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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 focuhes on diversity in human
populations, measurement, and data collection. Optional excursions
arie described for students who w.i.sh to study a topic in greater
depth. An introductiOn describes principles of measureMent,
.variation, correlation, prediction, and sampling. Illustrations
accompany the text.. (SA)-
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An Introduction

"7-7-

Basically, this unit is aimed' at selected aspects of theasuredent and analysis!
It would have been relatively easy to fall into the tra.p of presenting a shoct
in
course in statistics_sInstead, the items selected are those considered useful
and
the ninth-grade student in conducting experimental workm the biological
earth sciences. In this respect, the unit could be thought of as furnishing some
helpftil skills for the other units in ISCS Level HI. The combining of parent
studies in envitraits in genetics, sampling techniques in geology, population
but a few
ronmental science, and prediction procedures in meteorology are
examples of skills that are closely related.
The unit is designed to be short and concise. Vocabulary has been kept' to
when they'are thought to serve as a
a minimum. Terms are introduced only
convenient and neceoarY "mental hook" upon hich to hang an important
idea the asure1h6dtg that ire-gathered -anti inanipulataxe ft.91111. Pumanswill develop
It may be hoped that a better understanding of human differences
from the studies.

MEASUREMENT
standard scale 'or an
All measurement involves a comparison, usually with a
accepted norm. In measuring variation in human features, traits, or behaviors,
however, part of the, task may be in determining the reference points for the
.fompariions. Therefore, a very useful tool in science is the operational definidefining, two
tion, ssihich tells how something is measured. In operationally
quesjitins may be asked: (a) How. can I tell if I have some? and (b) HON can
question can be answered
I tell how much I have? There ire times when the first
but the second one cannot.
large, or
Not all measurement in science is eacsy. The extremely fast, slow, the
pikeproblems.
So
also
do
many
of
small present 'unique measurement
3
Tvilamena of interest to the behavioral sciences, such as personality characteristics
introduped in the
Or human traits. These so-called "fuzzy" measurements ar5
illustrate some
unit not to produce frustrated or insecure students, but rather to
scientists matt live with
of the problems faced by practitioners. Certainly some
far 7fuzzier" notions than others.
Numerical measurements in the unit are made in general using the metric
of ISCS should have
system. Students who have\participated in Levels I and II
review,
an excursion 'has
little difficulty. For others, and for those who need a
averaging and'
been provided. Remedial and review help is also available on
rounding a numbers, and on coastructintand measuring angles.
.
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VARIATION
.401

All living humans belong to a single biological species. Homo sapiens..Nfct
'within this population exist wide differences in appearance. in location, in
languagein everything. No species of wild animal shows anything like this
range tit variation. And handling this universal variation presents many 'problems..
There are-really two basic methods of dealing with variation. In the first
destriptive statisticsone describes the variation present in such terms as range
and central.tendency. in the second--predictive statistics--one attempts to use
the knowledge 'gained from the descriptive aspect, along with the relationship
of variables, to make predictions. Both of these methods are used in thc unit.
The range identifies the limits of the ineasurernents. Operationally defined,
it is the largest measure minus the smallest measure. Although the measurement 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 changed
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 di§cussing
so-called "either-or" variation, where the measure's usually.fall into two distinct
groups. Although the mode may also-be used for continuously varying measures, 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 plptted on a grid, the resultant
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 at the, same point. Most of the measures are clustered in the center
oc the range, giving the curve its characteristic "mountain"-shape.
Just because this symnietrical distribution is called a normal curve should
no? imply that any measures that are not so distributed are abnormal. There
are many cases of contin uous variation where the plotting of the measuret leads
to curves that are not Gaussian-or normal. For iifstance, in the meteorology
unit, Winds and Weather, observations are made of the amount of.sky that
is covered by cloudsa feature that' varies continuouslY fronig0 to 100%.
However, there is a strong tendency in nature toward the two extkemes. The

sky tends tc? be vety clearcloudlessor very cloudyovercastwith far fewer
occasions of half-cloudiness. Graphing a series of observations leads to a
U- ape# curve, which, though normal for epture, is very abnormal in shape.
hen data are plotted in vertical colunins. a type of bar graph called a
stogram is-formed. Histograms help to visualize variation in measurements.
Patterns of 'fluctuations Are more easily discernible, especially where the measures are or discrete numbers. They have ihe further advantage of presenting
the observations themselves, without manipulation on the part of the experi-

a

menter, as might be done in drawing a smooth curve or best-fit line.
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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 kir doing this is by calculating
the standard deviation. theuse this calcultion involves the use of squares
and square roots of numbersa similar. but much_simpkr, concept is introduced
in the unit. This consists of the somewhat arbitritry practice of dividing the
range into five equal parts, or-fifths. In a normal distribution. tlje most meas-.

urements fall in the middle fifth, or "fifth 3." Fewer fall in "filiti 2 and 4,"
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.

'

4.

COARELATION AND PREDICTION

5)

The display of variation data in tables, graphs:and histograms, and the calculation of means, modes, and fifths, are all ways of summarizni the evidence
of a sample. But it is in using these descriptions that the relatiorifhips between
variables become evid.ent. By knowing one variable, then, the other can be
predicted.
Graphs, with best-fit lines, can be useful in predicting when the data represent continuous variation. They -allow interpolation (making predictions within
thc range of the data) with some degree of Zontidence. Extrapolation (mdicting
beyond thc 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. ContMgency tables,
which give the relationship between two either-or variables; can 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 tablels made showing the relationship between leftor right-handedlness and left-'or right-eyedness. It shows that 75 out of 100
people wbo 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 righthanded. The number nlight be 0, 1, 2,. or all 4. You can only predict that there
is a particular probability of this being true.
1,

SAMPLING
This to* could Wire come first iiva discussion of variatiOn. Unless consideratipjs given to the characteristics of the population being sarrepled, and to
the method of sampling, the most carefully prepared and displayed data can
_lead to 'unreliable inferences. This tact has caused considerable consternation

" among professional pollsters.
In general, the only good method of sampling 'is a random method. It is
the only wayithat personaLprejudiCe, choice, bias, or favor can be-excluded.
A student P./Eo chooses to test only his friends-9n some human trait can weighl
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thc sample in a pArticular dnection. A person determining average income
who interviews only those families 1n an elite neighborhood will have a sample pattern that is atypical.
From all that has been said previously, it is evident that the experimenter
can nevi say for certain what the totarpopulation Is merely by sampling it.
But suilable sampling techniques can help a great deal. One important cxinsideration (one to which you as a teacher should- be especially sensitive) is
the size of fht sample. Human vaiiation is too extensive, and certainly too
inaccessible+, 40 permit observation of the total population. But students arc
noteworthy f taking too small a sample. It is somewhat akin to the inebriated
gentleman who, with his staggering gait, kept running into the lone tree in
the yard and complaining that he was lost hi a dense forest.

-.-

AN OVERVIEW
The unit begins with a look: at some simple ways in which humans vary. The:
first two are handedness and perception or illusions. In order to focus attention
on the procedures for nieasuring traits such as thes, the concept of the operational definition is stressed. Students are 41so introduced to the notion of the
Pooling of data An class charts and tables.
Human features. are _classified as falling in the categories of either-or variations Or coruinuous variations. As .a' possible method for handling the first
category, students are introduced to contingency tables. They see that a relatimship between variables becomes evident from such tables.
' . The histogram is introduced as a means of displaying data, and studezits
!see 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
the mean, the toTial range is divided into fifths; relative position of an individual
measurement an then be stated for comparison purposes. .
Further comparison of individual Measurements with those of the gtpup 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 44 assigned
a numerical value.
The unit concludg-with a series of problems of a practical nature. Students
are expected to apply theOtechniques of data-gathering, tabulation, and organization that they learnegearlier. On the basis.of their findings, they are callea
p
on .to make dtcisions for the solutions of Problems.

.

GENERAL INFORMATION
\ Each chapter of the Teacher's Edition contains an equipment list for that

,

I chapter. The sameis true* for each excursion. In addition, the last page of each
t
,chapter
alerts you to reparations necessary for the following chapter. Among
lire materials listed wi be some items tbat must be supplied 'locally. These
include a clock or watchwith Second hand for Chapter I; notebook paper for-
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Chapter 2: string, chalk, a glass, a babv-tOod jar. or a beaker, and a clock
or watch with second hand for Chapter 4..In addition are sticks tOr Excursion
4-2 and white paper and paper towels for Vxcursion 4-3.

At various points in the unit, students are called upon to pool their data4
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
Chapter I make suggestions that may help.

'GET IT READY NOW FOO,CHAPTER 1
The illusion cards. 15 of which are furnished. in the kit. may be assembled
ahead of time by you or by capable student-assistants. Instruction's for assembly
are relatively simple:

(I) Cut two pieces of masking tape about 44" long.
(2) Cut the illusion paid on the two solid lines indicated on the card, making

(3) Lay the short arrow card flat on the table with the arrow side down.
Center the tape with the adhesive side down on the two strips marked "PkiEe
tape here."
.

(4) Lay the long card on top of the short card, with the arrow side down.
(5) Fold the two ends of the tape snugly over the long card, overlapping
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 even.
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A pupil's experiences between the ages of 11 and 16 probably shape_his
uftimate 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 1.hich most students first gain the ability to study science in a really organiied way.

,Here, too, ihe commitment for or against science as an interest or a.
vocation is often made.
Paradoxically, the, students ar 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
situation, 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. ThA 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 1SCS Project decided that it
would be shortsighted and unwise to try to fill the gap in middle
satool science educatiOn by simply writing another tatbook. We chose
insteaCto 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 polity has been to rely

A

More 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 _1SCS. materials represent a substantial departure from
'
the norm.
The primary difference between the 1SCS program and more conventional approaches is the fact that it allows each student to travel

if

r

at his own pace, and it permits the scope and sequence of instruction
.to vary with t.,is interests, abilities, 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 is his, job to help the student
answer the questions that arise from his -owd\study rather than to try
to anticipate and package what the student needs to know.
There is nothing radically new in the ISCS approach to instruction.
Outstanding teachers from Socrates to Mark Hopkins have stressed the
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.normat
constraints, in an ordinary classroom with ordihary children, can indeed give mOmum attention to each student's progress.
The development of the ISCS material 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 teachigg. The ..
recommendations of these conferences were converted into a tentative
plari for a set of instructional materials by a small group of Florida
State University_ faculty members. Small-scale .writing sessions conducted on the Florida State campus during 1964 and 1965 resulted in
pilot curriculum materials that were tested in selected Florida schools
during the 1965-156 school year. All this preliminary work was supported 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 1SCS 'Project. Later, the National Science Foundation made several additional grants in support of the ISCS effort.
The first draft of these materials was produced in 1968, 'during a
summer writing conference. The conferees were scientisis, 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 tias been worthwhile.
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The Directors
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Notes to the Student

The word science means a lot of things. All of the meanings are "right"

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

scribe in 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 fa
you to do and think about. We hope that what you -do will help you
learn a good deal about nature and thsat you will get a feel for how
scientists tAckle problems.
How is this bOok different from other textbooks?

This book is probably not like your other textbooks. To make Any
sense out of it, you must work With objects and substanceS. You should
do the things described, thirik about them, and then answer any questions asked. Be sure you *answer each question as you come to- it.-- ---The questions in the book are very important.. They are eked for
three reasons:

1. To help you to think through whM you see And do.
2:' To let you know whether or not you understand what you've done.
3. TO' give you a record of what you have clone so that you can
use it for.review.
.

How will ydtir class be &flanked?

Your science Cass Will probably be quite different from your other.
clksses. This book will tet you start work with less help than usual
froin your teacher. You should. begin each day's work where you left
off the day before. Any equipment and supplies needed. will be Waiting for you.
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Ybur teacher will ;lot read to you or telfyou the things that you are
to learn. Instead, ,he will help you and your classmates individually.
Try to. work ahead on your own. If you have trouble, first try to
solve the problem for yourself. Don't ask your teacher for help until
you Tilly need it. Do not expect him to give you,the answe1rs 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.
.A.114r a few days, some of your classmates will be ahead of you an
others will not be as far along. This is the way the course is suppose
to work. Remember, though, that there will be no prizes for finishing
first.- Work at whatever speed i bcst for you. But be sure you understand what you have done before moving on.
Excursion§ are mentioned at several places. These special activities
are kund at the back of the book. You may stop and do any excursion
that looks interesting or an37 that you feel will help you. (Some exne of the activities in this book.) Somectirsions will help yob d
times, your teacher may, ask you to do an excursion.

a

.`

What aryl I expected to learo?

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, C
nature. Keep in mind that learning Jzow lo find answers to questions is
just as valuable as learning the answers themselves.
*Keep the big picture, in mind, too..\Each"chdpter bUilds on ideas
already dealt with. These- ideas add up to some ,of the simple but
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
baolc. Use your Ricord Book for makingigraphs,-tables, and diagrams,
too.

From time to time you may notice that 'your classmates have not
always -given the same answers that you did. This is no cause for
worry. There are many right answers to some of the quekions.'And
in some cases you may not be able to 'answer the, questions. As
matter of fact, no one knows the answers to some of them. This may seem disappointing to you at first, but yol will soon realize that there
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 lucli!
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CHAPTER EMPHASIS

EQUIPMENT 1.11S1

Students study how humans vary, and ways
of measuring this hurnzin variation.

eer student-team

Per class

1 illusion card
1 metric ruler.

Watch or timer with second hand
Masking tape

Chapter 1

The Road Ahead

MAJOR POINTS

Excursion 1-1 is keyed to this chapter.-

1. Variation is common throughout nature
2. Setting up and doing experiments involving
humans is harder than working with inarumate
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
dark skin; some, light. Most are honest: a few are not. Some

5 Describing how to measure a feature or a
trait is called operationally defining.
6. An operational definition of a characteristic

are friendly; sonie, unfriendly. Many Must wear glasses:

tells (a) how you can tell if you have some and

others do not. Aboutathe only common characteristic of people is their lack .of samenessthey are all different.

(b) how much you have
7. Sometimes It is only possible to tell if you
have some of the characteristic
8 It is Possible to measure how much someone is fooled by an illpsion.

[111-1. List any things you can 'think of that.* NOT vary.

I. From a scientific view, this is not an easy
Question. Student answers could lead to some
good small-group discussion early in the unit.

Variation presents many prqplems for science. The greater
the variation, the greater the problem. In order to make sense
out of almost any study, a scientist Waist have some means
of handling the variation he finds.

There are relatively few things that do not
vary. One, tor example, is the speed of ligtit

Variation is common throughout nature. The weather
changes almost constantly, the position and appearance of
the moon vary, and not all parts of the earth look the same.

1

I

in a vikuum. according to Einstein. Also:most
units of measurement are invariable,

geb

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 variation?"

".

1
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This might be an'Opportune time to point out
to students that one of the ways humans vary
the speed with which tt!ey complete a
given task In a number of cases in ih1S

clas,sroorn data will have to be collected

Those who finish 411 activity first may Wave to

wait for,.the others before they can complete
a table or chart This variatio.n.is a good thing,
it atlows.each persoh to travel at an individual

Pace best suited for him or her The- faster
student can gel on to other activities, and pick
up the class data later.

.

These are not easy questions' to answer. In fact, some of
the most difficult of all measurements in science have to do
with human variation. Jt. you have bten.in the ISCS course
before, many of the techniques you used for studying energy
and matter will apply here also. But you'll come face to face
with some quite different problems too! You will soon discover that setting up and doing experiments involving humans is much harder than working. with chemicals or force
measurers. Scientists are still trying to invent bett r "rulers"
for measuring humans.
In the following chapters, You will be studying iffcrent
human characteristics. It will be up to you to 'try t make
'sense Out of the measurements you take ,and to relate one
et.of measurements to another.
You should ask yourself continually is there all pattern
in wh'at I have observed; and, if so, what is it?" Scientists
continually search for patterns in what they tudy. "Is there
a pattern to_the weather changes, to the movements of obce, and to the?,growth of living organisms?"
jects thLough

Much of the real Work of science is in this- activity of

seeking out patterns. Some of that work will involve mathematics. In fact, mathematics has sometimes been called the
"language of seienee."

LEFTY OR RIGHTY?

2

CHAPTER 1

Most people are either right- or left-handed. flut you probably know someone who can use both hands quite well. You
may. know others who use a different hand for different
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things. Perhaps they write with one hand and throw a bail
or eat with the other. You can't very well call such -people
either right- or lefl-ha*ded, 9an you? 1.et's begin studying
human variation by looking closely at "handedne'ss."
Let's see if we can find a good way of deciding about a,
person's handedness. The best way to do this is to 61 a
way to measure handedness. The next acitvity will show ydu
a way to do this.
Open your Record Book to page I, where you will find
a page full of zeros. Then find a partner. You will also need
. a dock or a watch with a second hand.

;.

-

-4,42t
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Many students may be familiar with the .word
arnbidoxtrous. meaning the ability to use both
hands equally well It is not essential to introduce it here, hoWever As students will find
, out. few people are exclusively right-handed ;
or left-handed, hut few are also co pletely
ambidextrous.

.

ACTIVITY i-1. Have your partner cross out as many of the
zeros as he can In 30 seconds, using his right hand. Then
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 te compare data
In a class chart, it is impqrtant that all follow
the same procedure.

.

.

orb

Table..14

1

,

Partner

_

,
.

: ,

Left
.

.

_

Right .'

,

.

.

Self

Left

.

.

4.

Handedness

Number of Zeros Crossed Out
e
...
Right

eS4

_

.

.

CHAPTER 1
44441..

: r.

"I-

-

t'4

'5.4!

tLo.

ef.

V'

1..

P

;1..tfiat. Ic. ,Tilt

;-:.-,re'itare:i6tiMal.

Students should have no trouble with the simple division involved However, you may want
to have them round their answers to the nearest tenth in the interest of uniformity tor Table
1-2 For example. suppola the scores were 27
Okras crossed out With the right hand and 17

zeros with the lett hand 27 divided by 17 is
1 58..which rounds out to the nearest tenth
as 1 6 Right

L:

.

P
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By comparing the number of zeios crossed out wiLli calla]
hand, you can-Aecide whether you are rights or left-handed.
But you can do bettei than that! You 4an get a -fair measure

of how much handedness you have. All you have to do is
divide the larger number of zeros that you crossed out by
the smaller number._ Let's assume that you crossed out 30
zeros with your left hand and 20 zeros with your right hand.
First divide the larger number (30) by the smaller number
(2p)
1.5

Left

20)30.00
20
100
100

0
9

Then write either "Left" or "Right" after your, answer. Which
Word you write depends upon which, hand crossed out more
zeros.

In the example, the left hand crossed out more zeros (30 to

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

should go there too.
The larger the number from your handedness calculation,

the more strongly hanaa 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 arid one half tim0 as

good with your left hand -aS with your right. ,

01-2. Suppose som,one had a handedness Measure of 1.
What would this mean?

014. Why is there no "Left" or "Right" written after the
1 in qugstion 1-2?

4
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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 gther teams
in Table 1-2 of your Record Book.

' ,

.

j

.

'

A
,

Tible 1-2
Handedness
Measure

Name

Self

,1

._

Partner
1.

1/
,

2.

.

for this first
Codectio of class data 6g-c--":;---s
*time here.,, If you have not already dot% so.
`you may went to take a few-minutes to discuss

.

3.

a workable system. The 'following points

4.

should be emphasized.
1. Those Who finish the activity before otbiers

.

have their data should go on to the ensulog
work. HowaIler, they should be sure to come
back 'to reCord the class data later in their
Record Books:
2. Some teachers find it advantageous to use
sheets on the bulletin board or. spaces on the
chalkboard, properly labeled, where data from
the students in the different classes can be
entered for the various activities.
3. Some teachers prefer to keep the tables or"
class charts in file folders somewhere In the
room. In either case, students should have
ready access to them.
at In order for the data to be worth anything,
Students should be constrained to enter their
findingi accurately: without alterations. Stu- ,
dents sometimes have a tendency to change
their figures if they are not in agreement with
.
a Majority of their peers.

o

5.

6.

.

..

7.

-'
.1

8.

9.

11.

6

t

..

-

I.

.

10.
.

12.

1.

.

k.

14.
15.
16.

,.

.

.

.

17.

18.

.

,
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Thrs first activity has shown you how to describe one
human. characteristic scientifically: The trick is to findr-some

it

Experience has shown that this key technique
in science, the operational definition...is at the

same time one of the Most difficult concepts
tor the student You may have to spend some
time in small-group discussion to help with
tht) idea
ti

4

way of measurt0 many Qther features 'or traits The word
handedness probably took on a new meaning for you when
you learned the crossing-mit-/eroes test You now have a
numerical way of comparing your handedness with someone
Vic!

else's.

If you have wOrked in the ISCS course before, you kno,w
the name given to this way of defining things by describing
how.to measure them. It's called. operationally &lining. Many
terins are not clear unless they are operationally defined.
Suppose you were asked whal body temperature is. You
might 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 is .an
opeiptional definition. It tells how hodr temperature can be
melisured This is quite different from saying that tempera)ture is "how hot something is."
Some words can be defined by telling what an object does
hammer,is Something that drives nailsVDescribing their
appearance works kir otliers (a tree is something with leaves,
a trunk, etc..). But many words, particularly in science, just

Nip

can't be handled this way. When you come across one of
It might/Pe interesting to note that a functional

definition (a hammer is something that drives

nails) can sometimes helplih -leading to an
operationardefinition. For instantet, a force is
sofnethingitiat changes the motion of a body
(functional definition) Measuring the change
in motion can give an operational definition
ot the force.

these words, try making an operational definition for it. The
meaning willloften become suddenly clear.
..J

.
A limb to
swing on

a.

k

'

.

,

26

41,mL

4.

01-4. What makes a statement an operational definition?
01-5: Write an operational definition of handedness.
To make an operational definition, there are really two
questions that you might ask:
I. How can I tell when I have some?
can I tell how much 1 have?
Sometimes it is possible to answer the first question but
not the second..When this happens, ,you have to settle for
describing how to tell when you ,have some of the characteristics in question.

Now tike a look at Figure 1-1 and notice the three boys.
Your problem is to decide just by looking, at the picture

1-4. An operational definition tells how something is measured.
The two questions hefe are the key to making

an operational definition. They might be

thought of as (1) detection and (2) measurement Sometimes the second requires sophisticated techniques or complicated apparatus.
Fat Instance, measuring the change in motion
ot a rapidly moving object may be quite diffi-

cult

NOW YOU SEE IT,
NOW YOU DON'T

which boy looks tallest and which looks,.shortest.

(

Figur. 1.1
1-6, Boy. A should look the tallest and Boy C
the shorlest. because of perspective. When
measurements are made, howaver. A. and C
.are the same size, and B is smallest.

014. Which boy in the figure

.

(A, B, or C) looks tallest ind

CHAPTER 1

which looks shQrtest to you?,
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Excursion 1-1 is remedial-review. especially
for those who have not engaged in Level I or
II of ISCS. or who have forgotten the metric
system.

;;;,--`i

[6:*

Figure 1-0

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 to be made.
in the metric system llyou need to review the metric system,
see 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
'fby -measuring-the-two-hues...

01-7. Which looks shorter: line AB or line BC?
You've probibly seen optical 'illusions like Figures,l-1 and
1-2 before. The way the figures are djawn 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. Co4are the lines AB and BC
in Figure 1-3 with those in Figure 1-2. You can see that the
background lines make a great difference.

flgUrs 14
Suppose you )were asked to describe by howmuch you

had misjiidged the lengths of the lines? Or suppose you
wanted to find out-whether your classmates misjudged the
distances by the same amount you did? How would you do
it?

CHAPTER 1
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One device used to measure how much 1;r1 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.

MEASURING ILLUSIONS
The 15 illusion cards must De assembled wrth
reasonable care If this has riot already been
done, instructions are given on each card and

in the Introduction tor this unit.

.

<
1

Figure 1-4

Aft

ACTIVITY 1-2. Try sliding the two parts of the illusion card
In and out. Notice that this shortens and lengthens one of
the lines on the card.

In

9

1.

11==z:4
1#1===> >

Out

*
II

y.

ACTIVITY 13. Adjust the card until the two lines look the
mime length to you. Then measure to find out if the lines really
are the same length.

;

1,

01-8. Were'the lines exactly the same length after you adjusted ihe Card? c)14. If not, by how many millimeters did you misjudge?

CHAPTER 1
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As you have now seen, the illusion card gives you what
you were looking tbra 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. Thee gradually be should lengthen the line. Have
S say "Stop" when the two lines seem to be the same length.

Slide the
mgvable line
to-the shortest
position.
;.

Note-that the number of millimeters either too
long or too short is to be recorded. To save
space, the measurements could bercorded
as "21 S" for 21 millimeters too short and -as
"7 L" tor 7 millimeters too long, as examples

ACTIVITY 1-6. E should read the scale on the back of the
card as shoWn. Record, beside. Partner in the Going-out column of Table 1-3 in your Retord Beak, how many millimeters
too long or too short your partner's guess was.
NG

m3

>

414(

2

1.

0

100 SHORT

1

2

3

4cm

Sample reading:
3.7 cm

lifill 1 MI illi lill IIII MI Illi MI Illl MAIM MI6 MIMI
*... ti
.
.
1

:IL

Table 1-3
Subject

Going-in Rcading

Going-out Reading

,

Partner

A rather interesting phenomenon occurs in
using the illusion card It might be called an

Self

"illusion within an illusion.- The tendency
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

of why this is so tor small-group discussion
One possible explanation is that sublects
.mentally compare the shortest possible length

2.

with their observation going out, and the

3.

longest possible length with their observation
going In. The observation seems longer when

compared with the shortest length than it

4.

does when compared with the longest length
Those students capable of and intereSted in

pursuing further the whole problem of "too
short" and "tdo long" readings could certainly be allowed to do so.

5.

-

6.
.

8.
,

.

9.
10.

.

,

11.

)

13.
14.
,

15.

16.

17.
18:

.

.

,
,.

,
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ACR/ITY 1-7. Make the movable line as long as possible and
show It to your partner. Then gradually shorten the line. Again
have your partner say "Stdr 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 guessMg. 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
now. If not, get as many readings as you can and go on -to

the next chapter. You can complete the table later when
more data are available:.
As you learned earlier, this unit is aimed at helping you

4.

learn how to describe and compare people's features by using

measurements. In this chapter you'Ve learned a way of
m6suring two rather unusual features-,handedness and

1-10. A
handed.

larger number should be right:

1-11. In-finding the averages, students shOuld
be surer to add the left-handed scores together and divide by that' number of score?.
and do likewise for the right-handed scores.

Students who cannot average numbers

should be directed to Excursion 2-1, which Is
.
keyed in Chapter 2.

12

judgment of optical illusions.
In the next chapter you will study other vari ons among
people. You will also begin trying to compare some of the
measurements you makekand you will tryst() interprpt what
the measurements tell you. As a preriaration for that chapter,
tiy to use the informatign you have,put into Table 1-2 and
Table 1-3 to answer the* questions.

01-10. Are more.people in Table 1-2 Left-handed, or light-

landed?
01-11. What is the average degree of left-handedness? of
right-handedness?

CHAPTER 1

A
k.0

,

,

,, fd,,

IS

Fh,!t-h"

tp

D1-12: What is the average Going-out reading shown in
Table 1-3?

D1-13. What is the average Going-in reading shown

4--

COnceivably students could arrive at this point
and not be able to answer the tour questions

because the class data are not yet available
They shbuld go on. returning to this chapter
when the data are available from the other

Table 1-3?

students.

Before going on, do Seit-Evaluation 1 in your Record Book.

1-12 and 1-13. The averaging of the Going- out and the Going-in readings can be complicated. 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 correct way of averaging the Going-out

1.

readings (and the Going-in readings) would

be to add all the L (too long) readings together and also add all the S (too short) read-

ings together in each column separately.
Subtract the smaller 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 Ilttle with this.

The problem Is quite similar t6 finding an
average of positive and negative numbers.
You must find the difference between the
separate sums first.

GET IT READY NOW. FOR CHARXER 2
You may want to prepare the metersticks with

a piece of tape at the 20-cm milt as shown
in Activity 2-3.
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MAJOR POINTS

Excursions 2-1 and 2-2 are keyed to this
chapter.

EQUIPMENT LIST

Per student-team
1 meterstick
Masking tape
1 sheet of notebook paper

1. It is possible to test a subject for eyedness
and grabbiness.

2. Reaction time may vary depending on
whether the stimulus is by sight, sound, or
touch.
3. When thc4e are only two possible varieties

of a htifnan feature, it is called an either-or
variation.

Chapter 2

Tallies and Tables

4. When a feature varies widely through many
CHAPTER EMPHASIS

Ways of organizing variation data are studied.

and the difference between either-or variations and continuous variations 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."
cm 14 0--

-

different values, It is called a continuous
variation.
5. Data may be organized ih ways that will aid
in analyzing them.
6: 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. Contingency 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 force
that eye to be dominant, even though it normally wouldn't be.

ACTIVITY 2-1. Fold a sheet of notebook paper and remove
a small semicircle from the centir.

tO

110

ape* ta..111,

4.

ACTIVITY 2-2. Unfold the paper and hold it at arm's length.
With botfilayee open, look through the hole at some I1stant
object!Now without naming your head or eyes, observe thee
object with your letkeye only. Again without moving head or
eyes, look with your right eye only. Be sure not to move the
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If you could see the object through the hole in the paper
with your right eye closed, you are left-eyed. If you were
able to see it with your right eye open and left eye closed,
you are right-eyed.
[12-1. Are you right-eyed, or left-eyed?

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

C

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

Table 2-1
Tallies (cheeks)

Evedness
Right

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. Oedness is considered
to be an either-or feature This means that a
person is either right-eyed or left-eyed, and
the amount of either may be unrfleasurable.
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 lett eye also, but not
as Intensely. If some way could be devised to
measure the relative intensity of the images

from the two eyes, it would be a possible.
measure of the amount of right- or left-eyedness. But even if 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

Totals

Left

From time to time in this unit, you will be asked to do
problem breaks. These are problems for you to solve, without
much help from your book or your teacher. The problems
will usually 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 breakeven 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.

founa.

PROBLEM BREAK 2-1
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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 to measure the amo-unt of
right- or left-eyedrless. Check your plan with your teacher.
Then, if it is okay, try it 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

HOW GRABBY ARE YOU?

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 operationally define your

reaction time. After that, you will measure your partner's
reaction time. You will do this with- what we call the "Grabbiness Test" To make the test, you will need a partner, a
meterstick, and a small piece of tape.
Tape

0 cm

20 cm

ACTIVITY 2-3. Place a piece 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.
Activity 2-4 shows you how to prepare to catch the meter-

stick. You will use the same technique each time il is
dropped.

ACTIVITY 2-4. Your finger and thumb should be pbsftioned
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
position for each trial.
Foretin9er

The positioning of the finger and thumb at a
set distance from the stick should be recognized as an attempt to control a variable in
an experiment.

Meterstick

Thumb

CHAPTER 2
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Hold the stick
at the 100-cm end.

,

Im

ACTIVITY 2-5. Have your partner hold the meterstick as .
shown. He should then drop the, stick with no warning_ When
fie does, catch the stick withotit moving your arm. Practice
this a few times, until you gete,a feel for how it hi done.

Place your,
fingers at
the 20-cm mark.
ready to catch
the stick.

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 such cases.

Give them a chance to suggest an answer.
Possibly they should be counted as -100,wt-uch is the highest meterstick reading If the
noise resulting from the meterstick hitting the
. floor is objectionable, have them place on the

floor a,book that the stick can hit.

ACTIVITY 2-6. When you are ready to make your measurements, have your partner drop the stick one more time. This
time, notice where your thumb is atter you catch It.

ap

02-2. Which number on the stick did your thumb cover?
(If two numbers were covered, record the smaller of the two.)

Excursion 2-1. for remedial-reviewrmay have
been done by the student at the end of Chapter 1.

1*:00.1110

Repeat Activities 2-5 and 2-6 five more times. Record all
six of your measurements in Table 2-2 in your Record Book.
Complete the Self row of the tabk by finding*the average

of your measurements. If you aren't sure how to find an
average, turn to Excursion 2-1 for help.

38
40.
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Note that the numbers that are entered here.
and tallied in Table 2-3. are the actual num;
bers covered by the finger or thumb when the

Table 2-2
,

Thal 4 Trial 5 Trial 6 Average

Trial. I Trial 2 Trial 3
Self

Partner

.

stick is caught In other words, the distance
that the stick had dropped from the 20-cm
point to the catching point is not used. Students may complain that the figures do not
represent the true reaction time, and you
might point out that as long as everyone rdcords the numbers the same way (from the
pnd of the stick), comparable measurements'
are given.

Notice the option given the stddents to test
their classmates or shhre their. data. YOU maA

Change places with your partner and repeat Activities 2-4
ihrough 2-6. Again record data for your partner in Table 2-2
in your Record Book.
Place a mark for your average grabbiness measurement
in the appropriate Tally row of Table 2-3. Then do the same
for your partner's perage grabbiness measurement.
Table

facilitate the sharing. Note also that you have

a decision to make relative to letting equipment (metersticks) leave the classroom overnight.

24
Tally

Totals

.

25-34

,

a

r

Average GrAbbiness
Measures

$4

want to use your data-collection system tW

.

,

HI! WHAT'S

35-44
.

FDR SIPPER?

.

45-54

V.

,

r
,

55-64
,

65-74

..

75-84

.

,

.

.

E

,

.

.

85-94

.

_

.

95

-

,

Your next problem is to find the average grabbiness measure for at least ten more people. Yon can test some of your

classmates during class or share their data. You may also
ask your teacher if you can take a meterstick home one night.

3,9
,
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You can then measure the grabbiness of friends oi 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 measures if you' have
This table 01 lirabbiness will be used in Chapter 3 A much better use can be made if there
ire more than 12 measures available,

time.'
PROBLEM BREAK 2-2

Thus 'far in this chapter, you have been, _dealing largely
with the ense of sight. You grabbed the meterstick when
you sawi drop. The distance the stick passed througl your
hand is actually an indication of elapsed time. Design and
carry out an experiment to answef the follOwing question: '\
Do you feau faster (or- .ilower) to sudden sound or' touch
than you do to a visual (sighastimulus? HINT: Be sure that
the subject has his eyes closed during,the sound-tduch exper&
a
mem.

Do not .spend more than one class period investigating
either the, sound or the touch (tactile) sense. Record your
in your Record Book:
experiments, findings, and conclusions
,
sea

.

,

IS IT EITHER-OR?

If siffidents have -difficulty in designing the
soxperiment in Problem Bfeik 2-2, You' rday
have to sugtiest some possibilities:such as i
tap on the shoulder, for touch, or a snap of.
the fingers for sound. Be sure students, kein3
evrything else cOnstant,.

Take a look at the way Tables' 2-1 anc1.2-3 are setup. Al,.,.though sthe two tables are similar, there is one big differenCee.'
:Can you See what it is?
E:1273. What is -the. major difference betWeen the way Table

2-.1 is set up and the Way Table 2-3 is set up?
is

Question 2-3 shouldn't. have -been too tough. The big
9slifference between the tables is in the number Of rows. There
are eight,rows in, the gabbiness oble and only two rov.rs
in the eye&tess table.

2-4. Because there On be all degrees of

grabbinest (reaction,time), there must be the
oppbrtunity to show a' wide variation In tha
measurement of the amolmt of it. Eyednesi
le generally eitherrightp left; s6 only thdse
two nectri be.Proi;ided Tor. Another question
thAt -might tre asked is "Do there hatfe to be

,

eight rows for to gtabbinessr The Brinier
is No. The chof6e. of eight Is arbitrary. The

:

tatherccouid have heart grouped intcta smallr
number.. or thole coulhave been eighty, with
a row for etch cm irom the 20-cm tape to the
firtd- Of thf; rdeterstickl,
.

O
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02-4 Why was It necessary to Wave eightrows on the glibbiness .tablt and only two rows on thsjeyeduesstable?
42-5. Suppose you made a table:,for keeping track of how
many.b s and Orls were. in a class. liow.many,rows would
you need?
024. Suppose you Wanted to keep track of peOples" heights.
;
Howmany. rOws,might Yoti neeil in a table.for thiS?

-

0
4

.

:40
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The last three questions deal with an important point.
Thcrc are only two possible varieties of some human features, 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 thatvary more widely are 'called continuous variations.

02-7. Thrn back to Table 1-3 in Chapter 1. Do the data
in that table suggest that being focled by optical illusions
is.an either-or fgature?

02-8. Do the data in Table 1-2 of Chapter 1 suggest that
handedness is an either-or feature?
/

2-7. No. gr8. Yes. Although Tables 1-3 and
1-2 both show continuous variation of the
traits, they bOth also have either-or aspects.
Subjects in Table 1-3 can show either "too
short" or "too long" responses to the illusion.
but this is not quite the Same thing as the
right- or left-handedness in Table 1-2. Generally, either-or features exhibit a dichotomy
two distinctly diffeient traits. Purely continuous variation features like height and weight
have no middle point. ho either-or characteristics.

As you have learned, the first step, in understanding the way
human features vary is to find some way of measuring file
features. That is, to find a way of operationally defining the
feature.

.

ORGANIZING VARIATION DATA

4.

41^

02-9. In your Record Book, write an operational definition for
each of the following:

2-9. Student answers should give the method

for detecting the trait and, if possible, the
method for meaSuring it.

.1. Reaction to Optical illusions
2. Eyedness
3. Reaction time (grabbiness)

If you had difficulty in writing these operational ,definitions, reread the section following Table 1-2 in Chapter 1.
Your own definition there of handedness should h.elp.
There's, more to _understanding variation than operationally defining terms. After you have measurement data, you
must analyze them. And this means you must arrange, the
data for easy analysis. One way to do this is to make a table
like4Table 2-1, 2-2, or 2-3. Look at each of them again carefully. Then examine. Figure 2-2.

itigure 2-2
.

,

Eyedness

Ta Mes (checks)

Right

!'
.

Totals

---.

,
.
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,
.

.

.

-
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Now try your hand at making a table of your own. Suppose you want to know how many seventh-, eighth-, and
ninth-grade students ate in a school You are to construct
an appropriate table for collecting and organizing the data
you need. Use the spor in Figure 2-3 of.your Record Book
for making the table. When your table is tinished, compare
it with a classmate's Or have your teacher check it.
Until now each human variable, such as handedness, eyedness, or reaction time, has been treated separately. But suppose
you wanted to colleet data on two or inure variables at the same
time to set how those variables are related. Flow would you
organize the data you might collect?

For example, suppose you wanted to find out how many
studenp 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.

k.

.

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 yoó
-check it. Whether or not you have the three'
grades in your school, they should make the
table, inventing data if necessary.

02710. In your Recoril Book, design a data table that you
would use. Be sure yOu can record data on both variables
in the same table. Have your teacher check your table design
before goingiahead.
02-11. In designing the table, did you consider whether
the variables are of the eitherlor "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.)

2-10. Encoura students to design the data
table in their R cord Books without just copying the example given below. Once again, you
are asked to check It. Both variables are of
the either-or type (question 2-11), so only two
spaces are needed for . each variable. Two
spaces tor each of ti,vci variables require a
total of four spaces in the table,.

2

.0
.

OWN GUITAR

my

No

Yes
.

4

Boy

/1/

AU fACI
/AU M.I

Girl

ri11 1

Au Au

II

4

_

,

Table 2-4 could be used as you collect data. Each tally

or mark you place in the table will tell you two things atiout

the personthe sex Of the person and whether or not the
22
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,

person.owns a guitar.

42

[12-12. Flow many boys in the sample class do not own
guitars?

02-13. Flow many girls do not own guitars?
Tables like Table 2-4 are sometimes called multivariable
tables. Some people also call them contingency tables. Others
refer to them as correlation tables. Whatever they are called,
they are very useful. They are useful in-making data recordings. And they help you see how variables are related. If
you have studied Volume 1 or Volume 2 of ISCS, you've
workcd with many such tables. If you are not familiar with
this kind of table, take a 'look at Excursion 2-2.

Excursion 2-2 is remedildapview, but it also
has extension implications.

4 *aell I J

We won't guarantee that it will tell you if there's any

:61.,

relationship between the number,of leff-eyed4wagglebanks
and how often it rains in Sopchoppy. But it will give you
a chance to try your hand at some othcr interesting problems.
Students will have to struggle a little o
problem break. Question 1 will invol a contingency table between an either- r feature

PROBLEM BREAK 2-3

(sex) and a continuous variation feature (reaction time). Therefore it could have two columns, for boy and girl. In order to be able to
answer the question, the actual grabbiness

Now here's yotir chance to put to use everything you've
learned about collecting grid 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
score should be listed, and not the grouping
data.
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 eyedness in girls of your age?

scores could be added up tor the boy§ and
for the girls and an average Score found for
each. The better score (lower average) would
then give the answer. In question 2. if both

When you have completed the tables, answer The question& Then check your work with your teacher. He will tell
you whether you are ready to so on to the next chapter.

.handedness and eyedness are treated as
either-or traits, a simple contingency table like
Table 2-4 wilt result, showing the answer:

23
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Before. going on, do Self-Evaluation 2 in your Record Book.

a,

No equipment need be prebated for
ter 3.
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5. Grouping data can make a pattern more
EQUIPMEN T LIST

evident

Ixcursion 3-1 is keyed to this chapter, and

6. An individual measurement can be compared with the total by seeing if it is at, above.
or below the mean or the mode
7. Grouping the total range into five parts, or
fifths, is a helpful way of comparing data.
8. The more measurements you have, the
easier it is to see a pattern, and the more

Excursion 2-1 is rekeyed.

None

CHAPTER EMPHASIS

Constipicting a histogram,.grouping of data to
patterrymore obvious, and calculating
range, mean. Und mode are covered.

Chapter 3

Home on the Range
MAJOR POINTS
1. A graph in whidk groups of data are plotted
in vertical columns is called a histogram.
2. The number of units between the smallest
and largest measure in any set of measuremanta is called the range of the measure.

ments.

3. The average of a set of measierits,
found by dividing the sum of all measurements by the number of measurements, is
n1/4

°

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

In the last chapter you learned that people have both
"either-or" features and "continuous variation" features.

Now Ws 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.
solid or liquid
yoieg or old
heads or tails
wide-or narrow
open or shut
up or down
smooth or rough
day or night
hit or miss
do or don't
push or pull
back or fortli\,
good or bad
gtraight or curved
rain or shine
high or low
sad or liappy
hot or cold
right or*left
stop or go
poor or rich
better or worse(
empty or full
war or peace
soft or hard
big-or small
wet or dry
boy or girl

Jo,

03-1. From the above tist, choose four word pairs that are
"either-or" situations.
03-2. Choose four word pairs that are "continuous variation" situations.
03-3. Describe briefly how you chose the word pairs tO
use in your answeis to questions 3-1 and 3-2.

ff

confidence you can have in the conclusions
drawn from the data.

° if the rule that either-or features exhibit only
two possible varieties is applied, heads or
tails, hit or miss, boy or girl, open or shut. etc.,
fall easily in this category. Likewise, those that

.

If you had trouble in answering questions 3-1,1-2, or 3-3,
then you had better turn back to Chapter2aRd read it again.

#

.

exhibit widely varying continuous variations
could be hot or cold, big or small, young or
old, soft or hdrd, wide or narrow, etc. Some
in the list are harder to categorize. Two in
particular are noteworthy. It the words up or
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In Chapter 2 you collected data on the way people-vary in their
grabbiness (reaction time). You summarized your data in Table
2-3 of your ReCord Book. A look at that table should tell you
several thirgs about people's reaction time. However, there is
probably a lot more information in Thble 2-3 than you think.
This chapter will help you see ways of getting as much information as possible from data you collect on human features

BETTER PICTURES OF iABLES
down, and back or forth, denote directions.
then these two could be called either-or But
It they denote distances, they have continuous
properties.

The histogram, a form of bar graph. is con-

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 seyof vertical columns. The height of zick column tells
you how many, individuals grabbed the meteuttick at each
of the different marks shown. This kind,of graph is called
a histogram.

sidered a most profitable device for displaying

data. It is interesting to note that if a large
number of measures are available, the intervals 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. HoweverOhill histogram, with data plotted by groups: is an excellent way of presenting measurements that
fluctuate widely. The overall pattern is more
easily discernible.
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Centimeter mark grabbed

Figure 3-1

03-4. According to the histogram, between which two centimeter marks was the meterstick most WIT/grabbed?
03-5. How many ninth-grade students are represented by
the complete histogain?

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.

1*:(0,11Jlizi;91.0.
28

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

CHAPTER -3
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As you 4vill soon see, a histogram is often more useful in
organizing data thin a table is. A little later you will be asked
to make some histograms'of your own. Let's 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.

The students can label their horizontal axes
the same as in Figure 3-1. If they do. theyr
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 ttle
histogram and the data from Table 2-3.

k

Figurei 3-2

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

!At

MODE, MEAN, AND RANGE

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 rifle 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 dcoes the word mean?" "I-le plays a mean ping of
golf."

The terms range and mean are both used inAcience. and
will be used in this unit. For this reason you Od to know
their scientific meaning.

CHAPTER 3
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In defining range. it may be necessary to
define unit. measure, and set. A unit is the
scale used for the measurement, such as cm.
mm. m. etc It is plotted along the bottom of
the histogram A measure is the operation of
finding the amount of the trait in an individual

cilseN The number of measures made is
plotted vertically A set is the total number of
measures in a given situation. Thus the defini-

tion of range "the number of units .

means the number of scale units (cm in the
example) between the smallest and largest
meaSures.

If COrltinl1ou

variation features ale measurable, these

measures spread out over a wide set of numbers. For example, height is a continuous variation feature. Measuring the

hght of several people would give you a set of numbers.
In tliis 'set there would be a smallest and largest measure.
And, of course, there wOuld be other measures between these
two.

n this hook means "the number of
units between the smallest and jargest measures t any set
Range as

it

u .led

i

of measures."
To find the range of a series of measurements, you subtract
the smallest measure in the set from the largest. For instance,
in Figure1-1, grabbiness measures are shown along the bottonk2f the graph. The range for this set of measures is 70.cm.
it:
Here is how
-

Largest measurement
95 cm

Smallest measuretiont = Rage
25 cm = 70 cm

D3-6. What is the range for the set of grabbiness measurements that you recorded in Table 2-3?
03-7. Give an operational definition .of the wQrd range.
Now witat about mean? This word means' the same as the

arithmetic auerage, or what most people loosely call the
"average."
The mean for a set of measurements can be óperationallX
defined as:

Mean = Sum of all Measurements
Number of measurements
The remedial Excursion 2-1 is for those who
are still having averaging difficulties. Some
students may have to be urged to go through
it again.

3-9. Find the .sum of all the measurements
and divide it by the number of measurements.
INote that students were not asked to find the
mean, but only to tell what they would have

to do to find it. There'is a big difference; to

actually find ihe sum of all the measurements
could be a very complicated task for the students. You might want to preseRt the problem

28

CHAPTER .\3

03-8. Calculate the mean of thefollowing measures: 28 cm,
84 cm, 100 cm, 52 cm, 13 cm, 66 cm.
If you do not see how the mean for question 3-8 is found,
turn to Excursion 2-1, "On the Average,: for more help.
1

9

03-9. What would you have to do to find the mean for the
measurements you recorded in Table 2-3?
Another characteristic of; a set of measurements w a
continuous variation is the mode. Mode means "the ne'
measurement in a set that occurs most frequently."

;,2,1,

CA

;Ft',

r

1 IV

.

to some of the more competent For your
Information. two possible ways ot ttitdmg the
mean are these: (1) Go back to the original

,03-10. In Table 3-1, what is the lode for the data set?

ungrouped measures ot grabbiness. Add
these all up and divide by the number ot
scores. (2) Take an average figure tor the
grovings in Table 2-3 (25-34 would average

Table 3-1

about 30. 35-44. about 40. etc ) Multiply these

--average figures by the number of measures
in each row dd ail these products, and di-

Shoe Sizes for
Teen-age Boys

vide, by the Iotal number of scores.]

1

611, 7A, 7B, 6E, 9A, 9A,
8D, 108, 11D, 9AA, 12D,

14B, 108, Itt 8D, 94C, 10P,
.9D,9C1 11B, I2AA, IOC, IOC,

41.

93C, 10D, 91C, 11D, 94C

'03-11. Can you find the mode for your data in Table 2-3?

3-11. Normally. ttte students should answer
No. But if some of the sharper ones found the

In Table 3-1, the shoe size that occurs niost frequently is

note, they already have used the ungroUped
measures. The meas e that octurs most Ire-

mean by method number I in the teacher

%C. Thus, the mode for the data set i9ust that, 9.
Tlv mode for the data S'et you graphed in Figure 3-2

quentiy would be the iod, and the answer
to the question could e yoS.

depads on your own set of measures, (i.e., tour data from

3-12. Range, 169 -160, pr 109 lb:
mean, 112.3 lb;
mode, 110 lb. ,

Table 2-3).

Patterns in data are ribt always easy to s e. Sometimes the
range, thean, and mode help you see a p ttern. Sometimes,
to find a pan rii,"data have to be,xrgapiz d.

ra,

FINDING PATTERNS
BY GROUPING

03-12. Tabl 3-2 gives the weight (in pounds) of a group
of ninth grade What is the range, the mean, and, the mode
for.4hese data?

.table 3-2
..s.

Weight (lb.) of a Group of Ninth Graders
97

.

106

133

65

97

93
110

140
110
118'
112

142
105
114
104

156
72
124

60

99

75
88

107
138

125
158
127

169
123
107

(22

102

115
110
81
138
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Figure 3-3 shows the data from lable 3-2 arranged in the
tOrm of a simple histogram.

The mode, 110. shows as the longesi line

Figure 3-3

60

65

75

70

80 85

90

95

100 105 110 115 120 125 130 135 140 145 150 155 160 165 170
Weighl (in lb)

Grouping..d ta can trine a pattern more .evident. Figure
3-4 shows a hi togram of the data trom Table 3-2. This time,
grouped into five-pound intervals.
measurements haw b

Note that the mode, 110. still falls m the largest wimp on the hrstogram (110-114)
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69

74

79

84

89

94

99 104 109 114 119 124 129 134 139 144 149 154 159 164 169
Weight (in lb)

Agure 3-4

Now look at a histogram. made- by grouping the entries
into ten-pound intervals (Figure 3-5). Notice how the data
take on a sort ofemountain-shaped pattern.
Figure 3-5

i

Again the mode 4alls in the la gest ten-pound
interval (110-119).
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80- 90- 100- 110- 120- 130- 140- 150-'160-,
89

99

109

119

Weight (in lb)

Mang

129

139

149

159

169

Arranging data in histograms of in other kinds graphs
does not change the range, mean. or mode for th data. But
new arrangements can make patterns.,Tore obvi

Throughout this unit you will be comparing your measurements with those of your classmatesi One si'mple way of

THE ISCt,; FIFTH SYMPHONY

comparing is to see if your measurepent is at, above, or
below the mean or -mode.
Another way of comparing will give you even more information. Look back at the weight distribution of ninth graders, 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 number of ninth graders within each fifth are

shown in Table *3.

The weight range is actually divisible exactly...
in five parts in this case. A range fronC60 to
169 pounds includes both the first weight (60)

and theitast weight (169) and all the unit
weights between the two. This total of units
is 110. Likewise the range of eachlifth includes the first and last weights in that fifth
(60-81. 82-103. etc.). and the units ik each
fifth total 22.
*Ms

....-

Table 3-3

Fifth

.

Range

.

,

Limits of Range
fOr That Fifth

Numbers 04

.,60-81

5

individual&

1

i2 lbs

2

22 lbs

2-103

6

3

22 lbs

104-125

16

4

,22 lbs

126-147

6

5

22 1bs

448-169

3

I.

I.

I

e

Notice Alta- Oice again, most of the measurements occur

e fift (3) with .fewer at either extreme measurein.theimid
s'
went (1. an 5). Figure 3-6 shows the information above in
histogram. form. Note how clearly the mountain7shaped Pattad shows up'when the data are grouped in fifths.
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Fifths

03-13. If Ringo Deery weighs 142 pounds, into which fifth
does he fall?
03-14. If Twiggy Hutch weighs 80 pounds, into which fifth
does she fall?

03-15. 'Which fifth is the mode fifth?
Both the mode and the mean fall in the midi:He, or 3rd, fifth.

03-16. Into which fifth will extremely light people fall?

03-17. Into which fifth do "normal" variations in weight
fall?
You might want to make a point with the stu-.
dents on the increase in confidence in meas
urements when the number of measures is
increaSed. For instance., if any one column of
weights from Table 3-2 had been used instead
of the whole table then the range, mean, and
mode would have been different.
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In this chapter you:ve learned how to make a liStogram.
You've also found how to calculate the range, mean, and
mode for a set of measurements. You've seen that grouping
data often helps to make a pattern clearer. This is especially
true when you have a small number of measurements. You
have probably heard that good experiments are repeated
many times. The more measurements you have, the easier
it \is to see a pattern and the ore confidcnce.you can have.
n

iZ

'0

4

-

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 finding patterns.
Before going on, do. Self-Evaluation 3 in your Record nook.

(.1

SN.
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(
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\

i

11

GET IT READY NOW FOR CHAPTER 4.

This chapter involves a longer list of equip-:
ment than any other. Some of it must be supplied locally. This includes chalk, baby-food
jars, glasses. or. beakers, paper, and a watch
or clock with second hand. Activity 4-17 calls
for students to 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 wolk quietly In

g

pairs. You will need 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.
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pow Do You
Measure Up?

ENT LIST

MAJOR POIN IS

dent-team

1 mlterstick
1 meter of stdne
1 piece of chalk
2 white index cards (3" x 5")
1 protractor
1 metric ruler
2 rubber bands
2 toothpicks
1 glass, baby-food jar, or beaker
Watch or clock with second hand
Masking tape

CHAPTER EMPHASIS

Students use range, mean, and mode to com-

pare their personal traits with those of their
classmates in additional situations.
Excursions 41, 4-2. and 4-3 are keyed to this
chapter.

How do your features and characterislics compgre 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
few investigations. Find out how you stack up in rslation
to your classmates.

1. It is possible to find the range. mean, and
mode of weights Aid heights trom the data tor

boys or girls of 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 periptieral
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 can
be made for various parts of the body, and
comparisons made with the mean of a class
group.
5. The blind spots in the eyes can be identified, and a measurement made of the total
blind distance of each eye.
6, A test can be made for the ability to determine distance and direction of a sound.
7. Timing error can be measured, and a comparison 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 op.traits.

HEIGHT AND WEIGHT

Start with an easily 'measured featureheight. To obtain
measurements, you ,can use the help of a partner and a

Card or other
flat object

meterstick.
Measure front

floor to object

ACTIVITY 4.1. Measure your height in,centimeters, as shown.
As a check, you should make your measurement more than
once.

04-1. How many centimeters tall are you?
When you are sure that your height measurement -i*iight,
-compare your measure with the data in Table 4-1.111 you

Feet flat on floor
and back straight

are a boy, use the "male data;': if you are a girl, use the
"female data.") Notice that the table conta,ins both height
and weight measurements for people of your approximate
age.

V`..
iVrk :

4-i:

Table 4-1

A

Female

Male

-

Height (cm)
158

178
170
176

163

.

153
164
184
178
150
160

169
165
158

'

Weight (Ih)

Height (cm)

Weight (lb)

97

153

102

142

141

105

150
160
163
165
169
155
148
4 55
173
154
155
150

84
95

114
104
75
107

)38
122

72

99
117

104

85

f

,

.

100

95
115-

,

126
110

94
107
142
.

85
96
103

.1111,

Range of height (malit)-34 cm

Range of height (femate)-32 cm
Range. of weight (male)-70 lb
Range of weight (female)-58 lb
Mean height (male)-166.14 cm
Mean height (female)-156.5 cm
Mean weight (male)-105.79 lb
Mean weight (female)-103.86 lb

Mode height (male)-158 cm and 1/8 cm
Mode height (female)-155 cm
Mode weight (male)-104 lb
Mode weight (female)-95 lb
!Vote that mode height for male occurs at two

pointsit is bimodal.
Experience has shown that some teen-agers
(and adults) become worried if the measure
of -their traits differs from the avthage. Thus,
this paragraph may provide some reassurance for them.

36 CHAPTER 4
1,r

04-2. What is the range of weights for the students of your
age and sex?
04-3.- What is the range of heights for the students of your
age and sex?
04-4. What are the mean and mode weights for the students
of your age and sex?
04-5. What are the mean and mode heights for the students
of your age and sex?
04-6. How far above .or below the mean for height of your
se4 is your height measurement?
04-7. 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.
If you calculate the mean height of your classmates, you may
the average height. Thus, who
. find no single person who has
example
of an average person
is average? Perhaps the best
is. Someone whose characteristics are not average.

itlir!vr

"n.-^:ars"

1

t-4-4

Height and weight are important characteristics to teenagers. But now look at some features that you probably never
even 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.
To make measurements, you need to know how to use a
protractor. If you don't know how to use one, do Eibursion

4-1, -"Angles and Protractors." When you are ready to go
ahead, you'll need to work with two partners. Your gtoup
will need these materials:

.

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

1.1;i:?;101
Note the change to a student-team of three
/people for these activities.

1 piece of string, I meter lOng
I piece of chalk
2 white index cards, 3 x 5 inches
1 protractor
Tape

Read through.Activities 4-2 to 49 before starting.

Tape
s

String
(I m long)

tend.
Draw a chalk line
along the string.

A rnetersticli could be used to draw the
straight line instead of trOng to follow the

ACiWITY 4-2. Tape one end of the string tcythe floor. Stretch
the string out straight and chalk a line on the floor along the
entire length of the string.

string with the chalk.

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

41PS\

Circle

411kil!

String
(1 m long)

Chalk

ACTIVITY 4-4. Prepare two index cards as shown. Use cards
already made if they are available.
STARE

AT DOT

t.

Leave
blank.

ot
(1 cm wide)

Card 2

Caul

ACTIVITY 4-5. You a d your first partner should stand as
shown. Be sure that y ur feet are on the tape and that you
can see the dot on Ca 1.
Card 1

Self

It Is difficult for some students to keep head
and eyes immovable. One technique that will
help Is to have partner with Card 1 carefully
observe the person in the center, and sound
a warning it any movement is detected

4,741.

1st partner

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
or your head.
Card 1

1st partner

Self

Card 2

4.

.-".2nd partner
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ACTIVITY 4-7_ When you can no longer see Card 2, say
"Stop."

ACTIVITY 4-8. Move the end of tpe string to a point just below
the blank card in your second partners hand. Hold it in place
with a small piece of tape.

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

the chalk line and the string. This is your "peripheral angle
of vision."

It students have worked with the space unit.
What's Up?. they will have cOnstructed quadrants that could be used for the measurement
of the angle. These are larger than the protractors, and might be easier to use.

I String
1

to card 2

4

Angle
of vislop

I

I

dr

a

Chalk line
to card I

Repeat, the meastirement of your angle of vision twice
more. Record the results of the three trials under Selffin
Table 4-2 of your Record Book.

\.

is-,

--4-c-191.<,,),--'4,:k

Persons with a low angle of vision are said
to have tunnel vision This is one ot the hazards of the space age. It has been found that
prolonged exposure to an atmosphere that is
too rich in oxygen, such as might bCcur in a
space capsule, can cause extreme tunnel
vision, unconsciousness, and even death.
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Trial
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Trial 2

I
.

Self

.

i

'

...
-.

..

.

..

Student
.

.

°

.

.

°

°

_____
<

.

*

Student 2

4

Studcnt 3

.--.."."

,,

.
Student 5

a

a

9

.

1

.!

Student 4

Student ...6

.

p.

°
<

_.

,

..

4

-

0
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Student 7

a

0
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Student .8

°

_____.

°

,

-

'

0

Student 10

Again, you may decide-to use class charts for
the collection of these data. If so, you should
provide spaces for the three trials and aver- age. so that students can compleie Figure 4-2
In their Record Books.
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°

Student 9
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a
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Next, measure the angle of -vision for ten of your classmates. (three .trials and average). Record these results also
in Table 4-2, When the table is complete, make a histogram
of the data: in the -space 'provided in Fikure 4-2 of your
Record Book. Use the-histogram -atid Table 4-2 .to answer
the 'next three questions.
-

4 In determining the mode with a relatively intall
number of 'measures (11) it il conceivable

that there will not be a grouning at any one
meieure. If two measures occur most fre-

quently,. it is bimodaCif three occui; It is
called trimodal. Possibly there is only one of
each measure, In whith case it is called multimodal.
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04-8. Use the calculated.ayerages to determine the range
of angle of yision for the ten students.
04-9. Use the calculated averages to determine, the mean
44
and mode angle. of Vision for the ten students.

04-10. Is your angle of vision the same as, above, or below
the mean.for the ten students?

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 out an experiment that will measure your field of vision up and crown
(vertically). Describe your expjeriment and record your findings and ' conclusions in your Record Book. Do not
spend more than one class period on this activity.

yj
This problem break is a good oppOrtunity to
design an independent investigation. An extension of the problem of angle of vision can
be presented to students who are interested
in going a little further. By ustng.colored cards
the same size as Card 2, a test can be made
of the angle at which different colors can be
identified. You have colored construction
paper in the supply kit.

The last activities dealt with your sense of sight. You have
four more senseshearing, touch, smell, arid taste. The rest
of the activities in this chapter will give you the chance tO
investigate some_ Of shese senses. You .will also be able to
compare your senses with those of your classmates.

ARE YOU TOUCHY?

Touch is considered to berKe of th cb-called five senses.
In this activity you will determine whether the sense^of touch
variesgain different parts of your body. But before'doing -the
experiment, try answering these questions.

D4-11. At what point On your body do you think you are
most sensitive to touch?
04-12. At what point,on your btidy do you think you are
least sensitive ,to (Ouch?

To test your "pr *ctions, yon will need a "touchometer."
idh you can-measure Sensitivity to
This is a device Wi1h
r " you will need these things:
touch. To make a "toucho
Toothpicks

1 cm-scale plastic ruler

r../

2 rubber bands
toothpick&

Although students would not be expected to
Rubber know at this point, the most sensitive areas
band
of the body are the fingertips (palm), lips,

0

Mierxrc

2

1

4

1

5

1

Ruler

41.

Sharp
ends

ACTIVITY 4-10. Use rubber bands to attach two toothpicks
pointed end
tightly to a ruler as shpwn. Be sure that the more
of each toothpick points in the same direction.

T;

T.'. ;AA

r:

4.1 I=

tongue, tip of the nose, and the soles of the
feet. The fingertips, tor example, are twice ill
sensitive as other hand area9.
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In using your touchotneter you will vaiy the distance between the toothpicks and touch both points to the skin at
the same time. The aim will he to find out how close together
the toothpicks have to be before the two points feel like one,
Let's give it a try.

'12111111HO

111111111

4. 2 cm --01

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 ot the time difference be-

ACTIVITY 442. Touch the two points to your forearm at the
samettime, as shown. If you feel both poipts, move the picks
cloar together and repeat. Adjust the toothpicks until they
are as 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 will confuSe
the reaction.

.4.044106
-*-

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

Safety Note in doing this touch experiment, be very careful

with thei sharp points. Do not test the sensitivity of
your face, although you may want to test the back tof your
neck. Don't make quick or unexpected moves. Always apply
.the touchometer very lightly. You are.trying to measure sensi-

p.
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tivity of touch, -not pain.
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ACTIVITY 4-13. While your partner's eyes are closed, test his

touch sensitivity on the back of his forearm. Record the resu ts of two trials in Table 4-3 of your Record Book.

'

''

.

.

When testing subiects with their eyes closed,
it is a good plan to touch Only one point every
once in a while Otherwise subiects will know

that they are always being touched by two
points_

Table 4-3
Distance (cm) Between Points
When They Are Felt as One
Trial

Atea
Tested

Average

Trial 2

1

.

Self

l'artner

Self

Self

Partner

Partner

I

Back of forearm
A

Back of neck

Palm of hand
Back of hand

Sole of foot

/

.

Next, switch places with your partner and have him test
yourk touch sensitivity by repeating Activity 4-13. Then, for
yogrself and your partner, test the other body areas that are
listed in Table 4-3. Record all measurements in your Record
Book.

Although individual subjects differ, the palm
of the hand and the sole of the foot will probably show the greatest sensitivity, with the
back of the forearm showing the least.

-

CHAPTER 4

4.3

I.

V,A4-

Finally, test the touch sensitivity of nine other classmates.
Record the data that you collect in Table 4-4 of your Record
Book. When the table is complete, make a histogram of the
data and answer questions 4-13 through 4-16.

Table 4-4
Classmates

,i

Area
Self

1 ested

__N1

3

2

4

5

6

7

8

9

10

Back of
forearm
Back of
neck

/

Palm of
hand
,

,

Back of
hand

.

---2-\

.

Sole of

.

.
.

foot

4

.

...

Ss

Once agiftA. the distribution may be multimodal due lo -the small number of measures.

4-14. Small

04-13. What are the class ranges, means, and modes for the
"touchiness" of the foroarm, 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.

04-14. In the touchiness test, does a large, or a small,
touchometer reading indicate more sensitivity?

04-15. For which areas of the body were your own touchiness measurements greater than the mean for you and your
classmates?

44
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04-16. For which areas of the body were your own touchiness measurements smaller than the mean?

F

amoor

Table 4-5

lir

Mcan

Mode

cm to _____cm

____cm

_. _cm

Back of neck

_cm to _cm

_cm

.
_cm

'Palm of hand

_cm to

Back of hand

_cmto_cm

Sole of foot

_cm to _cm

Rangc

4
Back of forearm

.0-

cm

cm

_cm
_cm

,

cm

_cm
_

You have probably heard someone say, "He has a blind spot
when it comes to so-and so." This comment usually implies
that the person with the "blind spot" doesn't see all the facts.
Of course most of us have such mental blind spots,,at one
(
time or another in our lives.
But did you know that everyone has a truer physical blind

spotone for each eye? Well, it's true. In the next activity,
you will investigate our own blind spots. You will also see
how these blind sp differ for different people.

To get ready for he activity, you need to make a copy
on paper of Figure 4-1. You will also need a paqner and

BLIND SPOTS
Students may be curious about the blind spot.
It is the only point on the back ot the eye (the

retina) that is not sensitive to light. This is
because at the point where all the nerve fibers

come together and pass through the retina
and out the back of the eye to become the
optic nerve, there are no photoreceptor cells.
Despite the relative ease with which students
can identify it. the blind spot was not discovered until the 17th century. by a French scientist. Because of binocular vision and the
friNuency of eye movements, it causes no
difficulty in our everyday lives.

a centimeter-scale ruler.
'Figure 4-1

...al
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Some teachers have had students use the
3" x 5" file card on which to copy Figure 4-1
The stiffness of the card makes for easier
manipulation and measurement.

temiraex,"5"-

ACTIVITY 4-14. Cover your lett eye with your hand and hold
Figure 4-1 at arm's length. Stare only at the cross and slowly
bring the paper closer to your face.

Ac-

1.

t the spot disappears, stop moving the paper toward you. our partner should then measure
the distance from your left eye to the paper. Continue moving
the paper cloker 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).
ACTIVITY 4-15. At theti

,

a-
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ACTIVITY 4-16. Repeat the experiment with your left eye. This
,
time, however, stare at the Spot, not the cross.

.
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Record your measurements in Table 4-6 of your Record
Book. Then switch roles with your partner and repeat the
experiment. Calculate his TBD.

4

Table 4-6

7
4

BLIND SPOT DISTANCE FOR EACH.EY.E
Left

Right

Note that if students are to do an adequate
lob of answering questions 4-17. 4-18. and

Disappearing distance

4-19, they will have to make a data table. They
need the data to be able to find the rhean and
range.

Reappearing distance'

Total blind distance (TRD)
(disappearing minus reappearing)'

0447. Was xour TBD greater, or less, thapi your partner's?
Find Out whit T4BD other members of yolir class have.

.04-18. is your TBD above, betQw, or equal to the mean
TBD for the students you chdcke&
Q4-19. What was the range of TBD for the group?
.04-20:Do you, think a persOn's TBD would be an important
feature to consider when interviewing for certain jobs? Why?

Another important characteriltic of h'uman vision makes
it possible to catch a, ball, pick up a thumbtack, or hang
clothes on a linec Take a look' at Excursion 4-2 to see how
people vary in their ability tO judge distances.

Excursion 4-2 is an interesting extension excursion on 'depth perception.

4*.x.01:4:1:col

n

Obviously, there are blind pots in vision. Are there similar
"blind spots" for hearing?;Does everyone hear all sounds the "same way? Without
expensive equipment, it's hard to- study variation in ability
tO hear high and low sounds. Bin there are some questions
aboat hearing that can be studied With simple equipment,
.

THE BETTER TO HEAR WITH
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For example, you can study a person's ability to Iocate..
so ds come from. You ean also study from what
direction ilierent people hear best.
iwhere

.

For these investigations you will need a pencil or pen and
a. glass,, jar, or beaker. You'll also need a partner.
Xou might want to have student-palm go to
anotherioom or Enda tc; have less distraction
from normal class noise

ACTIVITY 4-17. Have your Partner sit in a 'reasonably quiet
part of the room with his eyei closed. Move a short distance
from hint and gently tap the Wass. When he hear* the tapping,
he should point iii the direction he thinks the sound is coming
from. He should also state how many meters away ihe think'
you are.

°

,

P 4".

It's up to you to decide how to 4fkold how mtich your
\

If the suggestion to test SeVeral of the class- °
mates is followed. studentS.should probably
have a data table (art extension of Table 4-7).

partner's guesses are oft^. 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 yoiir Record Book:
Haire your partner test your ability tO heir..sounds in the
-same way yorktested his. Then comparehis Measures with
yours. lf, you like, test several of your classmates as well.

04-21. Describe how your ability to hear sound compares
with-your partner's.
04-22. Did you find any eyidence., for -a- "blind spot" for
hearing?

g.
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Perhaps you're sometimes late in coming' hoine. Maybe
you have excused yourself by sayiirg,-."I'M sorry, .1 lust lost
track of the time.",Some people are.extremely good at estimating different lengths of time. We. could-say .they *have a
good -"sense' of tilning." .Time sense isn't one of the five
serises, but it is impprtaru. And a is another variableamong
people.
Perhipsyou can measure this `sense.",TO do -so; you
.t
.
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shotrld again work w.ith a partner. You and he will need a
watch or clock with a second hand.
lhis problem break presents another opportunity for experimental design. You might

Design an activity to find out how well you can judge when
one minute has elapsed. Collect data for several trials, for
you and-your partner. Then calculate the mean error. Check
other.classmates, too.

want to pose the question with students.
"Does it make any difference in time serkse
with subjects whether they have their eyes
open or closed (outside of the obvious differ-

ekice 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 affected by illness and
fever in a subject.

0423. What is the mean error for time sense for the people
that .you studied?

04-24. WhF is the mode erroefor time sense fbr the people
that you studied?

04-25. Wo your time-sense error above, or below, the
mean for the people you studied?
You have st4digcl and measured many of .your own characteristics '64 those' of other persons. There are, of course,
many othes cljaracteristits. Sorfle of thein are quite difficult
to measure byordinary methods. if you'cklike to investigate
one that is important in detective work, do Excursion 4-3, "No
Two Alike."
Well, how did you stack up.against your classmates?tere
the -measures of all your continuous variation features and
characteristics at the mean? Did all your either-or features
fall into 4the mbde category? If your answers to those two,
questions *ere No, You are a normal person.
You may haiveliad one-or two features that could be called
average. But if enough features 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
ih human charaCteristics and behaviors? Chapter 5 may clear

se-

4*:(011:-.!;101
Esxcursion 4-3 is for extension. It provides the

opportunity for students to thke and study
their own fingerprints. In extremely rare
cases, there have been parental objections.
due to the fact that fingerprinting is so often
connected with drime.

that up a bit.
Before going on, do Self:Evaluation 4 in your Record Book.

4r.471)

No equipment need be prepared for Chapter 5.
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EQUIPMENT LIST

CHAPTER EMPHASIS

None

The Importance of looking for patterns in
human variation is emphasized through a series of practical problem breaks

Chapter 5

Personalizing the
Population

MAJOR POINTS

1. All human beings are different in at least
one characteristic or feature.
2. In studying human variation, you need to
consider (a) how information on variables can

be gathered. (b) how the variables can be

Excursion 5-1 is keyed to this chapter.

measured. and (c) how the variables relate to

those # others
3. It is important to identity average or model

The most exciting thing about people is that each one is
different. At leasrt one feature or characteristic distinguishes
each person frc,rn 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
'co-nsiderably 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 is
lt there a big search tbr patterns in human behavior and in
human feature0 Why doesn't research pay attention to each
individual as an individual?

characteristics ot a group of people so that
comparisons can be made with individuals.
4. In solving practical problems concerning
groups of people, it is important to identify
patterns of characteristics or behavior
This final chapter should present a challenge
to students It is designed to summarize.

through the use ot 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, identifying the
specific 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 decisions (use of range.
mean, mode, and histograms and graphs).

1 flt1

BUNB. III Nur
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Finding the answer to these questions is me purpose of
this final chapter of Investigating 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
human variation can be so important.

51
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As you work with each problem situation, keep in mind
what you have learned about human vailation. ihnik carefully about the human variables that you want to consider,
collecting your thoughts on these things:
Note that students are told that they may select the problems they wish to do, completing
at least half of them As the teacher, you may
wish to suggest some alternative plan l'or
instance_ there may be some problems that
you consider especially appropriate for students in your school or community, and you
feel

fhat most students should complete

these In any case, you should be alert to the
tendency tor students to make too few meas
urements for a. problem, and to base their
judgment on too small a sample.
Excursion 5-1, though for general interest arid
extension. should be recommended a a help

in data collecting for all the problem breaks

I *.v<sill 1 ;

C

I. How information libout them can bc gathered
2_ How they can he measured
3. How they are likely to relate to each other

You may select the problems you wish to do, but try to
complete at least half of those listed. Blank pages are provided in your Record Book so that you can keep a record
of your ideas, plans, data, and so forth_
Cirit with your teacher and classmates about the problems
you elect. You may want to team up with someone before
actually conducting an investigation.
Solving some of the problems will require that you collect
data from a group of people.Vhen and if you want to learn
how to get a good data sample. do Excurstom5-1, "Sampling
.

Populations."

Two basic questions might be

(1) What kinds of music dO different age
groups want to listen to? and

(2) At what times do different age groups

PROBLEM BREAK 5-1

listen to music on the radio?

You are the new radio programmer for station WRXY_
The station transmits from your community center and has
a broadcast radius of 25 miles. The station's motto is "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 research. Explain how you will
decide what kind of music should he played throughout the

day and night. Outline your research plan in your Record
52
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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 spendidg 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 retie Is not so 9reat. because of
certain advantages that left-handers have in
the game. And what influence does the sex.
have on the sale of baseball gloves in general? 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 helpful
here. (Eyedness and handedness tend to go
together.)

PROBLEM BREAK 5-3

As advisor to Representative Bellows, it* is your responsibility to help him win votes among the youth ( l8-26years).

Of course, he must also get the vote from older citizens if
he is to win reelection. Design a plan to find out what percentage of Representative Bellows' appearance time should
be directed at concerns of each of the different age-groups
in your community.
The library may have statistics on population

by age groups in the country that could be
titled as a guide in, Problem Break 5-3.

The information-gathering In Problem Break
5-4 Is the important aspect. Should a questionnaire be, uSad, listing choices of color,
size, style, .`OrInting size, and location, or
should It be done by Interview? Note that decisions on some of these factors (color, style.
printing) are quite similar to either-or variations, in which the mode gives the best answer. Size would be indicated by the range.

PROBLEM BREAK 5-4

Suppose the Student Council of your school decided to
sell sweat shirts to -raise .money for a special fund. How
should they go about deciding oh the color, size, and style
of shirt? Suppose they wanted to have someing
printed on
th
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
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PROBLEM BREAK 5-5

In Problem Break 5 5. the student may be
expected to det,ign the research study. but
the actual measurement of hearing loss might
require equipment that is not available Hear-

Physicians and scientists are concerned about the effects
of noise on hearing ability. For example, there is some evidence that ears are damaged by long periods of listening to
loud music. Design a research study to find out if students
in your school have suffered 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.)

PROBLEM BREAK 5-6
s.

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

Problem Break 5-6 might entail identification
of characteristics by rank-ordering them from

As a member of the school newspaper staff, you have been

assigned the task of getting the student body to select .the
best all-round male (or female) student. However, you don't
want to run just another popularity contest. So you have
decided to find out what characteristics the students,expect
the best all-round male (or female) to have. Design a plan
for identifying the list of characteristics that is agreeable to
a majority of the students. a list of possibly desirable ones. Then students could be rated on the selected charac-

teristics and the highest composite rating
. chosen.

Pin

/
Pin to pin on pin

FOR

Problem Break 5-7 poses an interesting ques-

PROBLEM BREAK 5-7

tion. After finding the range of times necessary 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. Stippose 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 conversation. Design your research plan.

74
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The student's solution should not offend any

major segment ot the affected populkilion

(students, teachers, and general public) 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. Should other, nonriding students tie surveyed? sampled? How many/
3. How many teachers should be surveyed?

4. How many of the general public who live:
drive, or work in the vicinity should be surveyed? How should they be chosen?
5. What kinds 6f questions should be asked

In the surveys? Should the same questions be

asked of each group?'

PROBLEM BREAK 5-8

There has been% revival of the bicycle craze in your town,
and approximately 5.00 students are now riding their bicyckes

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 bicycles are disappearing at the rate of five or six a day. pikes
are being parked in empty spaces all over the school grounds,
cluttering up the parking lot and giving the lawns an untidy
s look. Twice a day the cyclists cause traffic jams as they arrive
0-

at or depart from the school.
I 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 affected population
(students; teachers; or those of the general public who live,

S.

drive, or work in the vicinity of the school). Describe a
research plan that would lead to workable, acceptable, and,
hopefully, successful solutions.
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Solving problems concerning people usually requires you
to know something about groups of people. Patterns of group
.

behavior or characteristics become important, You frtquently 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 characteristics. That is why patterns of traits and characteristics are
so important.
Before going on, do Self-Evaluation 5 in your Record Book.

The teacher notes in this chapter are given
as suggestions only. You probably have more

tp

and better ideas that could be used tor stubreaks present
dent guidance. The probl
in excellent opportuni for student interaction, small-group discOssions. and actual
pupil involvement in the affairs of the School
- and community.
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Excursions
Do you like to take trips, to try something different, to see
new things? Excursions can give you the chance. In
many
ways they resemble chapters. But chapteQ carry the main
story line. Excursions are side trips. They may help you to
go further, they may help you go into different material, or
they may just be of interest to you. And some excursions are
provided to help you understand difficult ideas.
Whatever way. you get there, after you finish an excursion,
you shoyld return to your place in the text milerial and Continue %Oh your work. These short trips can be interesting
and different.
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PURPOSE

To teach Of review linear measurement. using

EQUIPMENT LIST

the metric system, arid to show the relit,

1 meterstick .

tionships between units.

Measuring Mostly
In Metric

Excurgion 1-1
MAJOR POINTS

1. The United States is one of the few countries still using the English system ot meas-

This is a remedial-review excursion on the
metric system.

urement.
,

2. Changing from one unit to another in ...the
English system. can be messy

3. The standard unit of length in the metric

You know that 12 inches make a foot and that 3 feet make
a yard. And you probably have it memorized that 5,280 feet
equal a mile. The inch, the foot, the yard, and the mile are
units in a system of measurement called the English system.
The United States is one of a very few countries in the world
still using this system.
Use English system units to answer the next two questions.

system is called a meter.
4. A meter is 39.37 inches long.
5. A centimeter is one hundredth of a meter.
6. There are 10 mm in a cm.
7. In using a metric scale divided in mm, you
read a measurement to the nearest mm.

Pl. How many inches are there in 6 miles?
2. How many yards are there in 5,000 inches?

As you can see, changing from one English system unit
to another can be rather messy.
4.

Even England is changingiito the metric systern.

IF THAT`S THE ENGLISH

SYSTEM, WHAT HAVE

I BEEN USING?

,x

cva-N tt
rs,00

oG"

So

5N7-

\ 0%

de"

i.01°,304

1V

Not only should students feel fairly comfortable: they should appreciate the relative simplicity of the decimal system ot measurement.
with all measures being related by powers of

os
46.1

oi

If you've studied Volumes 1

or 2 of ISCS, you probably

feel fairly comfortable in the metric systeni. If this isn't so,
then this excursion will help you learn what the metric sys-

10. This factor,:with the resultant ease of
scientific notation and unit conversion, is
probably one of the strongest reasons that the

metric system is so widely used and highly
'recommended by scientists.

tem is all about.
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The metric system was first used in France about 1790.
The standard unit of length was called a meter. A meter was
supposed to be 1/10,000.000 of the distance from the North
Pole to the equator. We now know that this measurement
was not quite riglita but the original meter is, nevertheless,
Still used_ The meali- is 39.37 inches long.--a little more than
one yard.
Get a meterstick from the supply table. Notice that the
numbered lines printed on the stick divide it into 100 parts.

A specially constructed bar of a t)latinumindium alloy was used to mark oil the standard unit of the meter The international prototype was housed in Sevres. France However.
a General Conference on Weights arid Measures met in 1960 and redefined the meter in
terrns of the wavelength of the Orange-red
light emitted by krypton-86 1 his wavelength
is believed to be universally invariant, and can
be reproduced in any laboratory throughout
the World.

The distance between two of these lines is called a centimeter.
The prefix centi means "one one-hundredth" (0.01). A centi-

meter is 0.01 of one meter.

L
II3 4 III-711
8 9 iv 1

2

5

Figure 1

1

Yob probably noticed that there are 10 smaller spaces

-

.'4

6

I.

between each of the longer centimeter lines. The short distance between these lines is called a millimeter. The prefix
milli smeans "one one-thousandth" (0.001).

4:18t.V
ti5. What is the distance in millimeters (mm) from A to B?
We hope you -answered "7.2 cm" for
question 4. If you
didn't, you probably had trouble because arrow B points
between the seven- and. eight-centimeter
marks. Notice .that
there. are 10 lines between the seven and eight. 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
b'e 7.2 cm. Remember, theie are 10 millimeters
(mm) in each
centimeter. The answer to question 5 is "72
mm"-because

7.2 cm x 10 mm

72 mm.

cm

06. How many centimeters is it from A to C?
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. Ydii will have to decide which is better.
There
will always be some uncertainty in such
measures. You just
have to estimate the last figure. A metric scale, such as the
one in Fignre 3, should always be read to the nearest millimeter (0.1 cm). That, of course, will take some estimating.

,

07. How far is it in centimeters from A to D?
You probably thought this question was the easiest of all.
Since the arrow pointed right at the fourteen mark, the
distance was 14 centimeters.
Do you agree With the distances given itequestion
8 below?
Look closely, because the figures may be .wrong. If you find
a mistake, cross out the wrong umber in your Record
Book,
and write in what you think is correct. (Remember,
you are
still using the rneterstick shown in Figure 3.)

4.;

08. Check the distance between the following points.
The distance measurement

A to E of 15.7 mm
15.7 mm should be crossed out in the
Aecorii Book
and the number 157 written in. This is a good
A and F ...16.8 cm tent of perceptiveness, and should help to

-A and E

A and G 18.4 cm

make the students conscious of the tmpoii
tance of correct units. Of course, mm could
.be crossed out instead, rand_ crn written in.

Using the drawing of the meterstick shown in Figure 4,
do the following checkup.

Figure 3
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CHECKUP

Find the distance bereen the
following points.
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Ask your teacher to check your

answers. Do not go on until
you can measure accurately
with a meterstick.
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WHEN DEALING WITH
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METERS, ALWAYS CHECK
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A to J 9.1 cm
A to K 10.3 cm
A to L 15.7 cM
When stude6fs coipe to lou to check their
answers,.it affords you the opportunity to as!
uggest further
sess their competence, and
remedial work if necessary. Tiffs could consist
of .having them go through the oxcursiqn
again. Some teachers have found it desirable
to duplicate a special metric exercise of .their
own plesign on, a single sheet of paper, and
give this to the student to be performed.
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MAJC)R INMNIS
1

An average is the sum of all measures

divided by the 14umber of measures

2. An average number is smaller than thel
largest measure and larger than the smallest
measure '? and is often not a whole number
3. Rounding off measurements to the nearest
whole number means dropping any number

-4/

EOU,IPMENT- 1.1ST

This is a remedial excursion

1 metric ruler'

Excursion 2-1

-On the Average,
PURPOSE .

,

To explain thic methods of Averaging and of
rounding on numbeis. and 12,Provide pragtice

in both okratiphs.
\,

.1

....-

"

.4

I.

What ig an '-average.K? If, you are not sure what averages..are
k.
and how they are, ealtmfated, this excursion should help you.
fuler.
You will need' a

A

6

ACTIVITY 1. MeasUrti 721 r: ngth in centlineters.of each finger.

on one hand..Don't me lupe your:thumb. ('ia; might read on
before doing this.),
.

7

A..

..

.

As you try to measure .your tingers:ydu will probably have
problems. .Frcim whAt point .do yoti: Measure? How- should
the fingers be held? Before going on, yoi.i will need an operational deanition for "finger..lengt4.'"Thist.is a definition that
tells you a way of measuring fingec rength.

,
Di. State your operatidnal definition for the length of a
A7

finger.
°.

Use your operational 'definition to measure the4ingefs .On
'one- of -your hands. Record your data in- Table 1 of yokr
I'
Record Book.
P

.

Table 1
.

..

be: "Place the zero end of a ruler in the space
between two fingers. with the fingers straight

Midde finger
. .

ctn.

Ring finger

cm

along the ruler. -Read the mark en the ruler
even with the end of the finger being measured."

,

Pinky.:.

0

.

.

cm

11.

63
e
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1. Answers will vary, but an example might

cm

Index finger

..

.

-4

.

that comes after the decimal point, usiro the
following rules:
(a) When the last digit is less than 5, the digi t
ahead of it stays the same.
(b) When the last digit is 5 or greater, add 1
- Oto the number ahead of it.

.7

rft-a

-

of
2 No Finger length es a continuous variation

feature: because the length can be any
amount within the range of measures (Note,
that the students may not be familiar with the
terms erther-or variation and continuous va(iation if they arrive at this excursion before
gAirig into Chapter 2 )

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

Suppose vour fiiur measurements for finger length were
6.2 cm, 7.4 cm. 7.8 cm, and 7.1 cm. How would you calculate

the average finger length of your hand?
It's simple. Just add up `all four measurements to get the
total. Then divide the total by the number of measurements
you Made. Here it is for you in black and white.
Add:

414

6.2 cm
7.4 cm
7.8 cm
7.1 cm
28.5 cm Total

Divide the .total by 4:

7.1 cm Average
4)28.5 cm
28
5
4

Average

Sum of all measures
Number of measures

n3. Now find the average of the four finger measurements
you made: Compare your average finger length with that of
some of your classmates.
Weather temperatures ate still given in Fahr-

enheit in the U.S Students may be curious
about the equivalent readings given here
. They are 82.4'. 78.8', 68°. 71.6". 80.6',

sk

and 86° Fahrenheit.

Suppose you rec4rded the temperature at noon every day
for a week. Your seven readings were 28°, 26°, 200, 22°, 27°,.
30°, and 30,° Celsius. TO find the average Celsius, temperature

reading:for the week, you simply (a) add all the measures
and (b) divide the sum by 7.

I:14. What was the average nobntime temperature for the
week?
Anottt. er interesting thing (and one that has

implications tor ktudents as they compare
their characteristics with averages) is that
otten the average isn't the same as any one
of the nlimbers averaged. For example, nOt
one of the noOn temperatures was 26.1°.
t

64

EXCURSION 2-1'

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
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.
.

I%)

.r

114

.,

4
a

d
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If you were to measure the heights to the nearest tenth of
a centimeter of a few ninth graders, your data might look
like that in Table 2.

ROUNDING OFF NUMBERS

Table 2

ADD 1 TO NUMBDR

HEIGHTS OF NINTH-GRADF STUDENTS (cm)
1601

.

4

170.3
161.4
166.7

164.2
161.5
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 uged.

cw%

Rule I. 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) is 5 or greater, 'add
I to the number ahead.

MEW

Table 3 shows four of the lime heights given in Table 2.
This time though, the numbers are also given in rounded-off
form. Compare th two columns and notiCe how the rules just
given were applied.
Table 3
4

HEIGHTS OF NINTH-GRADE STUPENTS
I

Original
Measurement (cm)

Rounded--off

Number of Rule

Measurement (cm)

e

DON'T CHANGE
NUMBER AHEAD

Applied
,

160

1_60.1

.

1

_

.

164.2

164

.161.5

162

2

174.6

.175

2

A

SfisA

c,
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EXcURSION 2-1
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In your Record Book, round off the measurements given
in Table 4. In the right-hand column, give the number of
the rule applied. Check your answers with your teacher.

4

Table 4

HEIGHTS 017 NINIII-GRADE STUDENTS
Original
Measurement (cm)

Rounded-off
Measurement (cm)

Number of Rule

,/ Applied

_

180 4

172.6
.

174.7

,

tt

176.5

ROUNDING
Note that students are
to check their answers
to Table 4 with you.
180

1

173

2

175

2

177

2

182

2

180

1,

180

2

180

1

183

2

176

1

174

-2

179

1

181.5

.

.

I
180:2

,

179.8

180.3

182.9

.

176.4
173.6

.

.

-

179.2

.
.

161.1

.169.9

a

161

170
IO

.9

66" EXCURSION 2-1°
o

.k

ro*

I

}24:

'Sit.,AsA"

MIMI/

4.

PURPOSE

be
To show how two either-or variables can
related in a contingency table

EQUIPMENT LIS I

None

Excursion 2-2

Contingency Tables

MAJOR POINTS

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

:This Is a if:medial-review excursion

2. A contingency table shows the dependency ot one variable on another.

-$

3. Contingency tables are useful for showing
the relationship between two either-or variables.

.4

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

Table 1
-

Group

Tallies

-

114.-1

I'M

114-1

li4-.1

rt4.1

ri-44

RH-LE

1144

1-171-.1

1141

LH-RE

111-1

1-H-.1

11-1-.1

LH-LE

11-14

ri4.1

i1

RH-RE

1-1-1-1

11-1.1

111-1-1

1-14-1

1-H-1

MU

114.1

114-1

1141

CH,1

.

1141

1

.

t

= right-handed; LH = lefthaUcled; RE

right-eyed; LE = left-eyed

.

.

could have used
Walters fRiend Leslie suggested that he
heita

2 shciws
a simple table for recording his data. Table
stggestion. .

67:
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Table 2'
liyrdness
LE
R11

I-111

11-H

till

1141

1111

11

1-4.1

li

rt 4.1

1111

11 LI

11-4.1

1

Once 11 the tallies were made. Walter decided that num-

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

Table 3
k

Eyedness

RH

t.)

RE

LE

75

14

26

12

ths

.

it students have worked with thegenetics unit.
Why You're You...in ISCS Level 111. they May
-note the similarity between the contingency
tables herA and the "Punnett square-- method
used in tb"alsa,init In,the two-bit model with two
hybrid (mixed bit) parents, each parent contributes,one bit ot4ntarmation to the offspring.
'The iwe bas that each parent has sive eitheror-features, like the eyedutess and handedness shown here.

Leslie thQught i would be helpful to show some,totals in

the.table. Then y u could tell'at a glance hpw many righteyed people there ere in the sample. They a\ltered the table
again; so that it lo ked like Table 4. But th4 didn't fill in
the lotals.
cOmplete Table 4 in your Record

derb),' entering the

totals.:
E12. IVAv many o
68

.
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X&RSION 2-2

;,

he persons are left-handed?'

.fiancked?

-

8

-

k

Table 4
Eycdncss

RH
.

RE

1E4

75

14

26

12

.Fotal

Total

\
1

\

03. llow many are left-eyed? right-eyed?

r

04. ilthat is the total number of students on which dad
--:
were t4en?
._

.1

,

,

.

,

Notic that there are three ways -0 calculate this number.

1

i

I. Ad 75, 26, 14, no 12.

!

,

2. Ad4 38 and 89.
3: Ad 1101 and 26.

\
\

.

.

.

:

..

1

\

r,

i

1015. ExplAin why thu, three calculations shown above total,

Tie

1

d6. VolloWing his investigation, one of Walter'S friends said,
"A right-ha'hded persdn from our IKS group will generally
also be*right-eyed." Would Walter be, likely to agree with
hi's friend's comment?

6. Yes (It probably depends on how Walter

07. /Another friend .of. Walter's said,,"Yeah, and a

left-.

7. This may be true, but none of the data

footed kicke is usually left-handed." ,W4i.at do you think
Walter wonl have to.say about that comment?
...

otrier contingency table) would be .needed.

,

.,

i

interprets the word generally. More than 84%

of the right-handed- people were also righteyed.)

support the statement. Further study (and an-

#.

The kind 4f table that Walter and. Leslie used to record
and study the data is'. called a continkeney table. The-word
contingent metals "dependent upon." .In Walter's table, each
..
tally made is aependent upon two variables.

4;

.

i

,

1

...

1
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08. What we e the two variables in Wailter's investigation?
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Note also that each -tally can go into only one category.

Contingency tables like those are usually used only for
either-or 'variables.
9 A contingency table could be used for
continuously varying measures if these measures could be grouped For instance, suppose
that grabbiness. normally a continuously
varying feature, were to be related to the sex 1

09. Can you think of a way that a contingency table could
be used for continuously varying measures?
1.

The grabbmoss could be
grouped as follows: 21-60 cm, grabby; 61100 cm. not grabby After the scores of boys

of the subtect

HANDEDNESS1

and girls wdte tallied in these groups, it would
be possible tO see whether being grilbby or
not grabby was dependent on the sex.

ot

\r,
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EXCURSION 2-2
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PURPOSE

EQUIPMENT LIST

To team how to make histograms and how to
convert them to line graphs.

.

Non,

MAJOR POINTS

ANSWERS TO QUESTIONS
FROM CHAPTER 3

A graph is a pictorial way of representing

2. A histogram is a form of bar graph.
3. The variable being studied is shown along
the horizontal axis and the nuMber of cases
is shown on the vertical axis.

3-4. 85 cm-95 cm
$.-5. 35 students

This is a remedial excursion.

1

data.

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

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
,

you make and interpret these pictures that are worth a -thousand printed words.
Figure 1
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Variable being studied
.

You have just seen 'a histogram.(in Chapter 1) on 'gabbiness.
A.f histogram is a form of bar graph. Atkll histograms look
much like the one shown in Figure -1. The variab being

...Jed is shown along the horizontel axis. The

A

cases, or freqfttncy, is shown on the vertical aids.

PEW

ber of

'an

Jr,.
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'51

Ikt

Notice how the data in Table

are used to make the

I

histogram shawn in Figure 2.
6

Table 1

5

Number of Pods
'Having 1hese Numbers
of Peas

Number of
Peas per Pod
(the variable)

13 4
3

4

2
2
3

5

2

6
"77,

r."

7

rrl%

Wi.P.174111

4

5

.

,

7

.11

r44

-

7
9
10
6
8
Number of peas per pod
(the variable)

4

8
9

.

3
2

10

11

11

Flgyre 2

Perhaps the position of the numbers along the horizontal
axis bothered you. They are between vertical lines. If they
were placed at the lines, you would have trouble knowing
which bar they identified.
Histograms suck as the one in Figure 2 are very useful.
However, it is usually more convenient to Araw a line graph.

The numbers are put between vertical Imes
if 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.

Your histogram can be cOnverted to a line graph rather
easily.
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Vite.

Connecting the centers of each bar top with a line produces a continuous paph.
at In Figure 4 of your Record Book, sketch the line graphs
that would represent the data .in each histogram.
Figure 4
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Before going back to the chapter. try your hand at one
Other set of Oata. Label the axes of Figure 5 in your Record.
BOok. Then sketch the histogram based on the data given in

Table 2. Then complete the line graph for the data.
TrAbIe 2
441)

Numtver.of A's
on the Report Card
0

Number of Pupil's
with this
Many A's
2

6
2
3

4
5

8

7
4
3

6
7

Figure 5
The advantage of a histogram for discrete
numbers is illustrated in the plotting of Figure
5. The exact number of pupils getting a particular number of A's is readily readable. Note
th4t wtien theline graph is completed for the
data, the line alerts at 2. not at zero.
be
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EQUIPMENT LIST

1 protractor
1 metric ruler

PURPOSE:

To show the measurement and cOnstruction
of angles, using a protractor

Angles and Protractois ExcursiOn

4-1

MAJOR POINTS

1..Ikhen two lines meet, an angle is formed
2. The meeting point of the lines is called the
vafiex.

This is a remedial excursion.

3. When two lines form a square corner, it is
called a right angle
4. A part of' a circle is called an arc
5. Angles are measured in clqjrees: a- right
angle coniains 90 degrees
6. A protractor is used to measure angles.
7. The midpoint of the straighti edge of a pro-tractor is called the reference point.

Whenever two lines meet, an angle is formed. We call- the
meeting point .of the lines the vertex of the angle (Figure
l). When two lines meet to form a square corner, we call
the, corner riglit angle (Figure 2).

.1

Figure 1

I

Figure 2

Ell. List a few examples of right angles that you can observe
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 angle that is of interest. Notice how the curved
lines are used in Figure 3.

,

e
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-
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- Figure 3
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The curved lines shown in Figures 1, 7, and 3 are all small
parts of large circles. Such parts Of circles are called ,arcs.
Circles are measured by dividing them into 360 equal parts
called degrees_ The arc for a right angle, for example, is one
fourth of a total circk,so it contains 90 degrees. -For this
reason a right angle is said to be a 90-degree angle (Figure
4). The symbol for "degree" is °, Thus, a 90-degree angle
is written 900.

Jr,

flegoo

Figure 4

Possibly your students have protractors that

vire substantially different from the one described, on these pages. A -bommon type is
one that. has the degree Scales Aiming both
ways. If this is the case, you might have to

..r.,

A protractor is used to measure angles (Figure 5). One
edge of this instrument is a half-circle arc that it divided
ink) dtgrces. The other edge is straight.

spend d little time in explaining the use of
another ;kind, or- adapting the activities to lt.
;

Students Should note that the referencapoint
and the marks .for 00 and 1800 . may not be
located on the itraight edge of the protractor,
but instead maII be set In about a mrn on a
ruled line. It is this line that -shoUld be placed
over the edge of the angle that is to be measured.

Figure 5
Reference point
6
_

t

The straight edge is a diameter of;the--Ciicle. Its"midpoint
EXCURSION 4-1
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is the center of the circle.4This miapoirit is callechtht reference point of ihe protracior.
.
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02. Flow many degrees irc 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

11 the protractor has the line set in as noted
previously, it is this line, and not the edge of
the protractor, that should be set over one of
the lines that make up the angle.

the protractor shOuld he set along one of the lines th44 make
up the angle. The vertex of the angle must be at the reference
point of the protractor.

Figure 6

3 30°

03. According to the protractor, how many degrees are in
the angle shown in Figure 6?

MEASURING ANGLES

Now here is an angle tbr you to measure with your own
protractor.
Figure 7

ACTIVITY 1. Set the protractor over the angle, as shown.

\ Vertex at

/

reference point

EXCURSION 4-1
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ACTIVITY 2. Note where the other side of the angle passes
through the scale.

Students may need help In measuring some

of these angles. If the protractors they are
using have only one scale, it probably runs
from 00 on the left to 180° on the right, as
shown in Figure 5. This Me,tns that to measure angle a, the protractor hould be placifd

with the reference point on the vertex and the
zero point on the line that runs upward. The
same is true for angles b and c. Angles d and
.41i -can ba measured several different ways.
The angle less than 1800 could be measured,
and this amount subtracted from 3600. Or one
of the lines couid be extended through the
vertex, the acute angle (angle less than 90°)

El 4. How many degrees.. are in the angle in Figure 7? 443°

Now use your pfotractor and Measure the angles showp
in Figure 8. Measure to the nearest whole degree. Recofd
your measurements in Table I of your Record Book. Then
have your teacher check your measuiements (or check then'
with several of your classmates). Be sure you know how io
use a protractor correctly before going on.

measured, and this amount added to 180°.

,?7z..'
.(Prif4

I

Table 1
Figure 8

Angle Size

a
..

Table 1. a ..7.! 600. b , 19". c -.z. 1200.
=.- 251°. fa m- 245°. Note that the student is
told to have you CheCk the measurements or
j41

I.

to check them with several classmates

V

CONSTRUCTING ANGLES

Noew try your hand at constructing anglv. You will need the
protractor and a straightedge.

05. In the space provided in your Record Book, construct
a 65-'.angle. (If you need help. refer to Activity 3.)
ACTIVITY 3.

a. Draw a line.
b. Race your protractor on
the line. Mark the reference point" on the line.

This will be the angle

7

vertex.

C. Mark a second point at
the 65° Ilne of the protractor.

a.
1

d. Connect the vertex and

the second Point. The
shaded area indicates

"

EXCURSION 471

the 65° angle.

99

6.
Note that the student is told to have yoti check
the angles that were constructed. or T6 com-

pare them with those produced by class-

*

mates.

In the space in your Record Book, construct the fQ1low-

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 sticks*
2 clothespins
1 index card (3" x 5")
1 index card (4" x 6")
1 pair of scissors
Colored construction paper

yURPOSE
To Investigate depth perception.

Depth Perception

Excursion 4-2

*The 2 Sticks are to be supplied locally. They

shoal be about 10 cm long. They may be
smooth pencils. pieces ot soda straws, wood
splints, popsicle sticks,. or (optimumly) wood
dowels cm or less in diameter. Straight

places cut 'from a wire coat hanger would
work, with tape or cardboard to hold them in
the clothespin.
This is an extension exaursion.

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 measiire your own depth perception.

Find a partner to work with. Each of you will do the
experimept 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.
MAJOR POINTS

You will need these ma.terials:

1. Depth perception can be operationally defined.
2. Depth perception is an important feature In
the modem world.
3. Many variables can affect depth perception.

2 sticks
2 clothespins

1 index card (about 3" x 5")

I index card (" x 7")
I pair of scissois
2 or 3 sheets Of colored construction paper

,4?

ACTIVITY 1. Fold the 3" x 5" index card lengthwise. Then
cut s slit 1-cm wide, as shown. We'll call this Witted card a
"viewer."
I

c

s:1;r OrF,.

0141t_

-t

"
7

el.

A

Vr..rrrr",

Students may be interested to know that this
test tor depth perception is very similar to the
one used in examination for a pilot's license
The apparatus used consists of a box 1A which

the two sticks slide on tracks The subJect
views the centers of the sticks from a distance
in front, and has cords in his hands connected

ACTIVITY 2. Use the unlined side of the 5" x 7" Index cardas a background. Place one clothespin and one stick 40-50
cm in front of the card. Label the Clothespin "A."
Stack of books
or other support

to one stick so that by pulling on one cord
or the other, the stick can be moved forward
or back until it seems to line up with the second slick. The distance that the two are apart .
can be read from a scale inside the box. A
score above a certain amount may disqualify
a subject for a license to pilot an i{cratt.

Ao-50 cu'

5" x 7
index card

Stick

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.
.,*

.1

it is extremely importsint that the subject be

able to see only the middle of the sticks.
Therefore the viewi g card will have tts be
held some distance from the eyes With the
distances given in, the activities, the slit will
probably have to be about 50 cm in front of
the eyes. Also, if the sticks are.on the tabletop. the subject Should sit or kneel so that the

ACTIVITY 4. Stand about 2 rt.1 from stick A. View both sticks.,
through the slit, using only one 'eye. When you do the experi- ,

ment, you will be expected to see -only .the middle of the

i

sticks. Be sure you can do this. YOU should not hold the slit
so that you see either the tops of the sticks or the clothespins.

.

eye level is abolit the same as the sticks, The

brain searches,for clues to depth, and any
difference in shape, size, texture. cdtor, or
angle of the sticks may furnish these clues

211

and negate the depth-perception test.

1 21111111

This

t.

1

:
Nor this

Not this
*
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102

,

11.

'

ACTIVITY 5. Stand abbut ZIneters 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 slowly move slick
B forward toward A. When you thirik the two sticks are alongside each other, say "Stop.** Then measure the distanoe between A and B and record it in Table 1 of your Record Book.

he distance between A and B must be meas

ured in a straight line away from the eyes.

-

t
Do Activity 5 twice for each 'eye alone and twice for both

eyes together. Then have your partner switch places with
you.

Table 1
_

DISTANCE BETWEEN. A AND B
(in cm)
Trial 1

Eye(s)

Trial 2

Average

,

The scores with both eyee open should be

Right olly

significantly better (lower numbers) than with
either eye separately. Anyone who_has ever
tried to thread a needle with one eye closed
can attest to this. Stereoscopic (two-eye) vision is one of the clues that the brain uses to
judge depth.

Left only
_

Both eyes .

.

EXCURSION 4-2
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Based on this activity, how would you operationally

I - The student should tell how depth perception was measured in tile activities

define depth percepti;)n?"

112.. You are driving a car, at high speed in daylight. You
...approach a skni/-moving tractor .the road ahead ofyon.
.Why are you more likely to have _a rchr-end collision with
the tractor if your depth pereEption is-poor?
EA Many animals, such as horses, cows, 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. According
tb your data, why is it an, advantage to have both eyes in
front rather than one'on each side of the head?

Encourage students who are interested to try
further activities on depth perceOtiOn. Colored
construction paper Gail pe used in several
different ways to vary the experiment. A, possible-investigatton"bt thEr effect A-di:nor-might
be to use a colored background and sticks of

.

Many variables can .affect depth perception. If .the- sticks
are not-rou-nd, -they ean be turned-so that theyare vieyfed
edge-on instead of broadside. The sticks may also be colored.

the same or contrasting colors.

/.

The background color and/or pattern may also be colored
(use construction paper). Rather than sticks, objects of different shapes and sizes might be used. You may also Wish
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 sZo, record your everiments, findings,, and conclusions in your Record Book.

0

PI
*
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.EXCURAIIN 4-2
A

4"

This is an extension excursion

EQUIPMENT LIS1

PURPOSE

To afford the opportunity for students to make

Injt.041Frnp pad
1 sheet of unlined white paper
1

and studi ttieir fingerprints.

Paper 'towels

Excursion 4-3

No Two Alike
NOTE:

Paper and paper towels are

al supply

.J,tems. Stamp pads (6) are suppli d uninked
in the kit, together with a 2-oz tu of finger-.
print ink. The pads should be ink d ahead of
time by you or by responsible student assist-ant& Use the ink sparingly; too much ink on
the pad' will be messy 'and will give blots in.-stead ot.fingerprints.

Fingerprinting has long been accepted as a way of identifying
people. No two individuals, not even "identical" twins, have
exactly the same fingerprints. Thus, fingerprints are among
the most variable of all human features. Hold your thumbs

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

al. 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:

I inked stamp pad
I sheet of unlined white paper
Several paper towels

MAJOR POINTS
1

No two individuals are known to have

iidentical fingerprints.

2. A simple procedure allows students to
make their own prints.
3. Fingerprints can be classified into four of
the basic categories anci a compound category.

Study the following activities to learn how to make a
"rolled impression." You should get 'Clear prints by using this
procedure.

i

ACTIVITY 1,. Pla-ce the white Paper at .the edge of a tabit
Divide the edge of the paper with four lines and write."left
thumb" in the Space, as shown.
Caution .Be 1.ry careiui with your iriked fingers. Have paper
low& ready to wOe yourVingers when you ore through.

i 05

ACTIVITY 2, Place the ink pad at the edge of a table: Place
the side of your finger on the ink pad. Roll your finger lightly
until it rests on the opposite side.

ale

Edge
of table

4

Very obviously, this can be a messy activity,
but it doesn't have to be. Have paper towels
available, and insist on prompt cleanup after
each operation. Fingerprints on books can IA
rather durable.

ACTIVITY 3. Make one roll of each finger of the left hand in
each of the divided areas'on the paper. Qp thispy rolling the
finger once from one edge of the finger to the opposite edge,
as shown. lInmediately litt the finger and wipe clean before
doing the next finger.

.

IN

Right
thumb

Clean your hands before &ling the next activity. 4..
ACTIVITY 4. Ttirn the paper to the opposite edge. Divide the

sige of the paper with !Our lines and write:`right thumb" over
the divided sectionkus shown4
*

t.
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Repeat Activity with the right hand. Then examine and
compare all your 'prints..
The fact that no two prints are alike presehts a very chaIknging, problem in measurement and classification.. Figure
.

,/ The four ba41c types shown here are probably
,

the coMmonest FOr more complete classi-

illustrates four of the haie categories' of prints used by v

fipation, there are tour more basic types used.

r1akni a total of eight. The four got shown
(and enerally not needdd by the students)
/are the ulnar loop, central pocket loop. dou, tale Idop (similar to the compound' shown).

the Federal Bureau of Investigation (VB1).. Also shown is."a
.cömpound print that '60mbMes characteristics of several of

the basic categoriek

f and Ole accidental.

.

,

Loop

Tented arch /

Plain arch

compound

Plain whorl

The:skin has a remarkable ability to regenerate itself, The fingertips, tor inItance. may be
severely injurfed, but the prints *ill be restored
by lipe body.to their original basic pattern.
%.

Figure 14

.

Compare each of your prints with the patterns in Figure
I, wiitihg the print pattern kesicie each one. Then use Figure
-2 to identify the prints you made as LT, LI, L2, etc.
4.

117
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4.2 -

4.

'

1.

:

R2

12
ri

Ri

R3

13

LI

14

R4

RT
LT

4r 4

Figure 2

Compl6te Table I 'in your Record .116ok by writing the
nathe of the appropriate print pattern in the sprace provided.

A

la

Table 'I
PRINT PATTERN FOR EACH FINGER
_It/

Thumb

3

-

4

I:

-

Right hand
Left hanCI

2. Sevetalshould pe ih the same category. If
the students use four (or 'five) bitsip tyPes for
ten digits, tpen there must be repealpf. However, this stiliApasn't make any two Mentiest;

*h

2. Which; if .any, of your-fingers :(Including thumb) had
prints in the sane citegory?

- 03.

Fxamine the 'pints, or one of your classmates. Classify
them accordigg to the four basic -Categories. See if your
classification agrees with that of their owner.

U4. Wheil you classify fingerprints, are you measuring
88

EXCURSION 411-3.

-;

them?

a.

-

y..

-'0%

;

;
-4;

4

4I4

*

s
!&"

4.

fro.,'S

EOU1PM6kT LIST

Nom.

PURPOSE

To show various sampling techniques that can

This is a general-interest and extension ex-

be used in gathering data.

curskm.

Excursion 5-1

Sampling 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 popuWimp (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.

-

laity of their programs, dotet eall or write each person in
the United Stites to find, out -which 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 uew television pro- ,
grams begin in the fall, the Nielsen ratings are released.
Decisions are then made by the networks as to which 'programs 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 rating television programS! Rased on the viewing habits of 1,190
households, decisions are made that affect what television

proyams you will watch. How can the Nielsen Company
be.sure thai this Small sample represents the viewing habits
of 200,000,000 AMericansT Some work you did earlier may
-give. you an idea.

09

1

MAJOR POINTS

1. By sampling populations in the correct
-manner, answers to questitms can be ftiund
without interrogating the entire population:
2. A large sample of a population would give
a smooth graph, called a normal curive, for the.

data on some continuously varying trait.
3. It is important fharthe sample taken represents a cross section of the whole population.
4. Increasing the size of a sample increases
the chances of getting a representative group.

5. A random' sample is one that *selected
by pure chancewithout 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.

i

NORMAL CURVES

Earlier in\ this unit you sampled the population of your
classroom to get an idea of the variability of people's weight.

Suppose you had taken a very large sample of the 'total
school Npulation and then made a data graph. The graph
prObably would have looked like the mountaiin-shaped
graphs you drew for C4pter 4: only smoother. The shape
of the graph would have been much like the shape of the
graph in Figure 1.

FigUre 1

Weight

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

Student grades on a test. Or for a course, may

form a normal curve when graphed. Thus
educators have used, in varying amounts, the

normal distribution in assigning grades, A
Mall number of Students who fall in the ex-tames 61 the curve get A's and F's; a larger
number toward ,tna center receive B's and
D's; the large center section carries a grade
'

Of C.
I
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ExcfluRSION 5-1

Measures of most continuously varying human traits, when
graphed, give a normal curve. Thus, if the shape of a'clatasample graph is a normal curve, then the sample is considered to represent the total population. Judgments can then
be made about the populAtion on the basis of what is known
about the sample.
The 1,190-member sample used by the Nielsen Compahy
gives a normal curve when graphed. Thus, it is -judged to
be a good representation of the total TV viewing population.
The sample represents all kinds of houSeholds: the most
typical households and the not so typical (Figure 2).

-4 I

71111144

Most

typical
households

2
Not very

Not very

typical

typical
households

householdsA?

Unpsual
households

Different
kinds of
households

4

s,

Unusual
households

at What factors would put households into the Most Typical group? How would these factots affect TV viewing habits?

Figure 2

.

.

A typical viewing household might be made

up of 2 parentt who are young to middle-

2 to 3 children, average income
02. What factors can you think of that would put house--N' aged.
to 2 cars. Any large departures
bracket.
holds into the Unnsual group? Ho' w would these factors from this typical group (single, very old, child1

affect TV viewing habits?

Assume that you are the captain of a spaceship from Planet
X of another solar system. You have come to EnAh 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
net hanging at either end. Quickly you capture five tall crea-

less, very rich or poor. etc.) wouid move the
household toward the Unusual group.

TAKING A SAMPLEA PROBLEM

titres.

Upon returning to yOur spaceship, you report to Planet
X headquarteis: "Have captuted five Earthlings. All Earthings are animals ranging in height-from 6'6" to 7'3". They
have black skin, do very funny tricks with bouncing spheres Figure.3
;and wear very little clothing. On- their clothing are symbols
that look like this: HARLEM GLOBETROTTERS."

4.

It would be rather obvidus to other Earthlings that your
sample did not represent all the population of Earth. Instead,
your sample was taken from one end of a normal curve.

03. Look at Figure 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?

3
z.s

Increasing

helot

.

.

..
4.,

.

.

4

6

.

A related, but -perhaps impossible, question
Would be, "If you could only bring back five
people for a representative sample of all the
people oe the . earth, what five would you

choose?" The factor that might make the
question impossible Is the number 5. When
you confider the tremen-dous variation of
humpns (the subject of the unit), there probably is some number below which you cannot
expect the sample to be rapresentative.

RANDOM SAMPLINGi

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
that you should bring back a larger sample. By bringing back
50 or 500 people instead of five people, you would increase
the chances of coHectin& a girl, which would certainly alter
your definition of humans. Also, the chances of selecting
short people, whites, Indians, children, the elderly, etc., increases with the increase it the number of people captured.
Another suggestion that you might have made is that you
should collect humans frOm several places in the world. This
wOuld give you a much better chance of representing the
wide variety among humans.
gne suggestion that you probably did not make is that
the'sample should have been a random sample. Perhaps you .
don't know what a random sample is.
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

greater thance of capturing Eskimos than of capturing
Europeabs. Therefore, such a sample would be biased and
not random.
Take another exam*. Suppose, for instance, you wanted
tb Make a histOgram of people's weights. Without realizing
it, You are attracted to heavier people. Beciuse of this, you .
unconsciously select the sixteen heaviest people in your class
as the sample to make your histogram. This would be biased
data. 'The skinny members of your class did not have an equal chance with the heavy ones of being selected as part
of the sample representing the- class population.
When one considers the human factors involved in personal choice of a sample, and
the biases and pfejudlces that Can enter Into

the problem. It probably is true thafthe only

good method of sampling IS the randoM
method.

;.

05. What could you do to avoid the effect of this unconscious bias on your sample selection?

Random sampling and selection is very important This

procedure is used for selecting draftees into the armecr
.
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EXCURSION: 5-1

service; In such a case every young man should be ensured
ofhaving an equal chance of selection. He isn't likely to want
.

, 44

A- Pc

.

'

0. It

s'

"Zs

ria1=A1`

sto have a better chance than someone eke of being selected.
Professional samplers use many techniques in making se-

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

I. -A .complete description of the population from which
the sample is taken (kinds of individuals; where and
when selectech
2. An appropriate sample size to give a good cross section
of the population
-3. A iandomly selected sample

If you are planning to evaluate how good a
job your students do on the problem breaks
in Chaptar 5. these.three poots liste.0 here

can serve as an excellent guide In othk

Words, you can ask -Did the student consider
the total population in taking his sample, did
he select a sample of enough indivipals. and

did he select ii randomly?"

As you investigate the questions raised in the . problem
breaks in Chapter 5, remember the importance of samplingi
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.

°PLANET X
MUSEUM:

EARTH
0(RAND0M 5AMPLING)0
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EXCURSION 5-1
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