P ' DOCOUMENT RESOMPE

ED 190 365 - - SE 031 309 T
?

AUTHOR Bonar, John R., Ed.: Hathway, James A., Ed.

TITLE Probing the Natural world, Level III, Teacher'

Edition: Investiquti{ng variation. Intermodiate

s Science guvriculum Study.
INSTITOTION | Florida State Univ., Tallahassee. Dept. of Science H
’ fducation. - .
SPONS AGENCY National Science Foundation, Washington, D.C.: Office
' of Fducation (DHEW), Washington, D.C.
PUB DATE 72 ‘
NOTE T 114p.: For related documents, see SE 031 300-330, ED
L 035 559-560, ED 049 032, and ED 052 940. Contains
ey ‘colored and_shaded drawings and print which may not =~
reproduce well, . . ) :
p ) ]
EDRS PRICE HFO1/°C05 Plus Postagqge. .

DESCRIPTORS 6rade 9: *Human Body: Individualized Instruction.
. Instructional Materials?® Junior High Schools:
Laboratory Manuals: *Laboratory Procedures: _,
Mathematical Applications' *Measurement: *Sclence
Activities:; Science Course Improvement Projects: :
sclence Education: seécondary Bducations- Secondaty U
: Schonl Scilence: *S¥atistics:
* IDENTIFIERS- *Intermediate Science Curriculum Study

.ABSTRACT ,
This is the teacher's edition of one of the eight

units of the Intermediate Science Curriculum Study (ISCS) for level -
III students (grade 9). This unit focuses on diversity in human
pogulations, measurement, and data collection, Optional excursions

described for students who wish to study a topic in greater
~depth. An introduction describes principles of measurement,
variation, correlation, prediction, and wamplinq. Illustratlons ' ’.

accompany the text. (QA)
. . N

P R

. ™~
. L, '- - R ) \ ~ )
o v

?J.,'K fn \ a

S . -7 R . . o ) R . . . P .\’: \ ,

b - ‘

- . (8 k.f,_lL-_. ot _,. fert
*****************ii***t*************************************k********** o

'”ﬂ*'_ Reproductions supplled: by EDRS- are the best that can be rade *

* o ' from_the original document. .- - LN

**#*#****#*i***‘***************************#******************#********

oM . “Nare-

l."'. -* [ e .



o
l
P -

%
R v ulf

MM— T st R d‘t B - L3 o
X

t 101

* 3 . y
; MN‘ N ? x? '.~i ‘:‘\‘S‘o‘"

agpelog
N

gt

L o

e e T L

P

,,_____:
e . A oA S el .

PRV

sl

z
e

JE VI

4 s,
: . .:"n.
aadindidn e L L e e Cudhisend
.
T g e om g
ST
e A Sl el « oty FIoD

Ty US. DEPARTMENT OF HEALTH, ¥

. EDUCATION 8 WELFARE 4 A
bois ! NATIONAL INSTITUTE OF ;
. ; - ‘ EDUCATION )

CREV b1 . - ' s
Oy ! THIS DOCUMENT HAs 3EEN REPHD. f R
kgs.; £ : DUCED EXACTLY -AS RECEIVED FROM , N

iy THE PERSON OR ORGANIZATION ORIGIN- ! :
i 8 ) ATING 1T POINTS OF vIEW OR OPINIONS Hl + 4

i A i - ; STATED DO NOT NECESSARWLY REPRE- §¥ . )
TRy SENT OFFICIAL NATIONAL INSTITUTE OF ] i
Byl 3 EDUCATION POSITION GR POLKCY 3 b
g ; 8

N ZRER: ), S N
[N ‘ - - §y
YV 5 - r‘) Il T
ST ~ “PERMISSION TO REPRODUCE THIS B
. BRA ~% MATERIAL HAS BEEN GRANTED BY s 3
PR} . )

0 S "Mary L. Charles '
' ‘ ! Ty - ) I3
. '-3“' Of the NSF 2 . ’

f v " - 4
, . O-' \ N . ' ! 4

. L . o 9, . TO THE EDUCATIONAL RESOURCES
R . £, O ANEA.T_SNE W A4 . w3l INFORMATION CENTERJERIC)."
‘ . WO, "eﬂ_,‘-l'lr%t. R b s WU UM W P G it : e i

¥ robing the Natural Woria/3.

- .

s'. "H F
JRETT ALMY
& 5“1[_‘1

|
-
~
s
A e
'&ﬁ‘.ﬂ.‘.....

4
.
-
Z‘ < )
> i )




THIS BOOK IS THE PROPERTY OF: .
STATE. e
PROVINCE /| Book No.
COUNTY : Enter informuhonﬂ
PARISH in spaces
SCHOOL DISTRICT to the left as
OTHER — | instructed
£ . Yoar - CONDITION
ISSUED TO Used | “issuep “[reTurNep | T
» . ‘.\ - M |
- - Y - h

PUPILS to whom this textbook if issued must not write on 'c‘:’ny” poge -

or mark any paft of it in any way, consumable textbooks excepted.

). Teachers shouvid see that the pupil’s nome is cleorly written in ink in the spoces above in

- P
every bopk issved.
2. The following terms should be used in’ recording the condition of the book: New; Good; Folr; | .-
Poor; Bod. . f '
&
L]
- . .
. . . P. . t
.3
. oo
. ~
- .
. . ) e
@ .
t N ) . . } '
» \ N N
B .
, ; TP st A
\ ;r-‘éx b (‘ 3 Y "} u "‘“L e ¥ o "‘ S " ," ,. '-" : ‘q?‘ e " -’.' ‘ '1“;" .h'-:;‘ i:" SN
: . o ~
2 ' S S .

-

byt 200 SUREAN
RMERNT .
IS

IAay ')




I ﬁ_%\.‘@;‘:;_---- R . Y

. - 'Y a

* -

1 .3" ¥ * e

b K L T T NNTL A P TR R N T N VS Iy TR
&aw G AL o SN b i SRS s KT AL S 5 i T U S PSR o g

INTERMEDIATE SCIENCE CURRICULUM STUDY TEACHER'S EDITION

! ) ; ‘

-4

| Investigating Variation

-

Probing the Natural World / Level Il

.

’ !
’ . . . \
' ’ i >
) . t . . .
-~ -
/ ) ‘
) ' ‘ A . . .
N 6 \d v ‘

a’ i .

. .. ol , A5~

. 7 . .
. . '_ N N . < . : ‘
. . -, ¢ o R
QV ‘ \ .
a ! N » N . .
‘ N ) |
. — i . . \
* . i . - .
) ' . ¥ . .7 Y .
. . ‘“‘ C . . k A .
. L el \ ' . A : . N
S SILVER BURDETT S ¥ ‘_
: T GENERAL LEARNING CORPORATION g N

. y . ) - - S

_Marristown, New Jersey - Park Ridge, lii. . Palo Alto - Dallas - Atlanta

R . L -
> .. .




b

3

R s, e R

/

¥ T

‘United States-and Canada for use of this work without chatge in the English languags in the

TTTLS T, LR WL PPU L Ab s
AT B R U T (i

a

ISCS PROGRAM

-

LEVEL 1 Probing the Natural World / Volume 1 / with Teacher’s Edition *
Student Record Book / Volume 1 / with Teacher's Edition
Master Set of Equipment / Volume 1
Test Resource Booklet

LEVEL Il Probing the Natural World / Volume 2 / with Teacher’'s Edition
‘ Record Book / Volume 2 / with Teacher’s Edition
Master Set of Equipment / Volume 2
Test Resource Booklet

LEVEL lll Why You're You / with Teacher's Edltton
Record Book / with Teacher's Edition / Master Set of Equipment
Environmental Science / with Teacher's Edition
Record Book / with Taacher's Edition / Master Set bt Equipment
investigating Varlation / with Teacher's Edition

TITE T T T 'Retory ‘Book-~-with Teacher's £dition- 4 Master-Set of Rquipment- oo L f o

In Orblt / with Teacher's Edition,
Record Book / with Teacher's Edition / Mastor\‘Sol of Equipment’
. What's Up? / with Teacher’'s Edltlon
Record Book / with Teacher's Edition / Master Set ol Equipment
Crusty Problems / with Teacher’s Edition
Record Bdok -/ with Teacher's Edition / Master Set of Equipment
Winds and Weather / with Teacher's Edition
* Record Book / with Teacher's Edition / Master Set of Equipment
Well-Being / with Teacher's Edition
Record Book / with Teacher's Edition / Master Set of Equipment

" ACKNOWLEDGMENTS

The work presented or reported herein was performed pursuant to a Contract with the U. S.

‘Otfice of Education, Department of Health, Educatron. and Welfare. it was supported, also, by

the National{Science Foundation. However, the optnions expressed herein do not necessarily

refiect the position or policy of the U S. Office ot Education or the National Sclence Foundation LYY
and no officlal ondomoment by either agency should be inferred.

© 1972 THE FLORIDA srgs UNIVERSITY ) '

All rights reserved . Printed In the United States of America. Published simultaneously in
Canada . Copyright is claimed until 1977. Except for the rights to materials reserved by others,
the Publishers andfhe copyright owner hereby grant permigsion to domestic persons of.the

United State$ and Canada after 1977 providpd that the pubhcatlons lncorporatlng materiais
covéred by the copyrights contain an ackn ledgment of them and a statement that the
publication is not endorsed by the copyright’ owner. For conditions of use and permission to use
materials contained herein for foreign publications in othdr than the English language, apply to the
copyright owner. This publication, or parts thereof, may not be reproduced in any form by
photographic, eilectrostatic, mechanical. or any other method. for any use, including information
‘storage and retrisval, without written permission from the publisher.~

ILLUSTRATIONS: © 1872 GENERAL LEARNING COHPORATIO_N. Cs
ALL RIGHTS RESERVED. .

v




Wit | { S e D :
. - . -
.

4
L . .- 4 Lo ' . .
b sk ey AR S i e T S R R e s e SR n o g M g . s, . ; s 32

rd

~ | An Introduction

Basically, this unit is aimed at selected aspects of micasurenfent and analysis’
It would have been relatively casy to fall into the trap of presenting a short _
course in statistics.\Instead, the items selected are those considered useful to ‘
‘.. the ninth-grade student in conducting experimentat work-m the biological and g
v - earth sciences. In this respect, the unit could be thought of as furmishing some
helpful skills for the other units in ISCS Level 1I1. The combining of parent
traits in genetics, sampling techniques in geology, popylation studics in envi- i

ronmental science, and prediction procedures in meteorology are but a few .
, examples of skills that are closely related. ' _
The unit is designed to be short and concise. Vocabulary has been kept' to
_ a minimum. Terms are introduced only when they are thought to serve as a
ook convenient and necegsary “mental hook” upon which to hang an important _
. T dda The ThéasiifemEHts thiat art-gathered and manipulated.are fiom humans.
It may be hoped that a better undérstanding of human differences will develop

from the studies. _ . |

'MEASUREMENT '

All measurement involves a comparison, usually with a standard scale ‘or an
accepted norm. In measuring variation in human features, trajts, or behaviors, y .o
. however, part of the task may be in determining the reference points for the ' )
somparisons. Thercfore, a very useful tool in science is the operational defini- . K ,
. tion, which tells how something’is measured. In operationally defining, two ‘. : '
- B quesﬁdns may be asked: (a) How. can I tell if I have some? and (b) How can ' ,
" Ytell how much I have? There dre times when the first question can be answered . -
but the second one cannot. . __— : ' ’
Neot all measurement in science is casy. The extremely fast, slow, large, or
_ i small présent unique measurement problems. So alsq do many of the phe- = - . , . L
. "¥>@mena of interest to the behavioral sciences, such as personality characteristics ‘ S
_ or human traits. These so-called “fuzzy” measurements ar¢ introduced in the - " "
* ' unitnot to produce frustrated or insecure students, but rather to illustrate some ' o '
' " of the problems faced by practitioners. Certainly some scientists must live with
: - far “fuzziér” notions than others. ' n T
Y, . Numerical measurements in the unit are made ip general using the metric . \
, _.system. Students who have\participatcd in Levels I and 11 of ISCS should have ' R 4

T

~

_ "+ little difficulty. For others, and for those who need a review, an excursion *has - _ .-
- . been provided. Remedial and review liclp is also available on averagiog and” - ' s
*'rounding off numbers, and on constructing and measuring angles. .
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VARIATION

- ! “ .

_— - _All living humans belong to a sigle biological species, fHomo sapiens. Yet
‘ * “within this population exist wide’ differences i appearance. in location, 10
% language—in everything. No species of wild animal shows anything like this
range of vanation. And handling this universal variation presents many prob-
lems.. ‘ ' ) A
There are-really two basic methods of dealing with variaton. In the first— .
destriptive statistics—one describes the variation present in such terms as range '
and central.tendency. In the second-—predictive statistics—one attempls to use
o ) the knowledge gained from the descriptive aspect, along with the relationship
of variables, to make predictions. Both of these methods are used in the unit.
{ The range identifies the limits of the measurements. Operationally defined,
e _ . itis the largest measure minus the smallest measure. Although the méasure-
1« ' . ment of range is helpful, it does have its faults. Because it depends only ppon
> the two extreme measures, it is some times undependable; it can be changéd ;
o e - - considerably by the addition or omission of a single extreme measure. .
Of the several ways of measuring central tendency, only the mode and the
_ mean are used in this unit\The mode is the most frequent measurement; the
| - mean is the arithmetical average. The mode is particularly useful in digcussing
so-called “either-or’" variation. where the measure$ usually fall into two distinct
proups. Although the mpde may also-be used for continuously varying meas-
ures, the mean is suggfsted as more appropriate for such variation. *
If a sufficiently large number of measures are made of some continuously
- varying human feature or trait, and the data plotted on a grid, the resultat
smooth curve will in many cases be bell-shaped. This graph is called a normal,
or Gaussian, distribution curve. In the normal distribution, the mean and the
\ . » mode fall a* the same point. Most of the measures are clustefed n the center
~ of the range, giving the curve its characteristic “mountain” shape. |
_ Py Just because this symmetrical distribution is called a normal curve should
.o % nof imply that any measures that are not so distributed are abnormal. There
' . are many cases of continuous variation where the plotting of the measure$ leads
to curves that are not Gaussian-or normal. For ifstance, in the meteorology
unit, Winds and Weather, observations are made of the amount of sky that
_ is covered by clouds—a feature that varies -continuously f'ronﬁo to 100%. ,
© However, there is a strong tendency in nature toward the two ex(\lcmcs. The ’
+ sky tends tq be vety clear—cloudless—or very cloudy—overcast—with far fewer
: : - . - occasions of half-cloudiness. Graphing a series of observations leads to a
’ . U-stiapegl curve, which, though normal for nature, is very abnormal in shape.
hen data are plotted in vertical colunins, a type of bar graph called a
Histogram is-formed. Histograms help to visualize variation in measurements.
- Patterns of fliictuations are more easily discernible, especially where the meas-
. _ -~ - ures are of discrete numbers: They have the further advantage of presenting
the observations themselves, without manipulation on the part of the experi-
menter, as might be done in drawing a smooth curve or best-fit line. g .
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In statistics, it is often advantageous to have a measure of the spread of
data arbund the mean. The common method for doing this 15 by calcwlaung
the standard deviation. Bgcause this calculdtion involves the use of squares
and square roots of numbc(r},a similar, but much simpler, concept is introduced
in the unit. This consists of the somewhat arbitrary practice of dividing the

range into five equal patits, or-fifths. In a normal distribution, the most meas- -

urements fall in the middle fifth, or “fifth 3.” Fewer fall in “fifth 2 and 4.7
and still fewer in “fifth 1 and 5. With the mean (and mode) falling in the
middle fifth, a statement telling in which fifth a particular measure is found
gives its relative position in the range. B

13

CORRELATION AND PREDICTION

The display of vaniation data in tai)lcs,_ graphs, and histograms, and the calcu-

lation of means, modes, and fifths, are all ways of summanzirig the evidence

of a sample. But it is in using these descriptions that the relatiorghips between
variables become evident. By knowing one variable, then, the other can be
predicted. : b

Graphs, with best-fit lines, can be useful in predicting when the data repre-
sent continuous variation. They allow interpolation (making predictions within
the range of the data) with some degree of donfidence. Extrapofation (p‘r‘?dictin g
beyond the limits of the available data) can be done with much less reliability.
Measures of central tendency and scatter can give further clues.

Predicting with either-or data is usually more difficult. Contingency tables,
which give the relationship between two either-or variables; ean be used to
organize information for prediction. But the problem of drawing reliable
inferences concerning a population from a sample really involves probability.

- For example, suppose a tableqs made showing the relationship between lefi-

or right-handedness and left- or right-eyedness. It shows that 75 out of 100

pgople who are right-eyed are also right-handed. You still cannot predict with .

certainty that 3 of the next 4 right-eyed people who are tested will be right-
harided. The number nlight be 0, 1, 2, or all 4. You can only predict that there
is-a particular probability of this being true. 4

v »

\

SAMPLING ~~ . S >

This topic could hadve come first in'a disg:ussiox; of variation. Unless consid-
cratigais given to the characteristics of the population being sampled, and to
the method of sampling, the most carefully prepared and displayed data can

L4

.. ..Jead to unreliable inferences. This fact has caused considerable consternation
'+ among professional polisters. :

In general, the only good method of sampling is a random method. It is
the only w:*t_hat personal_prejudice, choige, bias, or favor can be, excluded.
o chooses to test only his fricndsqul some human trait can weight
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the sample 1 a particular duection. A person deterinning average imnecome

,',&& A who mterviews only those famihes jn an elite ncng!lborhood will have a sam-

From all that has been said previously. it 1s evident that the expenmenter

: can neyer say for certam what the total ‘population I merely by sampling it.

But suiSablc sampling techniques can help a great deal. One important con-

sideration (one to which you as a teacher should be especially sensitive) is

the size of thg sample. Human variation is (00 extensive, and certainly teo

maccessible, fo permit observation of the total population. But students are

noteworthy fdg taking toé small a sample. Itis somewhat akin to the inebnated

: gentleman who, with his staggering, gait. kept running nto the lonc tree n
. _ the yard and complaining that he was lost in a dense forest.

| - | !
. AN OVERVIEW

_ The unit begins with a look at some simple ways in which humans vary. The -
" - : first two are handednéss and perception of illusions. In order to focus attention
' on the procedures for measuring traits such as these, the concept of the opera-
, tional definition is stressed. Students are also introduced to the notion of the
v . . LT pooling of data in class charts and tables. _
' - Human features are classified as falling in the categories of either-or varia-
: ~ tions or continuous variations. As & possible method for handling the first
- oategory, students are introduced to contingency tables. They see that a rela-
. tionship between variables: becomes evident from such tables. LT
' The histogram is introduced as a means of displaying data, and studc‘nts'
isee that grouping of data can make a pattern more obvious. The range, mean,
» and mode are operationally defined. As a measure of the spread of data around
ro. the mean, the to;al range is divided into fifths; relal’ivc position of an indiv'idual -
‘ ;) measurement cdn then be stated for comparison purposes. . . '
Furthér comparison of individual measurements with those of the gipup is

_ _ ' _ - afforded in additional situations. Some of these measurements could be called
\_ ‘ ' " . “fuzzy™; that is, the feature or trait can be detected, but it canhot »Z assigned

L :o N a numerical value. . : - -
a - - * The unit concludes with a series of problems of a practical nature. Students

‘are expected: to apply thegfiechniques of data-gathering, tabulation, and orga-
' . nization that they learne earlier. On the basis of their findings, they are called .
- on to make degisions for the solutions of problems.  p

’

. ; .
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GENERAL INFORMATION . S

oy ..

, . \ )
. Each chapter. of the Teacher’s Edition contains an equipment list for that
> _ ) chapter. The sameis true for each excursion. In addition, the last page of each
' ,‘chéplcr alerts you to preparations necessary for the following chapter. Among
_ Yhe materials listed wilk\be some items that must be supplied locally. These
"." include a clock or watch‘w.it%"sécond hand for Chapter 1; notebook paper for-
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Chapter 2: string, chalk, a glass. a babv-food jar, or a beaker, and a clock
4 or watch with sccond hand tor Chapter 4. In additon are sticks for Excursion
4-2 and white paper and paper towels tor Excursion 4-3.
At various points in the unit. students are called upon to pool their data®
so that all members of the class have access to them. You should give some:
consideration to the method you want to use. Teacher notes on page 5 in

-~y

Chapter 1 make suggestions that may help. .

r

) 'GET IT READY NOW FOR CHAPTER 1
t- T
) The illusion cards, 15 of which are furnished in the kit, may be assembled
ahead of time by you or by capable student-assistants. Instructions for assembly  §
are relatively simple: ' ’
/. * . (1) Cut two pieces of masking tape about 44" long. -
(2) Cut the ﬂlusxon Gard on thc, two solid lmcs mduatcd on lhc card mdklng
3 plCCCS - - P - ro—_ - [ F T U Gy )
: ' (3) Lay the short arrow card flat on the table with the arrow side down.
* Center the tapc with the adhesive side down on the two strips marked “Pl&c
tape here.” . , .
(4) Lay the long card on top of the shost card. with the arrow side down.
(5) Fold the two ends of the tape snugly over the long card, ovcrlapping
the two tapes.and leaving adhesive sides up.
{6) Lay the other short card on top with the two strips marked “Place tape
here” downward, and the ends of the two short cards evén.
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timate view of science and of the natural world. During these years
most youngsters become more adept at thinking conceptually. Since
concepts are at the heart of science, this is the age at which most stu-
dents first gain the ability to study science in a really organized way.

vocation is often made. . . g
Paradoxically, the, students at this critical age have been the ones
least affected by the recent effort to produce new science instructional
materials. Despite a-number of commendable efforts to improve the
sityation, the middle years stand today as a comparatively weak link in
science education between the rapidly changing elementary curriculum
and the recently revitalized high school science courses. This volume
and its accompanying materials represent one attempt to provide a
_sound- approach to instruction for this relatively uncharted level.

At the outset the organizers of the ISCS Project decided that it
would be shortsighted and unwise to try to fill the gap in middle
school science education by simply writing another textbook. We chose
instead "to challenge some of the most firmly established concepts
about how to teach and just what science material can and should be
taught to adolescents. The ISCS staff have tended to mistrust what

authorities believe about schools, teachers, children, and teaching until

‘we have had the chance to test these assumptions in actual classrooms
with real children. As conflicts have arisen, our poli¢y has been to rely

__inore upon what we saw happening in the schools than upon what

authorities said could or would happen. It is largely because of this
policy that the ISCS. materials represent a substantial departure from

the norm.”
"The primary difference between the ISCS program and more con-

.-, ventional approaches is the fact that it allows each student to travel

.0 ..

4
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..Here, too, the commitment for or against science as an interest or a
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pupil’s experiences between the ages of 11 and 16 probably shape his.. ... ... .
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at his own pace, and it permits the scope and sequence of mstruction
to vary with bis mterests, abiliies, and background. The ISCS writers
have systematically tried to give the student more of a role in deciding
what he should study next and how soon he should study it. When the
materials are used as intended, the ISCS teacher serves more as a
“task easer” than a “task master.” It 15 his job to help the student
answer the questions that arise from his own’study rather than to try
to anticipate and package what the student needs to know. '
There is nothing radically new.in the 15CS approach to instruction.
, ' Outstanding teachers from Socrates to Mark Hopkins have stressed the
e need to-personalize education. 1SCS has tried to do something more
than pay lip service to this goal. ISCS’ major contribution has been to
design a system whereby an average teacher, operating under.normal
- constraints, in an ordinary classroom with ordihary children, can n-
deed give maximum attention to each student’s progress.. ..
" The development of the ISCS matenial has been a group effort from
the outset. It began in 1962, when outstanding educators met to decide:
what might be done to- improve middle-grade science teaching. .The .
recommendations of these conferences were converted into a tentative
plan for a set of instructional materials by a small group of Florida
State University_ faculty members. Small-scale writing sessions con-
ducted on the Florida State campus during 1964 and 1965 resulted in
pilot curriculum materials that were tested in selected Florida schools "
during the 1965-66 school year. All this preliminary work was sup-
ported by funds generously provided by The:Florida State University.
- In June of 1966, financial support was provided by the United States
Office of Education, and the preliminary effort was formalized into
" the ISCS ‘Project. Later, the National Science Foundation made sev- _
eral additionial grants in support of the ISCS effort. * - o
The first draft of these materials was produced in 1968, during a }
. summer writing conference. The conferees were scientists, science
“educators, and junior high school teachers drawn from all over the
United States. The original materials have been revised three times
prior to their publication in this volume. More than 150 writers have .
contributed to the materials. and more than 180,000 children, in 46
* states, have been involved in their field testing.
We sincerely hope that the teachers and students who will use this
material will find ‘that the great amount of time, money, and effort
that has gone into its development has been worthwhile.

. T Tallahkec, Florida = The Directors -
vi February 1972 " INTERMEDIATE SCIENCE CURRICULUM STUDY
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Notes to the Student -

. -

The word science means a lot of things. All of the meanings are “nght”

but none are complete. Science is. many things and is hard to de-

“scribe 1n a few words. . .
We wrote. this book to help you understand what science is and what
scientists do. We have chosen to show you these things instead of
describing them with words. The book describes a series of things fos -

you to do and think about. We hope that what you do will help you  *
learn a good deal about nature and that you will get a feel for how
scientists tackle problems - .

How is this book dlﬁerent fl'om other textbooko? : e

This book is probably not like your other textbooks To make dny N |
sense out of it, you must work with objects and substances. You should - s
do the things described, thirtk about them, and then answer any ques-
tions asked. Be sure you answer each question as you come to-it.- .
The questions in the book are very imporiant.. They are Oked for
- three reasons:
BN ) , ' 1.- To help you to think through what you see and do.
't 257To 1ét you know whether or not you understand what you’ve done.
3. To give you a record of what you have done so that you can
'«{.: ~ use it for revxew. - .

(Y

-7

How wlll your class be crganlzed? o _ .

»

Your science cufss will. probably be quite different from your other-
clxs:es This book will let you start work with less help than usual i o
fron your teacher. You should begin each day’s work where you left -

off the day before. Any equnpment and supplles needed will be wait-

vill tng for you.
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Your teacher will not read to you or tch/ you the things that you are
to learn. Instead, he will help you and your classmates individually.
! Try to. work ahead on your own. It you have trouble, first try to
solve the problem for yourself. Don’t ask your teacher for help until
you rQally need it. Do not expect him to give you.the answers to the
questions in the book. Your teacher will try to help you find where \
and how you went wrong, but he will not do your work for-you.
_ _After a few days, some of your classmates will be ahead of you anﬁ )
i * _ others will not be as far along. This is the way the course 1s supposed
' - to work. Remember, though, that there will be po prizes for finishing '
first. Work at whatevér speed 1s best for you. But be sure you under-
stand what you have done before moving on. s "
Excursions are mentioned at several places. These special activities
are found at the back of the book. You may stop and do any excursion
that looks interesting or any that you feel will help you. (Some ex- ' '
cursions will help you dq Some of the activities in this book.) Some- 2
times, your tecacher may ask you to do an excursion. .

A n e

What am | expected to learn? o -
During the year, you will work very much as a scientist does. You . .
should learn a lot of worthwhile information. More important, we - ’
hope that you will learn how to ask and answer questions about . ..
nature. Keep in mind that learning .how [o find answers lo questions is { -
Just as valuable as learning the answers themselves. : - -

Keep the big picturg. in mind, tqo..\ggchschai)tcr builds on ideas : :
DN AV already dealt with. These-ideas add up to some of the simple but . l
' powerful concepts that are so important in science. If you are given a .
~ Student Record Book, do all your writing in it. Do not write in this ' . J
o | ' ~ book. Use your Récord Book for making‘r'aphs,-,tables, and diagrams,
100. . : - -

From time to tim¢ you may notice that 'yon'u classmates have not _
‘always-given the same answers that you did. This is no cause for o : -
WOITY. There are many right answers to some of the questions. Aad - ' S
in some cases you may not be able to-answer the questions. As a o )
_ matter of fact, no one knows the answers to some of them. This may~ -’ - f
o . seem disappointing to you at first, but you will soon realize that there ) ' '
' is much that science does not know. In.this-course, you will learn
some of the things we don’t know as well as what is known. Good luclf!

. .
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EQUIPMENT LIS ' ' CHAPTER EMPHASIS
.- Per student-team Per class ) Students study how humans vary. and ways
ol t ng this human vanation.
1 ilusion card ‘Watch or timer with second hand .o measuring u nvan
1 metnc ruler. Masking tape . .
g{ . i
, . - *  MAJOR POINTS
Excursion 1-1 1s keyed to this chapter - ‘ 1. Variation is common throughou; nature

2. Setting up and doing expenments involving
humans is harder than working with inammate
things.

3. Much of science is concerned with seeking
patterns in changes that occur.

4. A person’s handedness can be measured.

Some people have big ears. Some have big noses: Some have 5 Describing how to measure a feature or a

: dark skin; some, light. Most are honest; a few are not. Some trait 1s cailed operatonally defiing. .
6. Anoperational detimtion of a characteristic

are friendly; some, unfricndly. Many IT{USl wear glasses: telis (a) how you can tell it you have some and

others do not. Aboutshe only common characteristic of peo- () how much you'have _
7. Sometimes it 1s only possible to tell it you

’

ple is their lack-of sameness—they are all different. . have some of the charactenstic.
. Variation is comman throughout nature. The weather 8 !t possible to measure how much some-
. ’ . one 1s fooled by an iflusion.
changes almost constantly, the position and appearance of ,
the moon vary, and not all parts of the earth look the same. .

[]1-1. List any things you can think of thatwfe NOT vary.  t-1. From ascientitic view. this is not an easy

question. Student answers'could lead to some
.- . good small-group discussion early in the unit.
Variation presents many proplems for science. The greater  There are relatively few things that do not
the variation, the greatér the problem. In order to make sense %% One. for example. is the speed af light
- . . ] in a vacuam, according to Einstein. Also.-most

Out ~0f almOSt any S[udy, a SClCntlSt l’ﬁUSl haVC SOlTlC meanS units of measuyement are ananable_

of handling the variation he finds. : . o

. @@

The investigations in this book will help you understand
variation better. Most of the investigations will be done on
human beings. Obviously, humans vary; we already know
that. But the big questions are “How do humans vary?” and _
“How do we measure human vanation?” - : _ 1

o Rl
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These are not casy questions o answer. In fact, some of
s . i , :
o the nrost difficult of all measurements in science have to do
" Thes mught be an' opportune time to point out. with human vanation. If vou have teen-in the ISCS course
1o students that orte of the ways humans vary ] . R e ol o .
o o the speed with which they complete a before, man_v.ut the techniques vou u.scd'tm studying energy
gven fask In a number of cases i this umig and matter will apply here also. But you'll come face to face ’
clagsroom data will have to be callected with some quite different problems t0o' You will soon dis-
Those who tirish gn activity first may have to . ) . .
wait for the others betore they can complete cover that sctting up and doing experiments involving hu-
atable &r chart This vanationas a good thing. + mans 15 much harder than working with chemicals or force
1t aliows 'each persoh to travet at an individual ) ) . - . . . e »
pace best suited for him or her The-fasfer ~ MEASUTETS. Scientists are still trying to invent betigr rulers” -
student can go on to other activities, and piek for nlcasuring humans. o ’
up the class data later, > . . : N,
P In the following chapters, you will be studying ‘different
human characteristics. It will be up to you to ‘try t§ make :
‘sense out of the measurements you take and to relate one
Y . . .
v set of measurements to another. B
You should ask yourself continually “Is there any pattern A
in what 1 have observed; and, if so. what is it?” pcientists |
- continually search for patterns in what they $tudy. “Is there
a pattern to_the weather changes, to the movements of ob-
jects through ;Qxcc, and to the;growth of living organisms?”
\
, ’
I'd
" t
.o - ‘ @ =
]
r
Much of the real work of science is in this- activity of
, ’ seeking out patterns. Some of that work will involve mathe-
. matics. In fact, mathematics has sometimes been called the
A “language of science.” : ’
o~
’ . ¢ . . . : T i !
LEFTY OR RIGHTY? . Most people are either right- or left-handed. But you proba-
: bly know someone who can use both hands quite well. You .
2 CHAPTER 1 may. know others who use a different hand for different !
, - \
3 '
A .
. ) Xp : S
. 3 . .
’ e
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things. Perhaps they write with one hand and throw a ball ' '

‘ . - ) R ) Many students may be tamiiar with the word
‘ or eat with the other. You can't very well call sucli people  smbidextrous. meaning the abity to use both
. ’ 13

v 1 e - left-ha 1 ¢a ? Let’s begin studyin hands equally well 1118 not essental 1o intro-

_ ( either flghf 9r eft *d?( » gan you ‘l‘e b"glll 3}’ ying duce it hare. howsever As students will tind
human variation by looking closely at “handedness. out. few people are exclusively right-handed :
Let's see if we can find a ggod way of deciding about a ot lefthanded, but tew are also completely

) . . .ambidextrous. -
- person’s handedness. The best way to do this is to tind a AmRUeRvOwe
way to measure handedness. The next acitvity will show ydu )
a way to do this. .
Open your Record Book to page 1, where you will find
a page full of zeros. Then find a partner. You will also need -

. . aclack or a watch with a second hand.

+

. ACTWITY 1-1. Have your partner cross out as many of the -
zeros as he can In 30 seconds, using-his right hand. Then | L
have him repeat, using his left hand. in Table 1-1 of your . ‘
Record Book, record the number of zeros crossed out with.

' each hand. Then have him time you while you cross out zeros
with each hand. .

. To control a possible variable, students
should cross out the zeros with an X, and not:
. just with a slash (/). In order to compare data
' - ' in a class chart, it is impartant that all follow
. {\ the same procedure. - _
- /ﬂ -l -
\t.
- ) ) vy
" Table .1-1 ea .
. * ) v o e . . N .
e Number of Zeros Crossed Qut Handedness >
Right N E : . '
Partner - . ‘ .
l'ch . " '? - .. . A M . ) o ’
. _Right
: ~ Self ‘
4 - | vLen P
\ - 3 » . ' N . -
a - . ‘ I CHAPTER 1 3 = - - .
e . . L L *
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By comparing the number of zeros crossed out with cah
Students should have no trouble with the sm-  hand, you caf-decide whether you are nights or left-handed.

ple division tnvolved However you may want . :
10 have them round thetr answe:’s 10 mey”ea,_ But you can do better than that! You gan get a-fair measure

ast tenth in the snterest of unitormity for Table  of how much handedness you have. All you have to do is

1-2 For example. suppo§e the scores were 27 . C et . i . .
 #ras crossed out with the right hand and 17 divide the larger number of zeros that you crossed out by
zeros with the left hand 27 divided by 17 15 the smaller number. Let’s assume that you crossed out 30
;:’?'éw::;:t rounds out to the nearest tenth 5. r4¢ with your left hand and 20 zeros with your night hand.

First divide the larger number (30) by the smaller number

(20):

<

1.5 Left
20)30.00 ‘
- _29__ . i 4 :
J 100
- 0 . : .

. K}
o 8 . 3 p

Then write either “Left” or “Right”” after youg answer. Which
. word you write depends upon which hand crossed out more
Zeros. ‘
In the example, the left hand crossed out more zeros (30t
20), so the word “Left” appears after the answer, 1.5. The
‘number and word (1.5 Left in the example) is your handedness -
and should be entered in Table 1-1. Your partner’s handedness SR
should go there too. 4 ' R
The larger the number from your handedness calculation, - - 1
the more strongly hanided you are. For example, if your -
: handedness calculationt is **5 Right,” you are five times as good
’ with your right hand as with your left. A 2,5 Left” handedness
calculation would:mean that you are two and one half times as
* good with your left hand .as with your right. . ' -

»

[(11-2. Suppose somgene had a handedness measure of 1.
What would this meéan? '

Lo . [1-3. Why is there no “Left” or “Right” written after the
' "~ 1 in question 1-2? ' o : T ;
. . Well, you now have a measure of your handedness. You
~ can begin collecting information about the handedness of _ !
, ~ * . your other classmates. Record the data from nine qther teams *
4 CHAPTER'1 . ' in Table I-2 of your Record Book. | :
- E . L B 94
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Handedness
Measure

Partner

10.

11.

12.

13.

1.

15.

16.

17.

18.
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Conectio\ of class data 6ccurs for the first
Jime here, if you have not already done so,
‘you may want to take a few minutes to discuss
a_workable system. The 'following points
should be emphasized. .

1. THose Wwho finish the activity before others
have their data should go on to the ensuing
work. Howaver; they should be sure to come
back 16 record the class data later in their
Record Books. g

2. Some teachers find it advantageous to use
sheets on the bulletin board or gpaces on the
chalkboard, properly labeled, where data from
the students in the different classes can be
entered for the varlous activities.

3. Some teachers prefer to keep the tables or’
class charjs in file folders somewhere in the

room. In either case. students should have

ready access to them.
. In order for the data to be worth anything,
dents should be constrained to enter their
findings accurately; without alterations. Stu--
dents sometimes have a tendency to change:
their figures if they are not in agreement with
a tajority of their peers. ‘a

-

>
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Expenence has shown that itus key technique
in science. the operational defimtion. s at the

( * same time one Of the most ditticult concepts
tor the student You may have to spend some
tme in smail-group discussion to help with

l the idea.

it might@e interesting to pote that a tunctional
detinition (a hammer 18 something that drives
nails) can sometimes helplYin -leading to an
operational definition. For instari®®, a force is
somethingthat changes the motion of a body
‘ (tfunctional definition) Measuring the change
in motion can give an operational definition .
of the force. o

swing on

T Atimb to' GW
| N\

-

' §
oy, f\“ ey

" meaning will ioften become suddenly clear.

Thws first acuvity has shown vow how 1o descnibe one
human characterisuic screntifically. The trick 1s 1o find some

wav of measuring many gther features or traits The word

handedness probably took on a new meaning for you when
you learned the crossing-oyt-zeroes test. You now have a
numencal way of comparmg your handedness with someone
else’s. ‘ - o

If you have worked 10 the ISCS course before, you know
the name given to this way of détining things by describing
how to measure them. 1t’s called operationally defining. Many
terms are not clear unless they are operationally defined.

Suppose you were asked what body temperature is. You
nught say: “Place -a thermometer under your tongue. Wait
about five minutes. Remove the thermometer and read the

number at the top of the column of mercury.” This 1s.an

ochm’onal definition. It tells how body temperature can be
mellsured. This 1s quite different from saying that temperay
ture 1s “how hot something 18.”" ~

Some words can be defiried by telling what an object does

(a h_ammcr/is something that drives nails).‘Describing their
appearance works for others (a tree 1s something with leaves,
a trunk, ctc.). But many words. particularly in science, just
can’t be handled this way. When you come across one of
these words, try making an operational definition for it. The

/

/7
/

-

ST —= (7,
‘!Aez 0% L

N
N/
=

* A place torest
in the shade

e
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[]1-4. What makes a statement an operational deftinition? 1-4. An operational definition telis how some-
' - thing is measured.
g (J1-8: Write an opcrauonal definition of handedness. The two questions here are the key to making
° an operational definition. They might”be
To make an operational definition, there are really two  Mougnt of s () B e e and (2) measure-
3 ) mant Sometimes the second requtres sophis-
questions that you might ask: > ticated techniques or complicated apparatus.
] For instance. measuring the change in motion
1. How can | gell when 1 have some? ot a rapidly moving object may be quite diffi-
T 2 " Howr can | tell how much 1 have? cult.
Sometimes it is possible to answer the first guestion but
i not the second. When this happens, you have to settle for
: describing how to tell when you have some of the charac- . '
- - - - B . ..
teristics in question. .
1 Now take a look at Figure 1-1 and notice the three boys. NOW YOU SEE [T,
s Your problem is to decide just by looking, at the picture NOW YOU DON'T
which boy logks tallest and which looks, shortest. ‘
' ‘
Qﬂ +
|
[ LN
1} dm -
JTy _ Figure 1-1 " . (
LTS { 1-6, Boy: A should look the tallest and Boy €
Lo the shortest, because of perspective. When .
- measurements are made, however, A-and € -~ ..
- are the same size, and B is smallest
. ‘ [J1-6. Which boy in the figure (A, B, or C) looks tallest and

" which looks shertest to you?
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Excursion 1-1 is remedial-teview. espeacially
tor those who have not engaged in Lavel | or

1l ot ISCS. or who have forgotten the metric -
_ system.

EXCURSION 2

-

- fy -measuring-the-two-lines. ..

Now check your answers to question 1-6 by measuring
with a ruler each boy’s height in centimeters.

Throughout this unit, most measurements are 1o be made.
in the metric system. If you need to review the metric system,
seec Excursion 1-1, “Measuring—Mostly in Metric.”

Next look .  igure 1-2. Try to decide just by looking,
whether line AB or line BC is longer. Then check your answer

s

; C

-

[11-7. Which looks shorter: ling AB or line BC?

You've probably seen optical illusions like Figures 1-1 and
1-2 before. The way the figures are drawn makes it very hard
for most people to judge lengths accurately. The artist’s trick
is to surround the important part of the drawing with lines
that distract your attention. Compare the lines AB and BC
in Figure 1-3 with those in Figure 1-2. You can sec that the
background lines make a great difference. .

p ) '

Suppose you \;verc asked to describe by how. much you
had misjudged the lengths of the lines? Or supposc you
wanted to find out*whether your classmates misjudged the
distances by the same amount you did? How would you do °

A

ig?_. _ . -

!
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! One device used to measure how much an illusion fools
people is called an illusion card. Figure 1-4 shows what the
illusion card that you will use looks like. As soon as you
get a partner and pick up an illusion card, you are ready
to measure how much illusions fool people.

i
<

MEASURING ILLUSIONS

The 15 illusion cards must be assembled with
reasonable care It this has not already been
done. instructions are given on each card and
in the Introduction for this unit.

]
J . : > -
; - ) Figure 1-4
! :
ACTIVITY 1-2. Try sliding the two paris of the illusion card
' in and out. Notice that this shortens and lengthens one of ,
the lines on the card. ] °
!
! . in P
- B
! _ ‘ ' ALY .
: _Out . N .
‘ ey ;
o I ;
P ACTIVITY. 1-3. Adjust the card untll the two lines look the s S E T
: R same length to you. Then measure to find out lfthe lines really Teo A .
; are the same length. : - : : )
| . :
; ’

. ———

3
By ' .
- .

£ . FY

" justed the card? -

1. 1-8. Werel ‘the lines exactly the same length after you ad-

o

310, If not, by how many millimeters did you misjudge? .

| CHAPTER 1 9

’
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As you have now scen, the illusion card gives you wha
) you were looking for—a way of measuring how much some-
one is fooled by an optical illusion. Now use the card to
test your partner. Follow the suggestions in Activities 1-4
through 1-6.
ACTIVITY 1-4. S, the subject should stand at least two meters
in front of E, the experimenter. Let E hold the card so that
he can see the scale on the back.
ACTIVITY 1-5, E should make the movable line as short as
possible. Then gradually he should lengthen the line. Have
S say “Stop” when the two lines seem to be the same length.
. ) - - . ) o’ . . . V
. . : S ' /s « o
‘ s : Slide the
. _ L. ’ ! . . mgovable line
- N . . - : to-the shortest
_ o : ' — . . . position.
' / : ; e
. . ) _ .
Note-that the number of millimeters ether t0o ACTIVITY 1-6. E should read .'he scale on the back of the
long or too short is to be recorded. To Savz card as shown.. Record, beside Partner in the Going-out col-
gpace. the measurements could be yecorde - . y
RS T aotars 100 short andas UM of Table 1-3 in your Record Boak, how many millimeters
“7 L" for 7 millimeters too long. as examples. 100 long or too short your partner's guess was.
c T Ine TOO SHORT
. - ' >
o §
z
@ : . :
m 3 "2 1. 10) 1 2 3 4cm
Sample reading: . { ’
d.7cm R
' . l‘llll lllllllll Illl|lll| IIIIIIIII llll‘llll lllllllll Nlllllll IIIIIIII
} , - ‘ 221 .
; ) N , -
| : 30 -
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Table 1-3
' Subject Going-out Reading Going-mn Reading
Partner
A rather in-ter'estin'g bhén'or'nenon occurs in
Self using the illusion card It might be calied an
“illusion within an illusion.” The tendency
1 . generally is for the Going-out readings to be
: “too short” more often than the Going-in
) readings. You might want to pose the question
N 2. ~ ot why this is so for smaill-group discussion
: o One possible explanation 1s that subjects
. .mentally compare the shortest possible length
3. with their observation going out, and the
longest possible length with their observation i
' . going in. The observation seems longer when
: 4. _ compared with the shortest length than it ,
does when compared with the longest length
¢ "5 ' Those students capable of and interested In
_ pursuing mnhgr the whole problem of “"too
” ghort" and “t6o long” readings couid cer- -
6. * tainly be aliowed to do so.
- .
i » 7 .
| ' v
8. .
{
4 ‘ ¢
; . } N
10. )
? .
1. - )
P .
' - - N
12. »
13. ; .
- } 14. .
| . . )
* f 15. : .
k\‘ 16. . . o ; . e -~
- - 7
17. . .
18: . . .
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’ \ ‘ ACILVITY 1.7. Make the movabile line as long as possible and
. show It to your partner. Then gradually shorten the line. Agailn
have your partner say ‘“Stop’’ when the two lines look to him

to be the same length.

Slide the % '

movable line
to the longest
position.

Read the scale as before and record your reading in the
Going-in column of Table 1-3. Then repeat the experiment,
with your partner holding the card and you doing the guess-
. ing. Record your data beside Self in Table 1-3.
( " To complete Table 1-3, you will need Going-in and
' . Going-out readings on 18 of your classmates. If enough .
' classmates have made their measurements, you can get those
oo now. If not, get as many readings as you can and go on'to
Rl . o the next chapter. You can complete the table later when \\
“ more data are available."
i As you learned earlier, this unit is aimed at helping you
learn how to describe and compare people’s features by using
measurements. In this chapter you've learned a way of ' Co
mdasuring two rather unusual features—handedness and i
judgment of optical illusions. - : " J
In the next chapter you will study other variaions among ,
. people. You will also begin trying to compare some of the '
1-10. A larger number should ‘be right; measurements you makc,\and you will try jo interprgt what
handed. the measurements téll you. As a preparation for that chapter,
1-11. Irrfinding the averages. students should try to use the informatidn you have-put into Table 1-2 and |

be surd to add the left-handed scores to-  Tgble 1-3 to answer thes qucstions.
gether and divide by that number of scores, .
and do likewise for the right-handed scores.

.y o -

—— —— e

- | . . " [11-10. Are more people in Table 1-2 left-handed, or right- .
- Students who cannot average numbers: _handed? - _ i
should be directed to Excursion 2-1, which is - € '

keyed in Chapter 2. ' ‘. [O1-11. What is the average degree of lefi-handedness? of o
12 CHAPTER 1 right-handedness? .
. _ |
\ .
M
A ' ‘
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(J1-12. What is the average Going-out reading shown in  Conceivably students could arrive at this point
. and not be able to answer the four questions

=37
Table 1-3? . because the class data are not yet available
. - . o i R They shbuld gb on. returiing to this chapter
[J1-13. What is the average Going-in reading shown in  when the data are available from the other

Table 1-3? students. ) .

{ Before going on, do Self-Evaluation 1 in your Record Book.  ':12and 1-13 The averaging of the Going--

§ . out and the Going-in readings can be compli-

cated. Mathematically, “‘too-short’” and “"too
long™ cannot just be averaged numerically as

- if they were both the same thing. For instance,

suppose there were two readings to average:
15L and 15S. The average of these two would
not be 15, but rather 0.
The corrbct way of averaging the Going-out
readings (and the Going-in readings) would
be to add all the L (too long) readings to-
gethar and also add all the S (too short) read-
ings together in each column separately.
Subtract the smailér total from the larger total.
Divide the difference by the number of read-
ings (20). The average would be this result,
with either an L or an S, whichever is the
larger total. - ’

. Students may have to struggle a Ijttie with this.
The problem is quite similar to finding an
average of positive and negative numbers.
You must find the difference between the
separaté sums first.

[Ep——,

— = -

‘GET IT READY NOW. FOR CHAPTER 2

You may want to prepare the metersticks with
a plece of tape at the 20-cm mark as shown l
in Activity 2-3. . .

%_;F‘..‘! . _ . | i g - .‘

~~ ® -
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P EQUIPMENT LIST Excursions 2-1 and 2-2 are keyed to this
-1 chapter. .
i s Per student-team tor
' | 1 meterstick

. Masking tape
i 1 sheet of notebook papor

Tallies and Tables

CHAPTER EMPHASIS

© oo Ways of organizing variation data are studled,
and the difference between sither-or varia-
tions and continuous vanations is examined, .

There are hundreds of human features, characteristics, and
\ traits that have been described. You have looked at a couple
so far. In this chapter you will encounter some others to give
you a better feel for how to investigate human traits and .
‘how to handle the data you collect. Let’s look first at the

feature called “eyedness.” rom —of e

! \

_‘ . ACTIVITY 2-1. Fold a sheet of notebook papor and remove
a small semicircle from the center.

" ACTIVITY 2-2. Unfold the paper and hold it at arm’s Jength.

«  "With botﬁ/eyas open, look through the hole at some distant
. ‘object! Now without méving your head or eyes, o e the
. \ ~ object with your Ion\gye only. Again without moving head or
: ‘ eyes, look with your right eye only. Be sure not to move the

Meat H AR it S bR Sttt R A PRSP i oA A e e S b AR LR Ly

MAJOR POINTS

1. it is possible to test a subject for syedngss
and grabbiness.

2. Reaction time may vary depending on
whether the stimulus is by sight, sound, or
touch.

3. When theve are only two possible varieties
of a hfiman feature, it is called an either-or
variation.

Chapter 2 .

4. When a feature varies widely through many
difterent values, it is called a continuous
variation,

8. Data may be organized in ways that will aid
in analyzing them.

8. When data on two or more variables are
collected in a single table, the table is called
a multivariable table, a contingency table, or
a correlation table.

7. Contingericy tabies are very useful in
showing the interreiationship of variables.

Students should be sure to start looking with
both eyes open, and then close one eye at a
time without moving the paper. if they start
with only one eye open, it is possibie to torce
that eye to be dominant, even though it nor-

/mally wouldn't be.

- —————— e e o © o
.
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Students may want to coin a term, equivalent
to ambidextrous, to describe someone who is
equal-eyed.

Problem Break 2-1 is the first of the unit. Note
that it calls tor you to check the plan before
students proceed. You probably will want to
use some system. such as your initials in the
Record Book. to indicate that you have
checked it. Normally, eyedness is considered
to be an either-or feature This means that a
person 1s either rnight-eyed or left-eyed, and
the amount of either may be unmeasurable.
However. the students should be allowed to
grapple with the problem for a while Some
may surprise you with a plan that could be
used. For instance, when both eyes are open.
a person that is right-eyed can see something
through the hole with the left eye also. but not
as intensely. it some way could be devised to
measure the relative intensity of the images
trom the two eyes. 1t would be a possible.
-measure of the amount of right- or left-eyed-
ness. But even it students come up with no
workable plan, that doesn‘t make the problem
break useless. Science is loaded with “"prob-
lem breaks” to which no solution has been
found.

16
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If you could sce the object through the hole in the paper
with your right eve closed. vou are left-cyed. If you were
able 1o see it with your right eye open and left cye closed,
you are night-cyed.

<

[(J2-1. Are you right-eyed, or left-eyed?

Test a few of your classmates to find out if they are left-
o1 right-cyed. Each ume you find a left-eyed person, put a
check mark (V) in the left-eyed tally line of Table 2-1 in
your Record Book. Check the right-eyed tally line whenever
you find a right-eyed person.

Table 2-1

Evedness Tallies (checks) Totals

Right -

- Left

From time to time in this unit, you will be asked to do
problem breaks. Thesc are problems for you to solve, without
much help from your book or your teacher. The problems
will uspally help you understand what you are studying in
the chapter. But that’s not their major purpose. They are
designed to give you practice in problem solving and in
setting up your own experiments. You should try every prob-
lem break—even the tough ones. And in most cases, you
should have your teacher approve your plan before trying
it. The first problem break in this unit is coming up next.

PROBLEM BREAK 2-1

When you studied the “handedness” trait, you found a way,
of measuring how much left-handedness or right-handedness
a person has. Now. suggest a way 1o measure the amount of
right- or left-eyedness. Check your plan with your teacher.
Then, if it is okay, try jt out. Record your data and observations
in the space provided in your Record Book.

- -
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How quickly can you react? That's an awfully important
question in some situations. How quickly the brake is pushed
by a driver often determines whether an accident will hap-
pen. The difference between a strike and .a home run is a
matter of quick reactions and quick responses. So are a lot
of other things.

In the next activity you will try to operduonally define your
reaction time. After that, you will measure your partner’s
reaction time. You will do this with what we call the “Grab-
biness Test.” To make the test, you will need a partner, a
meterstick, and a small piece of tape. "

il Bl e A S Lt st e LR AES A b it sl et ) Bl L g .ww. ,

e
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HOW GRABBY ARE YOU?

Ocm

ACTIVITY 2-3. Place a plece of tape at the 20-cm mark on
the meterstick.

In a moment you will have your partner hold a meterstick
as shown in Figure 2-1. He will release it, and you will try to
catch it before it hits the floor. 5

Activity 2-4 shows you how to prepare to catch the meter-
stick.” You will use the same technique each time it is
dropped. o

ACTIVITY 2-4. Your finger and thumb shouid. be positioned

at the tape strip around the stick as shown. Finger and thumb -

should be far enough away from the sticK to allow a pencil
to pass on either side of the stick. This should be the starting

' poalﬂon for each trial.

Foroﬁnger
Meterstick

The positioning of the finger and thumb at a e

set distance from the stick should be recog-
nized as an attempt to control a variable in
an experiment.

CHAPTER 2 17
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Hold the stick ' ¢

atthe 100-cm end, '
ACTIVITY 2-5. Have your partner hold the meterstick as .
shown. He should then drop the stick with no warning. When
he does, catch the stick withou':t' moving your arm. Practice
this a few times, until you get.a teel for how it Is done.

!

Some students may not be able to catch the
stick at all on at least some of the trials. They
may then wonder how to measure suchcases.
Give them a chance to suggest an answer.
Possibly they should be counted as "100,”
whuch 1s the highest meterstick reading If the
noise resulting from the meterstick hitting the
. tloor 1s objectionable, have them place on the &
" floor & book that the stick can hit. )

Place your,
fingers at

the 20-cm mark,
ready to catch
the stick.

(

ACTIVITY 2-6. When you are ready to make 'your measure-
N ments, have your partner drop the stick one more time. This
i A _ time, notice where your thumb is after you catch it.

v

. (J2-2. Which number on the stick did your thumb cover?
(If two numbers were covered, record the smaller of the two.)

Repeat Activities 2-5 and 2-6 five more times. Record all
Excursion 2-1, for remedial-review,may have six of your measurements in Table 2-2 in your Record Book.
‘been done by the student at the end of Chap-  Complete the Self row of the table by finding the average
ter 1. of your measurements. If you aren’t sure how to find an

EXCU) RSO ’ average, turn to Excursion 2-1 for help.

.
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) Note that the numbers that are entered here.
‘ . and tailied in Table 2-3. are the actual nums;
' oo Table 2-2 ‘ ' bers covered by the tinger or thumb whén the
' * - _ stick is caught In other words, the distance
. g _ . L . , that the stick had dropped from the 20-cm
‘ Trnal 1] Trial 2 _T"nal 3 | Trial 4 | Tnal 5 | Tnal 6 | Average point to the catching parmt is nof used. Stu-
dents may complan that the tigures do not
Self represent. the true reaction time. and you
4 : might point out that as long as everyone re-
cords the numbers the same way (from the
b Partner . &\ _ . end of the stick). comparabie measurements’
' . - —5 are given.
) % -
. ~
: ‘ v Notice the option given the stidents to test
TN - Change places with your partner and repeat Activitics 2-4 their classmates or share their data. You may
want to use your data-collection system
co . through 2-6. Again record data for your partner in Table 2-2 facilitate the sharing. Note also that you have
. L . m )'Ol.ll‘ Record Book. ~ a decision to make relative to letting equip-
o Place a mark for your average grabbiness measurement ment (metersticks) leave the classroom over-.
. night.
in the appropriate Tally row of Table 2-3. Then do the same »
: ~for your partner’s average grabbiness measurement. . § : \
| | - | d
Table 2-3 :
i ' - ]
. . - 3
Average Grabbiness 4 e i
) Measures ' Tally Totals :
: . — , ' M
, 75-34 ) i
35-44 - 1111 [HiLwHAT'S
. — 5| [FoR sypPer?
. 45-54 . : . .
L i ;
. 55-64 i ‘l
- \ z
65-74 , s ?
S, . ‘ . i
.Y 75-84 ' ?
” 85-94 _ __ L . * A
R . ; - .
95— ' .
. Your next problem is to find the average grabbiness meas- = = o
' .. ure for at least ten more people. You can test some of your : R

classmates during class or share their data. You may also _
ask your teacher if you can take a meterstick home one night. - CHAPTER 2. 19 .
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You can then measure the grabbiness of friends or members
« of your family. When you have made your measures and
calculated the averages, put marks in the Tally rows of Table
2-3. You should end up with at least 12 tallies including yours
ahd your partner’s. Get even more measur¢s if you have
ume.

—
AT I on- s
P

This table ot grabbiness will be used in Chap-
ter 3 A much betler uss can be made it there
are more than 12 measures available,

: PROBLEM BREAK 2-2 ,

 rp—
v .

Thus far in this chapter, you have been dealing largely
with the gense of sight. You grabbed the meterstick when
you saw’if drgp. The distance the stick passed through your, .

hanq.is actuzglly an indication of elapsed ume. Design and

carry out an experiment to answef the following question: ‘| ¢

Do you reast fuster (or slower) {0 ¢ sudden sound or’touch

than you do to a visual (sight).stimulus? HI NT: Be sure that

the subject has his eyes closed during the sound-touch experi-

ment. s . . ' . L

Do not spend more than one class period investigating ot

g either the-sound or the touch (tactile) sense. Record your _
_experiments, findings, and conclusions in your Record Book:

b ot W e oyt =% o= o

.~(_.‘

At

w
' : . * - »
w ~ -
: * -
¢
.

ML : S e
_Take a look at the way Tables 2-1 and.2-3 are sct;up. Al-

e e - ——_—
2
[

. . IS IT EITHER-OR?

. .1t sfudents have -difficulty in designing the
_ "experiment in Problem Btedk 2-2, you miay

'« Y. 50 CHAPTER2 - -

have to sugtjest spme possibilities, such as a
_tap on the shoulder for touch, or a snap of.
the tingars for sound. Be sure studgnts, keep
_everything else constant. .o

. ° ¢ . . - .
| | EREENSIR Question 2-3 shouldn’t have been too tough. The big
b ‘ Co . e~ - difference between the tables is in the number of rows. There

P
®

2-4. Because there gan be all degree§ of
grabbiness (reaction time), there must be the
opportunity to show & wide variation in the
measuremeant of the amoupt of it. Eyedness

a row for each cm {mgn thre 20-cm tap® to the

.gnd- bt the meterstick.,

) A

-~

s

s

K

[

"

 though the two tables are similar, there is one big diffcrence:.
"Can you See what it is? - S

-
. ~ ¢ . ’

E]i-& What is ‘the - major difference between the way Table
2-1 is set up and the way Table 2-3 is set up? " '

are eight rows in the grabbiness able and only two TowSs

in the eyedness table. < -

-

[]2-4, Why was it nec_:cssary to have eight.rows on the grab-

[32-6. Su;ipq}sp- yqu wanted to keep ‘track of pei;piés" h.eig_ht's.. :

L .

- How-many rows.might you need in a table.for, EEis;?_ .G

[ 4

e Y

AN

v e € -

.
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.| .., 18 generally either right gr left, 80 only thdse * — g T .
.’ two negd be provided O nother auéstion * biness-tablé and only two rows on the, eyedness gable? .~ - .
°  that-might be asked is "Do there haVe to be ] o T S o
eight rows for ;Pe grabbiness?" The answer [ ]2-5. Juppose you ‘made a table:for keeping track of how -
' is No. The cholce.of eigh¢ is arbitrary.’ The - . S - N
" taliieg'’could have been grouped intd.a smaller - many’b S anfl §!ﬂ$ ‘Zere_-m a class. How. ma{%)f,f°w§ would ) LT
£+ .number, or thefe could have been gighty;with  you need? . v T R
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The last three questions deal with an important point.
There are only two possible varieties of some human fea- -
tures, such as sex and eyedness. But others, like height or .
weight, vary much more widely. The features that come in
only two varieties are called either-or variations. Those that ;
vary more wndely are ‘called continuous varnations. S

s e gi——

2-7. No. &38. Yes. Aithough Tables 1-3 and .

) ' 1-2 both show continuous variation of the
[:]2-7. Turn back to Table 1-3 in Chapter 1. Do the data s, they both also have either-or aspects.

- U Ry

— € e e —

in that table suggest that being fooled by optical illusions  Subjects in Table 1-3 can show either “too $

9 short” or "too long™ responses to the iilusion, k

. 1S.an cxthcr—or t,c:dture ' ' but this is not quite the same thing as the 1

! _ right- or left-handedness in Table 1-2. Gener- ‘
[J2-8. Do the data in Tablé¢ 1-2 of Chapter I suggest that ~ ally. either-or features exhibit a dichotomy— 2
handedness 1S an elther_or feallue') two distlnctly different traits. Purely continu- }

; . . . ous variation features like height and weight 1

: , : . have no middle point, ho either-or charac- - i

\ s ) ’ teristics. {

@
. e

As you have learned, the first step.in understanding the way ORGANIZING VARIATION DATA

human features vary is to find some way of measuring the r : !
. features. That is, to find a way of operahonally defining the ;
feature. ‘ ’

»

[J2-8. Inyour Record Book, write an operational definitionfor ~ 2-9. Student answers should give the method

each of the following: _ ::";u‘,’s;‘*f;',"gmg‘:u:;’; Lrch 1 possible, the

‘ 1. Reaction to optical illusions ‘
1 : 2. Eyedness oo . ' .
‘ 3. Reaction time (grabbiness) -

If you had difficulty in writing these operatlonal defini- ' )
tions, reread the section following Table -2 in Chapter 1.
Your own definition there of handedness should help.
There’s more to .understandmg variation than operation-
.ally dcﬁmng terms. After you have measurement data, you _ ,
-~ muyst analyze them. And this means you must arrange, the ;
data for easy analysis. One way to do this is to make a table '
like*Table 2-1, 2-2, or 2-3. Look at each of them agam care-
| fully Then examine. Figure 2-2.

-~

L . Figure 2-2 ' o
o Eyedness . Tallies (checks) Totals '
T ) (‘ . , h ) L ) N ’ ...—'-"'_""
Right . L = . e e A e T
| I I P .
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* Note that students are asked to use a space
. (Figure 2-3) in the-Record Book- to construct

ah appropriate table, and possibly to have you

‘check it. Whether or not you have the three’

grades in your school, they should make the
table, inventing data it necessary.

2-10. Encouragg students to design the data
table in their Récord Books without just copy-
ing the-example given below. Once again, you
are asked to check Iit. Both variables are of
the either-or type (question 2-11), so only two
spaces are needed for. each variable. Two
spages for each of two! variables require a
totgl of four spaces in the table,

o

“in the same table. Have your teacher check your table design

o

P

Now try your hand at making a table of your own. Sup-
posc you want to know how many seventh-, eighth-, and
ninth-grade students are in a school You are to construct
an appropriate table for collecung and orgamzing the data
you need. Use the spage in FFigure 2-3 of .your Record Book
for making the table. When your table is finished, compare
it with a classmate’s or have your teacher check it \

Until now each human variable, such as handedness, eyed-
ness, or reaction time, has been treated separately. But suppose
you wanted to collect data on two or more variables at the same
time to seg how those variables are related. How would you
organize the data you might collect?

For example, suppose you wanted to find out how many
sludcn({s in class owned a guitar; and, in addition, you
wanted to know how many of the guitar owners were boys
and how many were girls. .

[J2-10. In your Record Book, design a data table that you
would use. Be sure you can record data on both variables

3 ‘._

~

before going(ahcad.

J2-11. In designiﬁg the table, did you consider whether
the variables are of the either-or type? Are they?

~ Your. table probably looks something like the sample -
shown in Table 2-4. (Marks have been included in the table
to illustrate how it can be used.)

1 Tablg 24
| K - OWN GUITAR q
: o v Yes No
y o Ho :
. 1 -
. . Boy 1/ N TN
. . . I T
.| Gir K/ NS TS

b,
" Table 2-4 could be used as you collect data. Each tally
or mark you place in the table will tell you two things about
the person—the sex of the person and whether or not the

person owns a guitar. ‘

-
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[7J2-12. How many boys n the sample class do not own

guitars? . .

(J2-13. How mahy girls do not own guitars? ‘
Tables like Table 2-4 are sometimes called mawltivariable

tables. Some people also call them conringency tables. Others

refer to them as correlation tables. Whatever they are called, . ' )

they are very useful. They are useful in-making data record-

ings. And they help you sce how vanables are related. If _
you have studied Volume 1 or Volume 2 of ISCS, you've Exurson 22 :;‘;ﬁg’t?;?w“‘ but it also

worked with many such tables. If you are not familiar with t
! this kind of table, take a-look at Excursion 2-2. ‘:’:(ﬁl IRSION
- We won't guarantee that it will tell you if there’s any ' |
relationship between the number of Ieft’-eygd‘%wagglebanks :
and how often it rains in Sopchoppy. But it will give you /
a chance tg try your hand at some othgr interesting problems. :
' Students will have td struggle a Iit?;pw / ’ .
problem break. Question 1 will involy#a con- : 4 y g \

/"

_ tingency table between an either-¢r feature

(sex) and a continuous variation feature (re-’
R action time). Therefore it could have two col-
PROBLEM BREAK 2-3 umns, for boy and girl. In order to be able to

N answer the question, the actual grabbiness

Now here’s your chance to put to use everything you’ve
learned about collecting 3nd organizing data in human vari-
ation. You are to try to-answer the two questions given below.
In answering you are to collect data on at least 20 people.
Design tables for recording the data. If some of the data you

need are in tables you've already made, you should use those
data. ) - gcore should be listed, and not the grouping
“‘of scores as in Table 2-3. Then the actual

1. Is there any correlation between sex and reaction time _

in students of your age?
2. Is there any correlation between handedness and eyed-.

ness in girls of your age? ' : : scores could be added up for the boys and
) ' : ~ for the girls and an average Score found for
When you have completed the tables, answer the ques- ~ each. The !:,etter score (|lower :;;eragze) :\«gulg

. g . : . : then give the answer. In question 2. it bot
tions. Then check your work with your teacher. He will tell 1 qedness and eyedness are treated as

you whether you are ready to go on to the next chapter. gither-or traits, a simple Gontingency table like
‘ Table 2-4 will result, showing the answer.:
Before going on, do Self-Evaluation 2 in your Record Book. - CHAPTER 2 23 '
. - /l -~ . & . 1
(351 . .No equipment need ba prebated for Chap-
’ N - ter 3. - ‘ .
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5. Grouping data can make a pattern more ¢
EQUIPMENT LIST Lxcursion 3.1 is keyed 1o this chapter, and ~ avident 1
N Excursion 2-1 is rekeyed. 6. An Individual measurement can be com- b
one N pared with the total by sesing itit is at. above. i
or below the mean or the mode :
j £
CHAPTER EMPHASIS ~ 7. Grouping the total range nto tive parts, or }
Conatwucting a histogram,.grouping of data to fifths, is a helpful way of companng data. }
a 8. The more measurements you have, the

m pauerzmore obvigus. and calcuiating
range, mean, and mode are covered.

- Home' on the Range €hapter 3 .

MAJOR POINTS

1. A graph in whidh groups of data are plotted
in vertical columns i3 called a histogram.

2. The number of units between the smallest
and largest measure in any set of measure-
ments is called the range of the measure-
ments. }
3. The average of a set of measutéments,
found by dividing the sum of all measure-
ments by the number of measuremants, is

called the mean. .
4. The one measurement in a set that occurs
* “thost frequently is called the mode.

In the last chaptér you learned that people have both
“either-or” features and ‘“continupus variation™ features.
Now let’s see if you can tell something that's either-or from
“something that varies continuously. Take a careful look at
the word pairs listed below. | |

easier it is to see a pattern, and the more

R Y- -

heads or tails yoyng or od - solid or fiquid

O g R Bt e b e P W St ¢ s o~
[P PR SR SRS Y

up or down ~ open or shut wide Or narrow
hit or miss day or night ' smooth or rough
\ back or forth™  push or pull do or don’t
" - rain or shine straight or curved good or bad
B hot or cold . sad or happy high or low
¥ poor or rich stop or go - right or left
R, war or peace empty or full better or worse ( ;
big-or small soft or hard
boy or girl wet or dry i |
.. ) .;‘
[]3-1. From the above fist, choose four word pairs that are — . i
“ni —or” < . contidance you can have in the conclusions ~ -
’ | either-or” situations. . drawn from the data. ’ 1
R R - Q&2. .Choose four word pairs that are “continuous varia- . i me rule that either-or features exhibit only ' H
tion” situations. - . two possible varieties is applied. heads or o
. : tails, hit or miss_ boy or giri. open or shut, etc., B
D3‘3- Describe brieﬂy how you chose the word pairs t’o fall easily in this category. Likewise, those that _
. . exhibit widely varying continuous variations g ¢
. use in your answefs to questions 3-1 and 3-2. - could be hot or cold. big or smail. young or
< ' old, soft or hard, wide or narrow, etc. Some .
£ U . . . : _in the list are harder to categorize. Two in K
F | If you had trouble in answenng questions 3-1, 3-2, or 3-3, . particular are notaworthy. it the words up or ;
Tie ~ then you had better turn back to Chapter 2 and read it again. - , , 25 :
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down, and back or forth, denote directions,
then these two could be called either-or But
it they denoto distances. they have continuous
proporties.

-
v

The histogram, a form of bar graph. is con-
sidered a most profitabia device for displaying
data_ it is interesting to note that it a large
number of measures are available, the inter-
vals can be made smaller and smaller. down
to actual units instead of groups. The smooth
line connecting the plotted points would then
be a distribution curve. However, thé histo-
gram, with data plotted by groups, is an ex-
cellent way of presenting measurements that
fluctuate widely. The overall pattern is more
easily discernible. ’

Individ#ais

Figure 3-1

4

"t

Note the use of the two questions. somewhat
in the form of a Checkup, to get the students
to Excursion 3-1. Once there, they should be
encouraged to do it it they need help on his-
tograms-or graphs. —

Bl EXCURSION 2

26 . CHAPTER 3
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In Chapter 2 you collected data on the way people-vary in their
grabbimess (reaction time). Yousummarized your datain Table
2-3 of your Record Book. A look at that table should tell you
several things about people’s reaction time. However, there 1s
probably a lot more information in Table 2-3 than you think.
This chapter will help you sce ways of getting as much infor-
mation as possible from data you collecton human features—
particularly those of the continuous variation kind.

Figure 3-1 shows the grabbiness data for some ninth-grade
students in Florida. Notice that the data have been put into
a sejof vértical columns. The height of gach. column tells
you how many individuals grabbed the metoxstick at each
of the different marks shown. This kind of graph is called

a histogram. , .

14

12

10

YECER NN

55 65

-~ 75
Centimeter mark grabbed

45

[13-4. According to the histogram, between which two centi-

meter marks was the meterstick most ofte}a/ grabbed?

[]3-5. How many ninth-grade students are represented by

the complete histogram? .

el

.

Check your answers to questions 3-4 and 3-5 by turning
to Excursion 3-1. Don’t go on unless you are sure that you
know what the answers should be and the reason for those

" answers. .
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As you will soon see. a histogram is often more useful in
organizing data than a table is. A liule later you will be asked
to make some histograms'of vour own. Lets practice a little
at doing this to be sure that you will be ready.

" In your Record Book you will find an axis like the one
shown in Figure 3-2. Use that axis and the data you have
already put into Table 2-3 in Chapter 2 to make a histogram
of the grabbiness data you have collected.

Y

e

~t

~ 1w

! -
A Y .

To be sure that your histogram is correct, have your
teacher check it. To do this, your teacher must see your data
from Table 2-3 as well as your histogram.

One of the problems in science, and in the rest of life, is that

a single word may have more than one meaning. Think of the __

word range, for example. To some people, range means a grassy’
.area where buffalo and antelope roam. To others, it means a
cooking stove. Still others might picture a nifle range or a
"mountain range. | | '

Let’s take another example and consider the word mean.
“She’s a mean old lady.” “I've been meaning to do that.”

“What does the word mean?” “He plays a mean game of
gol- g e i i - s

" The terms range and mean are both used in science-and
will be used in this unit. For this reason you gfd to know
_their scientific meaning. ~ . - |
- \k ’i . -
i - | P 4(
. . . . . ‘. o . . :
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The students can tabe! their horizontal axes
the same as in Figure 3-1. If they do, they”
should remember that the totals from Table
2-3 are from 25 to 35, 35 to 45. etc. Note that
they are asked to have you check both the
histogram and the data from Table 2-3.

N

N o

-

ﬁguré 3-2

MODE, MEAN, AND RANGE
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In detintng range. it mhy be necessary 10
detine umit, measure, and set. A umt 15 the
scale used tor the measurement. such as cm,

mm. m. etc It 1s plotted along the bottom ot _ ~

the histogram A measure 15 the operation ot
finding the amount of the trait in an indmdual
cases The number of measures made 1s
plotted vertically A set s the total number of
measures in a qwen situation. Thus the detini-
tion of range '‘the* number of unis .

means the number ot scale units (cm in the
example) between the smaiiest and tlargest
measures.

The remedial Excursion 2-1 is for those who
are still having averaging difficulies. Some
students may have to be urged to go through

it again.
EXCURSION 2

3-9 Find the “sum of all the measurements
and divide it by the number of measurements.

" [Note that students were not asked to tind the

mean, but only to tell what they would have
to do to find it. There"is a big difference; to
actually find the sum of all the measurements
could be a very complicated task for the stu-
dents. You might want to preseqt the problem

28 CHAPTER.
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measurements you recorded in Table 2-3?
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iIf continuou variaton features are mecasurable, these

‘measures spread out over a wide sct of numbers. For exam-

ple. height is a continuous varation fcature. Measuring the
hegght of several people would give you a set of numbers.
In this set there would be a smallest and largest measure.
And, of course, there would be other measures between these
two.

Range as it 1s ufd in this book means “the number of
units bc(wccn the smallest and largest medsurcs«? any set
of measures.” :

To find the range of a sertes of measurements, you subtract
the smallest measure in the set from the largest. For instance,
in Figure3-1, grabbiness measures are shown along the bot-
lonx@f the graph. The range for this sct of measures 1S 70 cm.
Here 1s how you get it.

- o~

Ldrgcst measuremem — Smallest measurerggnt = Rangc

~

95<.m——2’icm._70cm - / :
: : N
[13-6. What is the range for the set of grabbiness measure-
ments that you recorded in Table 2-3? )
\J
[713-7. Give an operational definition -of the wqrd range.
Now what about mean? This word means the same as the
arithmetic _average, o what most people loosely call the
“average.” o |
The mean for a set of measurements can be operationally
defined as: e
. : Y
Mean — Sum of all measurements ,
' Number of measurements “
¢

[)3-8. Calculate the mean of the'following measures: 28 cm,
84 cm, 100 cm, 52 cm, 13 cm, 66 cm. ; .

If you do not see how the mean for quesllon 3-8 1s found,
turn to Excursion 2-1, “On the Average,” for more help. =

y ¢
[]3-8. What would you have to do to find the mean for lhc

1
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Table 3-1 C .

Shoe Sizes for

. Teen-age Boys
] v N - - }
| . 6B, 7A, TB, 6E, 9A, 9A, s :
' - . 8D, 10B, 11D, 9AA, 12D, )

14B, 10B, 7A; 8D, 9C, 104B,

9D, 9C, 11B, 12AA, 10C, 10C, |
93C, 10D, 9iC, 11D, %4C .

3 ‘.
w N L . - el .
A -

94C. Thus, the mode for the data set is just that, 9C."
The mode for the data set you grdphed in Figure 3-2

to the question couid Yes.

c - depefids on your own set of measures, (1.¢., your data from  3-12. Range, 169 o, pr 109 1b;
' Table 2-3) . .mean, 112.3 Ib;
. - ) ) mode, 110 Ib. ,
e : !
] Patterns in data arc nbt always easy to see. Sometimes the ~ FINDING PATTERNS
, « - range, ean, and mode help you see a pattern. Sometimes, BY GROUPING
H to find a patt n, data have to bq,orgap@z d. . A
. . TS

< of mnth grader:
forthese data?

-
. -1
Table 3-2 . i
’ Lo ~ ]
- Weight (Ib.) of a Group of Ninth Graders
H P E - N
97 . 106 133 65 |
. 142 97 93 140 -~ .
105 156 110 110 ,
- 114 72 102 1% . R
B 104. 124 75 112 -
. R 60 99 - 88 115 .
: 107 125 169 110
) 138 158 123 81 )
' , 122 127 107 138
o e o ., CHAPTER 3
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to some of the more competent
information, two possible ways of iinding the

29

For your

~ ' mean are these: (1) Go back to the original
[(13-10. In Table 3-1, what is the mode for the data set? ungrouped measures of grabbwess. Add
N ~ these all up and divide by the number ot

scores. (2) Take an average figure tor the
groupings in Table 2-3 (25-34 would average
about 30, 35-44_ about 40. etc ) Multiply these
) -—average figures by the number of measures
\’ in each row gAdd all these products. and di-
vide by the total number of scores.]

. ' ) . 3-11. Normally, the students should answer

311, Cz‘m' you find the mode for your data in Table 2-37  No. But if some of the sharper ones found the

mean by method number 1 in the teacher

. . note. they aiready have used the ungrouped

N In Table 3-1, the shoe size ¥at occurs most frequently 1S measures. The measuge that occurs most fre-
" quently would be the frodg, and the answer

-

.4
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Fipure 3-3 shows the data from Table 3-2 arranged 1 the

form of a simple histogram.

*

Note that the mode, 110, still falls in the larg-
est group on the hustogram (110-114)

The mode., 110, shows as the longes! hne
Figure 3-3
3
” (2]
3,
1 © “
P <
h "o
' 60 65 70 75 80 85 90 95

100 105 1Y0 115 120 125 130 135

140 145 150 155 160 165 170
Weigh} (in [b} .

. Grouping.dpta can mdke a patiern more evident. Figure
3-4 shows a histogram of the data from Table 3-2. This time,
measurements have been grouped into five- pound intervals.

64 69
Figure 3-4

Figure 3-5
FALY
\

Again the mode {alls in the la gest ten-pound
interval (1 10—~1 19).

CHAPTER 3
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60—~ 65- 70— 75~ 80—~ 85 90— 95~ 100-105-110-115-120-125~ 130—135—140—145—150—155—160—-185—-
74 79 84 89 94 99 104 109 114 119 124 129 134 139 144 149 154 159 164 169

- Weight (in 1) ’ o

Now look at a histogram. made by grouping the entries
into ten-pound intervals (Figure 3-5). Notice how thc data

take on a sort of mountain-shaped pattern.
o

-7

=] ~
3

w
.

Individuals '

o

60- 70— 80~ 90- 100~ 110~ 120- 130- 140- 150--160-

69 79 88 99 109 119 129 138 149 158 169
_ Weight (in Ib)
o 5
ST E ’
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Arranging data in histograms of in other kinds ¢ graphs
does not change the range, mean, or mode for thefdata. But
new arrangements can make patternsynore obvi g

o b N s gt s Sort b Sl g i ot

-

3
s

- Throughaut this unit you will be comparing your measure-
ments with-those of your classmates. One si}nple_\ way of
comparing is to see if your- measurement is at, above, or
below the mean or -mode. .

Another way of comparing will give you even mere infor-
mation. Look back at the weight distribution of ninth grad-

.ers, in Figure 3-3. The weight range is from 60 to 169 pounds -

'(or 109 pounds). Dividing that range into five parts gives
about 22. The numbgr of ninth graders within each fifth are
shown in Table 33, = .

~
Table 3-3 )
Limit; of Rz;nge " Numbers of
Fifth | Range for That Fifth Individualst.
1 122 1bs 60-81 5
2 22 tbs 32--103‘ . -6
3 221bs 104-125 16
T4 | 221s 67 | s
s .| 21bs .| w48-169 ' 3

* .

" Notice thal (ﬁ'\ce again, most of the measurements occur
in the middfe fifth (3) with fewer at either extreme measure-
*/ment (1 and 5). Figure 3-6 shows the information above in
| histogram. form. Note how clearly the mountain-shaped pat-
| tern shows up‘when the data are grouped in fifths. '

s | -

THE ISCS FIFTH SYMPHONY

]

Rl 4
x

_The weight range is actuatly divisible exactly..
"in tive parts in this case. A range from’60 to

169 pounds includes both the first weight (60)
and the®last weight (169) and ali the unit
weights between the two. This total of units
is 110. Likewise the range of each’tifth in-
cludes the tirst and last weights in that fifth

(60-81, 82-103, etc.), and the units ic each-

fifth total 22

-

CHAPTER 3 31
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1 2 3 4 5
Fifths ,
] [13-13. If Ringo Deery weighs 142 pounds, into which fifth
. - does he fall? -
: . ‘ []3-14. If Twiggy Hutch weighs 80 pounds, into which fifth - .
1
. . does she fall? . '
’ [13-15. Which fifth is the mode fifth?

Botn the mode and the mean fall n the MY 1316, Into which fifth will extremely light people fall?

- : []3-17. Into which fifth do *“normal” variations in weight

. fall?

.~ In this chapter youlve learned how to make a histogram.

You might want to make a point with the stu-, You've also found how to calculate the range, mean, and

dents on the increase in confidence in meas--  mode for a set of measurements. You’ve seen that grouping
urements when the number of measures Is . .. ]

increased. For instance. it any one column of data often helps to make a pattern clearer. This is especially

werghts from Table 3-2 had been used instead  true when you have a small number of measurements. You

of the whote table then the range, mean, and . . -

" mode would have been different. have probably heard that good experiments are repeated

_ ’ . many times. The more measurements you have, the easier

P ¢ 32 - CHAPTER 3 - itJs to see a patiern and the (E'ore confid¢nce you can have

"
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regarding the conclusions you make.

In the next chapter, you will get to use your new skills
in analyzing some not-so-obvious variations. You will also
be introduced to some new skills useful in tinding patterns.

Before going on, do Selt-Evaluation 3 in your Record Book.

< (M BEHOLD'N TO YUH
FER CLEAR'N UP |
THAT RANGE MESS.

AT N e e

GET IT READY NOW FOR CHAPTER 4.

This chapter involves a longer list of equip-"
ment than any other. Some of it must be sup-
plied locally. This includes chalk. baby-food
jars, glasses, or. beakers, paper. and a watch
or clock-with sacond hand. Activity 4-17 calls
for students tp use a reasonably. quiet area.
You might want to give consideration to the
use of some area outside the regular class-
room, where students can wofk quietly in
pairs. You will néed to supply straight sticks
for students who go to Excursion 4-2. These %
should be prepared ahead of time. A teacher
note on the first page of the excursion gives
further details. White unlined paper and paper
towels must be supplied for Excursion 4-3,
and you probably will want to ink the stamp
pads ahead of time for students going to that
excursion. Some hints on this operation are
given on page 85.

'\ "CHAPTER 3
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EQUIRMENT LIST
' "Per
’ 1 terstick ]
1 meter of smn&"
3 1 plece of chalk
2 white index cards (3" x 5")
1 protractor
1 metric ruler
2 rubber bands

2 toothpicks '
1 gtass, baby-food jar, or beaker

How Do You i or o
‘Measure Up? vewrowe ™

_ CHAPTER EMPHASIS

Students use range, mean, and mode to com-
pare their personal traits with those of their
classmates in additional situations. o

dent-team

Excursions 4-1, 4-2, and 4-3 are keyed to this
chapter "

How do your fcatures and char’acteris?ics compaqre with those
of other people your own age? Are you average? Do some
of your characteristics fall into the “mode” category? To get
an idea of just-how normal you are, you should conduct a

fo your classmates.

Start with an easily measured feature—height. To -obtain
measurements, you can use the help of a partner and a
meterstick.

o

ACTIVITY 4.1. Measure your height lt{vcentimeters, as shown.
' As a check, you should make your measurement more than
once. ' ' ' '
. o . v
[(04-1. How many centimeters tall are you?

When you are sure that your height measurement nnght

~‘compare your measure with the data in Table 4-1.If you

"

are a boy, use the “male ‘data;” if you are a girl, use the
“female data.”) Notice that the table contajns both height
and wexght measurements for peoplc of your approximate
age. ) ' :

few investigations. Find out how you stack up in rglation

i A A e S s SN 2

MAJOR POINTS

1. It is possible to find the range. mean. and
moda of weights Md heights trom the jata tor
boys or girls ot a particular age

2. The height and weight of any individual
may not fall on the mean. or average, of the
class data.

3. it is possible to measure the peripheral
angle of vision, and to determine the range,
mean, and mode of this angle for a group of
students.

Chapter 4

4. A measure of the sensitivity to touch c¢an
be made for various parts of the body, and
comparisons made with the mean of a class
group.

5. The biind spots in the eyes can be identi-
fied, and a measurement made of the total
blind distance of each eye.

8. A test can be made for the ability to deter-
mine distance and direction of a sound.

7. Timing error can be measured, and a com-
parison made with the mean error of a group

- of students.

8. A normal person is one whose measures
vary from the mean or the mode in some
characteristics ontraits.

HEIGHT AND WEIGHT

X
§ Card or other
3 fiat object
Measure from 5
floor t0 object. |]
b
: 2
TH Feet flat on floor
4] - . and back straight
) *H "

b

. r——
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¢ Range of height (male)—34 cm
Range of height (female)—32 cm
Range-of weight (male)—70 ib
Range of weight (female)—58 Ib

Mean height (male)—166.14 cm

Mean height (female)—156.5 cm
Mean weight (male)—105.79 Ib ‘
Mean weight (female)—103.86 Ib

P Mode height (malg)—158 cm and 178 cm
v Mode height ({female)—155 cm

b Mode weight (male)—104 ib

! . Mode weight (female)—85 Ib

Note that mode height for male occurs at two
points—it is bimodal. *

Experience has shown that some teen-agers
(and adults) become worried if the measure
of their traits ditfers from the avetage. Thus,
this paragraph may provide some reassur-
ance for them.

haal Siaatinteat, Aer S aded
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Table 4-1

3
7

/
\

A s etz el Yy yn,c,:,,» 3;;,,( g,

L Ll

Male

Female

Height (cm)

Weight (1b)

Height (¢m)

Weight (Ib)

158
178
170
176
-163
153
o 164
184
178
150
160
169
165
158

917
142
105
114
104

75
107

138
122

72

99
117
104

85

T

153
141
150
160
163
165
169
155
148
455
173
154
155
150

102
84
95

100
95

115

126

110
94

107
142
85

103

. E]4-2. What is the range of weights for the students of your

*age and sex?

[J4-3. What 1s ihe range of heights for the students of your

age and sex?
#

[]4-4. What are the mean and mode weights for the students

of your age and sex?

[14-5. What are the mean and mode heights for the students

of your age and sex?

[]4-6. How far above .or below the mean for height of your

sey is your height measurement?

[]4-7. How far above or below the mean for weight of your

sex is your weight measurement?

Height and weight usually vary greatly among teen-agers.
_ S If you calculate the mean height of your classmates, you may
) * . find no single person who has the average height. Thus, who-
is average? Perhaps the best é&xample of an average person

_is someone whose characteristics are not average.

+ ‘: }
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Height and weight are important charactenistics to teen-
agers. But now look at some features that you probably never
cven thought about.

-

-You can’t see what’s going on behind your head. But you EYES FORWARD
can see things to your right or left without moving your eyes

or turning your head. How much can you see? Your next ’ ~
problem is to measure how far to the side you can see while . '
looking straight ahead.

-

Excursion 4-1 is rbmedial on the use, of a
protractor.

gEN To make measurements, you need to know how to use a

protractor. If you don’t know how to use one, do Extursion 4 A(H' J \‘I

. 41, ‘“Angles and Protractors.” When you are ready to' go
ahead, you’ll need t0 work with two partners. Your group  Note the change to a student-team of three
will need these materials: *lpeople for these activities.

| piece of string, | meter long

' 1 piece of chalk .
2 white index cards, 3 % 5 inches .
1 protractor '

Tape ; N
Read through. Activities 4-2 to 4-9 before starting, "
\ v
N, .
String Tapo
(1 mlong) - Qs end.

Draw a chalk line 7

. along the string. . P

& - . .
. A meterstick could be used to draw the

straight line instead ot trying to follow the

‘ AC'thTY 4-2. Tape one end of the string tq,the floor. Stretch  string with the chalk. .
the string out straight and chalk a line on the floor along the
cntlro length of the string. . CHAPTER 4 37

Sain, R TR N Y X A ST/
!rﬁr (328 "’"ﬂ"'fl e U ?':" ) "r' G LAY ""?'.». AR

c e ATl aion O BARS 4o e s AT e At SN

-

e it i e S i e




B I T .n..!:,px,\»;.:.—.;_g,.-;‘,;(:ﬁm!»'hr*e P ,}X‘;?;:?’- :
. . L
-
K

o s paden ..
LI e P iy B R W SR (T ) et LR N Sk e
L) Yelts ) o e W wih il i3 . A . o . L - ., sy eers B .
3 L vt T ST QTN e ..“. 2\ ~\)’~ SO e, :r"\e Nt 418 4 LAA ,"uq &(L* ‘.“ o 35 .ﬁ"_ “

ACTIVITY 4-3. Tie a piece of chalk to the untaped end of the
string. Draw a quarter circie on the floor. Leave the string
taped to the floor, but remove the chalk.

Circle
. String
—
Chalk (1:mlong)

i , ACTIVITY 4-4. Prepare two index cards as shown. Use cards
f already made if they are available. /

. ’ STARE
' ® Leave
' ' . AT DOT blank. -

CaLd 1

Self ,‘ 1st partner

Tt a——— . 4 4 -

ACTIVITY 4-6. Next stare at the dot on Card 1 while your
second partner moves along the greater circle with Card 2
in his hand. Watch the blank card without moving your eyes

it is difficult for some students to keep head  of your head. : ‘ _
and eyes immovable. One technique that will
help is to have partner with Card 1 carefully Car;i 1

/

s won -

g

_’1st partner"

observe the person in the center, and sound
a warning it any movement is detected.

N -

| _~~2nd partner -
— : U
38 CHAPTER 4
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ACTIVITY 4-7. When you can no longer see Card 2, say
AAS‘op.I'

ACTIVITY 4-8. Move the end of tL'e string to a point just below
the blank card in your second partner’s hand. Hold it in place

with a small piece of tape.

ACTIVITY 4-9. With a protractor, measure the angle between

o the chalk line and the string. This is your “‘peripheral angle
of vlslon.
o ]
]
| String
: to card 2 - 4
' Ld
!
] Angle
[ of vision
HE
|
- -
. Chalk line
: tocard 1 ’

Repeat, the measurement of your angle of vision twice
. ~ more. Record the results of the three trials under Self/in.
§ Table 4-2 of your Record Book.

Stop

it students have worked with the space unit,
What's Up?. they will have constructed quad-
rants that couid be used tor the measurement
of the angle. These are larger than the pro-
tractors, and might be édasier to use.

Persons with a low angle of vision are said
to have tunnel vision This 1s one of the haz-
ards of the space age. it has been found that
prolonged exposure to an atmosphere that is
too rich in oxygen, such as might occur in a
space capsule, can cause extreme tunnel
vision, unconsciousness, and even death.

CHAPTER 4 39
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I
Again, you may decide-fo use class charts for
the collection of these data. If so, yoy should
. provnde spaces for ftie three trials and aver-
. -~—- age, 80 that students can compleie Figure 4-2
2‘ - in their Record Books. -
!
|

- Y . ~t
« Indetermining the mode with a relaﬂvely small

number of ‘measures (1 1) it .is’ conceivable
- that there will not be a grouping at any one
- measure. If two measures occur most. fre-

.. quently,.it is bimodal;"if three occur, it is

called trimodal. Possibly there is only one of

each measure, in whicth case itis called mutﬁ- )

-modal. -
40 CHAPTER 4
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\ Table 4-2 ) o
[ - [ Y
Student Trial 1 Trial 2 ] Trial 3 Average .
Sclf " _o o S - _~.._.._‘ .......h. )
\ E ]
g PN
Student 1 ot B o0 et
: Student 2 S e — - .
- - ¢«
Student 3 - I " . _ =
. . : 2 3oy .
Student 4 " . ,_____" - ° "
Student 5 —° -_.° __° -
Student 6 - —* N —_ —_—°
Student 7 —c ° " —_ . b
) xR
Student 8 " L __*
Student 9 - - _— = 5
~ iy . - —
Studens 10 - %y " —° "
l‘wﬂ‘ oo L e o -ty ..:.- —atay o et —eler - - - . d i - ...«..;J
3 . .
.k he \ " .

Next, measure the angle of vision for ten of your class- . ;
mates. (three . trials and average). Record these results also B
in Table 4-2. When thg table is-complete, make a histogram '
of the data.in the space provided in Figure 4-2 of your
Record Book. Use: the-histogram .and Table 4-2'tg answer - .
the next three questions. - : = ]

e L ’ T
'[]4-8. Use the calculated avcrages to dqtermme thc rang¢
of angle of vision for the ten students.

’EI4-9 Use the calculatcd averages to determine, the mean _
and mode angle of vision for the ten students. L S

-[24-10. Is your angle of vision the same as, above, or below
the mean _for the ten students? _ BT

60 -
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PROBLEM BREAK 4-1

Up to now, you have concentrated on your field of vision
to the side (horizontally). Design and carry oul an €xpett-
ment that will measure your ficld of vision up and down
(vertically). Describe your experiment and record your find- )
, ings and ' conclusions in your Record Book. Do not ) S
spend more than one class period on this activity. ‘

2 This problem break is a good opportunity to
The last activities dealt'with your sense of sight. You have desionan independent investigation. An ex-
. RS i tension of the problem ot angle of vision can
four more senses—hearing, touch, smell, and taste. Theé rest  be presented to students who are interested
of the activities in this chapter will give you the chance © going a little turther. By using.colored cards
. . : . : . the same size as Card 2. a test can be made
investigate some. of these senses. You will also be able to  of the angle at which ditferent colors can be =

compare your senses with those of your classmates. Identitied. You have colored construction
: . 5 . paper in the supply kit.

0 ‘Touch is considered to b e of th?\.s_oréallcd five senses. ARE YOU TOUCHY?

A In this activity you will determine whether the senseof touch
variesrin different parts of your body. But before"doing ‘the
| exbogigygt, try answering these questions.

[]4-11. At what point on your body do you think you are
most sensitive to touch? - ,

° -

[]4-12. At what point on your body do you think you are
least sensitive fo touch? '

. ot o _ :

.. To test your predicjions, yot will need a “touchometer.”

* This is a device with which you can-measure sensitivity to

touch. To make a “toucho r,” you will need these things:

1 cm-scale plastic ruler Toothpicks -

d

-

2 rubber bands Rubber Although students would not be expected to
. ) band know at this point. the most sensitive areas
2 toothpicks: - of the body are the fingertips (paim), lips,

|l||||| ||H‘ll| ""lllllllll\”l TTTOTTTITT IV lllL‘Hl T Implll ““‘Hl] Hllll]ll lllllllll “ll\lm llll\llll llllll“" lllll“ll iH
2] 1.3 al o |sloh gsl s2)faldaiqsle!s

. T metme g 5 7

-

e

* . \ Ruler
T Shal’p ——
ends tongue, tip of the nose, and the soles of the

ACTIVITY 4-10. Use rubber bands to attach two toothpicks ;‘:"n's;:‘: 229323:35;‘:""9:;29‘& are twice g3
tightly to a ruler as shown. Be sure that the more pointed end ) 4
of each toothpick points in the same direction. Cn CHAPTER 4 41
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In using your touchometer you will vary the distance be-
tween the toothpicks and touch both points to the skin at
the same time. The aim will be to find out how close together
the wothpicks have 1o be before the two points feel like one,
Let’s give 1t a try.

o e

[F—

T(-—Zcm—o ;

ACTIVITY 4-11. Spread the points two centimeters apart, as
shown.

In working with the touchometer, it is very
important that the two points touch at the
same time. Otherwise, it will give a clue to the
subject because of the time difference be-

ACTIVITY 4-12. Touch the two points to your forearm at the
same time, as shown. If you feel both poipts, move the picks
closér together and repeat. Adjust the toothpicks until they

are ag far apart as possible but still feel like only one point. .

tween the contact of the separate points. And

the contact should be light. There are five

basic skin stimuli that make up the sense of

touch. They are cold, heat, contact, pressure,

and pain. Students are measuring the contact.

stimulus, and excessive pressure wlll confuse
-, © the rQactlon

“»

Now that you know how to use your touchometer, you
are ready to do your touch experiment. You will need a
partncr. \

*‘ .
Safety Note In doing this touch experiment, be very careful
with the! sharp points. Do not- test the sensitivity of

' your face, although you may want to test the back. of your

neck. Don’t make quick or unexpected moves. Always apply

_the touchometer very lightly. You are nymg 1o measure sensi-

tivity of touch, not pain.

A \
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ACTIVITY 4-13. While your partner’s eyes are closed, test his When testing subjects with thewr eyes closed,
touch sensitivity on the back of his forearm. Record the re-  '!!Sagoodplanto touch only one point every
. . once mn a while Otherwise subjects will know
suilts of two trials in Table 4-3 of your Record Book. that they are always being touched by two
points.
! \
X A
£
3 1
Table 4-3
Distance (cm) Between Points
When They Are Felt as One '
. Trial | Trial 2 Average .
Area : '
Tested Self | Partmer | Self | Partner | Self | Partner
Back of forearm
\ -
Back of neck - T
\ Palm of hand | ' .
/
Back of hand . - . )
- Sole of foot . \
. /
&
\
{ Next, switch places with your partner and have him test  Although individual subjects differ. the palm
P youg, touch sensitivity by repeating Activity 4-13. Then, for  ©!the hand and the sole of tho foot wil prev-
: ' ably show the greatest sensitivity, with the
- : yoyrself and your partner, test the other body areas that are  pack of the forearm showing the least. S
listed in Table 4-3. Record all measurements in your Record ‘ - ' |
r - Book. ' g CHAPTER 4 43 |
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Finally, test the touch sensitivity of mne other classmates.
Record the data that you collect in Table 4-4 of your Record
Book. When the table 1s complete, make a histogram of the
data and answer quesuons 4-13 through 4-16.

\]

Table 4-4

Classmates

Arca v
Tested S : : 5

Back of
forearm

Back of
neck

Palm of
hand

Back of
hand

Sole of
foot

—y——

IS
e ?

[J4-13. What are the class ranges, means, and modes for the
“touchiness™ of the forearm, back of neck, palm of hand,

" back of hand, and sole of foot? You can answer this question
by completing Table 4-5 in your Record Book.

Once aggiﬁ. the distribution may be multi-
modal due 10 the small number of measures.

)
4-14. Small  []4-14. In the touchmess test, does a- large, or a small,
" touchometer reading indicate more sensitivity? -

[14-15. For which areas of the body were your own touchi-
ness measurements greater than the mean for you and your
classmates? ' . R e

~ .k

- [J4-16. For which areas of the body were your own touchi-
44 CHAPTER 4 - . ness measurements smaller than the mean?
oo )
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Table 4-5
b 2
4 Range Mcan Mode 3
Back of forearm cm to cm | o cm ———Cm
*
Back of neck cm to cm cm o _'em Eald
Palm of hand cm to cm ._cm —_cm ’
Back of hand cm to cm ——cm 1 _em ‘
3 Sole of foot ———cm to cm —_.cm cm

You have probably heard someone say, “He has a blind spot ~ BLIND SPOTS
when it comes to so-and so.” This comment usually implies

: whis » Lt Students may be curicus about the blind spot.
that the person with the “blind spot” doesn’t see all the facts. 5Ot L m L the back of the eye (the ]

- Of cours¢ most of us have such mental blind spots, at one retina) that is not sensitive to light. This is .
time or another in our hves. < ' because at the point where all the nerve fibers t

come together and pass through the retina s

But did you know that everyone has a true physwal blind 4.9 out the back of the eye to become the i
spot—one for each eye? Well, it’s true. In the next activity, . optic nerve, there are no photoreceptor cells. .

Despite the relative ease with whiech students ?

you will mve_sngate our own bhqd spots. You will also see . Sqantity it, the blind spot was not discov- i

how these blind spats differ for different people. ered until the 17th century. by a French sci- cod

entist. Because ot binocular vision and the
To get ready for the activity, you need to make a COPYy  ;oquency of eye movements, it causes no

-on paper of Figure 4-1. You will also need a partner and ditficulty in our everyday lives.
a centimeter-scale ruler. :
. Figure 4-1 .

i 3 (.
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ACTIVITY 4-14. Cover your left eye with your hand and hold
Some teachers have had students use the
3" % 5 tile card on which 10 copy Figure 4-1 Figure 4-1 at arm’s length. Stare only at the cross and slowly '

The suffness of the card makas for easier bring the paper closer to your face.
manpulation and measurement. »

~»

[
! _ " ACTIVITY 4-15. At the.lrr*t the spot disappears, stop mov- .
~) " Ing the paper toward you. Wour partner should then measure :

r the distange trom your left eye to the paper. Continue moving
i - r the paper closer to your face until the spot appears again. ) -
- Measure that distance too. .
Record the distance measured in Table 4-6 of your Record
) Book. Then calculate the Total Blind Distance (TBD). h
{ E . R -
' O 1 . :

rbore ¢ Ay o oen e e

]
. .
. €
ACTIVITY 4-16: Repeat the expériment with your left eye. This o
;46 CHAPTER 4 - time, however, slare at the spot, not the cross. | ’ - . -
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; _ Record your measurcments in Table 4-6 of your Record :

Book. Then switch roles with your partner and repeat the

experiment. Calculate his TBD. : ' -
< * ’

Table 4-6 .
. J/ i B .
l ] . A ] . ) lad 8 A ' -
) 'BLIND SPOT DISTANCE FOR EACH.EY.E .
A Right Left

L /AM

] o= Note that if students are to do an adequate
Disappcanng distance ) v job of answering questiens 4-17. 4-18, and
? ’ _ 4-19, they will have to make a data table. They ,
. . . - need the data to be able to find the mean and
Reappearing distance range. '
. - "
< Total blind distance (TBD) . .

(disappearing minus reappearing)’

'[]4-17. Was your TBD greater, or less, thary your partner’s?
Find 6ut what TBD other members of yo?y class have. - -

‘J4-18. Is your TBD above, })ck){vk, or cqual_to the mean
TBD for the students you checked? :

.D4-19. What was the range of TBD for the group?

, [[14-20." Do you, think a pérson’s TBD would be an important
feature to consider when interviewing for certain jobs? Why?

~

-t / .
. . ' - . .- . Excursioh 4-2 is an intere.;n'i,r;g extension ex-
. _ Another important characteristic of humari vision makes  cyrsion on depth perception. -

it possible to catch a- ball, pick up a’ thumbtack, or hang :
clothes on a line, jl‘akc.g look’ at Excursion 4-2 10 sce how ‘:):(qu RSION |
_people vary in their ability to judge distances. . S e a :

. o ' ) “-‘ ’ . ‘. R ) ) r% -

-

1 ’ Som
.

E Obviously, there are blind Spots in vision. Are there similar THE BETTER TO HEAR WITH "

“blind spots™ for hearing?. _ 2
Does everyone hear all sounds the ‘same way? Without Lo
expensive equipment, it’s hard to study vamation in ability A ' C

to hear high and low sounds. But there are some questions : S :
‘about hearing that can be studied with simple ¢quipment, - CHAPTER 4 47 .
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If the suggestion to test several of the class-
- mates is followed. student$._should probably
have a dta table (arf extension of Table 4-7).

48 CHAPTER 4 -

S R AT WU I T
O hv A I

LR St T Y S R R R : ol

- . )

LI . -
T T N VL T y e kY
RV LK S NG PR TR oY

For example, you can study a person’s ability to locate
where so?_ds come from. You can also study from what
direction dilterent people hear best. . - .

For these investigauons you will need a pencil or pen and’

. a glass, jar, or beaker. You'll also nced a pariner.

- You might want to_have student-pairs go to
anothertoom or aréa to have less distraction
from normal class noise.

ACTIVITY 4-17, Have your partner sit in. a reasonably quiet
part of the room with his eyes closed. Move a short distance
from him and géntly tap the glass. When he hears the tapping,
he should point in the direction he thinks the sound is comlhg'
from. He should also state how many meters away he thinks
y'oﬁf are. . . ' . . Coarma

. . * . ) :‘ Tl

L . - a

I‘“ d

¢ ¢ ’

I's up 10 you to decide how to ¥8¢dtd how much your
partner’s guesses are off> Whatever scheme you use, you - |
should consider both direction and distance:-.Your testing
should be done on both sides, in front, and in back of your

- partner. Record all data in Table 4-7 of yotir Record Book.
""" Have your partner test your ability to hedr.sounds in the
‘same way you.tested his. Then compare: his measures with

, yours. If, you ! ike, test several of your classmates as well.
: o ® .

°

- [Ja-21. Describe how your ability to hear sound comp&rc'a;
»  with.your partner’s. . B S
. ‘[18-22. Did you find any evidence for-a “blind spot” for
hearing? " .a. . L .
PROBLEM BREAK 42 . . ~ ° . » "~ N
Perhaps you're sometimés late in coming: home. Méybc neh
you have excused yourself by saying;-“I'm sorry, I’just lost
track of the time.” Some people are.extremely good at esti-
mating different lengths of time. We_ could say they have a
1\ good -“sense’ of' timing.” .Time sense isn’t one of the five .
‘senises, but it is important. And it is another variable’among . .

p%ople. Perhaps you can measure this “'sense.”, To do so, you

"
. - . r .
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sholild again work with a partner. You and he will need a
watch or clock with a second hand. ‘
Design an activity to tind out how well you can judge when
one minute has elapsed. Collect data for several tnals. for
you and your partner. Then calculate the mean error. Check

" other. classmates, too.

[

[(514-23. What is the mean error for time sense for the people
that. -you studied?

&
[]4-24. What is the mode erroffor time sense for the pcoplc
that you studlcd" e,

[14-25. W@s your time-sense error above, or below, the
. mean for thc people you studied? -

You have sn[dlqd and measured many of your own char-
acteristics %nd, those of other persons. There are, of course,
many othgr characteristits. Some of them are quite difficult
to measure by ordinary methods. “If you’d, like to investigate
one that is important in detective work, do Excumlon 4-3, “No

Two Alike.” %’
Well, how did you stack up.against your classmates? Were

) s

* the -measures of all your continuous variation features “and

characteristics at the mean? Did all your either-or features
fall intothe mbde category? If your answers to those two.
questions Were No, you are a normal person.

You may have’had oneor two. features that could be called
average. But if cnough featurgs are measured, you would no
longer be average. Be glad, because your differences from
other people are what make you an individual.

Why then, is there such an interest in looking for patterns

" in human characteristics and behaviors? Chaptcr 5 may clear

that up a bnt.
Belore going on, do Salt-EvaIuaﬂon 4 in your Record Book.

) ‘b n g
. - R
. .~ ,No equipment need be prepared for Chap-

. ter 5.

-
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This problem break presents another oppor-
tunity tor experimental design. You rmght
want to pose the question with students,
“Does it make any difference in time sense
with subjects whether they have thetr eyes
open or closed (outside of the obvious ditfer-
eqce of being able to see a clock or a
watch)?” Incidentally, there seems to be a
correlation between time sense and native
intelligence. Also, it has been found that the
ability to accurately judge a 60-second time
interval is markedly aftected by iiiness and
fever in a subject.

Y EXCURSION

~

Excursion 4-3 is for extension. It provides the

opportunity for students to take and study

their own tingerprints. In extremely rare
cases, there have been parental qQbjections,
due to the tact that hingerprinting is 8o often
connected with crime.
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Personalizing the
Population

Excursion 5-1 is keyed to this chapter.

<

The most exciting thing about people is that each one 1s

different. At least one feature or characteristic distinguishes

each person from every other person. Each of us has his own

private set of physical and mental traits. And even those

characteristics we have in common with other people may vary

‘considerably from person to person. Even the most amazing
" look-a-likes (identical twins) are distinguishable.

You have been investigating some of these human charac-
teristics and features. You've looked for differences, but
you've also searched for similarities and patterns. Why 1s

~& there a big scarch for patterns in human behavior and n
human features? Why doesn’t research pay attention to each
individual as an individual?

A RLINH

CRIN QP.NTI.I

Finding the answer to these questions is
this final chapter of /lnvestigating Variation. In this chapter
you will encounter a series of problem breaks. Each one will
present a practical example of why looking for patterns in

e purpose of

human variation can be so important.

iy o

~

S

CHAPTER EMPHASIS

The importance of looking for patterns in
human varnation 1s emphasized through a se-
ries of practical problem breaks

Chapter 5

MAJOR POINTS

1. All human beings are different 1n at least
one characteristic or feature.
2. In studying human varnation, you need to
consider (a) how information on vanables can
be gathered, (b) how the vanables can be
measured. and (c) how the vanables relate to
those 8! others
3. Itis important to :dentity average or model
characteristics ot a group of people so that
comparisons can be made with individuals.
4. In solving practical problems concerning
groups ot people. 1t is important to tdentty
patterns of characternistics or behavior

I\
This tinal chapter should present a challenge
to students It 1s designed to summarize.
through the use of practical problems. the
major ideas in the unit. A possible student
method ot attack on the chapter might be to
(1) read the entire chapter, 1dentifying the
specitig problems of interest;

- (2) decide on the method ot data-gathering for

the particular problem;

(3) gather the necessary data and tabulate
them in some torm; and

(4) reter back to earlier work for methods ot
using data in making dectsions (use of range.
mean, mode. and histograms and graphs).

[}
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Note that students are told that they may se-
lect the problems they wish 1o do, completing
at least half of them As the teacher, you may
wish to suggest some alternative plan For
instance, there may be some problems that
you consider especially appropnate tor stu-
dents i your school or communily, and you
teel that most students shoutd complete
these In any case. you should be alert to the
tendency tor students to make t0o few meas:
urements for a problem, and to base then
judgment on too small a sampie.

Excursion 5-1, though for genaral interest and
extension, should be recommended ag a help
in data coitecting for alt the problem breaks.

EXCURSION

52 CHAPTER 5

~
As you work with cach problem situation, keep n mind

what you have learncd about human vanatuon. Think care-
fully about the human vanables that you want to consider,
collccling your thoughts on these things:

I. How informaton about them can be gathered
2. How they can be measured -
3. How they are hkely to relate to each other

You may select the problems you wish to do, but try to
complete at least half of those hsted. Blank pages are pro-
vided in your Record Book so that you can keep a record
of your ideas, plans. data, and so forth.

Chat with your teacher and clgssmates about the problems
you &elect. You may want to team up with someone before
actually conducung an investigation. ,

Solving some of the problems will require that you collect
data from a group of pC()[)lc.th1l and if you want to learn
how to get a good data sample. do Excursion5-1, “Sampling
Populations.” )

Two basic questions might be v

(1) What kinds of music do different age
groups want to hsten to? and®

(2) At what times do dilterent age groups
iisten to music on the radio?

PROBLEM BREAK 5-1

You are the new radio programmer for station WRXY.
The station transmits from yvour community center and has
a broadcast radius of 25 miles. The station’s motto 1s “Music
for all generations ‘round the clock.” Your boss expects you
to have a new 24-hour schedule ready within 30 days. He
has given you some funds for rescarch. Explain how you will
decide what kind of music should be played throughout the
day and night. Outline your research plan in your Record
Book. :
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PROBLEM BREAK 5-2

As sporting-goods buyer for a large department store in your
area, you have the job of deciding how many left-handed
baseball gloves are needed in stock. What will you do to make
the best estimate of these needs before spending the store’s
money? Describe your plan in your Record Book.

There are several factors that should have a
bearing on, this problem. There are many
more right-handed people than left-handed in
the general population. But in baseball. the
right-to-left ratio is not so r?reat. because of
certain advantages that left-handers have in
the game. And what infiuence does the sex
have on the sale of baseball gloves in gen-
eral? Are there organized league activities in
the community that would help to stimulate
sales? The data on handedness from Chapter
1 and eyedness from Chapter 2 can be heipfui
here. (Eyedness and handedness tend to go
together.)

IR A3 e AR R R AT UL K- TN ¥ X VLY

PROBLEM BREAK 5-3

< As advisor to Representativc Bellows, it is your respon-
sibility to help him win votes among the youth (18- 26.years).
Of course, he must also get the vote from older citizens if
he is to win seelection. Design a plan to find out what per-
centage of Representative Bellows’ appearance time should
be directed at concerns of each of the different age-groups
In your community.

A

The library may have statistics on population
by age groups in the country that could be -
used as a guide in Problem Break 5-3.

The information-gathering in Problem Break
5-4 |s the important aspect. Should a ques-
tionnaire be used, listing choices of color,
size, style,’ prlnting size, and location. or
should it be done by interview? Note that de-
. cisions on some of these factors (color, style,
printing) are quite similar to either-or varia-
tions, in which the mode gives the best an-
swer. Size would be indicated by the range.

SN0 SR LB TR  a

o (b Ta ST T T

PROBLEM BREAK 5-4

Suppose the Student Council of your school decxdcd to
"sell sweat shirts to -raise money for a special fund. How ¢
should they go about deciding on the color, size, and style ‘
of shirt? Suppose they wanted to have something printed on
" each shirt. How can they make the best decision as to what
should be printed, how large the lettering should be, and
where it is to be located on the shirt? CHAPTER 5 53
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In Problem Break 55, the student may be
expected 1o design the research study. but

PROBLEM BREAK 5.5 the actual measurement of hearnng loss might

require equipment that 1s not avaliable Hear-

i

e

Physicians and scientists are concerned about the effects
of noise on hearmg abdiy. For example, there is sonmie evi-
dence that ears are damaged by long periods of hstening to
loud music. Design a research study to find out if students
in your school have suflered any hearing loss because of their :
love for music. (Hint: You might investigate the relationship
between age and hearing ability. This approach assumes that
older students have listened to more loud music than

younger ones have.) ing loss should be a continuous variation, so
the mean and range are important.

Problem Break 5-6 might entail identitication
of characternistics by rank-ordering them from

PROBLEM BREAK 5-6

As a member of the school newspaper staff, yau have been
assigned the task of getting the student body to select the
best all-round male (or female) student. However, you don’t
i want to run just another popularity contest. So you have
| { decided to find out what characteristics the studentsyexpect X
the best all-round male (or female) to have. Design a plan o
; for identifying the list of characteristics that is agreeable to
g a majority of the students. a nist of possibly desirable ones. Then stu-
[ dents could be rated on the selected charac-
: ,,w’ """ ~. tenstics and the highest composite rating ¢
[ i " e “~ chosen. '
_,'_‘. . ; o -
: & Pin 7 T ettt dodebetes -
; ¥ Y MY . \ § Omm— )
: p ° ! “ Pin to pin on pin
k¥
'?:i 1 !
4 \ /
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'(?Z - - Probiem Break 5-7 poses an interesting ques- «

Y

tion. After tinding the range of times neces-

PROBLEM BREAK 5-7 sary to eat lunch, should the mean be used '

to set the time. or should the mode be used?

If your school has a cafeteria, you probably have heard
students complain about the food and about the amount of
time they are given to eat it. Suppase you are appointed by
the Student Council to find out how much time the average
student needs to eat an average-sized lunch. On the basis
of such findings, the lunch period will be adjusted so that,
some extra time (about 10 minutes) is included for conversa-
tion. Design your research plan.
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The student's solution should not offend any
major segment of the atfectod populgtion
(students_ teachers, and qeneral pubhic) This
requires that some decisions be made about
data-gathering. : .
1. Should sampling techniques be used in
surveying the bicycle riders. or should all 500 )
be surveyed? \ .
2. Shouid other. nonriding students 90 sur-
veyed? sampled? How many?

3. Howmany teachers should be surveyed?

4. How many of the general public who hive,
drive, or work in the vicinity should be sur- o
veyed? How should they be chosen? et
5. What kinds 6t questions should be asked
in the surveys? Should the same questions be

J asked of each group?'
PROBLEM BREAK 5-8 . . ) \

4 >

]

There has been' revival of the bicycle craze in your town,
and approximately 500 students are now nding their bicycles
o to your school every day. But with the upsurge in the use
; of bicycles has come a multitude of problems. Vandals are
damaging unattended bikes. Stealing is rampant, and bi-
“ cycles are disappearing at the rate of five or six a day. Bikes
are being parked in empty spaces all over the school grounds, .
cluttering up the parking lot and giving the lawns an untidy _
-+ look. Twice a day the cyclists cause traffic jams as they arrive B - B
- at or depart from the school.
. ¥ You are a member of a committee appointed to look into
“» these. problems and asked to come up with solutions that ~
.. will not offend any major segment of the affécted population
" (students; teachers; or those of the general public who live,
drive, or work in the vicinity of the school). Describe a
research plan that would lead to workable, acceptable, and,
hopefully, successful solutions.
A

CHAPTER § 9
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The teacher notes in this chapter are given
as suggestions only. You probably have more
and better ideas that could be used for stu-
dent guidance. The probl breaks present
4n excellent opportunity for student inter-
action, smali-group disctssions, and actual
pupil involvement in the affairs of the school
~ and community.

e -
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Solving problems concerning people usually requires you
to know something about groups of people. Patterns of group
behavior or characteristics besome important, You fre-

_quently need data about means or modes. The problem

breaks in this chapter can be completed only if you identify
those average or model characteristics of a group of people.
Individual characteristics are always interesting and impor-
tant. They identify the person. Each of us wants to be
thought of as.an individual. We want our own needs met.
But, each of us is also a member of a large group. The most
efficient way to meet group needs is to identify group charac-
teristics. That is why patterns of traits and characteristics are
so 1mportant.

Before going on, do Self-Evaluation 5 In your Record Book.
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Excursions

. -

Do you like to take trips. to try something different, to sce

new things? Excursions can give you the chance. In many

ways they resemble chapters. But chapterg carry the main -

story line. Excursions are side trips. They may help you to

go further, they may help you go nto different material, or

they may just be of interest to you. And some excursions are . _
provided 1o help you understand difficult ideas. _

Whatever way. you get there, after you finish an excursion, =
you shpuld return to your place in the text material and con-
tnue with your work. These short trips can be. integesting
and different. " ‘
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PURPOSE

|
. To teach or review linear measurement, uSing,'
EQUIPMENT LIST . the melric system. and to show the rela-

1 meterstick . tionships between units.

Measuring—Mostly Excur8ion 1-1
in M etric . MAJOR"POINTS ‘ |

1. The United States is one of the few coun-
tries still using the English systern of meas-

urement.
This is a remedial-review excursion on the - 2. Changing from one unit to another in the
maetric system. : English system. can be messy.

: . 3. The standard unit ot iength in the metric
system is called a meter. :

4. A meter is 39.37 inches long. '
5. A centimeter is one hundredth ot a meter.

You know that 12 inches make a foot and that 3 feet make 6. There are 10 mm in a cm.

a yard. And you probably have it memarized that 5,280 feet  ”. " e oale Qreided In mm. you

equal a mile. The inch, the foot, the yard, and the mile are _ .

units in a system of measurement called the English system. i

The United States is one of a very few countries jn the world ‘ .

still using this system. "
Use English system units to answer the next two questions.

[J1. How many inches are there in 6 miles? . o '

[J2. How many yards are there in 5,000 inches?
) - Even England is changing#o the metric sys-
As you can see, changing from one English system unit o™

to another can be rather messy.

IF THAT'S THE ENGLISH
SYSTEM, WHAT HAVE
| BEEN USING?

Not only should students fee! fairly comfort-

. able; they should appreciate the relative sim-
plicity of the decimal system ot measurement,

with all measures baing related by powers of

10. This factor, ‘with the resultant ease ot

’ : scientific notation and unit conversion. is

If y (.)u ve ,§ tudied Vol‘umes I or 2 of ISC,S » Y Ou' p_ro?ably probably one of the strongest reasons that the
feel fairly comfortable in the metric system. If this isn’t 50,  metrc system is so widely used and highly

then this excursion will help you learn what the metric Sys-  recommended by scientists.
tem IS all about. 3 SR . | N | 59
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A specially constructed bar of a platinum-
indium alloy was used to mark of! the stand-
ard umt of the meter The international proto-
type was housed in Sévies. France However,
a General Conterence on Weights and Meas-
ures met in 1960 and redefined the meter in
terms ot the wavelength ot the orange-red
light emitted by krypton-86 This wavelength
i1s believed 10 be universally invariant, and can
be reproduced in any laboratory throughout
the world. ?

-

The metric system was first used in France about 1790.
The standard unit of Iength was called a meter. A meter was
supposed to be 1710000000 of the distance from the North
Pole to the cquagor. We now know that this measurement
was not quite right, but the original meter 1s, nevertheless,
still used. The mcta‘ is 39.37 inches long---a httle more than
one yard.

Get a meterstick from the supply table. Notice that the

numbered lines printed on the stick divide it inte 100 parts.
The distance between two of these lines 1s called a centimeter.
The prefix centi means “one one-hundredth” (0.01). A centi-
meter 1s 0.01 of one meter.

s

l56789

INENRN

You probably noticed that there are 10 smaller spaces
between each of the longer centimeter lines. The short dis-
tance between these lines is called a millimeier. The prefix
-milli means “one one-thousandth” (0.001).

\

Figure 2

As the prefix centi- means one hundredth, so
the prefix milli- means one thousandth. One
thousandth of a meter, then, is one tenth ot
a centimeter.

T

1 2 3 4 5 6 7 8 9

i 9101 2 3 4 5

[13. How many millimeters are there in (a) 1 metey? (b) 2
meters? (c) one-half meter? (d) 10 centimeters?

Figure 3 shows part of a meterstick. To make it fit on the
page, only part of the stick has been drawn. The part of the
‘meterstick between A and AA is one centimeter (cm) long.
The distance from X to Y is one centimeter, too. As you can

" see, each centimeter is divided into 10 equal parts. One

_centimeter divi y 10 equals one millimeter (mm). So
a millimeter is O.® centimeter (one tenth of a centimeter).

Now that you know the names of the metric units for
length, you are ready to do some measuring, The arrows and
letters beside the geale in Figure 3 mark the lengths that
you will measure for practice.

[(J4. What is the distance in f_entimeters (cm) from A to B?
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’ . amistake, cross out the wrong pumber in your Record Book,
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(5. What is the distance in millimeters (mm) from A to B? —

8

Wi

We hope you -answered *7.2 cm™ for question 4. If you
didn’t, you probably had trouble becausc arrow B points
between the seven- and cight-centimeter marks. Notice ‘that
there-are 10 lines between the seven and cight. The arrow
points to the second line beyond the seven mark, so it is .
two tenths (0.2) of the way to eight. So the reading should
be 7.2 cm. Remember, there are 10 millimeters (mm) in each
centimeter. The answer to question 5 is “72 mm”-because

|

5 +6
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72 cm X 10 mm = 72 mm.
cm

[18. How many centimeters is it from A to G?

4
i mr%umu %m

2 3

The last problem was tougher because arrow C doesn’t

. point right at the line. You could have read it as 10.7 cm
or 10.8 cm. You will have to decide which is better. There

will always be some uncertainty in such measures. You Jjust

have to estimate the last figure. A metric scale, such as the

one m Figure 3, should always be read to the nearest milli-

meter (0.1 cm). That, of course, will take some estimating.

e

7.. -How,far is it in centimeters from A to D?

1
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You probably thought this question was the easiest of all.
'+ Since the arrow pointed right at the fourteen mark, the dis- ..
tance was 14 centimeters. '
Do you agree with the distances given ‘m‘question 8 below?
Look closely, because the figures may be wrong. If you find

s

TR

5 6 7 8 9

and write in what you think is correct. (Remember, ydu are

still using the meterstick showh in Figure 3.) = ¢
) == | Y
[J8. Check the distance between the following points. ™M ’i _
' " The distance measurement A to E of 15 7 mm = — — X
‘Aand E 15.7 mm should be crossed out in the Record Book = = :
and the number 157 written in. This is a good ; — N. —
Aand F. 16.8 cm test of perceptiveness. and should help to —_— —
make the students conscious of the impo — =
. Aand G 18.4 cm tance of correct units. Of course, mm could == - — AA
.be crossed out instead, tand. cm written in. == %e
Using the drawing of the meterstick shown in Figure 4, — \ A

do the following checkup. - . - " .. Figure 3
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CHECKUP
Find the distance between the . : o
toliowing points. 4 _ N
- % .
Aand H=.____mm . -
I‘ y
AandJ=___cm
Aand K=.__cm .
AandlL =-___cm {
- Ask your teacher to check your
answers. Do not go on until )
you can measure accurately A .
with a meterstick. ' '
, . . v d
WHEN DEALING WITH
: X )
* S ; ¥ / - A
.’ '
" P
. VAR
f
', -
* 0y >
14 o« ‘ ' . E N . N ! )
to H 59 mm . x _ ;- . .
Ato J9.1cm : . .
Ato K 103 cm w- ° |
AtolL 157 cm T , . , e !
. When gtudeﬁfs come toyou to check their . -~
answers..it affords you the gpportunity to as’ . N T
y Sess their competence, and %uggest further R : - )
remedial work if necessary. THis could consist - » o T, AN
of .having them go through the ‘excursion . o e )
again. Some teachers have found it desirable - , . ] - -
to duplicate a special metric exercise of .their . ’ )
own gesign oh, a single sheet of paper, and ’ e * .
give this to the student to be performed. S . .
. i ) . ' :
r ~ N




R e provideaby envc:

- v\ g R
. ! )
\‘ . g \
* ’ .
» -?;,_-,-‘}"-‘ ey - o g e R T RNy R s 11 VAT '~ ,-A,k_&.,)'. et Fovin ok a8 1 A BB AT Ey \( .'4,,-3 fidulaiioers
- ) 11
MAJOR POINTS
¢ ‘ ! 1 An average is the sum of all measures
'&5 divided by the pumbser Of Medsures
o o - . 2. An average number s smaller than the}
* - -, ' largest megsure and larger than the smallest
. EQUIPMENT - LIST o N . measure> and 15 olten not a whole number
1 metric ruler’ This1s a remedial excursion 4 3 Rounding oft measurements 10 the nearest .
whole number means dropping any number
\ RURPOSE - : , . ) R T
To explain thg methods of averaging and of .
rounding oft numbets, and to prowde pragtice ’
in both operations. N .- Nyt {
K -\‘. N,‘l- b '
#
2 What is an aVerage‘? 1f, you are not sure what averages.are
. and how thcy are caloulated this excurs:on should help you.
You will need a 1resgic rulcr ' :
[ . . “" e ¢ -~
ACTIVITY 1. Measure heglia ngth ln centimeters of each ﬂnger: ,
on one hand. Don’t me: éuw your thumb (Ypu mightreadon -
before dolng this. ) SR C T
- » .’ b
- ~As you try to megasurg your tmgers von will probably have
‘a, problems. Frqm whdt point do you: mcasuu" How- should
by
the fingers be held? Before going on, yo.u will need an opera- .
e tional definition for “finger-length. "»Thes is a definition that ‘
; tells you a way of mcasurmg finger length - 3
/ . Y
(1. State your operduonal deﬁnmon for the Iength of a .
- ﬁngcr. B L . , ‘
Usc your operdtxonal definition to measure thevhngers bn )
"one” of your hands. Record your data in- Table 1 of yogr that comes after the decimal point, using the
(- tollowing rules: L3
C - 4
Record Book. ; - ' : . '(@) When the last digit is less than 5, the digit  ~ *
. . : DR » .ahead of it stays the same. | -
. : oL - ) (b) When the last digit 1s 5 or geeater, add 1
4 Table 1 . | = .2 to the number ahead of 1it.
I L b - 1. Answe ?I‘ but uex mple might
) - . ' e : . Answerts will vary, but an exa i
.‘"d‘.”‘ finger . N tm T . .be:"Place the zero end of a ruler in the space .
. O . L T | S between two tingers. with the fingers straight
: N - Middlé finger —_— cm i o ) along the ruier. Read the mark en the ruler
. o A N even with the end of the finger being meas- . .
Y i ] . . ’ u’ed." . R -
Ring finger . — - cm Lo ? : t " .
v . N T : | v e '
> . Pinky, : ———cm .
. . T 4 ) B ES - [
. N . . . 63 s
- A ‘b’ - b . rs .
- * . # . ' ’ ?
S - * ~ . ' 5 ) . B
o . " a1 ? . ' ;
[y e .
, 1
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2 No Finger length 1s a continuous varnation
teature: because the length can be any

that the students may not be familiar with the
terms erther-or vanation and continuous vari-
aton it they arnve at this excursion betore
@tmg into Chapter 2 )

A Y

(.
Weather temperatures are still given in Fahr-
enheit In the U.S Students may be curious
. about the equivaient readings given here
They are 82.4°, 78.8°, 68°, 71.6°, 80.6°, 86°
_and 86° Fahrenheit. ,

p . ¥

Another interesting thing (and one that has
implications tor §tudénts as they compare
their characteristics with averages) is that
often the average i1sn’t the same as any one
of the numbers averaged. For example, not
one of the noon temperatures was 26. A

t
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[12. Is finger length an either-or feature? Explain your an-
swer.

Suppose vour four measurements for finger length were
6.2 cm, 7.4 cm. 7.8 car, and 7.1 cm. How would you calculate
the average finger length of your hand?

ICs simple. Just add up all four measurements to get the
total. Then divide the total by the number of measurements
you made. Here it 1s for you in black and white.

Add: ¥
6.2 cm . 7.1 cm Average
74 cm Divide the -total by 4: 4528.5 cm
7.8 cm > R 28 T~
7.1 cm o
28.5 cm Total ’ 4 T

\ Average — Sum of all measures
Number of measures

[[13. Now find the average of the four finger measurements
you made. Compare your average ﬁnger lcngth with that of
some of your classmatcs o

) MR N

“

Suppose you recorded the temperature at noon every day
for a week. Your seven readings were 28°, 26°, 20°, 22°,27°,
30°, and 30° Celsius. To find the average Celsxus temperature
readmg for the week, you simply (a) add all the measures

.and (b) dmde the sum by 7

[J4. What was lhe average noontime temperature for the
week? . .

- N '

Your answer for question 4 should have been 26.1 degrees.
If it was not, continue with the rest of this excursion.

Look back at the averages you have -calculated in this
excursion._Notice that the following interesting things are
true of all averages. .o

.

. 1. The average number is always smaller than the largest
‘measure and larger than the smallest measure.

2. The average is often not a whole humber.
: o
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If you were to measure the heights 1o the nearest tenth of ROUNDING OFF NUMBERS
a centimeter of a few ninth graders, your data might look
like that in Table 2.

-

Table 2

ADD 1 TONUMBER

HEIGHTS OF NINTH-GRADF STUDENTS (cm)

160.1 170.3
164.2 161.4
161.5 166.7
, 174.6 165.1

¥

It often helps to *“‘round off” measurements to the nearest

. whole number. This means dropping any number that comes

after the decimal point. The following *‘rules” for rounding
off are commonly ued.

. .
Rule 1. When the last digit (number) is less than 5, it is "
dropped and the digit (number) ahead of it stays
the same.
Rule 2. When the last digit (number) 1s 5 or greater, add
1 to the number ahead. .
Table 3 shows four of the Same heights given in Table 2.
This time though, the numbers are also given in rounded-off
form. Compare the two columns and notice how the rules just -
given were applied. '
) Table 3 .
HEIGHTS OF NINTH-GRADE STURENTS S 4 i
- | ' DONT CHANGE :
Original Rounded-off # Number of Rule NUMBER AHEAD 4 .
T, - Measurement (cm) Measurement (cm) Applied - .
' . T Y e -
CL ) T160.1 160 . o1 ’ )
. ‘ ’ ]
164.2 ' 164 1 ,
: 161.5 ' 162 2 R
’ —
® 4 ' -
- “ & 174.6 175 , 2 _
:. : A J Y 3 T . 0.
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In your Record Book, round oft the measurements given
in Table 4. In the night-hand column, give the number of
the rule apphed. Check your answers with your teacher.
Table 4 - s
HEIGHTS OF NINTH-GRADE STUDENTS ﬁ
Onginal Rounded-off Number of Rule
Measurement (cm) Mecasurement (cm) / Applied
1804
172.6
. 1747
u L
1765
181.5 .,
180:2 '
‘ Note that students are 179.8
. to check their answers .
to Tabie 4 with you. 180.3
180 1 . ”
173" 2 : 1829
e 2 ' 176.4 . o
177 .2 o
182 2 173.6 )
. 180 T+ . —
* 180 2 . 1792 )
- 180 1
- . I6l.1
\ 183 2 . :
176 ° 1 ;’ _ 1699 . . ~ ;
174 o 2 B 7
179 1 k\v-.--" . .
. 161 1 . o
N 170 2 T . . . )
‘ Q. . . “ ’ . . ' i .
66, EXCURSION 2-1- , . :

¢

P TS W R ) 3 e M o y hd A e .
W ﬂ".ﬁ.ﬁ@ O A P L tod A Ry o el 3
- dn T ot e AN A L R VRl e A
4 KA AlCh
* .
.
»
. -




b ptaatagive ,a;-h., --_u,fi: i A T BB SAALLIATAS 1 20 8% s g L "'-.- -' 1N, \mvxxwvm; oo ‘!('Q-;.if _( "
£
PURPOSL
EQUIPMENT LIST To show how two eithar-or varniables can be
related n a contingency table

None
;7

Contingehcy Tables Excursion 2-2

MAJOR POINTS

1 There are various ways of showing data in
a table.

2. A contingency table shows the depend-
ency of one variable on another.

3. Contingency tables are useful for showing
the relationship between two either-Or varia-

bles.

/Tms is a @medial-tevnew axcursion.

~
',

Walter, an ambitious student, wanted to find out something
about ISCS students in his school. He wanted to know how
handedness is related to eyedness. For example, he wanted
to know whether left-handed persons were usually left-eyed, _ ' \
and whether right-handed persons were usually right-eyed. . ' .
He didn't know what he might actually find. o
_ Walter decided to use the 1SCS handedness and eyedness :
“tests. He collected data on a rather large sample of students. . - &
' At first he tallied his results as shown in Table L. ' ’

Table 1

Group ’ - Tallies i ' o :

RH-RE | T Ml TR PR THL BRI THY : s
PHL TR THI THL TR . .-

[a N

141

RH-LE g8

2| 2|22

LH-RE }I“HJ M e . ]
: . ]

1

Z

‘LH-LE | MH

.

i “RH = right-hand

ed;: LH = lcﬂ-Pafxded; RE = rigﬂ(-eycd; LE = left-eyed

- £ . .

. " waltet’s friend Leslie s'uggested that he could have used ¢ ' o
a simple table for recording his data. Table 2 shows hetd@ a | e

p .

suggestion. . \ S
o ' P ’ ' . ' j .

<
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.* It students have worked with the-genetics unit,

1

bers would look neater. So he drew a new table (Table 3).

Table 3.
Eyedness
RE LE
‘ a RH 75 14°
,g O
T
. o § LH -| 26 12

¢ «
Loy . \.l"\'\ SF arkia K eiea pnd sk BT '..'--,s.:.N' PR TR R TR TSR 1, Yebah i bipteid ge Q)\Pg[.‘d‘
A g LA AR R A ORI N SR R T KRR S D VD et b e YA S T LA
\ » .
- £ .
Table 2 Y \
‘ \-\ LEyedness
- RE L LE }
. i \ ) ,
RH [BRY! HA-H H'l.l 111) Ftil M}l '
“ 41 41 A U ‘
| T2 44 41 Ml THY .
g M M, TR *
c K :
I 1\ LH Ipx NN S NENEE & = WA b B §| T4 Hl 11
It 1
‘ .
Once 3ll the talhies were made. Walter decided that num-

". Why Youre Ygu. in ISCS Level il they may
.note the sxmntanty between the contingency
tables herg and the "Punnett square’- method
used in HAth Inthe two-bit modei with two
hybrid (mixed bit) parents. each parent con-
. tnbutes.one bit ot mfo,rmatnon to the oftspring.

‘The two bits that each parent has are either-
or-teatures, like the eyedress and handed-
ness shown here. o

-

» Leslie thqught 1 it would be Lelpful to show some. totals in

< the table. Then you could tell*at a glance how many right-
eyed people there were in the sample. They z\ltered the table
again, so that 1t lodked like Table 4. But théy didn’t fill 1n

the lotals.

1. (;omplete Table|4 i in your Record M‘by enlermg the

totals. .-
>

‘ E]2 Hoéw many of he persons are left~handcd?

1

o

@r
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4 e st

L 2. Add 38 and 89. | S ol . »

A nght-hahdcd person from- our 1SCS group will genera]ly

. contingent meins “dependent upon.” In Walter's table, each %

Table 4 ) : .

\ RE | 1E | Toual _ :
‘ 2 RH 75 | ‘14
L 3
=
\ 3 tH | 26 12 '\
i | =4 .
\ S ,
\ - Total <

\
-

J3. ﬂow many are left-cyed? right-cyed? :

“&hdt is the total number of studcnts on which dat’ﬁ
were takcn" o ; C .
V- o . . 5

¢ .
1

e e o e
e

NoucL that there are three ways 10 calculdtc this number.
1. Add 75, 26, 14, agd 12. . -~ o

| 31Ad\101and26. S
‘ \ - ) .

- . . . ) ]

1
l

)

1

%5. Explam why thn three mlculatxons shown above total,
e same. | - :

{

[:]6 F,,gllong hlsmvcsugauon one of Walter's friends said, 6. Yes (Jt probably depends on how Waiter
interprel’s the word generally. More than 84%

" of the right-handed. people were also right-

also be right-eyed.” Would Walter be. llkcly to agree wnh _ eyed)
his friend’s comment?

£ . .
(7. other friend of - Walter’s sald “Yeah, and a left- - 7. This may be true, but none of the data
» support the statement. Further study (and an-
footed kicke 3 is usu&lly left-handed.” What do you think . other contingency table) would be needed.
Walter woul have to  say about that comment" ' :

i

The kind (lf table that Waller and. Leshc used to record - ¥ Q
and study thd data is. called a commgencv table. The-word '

tally made is pendem upon two variables. . . 7 . , .

l . .
[78. What wete the two vayiables in Wa‘lter’s investigation? ~ EXCURSION 2-2 \Q'g :

\
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Note also that each tally can go into only one categoty.
Contingency tables like those are usually used only for
either-or vanables. ' '

9 A contingency tab'l: ‘could be used for
continuously varying measures if these meas-
ures could be grouped For instance, suppose
that grabbiness. normaily a continuously
varying feature. were to be related to the sex |
ot the subject The grabbiness could be
grouped as foliows: 21-60 cm, grabby; 61-
100 cm. not grabby After the scqres ot boys
and giris wéve tallied in these groups. it would
be possible 1 see whether being grdbby or
not grabby was dependent on the sex.

[J9. Can you think of a way that a contingency table could
be used for continuously varying measures?
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PURPQSE

To learn how to make histograms and how to

EQUIPMENT LIST
convert them to line graphs.

o | \
Worth a Thousand Excursion 3-1
WO rdS ) MAJOR POINTS

ANSWERS TO QUESTIONS
1 A graphis a plctorlal way of representing

. FROM CHAPTER 3 data.
3-4. 85 cm-95 cm 2. A histogram is a form of bar graph.

: 3. The variable being studied 1s shown along
the horizontal axis and the number ot cases
is shown on the vertical axis.

4. A histogram can be converted to a line
graph by connecting the centers of each bar
top with a line. '

This is a remedial excursion. 3-5. 35 students

You have probably heard the old saying, “One picture is

worth a thousand words.” Many scientists believe a graph

is like a picture. Graphs are used often throughout science .

and throughout the ISCS course. This excursion will help - - A
you make and interpret these pictures that are worth a thou-

sand printed words. . . ,

o Figure 1

- | . t
g == '
o [ . N
. ) -
B 1 . i S )
é -
E o
- B
4
g
-
A & I s .
‘:_:""__.;.,3 N A ‘
Variabie being studied ? .

' ‘ s
You have just seen ‘a histogram (in Chapter 3)on grabbiness. HISTOGRAMS
A< histogram is a form of bar graph. All histograms look -
much like the one shown in Figure ‘1. The variabj¢ being -
studied is shown along the horizontgl axis. The nufpber of . -

_cases, or freqéncy, is shown on the vertical axis. ) _ . .

e

s
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Notice how the data in Table 1 are used to make the
histogram shdwn in Figure 2.
} Table 1
Number of Number of Pods o
-§ Peas per Pod "Having These Numbers
e = (the vanable) " of Peas
: o
o Sk B e 4 1
5 A 5 2
< y o —N_- 6 2
1 BURIN ‘*::'_ 7 3
o ‘-’ﬂ . - 8 4
% s B W o s A 9 3
4 5 6 7 8 9 10 1M 10 2
Number of peas per pod ! 11 1
(the variable)
‘ Figyre 2
v The numbers are put between vertical lines Perhaps the position of the numbers along the horizontal

it they are discrete numbers. If they represent
a range of numbers, however, as in Figure 3-1
in Chapter 3, they may be put at the vertical
lines.

axis bothered you. They are between vertical lines. If they
were placed at the lines, you would have troublc knowing
which bar they identified.

Histograms such as the one in Figure 2 are very useful.
However, it is usually more convenient to draw a line graph.
Your histogram can be convcrted to a line grdph rather

PR
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Connecting the centers of each bar top with a line pro-

duces a continuous graph.

(1. In Figure 4 of your Record Book, sketch the line graphs
that would represent the data.in each histogram.
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Before going back to the chapter. try your hand at one
other set of data. Label the axes of Figure 5 in your Record.
Book. Then sketch the histogram based on the data given in
Tablé 2. Then complete the line graph for the data.

Table 2 | .
) '

N

Number of Pupil's
Number of A's with this
on the Report Card Many A’s

-

- e B~ OO QAN

Fl:gure 5

i s
-

- The advantage of a histogram for discrete
. numbers is lllustrated in the piotting of Figure
" 5. The exact number of pupils getting a par-
ticutar number of A’s is readily readable. Note
that when theline graph is completed for the
data, the line starts at 2, not at zero.

-

74 EXCURSION 3-1. .
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N EQUIPMENT LIST
1 protractor ~

1 metnc ruler

. , 3
] -~ L} ) v
s
. .

This is a remedial excursion.

R}

Whencvcr two lines meet, an angle is formed, We call- the
_mcetmg point of the lines the vertex of the angle (Figure
1). When two lines meet to form a square corner, we call
the corner d right angle (Figure 2).

-

* Vertex - .
‘ ‘ 4
A ' w , ' : ‘
] € = ®
Figure 1 ~ vertex " I\ :
‘ [11. Lista few examples of right angles that you can obscrve
P in your classroom.
. * Notice that curved. lines are used to show the spread of
*  angles in Figures 1 and 2. Curved lines are often used to
" identify the anglc that is of interest. Notice how the curved.-
\ lines are uscd in Figure 3.

.
| |

Angles and Protractors E_xcur's‘i‘on 4-1

" called a right angle

ook i o e e 45 Reth ik 36, s g

PURPOSE

‘

To show the measurement and construction
of angles. using a protractor

MAJOR POINTS

1..When two lines meet, an anqie 15 formed
2. The meeting point of the lines is calied the
veftex. .

3. When two lmes form a square corner_ it 1s
4. A part of' a circle i1s called an arc

5. Angles are measured in dedrees; a- right
angle contains 30 degrees .

6. A protractor is used to measure angles.
7. The midpoint of the straight edge of a pro-
tractor 1s called the reference point.
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The curved hines shown in Figures 1, 2, and 3 are all small

parts of large circles. Such parts of circles are called arcs.

Curcles are measured by dividing them into 360 equal parts

called degrees. The arc for a right angle, for example, 1s one

fourth of a total circle, so it contains 90 degrees. -For this

. . reason a right angle 1s said to be a 90-degree angle (Figure
- 4). The symbol for “degree” is °. Thus, a 90-degree angle
1 written 90°. ’

Figure 4 o /
,/'— Pand
// \/ ——
/ N
/ e
/ \ .
! 90° ‘/
» 1 \ - g A
H | 1
, ! )
- | } -
' \ / )
o\ J
N S -
. ' . N o ‘ R4 ’
’ ’ . ~ -~ . .
3 \%‘—-—”
Possibly your students have protractors that A protractor is used to measure angles (Figure 5). One

g I iff t th .. . . . ..
T o ato pagos. e o ype o €dge of this instrument is a half-circle arc that 18 divided -
. one that. has the degree scales funning both  ‘inte dégrees. The other edge 1s straight.
ways. If this is the case, you might have to . . :
. spend # little time in explaining the use of - : -
another kingd, or- adapting the activities to ) A ’

. -
‘ Lg
E Y
Students should note that the reference, point .
* and the marks for 0° and 180°: may not be
located on the straight edge of the protractor, o
_but instead may be sét in aput 8 mmon & -
ruled line. It is this line that-should be placed
pver the edge of the anjie that is to be meas-
T Figure § 0’ : ! ‘ . . 180
L, T . T T , - - - T 0
"f'“-.fé ' ! ' : _‘ b r c. : . R " “Reference point
’:‘:r.. ' B * . N M ’ d ) ° ’ e '3 .
‘. ‘- . T ) ’ . ' . : T4 . . 2 . ' ~
N . - . . ’ . - t .
- oL ' The straight edge is a diameter of theTircle. Its'midpoint
' " is the center of the circle.*This midpoirit is calledsthe refer- -
76 EXCURSION 4-1 ence point of the protractor. Ce
Lt e\‘ . . . ‘ ) ’ . ", f. N ; . . .
- = . * &
L . 36, r -~ .
3 . . . . -
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[ ~ .
- . - * . . ‘.’ ) '
N . < - N
- T " . ' oo
1Y : - " -
PS Tt » . N . v .. < -
. : 3 Sen o, . N . .
N - |\ . ‘o L " /




KL
. . . - e A ol ot 1oy . AT A ) L PN oy pi b
MR SN BUICf Frpan AR ok SN R Lt FEadnipicd S ot e ip el it et J S R et e e R SR A T R R P |
- »
[.J2. How many degrees are shown on your protractor?
Figure 6 shows how the protractor is positioned in meas-
uring the size of an angle. Note that the straight edge of ' the protractor has the line set in as noted
. . e previously, it is this hne, and not the edge of
the protractor should be set along one of the lines thig make  the protractor. that should be set over one of
up the angle. The vertex of the angle must be at the reference  the tines that make up the angle.
point of the protractor. -
v
Figure 6
4
i
- Vertex of
angle at
. reference point 3 30°
[13. According to the protractor, how many degrees are in MEASURING ANGLES
) the angle shown in Figure 6?
'
Now here is an angle for you to measure with your own
N
protractor.
*
<&
?
“
.
)
L] - . .
udy . : 180°. . . 6\
K \ Vertex at LS
’ . ., reference point ; EXCURSION 4-1 77
i |
’ K ’
. . L4 IR S
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Students may need halp in measuring some
of these angles. it the protractors they are
using have only one scale, it probably runs
from 0° on the left to 180° on the right, as
shown in Figure 5. This nie:ns that to meas-

ure angle a, the protractor hould be placed
with the reference point on the vertex and the
zero point on the line that runs upward. The
sama is true for angles b and c. Angles d and
-~e¢-can be measured several different ways.

The angle less than 180° could be measured. '

and this amount subtracted from 360°. Or one
of the lines could be_extended through the
vertex, the acute angle (angle less than 80°)
measured, and this amount added to 180°.

il -
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ACTIVITY 2. Note where the other side of the angle passes
through the scale. '

[(J4. How many degrees are in the angle in Figure 77 4.43°

Now use your ptotractor and measure the angles sho
in Figure 8. Measure to the nearest whole degree. Reco
your measurements in Table 1 of your Record Book. Then
have your teacher check your measurements (or check them
with several of your classmates). Be sure you know how to
use a protractor correctly before going on.

RER
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Table 1 ' 4
Figure 8 Angle Size
a
) P
b . Table 1. a=60°. b=19" ¢ = 120°
- ] i = 251° @ == 245° Note that the student s
h told to have you check the measurements or
c . “ 1o check them with several classmates.
V4 * .
d .
r3 L
e .
) . Y]
* A ] ¢ :
Now try your hand at constructing angles. You will need the CONSTRUCTING ANGLES :
) s

protractor and a straightedge.

"

- [18. In the space provided in your Record Book, cbnstrucl
a 65~angle. (If you need help. refer to Activity 3.)
ACTIVITY 3. i

a. Draw a line. . .

b. Place your protractor on
’ the line. Mark the refer-
ence point on the line.
This will be the angle
vertex.

c. Mark a second polnt at
the 65° line of the pro-
tractor. -

- * 4

I3 .

- d. Connect the vertex and
_the second point. The
o " shaded aréa Indicates

v > the 65° angle. 79 -
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Note that the student is told to have yo( check
the angies that were constructed. or 16 com-
pare them wnh“7 those produced by class-
mates. )

N, :
>
:4’ [
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A
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v
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80 EXCURSION 4-1
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[716. In the space in your Record Book, construct the fallow-
ing angles: 72°, 30°, 115°. Have your teacher check your
drawings, or compare them with those produced by your ~
classmates. '
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EQUIPMENT LIST

2 aticks*

2 ciothespins

1 index caid (3 x 5')

1 index card (4 x 6")

1 pair of scissors -
Colored construction paper

Depth Perceptlon

*The 2 sticks are to be supplied locailly. They
shoufi be about 10cm long. They may be
smooth pencils, pieceés of soda straws, wood
splints, popsicle sticks, or (eptimumly) wood
dowels jcm or less in diameter. Straight
pieces cut from a wire coat hanger would
work, with tape or cardboard to hoid them in
the clothespin.

This is an extension excursion.

~

If you have poor depth perception, you will never make it

as a passing quarterback or a receiving end in football. Here
is your chance to measure your own depth perception.
Find a partner to work with. Each of you will do the
experiment twice with the right eye open, twice with the left
eye open, and twice with both eyes open. Record your own

data only (not your partner’s) in Table 1 in your Record ,

Book.
You will need these materials:

2 sticks

2 clothespins )
1 index card (about 3” x 57)

I'index card (5 x 77

1 pair of scissors

2 or 3 sheets of colored construction paper

-

- . ’

" ACTIVITY 1. Fold the 3" x 5” index card lengthwise. Then
_cut & slit 1-cm wide, as shown. We’'ll call this slitted. card a
. llovm.u - . . . ) , .

¥

‘ | - 201

Excursion 4-2

3 inhl. b i PO i ST palEs 3 o Lt

PURPOSE

To investigate depth perception.

MAJOR POINTS

" 1. Depth perception can be operationally de-

fined.
2. Depth perception is an important feature in
the modern worid. .

3. Many variables can affect depth percep--

tion.




B A o a4 e TR T i g s . . . +
SR AR SA L B ..,,,»,.u-p. T R LM A 10 Ayt WS AL 14 g iy P N 4t )

pA T

Stydents may be interested o know that this
test tor depth perception 18 very similar to the . ,
2:‘; :;gg,g:::::gigziz; g,‘:fg: :2C£:?cen ACTIVITY 2. Use the unlined side of the 5 x 7 index card~
the two. sticks slide on tracks The subject  as a background. Place one clothespin and one stick 40-50
views the centers of the sticks from a distance . ; wp ’
in front. and has cords in his hands connected cm in front of the card. Label the clothespin A.
to one stick so that by pulllng on one cord
- or the other. the stick can be moved forward
or back until it seems to line up with the sec-
ond stick. The distance that the two are apart$
; can be read trom a scale inside the box. A
score above a certain amount may disquality
a subject for a license to pilot an ajjcraft.

Stack of books
or other support

ACTIVITY 3. Place-the second clothespin_ and the other stick
near the 5” x 7" card. Label this second clothespin ’B.” The
two sticks should be on imaginary lines about 5 cm apart.

- L 4
-
.-
- :
A
- . . .
it is extremely importgdnt that the subject be ACTIVITY 4. Stand about 2 m from stick A. View both .tlck.
able to see only thg’/middle of the sticks.  through the slit, using only one eye. When you do the e
Theretore the viewihg card will have 16 be g 9 y y y W' I ,
held some distancé from the eyes With the ment you wlll be expected to see ‘only the middie of the ‘
.  distances given in the 80“";'(')93 the fs"‘ t“"': “sticks. Be sure you can do this. You should not hold the siit
- probably have to be about cm in front o
. the eyes. Also, if the sticks are on the table- so that you see either the tops of the sticks or the clothespins.
top. the subject should sit or kneel so that the ) . - .
eye level is abou.p the same as the sticks: The . . . . .
brain searches for clues to depth, and any .
difference in shape, size, texture, cdior, or : ,
angle ot the sticks mgy furnish these clues .. . - —
and negate the depth-perception test. . | O § R | N _
- - This T i
1 . - N !
7 ' A
. - s N i R . N
y i N e ’
. ) ) . .- N * . h_L ' i - - .-‘.
o ’ L. +Nn J 1l ey 1
- ) Cl S . Not this . Nor this . .
. . . _ . !
- - . . 8 EXCURSION 4-2 - , | N
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ACTIVITY 5. Stand abbut 2~meters from stick A. You should
view the sticks as in Activity 4. Stick B should be in front
of the white background. Your partner is to siowly move stick
B forward toward A. When you thirk the two sticks are along-
side each other, say “‘Stop.” Then measure the distance be-

tween A and B and record it in Table 1 of your Record Book.

|
+ i "
!
. ‘ - %
) | Do Actiyity 5 twice for each eyé alone and twice for both
N ~ eyes together. Then have your partner switch places with
oo you. - - .
\ < ’ . *
. AW )
Table 1 ¢ :
| ’ DISTANCE BETWEEN A AND 8
i (in cm) _
| e '\ T Eye(s) Trigl 1 Trial 2 - | Average
! i B ap
o | 'f’gh' only - |
A t _ o _ Left only ' AN B ' A
¥ L Both eyes . ”

.- o ma el A e m TR L T 4 s st ¢ Coaeve T P e ]

]

The distance batween A and B must be meas
uraed 1n a straight line away from the eyes.

A

. -
{
A
3
“
\\\ .
N ‘
' .
Measure \\
this distan . -
: -~ N\ .
,l\- . .

The scores with both eyes open should be
significantly better (lqwer numbers) than with
"either eye separately. Anyone who_has ever
tried to thread a needie with one eye  closed
can attest to this. Stéreoscopic (two-eye) vi-
‘sion is one of the clues that the brain uses to
judge depth. .
- EXCURSION 42 83
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1. The student shou!d tell how depth percep-
tion was measured In t‘pe activities

~

Encourage students who are interested to try
further activities on depth perception. Colored
construction paper edh be used in several
different ways to vary the experiment. A pos-
sibre-invastigation ot the etfect of cotor-might - -
be to use a colored background and sticks ot
the same or contrasting colors. :

SOME

FISH HAVE
EYES IN ODD

PLACES TOO!

AY

‘L. Based on this actwny how would you 0pcrdthnally '
define deplh percept:on? : _ - '

(12, You arc driving a car, at hlgh speed in daylight. You .

.approach a ‘slow-moving tractor in the road ahead of _you.
‘Why are you more likely to have a rchr-end collision wnh'
the tractor if your depth pcrd&ptxon is. poor" ’ .

[J3. Many animals, such as horses u)ws rabbits, and birds,

have eyes in the sides of their head. Others, such as men

.and monkeys, have eyes in the front of their head. A,coordmg .
fo your data, why is it an advantage to have both eyes in
front rather than one’on each side of the head? '

b S e -

Many variables can .affect'depth pefception. If the-sticks

-+ are -not-round, -they can be turned-so that they.are mwed

edge-on instead of broadside. The sticks may also be colored

The background color and/or pattern may also be colored

(use construction papcr) Rather than sticks, objects of dif-'

ferent shapes and sizes might be ysed. You may also WlSh
" to vary the viewer’s distance from the sticks.

” Perhaps you’d like to study the effects of one or more of

these variables on depth perception: If s0, record your exper- .,
iments, findings, and conclusions in your Record Book.
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( EQUIPMENT LIST y This is an extension excursion
1i p pad _
% N 1 shédet of unlined white paper
’ . Papor lowels
NOTE:
. Papor and paper towels are local supply

! ltoms Stamp pads (6) are supplipd uninked
‘in the kit, together with a 2-0z tuye ot tinger- - N
print ink. The pads should be inkqd ahead of
. time by you or by responsible student assist-
-ants. Use the ink sparingly; too much ink on
the pad will be messy and wili give blots in-
-stead of tlngerprlnts. B

Fmgerpnntmg has long been acccptcd as a way of identifying
_ people. No two individuals, not even “identical” twins, have
‘ exactly the same fingerprints. Thus, fingerprints ar¢ among

the most variable of all human features. Hold your thumbs

up in front of you and look carefully at the print patterns.
Use a hand lens if necessary.
-- ' . )

[J1. Do your thumbs have identical print patterns?

You can get a clearer picture of your thumbprints by
making an inked impression. To do this, you will need these
materials:

1 inked stamp pad .
1 sheet of unlined white paper -

Seyeral paper towels .

Study the following activities to learn how to make a
“rolled impression.” You should get ¢lear prints by using this

' procedurg. : -

A )

ACTIVl\TY ‘1. Place the white paper at the edge of a table.

e Divide the edge of the paper with tour unes and write “left

lhumb" In the space, as shown.

)

EIEE > Caution _Be 1} Ty careful with your inked fingers. Have paper
o Iowel.“v ready to wipe your jmgers when you are through

N : [ . ~

PURPOSE

To afford the opportunity for students to make
and study their fingerprints.
~

1

Excursion 4-3

MAJOR POINTS

1 No two individuals are known to have .
ddentical tingerprints.

2. A simple procedure allows students to
make their own printsg

3. Fingerprints can be classified into four of
the basic categories and a compound cate-

gory.

[y
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' Very obviously, this can be a messy activity,
but it doesn’'t have to be. Have paper toweis
avaiable, and insist on prompt cleanup after
each operation. Fingerprints on books can bk
rather durable.

. I
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./. .
Right
thumb ;
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ACTIVITY 2. Place the ink pad at the edge of a table. Place
the side of your tinger on the ink pad. Roll your finger lightly
until it rests on the opposite side.

Edge
of table

7

ACTIVITY 3. Make one roll of each finger of the left hand in
each of the divided areas on the paper. Qp this by rolling the

as shown. Immediately iift the finger and wlpe clean betou
. doing the next ﬂnqer.

o -

Clean your hands before doing the next activity. 4
- o S
ACTIVITY 4. Turn the. paper to the opposite edge. Divide the
c(ige of the paper with four lines and write “rlght thumb” ovot

_ the dlvlded section, as showm -
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' Repeat Activity 3 with the right hand. Then examme an ‘
B : ~ compare all your prints.. . e , . ) __,-7' ) ) ¢
: ‘ tw ints are alike presehts a very chal- S )
! Tt.le fact th‘.u n(.) O pr dr-c hik pres . 3 . Y . l .7 The four badic types shown here are probably
lenging problem in measurement and classification. Figure |’ ihy comonest Far more complete classi-
1 illustrates four of the basic categories’ of prints used by fgatiork there are tour more basic types used.
! the Federal B 1 e : 'FBI). Also sh ©. 7 = rhaking a total of eigtit. The four not shown
“ : _e edera 'ureau o ) nvc_sugatmn (b ) ‘ S0 shown s a‘ fand generally not needéq by the students)
- s compound print that combines characteristics of several of  jare the uinar loop, central pocket loop. dou-
- : . - ' v - ‘ble lgop (similar to the compound shown),
. the basic categorieX S : : :
L*Y , ‘ ,- - ¢ and the accidental.
» ‘. - - . . [’ .
.
’ Compound
g ~ i . . a
‘ - r The,skin has a remarkabte ability to regener- @
ate itself, The fingertips, tor ingtance. may be
severely injurgd, but the prints Will be restored ;"
by e body to their original basic pattern. ' /,-'
. L. . [ . - .
. B ° ’ . . ) . -~ . : a
-~ * Compare each of your prints with the patterns in Figure =~ - . - = '
»~..+ .1, writihg the print pattern beside each one. Then use Figure ‘ .
e 2 1o identify the prints you made as LT, L1, L2, etc. EXCURSION 43 87
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R ) Compléte Table 1'in your Record ‘Book by wrmng the -
- name of the appropriate prnt pattern in the space provided. -
Ay
- -- ’ . -~ ‘ ) ) . L 1
.. Table 1 _ A _
. . © -~ . - | PRINT PATTERN FOR EACH FINGER " .
' ' S A |- Thumb ! 7. 3 4
’ -Rjgﬁt hapd - ' =
b’“ . L e Y i i k)
.?:-'nl ) . 'y - . - . R . A
‘ R P 4 S Left hand . _ ’ :

2. Sevetalshould be ih the same category. If
the students use four (or Tive) bisic types for
ten digits, then there must be repeal . How-
- ever, this stiwom t make any two tical,

. ’
v "

.. _ - 88 EXCURSION 43
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O2. Whlch if .any, of your- ﬁngers (includmg thumb) had
pnnts in the same category"

- [13. Examine the’ prints of one of your classmates. Classify
~ them according to the four basic . categories. See if your
class1ﬁcatxon agrees with that of their gwner.

1‘_‘]4. When “you classxfy ﬁngcrpnnts, are you measuring

them? P , o .




ey L ARUR TR
oAt LY 5

TR o

EQUIPMBYT LisT
None .

~

This is & geneukmtetest and extension ex-
cursion. .

Sét‘npling Populations

Sampling:a population is a little like sampling candy. You

. . don’t have to eat all the candy in the bag to get an idea
" - of what it tastes like. When people who study human popu-
) lations (demographers) want the answer to some question,
they don’t have to ‘ask every person in the United States,
' or Africa, or China! They pick a sample of people to answer -
. the question. Television networks, when checking the popu-
larity of their programs, don’t call or write each person in
the United States to find outwhich programs they watch.
< They have people skilled-in sampling find out for them. -
' One major television sampling company is the A. C.
Nielsen Co. of Chicago. Soon after the new telévision pro--
grams begin in the fall, the Nielsen ratings are released.
Decisions are then made by the networks as to which pro-
grams will be: dropped or what can be done to make a show
. more popular. These decisions are very important. Millions
of dollars of advertising depend on the popularity of a show.
- The Nielsen Company uses only 1,190 households in rat-
ing television programs! Based on the viewing habits of 1,190
households, decisions are made that affect what television
. programs’ you .will watch. How can the Nielsen Company
. be sure that this small sample represents the viewing habits.
‘of 200,000,000 Americans?.Some work you did earlier may

T

~ ive ouanndea. ot ‘ '

N
A oo
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PURPOSE

Yo show various sampling tochnlques that can
be mad in gathering data. _ .

.‘EXcuréion; 5—1‘

VAR

* MAJOR POINTS . ,

1. By sampling populations in the correot
‘manner, answers to questions can be found
without interrogating the entire population:
2. A large sample of a population wouid give
a smoath graph, called a normal cuive, for the.
data on some continuously varying trait.

3. it is important that'the sample taken repre--
sents a cross section ot the whole population.

" 4. Increasing the size of a sample increases

the chances of getting a representative group.
5. A random sample is one thit ig sélected
_ by pure chance—without bias.

You might have a student in your class whose
household has been surveyed by Nielsen or
another rating company, and who could re-
port on the experience to the class. ks
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NORMAL CURVES - Larlier ir\' this unit you sampled the population of your -
classtoom to get an idea of the variability of people’s weight.
Suppose you had taken a very large sample of the ‘total
school population and then made a data graph. The graph
probably would have looked like the mountap-shaped
graphs you drew for Chapter 4, only smoother. The shape
of the graph would have been much like the shape of the
graph in Figure 1.

Number.of
individuals

Weight

Scientists have given a name to a data-sample graph that
is high in the middle and low on the two ends. A mountain-
shaped curve of the sort shown in Figure 1 is said,to be a
normal curve. . ’

Measures of most continuously varying human traits, when
“graphed, give a normal curvé. Thus, if the shape of a’data-
sample graph is a normal curve, then the sample is consid-
form & normal curve when graphed. Thus  ¢red to represent the total population. Judgments can then
educators have used, in varying amounts. the  be made about the population on the basis of what is known

Student grades on a test, or for a course, may

“normal distribution in assigning grades, A .
smatl number of students who fall in the ex-- 400Ut the sample. _ _
tremes of the curve get A’s and F's; a larger The 1,190-member sample used by the Nielsen Compahy

number toward tHe ceriter receive B's and i : S e e .
D’s; the large center section carries a grade- gives a normal curve when graphed. Thus, it is jjudged to

otC. - . . - bea good representation of the total TV viewing population.
' The sample represents all kinds of households: the most
90 EX(&JRSION 5-1 typical households and the not so typical (Figure 2). ’
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59 Most
2 typical
3 % households -
' £ 3 Not very Not very
z< typical typical
households™ households
Unpsual Unusual ’
. households households
: , ‘ i . B . Difterent
; i kinds of
: - e households
: : S . : / Flgure 2 .
¢, [d1. What factors would put households into the Most Typi- . ’ .
cal group? How would these factors affect TV viewing habits? - A typical viewing household might be made
! . .. . up ot-2 parents who are young to mlddle-
(J2. What factors can you think of that would put house- ™ aged. 2 to 3 children. average income
bracket. 1 to 2 cars. Any large departures
. holds into the Unysual group? How would these factors  om thig typicat group (single, very old. child-
. affect TV viewing habits? . less, very rich or poor, etc.) would move the
. household toward the Unusual group.
s Assume that you are the captain of a spaceship from Planet  TAKING A SAMPLE—A PROBLEM
' X of another solar system. You have come to Earth to capture
five Earthlings. You and your hunters have never seen an -
_ Earthling. On a quiet afternoon your hunting party enters
a large building with a smooth wooden floor and a hooped -
R net hangmg at either cnd chkly you capture five tall crea-
l-- . : t‘lres-
- " Upon returnmg to your spaceshlp, you_ report to Planet -
X headquarters: “Have captured five Earthlings. All Earth- !
... lings are animals ranging in heightfrom 6’6" to 7'3"”. They -
: have black skin, do very funny tricks with bouncing spheres, _ Figure.3
.7 ;and wear very little clothing. On-their clothing are symbols
S .~ that look like this: HARLEM GLOBETROTTERS.” .- "
It would be rather obvious to other Earthlings that your 2§
sample did not represent all the population of Earth. Instead, §§ ;
. ' your sample was taken from one end of a normal curve. 2 E
-4 . 0Os. Look at Flgure 3., The curve represents the height of

humans in the United States in 1972. At which end of the
curve | would the basketball players be?

"

S ®

..~ Increasing
. height

N
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! _[]4. What could you do, as captain of the spaceship, to get .
. a more representative sample of humans to take back to '

" Planet X?

. In your answer to question 4, you might have suggested
A related, but-perhaps impossible. question  that you should bring back a larger sample. By bringing back .
would be. If you could only bring back five 5 4r 500 people instead of five people, you would increase
+ people for a representative sample of all the : ) K e
people ‘op the .earth, what tive would you the chances of collecung a girl, which would certainly alter
choose?” The factor that might make the  your definition of humans. Also, the chances of sclecting
question impossible Iis the number 5. When . ) . .
you consider the tremendous variation of short people, whites, Indians, children, the elderly, etc., 1n-
humpns (the subjegt of 'the mit‘):.hmew proba-  créases with the increase Tfi the number of people captured.
i hi t . . .
bly Is some number be 0w e atve. Another suggestion that you might have made is that you

expect the sampie to be representative. : ) A
should collect humnans from several places in the world. This

[y

s, [ " would give you a much better chance of representing the g
" { . wide variety among humans. ' : )
' Qne suggestion that you probably did not make is that
i ' the sample should have been a random sample. Perhaps you .

don’t know what a random sample is.

RANDOM SAMPLING  Random sampling means “selection without bias.” Selection -
without bias in turn means that all members of a population ' '
have an equal chance of being selected as part of the sample. -
A Planet X hunting team landing in Alaska would have a 1

_ greater thance of capturing Eskimos than of capturing

. . Europeans. Therefore, such a sample would be biased and

| not random. ) °
Take another example. Suppose, for instance, you wanted _
to make a histogram of people’s weights. Without realizing - . el

it, you are attracted to heavier people. Because of this, you . - i

QU - unconsciously select the sixteen heaviest people in your class |

5 as the sample to make your histogram. This would be biased o

data.'The skinny members of your class did not have an - BN

equal chance with the heavy ones of being selected as part.".- <

of the sample representing the-class population. . .

J When oné considers the human factors in- . ' l o -

g vaived in personal choice of a sample, and  [[]§. What could you do to avoid the effect of .this uncon- '

the biases and prejudices that can enter into . . . .
the problem, it probably is true that the only scwus bias on your samplc. selection?

good method of sampling is the random o

L " Random sampling and selection is very important. This
“procedure is used for selecting draftees into the armed'” \

] . service. In such a case every young man should be ensured

' 92 EXCURSION 51  ofhaving an equal chance of selection. He isn’t likely to want
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A 1o have a better chance than somcone else of being selected.
. . . E4
Professional samplers use many techmques in making se- .

lections and in getting representative samples. Whatever
procedure they use to sample a population, 1t must include
: the following.

I. ‘A cemplete description of the population from which you are planaing to evaluate how good a

the sample i1s taken (kinds of individuals; where and  job yoyr students do on the probjem breaks
when selecte ) in Chaptpr 5. thase . three poyis histed here
. . . ) can serve as an excellent guide In oth¥r
2. An appropniate sample size to give a £00d Cross seCtion  words. you can ask “Did the student consider

of the populaliou the total population in taking his sample, did
; PR he select a sample of enough indivigluals, and
-3. A randomly selected sample did he select if randomiy?"

As you investigate the questions raised in the . problem
’ breaks in Chapter 5, remember the importance of sampling." _
In each case you will be asked to make judgments about '
populations. To make these judgments, you will have to work
with samples of these.populations. Be sure to do a good job
of getting a representative sample.

| ~ [PLANETX ° -
MUSEUM: '

’ | EARTH'

o(RANDOM SAMPLING),

‘®)

g

EXCURSION 5-1 93
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