbermometer is possible and is interesting, the commercial
ones are so inexpensive and so much more accurate that they
intend to use a commercial thermometer. The Wind Direction
Group displays the wind vane they have built, and the Cloud
Type Group shows Ole class their rain gauge.

The Pressure Group.notes the difficulties that they have
encountered while constructing a mineral oil barometer.
They report that they can't get the mineral oil inta the
tube and tbat they can't get a proper seal around the stop-.
per. (See Figure i5-3 for a sketch of their barometer.)
Someone suggests they use a rubber stopper for a seal,
which they Agree to try.

The students agree that each group should start collect-
ing data to add to the class chart of weather measurements
each dpy. The teacher also asks the groups to think about
ways to show their data.

The groups work for several weeks collecting data to
recor4 on their chart (see Figure B5-4) and improving their
instrumtnts. The Temperature Group is now using the aver-
age reading from several thermometers to record the outside
temperature:. On their first 4sy they report their readings.

"I got 600," says one boy.
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"That's wrong," says a girl, "my thermometer read 160!"

They soon discover that two of their thermometers are centi-

grade and two are Fahrenheit. Although they find a formula

relating the.two scales in a book, they feel that is too

cuAersome to use every day.
"Why don't you make a graph that converts one reading to

the other," suggests the teacher, directing them to the

"How To" Cards on conversion graphs. From their book the

students find that 0°C = 32°F. and that 20°C = 68°F.; these
two points are enough,to construct the conversion graph

shown in Figure B5-5. To gain further experience with the

metric system, the students decide to record temperatures

in degrees centigrade.
The Pressure Group puts the finishing touches on their

barometer. To get the mineral oil into the tube, they have
used a hair dryer to heat the inside of ihe vacuum bottle.
Immediately inverting the apparatus with the tube in the
mineral oil, they find that the oil rises slOwly An the
tube as the inside of the vacuuffi bottle cools.

While finishing their barometer, they take readings with
an aneroid barometer that one student has brought from home,

and they record this data on the chart and in their weather

logs. When comparing these readings to the changes intheir
homemade barometer, they find some discrepancies. One stu-

dent notices that when their homemade barometer is placed-
in the sun, the pressure seems to fall, but when it is
moved to a cool spot, the pressure seems to rise. They con-

clude that the temperature is affecting their barometer,
too, and they decide to keep it in a closet in the room,'
away from any sodrce of heat (radiators, sun) and out of'

drafts. This, they feel, shoulemaie the pressure readings
fairly consistent.

One group of fifth graders in an Arlington,
Massachusetts, class.had difficulty in construct-
ing their mineral oil barometer. After several

attempts they were,able to seal it using a
rubber stopper instead of'a cork stopper, and
they succeeded in getting the mineral oil to
go into the tube by warming the inside with
warm water. After placing it to avoid temper-
ature effects, they were'able to record changes
in barometric pressure with reasonable accuracy.

(From log by Minette Jeske.)

To display their data to the rest of the class, they

decide to plot the barometric pressure-on a pegboard graph.

f'r)
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This they construct by putting a tertical scale lphe rows
of holes marked in inches of mercUry) for pressu e on the
left and a scale (the columns of holes marked days of
the month) for time on the bottomt. Each ppin is plotted

.

bylplacing a wooden peg in the proper hole t represent the
pressure for that day. Then they loop yarry around the pegs
across tte'board to make a line chart. ( ee Figure B5-6.)

One girl mentions that the TV forecas ei had said that
the pressure was falling and that rain*s likely. The
Pressure group then immediately checks the class chart to
note the days that it rained so that they can add this in-
formation to their graph.

I
.

.

After they have indicated the rainy days by blue Tri-Wall
squares along the bottom of their graph (see Figure B5-7),
they notice from their ten days of observation that three
times out of five it rained when the pressure fell and that
two times out of three it cleared when the pressure rose.
They are eager to report to the class that they have found,
a way to predict the weather more accurately using data
from their instrument. However, one member suggests they
make a chart showing the perceUtages for each type of change
because, she notes, it also rained on some days when the
pressure had risen.

,

,

They construct the chart shown in Figure B5-8,and show
the class that 60% of the time it rained when the pressure
fell and 67% of the time it cleared or was fair when the
pxessure rose. ,Since absolut, accuracy doesn't seem neces-
sary, they feel that even their omemade mineral oil barom-
eter will be

lj

seful to show ehange in pressure. When one
classmate pg i nts out that their results are based on only
two weeks f observation and:don't show much difference;
especiall since 40% of the time the barometer fell with
no rainf 11, the group agrees that more data is needed to
increas their accuracy. 1

/ I

The sixth-grade studer4s in monterey plotted the
/ #

daily temperature readings for the month of Janu-
ary on a 4' x 8' pegboard by placing red squares
on the appropriate pe for each day. When the
teacher asked how they could show whether it
rained or not on a certain day, the students said
they would use a yellOw square for days it didn't
rain. Other students then plotted barometric
pressure on the pegboard placing the scale on the
opposite side of thefboard from the temperature
scale. (See log by ary Childs.)

i

i
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Meanwhile, the Cloud Type Group has been recording the

various cloud types. Their library research has shoWn them

that there are many different types ofIclouds and that cer-.

tain types of clouds have certain types of weather associa-

ted with them. To help with forecasting, they prepare a .

la4e chart with the more common cloud types grouped ac-

cording to the type of weather they,produco. They also post

a large color chart that shows each'type of cloud in detail.

During their investigations of the Weather
Predictions unit, the Arlington class saw a film

on clouds that motivatedthem to make outside

observations of cloud types. -ale student devel-
oped a short course oh clouds that she shared with

the class. The course included basic information
oh cloud formation and cloud types and the cor-
relation of cloud types with specific types of

weather. (From log by Minette Jeske.)

Having constructed a working wind vane, the Wind Direc-

tion Group begins to thke measurements. However, they find

that near the building, the wind direction is highly vari-
ablet and they decide to measure it on the large playing
field away from buildings and trees.

To plot their data on wind direction, they construct a
circular scatter graph (see FAure B5-9). On a circle

marked with compass directions they draw a symbol to repre-

sent the type of weather that comes from that direction.

They find that when the wind is from the northwest, the
weather. is sunny, but when the wind is from the northeast

or southwest, the weather is cloudy or rainy. They note

that they need more observations to be able to determine
percentages for accurate forecasting although one boy adds

that his grandfather says that the weeder is often bad

when the wind is from the northeast. '

The Temperature Group has a little trouble at the start,

obtaining somewhat high temperatures. When they explain

their measuring procedures to the rest of the class, one
student remarks that they have been taking their measure-
ments near the building and in the sun. The group then

realizes that they haven't been getting a true temperature
reading and decide to measure the temperature in the shade

of a tree as far from the building as they can get. Even

though they are recording the daily temperature on the class
chart, they further decide to dfaw a line chart of the tem-
perature, to add to it each day, atd to keep the graph

posted on the wall for everyone to see. (See Figure B5-10.)
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Each group (precipitation, wind speed, humidity,
temperature, barometric pressure) in one 'fifth-

grade class in Eaton-Rapids, Michigan, used either
bar graphs or line charts to show the daea collected

from their homemade instruments. At first theaj

made charts, but later, at'a student's suggestion,
they plotted the data directly on the graphs.4 Each -

day one boy put white and pink arrows on a circle
which had compa'ss directions on it. The pink arrow

pointed to wind .direction1when he left school one

day; the white arrow showed the wind direction the
next mo;rning. (See log by Cathy Daane.)

Each grpup tontinues to forecast.the weather based on

their oWn deia on one watther characteristic, predicting
temperature, rain/no ra-,n, and cloudy/partly cloudy/sunny.

A record is kept of the accuracy of the predictions. A

fcw weeks later the teacher asks the children whether they
can improve their'forecasting accuracy by using more tfian

one factor as a basis for their forecasts. Because each of

the groups has been wrong in some pOrtion of their forecast
several times, most agree and debate which factors are the

best to use.
The Pressure Group reports on their, data forvt6 last

ten weeks. They note that on fifteen of twenty-two days,

or 68% of the time, it rained when the pl:essure fell and
that on seventeen out of twenty days, or 85% of the time;

it was sunny or clearing when the pressure rose. They

further noted that on-those days when the pressure didn't
change, the weather remained the sameas the day before.
The class agrees that change in pressure should'be one of

the factors used for forecasting.
The Win4lDirection Group,reports on their scatter 'graph.

They have ound that most of the time the wind is from

either the n rthwest, west, or southwest. They note that

80'% of the time that the wind mas from the northwest, the
weather became fair, while 54% of the time that the wind was
from the southwest, the weather was cloudy and rainy. They

further explain that when the wind is easeerly (anywhere
'between northeast and southeast), the weather is cloudy

and rainy 80% of the time. This, they say, indicates that

when the wind is.from the west or northwest, the weather
will, moat likely become or remain fair; further, when

wind is from an easterly direction, cloudy and rainy weather
is,likely.

"That must be what the TV weatherman means when,he says

'20% chance of rain'!" exclaims one child. .
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Noting the similarityto the data offered by the,Pres-

'sure Group, another student remarks; "He probably figures

tht Pressure and.the wind direction together and has lots

of data to work from."
One member of the Pressure Group then notes, "Anyway, we'

can say from our Information that if the wind is from the

east and the pressure 'drops, it almost .certainly will rain,

and if the wind is from the northwest and,the pressure "

rises, it almost certainly will clear.''
"What about when the wind is from the southwest?" asks

the teacher.
The Wind Di ection Group notes that 55% of the time it

rains when wind is frbm the southwest and 45% of the

time, it is clear. "Then, we need the pressure change to

decide what to predict," says one of the group members.
"If the pressure is xfalIing, we should predict rain, and
if it's rising, we shotld predict fair weather."

The Temperature Group reports1that they haven't noticed
much correlation between the temperature and the type of

weather (fair or rdiny). However, they point out that the

two times it snowed, the temperature had,dropped. They

feel that the temperature determines whether the precipita-.

tion will,be rain, 'snow, or sleet, which is very important

in predicting the Weather.

After an unusual snowfall, the Monterey class
,checked their data and noted that the pressure
had been falling-fo2 four days and that the
temperature had been dropping rapidly on the day

before. They decided that these factors and .

knowledge of past weather when such conditions
were present had pnabled one forecaster to pro-
dict.the sndW. (See log bY Gary Childs.)

The class decides to divide into two groups--the Thunder-
headssand the Northeasteirs--to compete each day in fore-

, casting the weather for ihl,next day. The class further
agrees that forecasts may be updated before everyone leaves
for the day. The Thunderheads plan to use barometric pres-
sure, wind direction, temPerature, and weather maps. The

Northeasters argue that weather =ries from place to place,
and If they know what the weather is like before It.gets to
their location, they can forecasemuch more.accuratefy.
The teacher asks how fast they think the weather moves. The

children say they will find out by chetking-old weather

maps. This group collects daily weather maps and studies
the locations'.of the high and low pressure areas and the

SMI.OINV14 1)r-,

at 1.



movement.of weather fronts.

In the Eaton Rapids class a weather map group re-
ported daily on conditions around the country,
especially in Michigan. They transferred some of
the information from the map in the local paper
to a plastic sheet overlying a map of the U.S.
After the presentation each day, a group of stu-
dents wrbte on the board their prediction for
the next day based on weather map information and
on their own data. The followiw day the fore-
casting group was rated by the class on a scale
of one to ten for accuracy. At the same time,
.the students' forecast was compared to the local

weather bureau forecast. (See log by Cathy Deane.)

The competition continues for several weeks with both
groups preparing fairly accrliate forecasts. One day the

Thunderheads predict that it will rain the next day, hut
the Northeasters predict only partly cloudy skies. Be-

cause of the rain, the Thunderheads predict the tempera:
ture will be 119C to 18°C, while the Northeasters predict
it will be 18°C to 22°C.

When the students arrive at school the next,morning, the
sky is dark and overcast; by recess time it is raining and
thektemperature is 16°C. "How did you know it would rain?"

asks one boy. "We looked at the weather map, and the
closest weather front was moving very slowly."

One girl relines, "We used our cloud chart. In the

_morning we saw.high ciDrus clouds; then lower clouds came
in, and we saw a halo arodnd the sun. Our chart shows
this is usually followed by rain in about ten hours." The

NoFtheasters later find out that the warm front on their,
weather map began to move more rapidly and arrived sooner
than they had predictid.

The children in the Charleston class predicted
the weather for Thanksgiving vacation and,had it
announced on the school's public address system.
On the day the prediction was made, data was
collected hourly. Their prediction was for fair
and warm weather, while the TV Torecaster pre-

. dicted rain. 'They held firm to,their prediction
based on the data they collected despite pressure
from another class. The weekend weather wat fair
and watm! (From log by Mary Ellen Warner.)

,1
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The Eaton Rapids class decided to pit boys against

girls in predicting the weather. They decided to

forecast four items:: temperature, wind speed,

chance of precipitation, and general conditions.
Each group received some part of twenty points for

eackitem, depending on the accuracy of the pre-

diction. (See log by Cathy Daane.)

The Thunderheads are declared the winners of the com-

petition, and the teacher asks theclass whether they would

like to post weather forecasts on a school bulletin board

and,give a forecast over the public-address system. They

think this will be fun and decide to give a forecast in the

morning for the afternoon and also to give one for the next

morning. They agree that they should use pressure, tempei-

ature, cloud type, wind direction, and weedier maps in their

forecasting and that they should predict a temperature

range, chance of rain (as a percentage), amount of cloudi-

ness (sunny/partly cloudy/cloudy).
The class divides into four groups with each group to

be responsible for the forecast for one week at a time.

The accuracy of each group will be tallied on a large chart

and at the end of the school year the group that is ahead in

the competition will.win a prize.
Near the end of the year the class discusses'their re-

sults. All the groups have been quite accurate in their

forecasting. They have found that the short-range (after-
noon) forecast is easier to make and more accurate than the

longer-range (next day) forecast. Further, they have found

that they usually agree with the TV forecaster and that
their predictions are wrong about aq often as those of the

TV forecaster.

The primary students in the Plainfield class took
turns preparing a daily weather forecast, includ-
ing,cloud cover, temperature, 'and wind. They then

read the forecast over the school's public address

system. (See log by Judith Gray.)

The Bontvrey class formed six groups to make short-
and long-range predictions of the weather. Each

group submitted a prediction consisting of six

items: chance of rain (in per cent), high and low
temperatures, relative humidity (in per cent),

wind Speed, wind direction, and'cloud cover

(In per cent). Each group received one to six



points based on the accuracy of their predictions;
the winning group received free ice cream at the
end of the week. (See log by Gary Childs.)

16. QUESTIONS TO STIMULATE FURTHER What difference does it make when the weather is,bag?...isi
INVESTIGATION AND ANALYSIS good?

What weather do you like best?

What dosyou think the weather will be like tomorrow?

Wfiat do you think makes the weather?

What information would help you most in predicting the,
weather?

HoF could=you measure.the temperature?...the amount of
cicu ?...the wind direction?...the pressure of the air?...
the amount of water in the air?

How can you tell whaE direction tfie wind is coming .from?

What Aifferent types c4.clouds have you seen?

46 What is a good way to keep a record of your data?

What is a good way to make a picture of your data?

. How can you find out if your data is correct? /

How does ypur temperature (cloud, wind speed,/pressure,
humidity) data help you_predict the weather? /

Does your temperature or pre ssure (cloud or 2.1.nd speed, etc.)
data help you mor'i,in making gopd predictions?

How can weather maps help you predict the weatherf
(

How can you use records of past weather daiita in making
predictions?

Do past records Of weather or present re dings help you
more in making good predictions? How cyou prove it?

HOw often do you,think you can beat Mrs!
(/

X
,

s class in pre-
dicting the weather?

frt



C. Documentation

1. LOG ON WEATHER PREDICTIONS

by Judith Gray*
Stillman School, Grades 2-3
Plainfield, New Jersey
(September 1973-March 1974)

ABSTRICT
These second- and third-grade students began their inves-

_4igatipv_of the_keather Predictions challenge with a class

discussion of what weather meant to them. Daily weather ob-
servations were posted next to the monthly calendar which ,

was consulted daily. The children read newspapers to col-
lect weather data and learn about weather symbols and maps;
many listened to the television and radio weather reports
in the evenings. The children were challenged to predict
the weather for the next day. This activity continued
throughout the school year. Predictions were verified and
their accuracy was discussed. Temperature differences were
often calculated in the course of class discussions; this
helped strengthen the children's computation skills and en-
couraged them to use them more. Children learned about
sinple weather instruments such as thermometers, rain
gauges, and'anemometers as their interest directed them.
During the construction of some of the instruments and the
use ofall of them, the children learned about fractionse-
compass directions, and the differences between the Fahren-
heit and centigrade temperature scales. The data and back-
ground information they collected was represented in charts
and murals on cloud types and temperatures. Both second and
third graders were'motivated to learn about averaging while
preparing their temperature charts. On a student'S sugges-
tion, daily fbrecasts were announced on the school's public
address system. '

My class began workingon Weather
ing.what the weather meant to them.

1. how it feels outside
2. rain

3. wind
4. when the sun is shining
5. when it is cold

*Edited by USMES staff

Predictions by discuss-
There responses were--

41



I asked the children if they thought weather was only one of

the factors cited or if they were a combination of the

things on their list. After a class discussion, the chil-

dren agreed that it was all of the things mentioned. The

students were anxious to relate.their own experiences with

the weather. Because of heavy rains, Plainfield was flooded

during the summer, and each child told how the flood af-

fected him. The children discussed the changes they saw

take place before the flood, e.g., how dark the sun became.

One girl drew a picture of her experience in the flood.

Discussions of weather and its effects on us continued

for several sessions. I asked the children to think of

major weather changes during the year. They cited spring,

winter, summer, and fall. We talked about theee different

times of year and shared pictures collected outside of

school. Acknociledging their need for our investigations to

relate directly to them, we talked about how one season

"feels different" from another. In response to a question

I raised concerning how one keeps track of the seasons, the

class and I discussed the uses of a calendir.

Because of the age of my students our preliminary efforts

with the unit were concentrated on producing in the children

an increased awareness of the weather. Next to the clase

calendar the children hung 9" x 12" pieces of construction

paper; the children decided to post the day's weather ob-

servations on these papers. Cards were made to describe the

weather, e.g., sunny, cloudy, rainy, windy, cold. Each day

a different child placed cards foF his/her observation on

the wall. Outside observations and follow-up discussions

took plice several times during the day. Finally the whole

class discussed the observations and listed them on the

board. One day theyincluded the following items:

1. leaves changing color, falling

2. sunny

3. windy

, 4. cold
feeling they veren't dreesed warmly enough

4.

During one class discussion when the children were asked

to describe the day's weather, many said that it was "cold

and winter" outside. One child also remarked that she

thought it would be warmer in the afternoon.. The child had

no explanatiOn for her prediction.. The rest of the class

voted on whether it would be warmer or the same that after-

noon.',The results of the vote were recorded: eight voted

that it would be warmer, sixteen voted that it would remain

;.



43

the same. The class went outside after lunch and observed;
they concluded that it felt warmer.

The children were asked to bring in weather maps from
the local newspaper. We discussed the symbols on the map,
e.g., W rain, um snow, SSAV showers, IfI.Aflurries.
The children found the areas on the maps that indicated the
above conditions. We locatedthe temperatures for New York
City and New Jersey. We discussed the meaning of the word
forecast. Initially, the chil4ren thought.that it meant the
temp4ature. By the end of the,class session they agreed
that forecasts told all about the weather. A bulletin board
display of the weather maps was put up in the room. While
they were involved in this activity, the children realized
that they were looking at a map of the United States; they
began to talk about the locations of various places where
they had visited or lived, and this ltd to a discussion of
directions.

Children began listening to weather reports in the even-
ing. Most could not remember them by the time they came
to school the fiext day. On one particular school day, two
children did remember that the forecast was for,.-a partly
sunny day. I asked the class how hot they thought it would
get that day. Threeotemperatures were suggested by the
class: 490, 700, 82 .* We voted on the three numbers pre-
dicted: four children predicted 490, twelve children pre-
dicted 70°, and seven,children predicted 82°. We asked the
school secretary to listen to the weather repOrt during her
lunch hour and send us.the information. The children were-
very excited about invo ving tge school secretary. The
twelve people who voted or 70 were the winners.

The class challenge p esented to the children was, "What
will the weather be tomo row?" After some discussion the
class voted: four childrn thought it would remain the
same, thirteen children f t it would change and five chil-
dren did not know and did ot want to vote. Two children
asked if they could bring portable radio to class so that
the entire class could listen to the weather ?teport. The
following day the class divded into two groups to listen to
the 1:30 P.M. weathel reportto verify their predictions.
The temperature reading repoited was 60°. The temperature
had dropped but it -emained_Loudy. I asked the children
which of their classmates had made the correct prediction.
One little girl answered that both groups were right; her

*The temperatured gi'ven in the log are in Fahrenheit de-
grees, the Fahrenheit scale being the most commonly used
'scale in the U.S.--ED.



reasoning was that although it had gotten colder, it had
remained cloudy. We talked about how much colder it had be-
come and how we could find out just how many degrees the
tosperatureohad dropped. Someone called out, "You subtract
60 from 70 ." Another student said that it was 10° colder.
I put the problem on the board:

70°. yesterday

- 60° today
10° difference

.The children were very excited when they arrived at
school several days later. There was a very heavy rainfall
.that the children had to walk through to get to school. We
discussed their reactions during the morning meeting. Sev-
eral children in the class said that the amount of water in
gutters reminded them of the flood that Plainfield had in
August of 1973; others thought that this was silly because,
according to their observations, it.was not raining as hard.
One child suggested that we take a vote which led into a
discussion of prediction and whether or not voting and pre-
dicting were the same thing. The children decided that in
this case they were the same. The results of the vote were
recorded:

8 children predicted a flood
9 children predict'ed continued rain

7 children predicted that it would stop raining
and clear up before the sahool day was over.

At the end of the day we had a class meeting to discuss '

the information we had gathered during the day-through ob-
servation, from parents and from the radio weather report
as told to us by another teacher. The children decided that
they were all partly right based on the information receilied.
The very hectvy rains-in the morning had flooded the streets
and the playgrouiid; many sections of the highway were flood-
ed and the water was moving very fast.. The class decided
that this could be called a flood even though it did not"
compare to the flood that occurred during the summer. The
group of children who predicted rain had not set a time
it and since it had stopped raining before school dismissal,
the rest of the class pert that they were correct also. The
children and I discussed the importance of giving a complete
prediction; they learned much from this experience.

During the morning meeting held the next day we opened,
the blinds and spent several minutes observing the weather.

t)



45

I asked the children to compare it with yesterday's weather.
I listed their observations on the board:

it-was not raining anymore
2. cool

3. cold

4., sunny

5. partly windy
6. muddy
t7. damp
'8. wet,

9. partly c oudy

I discussed with them what it meant to observe and closed
the meeting by asking them to look up the meaning of the
words "prediction" and "observe" and record them in the
weather books they hag' begun. We met at the end of the day

to share what we had discovered.
During the next class I asked the children if

they could tell me (by gue sing) what the temperature was

outside. Three students responded immediately: 300, 32 ,

34°. We talked about ways t at we could accurately deter-
mine the temperature. Severe students suggested using a

thermometer. Discussion showe,.. that most of the children

knew what a thermometer looked 1 ke and what it did but that
no one knew how to read one. I ca ried out a skills session

with the children on reading 'the thermometer. First we
reviewed how to count by twos and ths. I related this
to a thermometer by pointing out to the,children the gradua-
tion lines on it. Several children placed the thermometer

outside* and timed a twenty minute period..\ We brought the
thermometer inside and a third grader read it: it regis-

tered 42°. After the child read the thermometer, other
children became extremely interested in learning about this

weather ihstrument. Many of them drew a picture of a ther-
mometer, color-coding the different parts, in their weather

books. One studebt's work is shown in Figure C1-1.
Observation activities continued throughout the day and

we met as a group to discuss the observations and record
them. The students noted the following. observations:

*Some consideration should be given to whether the thermom-
eter is in the shade or in direct sunlight. The children
might discuss what effect a different location might have,
on the thermometer reading.--ED.

11
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Figure C1-1

1. It was cold, sunny, and windy. i

2. It snowed early in the morning.
i

3. It was 42° outside the school at 11:30 A.4 7

4. The room temperature at 11:30 A.M. was174°i
i

1

We examined the outside temperature reading and dilcussed

the freezing point. The children knew that the freezing

point is 32°; I asked them how many degrees above breezing ,

42° was. We put the problem on the board and detejrmined

that it was 100 above freezing.
Each child in the class made a construction paper model

of a thermometer with a movable part. (See Figure C1-2.)

I felt that the children would benefit greatly film practice

in reading different temperatures on the model and being

able to locate other temperatures on it. The Models were

eventually mounted and displayed on a bulletin b4ard.

On the next day we began our class meeting wi h a weather

observation. The consensus was that it was sunny and cold.

I asked the children what they thought the temperature was

outside. Their replies were 42°, *3
00, 320, 5001i We placed

the thermometer oatside while we continued our discussion.

1.10,
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Figure Cl-i

I asked the class what they thought the temperature was in
the classroom. Their replies ranged from 320 to 900. One

girl said she thought it was 74°: I asked her why she picked
that particular number. She replied, "Because it was 70
in the room yesterday and it feels the same to ne."

I used this opportunity to explain that this was one sim-
ple method of prediction: the use of previously collected
data to predict future weather. Students went ouSside and
brought in the thermometer; a student read it--49 .* Then,

we placed the thervometerkin the room; the reading taken
after lunch was 87 We Eontinued to take indoor and out-
door temperature readings and compare them with the readings
from the previous day.

Work on tb Weather Predictions unit was suspended for
several weeks because of vacations and the holiday season.
We picked up our investigations at a class meeting where we
discussed weather and listened to a long-playing record
about weather called "Spare Songs." I followed the liaten-
ing activity with a discussion of what they had heard. The

children showed a continued interest in the unit and the
data collection we had been doing. One student read the
morning newspaper weather report to the class. The bureau
report indicated that we would have a cloudy, mild day wgth
a chance of rain and temperatures ranging from 480 to 52 .

Then we compared the newspaper forecast with our own. I

asked my students if they knew of any way we could keep a
record of the temperature readings collected each day to
determine whether they fell within the predicted range of
temperatures. Students suggested that we make a temperature

chart. I took this opportunity to ask the children if they
had'heard of the word average; they had not. I explained it

to them by working with them first to find out the number of
children in three classrooms and then to determine how many
children would be in each room if they were evenly distri-
buted. I took them through the steps involved in solving
the,problem: addieg the number 9f sttidents in each class-
room together and dividing the t.otal number of children by

-the numbet of classrooms. We discussed each stgp of the

process. The addition involved was new to the second gradeA
but not to the third graders; the division xas new to all of
the children and generated much interest.

The children decided to take three readings a day at pre-
.

determined times and average them at the end of the day. ,

*If the thermometer were not read while it was still outside,
it had a chance to warm up while it was being brought in.
Consequently, the outside temperature might have been lower
than 49°:--ED.

frit,
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Figure C1-3

The three times chosen were: 9:00 A.M. (at.the beginning of
the school day), 11:30 A.M. (at lunch time), and 2:30 P.M.
(at the end of the school day). We prepared our chart. 4
page from one child's weather book is shown in Figure Cl-3.
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The crass was very excited affinit the prospects of divid-
ing. Temperatures were .,.ead and recorded on the chart.
Each day the entire class, with my help, computed the aver-
age. The second graders began to participate more as their
confidence increased. One day we did not have enough time
to average the temperatures as a class. I asked a third-
grade student if he could do it for us and was pleased to'
learn that he couild. All of the students decided ta work
hard on improving their mathematical skills so that they,
too, could find the average.

A third=-grade student asked if we could have a weatherman
andr make a weather report over the public address system
every morning. The rest of the class eagerly agreed to par-
ticiPate. I advised the girl who had made the suAestion'to
speak with our principal. A meeting was arranged with the
principal that afternoon at which time a student presented

I*/
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the idea. The vrincipal approved the idea and it was sched-

uled for the next week. New temperature'charts were made

each week. The children demonstrated that they knew and
understood how to find an average by finding the average
temperatures for certain times during the,day in addition
to the daily average, e.g., the 9:00 A.M. averages for the
week, the 11;30 A.M. averages for the week.

At one class meeting a child shaied with the class the
information that she had been getting up every morning at
6:30 A.M. to read her father's thermometer that was hung in

the garage. This is blit one example of the amount of in-

terest and involvement on the part of the students. One

parent stopped in the classroom to tell me how excited her
childlwas about the unit.

The P.A. system weather reporting began. The children

were not yet comfortable giving their own rorecast and chose,

instead, to begin with the weather bureau, radio, or news-

paper report. Two, as yet, unknown words came up in discus-

sion, "fog" and "frost." The children added them to their

weather books. Unit activities became integrated im,to much
of their work, and they spent an average of five to six
hours on the unit each week.

During one session, after we had charted the temperature
readings, I asked the children if there were a difference
between the meanings of the word temperature and the word
weather; this related to an earlier discussion. One child

responded that weather is everything. When asked to expand

his idea, he replied, "It is the sun, the rain, Ole wind,

the heat, the cold." Another.child raised her hand an& re-,

sponded that temperature is how hot or cold it is,
As our temperature data collgction activities continued,

I advised the children-to be sure,not to touch the bulb of
the thermometer and the children asked why. I gave the
thermometer to one student and asked him to touch the bulb

while the others observed. The child noticed immediately

that the temperature rose. The class decided that a "true"
outside reading could not be taken if the bulb of thu ther-

mometer were adcidently touched.
About thia time, I had to fly to California; it was' my

first flight and the children anxiously awaited my return
so we could discuss the event! I told them that one of the

most exciting things to me was going thvugh the clouds. I

asked them if they wouleitell me what they thought one would

find,lbove\the clouds. It was a very interesting discussion.
Some "children responded th'at one would find heaven and God;

one little girl had just flown iu from the Virgin Islands,

tC*



Figure C1-4

I.

and she said that it was sunny above the clouds. I ex-
plained that her observation was correct. The class con-
cluded that'clouds blocked the sun. I asked them if they
thought that the clouds could be of use in predicting the
weather; they responded affirmatively. I asked them how,
and one child said that when the clouds are very dark it
might rain. The children wanted to learn more about clouds
and worked individually to uncover more information. Many \
childred used the library as a resource while others used
available materials in the room. Each day we discussed
their progress.

The children used the information they had obtained about
clouds and made charts of blue and white construction paper
showing the shape of different clouds and their relative
heights. (See Figure Cl-4.) One group made a large wall
mural showing many different cloud types with their heights.
This was then placed up on the wall where uveryone could/ see
it. A sketch of this chart is shown in Figure C1-3. We
also discussed using clouds as a source in predicting the
weather.*

During this time the daily weather reports continued;
temperature readings were recorded and averaged. One stu-
dent excitedly told me that she had learned a lot about
clouds on her own and had just identified the type of clouds
,in the sky. She believed that they were stratus clouds.
The tTwo of us went outside to look again, and she verified
her earlier identification. I asked her to share her obser-
vation with the rest of the class by writing what she saw
on the hoard, and the class then discussed her observatiOn.

The children continued tO add new weather vocabulary
words to their weedier books as they came up in the context
Of the Unit. In addition to the*class'temperature chart on
which the children took turns making entries, each student
kept a/weekly chart in his or her own weather ,book. The \I

'children continued to be very interested in averaging the
temperatUres. We attacked the problem as a'class;\even the \
.second, graders began to participate in the activitY\ We
.talked about the process of averaging: what is invoved
and'how to remember the procedure. On occasion, the chil-
drdn were able to estimate correctly the average temperature
withoUt doing the computation. They,based their work on
the temperature readings and average temperature that they

I

*The Viildren'could observe the cloud types each day and
include that observation An their weather books along with
the'day's weather. They might later be able to associate
certain cloud types with certain types of weether.7-ED.
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had already calculated for-the previous day. 'The children
enjoyed this aspect of their investigations so much that
they asked for additonal division problems.

I received an order of erasable card thermometers and
distributed them to the class. We took the 9:00 A.M. tem-.

perature reading; it was 36°. Many had difficulty; I asked
them ifthey noticed any differences between the scale on
our.erasable thermometers and the scale on the one we were

using for outdoor readings. The majority of the studente

said yes but were unable to identify the difference. After

some discussion, one child was able to verbalize it. She

said that there was a difference because the graduations on
the erasable thermometers were by fives while they were by
twos on the outdoor thermometer. We practiced counting by
fives and examined the sketch I made on the board of the

new thermometers. The children were paired up (second
graders with third graders) ant practiced counting by twos

and fives to 100.
During our next session, while working on our temperature

chart, nine children Nzoiced eheir opinion that the averages

for the last two daye should be the same. When they reexam-

ined the data, they found that this waenot,so because the
three temperature.readings were different. ws worked out

the,ivexage and discovered that there was a 5 difference

between the two averages.*
On a rainy Friday morning I introduced the children to

rain gauges. I showed a commercial gauge to them and asked
if anyone knew whaeit was and how it was used. One child

a
immediately identified it and explained its purpose to the
class (she had sgen one before). One o the third graders

t I
looked up the definition of gauge and read it aloud---an in-
strument for measuring. I asked the class if they knew of

another way to measure One boy suggested using a

can mild a ..uler. He'collectea both materials and we placed

them outside along with the commercial rain gauge ae
10:50 A.M. 'The childru decidedwto bring them in at
11:30 A.M. to measure the-amount of rainfall. The rain had

.stopped by that time and both gauges were empty..** It be-

gan to rain again and both instruments were placed outside
in a place Where they would not be movad by children or the

wind. The children planned to checkthem when they returned
to school on Monday.

*The teacher might ask for volunteers to try to make up two
sets of temperature readings which included different tem-
peratures but had the same averages.r-ED.

**The children might discuss why there was no water in

' either gauge.--ED. 0
Lvz
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On Monday, ihe gauges were brought into clasv;. I asIced

the children to record their awn readings in their weather
books sometime during the day, and we would discuss them

the follOwing day.
-.The next dax, I asked tfiem what they could tell me about

the rainfall during the weekend. One girl commented that
the rain water in the coffee can was gone. I asked if the

can had been overturned; all responses were negative. One

child commented that it had disappeared. I asked the class

what they knew about' water that disappeared like our rain

water. When there was no response, I asked, "What happens
to the rain puddles that appear when it rains and disappear

afterwards?" One girl said that,the water evaporate's, and
this led to an interesting,discussion of the water cycle.

Then, we focused our attention on the commercial rain
gauge which still had water in it. I asked,for their opin-
ion on the amount of rain in the gauge. AlMost the entire
class said there was one inch of water in the gauge. T

drew a picture of the gauge on the board with the different
graduations and the water level clearly marked. One of my
students noticed the decimal point in front of the'l mark
but did not know what it.meant nor how to read it.

I told the class it meant 1/10 and that that meant the
rain gauge had collected 1/10 of an inch of rain water.

This led into session devoted to fractions; most of the,
children had never been introduced to the concept of frac-

tions. I ask'ed ten children to join me at the front of the

room. I explained that together they were one whole. Then,

I moved them physically to show that each person represented
1/10 of the whole. We did this with thirds, fourths, and
eights; the children seemed to understand. One student ob-

served that it would have to rain a lot for us to collect
one inch og rain.*

A newspaper article\in the local newspaper prompted me
to ask my students if any of them had ever heard of an in-,
strument celled a weather vane. Several children said yes

and were able to describe one. I then asked if someone
could tell me the use of a weather vane. One third grader
responded that it was "to show the way the wind was blbw-
ing." He further explained that the arrow pointed out the
direction of the wind.** This led naturally to a review

53 "

*The children might discuss the construction of the com-
mercial rain galge and why the 0.1 pch marking was more
than 0.1 inch from the bottom of the gauge.--ED:

**The children might decide to find out whether the arrow
points to the direction toward which the wind is blowing
or to the direction from which the wind is,blowing.--ED.
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of compass directions. The iession ended with my reading
the newspaper article aloud to the class. There were sev-

eral words that the children did not understand. I asked
them to look up their meanings and record them in their
weather books. fn addition, I encouraged my students to
find out everything they could about weather vanes.

During the,next class session, one student gave his re-
port on weather vanes. The,class was very interested. The

report included a referenct to the word anemometer. I asked

the children if anyone knew the difference between an ane-
mometer and a weather vane. One of my third graders cor-
rectly defined an anemometer as an instrument_that tells you
how fast the wind is blowing while a_weather vane tells.you
the wind direction. Another student asked if wind direction
could be included in the daily weather report. Of course I

said yes.
,

On the following day, one of my nts wanted to find
out the wind direction. I suggest at the entire class '

go outside to see if we could dete e it., After ten iin-
utes we returned to the room to a scu what 'we had seen.

The class voted on the directio they thought-the wind was'

blowing: twelve said north, th ee said south, one said east,
one said west, ind fiSe had na opinion. I asked the chil-
dren for the basis of their votes. They explained that

their votes were based on their observations of the direc-
tions the leaves were blowing, the way my 'hair was blowing,
nd the way the paper was hlowing the'rpom:

Several stpdents were,interested in building an anemome-
ter, They liked the materials they would need,,including
milk cartons, medicine droppers, scissors, paper ciips, and
clothes hangers. The children worked pn'the project to-
gether and were able to comPlete it with a minimum amount
of ,teacher input.,

One dhy afte'r a month of reading researched weather fore-
casts over the public address system, I askeds student to
be the class weather reporter for the next day. He was
hesitant and, when questioned, shared the reasons for his
hesitation with the class: 'he did not have a telephone on
which he could call the Weather Bureau and his mother did
not subseribe to the daily newspaper. The class discussed
other.ways of getting weather infor=tion. Their initial
responses included the television, radio, newspaper,-and
Weather Bureau. After several more minutes, one student be-
came very excited,and suggested that the class could predict
the weather as we sometimes do in the room.

We discussed some different ways of making predictions.
One student suggested that if it were sunny one day, it
would more likely be sunny the next day. Someone said, "We

0,1
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could look at the sky." Another child said we could look

at the clouds. I related to them that some people predict
rain whenever a certain part of their bodi hurts, e.g., a
toe, hand; several students had parents who did this.* All

bf the children agreed to try their own predictions. Four

children mad* predictions for the following aay on which the

class voted. One student counted the number of children in
the room and added up,the total votes to be sure that each
child had participated. The predictions, and votes are

listed below.

Prediction Votes

1. windy, cold, temperature in the 305 10

2. cold, sunny, 400 temperature * 4

3. sunii, temperature in the 60s 1

4. sunny and. cool 2

The following day we verified the predictions by comparing
them with the actual weather. The second prediction came'f
'very close; it was cold and sdnny with temperatures in the

40s. Another prediction was made on the next day; three
children madepredictions based on outside observations as
follows:

i. partly sunny, cold
2. cold, sunny
3. cold, sunny, cloudy**

Following this lead,:I explained to the children that
they were going to begin group predictions which would,be
used in their public address system broadcast. Two groups

of children formed; each met in a different section of the
room to discuss the weather among themselves and formulate
a prediction foe the next aay. The results can be seen
on the following page. .

z

*The children might agree to ttae the various methods to
predict the weather and keep records of the actual weather
to see which'method,worked best.--ED.

**The student might be asked to explain her prediction, e.g.,
does she mean that it would be partly sunny the whole day,
or sunny one part of the day andfcloudy another part of
the day. The class could then discuss whether they were
predicting the weather for the whole day or for a certain
time of day.--ED.
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Group.A - partly sunny, cool and in the 40s

(based on obdervation).
*-

Group B - sunny, windy, cold and in the 40s
(based on observation)

Group predictions continued to be made throughout the se-

nibter. They were verified daily.
rhe children's interest was high throughout unit activ-

ities. They have developedari'awareness of weather and an

understanding,of the importance of knowing what the weather

,will be on a given day. While working on the Weather Pre-
dictions challenge, the children did much Work on their art,

math, science, and dictionary skillL The children really

enjoyed the computation involved Iasi some of their data col-

lection activities.

e
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2. LOG ON WEATHER 'PREDICTIONS

by Cathy Daane*

Northwestern School, Grade 5
Eaton Rapids, MI
(September 1972-March 1973)

ABSTRACT,.

Students in this fifth-grade class/were challenged early
in the school year to predict the weather for their area.
They identified-specinc weather'variables that would be

, important ;to watch and began data collection activities

invnediatelj using a variety of sources, for example, home-
made and commercial instruments, their senses, as well as
newspaper, TV, and radio forecasts. As the data was ac-
cumulated it was charted, mapped, and graphed in a variety
of ways and analyzed for weather'patterns and trends. In
addition to six weather topics groups, the children broke
into small groups to predice the weather on a rotating
basis. Group membership wan not static but rather changed
as the needs and interests of the students did. Competi-
tive predictions were instituted and the predictions were
shared with schoolmates. The Michigan class exchanged,
weather and geographical information through the mail with
another class working on the unit in California.

Eat''' in the school year I asked my class whether they
could predict the weather. During the discussion they doted
wind, rain, clouds, and temperature as things to watch.
They began collecting data immediately, recording the high
and low temperatures fo each day in September. By listen-
ing to the radio and by watching the TV weather report, they
gathered other data, including chance of rain and the out-
come of forecasts. It wasn't long before they raised the
question of why the weather forecaster was wrong so uften.

As the children began to follow the daily weather re-
ports, they had questions concernifig the high and low presT
sure areas to which the weather forecaster kept referring,
To answer some of their questions, I brought to class a

. large piece of plastic on which one of the students drew a
map of the continental United Staxes. To keep track of the
directions in/which the high and ADO pressure areas were
moving and to see what Was happ6ning in those areas, one of
the studentg each day plotted the locations of the areas,
and we then discussed what effects they had on Michigan.

,.*gditedtbylUSMES staff
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he children quickly begUn to see that air pressure had a

pcms Aot to do with weather conditions.
Using a barometer and relative humidity gauge.(hygrom-

eter) 'that I had bought, the students'recorded the rise and

fall of:the barometric pressure and correlated it with the

highs and lows comlng into the area. Thus, the children :

became direCtly involved in taking their own readings rather

than just recording the readings reported by the weather

bureau. An Indoor/outdoor thermometer was installed so that

the children could compare the temperatures and follow the

outside temperature changes houtly.

During the course of their investigations, the Children

decided to begin constructing wind instruments, and we dis-

cussed'in class what materials might be used. Asked to

bring materials from home, the students contributed

' /Straws nails

milk cartons foil

spools styrofoam

pieces of wood egg cartons

r- string bottle caps

paper tubes popsicle sticks

screws

I supplied the remainder of the needed materials from the

art toom.* The children constructed their instruments ac-

cording to thdir own designs, some of which are sketched

in Figure C2-l.
In he afternoon the children tested the finished con-

. strUcti s and discevered that most of the wind vanes were

peipendidular to the wind. They also found that there had .

to be at least three arms on ari anemometer in order for it

to turn. The students worked for the next week to improve

their instruments, some of which eventually worked quite

well.
Two groups attempted to make air barometers, one of which

was made by heating a glass jar, quickly covering the open-

ing with a balloon, an'd sealing it with a rubber band. The

qther *was made in a similar manner, butthe jar was not

heated. For an indicator, a straw was glued to the balloon.

Uowever, the balloon later yipped because it had been

stretched too much, and the children found no way to seal

the barometer that would avoid this problem. 3

A few sessions later the children broke into six groups

fqr reporting the weather--barometers, temperature, rain,'

Fi
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wind, weather maps, and humidity. Each group worked to
perfect their measuring instruments and gathered data per-
taining to their topic frop commeraal instruments and from
newspapers and TV. Most of the groups began keeping charts
and graphs of their data, continuing this throughout the
year; weekends were excluded for the most part. The groups
worked regularly and simultaneously with periodic class
sessions during which each group reported its progress and
discussed the problems that it had encountered. In order
to prbvide continuity, this log documents the pativities
of four groups separately.

'Wind Group

One group of children investigating wind built an anemom-
eter usin wbod, nails, and the bottoms of four plastic
cups att hed to each end of two sticks. One child noted,
"If it fs windy, the instrument will spin. If it is not

the_lnstrument will not spin.''
Th anemometer Ides refined when the children discovered

that the light, plasti,c cups they had used were not heavy
eno h. When it was windy, the instrument spun tmfast to
ena le the children to count the rotations. They then re-

gned the instruments usilig heavier waxed paper cups.
Initially, Ihe group had decided to have each cup touch

a llicker so that in a specified amount of time the clicks
co ld be counted'and the wind speed determined. One stu-
deIt noted, however, "But thenye'd hall four clicks for

eve4sturn. We should have only one click in every turn.
could make one cup larger," suggested another. :

"But that would throw off the instrument. The bigger
cup would be heavier;" replied the first student.

"We can,put stiff paper dr something light on one cup'.
Everytime that cup goes around, we could count that click."

Later in the session the group took the anemometer out-
dOors. Because the school had sheltered them from the
wind, they went away from the school to the top of a small
hill. When.they attempted to measure the wind speed,, how-
ver, the students became somewhat confused. They thought
that if the anemometer turned eleven"times in one minute
then che wind speed was eleven miles per hour. I asked

ithem to think about it because turns per mfnute was not the
same as miles per hour,

Humidity Group
Thg group working on humidity designed and construc4d

a simple but accurate hair hygrometer, shown in the sketeh .

which follows:



One student explained the instrument to an USMES observer.
"When it's'dry, the hair contracts, pulls the fish sinker
up, and the pointer moves up, too. When it's humid, the

hair stretches, the fish sinker falls, and the pointer
moves towards the bottom of the scalP "

Rain Group
The group measuring rainfall used a glass container to

catch the rain. They had mrked it with nail polish at

1/8", 1/4", 1/2", and 1". One member of the group was re-

sponsible for putting the jar odtside every afternoon and
bringing it in every morning.

Throughout the time spent on the Weather Predlctions
challenge, each group kept. charts and graphs of their data.

From the data in their chart (see Figure C2-2) the tempera-
ture group made a line chart of the high and low tempera-
tures (see Figure C2-3); the two temperature readings were
differentiated by using a different color for each. The

children made sure to take all eae readings outdoors.

Weather Map Group
,

The weather map group reported conditions daily around
he country-with emphasis on Michigan. Using the weather

map from the d.-illy Detroit Free Press, they.transferred the
information to the ptas.c map of the United States.
Throlth this daily use o the map, the students gained

knowledge of geography and satial studies.
,

..' Two months after'beginning Elie unit, the children,in

the six weather topics groups assignd e each member one day

(
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per week on which that person was .to be responsible for

441144;resenting
the group's information to the entire class.

he informatiotkincluded barometric pressure, temperature,
amount of rain, wind speed and direction, general trends ,

Irom the weather maps, and relative humidity.
As an ongoirig activity, the students divided into groups

of three to use the given information to predict the weather
for the following day; these groups then made predictions
on a rotating basis: The remainder of the students in the
,class then discussed the prediction, voicing agreement or
disagreement.

TEACHER: How many agree with the forecast? How many
disagree?

STUDENT: The temperature should be higher.
STUDENT: No, it should be lower.
,STUDENT: They said it's going to be colder tomorrow,

but the temperature they predict is higher than today's.
STUDENT: It can't be colder if the temperature is

higher.

STUDENT: If you say it's going to be colder, then you'
have to say that it will be below 23 (today's temperature).

A comparison was made daily to the weather bureau forecast
for that day and to the Farmer's Almanac. The daily fore-
casts by the class and the weather bureau were recorded on
a chart made by the class. Each day the three students
who had forecast the weather for that day were rated by the
class on a scale of one to ten for accuracy. At the end of
the tooth the groups' scores were compared; except for the
amount of snow, the predictions were very accurate.

;net follows is an excerpt from a class discussion of
daily weather data.

TEACHER: Remember how much snow we had? Well, this is
how much water it yielded (rain gauge shown to class).

STUDENT: Wow! Snow is pretty heavy.
STUDENT: No, I think snow is light meter.
STUDENT: A'snowflake is smaller than a water drop.
STUDENT: In snow the molecules are expanded.
STUDENT: No, they are contracted.
STUpENT: The molecules are spread out in the snow.
TEANER: When a snowflake lands on your hand, how big

is itl Whit happens to it?
aTUDENT: When it melts, it's just a drop.
STUDENT: It's a lot smaller when it's water,...the

molecules are more togethe.



Figure C2-4

TEACHER: How much water is fill:ere? This line is 1/4,

this one is 2/4, and the water level is midway between them.
(Pause) This line is 1/8, this one is 2/8,\this one is
4/8.

,STUDENT: It's 3/8 of an inch.

The children compiled monthly charts of measuiements of
the different variablesprecipitation, cloud cover, humid-
ity, wind speed, and barometric pressure. In addition, two
girls worked together to construct a chart that represented
several sets of data on one chart. A sketch of their chart
is Shown in in Figure C2-4 (original chart,is nonreproduc-
ible), and examples of title graphs that the children con-
struCted from their data are shown in Pigures-C2-5 through
C2-10.
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10*

One of the students suggested that the data be put
directly on the graphs each day instead of making the data
charts and then transferring the information. The student
felt that this would make Changes in conditions more ap-
parent to those reading the chart. Tile class readily ac-

cepted this suggestion. -

Another class in the schbol asked my class for their
daily predictions and also asked to see the charts and
graphs of the weather data. The children were quite pleased
to comply.

Later that week two boys decided that the hair hygrometer
being used outside had to be improved. As it was now mid-
winter, the flair in the hygrometer kept freezing when

placed outside. They dec*ded to construct a box that,would
keep the wind from blowing on the hair.

D
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After the box was built, the boys decided to add to it,
saying, "Why not make it a weather station?" They at-
tached two thermometers to the box, one inside and one out-
side. They also attached a chart on which they could keep
track of the temperature. Then they added an anemometer
and a wind vane that had been constructed by their,class-
mates. Each day they took the Weather station outside c. I

recorded the data. The c:ildren compared the data obtained
by their weather station with that of.the weather bureau
and found that the information was the same. A sketch of
their portable weather station is shOwn belcw.

As the students continued to forecast the weather, their
accuracy improved as did their awareness of the importance
of wind and the changes in wind direction. To keep track
of wind direction, one boy made A circle with the cardinal
compass directionslon it. To this he attached two arrows,
ong pink.and one white. He set the pink arrow to the di-
rection of the wind when we left school in the afternoon;
when he arrived at school the next day, he set the white
arrow to the direction of the wind that morning. He com-
piled his data on a chart to show what happened in our area
as the wind changed direction.

The students continued to make their daily forecasts,
both the group of three responsible for the day and each -

student individually. These were then compared with the
weather bureau forecasts. The accuracies of all these
forecasts were compared using their one-to-een scale gone
being the highest rating). In addition, the daily charts
and weather map were marked with the day's data. However,

student interest began to decline somewhat, and the stu-
dents discussed ways of forecasting and collecting data
that would be both interesting and challenging to them.
One means of rekindling interest was the Students' regroup-
ing so that they could work on different facets of the



weather.

Another result of our class discussion was that the class
divided into two groups, boys and girls, to compete in fore-
casting the weather. Each group made g daily prediction
for.the time period from 3:30 P.M. to 9:00 A.M. the next
day. The temperature prediction was to coincide with the
temperature recorded between 8:00 A.M. and 9:00 A.M. the
next morning. They had some difficulty in deciding how to
determine chance of precipitation. They decided that there
would not be any sense in allowing a 50% guess on precipi-
tation and ruled it out.* The accuracy was based on the
following score chart:

Temperature: twenty points--one point subtrac-
ted for each.degree of difference
between the prediction and the
actual reading

Wind Speed: twenty points--one point subtract-
ed for each degree [sic] off from
prediction

Chance of
Precipitation: twenty points--based on chart'below

rrediction Snowil No snow#
10% -18 - 2
20 -16 - 4

30 -14 - 6
40 -12 - 8
50 -10 -10
60 - 8 -12
70 - 6 14
80 4 -16
90 '- 2 -18

#The numbers indicate points off.
Thus, if a group predicted 70% chance
of Illecipitation and it snowed, they
would receive twenty minus six,,or
fourteen, points. If it did not snow,
they would receive only six points.

General Conditions: twenty points--ten

change and ten for

*Nonetheless, a prediction of 50% chance of
possible and reasonable as any other if the
warrant it.--ED.

r

for temperature
cloud cover

rain is just as
weather data
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Because of a few severe miscalculations in their/fore-
casts, the children became involved in looking for Ways to
correlate various weather factors. The students began to
plot their data in order to imake general predictions for
Michigan, such as wind direction changes, barometric pres-
sure changes, and temperature changes, and they began to
look for basic trends in their weather data.

During the course of the unit the students made many
maps, including one to show the various precipitation re-
gions of the continental United States and another to show
the movement of high and low pressure areas and weather
fronts. Charts were used by the children to aid them in
'eheir reports to the class, e.g., one student used a chart
to ghow how the wind and the temperature combine to affect
expoged flesh in his report on the windchill index.

Experiments were performed by students as another aid in
understanding facets of the weather. ,In one of these, two
boys showed how a cloud Iorms by placing a tray of ice
cubes on top of a jar of hot water. The room was darkened
and a flashlight was shined on the jar. While the class
watched, a cloud slowly formed in the jar. In a later dis-
cussion, the children talked about the reasons for the for-
mation of the cloud and related it to the process by which
land heats during the day and cools at night.

In January, graphs made by my class using the weather
data they had collected were sent to a sixth-grade class in
Monterey, California. These children were also involved
with Weather Predictions, and we asked them to record
weather information for Monterey on the days that my.class
had reported. When the information was received, the class ,t

analyzed the data, responded to letters written'by the
California students, and sent general information about the
winter weather in Lansing. The interchange stimulated new
interest in the unit and carried over to other areas, such
as social studies in learning about the new geography, cli-
mate, and people in a different place.



3. LOG ON WEATHER PREDICTIONS

.by Gary'Childs*

Montt Vista School, Grade 6
Monterey, California

(September 1972-March 1973)

1

ABSTRACT
The challenge was introduced to this class of sixth -

grade students after the children discussed their weather
experiences and made outside observations using their five
senSes. Children formed a library'committee to gather ref-
erence materials for a weather area in the room. Other
groups formed to investigate and collect data on the various
Acets of weather. The class spent much time in the Design
Lab where weather instruments'including thermometers, barom-
.ters, a coMb nephoscope, a.balance, and a sling psychrom-

eter were constructed. Data was collected with these home-
made instruments and represented gp graphs and charts. In
ddition L'flinterpreting the data.74chilaren began to cor-

relate it and use the information as the basis for short-
and long-range predictions.. The importance of climatolog-
ical data,was discussed as groups formed to begin com-
pef.:itive,predictions. A point system for evaluation of the
predictions was developed in addition to a list of items
to be included in each group's predictions. Children ex-
Changed information on the progress of the unit with a
fifth-grade class in Michigan that wasalso working on the,
Weather Predictions challenge.

During a general discussion of weather at the beginning
of the school year, each student was encouraged to person-
alize his tXperiences with weather. Most of the experiencts
related by the students concerned those with bad weather.
The majority of the class had not lived outside of the
school neighborhood, were aware only of fog and rain as
types of bad weather, and knew that it had snowed one time.

The class went outside to use only their five senses to
observe the weather. The students took notebooks to list
their observations. When they returned to the classroom, -

they listed their observations on the.board:

warm
windy

not too hot
not too cool'
11 green 11

*Edited by USMES staff

breezy
trees moving

very high clouds moving to the
north (inpt, they were
moving ea

1' -LI 1
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General agreement on our observations emerged during the

discussion which followed.
The students began watching the weather forecaster on

television. The challenge that was presented to the class

was, "Can we predict the weather locally using instruments

which we can build ourselves?"* I asked the children what

we would have to do in order to accomplish this, mentioning

that the weather bureau has'many instruments to aid it in

its work. After a brief class discussion a committee was
formed to gottO the library to check out all available

material on the subject of weather. In addition, children

were urged to bring in instruments from home if they could.

Discussion was held during the next class session to
talk about any observations that might have been made since

the previous session. Many of the students had done some

reading and had discussed the topic with their parents.
One student suggested that the class go outside to observe

the weather again and compare these observations with those

of the initial session. After fifteen minutes we returned

and listed on the board the following observations:

heat sun

clouds clouds moving

wind wind from the southwest

haze wind gusty

blue sky wind breeiy

cold

Soon after the second set of observations were made, the

class discussed the number of things to be done in order to

set up a weather station. I asked them how they thought we

should proceed, and their reply was that--

l. We should bring money from home to purchase the

necessary weather instruments.

2. We could bring some instruments from home to the
classroom, i.e., thermotheters, barometers, rain

gauges, relative humidity gauges, etc.

*This class was one of the first.to work on the unit. The

challenge has since been reworded to emphasize prediction,
for which instrumentbuilding is only a part. In fact,

relatively accurate forecasts can be devised without using

-any instruments.--ED.
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3. The class should be divided into groups with
each group responsible for a certain aspect of
the study.

A list of some of the facets of weather, including tem-
perature, barometric pressure, wind,1 wind speed, and cloud
direction, was put on the board. Groups were formed based
on this list; children chose to work on the topic that in-
terested.them. The groups spent the rest of ple session
in discussion. We held ongoing discussions of the chal-
lenge, and a large number of students began to take an
active-part in the collection of data to Acilitate making
short-rangeoredictions and in the prep--ation of instru-
ments.

As their work on weather predicting continued, the s'tu-
dents formed.more groups to investigate related problems
posed by tbe challenge. One group of children began to
compile some history of the weather. They used the tele-
vision as a source.of information. There is one channel
that has a sweep of such things as temperature, barometric
pressure, relative humidity, wind direction and speed, and
time. This is shown as a public service, and we used this
television data to calibrate our own instruments.

Another group of students constructed a convection box
shown in a high school science text to show the reasons
for wind. This was demonstrated with great success and
helped bring about a general understanding of one of the
factors of wind: heated air rising causes cooler air to be
drawn into the void left by the heated air; this movement
of air masses is one explanation of wind.

A group of six girls gathered data on the temperature by
keeping a record of the temperature around the school.
They gathered a dozen thermoieters of varying precision,
two of which were centigrade and the remainder Fahrenheit.
One of the thermometers was capable of recording both the
high and the low temperature, and one was capable of indoor/
outdoor measurements. They placed these thermometers
around the school: four were hung in a tree, approximately
six feet from the ground, two ,;ere placed in direct sun-
light, others were in hallwayi.... The girls soon noted a
difference in temperature that det.ended upon the location
of the thermometer. They also made provisions for data
collection to take place during the week-ends. However, the
weekend readings were not taken at the school and the data
proved to be somewhat different at various locations

around the (Monterey) peninsula for the same time on a given
day. The group also learned to convert from centigrade to

1 0a
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Figure C3-3

FahrenNeit using the formulas: F 9/5 C 4- 32° and
C 5/9(F-32°).

The group ofstudents collecting data on temperature
designed line charts and bar graphs to show their informa-
tion better. Examples of their graphs can-be seen.in
Figures C3-1 and C3-2.

On a permanent pegboard\thatserved as a combination
tally-and graph, the temperature group plotted the tem-
perature readings over a period of days and observed changes
in the temperature that inaicated'other changes in the
weather.

The group investigating barometric pressure constructed
.

varUus types of barometers. What follows is the explana-
tion*of the construction of a coffee-can barometer to an
USNES Observer by one of the students: "We're xaking a
barometer.We're using a full can of coffee which is
vacuum sealeol.\ Now we're stprting to solder a metal tube
to thetop. Then we're going to drill a hole through the
tulie and attach a\atick which will indicate on a ruler how
high the baroMetric pressure is:" (See Sketch below.)

146 Scaderec:1

to coast

Three different groups of students constructed mineral
. oil barometers which proved to be.less effective. They
were built in the classroom in an attempt to build a barom,..
eter without using mercury. The construction of each fol-
lowed the same design (see Figure C373). (A Thermos filler,
or a vacuum bottle, is placed in an insulated box, a glass
tube is inserted into a stopper that is then sealed to the
Thermos bottle. The apparat i then inverted in a jar
of-mineral oil after a par al vacuum is created in the
vacuum bottle. See "How T ' Cards for details:\)

Other instruments constructed in the Design Lab included
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Figure C3-4

r td

a hair hygrometer and a comb nephoscope.* The hair hy-
grometer (see Figure C3-4) was mounted on the wall and used
to Measure the degree of Moisture of the atmosphere. One
student offered,this explanation of the hair hygrometer to
an USMES observer: "The hair will lengthen and shorten
according to the amount of moisture in the air. The amount
of change will register on the spring scale." The children
experienced a certain amount of frustration\as a result of
the instrument's limitations: the slightest bump moved the
countei and there was difficulty with calibration.

Moisture in die air became an area of concern for the
class. A group of boys devoted themselves to gathering
data on evaporation. They logged the different variables
which affect evaporation, e.g., temperature, relative
humidity.

At a class meeting held less than a month into the semes-
ter, the class brought up the fact that the students had
not been predicting what the weather was going to be but
rather recording what the weather was. Some other students
remarked that we were unable to predict the weather without
the instruments that are available,to the.weather sta-
tions.** When challenged to state the chief diffetence,
one boy responded, "Even though I constructed a barometer,
it doesn't work like the one on TV." A fellow classmate
responded that anyone could buy a barometer but she thought,
hers was better because she had made 14.

011e day in November, we receiVed a great number of mate-
rials from the Naval Postgraduate School Station in Monter-
ey, including maps, charts, pictures, graphs, films, film-
strips, etc. The students exhibited all of the materials
around the room. There was a great deal of discussion
among the children about these aids. The children and I
felt that it would be very beneficial for us to make a
field trip to the school. This was scheduled late in the
term so that class time could be spent preparing a list of
questions for the people at the school.

*The comb neph6scope is an instrument to measure'the speed
of clou4s. The students needed the help of the.teacher
and the Design Lab manager to construct 1t. Any measure-
'ments taken with it required the use of a complicated cdn-
version formula that the students had difficulty in using.
Consequently, its usefulness to the unit is marginal and
the students might investigate other ways to obtain an__
approximate-idea-of-the-Wind-sOlea:---ED.

**The students might be asked how sailors and farmers pre-
dict the weat,her without using instruments.--ED.
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'During the first six weeks of our study, no attempt was
made to relate our "local" observations to the weather of
a larger area. At a class session a few days after re-

' ceiving the information from the Naval Postgraduate School,
we began a discussion of weather maps. A large poster map
of the United States was constructed by the students. It
consisted of a mounted, printed map of the United States,
covered with plastic. Each day a group of students wrote
What the weather was directly on the map. This was copied
from the national weather map published in the paper.
Notes were made on the prediction and a record was kept of
the "actual" weather as compared with the prediction. Ob-
servations were made three times daily based on such ques-
tions as--

"Were there scattered clouds?"
"Was the temperature at a high bf 65°?"
"Was it foggy in the A.M.?"

A few days later, a small weather map (4" x 6") was
placed on the opaque projector. It was an uncomplicated
map with easy-to-understand symbols. In this way, we began
to discuss the reading of graphs, charts, pictures, etc.
Th, nap showed weather fronts, high and low pressure areas,
and a simple legend illustrating rain, showers, snow, and
flurries. The map shown at this time showed a large low
pressure area,written with the "L" directly over Monterey.
There was some discrepancy as the three/barometers station-
ed in the clawroom had not indicated any change from 29.5
while we were experiencing warm weather. -There was no sign
of the weather that the class was associating with a low
pressure area. This led to much discussion concerning
the possibility that there were other variables in weather
prediction than the barometric pressure meaeurements that
the class had been considering.

The class then began to make a list of the specialized
vocabulary that is used by the weather service. They di-
vided into groups of two to six children and attempted to
discover the meanings of the various symbols. As meanings
were found, the_group would write the wOrd or.symbol on the
board along with their names. Groups Were responsible for
explanations of their words or symbols to-the class.

The following day I asked' the class if they could deter-
mine how we could apply some of the data that we had col-
lected to predicting the weather. Tb this point the differ-
ent groups had been collecting data by taking readings from
their instruments, the television, or the newspaper. 'I

1 "4.
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suggested that the groups meet,to attempt to determine if a
correlation between their charts and graphs dli eicist. Un-

til this time there had been little effort by the class to
put all of the data together. For example, the groups that
worked with barometric pressure had been of the opinion that
once they had constructed a barometer, they would be able to
predict the weather. During the discussions between groups,
the class realized that there are a great many variables
that make up the weather. One group explained to another
that a change in barometric pressure did not necessarily
mean a measureable change in the weather. Some of the
groups decided to combine their data. This was tim first
time that the class had worked as a total group at their own
initiative.

I suggested that the class go outside and note the ele-
ments of weather that they could determine through observa-
tion. When they returned, their observations.were listed on

the chalkbz:ard. The following are some of the things they

listed:

Scattered clouds at about 10,000-15,000 feet.
The clouds were not rain clouds...they were not

-dark and they were too high.
The temperature was estimated,at 60-70

o
F.

Windy.

The children were asked how much wind they had observed when
they listed,that there was wind. Their response was "some."

Some of the students had recorded the wind direction; how-
ever, there was no general agreement on,it.

The class decided that wind direction was important and
made plans to construct sone apparatus to measure the wind
direction and speed. It was noted by the class that most of
them were much more aware of the weather but still couldn't
predict what it would be.* The groups that had been collect-
ing data from their instruments were certain that they could
predict within their group what would take place the next
day, i.e., the temperature group could predict the tempera-
ture, the barometer group could predict the barometric pres-
sure, etc. Their reasoning was that over the pericid of time
that they had been collecting data there had not been much
variation from day to day.'

*The students are still xelying too heavily on instrument'
readings and are not focusing on predicting the weather.
They could attain some accuracy merely by predicting that
"the weather would be the same.--ED.

1 1.41. 1
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Figure C3-6

The group respohsible for charting the weather each day

was mote aware of the daily weather than those who were not

involved.: They were aware of movements of fronts, highs and

lows, adi4.11 as the general movement of the weather. The

group began to prepare two maps per day: one map was pre-

pared using the weather prediction of earlier maps; after

this one was completed, another map was prepared based on

the weather report from the daily paper. Both maps, predic-

tion and faCt, were logged, noting the consistency of their

prediction-. This activity represented the first attempt at

weather prediction.
At this point in our study of weather predictions, we

needed further discussion of relative humidity and decided

to build a sling psychrometer. One student's description

and dekign are shown in Figure C3-5. After the psychrom-

eters Were constructedl the groups wat outside to whirl the

thermometers until evaporation had dried the gauze. Read-

ings were taken and compared with other thermometers that

were not wet. All of the students in the class gathered

data and recorded their data.
We discusssd what haa been,done. The thermometers had

been wet and then spun dry. Readings were taken from both

the wet thermometer and the dry one at the same tine and the

data was recorded. After a great deal of discussion we de-

termined what was being measured; how much water vapor is

in the air at an exact temperature, as opposed to how much

is in the air when the air can't hold any more at the same

temperature. Many orthe students were able to understand
that relative humidity is the amount of vapor the air is

holding, expressed as a percentage of ege maximum amount the

air could hold at that particular temperature.

Four different groups Of students constructed balancdasto

measure relative humidity (see Figure C3-6). One student

"We're putting silicone on one side and weights on the

othA side to balance. The silicone will collect moisture

from the air and we'lk be able eo tell de exact amount by

reading the scale."
The balancd worked but,with limitations. Wind of any

kind caused the balance to tip making it difficult to cali-

brate and use.
We Attempted to calibrate the hygrometers and balances

that had been constructed to measure relative humidity with

data from the aling psychrometer. The groups that had con-

structed these devices were aware that their instruments -

were capable of measurement but were unable to see beyond

the movement of the measuring device. Each group measured

r)
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the relative humidity and then set their instrument at that
calculation. I aided each group:to make sure that their cal4
culations were somewhat accurate. The groups who had con-
structed hair hygrometers simply put a mark on the scale-and
wrote the humidity finding beside it. The findings were
duplicated until consistency was achieved; however, theltili-
cone balances could not be calibrated.

A portion of the room was set asidefor a weather predic-
tions interest area. Students suspended Tri-Wall sheets to
isolate the section from the rest of the room. All materials
pertaining to the unit were concentrated in this area:
study pictures, filmstrips, movies, books, magazines, and
charts.

One class session was spent discussing the first weather
bureau'. The historical side of the study interested the
children very much. It was encouraging for them to learn
that the first stations consisted of nothing more than the
simple equipment that we had in our school: thermometer,
barometer, psychrometer.

During this tine period, class discussions focused:on two
other areas:

1. The fact that different grottps of people need
to "know" what the weather was going to be, e.g.,
the,farmer whose entire crop might be wiped out
by drought, floods, or late frost.

2. A report by five students from my class who at-
tended,sessions at the Naval Postgraduate School
thatdetermining the height of clouds was not
as imliortant as determining what kind of cloud
it was ahd what the cloud movement was.

The children and I began to investigate correlation as it
might pertain to the Weather Predictions unit. The bar
graphs, line graphs, and charts made by the children demon-
strated an understanding of graphing techniques; however,
there had been little application of the Oita collected by
the children to the unit challenge..

To begin applying correlation to their data, three stu-
dents went to the pegboard and charted the November tempera-
ture readings with pegs and red squares; they had previously
averaged the three daily readings. I asked the children how
they could show whether or not it rained on a specific day,
and they suggested using a different-colored square. When
asked if there would be a correlation between temperature

Ic,')r..
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and rainfall when the temperature was about the same every
day and it also rained every day, the class responded yes

I asked the class if something else could be charted on
the pegboard. A student responded, "The barometric pres-
sure." It was decided to put the barsometric pressure on the
far end of the board; the axis was marked with tape.* (See
sketch below.) I
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Later that month a meteorologist from the Naval Post-
graduate School, Dr. Renard, visited the class and discussed
precipitation. The claSs was interested and responsive.
The discussion covered--

various forms of precOitation
how the form of precipitation is controlled
the temperature (i.e., warm/rain, cold/hail, snow)
the variation of temperature within clouds
the effect which the ground has on the snow (i.e.,
slushy snow caused by warm, wet ground)

Dr. Renard predicted stiow for that night and the,next day.
Because snow in Monterey is highly unusual, the class was
very skeptical of the prediction. Their skepticism was also
a result of the following information:

our barometers were holding steady at 29.08.
There were clouds, but not too much rain.
The temperature had dropped a great dral on the
average for the week.

*Other-variables which may be graphed are temperature and
change in barometric pressure or temperature and relative
humidity. See the composite log and background papers

0, foi ways to graph data so that cdrrelations can,be easily
'ado di, MEL.

"kw
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The first thing iv the morning after Dr. Renard's visit,
the students discussed the possibility of snow but were not
convinced that the day was any different from the days when
it had only rained. Then, it began to snow--quite an event!
The last tiue it had.snowed in Monterey was in January of
1961. Most of the class had not been born then.)

On their return to-school on Monday, we discussed Dr.
Renard's visit to the class and his prediction at that time\
He had told the class that the coriditions present at the
time of his visit were capable of producing snow because the
conditions of January 1961, the time'of the last snowfall in
Monterey, were identical to those of December 7, 1972, hence,
the snow prediction.

Although Dr. Renard, had notcited the role of climatology
in his,prediction, it had been the basis for it. ye then ,

discussed climatology and'the prediction of weither through
the climatology records,, which seemed more practical for the
class than weather predictions based solely on instrument
readings. I duplicated some,of the information on clima-
tology that Professor Renard had furnished for Monterey over
the past 20 years and made it available to the class. They .

discussed the possibilities of forecasts based upon these
records, and there was comment as to how the weather corre-
lation on the pegboard was similar to the record of clima-
tology.'

Wethen 4<empted some long- and short-range forecasting.
Each student noted the weather as it was then: temperature,
rain/no fain, wind., cloud cover, etc. We made a written'
prediction for the weather in one Minute, one hour, twelve
hours, one day, two days, one week, ohe month, This exer-
cise was carried out by the students independently and the
predictions Were discussed. There was general agreement an
the one minute and one hour forecasts. Discussion centered
around the long-range-predictions: the children agreed that
they were simply guecses and that greater amounts of inforha-
tion were needed to make more accurate long7range predic-
tions.

The class divided into six groups to predict the weather
for the following diy. It was decided that each group would
submit a prediction that included the following:

1. rain vs. no rain
2, relative humidity
3. wind direction and speed
4. cloud cover

5. barometrIA pressure
6. high aVd low temperatures

,( 3



No mention was made of competition between groupi nor thought
given to right vs. wiong prediction.

The next day, the chairman of each of the six groups went
to the board and wrote down'his/her group's prediction: .

Each group worked independently. The method of prediction,

in addition to the results, varied.

1 Group I predicted possible showers.
2. Groups III and IV had taken their information

from the paper and said, "Rain with temperatures
in the 50s, and.winds from 0-15 mph."

3. Group VI predicted a 75% chance of rain, clouds
at 5000 ft6, wind from the north, temperatures
'from 40-50 F.

4. Group II had predicted the relative humidity at
80% and the barometric pressure at 29.8 inches.

After the groups wrote their predictions on the board, a
general class discussion followed to determine which group
had been most accurate. The students used the newspaper,

our rain gauges, our barometers, and the Postgraduate
School's hourly temperature readings to determine the most
accurate predktion. It was generally agreed4Xhat Group VI
had been most complete and.accurate.

After the groups met to make 'predictions for the follow-
ing day, the class discussed having a competition between
groups with a winner. Since ice cream 'sales were held

Thursday after school, it was decided that the winning group
would get free ice cream and be allowed to make a prediction,
for the school paper. This same prediction would be placed
in the outside showcase for the whole school to read. This

decision gave purpose to the prediaions; it offered a prac-
,tical use for the children's efforts.

;The next day the class used the same procedure for relat-
ing their predictions and determining which one was best:
the chairman of each group wrote his/her group's predictions
on the board and general clase'discussion was held to deter-
mine the group that had been most. accurate. Each group

gathered the same kinds of data that the winning group-of
the previous day had used. The basis of the predictions was
chance of rain expiessed in percentage, height of clouds,
wind,direction, and temperature. Each of the.six groups
predicted between 75-100% chance of rain. Also included in
some cases were relative humidity, wind speed, and both the
high and low temperatures.

Te groups were asked to justify their predictions. Some

said it was easy.to predict the rain or lack of it because

1 rj..1
avo
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it had rained every day fOr months. Some said that condi-
tions were the same as those of the day before; still others
reported that the televisiofi and radio predictions supported
the prediction of their group.

After a,great deal, of discussion a set of Criteria was
drawn up on which to judge the predictions. Each group had
to predict the following:_

1. chance 'of rain (in.%)
2. temperature--high and low
3. relative humidity (in %)
4. wind.velocity
5. cloud cover (in %)

Barometric pressure was not listed as one of the criteria.
The class decided that you could not feel barometric pres-
sure in the way that you could feel temperature or humidity,
and so they determined it to be a tool for predicting the
weather. Each of the criteria was considered equally. If
a group predicted a'95% chance of rain and it rained, the.
group Vould receive no points or one point. All other groups
would receive one through six points based on the accuracy
of their prediction. The gfoup with the fewest number of
points at the end of the week would be designated as the
winning group. Friday predictions were for a three-dai
periodSaturday, Sunday, and Monday. Each group also kept
a log of its predictions; a sample page of one such log is
shown in Figure C3-7.

In order to make their three-day preattions, the groups
used the weather predictions from the nevspapers'and the
televiSion's five-day forecast. Each day's prediction was
handled separately. Every Friday afternoon the three-day
predictions were collected and put in the bottom desk drawer;
they were not seen until Monday afternoon at 2:00 p.m.

A great deal of information was received from a fifth-
bade class inLansing, Michigan, that was also involved in
the Weafher Predictions unit. The Michigan class sent us
their records,for the month of,January, 1973. The informa-
tion included the high and low temperatures, 'barometric,

pressure, relative humidity, wind speed, and direction.
Space had been left for my students to record comparative
information. It was then toloe returned. An interesting
discussion followed in whialat was noted that the only sim-
ilarity was in barometric pressure. Temperature range dif-
ferences were vast, as were.vind speeds. Monterey had,more
precipitation. This led to a discussion of the geography of
Michigan and California, their similarities and differences.

/ 2 7
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The Class then undertook a now project. The students
examiped their weather log for the month of January_and ex-
changed weather information with the class in Lansing. All
relevant data except-precipitation readings were sent, The
Lansing class was asked to evaluate the data and to decide
if it had rained on a given day, My class di0 the same with
their data, determining what kind of precipieation fell, if
any fell at all.

khen the class took their field trip to the Naval Post-
graduate School, they were given a brief description of the
Iacility and divided into two groups. One group went to the
map room to learn about plotting weather maps, and the other
learned about the use of weather balloons. Finally, they
all watched the plotting of the picture from a weather satel-
lite.

As the children continued making their short-range pre-
dictions and evaluating the outcome, the amount of time re-
quired for them to accomplish this decreased. I suggested
that the television, local newspaper, and radio be included
in the competition. The groups were interested in the com-
petittvoaspect of the predictions. Some of the groups took
"long-shots" in their group predictions.

They said that everything had been a chal/enge--from the
building of instruments to our present emphasis on competi-
tive pregiction that they planned to continue. The class
was unanimous in their agreenent that we should have begun .

predicting the weather at an earlier date.
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D. References

1. LIST OF "HOW TO" CARDE

GRAPHING

, MEASUREMENT

PROBABILITY AND STATISTICS

BeloW are listed the current "How To" Card titles that
students working on the Weather Predictions challenge might
find useful. A complete listing of both the "How To" 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 To" Cards.-

GR 1 How to Make a Bar Graph Picture of Your Data
GR 2 How to Show the Differences in Many Measurements or

Counts of the Saie 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 Picture of Your Data
GR 5 How to Find Out if There is any Relationship Between

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

M 9 How to Make a'Conversion Graph to Use in Changing
Measurements from One Unit.to Another Unit

M 10 How to Use a Conversion Graph to Change Any Measure
.

ment in One Unit to Another Unit
M 11 How to Measure the Amount of Water in the.Air with a

Psychrometer
/ M 12 How io Measure the,Amount of Water in the Air with a

Hygrometer
M 13 How to Measure the Amount of Rainfall
M 14 How to Find Wind Speed by Watching What the Wind Does
M 15 How to Find Wind Direction with a Wihd Vane
M 16 How to Measure the Pressure of the Air with a Mineral

Oil Barometer

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
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New titles to be added in 1976:

Now to Round Off Data

Now to Make and Use a Cumulative Distribution Graph

A cartooh&-style set of "Now To" Cards for primary grades
is being devel4ed from the "present comp/ete set. In most
cases titles are different and contents have been rearranged
among the various titles. It is planned that this additibnal
set will be available early in 1927.

As students work on USMES challenges, teachers may need
background information that is not readily accessible else-
where. The Background Papers fulfill this need and often
include descriptions of activities and investigations that
students might carry out.

Below are listed titles of current Background Papers
that teachers may find pertinent to Weather Predictions.
The papers are grouped in the categories shown., bIlt in some
cases,the categories overlap. For example, some papers
about graphing also deal with probability and statistics.

The Background 2apers are being revised, reorganized, and ,

rewritten. As a result, many of the titles will change. .

GR 3 Using Graphs to Understand Data by Earle Lomon
GR 4 Representing Several Sets of Data on One Graph by Betty

Beck

GR 5 Plotting Weather Predictions Data on Three-Dimensional
Pegboard Graphs (based on suggestions by Jack Borsting
and Leland Webb)

GR 6 Using Scatter Graphs to Spot Trends by Earle Lomon

M 3 Determining the Best Instrument to Use for a Certain
Measurement by USMES Staff

M 7 Weather Factors and Their Measurement by.Ray Brady, Jr.

PS 3 Weather Prediction by Bob Renard

133



BIBLIOGRAPHY OF NON-USMES MATERIALS

4

Resource Books for Teachers

.tA

Resource Books for Children

The following materials are references that may be of

some use during work on Weather Predictions. The teacher is

advised to check directly with the publisher regarding cur-

rent prices. A list of references on general mathematics .

and science topics can be found in the USMES Guide.

Inwards, R. O9ather Lore. Ed. by E.L. Hawke. Reprint.'

New Yorkver Publications, 1970.
Excellent collection of classic weather rules and adages

culled from world's literature.

Laird, Charles, and Laird, Ruth: Weathercasting. Englewood

Cliffs: Prentice Hall, 1955:
For amateur meteorologists.

Scorer, Richard, and Weiler, Harry. Cloud Studies in

Colour. London: Pergamon Press, 1967.
An excellent color plate section of photographs of cloud

formations. The same section also contains descriptions
of each photograph which might beuseful'to the children.

Yates; Raymond'F. Theyeather for a Hobby. New York:

Dodd, Mead and,C05., 1956:
Guide to the construction and use of weather instruments

for amateurs.

4-H Weather Project Booklets. Cooperative Extension Ser-

vice, Michigan State University, East Lansing,'Michigan.
Bulletins 150.2(A-E) and 350.2. ,

Very good discussion of instrument construction and
weather. Similar Guides may be available from local

colleges or state 4-11 groups.

Various pamphlets available from U.S. Weather Bureau or
U.S. Government printing Office. Write: Superintendeni
of Doctiments, Government Printing Office, Washington,

D.C. 20402.,

Bonsall, George. The How and Why Book of Weather. New

York:- Crossett and Dunlap, 1960.
This book is for science-minded children and teachers,
too. Simple facts and simple experiments help readers
remember many weather hows and whys.

I
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Fisher, R.M. 'How About the Weather? 'Secona edition. New
York: Harper, 1958.

A readable nontechnical book which discusses the elemen-
tary physics of the atmosphere and shows how to forecast
from newspaper weather maps and local signs., ;

'Lehr, Paul E., Burnett, R. Will, and Zim, Herbert S.
Weather: Air Masses, Clouds, Rainfall, Storms, Weather
Maps, Climate (GoLlan Nature Guide). New York:, Simon
and Schuster, 1957.

What makes the weather, how it is studied and forecast.
Elementary guide to meteorological phenomena and pro-
cesses with beautiful color illustrations.

Longstreth, T. Morris. Understanding the Weather. .New
York: MacMillan, 1953.

Short, interesting description of the atmosphere,
weather, and forecaSting, written in popular style.
Suitable as a first book on weather.

Schneider, Herman. Everyday Weather and How It Works.
Revised Edition. New York: Whittlesey House, 1961.
Instructions for easily constructed instruments, des-
cription of the atmosphere. Written on an elementary
.and junior high level.

Sloane, Eric. EricSlcane's Wesher-Book. Des Moines:
Meredith Press, 1952.

Interesting explanation of weather phenomena in which
. author incorporates drawings, charts and literature into ,

text. Written on an intermediate and junior high level.

Sloane, Eric. How You Can Forecast the Weather.
Greenwich, Connecticut: Fawcete(paperback).

Spar, Jerome. The Way of the Weather. Mankato, Minnesota:
Creative Education Society, 1957.
Designed for grade schoo.i. use, abundantly illustrated.

Spilhaus, A.F. Weathercraft. New York: Viking Press,
1951.

Descrilition of weather, how to forecast it, and con-
struction of instruments.



Tannehill, Ivan R. All About the Weather. New York:

Random House, 1953.
Simple but accurate.

hompsoni Philip D., and O'Brien, Robert. Weather. New

York: Time, 1965. (Life Scienc( Library).-

Good drawings and piqtures,.very readable general
discussion.

Weiss, Malcolm E,. Storms--fromsthe Inside Out. New York:

- Julian Messner, Division of Simonfand Schuster, 1973.

0 An interesting description of the way clouds can be
used.to predict different types of store's.. Explanations

of the storms and the work of meteorologists are also in-
cluded in this book.

I f),1
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. GLOSSARY

Anemometer

Average

Barometer

Aneroid Barometer

Mercury Barometer

Calibration

The following definitions may be helpful to a teacher
whose class is investigating a Weather Predictions challenge.
Spme of the words are included to give the tear%zr an under
standing of tec4nical terms; others are incluaed because
they are commonly used throughout the resource book.

These terms may be used.when they are appropriate for,the
childrenti 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 '.1.1e

working on their challenge. Rather, the children 'I begin

to use-the words and understand the meanings as,they become
involved in their investigations.

An,instrument for measuring wind speed.

The numerical value obtained by dividing the sum of the
elements'of a set of data by the number of elements in that
set. Also called the mean.

An instrument for measuring atmosPheric pressure. The pres
sure is usually expressed in terms of the height in inches
Of a column of mercury. Normal sea level pressure is taken.
as 29.92 inches of mercury, thisIbeingthe height of a col
umn of mercury that weighs the same as the column of air
above it at sea level.

A barometer in which changes in atmospheric pressure cause
compression or expansion of a diaphragm that moves a pointer.

A barometer in which changes in atmospheric pressure cause
corresponding changes in the height of a column of mercury.

Setting and marking an instrument to correspond to standard
measurements.

91

Climate Average weather conditions of an area.

Climatology The branch of science that deals with the accumulated data
of weather conditions of an area.

1



Cloud

Cirrus Cloud

Cumulus Cloud

Nimbus Cloud

Stratus Cloud

Conversion

Correlation

Data'

Diftw Point Temperature

Distribution

EVen

Fog

Ground Foy

714-Orist

Frequency

A collection of water droplets or ice crystals formed by
condensation whenjwist air cools, usually by rising.

Highest-level cloud, made up of ice crystals. (Often called

ft mare's tails.")
1

A puffy middle-level cloud formed by rising air currents.
(Often called "fair weather" clouds.)

A type of rain cloud (dark, Fagged, and low) of'uniform
grayness that covers the entire sky. Now used chiefly as
a combining form, as in cumulo-nimbus (rainy ,cumulus) or

nimbo-stratus (rainy stratus).

A low-level, smooth, shapeless gray cloud having little ver-

tical motion. Fog is a stratus cloud on or near the ground.

A change from one forp 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 beiween two sets of,data.

.Any facts, quantitative information, or statistics.

. Ihe temperature at which the air becomes saturated with
water vapor, i.e., the relative humidity is 100%. If the

temperature drops below the dew point, dew or frost will

form.

The spread of data over the

A happening; en occurrence;
Example; a day on which it

range of possible results.

something that takes place.1
rains.

Tiny droplets of water;(condensed water vapor) suspended in
the air and reducing visibility.

The shallow layer of surface fog that forms when the ground
is cooled to-Ehe dew, point temperature by radiating its heat.

A predialon TAfuture occurrencet-b-ated-oft-an analysig Di
, present and past data..

The number of times a certain event occurs in a given unit ,

- of time or in.a given total number of events.

v)



Front

Frost

Graph

Bar Graph *

Conversion Graph

DATE

The boundary between two air masses.

Ice crystals that are deposited from the air on surfaces
that cool by radiating their heat.

A drawing or a picture of one or several sets of data.

A graph of a set of measures or counts whose sizes are re
presented by the vertical (or horizontal) lengths of bars
of equalwidths. Example: the.cloud cover each day for a
given period of time.
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amulative Distribution Graph

9:00 4.m.
TEMPER"! T&I

<°C)

A graph that can be constructed from a histogram by comr
puting running totals.from the histogram data. The first

running total is the first value in the histogram data (see

table of values). The second\running total is the sum of

the first and second values of-the histograi, the third is
the sum orthe 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 0 to the total numr
ber of events observed or samples taken (in the example, the .

total number of days the tempeeture was recorded). Each

vertical distance on the graph shows the running total of
the number of samples taken that are leis than or equal to
the value shown on the horizontal scale; thus the graOhb-e
low indicates that on eighteen days (or 72% of the total)
the'temperature was 16 C or less.
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Histogram

Line Chart

---95

A type of,bar graph that shows the dist.ribution of the num-
ber of times that different measures or counts of the same
event have occurred. A histogram always shows ordered nu--
merical data on the horizontal axis. Example: the number
of diys the temperature was a given value (or in a given
range of values).
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A bar graph that is represented.by circles, triangles, or
cross syith lines connecting them so that it has the ap-
peaence of a line graPh. (See Line Graph.) This is a use-
ful representation to show clearly the fluctuations in one
set of data and\to show two or moie sets of data on the same
graph. Example: the daily baromeiric pressure readings.
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Line Graph

Scatter Graph
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A graph in which a smooth line or line segments pass through
-or nearyoints 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 the 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.
Example: the hourly temperature readings for a"given day.
(This is a line graph because the approximate temperature
at any time of day can be found, even though it may not have
been.measured at that time. Thus, at 11:30 P.M. the temr
perature was about 16.5°C.)
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A-graph showing a scatter of points, each of which represents
two characteristics of the same thing. For example, ip the
graph'belaw, each point represents a day; the position of
the point indicates the change in pressure from the previous

day and the'amount of rainfall in that time.
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Nigh Pressure Region A region where air collects, cools, comPresses, and sinks--
associated with fair weather: The atmospheric pressure in
such a region is higher than that outside it.

Histogram See Graph.

Humidity A measure of the water vapor content of air.

Hurricane A violent storm, formed over tropical watere with very low
central pressure, accompanied by winds of at least 75 m.p.h.,
torrential rainfall, and heavy seas.

Hygrometer An inotrument used to measure the relatrve humidity in the
atmosphere:

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

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

Isobar

Jet Strclm

Lightning

Low Pressure Region

"Mean

Median

Meteorology

Millibar

A line on a weather map connecting points of equal pressure:

\

A long narrow meandering stream of high-speed winds blowing
from a westerly direction at an altitude\of seven to ten
miles, often exceeding a speed of 250 miles per hour.

An electrical flash neutralizing a strongibuildup of posi-
tive and negative charges between clouds Or between a cloud
and the ground.

A region where the air expands and rises--usually associated
with stormy weather. The atmospheric presaure in such a
region is lower than that outside it.

See Average.

The middle value of a set of data in which he elements have
been ordered from smallest to largesik The median value has

. as many elements above it as below Air

The study of weather and atmospheric phenomena.

A unit of measurement of pressure, usually tmospheric pres-
sure. Standard atmospheric pressure at seallevel is 1013
millibars.

9741



Abde The element or elements that occur most often in a set of

data:

Nephoscope An instrument for measuring the speed of clouds.

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 per colt * 72/100 = 0.72 = 72% , where

' the sywbol % represents 1/100.

Percentage A pert of a whole expressed in hundredths.

Precipdtation Rain, snow, hail, sleet, or freezing rain. Produced when

water vapor in the air forms droplets or crystala heavy
enough to fall earthward.

Pressure, Atmospheric

Probability

Proportion

The force per unit area exerted by the atmosphere. At2sea
level the average atmospheric pressure is 14.7 lb./in. (or

1013 millibars or 29.92 inches of. mercury).

The likelihood or chance (expressed numerically) of one
event occurring out of several possible events,

A statement of equality of two ratios, i.e., the first term
divide'd by the second term equals the third term divided by
the fourth term, e.g., 5/100 = 1/2. Also a synonym for

ratio: whei: two quantities are in direct proportion, their
ratios are the same.

Psychrometer An instrument used. to measure the wet-bulb and dry-bulb
temperatures of the air. Relative humidity can then be
found by using a table of data for that purpose.

Quartile 4

-First The first quartile is the value of the quarter-way piece of
data in an ordered set of data.

Third

Interguartile Range

Rain

-r

The third quartile is the value of the three-quarter-way
piece of data in an ordered set of data:

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

Precipitation in the form of watell,drops 'at least 0.02

'inches in diameter.



'tinge

Ran*

Ratio

ReXative Humidity

Mathematical: the difference between the smallest and the
largest values in a set of data.

To order the members of a set according to some criterion,
such as size or importance. Example: to put pieces of data

- frpm smallest to largest.

The quotient ot two denominate numbers or values indicating
the relationship in quantity, size, or amount between two
different things. For example, the per cent accuracy lpf the
children's forecasts is the ratio of the number of correct
forecasts to the total number of forecasts made, expressed
as a.percentage.

The amount of water vapor present in the air divided by the
maximum amount of water vapor the air could hold at that
temperature, expressed as a percentage.

Sample A representative fraction of a population studied to gain
information about the whole population.

dample Size The number of elements in a sample.

Saturation'Ppint: The point (combination of temperature and water vapor con-
tent). at which the relative huvildity is 100 per cent.

Sea.P.:aeze

Sleet

Smog

Snow

Statisties

Tally

a'

A breeze blowing from cool water to replace the rising
warmed air over adjacent land areas.

Rain that freezes at a low level and then passes through a
warm level nearer the ground.

A combination of smoke and fog usually associated with in-
dustrial regions.

White or transparent crystals or flakes that form when water
vapor crystallizes, usually on small particles in the clouds.

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

A v4ible record used to keep a count of some set of data,..

especially a record of the number of times one or more
eve Its occur. Example: number of days it rained when the
pre sure fell.

f

14 ra

99



<

Temperature

Thermometer, Centigrade
(or Celsius)

Thermometer, Fahrenheit

yisibility

A measure of hotness or coldness. Teanically, an indica
tion of the average kinetic energy of molecules. Tempera
tute'is commonly measured in degrees Fahrenheit or degrees
centigrade (Celsius).

\

A thermometer on wfitch the interval between the normal
freezing and boiling points of water is Tided into 100
parts or degrees, ranging from 0°C to 100 C.

A thermometer on-which the interval between the normal
freezing and boiling points of wager is diyided into 180
parts or degrees, ranging from 32 F to 212 F.

A measure of haw Clear tlie atmosphere is. Technically, the
horizontal distance at which an object can be recognized by
the unaided eye.

Weather Condition of the atmosphere in terms of heat, pressure, wind,
and moisture.

Wind Air in motion.



E. Skills, Processes, and AreaS of Study Utilized in Weather Predictions

1.0
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The Unique aspect of USMES is the degree to which it pro-
vides experience in the process of solving real problems.
Many Would agree that this aspect of learning is so impor-
tant as to deserve a regular place in the school program
even if it means decreasing to some extent the time spent
in other important,areas. Fortunately, real problem solving
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,
'illustrative list oi skills, processes, and areas of study
that are utilized in USMES. The charts rate Weather Pre-
dictions according to its potential for learning in various
categories of each of five subject areas--real problem solv-
ing, mathematics, science, social science, and language arts.
The rating system is based bn the amount that each skill,
process, or area of study within'the subject areas is used--
extensive (1), moderate (2), some (3), little or no use (-).
(The USMES Guide contains a chart that rates all USMES units
in a simillt way.)

The chart for real prOblem solving presents the many as-
pects of the problem-solving process that students genecally
use while working on an USMES challenge. A number of the .

steps in the process are useemany times and in different
orders, and many of the steps can be performed concurrently
by separate groups of students. Each aspect listed in the .
chart applies not onlY to the major problem stated in the

\
unit challenge 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-
ience with the problem-solving process.

The charts for mathematics, sêience, social science, and '

language arts identify the specific skills, processes, and
areas of study.that may be learned by students as they re-
spond to a Weather Predictions challenge and become involved
with certain activities. Because the students initiate the
activities,'it is impossible to,state unequivocally which
activities will take place. Ii is possible, however, to
document activities that have taken place in USMES classes
-and identify those skills and processes that have been used
by the students.

Knowing in advance which skills and processes are likely
to be utilized in Weather Predictions and knowing the extent
that they will be used, teachers can postpone the teaching
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of those skills ul the traditional manner until later in

the year: If the students have not learned them during
their USMES activities by that time, they ean study them in

*the usual way. Furttier, the charts enable a teacher to in-

tegrate USMES morehreadily with other areas of classroom

work. For example7 teachers may teach fractions,during'math
period when fractions are also being learned and utilized ine

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. T.uring

an USMES session the teacher may allow the students to
learn the skills.entirely on their awn or from othrx stu-
dents, Or the teacher may conduct a skill sessibn as the
need for a particular skill arises.

Because different USMES units 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
their 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:vide a variety of skills,
processes, and areas of study gs possible daing their years
in school. The charts and lists on the following pages can
also help teachers with this type of planning.

Some USMES teachers have used a chart similar to the-one
given heie for real problem solving as a record-keeping tool,
noting each child's exposure to the various aspects of the

process. Such a chart might be kept current by succeeding
teachers and passed on as part ora 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 also by altering the specific 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
Weather Predictions. Like the charts, theie lists are based
on documentation of activities that have taken place in

USMES classes. The greater detail of the lists allows teach-
ers to see exactly how the various rasic skills, processes,
and areas of study listed in the charts.may arise in Weather
Predictions.

1 4 ri4 s_



The number of examples in the real problem solving list
have been limited because the list itself would be unreason-
ably lonK if all the examples were.listed for some of the
categories. It should also be noted that the example(s) in
the first categoryIdentifying and Defining "Problemshave
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
intu 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,
and of social science? Even within one subject area, the
problem still remainswhat is the difference between graph-
ing 4g. a skill and graphing as an area of study? This prob-
lem has been partially solved by judicious choice of ex-
amples and extensive cross-referencing.
Because of this overlap of subject areas, there are

clearly other outlines that are equally valid. The scheme
presented here was developed with much cake 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 ih no way denies the
existence of other methods.
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REAL PROBLEM SOLVING Overall
Rating

Identifying and defining problem.

Deciding on information and investigations
needed.

Determining what neeas to be done first,
setting priorities.

Deciding on best ways to obtain informs-
.

tion needed.

Working cooperatively in groups on tasks.

Making decisions as needed.

Utilizing and appreciating basic skills
andyrocesses.

Carrying out data collection procedures--
observing, surveying, reseaphing,
measuring, classifying, experimenting,
constructihg.

Asking questions, inferring.

Distinguishing fact from opinibn,
releyant from irrelevant data,

reliable from unreliable sources.

1

1

2

1

1

1

REAL PROBLEM SOLVING Overall

Rating

Evaluating procedures used for data
collection and anlysis. Detecting
flaws in process or errors in data.

Organizing and'processing data or informa-
tion,

Analyzing and interpreting data or informa-

tion.

Predicting,formulating hypotheses, sug-
gesting possible solutions based ondata
collected.

Evaluating propbsed solutions in terms of
practicality, social values, efficacy,
aesthetid values.

TryiLg out various solutiOns and evaluating
the results, testing hypotheses.

Communicaeing and displaying data or
information.

Working to implement solution(s) chosen
by the class.

Making generalizations that might hold true
under similar circumstances; applying
problem-solving process to other real
problems. Y

1

1

1,

1

1

1

1

KEY:, 1 = extensive use, 2 = moderate use, 3 = some use, - = little or no use



MATHEMAT I CS Overallj.
Rating

Basic Skills

ClassifyingiCategorizing
Counting.
Computation Using Operations
Addition/Subtraction
Multiplicatidn/Division
Fractions/Ratios/Percentages

Business and Consumer Mathematics/
Mbney and Finance

Measuiing
Comparing

EstimitinglApproximating/Rounding Off
Organizing Data
Statistical Analysis
Opinion Survey6/Sampling Techniques
Graphing
Spatial Visualization/Geometry

Areas of Study

Numeration Systems
Number Systems and Properties
Denominate Numbers/Dimensions ,

Scaling
Symmetry/Similarity/Congruence
Accuracy/Measurement Error/

EstiMation/Approxilation
Statistics/Random Processes/Probajoility
Graphing/Functions
Fraction/Ratio

Max4mum and Minimum Values
Equivalence/Inequality/Equations
Money/Finance
Set Theory

3

1

1

1

1

1

1

1

1

1

1

3

2

1

1

3

1

1

1

1

3

1

SC I ENCE
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Overall
Rating

Processes

Observing/Describing
Classifying
Identifying Variables

Defining Variables Operationally
Manipulating, Controlling Variables/

Experimenting
Designing and Constructing Measuring
Devices and Equipment

Inferring/Predicting/Formulating,
Testing Hypotheses/iiodeling

Measuring/Collecting, Recording Data
Organizing, Processing Data
Analyzing, interpreting Data
Communicating, Displaying Data
Generalizing/Applying Process to New
Problems

Areas of Study

Measurement
Motion
Force
Mechanical work and Energy
Solids, Liquids, and Gases
Electricity.

Heat
Light
Sound
Animal and P.lant Classification
Ecology/EnVironment
Nutrition/Growth
Genetics/Heredity/Propigation
Animal and Plant Behavior
Anatomy/Physiology

1

1

1

1

1

1

2

1

1

3

1

3

3

1

KEY,: 1 extensive use, 2 moderate use, 3 some use, - little or no use
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SOC I AL SC I ENCE Overall

Rating

Process

06*serv1ng/De8cr1b1ng/C1assifying
Identifying Problems, Variables
Manipulating, Controlling Variables/

Experimenting

Inferring/Predicting/Formulating,
Testing Hypotheses

Collecting, Recording Data/Measuring
Organizing, Processing Data
Analyzing, Interpreting Data
Communicating, Displaying Data
Generalizing/Applying Process to Daily Life

Attitudes/Values

Accepting responsibility for actions and

retinas
Developing interest and involvement in

humad affairs .
Recognizing the importance of individual

and group contributions to society
Developing inquisitiveness,,self7yeli

and initiative
Recognizing the values Of cooperation,

group work, and division of labor
Understanding modes of inquiry used in the

sciences, appreciating their power and
precision

Respecting the views, thoughts, and
feelings of others

Being open to new ideas and information
Learning the importance and influence of

values in decision making

Areas of Study

Anthropology
Economics
Geography/Physidal Environment
Political Science/Government Systems

Recent.Local History
Social Psychology/Individual and Group

Behavior
Sociology/Social Syste6

2

1

3

3

1

1

1

1

1

1

1

1

1

1

LANGUAGE ARTS Overall
Rating

BasicSkills

Reading
,Literal Comprehension: Decoding Words,

Sentences, Paragraphs

Critical Reading: Comprehending
Meanings, Interpretation

Oral Language
5peaking
Listening
Memorizing

Written Language
Spelling
Grammar: Punctuation, Syntax, Usage

Composition

Study Skills
Outlining/Organizing
Using References and Resources

Attitudes/Values

Appreciating the value of expressing ideas
through speaking and writing.

Appreciating the value of written
resources

Developing an interest in reading and

writing
Making judgments concerning what is read
Appreciating the value of different forms
of writing, differentlorms of
communication

1

1

1

3

3

3

3

1

1

1

2

1

1

KEY: 1 = extensive use, 2 = moderate use
3 = some use, - = little or no use
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REAL PROBLEM SOLVING IN WEATHER PREDICTIONS

Identifying and Def,ining Problems

Deciding on Information Needed

Determining What Needs to Be Done
_First, Setting Priorities

Deciding or Best Ways to Obtain
Information Needed

Students decide that predicting the weather for weekend
activities is a problem for them.

See also SOCIAL SCIENCE lisi: Identifying Problems,
Variables.

-?

After a discussion students decide they need to collect
information on various weather characteristics, such as

. temperature, pressure, wind direction, and cloud types.:

Students'decide first to observe weather and make simple
predictions; students later decide touse data from
instruments in their predictions.

Students decide to record weather data in logbooks and
then to graph it.

Children establish a schedule,for daily measurements of
weather data, such as wind direction, temperature,

, barometric pressure, cloud cover.
Children decide that, as a check, at least twochildren

will read each thermometer, barometer, etc., when
taking measurements.

Children decide to do research in library on weather
topics.

Working Cooperatively in Groups on :asks Students form groups to collect data on different
weather variables and to make daily Predictions.

Waking Decisions as Needed Students decide to work in groups so that more can be
accomplished.

Students decide that certain data collection procedures
or construction designs are best.

Students decide to make a presentation to the principal
requesting permission to announce school-wide forecasts
on the PA system.

Utilizing and Appreciating Basic Children measure temperatures at different times of the
Skills and Processes day to verify their predictions.

Children prepare graphs of their weather data.

157
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ilizing and Appreciating Basic
ills and Processes (cont.)

arrying Out Data Co lection Procedures--
pinion Surveying, Researching,

suring, Classifying, Experimenting,
onstriicting

sking Questions, Inferring

Students recognize that making a4urate weather pte-
dictiona and communicating them to others wil, help
many people besides themselves.1

Students write letters to and exchange infornytion with
!children in other parts of thelcountry.

See also MATHEMATICS, SCIENCE, SOCIAL SCIE CE,.and
LANGUAGE ARTS lists.

/
Students conduct opinion survey ito see whether other

students are interested in receiving their weather
report.

Students research weather topics in the library.
Students measure different weather variables, for ex-

ample, temperature, relative humidity, barometric
pressure.

Students categorize different typeg of weather, types of
clouds.

Students devise experiments to, demonstrate different
weather phenomena.

Students construct simple weather instruments.
See also MATHEMATICS list: Ciassifying/Categorizing;
Measuring. ,

See also SCIENCE list: Obsering/Describing; Classifying;
Manipulating, Controlling VOriables/Experimenting; De-
signing-and Constructing ReOuripg Devices and Equip-
ment; heasuring/Collectingi Recording Data. .

See also SOCI4 SCIENCE list Observing/Describing/
Classifyin0 Manipulating,[Controlling Variables/
Experimenping; Collecting,1Recording Data/Measuring.

1

Students ask whether watching certain weather character-
istica will enable thept t predict the weather and
infer from correct forecagts that it will.

Students ask whether there is a relationship betWeen
changes in barometric pregsure and the future weather
:and infer.from observaticins that there is.

Students ask Whether knowirtg the weather ahead of time
will help them plan their after-school activities.

See also SCIENC8 list: InIferring/Predicting/Formulating,
Testing Hypotheses/Modelring.

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



Distinguishing Fact frmOThiàffT
Relevant from Irrelevant Data,
Reliable from Unreliable Sources

11.

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

Organizing and Processing Data

Analyzing and Interpreting Data

Students realize that some folklore about weather is non-
sense (such as the groundhog's shadow presaging more
winter) and some is based on scientific fact (such as
a ring, or halo around the moon or sun foretelling
rain).

Students realize that certain variables (such as wind
direction, cloud types, pressure'change) are more
relevant to predicting the weather than others (such
fts amount of rainfall or wind speed).

Students find that their own,forecasts or those.of the .

weather bureau, TV, or newspaper are more reliable than
the Farmer's Almanac.

Children decide to record their weather predictions as
them formulate them so that they can be verified.

Students measuring,outside temperature under a variety
of conditions obtain widely varying results. They
discuss the discrepancies and choose one location in
which to take 4e measurements.

Children agree thact the information given on weather
naps should be when they make predictions.

See also MATHEMAT CS list: Estimating/Approximating/
Rounding Off.

, Students record their temperature data on a chart.
Students add the record of actual weather to the record
of prediFtions.

See also MATHEMATICS list: Organizing Data.
See also SCIENCE and SOCIAL SCIENCE lists: Organizing,i
Processing-Data.

Students*find average temperatures for a certain period
of time.

Students analyze data to see whether changes in pressure
produce'certain types of weather.

See also MATHEMATICS list: Comparing; Statistical Analy-
sis; Opinion Surveys/Sampling Techniquss; Maximum and
Minimum Values; Graphing.

See also SCIENCE and.SOCIAL SCIENCE lists: Xnalyzing,
Interpreting Data.

4. 56
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Predicting, Formulating Hypotheses,
Suggesting Possible Solutions Based
on Data Collected

Students hypothesize that they can predict the weather
with reasonable accuracy by using their data.

After successfully formulating short-term predictions for
a certain.amount of time, students suggest making daily
predictions on the school's public address system.

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

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

Evaluating Proposed Solutions in Terns of Children discuss how accurate their predictions have
Practicality, Social Values,,Efficacy, been and what effects the knowledge has had on other
Aesthetic Values students.

A

Trying Out Various Solutions and Students predict the weather using different combinations
Evaluating the Results, Testing of factors to find those that work best,
Hypotheses Students use best combination of weather characteristics

to make forecasts.
See alse SCIENCE list: Inferring/Predicting/Formulating,

' Testing Hypotheses/Modeling.
Seg also SOCIAL SCIENCE list: Inferring/Predisting/
Formulating; Testing Hypotheses,

Communicatingyind Displaying Data
or Infbrmation

Children make a line chart to show variation in tempera-
ture readings for a two-week period.

Students keep a chart of their daily weather predictions
and of the actual weather.

See also MATHEMATICS list: Graphing; Scaling.
See also SCIENCE and SOCIAL SCIENCE lists: Communicating,

Displaying Data.
0

See also LANGUAGE ARTS list.

Working to Implement Solution(s) Students present their plan for school-wide daily
Chosen by the Class weather predictions to the principal.

Making Generalizations that Might Hold Students who have drawn graphs to display data in one
True Under Similar Circumstances; Applying instance more readily draw graphs in other instances.
Problem-Solving Process to Other Real Students working on Weather Predictions apply skills they
Problems have acquired to their work on Nature Trails.

See also SCIENCE list: Generalizing/Applying Process to
New Problems.

See also SOCIAL SCIENCE list,: Generalizing/Applying.
Process to Daily Life.



ACTIVITIES IN WEATHER PREDICTIONS UTILIZING MATHEMATICS

Basic.Skills

Classifying/Categorizing

Counting

Computation Using Operations:
Addition/Subtraction

Computation Using Operations:

Multiplication/Division

Computation Using Operations:

Fractions/Ratios/Percentages'

Categorizing characteristics or properties of weather.
Categorizing characteristic or properties of weather in:

more than one way.

Using the concepts of sets (subsets, unions, inter-
sections, set notation) for discussing weathei factors.

See also SCIENCE list: Classifying.
See also SOCIAL SCIENCE list: Observing/Describing/
Classifying.

Counting the number of days when forecast was accurate.
Counting and tallying votes on the accuracy of a pre-

diction.

Counting to read scales on instruments, such as thermom-
eter, barometer.

Counting by sets to find scale for graph axes.

Adding one- or two-digit whole numbers to find total
tary or total measurement, such as rainfall during a
one-week period, etc:

Subtracting to find differences between predicted and
actual measurements, such.as temperature, relative
humidity, etc.

Subtracting one-, two-, or three-digit whole numbers to
find ranges for graph axes or for measurement data.

Multiplying or dividing to find scale for graph axes.
Multiplying and dividing to convert temperature readings

from centigrade to Fahrenheit and vice versa.
Dividing to calculate averages, such as temperature,

rainfall, etc.

Dividing to calculate ratios, fractions, or percentages,
such as percentages of correct predictions over a given
amount of time-

A

Using mixed numbers to perform calculations, euch as
calCulating total precipitation for a given period,

Changing fractions to higher or lower terms '(equivalent
ftactions) to perform operations such as calculating
total amfunt of rainfall.
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Computation Using Operations:
Yractions/Ratios/Percentagep (cont.)

Measuring

Using ratios and fractions to convert from centigrade

, to Fahrenheit and vice versa.
Using fractions ill measuremenL, graphing, or graphic
, comparisons.
Calculating percentage of accurate weather predictions.
Usingdecimal fractions to express barometric pressure
or rainfall.

Uiing lieicentage to express relative humidity.
Using percentages to express chance of rain or to measure

cloud cover.

Using different standard units of measure, for example,

measuring temperature in degrees Fahrenheit and degrees
cenfigrade.

Reading measuring devices accurately when measuring air
pressure, temperature, humidity, etc%

Taking repeated measurements and using the median
measurement. .

See also SCIENCE list: Measuring/Collecting, Recording
Data.

See aiso SOCIAL SCIENCE list: Collecting, Recording
Data/Measuring.

Comparing Comparing qqantitative data gathered from various
sources, such" as data from different indoor and out-
door thermometers or data from their instruments with
that from newspapers or TV.

Comparing qualitative information gathered.from various

sources, such as weather folklore.
Oomparing qualitative with quantitative data.
Comparing predicted weather data and actual weather data.
Making graphic comparisons, of fractions and ratios when

analyzing data, such as the proportionate number of
days it rained in a month.

Comparing costs of various construction materials':
Using the concept of greater than and less than, e.g.,

in making comparisons of change's in barometric pressure
readinsgs, temperature readings.

See also SCIENCE list: Analyzing, Interpreting Data.
See also SOCIAL SCIENCE list: Analygng, Intelpreting

Data.

Estimating/Approximating/Rounding Of4.. Estimating error in measurements or readings of instrument
scale or error in qualitative judgments on daily
weather predictions.



Estimating/Approximating/Rounding Off Determining when a measurement is likely to be accurate
(cont.) enough for a particular purpose.

Using approximation in constructing weather instruments.
Rounding off measurements, for example, wind speed,

barometric pressure, temperature, to nearest whole
number.

Estimating wind speed.
Calibrating a homemade instrument.

Organizing Data

Statistical Analysis

kr.*

Organizing and classifying sets of weather observations.
Recording data on actual weather so that it corresponds

to data on predictions and weather factors.
Tallying on bar graphs or histograms.

Ordering real numbers on a number line or graph axis.
Ordering the steps in a process.
Ordering inches, feet, yards, degrees.
See also SCIENCE list: Organizing, Processing Data.
See also SOCIAL SCIENCE list: Organizing, Processing

Data.

Interpreting bar graphs, histograms, scatter graphs, etc.

Finding the mean and mode in an ordered set of tempera-
ture data.

Assdssing the.predictability of weather based on
climatology data.

Correlating fictual weather with changes in weather
factors.

betermining range of temperature data (e.g., for a given
. month).

Compiling quantitative data on wind direction.
Making short- and long-range predictions based on

climatology data, instrument readings, weather maps.,
See also'SCIENCE list: Analyzing, Interpreting Data.
See also SOCIAL SbIENCE list: Analyzing, Interpreting
Data.

Opinidn Surveys/Sampling Techniques Conducting survey to determine interest of others An
receiving daily weather forecasts.

See also SCIENCE list: Analyzing, Interpreting Data.
See also SOCIAL,SCIENC list:. Analyzing, Interpreting

Data.
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Graphing

Spatial Visualization/Geometry

Areas of Study

I I

Using alternative methods of displaying data, e.g.,
temperature data, barometric pressure data.

Making a graph form--dividing axes into-parts, deciding
on an appropriate scale.

Representing data on graphs.
Bar graph--percentage of correct forecasts for

different combinations of weather factors.
Conversion graph--measurements of temperature in

degrees Fahrenheit vs. degrees centigrade.
Cumulative distribution graph--number of days the

maximum temperature was a certain value or less.
Histogram--number of,days the temperature was a

certain value in a giVen period Cf time.
Line chart--daily barometric pres6re or temperature

readings'for a two-week (or longer) period.
Line graph--hourly temperature readings on a given

day.

Scatter graph--change in barometric pressure vs.
amount of rainfall on, the same day.

Representing several sets of data on one graph.
Obtaining information from graphs.
'See also SCIENCE list: Communicating, Displaying Data.
See also-SOCIAL SCIENCE dist: Communicating, Displaying

Data.

Constructing and using geometric figures, for eXample,
triangles, circles, in the construction of weather
instruments.

Using the concept.of greater than and less than to com-
pare geometric figures.

Measuring and constructing weather instruments using
rulers, compasses, and protractors. '

Numeration Systems Using the decimal system in measuring rainfall,
tarometric pressure.

Using fractionsyhen measuring while constructing
weather instruments.

See also Computation Using,Operations: Fractions/
Ratios/Percentages.

Number Systems and Properties See Computation Using Operations.

I
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Denominate Numbers/Dimensiong See Measuring.

Scaling

Accuracy/Measurement Error/
Estimation/Approximation

Using maps to chatt and derive weather information, such
as data on.fronts, locations of high pressure and low
pressure regions.

See Measuring and Estimating/Approximating/Rounding
Off.

Statistics/Random'Processes/Probability See Statistical Analysis.

Graphing/Functions

Fraction/Ratio

Maximum and Minimum Values

Equivalence/Inequality/Equations

Set Theory

See Graphing.

See Computation Using Operations: Fractions/Ratios/
Percentages.

Finding most efficient way to make accurate weather
predictions,

Recording and graphing maximum and minimum daily
'temperatures.

See Comparing.and Computation Using Operations.

See Classifying/Categorizing.

I)
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Observing/Describing

ACTIVITIES IN WEATHER PRELTCTIONS UTILIZING SCIENCE

Ohaerving/describing the weather after an outside/a
servation.

Observing/describing cloud types.
Observing changes in temperature by reading a homemade

or commercial thermometer.',
/

Observing early morning dew on grass during outside
observation. ,

/
See also SOCIAL SCIENCE list: Observing/Describing/
Classifying. I

'I

Classifying Determining which portions of the yard are shaded and
which are not.

Classifying clouds into their various categories.
Classifying the day's weather as clear, rainy, cloudy,

etc.

See also MATHEMATICS list: Classifying/Categorizing.
'See also SOCIAL SCIENCE list; Observing/Describing/

Classifying.
4

/V

Identifying Variables

Defining Variables Operationally,

Identifying weather variables important to accurate pre-
dictions.

Identifying temperatu re, wind direction, barometric
pressure, cloud cover, rainfall, and relative humidity,
as things to be meaiured. 7-

Identifying time-of day as.one of the things to be
'controlled.

See also SOCIAL SCIENCE list: :Identifying Problems/
Variables.

Defining,outside temperature as the temperature measured
by a thermometer in degrees'centigrade (or Fahrenheit)
at some given point on the school grounds (or as the
average taken at several pointa).

Defining wind direction as the dOmpass direction'from
whidh the wind blows. I

Defining the value of the baroietric pressure as the
value shown on the scale of ian aneroid barometer.

Defining cloudy as 757,or more/of the sky covered, sunny
as 25% or less of the sky cOvered, and partly cloudy
as anything between these t'ro.

JLJ
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Defining Variables Operationally (cont.) Defining rainfall as the amount of water in inches col-
lected in the rain gauge In a twenty-four hour period.

Defining relative humidity as thepercentage read from a
table based on the difference in the readings of a .

wet-bulb thermometer and a dry-blub thermometer. e

Manipulaeing, Controlling Variables/
bcperimenting

k

Designing and Constructing Measuring
Devices and Equipment

Inferring/Predicting/Formulating,
Testing,Hypotheses/Modeling

4

Measuring/Collecting, Recording Data

Measuring temperature, pressure, and/or relative humidity
under various conditions--certain time of day, certain
place around school, etc.

Designing and conductiqg experiments to explain various
weather phenomena.

See aldo SOCIAL SCIENCE list: Manipulating, Controlling
Variables/Experimenting.

Constructing weather instruments to build a schoo,1
weather station, for example, wind vane, rain gauge,
mineral oil barometer, psychiometer.

Inferring from observation data that a correlation exists,
between wind direction and the weather it brings.

Inferqng from observation data,that a correlation exists
between rainy or cloudy'weather and barometric pressure.

Using data and observation to predict the weather for the
-* next day.

Hypothesizing that the,weather can be more accurately
predicted by using all available observation data;
comparing accuracy of predictions made using various,
numbere,of weather factors.

Hypothesizing that mineral oil barometer will be more
accurate if it is kept at constant tqmperatdre; moving

4y ,
barometer and comparink accuraCy of results in the two
locations.

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

,

Using thermometers to measure temperature, barometers to
measure barometric pressure, etc., and recording read-
ings on weather charts and graphs.

4, Noting and writing down weather Oat is associated with
various types of clouds.

See also MATHEMATICS list: Measurihg.
See also'SOCIAL SCIENCE list: Collecting, Recording

Data/Measuring. ,
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Organizing, Processing Data

Analyzing, Interpreting Data

Communicating, Displaying Data

Ordering temperature (pressure, humidity, rainfall, etc.)%
data accordingto time of day and day of week.

Counting and tallying number of days of certain types of
weather.(rain, snow, dloudy, partly cloudy, sunny) for
different wind directions (for different cloud types,

for changes in pressure).
See also MATHEMATICS list: NOrganizing Data.
See also SOCIAL SCIENCE list: Organizing, Processing

Data.

\

Calculating average temperature readings for a week.
Spotting patterns and trends in climatological data:

correlating changes in pressure (wind direction,
humidity, temperature) with weather that gollows such
changes.'

See also MATHEMATICS list: Comparing; Statistical
Analysis; Opinion Surveys/Sampling Techniques; Graph-

. ing; Maximum and Minimum Values.
See also SO&AL SCIENCE list: Analyzing, Interpretng

Data. .

Showing weather datason graphs and charts.
Posting written forecast ori bulletin board vr giving

oral forecast over intercom.
See also MATHEMATICS list: ,Graphing.
Sei.also LANGUAGE ARTS list. 4

/
..- .

Generalizing/Applying Process to Applying skills acquired from work on Weathe'r Predictions

New Problems to Play Area Design and di3e.
.

Using knowledge acquired from working on Weather Pre-
.

:, dictions to predict the weather for a camping trip to
.

%
.

:
another section of state.

4'
..

... See also SOCIAL SCIENCE list: Generalizing/Applying

40' PrdCess to Daily Life.

Areas of Study

Measurement Measuring temperature with Fahrenheit and centigrade
thermometers; measuring.pressure using various types

. of barometers; etc.
Using diffetent measuring tools to measure different
weather variables, for example, wind direction, temper-
ature, baromkrio pressure.



Measurement (cont.) See also Measuring/Collecting, Recording Data.
See also MATHEMATICS list: Measuring.

Motion

Speed/Velocity Observing that wind varies in speed and direction.
Observing that as wind Speed increases, different objects
, (leaves, flags, tree branches, etc.) are set in motion.

Force Observing that force must be exerted to hammer nails into
wood, noting that the hammer multiplies the force that
is exerted (when constructing weather instruments).

Air Pressure Observing that weather often becomes, or remains fair

when atmospheric pressure remains steady or goes up.
Observing that weather often becomes or remains poor

when/atmospheric pressure falls steadily or rapidly.
Observing changes in barometric iressure by reading home-

made or commercial liquid-filltd barometers or aneroid
barometers.

Observing that differences in air pressure cause a liquid
to rise in a tube containing a partial vacuum.

Liquids,'and Gases

States of Matter Observing dew or frost condensed on the inside of a,window
or on the grass.

Observing the air around them and various forms of_

precipitation.

Observing that snow collected outside turns to water when
brought into the classroom.

Noting that the weight of the jar containing snow is the
same as Ahe weight of the jar containing the melted
snow.

Observing that just before it rains, there is either a
sharp,increase in humidity while the temperature re-
mains the same, or a drop in temperature while the

humidity remains the same because warm a r holds more
moidture (water vapor) than cold air.

Noting that a change in cirrus clouds to(Jd wer types'of,
rain or snow clouds is often followed ly rain or snow.
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Properties of Matter Observing that different construction materials, such as
lumber and Tri-Wall have different properties that
make them useful for different tasks.

Electricity Observing that mechanical energy of cloud movement can be
transformed into electrical energy in lightning.

Observing that electricity cad be transformed into
mechanical energy (saber saw, electric drill, etc.),
into heat energy (gluec'gun, etc:), into chemical energy
(battery charger).

Heat Temperature

Light

Sound

Observing and measuring changes in temperature by reading
a homemade or commercial thermometer.

Ob'serving that a clear night is colder than a cloudy night
because clouds tend to,prevent the heat of the earth's
surface from escaping.

Observing that high pressure areas and low pressure areas
°move across the country because of upper air winds
created by.unequal heating of earth's surface and ro-
tation of the earth.

Observing that winds bbow from places of high atmospheric
pressure to places of low atmospheric pressure because
of unequal-heatAmg of the atmosphere.

Observing land and sea breezes caused by Unequal heating
and cooling of bodies of land and water.

Observing that clouds change from cumulus to towering
cumulonimbus (thunderheads) before a,thunderstdrm as
clouds are pushed upkard by,temperaturd.differences.

Observing ring (halkaround sun Or moon due to refraction
of light through ice particles in cirrostratus clouds.

Observing rainbow (separation of white light intd colors)
due to refraction of light throughwater droplets.

Observing alternating dark and light areas as clouds block
direct Sunlight from reaching the ground.

Observing reflection of light off water droplets in
clouds.

Observing flash of lightning as electrical energy is
transformed into light energy. .

4

Observing that the sound of thunder arrives later thati
the flash of lightning that caused it because sound
travels Much more slovily than light.

0



Sound (cont.)

Ecology/Environment

Estimating distance of thunderstorm by using conversion
of five seconds (between flash of lightning and sound
of thunder) for each mile of distance to storm, based
on speed of sound of about 1100 ft/sec.

Observing that weather plays a key role in determini74
the environment and ecological cycles in a given region.

Noting that seasonal changes in weather determine types
of plants and animals in a given area.
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ACTIVITIES IN WEATHER PREDICTIONS UTILIZI G SOCIAL SCIENCE

'Process

Observing/Describing/Classifying

Identifying Problems, Variables

Manipulating, Controlling Variables/
ExOerimenting

Inferring/Predicting/Formulating,
Testing Hypotheses

Collecting, Recording Data/Measuring

Organizing and classifying sets of ideas or information.
Observing and describing the effects of weather on

schoolmates, for example, indoor recess on rainy days.
See also MATHEMATICS list: Classifying/Categorizing.
See also SCIENCE list: Observing/Describing/Classifying.

4

Identifying the problems weather creates for people, for
example, diqcomfort, making travelling hazardous, fOrc-
ing the cancellation of school or school activities.

Identifying vtriables that affect the results of an
opinion ey, e.g., recent bad weather, age and
habits of eople.

See also SCIENCE list: Identifying Variables.

Determininglif there is a correlation between the relative
humidity and the discomforx a person feels.

Conducting an opinion survey using a stratified random
. sample ofistudents.
See also SCIENCE list: Manipulating, Controlling
Variable/Experimenting.

Inferring
it

hat knowing the weather ahead of time benefits
peopleij

Hypb-thes fing that others in the 111iii51 woUId-iike to
: . hear (or read) their weather report;tconducting opinion

*survey o determine if this is so. I

In.ferrin& that the results of amopinion survey based on
a stratified random sample reflect he opinions of all

1

studen
See also SCIENCE list: Inferring/Predicting/Forulating,m

Testin Hypotheses/Modeling.

Conduct4.ng opinion survey, counting responses.
-o See als MATHEMATICS list: Counting; Measuring.

See also SCIENCE list: Measuring/Collecting, Recording
Data.'



Organizing, Processing Data

Analyzing, Interpreting Data

Communicating, Displaying Data

Generalizinenplying Process to
Daily Life

Attitudes/Valus

Accepting Responsibility for Actions
and Results

Tallying opinion survey data.
See also MATHEMATICS list: Organizing Data.
See aiso SCIENCE list: Organizing, Processing Data.

Comparing survey responses to determine that others do
want the weather forecast.

Comparing survey data obtained from different groups of
people or samples of different size.

Evaluating the way the survey was administered, the size
and makeup of thesample.

See also MATHEMATICS list: Comparing; Statistical
Analysis; Opinion Surveys/Sampling Techniques;
Graphing; Maximum and Minimum Values.

See also SCIENCE list: Analyzing, Interpreting Data.

See MATHEMATICS list: Graphing.
See SCIENCE list: Communicating, Displaying Data
See LANGUAGE ARTS list.

Using knowledge and techniques acquired from predicting
weather daily to help in making decisions that are
affected Vy weather, e.g., what to wear.

Using the knowledge acquired to help predict the weather
for special events outside of,school.

Usi'ng one'eknowledge of opinion surveys on other
surveys.

See also SCIENCE list:Generalizing/Applying Process to
New Problems.

Making sure that various tasks (e.g., collecting weather
data from instruments, newspapers) are done.

Scheduling hours and personnel to take the various
measurements.

Schpduling and giving presentations to person in author-
ity, such as the principal, to obtain approval for
proposed changes, for example, school-wide forecasting
service.

Scheduling and giving forecasts.
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Developing Interest and Involvement in
Human Affairs

Informing schoolmates of weather predictions to help
them in'the planning of their activities.

Noting that weather affects people everywhere and that
being able to anticipate storms, floods, drought, etc.,
will benefit the community.

Recognizing the Importance of Individual Recognizing that accurate weather predictions benefit
and Group Contributions to Society others in the school, not'only themselves.

Assessing the effects of group action on school regula-
tions.

Developing Inquisitivenes, Self-
Reliance, and Initiative

c'

Recognizing the Values of Cooperation,
Group Work, and Division of Labor

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

Respecting the Views, Thoughts, and
Feelings of Others

Conducting group sessions with help from teacher.
Finding their own solutions to problems encountered in

addition to the main'problem of the challenge.
Choosing and developing the best way of presenOng a
plan to the principal.

Finding that work on making accurate weather predictions
progresses more rapidly and smoothly when they work in
groups.

Eliminating needless overlap in work.
Finding that work is more fun and proceeds more smoothly

when people cooperate.

Using scientific modes of inquiry to investigate
weather and make accurate predictions.

Using data, charts, graphs, and other supportive material
to share collected data with others, to spot trends,
and to make accurate predictions.

See also MATHEMATICS and SCIENCE lists.

Considering all suggestions and assessing their merits.
Recognizing differences in value$ according to age, ex-

perience, occupation, income, interests, cultures-race,
religion, and ethnic background.

Recognizing core values of daily living: fair play and
justice, free speech, opportunity for decision making,
opportunity for self-respect, freedom of choice, right
to privacy, acceptance of the life styles of the
cOmmunity, group identity.



Being Open to New Ideas and
Information

Learning the Importance and Influence
of Values in Decision Making

Areas of Study

Geography/Physical Environment

Recent Local History
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Considering other ways of doing various tasks.
Conducting library research in various aspects of problem.
Asking other members of the class for ideas and sugges-

tions. 1.

Asking other people, such ad weather forecasters/
meteorologists, for opinions, ideas, and information.

Recogniiing that facts alone do not determine decisions,
that problematic situations haveno set answers.

Recognizing-that different people have different
vocations/avocations that affect the type of weather
they would prefer, for example, members of the tennis
team might prefer dry, clear weather while those
people with gardens might prefer some wet days.'

Investigating differences in weather due to differences
in geography of regions.

Introducing the children to geography through the use of'
weather maps and climatology data.

Finding and using climatological data for local region.
Noting that climatological data is the weather history
of an'area.



ACTIVITIES IN WEATHER PREDICTIONS UTILIZING LANGUAGE ARTS

Basic Skills

Reading:

Literal Comprehension--Decoding
Words, Sentences, and Paragraphs

Reading:

Critical Reading--Comprehending
M.eanings, Interpretation

Oral Langliage:

Speaking

Oral Language:

Listening

Oral Lgngaager
Memorizing

Written Language:
Spelling

Decoding words, sentences,.and paragraphs while reading
books on wea.:aer topics, newspai:er weather forecasts.

0

Obtaining factual information about clouds, weather
fronts, various forms of precipitation, barometric
pressure.

Understanding what is read about clouds, weather flonts,
various forms of,precipitation.

Interpreting what is read, such as weather forecasting,
clouds, weather fronts.

Offering ideas, suggestions, and criticisms during discus-
sions in small group work and during class didcussions
on problems and proposed solutions.

Reporting to class about data collection, predictions,
construction activities, etc.

Responding to criticisms of activities.
Preparing, practicing, and.giving effective oral presenta-

tions to principal requesting permission to implement a
weather, prediction service.

Preparing,fpracticing, and giving weather reports on
school intercom.

Using the telephone properly and effectively to obtain
information, arrange a field trip, or to invite a
resource person to speak to the clads.

Using rules of grammar in speaking.

Following spoken directigns.
Listening to group reports.

Memorizing portions of oral presentations.

I

Using correct spelling in writing.

N



Written Language:

Grammar--Punctuation, Syntax, Usage

Written Language:
Composition

Seudy Skills:
Outlining/Organizing

0

Study Skills:

Using References and Resource's

Attitudes/Values

Appreciating the Value of Expressing
Ideas Through Speaking and Writing

.

Apprecfating th2 Value of Writtdn
Resources

Developing an Interest in Reading
and Writing ,
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Using rules of grammar in writing.

4 Writing to communicate effectively:

preparing writpen reports and letters using notes,
data, graphs', charts, etc., commdbicating need for
pr posed action'.

prgjParing written forecasts for schdol community.
orresiSonding with classes in other regions of

'?). the country about weather.

Taking notes.

Planning and preparing drafts of letters, reports, or
forecasts for critRal review by the class before
final copy is written.

Organizing ideas, facts, data for inclusion in letters,
reports, presekations, etc.

I

Using library to research informatiori on weather topics.
Using various reference volumes (dictionary, encyclo7

pedia, etc.) to locate information.
Finding a meteorologist and inviting him/her to speak to

the class and answer questions for them. ,

Using indexes and tables of contents of books to locate
desired information.

Using "How To" Cards for information on graphing, weather
instruments, etc.

Finding thht the prfncipal may be persuaded to approve a
daily public,address weather broadcast when presented
with definite, documented reasons for doing so.

Finding ehat certain desired informatiton can be found in
books on weather. 0 !

Willingly looking,up information on'weather topics.
Looking up further or-moredetailed information oniair
pressur, , wind speed,'etc.

Showing d sire to work on\4afting letters, reports, etc.,



Making Judgments Concerning What is
Read

Appreciating the Value of Different
Forms of 4.tritini, Different Forms

of Communi4ation

t

ft

Deciding whether what is read is applicable to the

pafticular problem.
neciding how reliable the information obtained from

reading is.
Deciding whether the written material is appropriate,

whether it says what it is supposed to say, whether it
may need improvement.

Finding that certain data or infg.rmation can be best

conveyed by wrieing it down, y preparing graphs or

charts, etc.
Findltig that,certain data or infoxmation sho uld be

written down so that it can be refetred to at a later
thne._

Finding that spoken instruc ons are sometimes better
than written instructirs a d vice versa.

*
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