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Chapter I

The pProblem and Its Litersture

The Prabl@m

The problem of this study 1ls to construct o mesns
of evaluating the sbility of high school pupils to use
the scientific method. The author has sslected three
types of student btehsvior involved in the scientific me-
thod for study:

l. To¢ formulate reasonable genceralizations

from experizental dats

To apnly princioles to new situations

oo
»

To plan an experiment to prove or dis-

]
.

prove a given hypothesis

Because 1t is possible to measure by olservation
pupilst? achievement of mestery in scientific thinking
only to g minimun degree, 1t is decirable to have a saw
tisfact ry means of measuring thelilr progress in the use

of the gelentific msthod,.

Definition of Terms

There are three terrs that need to be defined as
used ir this paper: Science, scientific attitude, and

sciontific rmethod, Scilence will be used in its moaning
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of a group of relatec foete, or lmowlodge which hos teen
¢legsiflied ond organized sgo thet it may bo useful in obe
teining other desirsble end worthwhile knowledge., Hclen-
tific attitudes sre the attitudes of mind thet prompt one
to solve or attempt to solve his preblems by reflective
thinking. Scientific method 1s that means of investiga~
tion or problem solving by which master scientists have
discovered and classsiflied the body of organized knowledge
which we 0asll science, and which includes measurement and
observation, exporisentation, tre drawing of conclusions,
reasoning both deductively and incductively in order fto
organige subject matter for the purpcose of rrecicting,

inventing and dizcoevering new thinga.

Litersture of the Fleld
Few stucice rave becn mede in tecting the sbility

foud

to nae the solentiflic method, Tyleor,” however, has
worked ratber extensively with the sclence devartuconts

of The Uhlec State Universlity in developling means of tect-
ing the abillity of students on the colliege level o usc
the scientific uwethod. @ consPructed rolisble and wvalld
teats bo messure the obllity to apply rrinciples to new
situations end to éraw generallzetions from expori.ontal

dotg. Up to the present tinme, however, he has not been

1. Tyler, kelph W. "Ability to Use the Selentifie
vetrod", Conctrueting Achievement Tests, Columbus:
The Chio TTate ThIVersIty, 1074, po. 22 - &2
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gble to construct a relisble snd velid test of the abii-

ity to plan experisents to prove an hypothesis,

ﬁowningg is e.perimenting with a test, "Some ilew
ments and Ssfeguards in Sclentific Thinking” which 1is
beling used largely as a basis for resesrch, bul he hes

not published tentetive resultes on the work,

Zyve® hes constructed & test to detect several
basic treite which tend to point out one's eptitude for
eciences This study is not dlrectly reletbed to Lhe probe
lem, but coes involve t0 soms slight extent 8 Tfew phases

of the sclentific method.

Becauvse the studies mede by Tyler and Downing in-
dlcete thet the ability to use gertelin chsscs of the
seientific cmn be messured objectively to some degres of
precision, the investigstor sget out to corstriet a means
of megeure-ent, on the elirth grede level, to test tle

2bility fo use the sclentific methcd,

2. Twownino, Elliot k. corresponded with the suthor
concerning his test

Ze Zyve, Ds L., Zxplanstory Pooklet, Stanford ucisntie
fic Aptliude TESLt. rctantorC, wailifcrrila, Stail oro
Chilver 8fty Préss, 19%0. pne 1 - 15
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Chapter II

Setting {'or the “xperiment

Gyrude Selected

The group chosen for thls study contsined twentye
fouvr regulsr puplls of the eighth grade of The Latthew
Wheley School in wWilliamsburg for the session of 1954 -
120e Grade eight was selected because it was the only
science class teught by the autnor in which the "Tenta-

tive Course of Study for the Secondsry Hchools of Vire

y

sinia" was belng used.

£

The group was a Voery desirable one with which to
woerk for its menbers sttended the elemenbtary school and
recsived treining in an gctivity orogrsm. The intelli-
gence gquotient of the puplls ranged from ¢2 to 154, The
class standing of the group, in terwms of the merking
system of the school, for the session in which the study
wae made was as follows: eleven members made "Above

pverage”"y twelwve, "Average'; and one, "Below Averege”,
& H » »

Hethods Used In Teeching

Becszvse the success of the teachling progess 1is
measured by trhe desirsble chenges brought adbout in the

pupil threourh activities, it was necessary at the begine
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ning of the semester to plan carefully and to set up
major goals or objectives, Thus the following were se=-
lected: First, to develop in the child understandings
based on the moet important scientific knowledgej second,
to develop in the child skille in scientific thinking;
third, to develop in the ¢hild a scientific attitude.

The principles that were to be mastered were very
carefully chosen gccording to frecuency of use in sttaine
ing the objeotives selecteds The ocutstanding aim wes to
develop & few principles well and to give many situations
in which they conléd be used as a solution to problems in
order to develop the ability teo apply principles rather

than the abllity to state them.

The first two weeks of the school term were spont
with the class in gnalyzing and getting acguainted with
the sclentific method and the sclentific attitudes. La-
ter sclentiflc storles were read in which problems were
involved, giving the class the opportunity to define the
problems and snalyze the steps in their solutlon. Ao~
counts of the work of some of the master sclentists also
were studied and analyzed. Thus the puplls themselves
found out the mesning and importance of the scisntific
method, At the end of this unit the pupills selected
simple problems which were solved to s satisfeactory de-
gree by the use of the scientifiec method., The pupils,

however, had not mestered the ability to use the scien=
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tific method in this short time, so it was employed in
the work for the remeinder of the session, In situstions
where a problem could not be solved by experimentation,
the children were taught how to select an suthority on

the subject,

No one single textbook wss used in the ocourse,
but seversl coples of the latest General Science textw
books were selected for class use, supplemented by cur-
rent material such asi pamphlets, pictures, exhibits,
moving pictures, talks by outsiders, experiences of
others, and tripe to various plants in connection with
the units., Only that subject matter wns selected thet
would lend itself to the accomplishment of the objectives

selected,
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Chapter I1I
Technique Followed

Procecure

The procedure employed is that used by Tyler.l
He claims that this prccedure gives a velld and relisble
means of measurement hecause, first, a specific objec-
tive of the course is being measured; second, thls ob-
Jective 1is enslyzed in terms of desired pupill behavior
and the items from which responses are to be selected
are obtsined from the reactions of puplls to desired
situations; and third, "The finel test is wvalidated
agelinst the preliminery test and not agsinst teachers!

marks¥.,

0f the wariocus actlvities involved in using the
sclentiflic method, three were selected because of their
importances ability to formulete a reasonable generali-
zation from experimental deta, ability to plan experi-
ments to test an hypothesis, and ability to epply prine-

ciplees to a concrete situatlon,

1., Tyler, Relph W., Constructil Achievement Tests,
A Generalized TeGhinloue Tor Constructing AChleve-
ment Tests", Columbus: The Ohio State Unlversity,




Sub;ective Form
oo e

In order to define these abilities in terms of
pupil behavior, situations involving these gbilitiecs
were collected during the school year es they arovse in
class, From this 1list, the ltems to be used in the sube
jective form of the test were sslected on the basis of
use in 1life, freguency of use in textbooks, and interest
to puplls, Hone of the items had been discussed with
the pupils who were to take the test, but the facts and

principles involved had been a part of thelr class work.

In bullding the subjestive form of the test,
twenty-four situstions involving each type of behavior
woere included, Illustretive examples arnd necessary di-
rections were given for esch section. In the section on
generalizations the puplils were asked to state for each
situstion the generalizetion which they thought could
most reasonably be made from the data given., In the ap-
plication of principles section, the pupils were asked
to write under "Ansuers" what wss liely to hapnen, end
under "Reasons" the o planation of the answerss In the
hypothesis section, the pupils were asked to plan exe

periments that could be used to prove the truth of each

wathegla, No time limit was eget, esch pupil being ale

lowed to work as long as he wished,
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Hethoad gg Handling

peree—ay

gince the Judgment of one person was not belleved
to be sufficient, the evaluation of the pupils! reactlons
wes mwade a oooperstive task, The author was most fortu-
nate in securing for this work the cooperastion of thirty-
one teschers taking courses in the summer schosl at the
College of Williem and HMary. Eleven of these teschers
were found to be gqualified and these eleven helped in

scoring.

In order to determine the necessery qualifications
for adeguate scoring snd the necessary number of gqualle
fied scorers, the following procedure was usod, The
teachers of ons group were given a sample of the situaw
tions and the pupils! responses from the sections on
generalizations and application of principles with direc-
tions for scoring., It was found that the six teachers
of this group who hed tsken thirty or more semester hours
in science courses in college were more consistent in
their scoring than those who hed fewer then thirty semes-
ter hours, Since the scores of these six teachers de-
viated only =~.36 to 4,17 from the averege scores assigned

by the group as e whole, it was concluded that the score

ing of six such teachers would be sufficiently reliable.

fEach individual of a quelified group scored the

sections of the test. In the ssctions on generalizations
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and hypothesis they were instructed to score the respon=-
ses as follows: 1 indicaeted that the answer wes absolute-
ly felse; 2 that it was partly false; 3 that it had no-
thing to do with the problemj ¢ that it wes very good
but not complete; & that it was excellent snd complete,
In the section on apprlication of princinles they were
instructed to check the principles which couléd be ocon-
sidered correat and also to check the reesons which cor-
rectly expleined the principles. From the teachoerst?
scores on the generslizatlion section and the hypothesis
section & credit value for esch item was obtalned by
taking the mean wslue of the scores given that itemn,

To each item in the section on mpplicstion of principles
a credit value of one was given for esch item marked cor-
rent by st least five of the six scorers., These credit
velues constituted the baslis on which the pupilst papers

were scored by the author.,

Obgective Tegts

Since such a method of subjective scoring would
not be practicable, 1t was neceszary to set up an objJec~
tive form of the test, This test was built on the res-
ponses of the puplls in the subjective test, 1In con-
strooting the generslization section, five generalizaw
tions, those having the highest and lowest credit values

and three in betweon the highest and lowest, were chosen,
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The hypothesis section, except for the faot that all of
the pupil responses on the subjeotive test were used,
wag bullt in the sams msnner, The application of prine
¢iples section was also constructed similerly by selece
ting & few of the oorrect and a few of the incorrect
enswers and reasons given by the pupils, Illustrative
exemples and necessary dirsctions were given for saoh
section of the test, In both the generalisation and hye
pothesis sections, the pupils were ssked to mark the best
generalizations and the best experiments with 2 B sand the
poorest with a P¢ In the spplicstion of principles 890~
tion, they were asked to ¢check the Qurrect answers and
to indicate the ressons for their choice, Because oorre~
lations obtained from the data on the generalization and
hypothesis seotions were not as satisfaotary as was dee
sired, these two sectione were repeated in the same way
except that the pupils were asked to number the responses

conpecutively from the beat to the poorest,

The finel correlstions indicated that the generalis~
gation section sould not be used in the present objective
form, that the first objeotive method of giving the hypow
thesis seoction was the better, and that the spplication
of principles section gave ﬁottor r*;ults in the objeos

tive form,
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ﬁel}.a.mlyit;g -i’_é tmh% M

The test 12 relisble in construction in that 1t
can be soored objectively, 1%t is long enough to test the
material adeguetely, and it has been scaled for difficule
tys The test was scaled three times; first, by three
teachers before 1t was given in the subjective formj se~
cond, by the summer session group who sgored the responw
sesy and third, by the suthor from a study of the sceres
made by pupils on the objective form of the test,

The test is reliable statisticslly, firat, sinoce
1t is based on & sudjective test thet is reliadble, bDew
emuse of the following eﬂrrelatiwaﬁ The generaligation
seoction gave a coeffioient of correlstion of .BSL ,043
the hypothesis seotlon, 821 ,02) and the application of
principles section, 70+ 407,

The test 1s relieble statisticelly, in the second
place, because the results of the objeative test gave sa«
tiasfactory coefficlents of correlations, The generalisze~
tion section gave a cosfficient of correlation of &L OV}
the hypothesis section .76+ (06; and the application of
principles ssotion, 90+ ,03.

1, In determining the coeffiocisnt of correlations, selfe
correlationes were obtained and gorrected by the use
of the Spesrman~Brown formule throughout ths test,
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g mli&itg % the Test
The test 1s valld from the standpoint of content

in that it eotually tests ocarefully selected solentific
materiasl as suggested in the Virginis curriculum, snd in
that it hes been revised in eccordance with oriticisms
made by the sclience teachers who scored the subjeative
teat,

In order to determine whether the test is elso
valid statistically, the results of the preliminary
test were used as a oriterion sgainst whioh the results
of the proposed objeotive test were correlsted, The
c¢heck showed the following: that in the generaligation
section a correlation of only .39 was obteined, indiose
ting that little or no relstionship exists between the
two tests and that the multiple~response form cannot be
used in plece of the subjective test) that in the hypo-
thesls section a correlation of .65 was obtained indica-
ting that slthough the degree of wvalldity 1is not high, a
reletionship does exist} and that in the appliestion of
‘prineiples seotion, a correlation of .60 was obtained,
indioceting that the results of the multiple«response
form of the test are closely related to those of the ori-

terion score and that the objeoctive form is valid,

To determine further the stetlastiocsl walidity of
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the objsotive test, the results were sorreolated, in the
23 yoar of the ezperimental group, agsinst Downing's
test “Some Kloments end Spfeguards in Zotentific Thinke
ing", whioh hee @ rellability of ,008. This check showed
& corrsletion of .88 on the hypothesis section end 92 on
the sppliostion of principles section, indiocating that
Powningte test and the proposed test messure the seme
solentific ablility =« thet 1s, the ability to use the
solentifric method,

jummery of Finedngs
1. The section on gonorslisetion geve & correlatiom of
«86 L04 in the subjective form and 72 LO7 in the
objeotive form, %hen the results of the objlective
form of the test were correleted with the oriterion

test, a correleation of only 21 was obtained, 7This
test 18 relinble, but iz not walid, Imtil it osn
bo revised and its validity &n the objective fornm
inoressed, it cernct e used ad an objootive means
of testing the ability to drew goneralizations fron
experimentel Anta,

2e The section on spplicetion of prinsiples gave a core
roelation of 470 LO07 in the subjeotive form, but in
the objsotive form 1te correlation was 80 08,
#hen the pesults of the objective form of the test
wore correlated with the oriterion test, & correle«
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tion of .82 wes obteined, The test oan be scored ob~
Jectively, 18 reliable and valid,

3., The sestion on hypothesis gave a correlation of .62+
+02 in the subjective form and 821 08 in the objeow
tive forme When the results of the objsctive form of
the test were correlated with the oriterion score, a
correlation of .56 was obtalneds The test can be obe
Jeotively scored, 12 relisble end wvalid,

4, A study of the individual scores on each section was
made, It was found that the pupils who did the most
outstanding work in clase and better thinking and
planning, made higher scores when they were formula~-
ting their own answers than when selecting answers,
Those pupils who did average and below sverage work
and 1ittle thinking snd plenning in claes, made
higher scoreas when the test was given objectively.
Thies would tend to indicate that the puplls who are
good thinkers Gan formulate their own generalizstions,
apply principles, and plan experiments better than
select them, while the elow thinkers can select them
better, There is no statistical proof of this state
ment and 1t hes no significance in solving the probe

lem,

The results obtsined indlcate that cdertain sbilie
ties necessary in the use of the solentific method may be

measured indirectly with some degree of certainty, Tests
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have been developed which give resulte quite closely re-
lated to those obteained from direct messurement as a
means of determining the ebllity of the pupil to apply
principles to new situations amd his ability to plan exw
periments to test the truth of an hypothesis, No test
has been constructed which gives results that will cor=
respond clogely to those obtained from direct measure-
ment as a meens of dstermining the abllity of the pupil

to draw generaliz&tiana~fvem experimental dsta,



Fage 18,
Teble A
CUREZLATIONE OF OBJECTIVE 8D SUBJECTIVE TE8TS
Pormulee used = [ ED” apd A, = N(4)

Nr-D)  FN-TA

Porm ' HethodsTUNE POTChS . *e:mgt and

of ' of 'ﬁm&m ¥ M * atm ma'am *mamimu
Yeat : mw&na: :QM. aiﬁﬁ,ﬁ,‘? *ﬁu‘bs. Teat
, . . . . ;... W ' -

et A % ,{h ‘ ¥ I 5 3 N
S ED I RO R NI LAY | )
o 1.3 PRI/ TR, I £ AT "o B8

GO oum of #g' :
Popsms Y1 for eoavh cor,? '
Yane, 81 for lcw..* M

]
¥
_‘

»nqn#inaw
; ry
0 o
- oo w o o dsle
o
05

LR N BN . -
4

"mm ummw eng t
'& 18 eath mrmsm 'ang m&m

"*3. for m!ﬂ‘.ul ¥ ¥

M;&ﬁf’.w -




1.

2

Sa

5.

Page 19
Bibliography

Gerrett, Henry E., Statlistlos in Psychology
ﬁdna;tion, Longmans, Oreen &nd COMPANY, IS%%,
Ppe T & B2

Nationel Society for the Study of Education, "a
Program for Tesching Soience”, Thirty-First
Yesrbook, Bloomington, Illiueiag ¢ School

Fubilshing Company, 1932, ppe 55 - 556

Rugg, Harold 0., Statistical Methods Applied to
Education, Houghton VIPTLIiN COBpany
T » T5RTe PP

Symondes, Percivel M., Measurement iﬁkﬁesanﬂagz
Eduestion, The Hao an Gompanys 'y PDe
o BT

Tyler, Ralph W,, Construsting Aohievement Test
"A Generslized Teohnlique for Gﬁﬁiﬁ?ﬁdﬂsﬁé”zﬁﬁxnva-
ment Tests", Columbus, The Ohio State University,
3‘934’ ”* 4 -» 1& r




Page 20.

Chapter IV
Standardization of the Test
Procedure Followed
The final test consisted of forty-four items

selected from the initial testy Twenty-bwo items tested
the ability to plaﬁ experimentes to prove the truth of an
hypothesis enfd the other twenty-~two tested the sbility to
apply principles to new situatione., The items that were
discerded were thope missed by most of the pupils,

Two forms of the test, Porm A and Form B, were
compiled, The tests were composed of two parts: Pert
I « Application of Principles, designed to test the abis
lity to apply principles to new situations; Part Il =
Hypothesis, designed to test the ebllity to plsn experie
ments to prove a given hypothests, Eleven items were ine
cluded 1n eech part of the test, The highest possible
soore which could be mede on the Hypothesls section was
11, The eleven items on the Application of Principles
section were broken up into smsller items, there being
66 small ftoms on Form A and €Y7 small items on Form B,
A poszidble score of 77 on Form A and 76 on Form B of the
test eould be made,
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To secure dats for standardigation, the tests,
directions for taking the test, directions for giving
the test were mi:ieogrsphed and given to pupils of the
ninth grade who were taking blology at that time, ané
who hed eighth grade science the previous session, in
five high schools loocsted in different sections of Vire
ginle, selected bedpuse of thelyr geograephical distribu-
tion, size, and type to get as faiyr, VEriad, and as rane
dom g sampling of pupils as paaaiblai The types of
schools represented are as follows: oity, suburben,
country, enrollment of over 2000, eand enrollment of less
then 100, Both forms of the test were given %o the same
set of pupils, From this testing program dats are availw
able on 191 pupila. The tests were returned to the
author to be cheoked by a key which had been prepareé
from the score ratings in sooring the preliminsry test,

ﬁeli&biliﬁg

To determine the reoliabillity of the test, the
scores of Form A wore correleted with the scores of Form
Bal The seotion on the Application of Principles gave &
correlation of «781+ .,02; the section on Hypothesis, b1
1 «043 on the whole test, 731,03, The coefficient on

1« A brief stetistical summary of the results of the
test 1s given in Table E, A summary of the scores
on the test made by the individual schools 1is given
in Teble D,
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the Hypothesls sectlon 1s rather low, but this is pro-
bably because of the small number of items used, The 0o=
effioients on the Application of Prinociples asection and
on the whole test are much higher, According to accepted
reliabilities of standardigzed test, the reliabllities on
the test and sections seem lows, The ccefficients, how=
ever, indlcate that the test can be used a# & reliable
means of measuring the ability to epply principles and to
plan experimente to prove an hypothesis,

5

Data indicate that in 63 chances out of 100 the
items included in Form B are more difficult than in Form
A on thﬁ.&ypliaatiéa of Principlees section, In 57 out
of 100 chances, the items on Form B of the Hypothesis
section were more 4ifficult than on Form A according to
the data, Because the difference 1s so slight it has no
significent velue, Since the results show little vaeria-
tion in the means end stenderd deviations of the two
forms of the test, they are comparable means of measurew

ment.

ﬁgﬁgifiggnoelgg the Results
8ince it is a new type of tqst for the high school

level, it is a diffiocult tesk to interpret the results,
The reeults obtained, however, furnish interesting data

as they suggest some rather definite tendencles of pupile
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in the interpretation of problems involving the ability
to use the sclentific methods The cmelusions, however,
made on the bpsies of the data now svailsble mey be cone
sidered only of tentative velue, The tests may have been
diffioult for the puplils because they were new, involve
ing material sssenbled in a way entirely strange to the
pupil, and the method of hendling the materlal was new
to him,

The dats oan be used to advantage in continuing
the study of the test as a means of measuring the ability
ofthe pupil to use the soientific methody The a thor
plans to use the test in gredes 8 « 1l and to study the
resulte obtained, The abllity to use the sclentific

method should yield to accurate objective measurement,

gormg ’

The following percentiles have been determined
from the deta obtained from the testing progrem conw
duoted among the five high schools in which 191 pupils
participated:



Apnlied Hypothew
FE!E:“ sia Total

Percentile Eorma . B A B y § B
10£€ of the pupils

reach or exceed 34 32 8 -] 40 38
20% of the pupils

reach or excesd 30 £8 8 5 35 33
304% of the pupils |

reach or exceed 28 26 5 B 32 31
40% of the pupils

reach or exceed 453 24 4 4 30 88
504 of the pupils .

reach or exceed 24 23 4 4 28 27
60% of the puplls

reach or exceed 22 21 4 3 26 24
70% of the pupils

reach or exceed 20 20 3 3 23 23
80% of the pupils _

rosch or exceed 18 18 2 2 20 2O
90% of the pupils

reach or eoxeeed 16 15 2 1 18 16

¥ 191 The norms are based on 9f grade level,

The author does not propose to suggest a time lie
mit for taking the test since the time required to take

Form A of the test ranged from 12 minutes to 60 minutes,

The average time required by 189 pupils was 44,3 minutes,
On Form B the time for taking the test ranged from 20 to

55 minutess The everage ti-e for 187 pupils wae 38,1

minutes. The test, however, should be completed in ab



least one

than onc

class period.

class perioda.

Host puanils willl



Schools

rosaible
score on
test

School A
School B
School C
S5chool D
School E

School F

Teble D
SUMFARY OF SCOKRLES ON THEHSTS
Noe. of Applied Hypothee
Pupilg Principles . sis
:Form A B : A B
¢ ]
t . 4
, 66 85 11 11
t | §
49 53«11 43~13:s~1 7 w0
B4!l  44-14 42-13]7-1 -0
%!, 49-14 44« 8:8-0 8-0
35,,  38=10 30-1117-0 Be2
15], 2B~ 8 3816,6-2 Tel
art! P5eld 26«12'7w3 6-0

W A YR W AP W W R Al W A AR W W W) W W

T0

K4

60»13
51«20
53«15
SB8wl3
34#13
32«19

fage 26.

tal

76

48«16
48-16
45+10
ST=14
43-2%
2915
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Table E .
STATISTICAL RESULTS OF TESTS

' Applled t '
‘Principles ' Hypothesis ! Total

e S S A e A e R A O o M O NSRS

«58 t_.%

sSelf r : +80 T LO3 ; 234 £ «04 ;
T 7 y
Spearmanw ' v t
Brown form » : «78 % ,02 : +B1 1 +0¢ ¥ « 73 X 403
1]
) T 4 '
Index of 4 ¥ '
Keliabillity ’ «78 ' 50 4 276
t 1 '
' Y ' '
Form A T RE.B6k 435 v 4,21x,09 ¥ 313 x 439
Konn t L} 4
Form B : 24,68 + .38 : 4,08 £ .08 : 3ledd £ 434
' ; 3 ————— 2
Form A ! TeB 1 B8 ' 1,78 +1.12 ' 8 = ,BS
Ss Ds ' | ') '
Form B : TeT £ +68 : 1.92 413 : T+ + 81
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Chapter ¥V
Summary of Findings

1. On the basis of the statistiocal results presented
below it may be concluded that the test in 1ts pree
sent objective form can be used as a basis for fwre
ther resesrch looking toward the development of a
dependable measure of ability tco use the sclientifie
method,

2+ Statistically the test is valid end relisble,

The validity of the Appliocation of Principles
section, correlating the results of the objective
and subjective forms, 1 .68 When the results of
the objeoctive form are correlsted with the results
of Downing's test on "Some Elements and Safeguards
in Solentific Thinking”, s ocorrelation of ,92 is ob»
tained, The wvalidity of the Hypothesis seotion, cors
relating the resultes of the objective and subjeative
forms, is ,86, when correlated with the results of
JTowningts test 1s 9B,

The reliability of the Application of Prine
oiples secotion is 78X ,02; of the Hypothesis sestion,
+512% 4,043 and of the whole tept, 73 x.03, (N = 181)
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The obteined means and estandard deviations of the two
forms of the test give a marked similarity.

The means of the Appllcation of Principles
section vary only by 1.88 points while the ?‘E”it*ﬂ)
differs only by .01 pointi of the Hypothesis section
the means very by «13 peoint, and the ?‘E‘lgv,) differs
by +01 pointi on the whele test the means vary by «1
peint, while the P.Eiﬁ‘,‘) differs by .03 point,

The S.De of the Applicetion of Principles seow
tion vary by +2 point, and the F.Ee{g.d,) Dy 01
point; of the Hypothesis section the 8.D¢ vary dy

whole test the 8.,Ds vary by «b of a point and the
PeEefg,a,) by «04 polint.

bata indioste that Form B of the Application
of Prinociples seotion is more difficult in 63 schane
ces out of 100 than Porm Aj; that Form B of the Hypow
thesis section is more difficult in 57 chances out
of 100 then Form A} and that Porm B of the whole test
18 more diffiocult in 63 chances out of 100 than. Form-
A
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Appendix
Menusl of Directions

urpo se

This sclence test is designed to furnish a relie
able and valid measure of two of the behaviors included
in the seclentific method: nanmely,

1, To apply principles to new situations

2+ To plan an experiment to prove or disprove

Auéivan ﬁgyathsain

The test will be found to be useful in determine
ing how well the child oan think scientifically and osan
use in a practical situation the informastion which he
has gained, The test in no way attermpts to measure
achievement of memorigzation of facts in sclence and thus
cannot be used in preference to an achievement teet for
that purpose, By moans of the comparable moasures afforw
ded by the two forms of the test the degree of the pus
pilts ability to use the scientiflic method can he meaw

sured,

on of the Test

The Omchundro S8clentific Method Test has been pres

pared in two forms, Form A and Form Bes Eeoh form cone
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siste of two parts., Part I oconsists of eleven items
testing the abliity to apply principles to new situations
and Part II consists of eleven items testing the ability
to plan experiments to prove or diaprove a given hypothee
slse The two forme ere of approximately the same A1ffie
culty, containing items which involve the same principles
but different situstions, The mmltiple«response form is
used throughout the tesat,

The test 1z planned to Be given at the completion
of the eighth grade solence course, Either form may be
given alone, but if both forms of the test are given,

the relisbility of the results is incressed a@naider&bxya

Ko speciml time limit for taking the test is ase
signeds. It 18 desirable to have the pupils think through
the situations very csrefully and not guess the answers,
Egoh form of the test can be completed in a normsl ¢lass
period by all pupils. Some pupils may finish in less
time, but the average time required has been found to de
thirty-five to forty~five minutes,

Gagstructian and V%éiﬁati@a of the Test

Jons uotion V;‘idat on of the Test
gonstructior and ey syt ey ewtRtemss 11

~—— - . T—r — - _ ~—

on the Hypothesis section and 11 on the Appliocation of
Principles section, The 11 items on the Applicaetion of

Principles section are broken up into 66 items on Form
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A and 87 items on Form B.

The items for the test were selected from impor
tant yrinaipiga {ncluded in the molence work for the
eighth grade, 4ihe selection of the prineiples used in
the course was largely based upon an analysis of the
1ist of principles suggested in the Thirty-first Year-
223531 an analysis of the objeotives listed in the
Tentative Course of Study for the Seoondsry Schools for
yirginte® and the principles involved in achieving those
objeotiven; and gleo an ansiysis of the list of prinele

ples proposed by nmw,,ﬁ

Five high sohoolf of different sizes and Ltypes in
different sections of Virginia were selected to particis
pate Iin the testing program to determine the reliability
of the test, This insured that the group being tested
represented & random, unselected group, Data were obw

tained on 1901 pupils‘

1. Katiana1 Soolety for the Study ef Eéueatian, A Proe
gram for Teaching Science', 7T «first Yearbook
Bloomington, Illinois, Publi® 00 51 TERTRE Come
pany, 1932, pp. 85 » 5

2o anggtgva Gourse of Study for the Core Currigulum of
xirgé 3 sueamdigg Sehgg%aﬁ rgdie Y

8. Downing, Elliot R., An Introduetion to the Teach
of 8cience, Chicage, T verasity of Chloag '&"ﬁtu!ﬁa
TUST, 5. 30 - 48 ’
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In Table I sre given the means of the soores on
both forms of the test for each sshool represented in
the testing progrem and for sll the schools and the meen
for the whole test., In Table IV are gilven the norms for
each part of the test on both Form A and Porm B smd the
norme for esch part of the whole test, The relisbilities
ef the test and of the sections of the test wers coms
puted by oorrelating the eqores of the pupils on the two
forms. These reliebllities sre given in Teble II. The
correlations were determined by the Spesrmsn~ Brown fore
mala, The gorrelation on the Application of Principles
section 1s ,753 on the Hypothesis seotion is ,513 and on
the whole test is .75, These ccefficients are undoubted
ly attennated by the fact that the test being of a new
type, the pupile exp rienced difficulty im taking it, A
further attenuation may be present due to the posaslbility,
which waa not determined, that not sll the schools had
tsught all the prinociples used in the test,

The test is relisble from the stendpeint of ocon~ .
strucstions 1t is objeotive, it has been soaled for dif.
ficulty, and it is long enough to test the materiel with
some degree of adequacy. The test items are arranged in
order of diffioulty, from very easy to oomparatively d4ife
ficult ones, The items were soaled by the average rating
of eight teachers andby an examination of the scores
made on the test by the experimental group. 3inee only
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a limited amount of time oan de devoted to a test if it
is given in a normel class period, a conpromise had to
be made between s higher relisbllity and the length of
the tent,

The possible deviation of the pupils' aotual
score on the test from the true soore may b determined
£from Table XIX,

The directions for giving Porm A end Porm B are
the ssme. Ask the pupils to £111 4in the blanks found
on the front pages. After the blanks have been filled
in, have the vupils turn to the second page. Resd teo
the pupils the directions on the second pege for taking
the test on the Application of Principles; slse resd the
1llustrations gilven and make sny explanations whioh
might be necessary, Then have the pupils turn to the
beginning of Part 11, Hypotheels seotion, and reed
those directions and the illustretion, making any exe
planations that are necessary. Tell them that they may
use the entire olass hour 1f neocessary., Answer nc guess
tions om the test during the testing periocd, ¢Colleat
the papers at the end of the hour Or as soon a2z the pue
plls heve finished the test,
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Yirections for 3coring
. w bt e Tyt e s+ 8

A key contsining the oorrect responses for esch
item on the test hes been prepared., To scors the test,
place the sheet so that the responses sre adjscent to
the snswers on the key, In the Hypothesis seotion,
place a ¢heck mark in front of the gorrect B's but do
not mark the incorrect Bfs or the Pl's, Oive & oredit
value of 1 for each correctly merked B on the Hypothesis
sestion. The score egusls the sum of these oredit va«
lues, In the Applicetion of Principles section plece a
cheok mark for each.sorrectiy checked snswer and for each
correctly seleated reasons Do not put any mark on the
test peper for incorrect answers and ranuonawylbb not
accept any answer as correct unless it agress with the
koy. The soore 1s equsl to the sum of the number of
checks on the seoction, Enter in the space provided on
the first page the socore for sach section of the test
and then total the score,

.;gﬁngragggigg and Etiligutéan ef ¢ g eng%tu

Table IV gives the norms, bated on soores of 191
pupils in dlology clesses, PFive dAifferent high sohools

in Virginia sre represented. The norms are dased on 94
grede level, Separate norms are given for the Applica-
tion ofPrinciples section on Porm 4 end Form By the By~
pythesis sestion for each formj end for the whole test
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on eash form.

Table I

! r iy o . ¥
¥ ] H ¥ 3z £
B : 54 :35.611 +0694,) + L06%4,81 + .1514,37 4167
3 i 3 !
——p—— 1 v 1 Y
C : 40 :2&981:8&123;8’?1-hl:fs;? + #17:3:656 =+ a.lB:
‘ " 3 3
™ Y ry TPrs— 1 -y
D t 33 :23..,9-_1; +40:1282.0 F 443 13,86 = *3.6:4;061‘115;
4 ?
- - ; . , L S A
E ' 18 ; Pate omitted
' .
P ! E t 4 H 131,455,387
tel :191 :38,561;353&4 +88 43674 ,8Y +,0034408 3 08! 5148+£,34
) 3 . ' . 3 ! ,
Table II
RELIABILITIES
Applied
'Principles ' Hypothesis '°' Total _ .
) L ) ) ] )
self » LAY T DK P X : 1 34 + 04 : +568 1 JOB
4 ]
r N 78 + 408 : «BLl + +O4 ; T3 4 03

Brown form.
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Table III
Se Do
Apvlied
' Principles ! Hypothesis ' Total
j ¥ o i ) ’
Porm A .81 .52 4 1,78 T .12 ¢ 8 % B8
8. Do ¥ ' '
' Form B : T7x 63 ¥ .92 + 413 : a8 1 .,BL
Table IV
Pergentlile Korms Applied Bypothesls Total
Prin,
, . 1 A B . B A B
10Z€ of the pupils
reach or exoeed 24 2 6 8 40 38
20% of the pupils ) T
reach or exseed 30 288 ] B 3B 33
30% of the pupils
reach or exoeed 28 26 B B 83 81
40% of the pupils
reach or excesd 28 24 4 4 30 28
60€ of the pupils |
reaoh or exneed 24 23 4 4 28 27
60% of the pupile
reaoh or ezgecd g2 2 4 3 26 24
70% of the pupils |
reach or oexceed 20 .80 3 k. 23 23
80% of the pupils
roach or exceed 18 18 2 2 20 20

90% of the pupils
reach or exceed 16 18 4 1 18 18
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All the deta given in Tadle IV are represented by
the percentile curve, It will be seen that the percentile
curve suts the SO«percentile line on the Application of
Principles section, Form A, at & helght representing a
soore of 23, on Porm B st & score of £33 on the Hypothesis
sestion, Form A at & score of 4, on Form B at a score of 4,
The percentile eurve outs the 50~pereentile line at a
height representing 88 for the entire test for Form A,
and 27 for Form B, This means that any pupil meking a
soore of 28 on the test, fLform A, exceeds 5O per cent of
the 191 high school puplils taking the test in scorej 28,
then is the medien score, All of the scores may be simie
larly interpreted from the Table and the percentile graph
for the test.

The possible Anterpretations and usefulness of
the test moores may be 1llustrsted by reference to a few
scores which are representative of whet may be obtalined
by pupils on the teat,

Apps PYr. Byps« Whole Test

Pupil A males a score of 12 i3
Pupil B msikkes a soors of 24 4 28
Pupil ¢ makes & score of 34 6 40

Prom the percentile greph, 1t can be geen that a
pcore of 12 on the Appliocation of Principles mectlion will
represent a percentile rank of about B smong the 0% grade
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pupils who took the test, Apparently the pupil has de~
veloped little ability to apply principles to new situae
tions in solving problems and has no skill in using the
sclentific method of thinking. Unless there 1s some
good reason to belleve that his poor score is not a falr
representation of his ability to uss the sclentific mow
thed, 1t indiocates either that he is not able to solve
selentific prodlems of the diffioulty represented on the
test or that he does not understend the principles ine
volved, The teacher should attempt to determine whether
the pupil 1e trying to memorisze facts in science father
than to understand them and to see the valus of their ape
plication in problem solving,

The soere of pupll B indicates that he has de«
voloped the ability to apply prinoiples to now situations
to a oonsiderable degree sinoce he has obtalned the median
soore, Apperently his work in solence would be wery
helpful to hin in every~day 1ife and he is caspable of
continuing his study in science,

Pupil ¢ has made an excellent score, His percens
tile rank is 88 or better. This indloetes that his able
11ty to use the sclentific method in the spplication of
prineiples to new gituations 1s outstandings He should
be given individusl ettention in further developing his
abilitys It would be well to encoursge him to continue

his aglence work,
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8imilar interpretations could be made For these
pupils on the bgsis of their scores on the Hypothesis
section or on the total test,

1t would be helpful in interpreting olass soores
to draw & persentile curve similar to the ¢me found in
the mamuel, This will show at & glance the median soore
of the class, the percentile rank ¢f the lndividusl puw
pixs, 88 woll as the oomparison between the class as s
whole and the published norms,
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Final -~ Form A

SCIZRCE TEST

Part I Application of Prinolples
Part II Experimsnts to Prove or Disprove an Hypothesis

Nene

“Last First
Boy or Girl , . Grade
Age last birthdsy

Rame of city {(or county)

Reme of sochool

Name of tescher _
Date of Exanminetion et
Langth of time required to take examination

8oore

, sents and Rypothesis

- o v wf w wi o w

o oW - oy

General Directionss Read the direcotions carefully and
proceed at once to answer the queestions. Do not guess at
the snswersj think the situstions through and be careful

in selecting your snswer,
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Part ls Applicetion of Principles,
Direations: 1In eech of the following exercisse o pro=
blem is given, Below e¢uch problem ere two lists of
statoments, The first 1ist conteins stetements which
can be used to answoer the problems Flece s cheok sign
{+v) on the 1ine in front of the atastement or statemsnts
whioh answer the problem,

The sesond list contelins statements whioh can de

usod to explein the vorreoet enswer, Omn ithe line in front
of the oheok sign () plece the letter in front of the
stetement or ststemente whioh gives the resson for the
gorrect ansver, Some of the statements sre true but deo

not explein the right enswersy do not use them. In
some casos only one snswer will be sorreet, There may be

one or more than one reason why the snewer is correct,

Probles John, who was vacoineted ten years sgo, was
i7G850 to smallpox. What may heppen, and why?
Answer.

8  ls John mpay have the smellpox.

John sy not have the smellpox.

——. Bw  Jobn mey give smallpox to all who come in
sontast with him,

res Lo il A

gy Jobn is lmmune to smellrox bLeceuse of the vasceinetion,
by John contreaots dlsesees asnily,

e Johnteg immunity to smellpox mey heve worn off,

Jom 1e wery healthy, therefore he »ill not cone
traot smellpox.
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In the ebove exurciee, the stotements shich answer the
provlem are 1 end £, They tell what will likely happen,
Statement 0 gives e reason why snswer number ) wil)
1lkely hapren, while statomsut g gives e resson for the
sesond snswer, Statensmts b or ¢ may be correct bub
t&tx do not glve a reason for sither of the sorrect
answerse) hence, they sre not used, Do euoh exeravise

in this way.
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Kane

Form ALs

Problem 1

There were two rooms in which searlet fever pate
ients stayed, After the patients were well, one of
the rooms wes swept and dusted, and the room was imme~
diately occupied, In the other room everything waes
washed in hot water and a disinfecteant usedj the mattress
pleced in the sun and sll the shades put up and the sun
allowed to enter the room for some time before any one used
the room, What would you expect to be the result? why?
ADnsSwers,

1. Qerme 414 not remsin in the first room,

2« The person who ogcuples the first room
will probably get scarlet fever,

3. The ooccupants may not get socarlet fever,

e

Reasonsg.

e Bweeping end dusting does not kill germa,

bs It may have gotten rid of some germs.

s Somrlet fever is contagious,

d+« The room was not thoroughly end properly cleaned,

ey The odoupants may be immune to scarlet fever,

fo Bun, disinfe¢tants will k111l germs,

g« Sun, disinfeotants eand boiling water kill germs,

hs, The first room wes mede sanitary by kiliing all of
the germs with hot water and sunshine,

Problem 8«

re are a number of cases of trench mouth in
town, ?hase afflicted with the disease constantly go to
the sods fountein for drinks, which are served in glasses,
What 18 likely to be the rasnlt? why?
Answers.

l. There is likely to be a rapid zpread of the
dicease,

2+, The people will probably dle,

3+ An epidemic of trench mouth mey not bresk out,

Reasons,

8+ Soda fountain glasses are not steriliszed enough to
ki1ll the germs,

be Paper cups should be used to prevent the spread of
the disease.

cs The disesse msy be spread on glasses at the soda
fountain,

d. The glasses may be washed clean of the germs,

@, Trench mouth is spresad by contact,
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Neme

POrm As

Problem 3, ,

i gentlemsn found out thet it 1s best to have IO
pounds of air pressure in his automobile tires in the
summeyr, where as he alwayz uses 36+40 pounds in the wine
ter, What will be likely to happen if he puts in 40
pounds in the summer and drives the ear HOO miles on a
conorete road on s very het day? Why?

ANnswers.
1. He is likely to have e blowout,

2« The tires will probsbly burn up.
&« He may not have s blowoub,

Reagons,

as Alr expands when heated, snd when the cer ren over
the conorete it became hot,

bs The concrete rosd and the rubber tires cause friction
and heats the elr in the tires and it expands end
burasts, 3

¢, He fgy heve s "Silvertown" tire with "Golden ply"
in 1t,

d. The pressure incresses end the tires beocome weaker.

¢« The hot rosd will mske the rubber melt snd the heat
will make the tires expand, and burst,

f« Priction and heat will cause a blowout,

8+ the alr pressure outside i1s lighter in summer,

he The prezsure in the tire 1s greater then the
pressure on the outside of the tire.
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Name

Problem 4,

A Dottle was weshed in bolling weter and set
upside down on & plece of olleloth, I you examined the
bottle st the end of twoe houre what would you expect to
find haed haprened to the oileloth? Why?

ANBwWers,

1. The olloloth will be drawn up into the mouth
of the bottle a little way.

2+ The olloloth would be hot and stieky,

&« There will be s ring of water on the
oiloloth,.

‘4« The oiloloth would be dissoclored,

Heasons,

Bs ~THe 8ir in the bottle is warm when the bottle is
set down, when the air ooole it coniracts thus
drawing the oiloloth into the bottle,

be The suction of the warm weter would ~ull the oil-
cleth into the bottle,

¢ces The molsture inside 18 greater than that ocutside,

4, The heat drawe the oiloloth tight eround the mouth
of the bottle,

@y The water will have dralned out of the bottle.

f« The water softens the cllcloth and when it dries
it peels off,

£+« The steam in the bottle hss dooled and condensed
into water,

h, The hest from the bottle killed the germs,
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Name

Form A,

Problem B,

Two pleces of 1ce of equsl size are selected,
One is wrapped in white cloth and the other in blaock,
and they are plsced side by slde in the sun. %Which will
melt more quickly? why?
Answers.,

1. The plece of ice wrapped in the white cloth
will melt first,
2+ The plece of i1ce wrapped in the black cloth

— will malh first,
34 They will both melt in the same length of
time,

Feasons,

B. The white cloth sttreots heat from the sun, the bleck
cloth does not,

be White oloth will not reoceive or take in heat like the
blasck cloth,

¢e The white cloth will reflect the hgat while the black
sloth absorbes the heest,

d. The black cloth is tighter than thﬁ white cloth and
does not let air in on the %o as muoh,

e. The white cloth will not hoeld the heet or the cold,

f« The black cloth absorbes the iight,

g+ The sun will not shine through the black cloth as
cuickly ss it will through the white, end the bleck
aloth absorbes light,

he Ths black cloth reflects heat and the white celoth
absorbes it.
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¥ame

Form A

Problem 6,

’ AN sirplsne fully eguipped for flying st extremely
high altitudes, and a specieslly constructed end eguipped
stratosphere balloon leave the ground et the same time
end from the same field., At the end of #ight hours which
will be the higher, assuming that no accidents ocour?
why?

m'ﬁ'ﬁ‘ﬁl‘&g

~l¢ The airpleme will be the higher,
"8+ The balloon will be the higher.

Roasons,.

s The airplesne needs oxygen to run its motor end the
pressure sffeats the plane more beocause the balloon
can be reguleted by a ripping penel,

bs TFhe balloon is lighter than the alrplsne, and thus
will eascend on up until 1t becomes heavier than the
eirs

s The sirplane has & motor to help it rise while the
belloon 1es blown sbout by the wind,

d, The balloon is espeoially constructed for high
altitudes,

e, The belloon would not rise as fast beceuse balloons
start on stratosphere flighta in late evening and the
air would be ocool,

f. 7The bslloon goes straight up, while the airplane
does not,

ge The balloon gets larger as it rises end its rising
speed is inoreassed, while the sirplane risges slower
as it rises because the sir gets thin and camnot
support the plene,

he The motar of the sirplane stops after a certain hel-
ght is reached,



Fage 50,

¥ame

Form A

Problem ¥
While ventiletion in a room is necessary for com=

fort, during the pioneer days a great msany people lived
in log osbins with no windows in them, How wes the house
wvontileted? Why was it possible to ventilate in that
mannery

Answers,

1., Through the door,

2e It was ventileted by the door snd chimney
and the holes in the walls,

3s The housmes were not properly ventileted,

R oM
TR A

Feasong,

2y The peoprle lived out of doors most of the time, snd
got fresh alir,

be The fresh sir came in the bottom, circulsted around
and went out by the fireplace.

¢s The wind would blow in the orsske end keep the air
stirring.

ds The door wae open much of the time,

es They would catoh s dlsease more guickly.

f« The ¢himneys were very lerge end the houses small.

g+ Houses were not bullt alrtight as todsy.

he It would breed germs,

Problem B .

®r, A, who has maleria fever, is visiting in e cerw
tailn community in which there are no csces of malsria,
Mosgulitoes sre very prevelent in this section sné snnoy
the inhabitanta oonstently. What 18 likely to happen?t
Why?
ANnswersy

ls There is likely to be a rapid spread of melsria.
2+ The whole community will heve malaria,
3« There wmay be no cases of mesleria,

Reasons,

Bs A mosquito might bite Mr, A and get the meleria germ
in his system, bite some one else and thus spread
the disease,

bs, The malaris germ 1a carried by the mosquito in his blood.

0. HMosBquitoes spresd maleris fever,

d. Having personsl contact with Mr, A spreads the dise
ense germs,

6, There may be no maleris mosquitoes in the meighborhood
in which case it would not spread.

f+ The mosquitoes may not bite Mr, A,

g€+« The people should be vacocinated to prevent malsris.
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Wame

Form A,

Problem O,

??% rooms weye planned and constructed alike in ell
respects exceopt the followings In one room the ventlilators
were pleaced under the windows with no window bosrds st
the bottom of the windows and the rasdlators were placed at
the top of the room against the wall, In the other room
the ventilators were plmoed nesr the bottom of the room,
window bosrds st the bottom of the windows end the rade
lators under the windows, How would the hesting of these
rooms compere? Why?

@nauﬁrag
1. The second room would be warmer and more
comfortable,
, _ fs O(ne hed fresh alr end it stayed werm, while
" - the other had no fresh eir snd 1t was cold,

, B¢ You might ceteh cold in the first room,

Fessons,

as HOE sir rises and it woulén't warm the room if the
rediators were et the top of the eelling,

bs The ventilestors should be eway from the windows to
evoid dust snd dirt,

oy The air would be fresher in the second room,

4, In the last one the hest could eirculste sround the
rOOM

¢, The cold alr wouid come in st the bottom and not get
heated in the firest room because cold &r is heavier
than warm,

fa» In the seccnd room the cold sir would come in, get
heated, rise and ociroulete snd cool off end come down
and go out of the ventilstor,

g« The cold mir would come in and go out to the top and
forge the hot air down,
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Problem 10,

Page 58,

Name

A small hole is made in the bottom of s test tube
and 8 Dalloon tled over this end of the tube, The mouth
of the tube 1a lowared in 8 jar of water, Whet will like-

ly heppen?
ANswern,

1.

2.

B

Whyt

The balioon will becume partly infleted,
The water will come up & 1little way in
the tube,

Ho chenge will tske plaoce,

Reasons,
2. ?E?ﬁair pressure in the jJar pushes the water into
the test tube,
bse The water pressure pushed the far into the belloon,
¢« The air will leave the tube snd inflate the balloon,
- and the water will take the plese of the air,
ds The veacumm in the bdalloon pulle the weter,
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Romn

% plece of paper ond s stome ere dropred to the
ground from e hel t of BOD fwel, ot the seame Lime end
m &m Bomd plase, Whieh will rmuh the ground firety

s Ths -aper will resch the ground first,
S 8 The rosk will resmch the ground first,
'%my will both hit the ground % the smme

5

; iy

>y Took 13 more atreamliined than the peper, it fells
stralght while the apser floates down,

s The paper holde iteelf up by glldings

o The rook 18 heavier,

de The paper is lighter than tis walight of the sir

' pushing £b.

®e Gravity pulls the stone Cfeastoy,

T+ The heavier the objest is the more gravity pulls 1t

g+ Thoe stone hes less wind reslstance,

he The mmuy of the air ie not grest snough to hold
them both

1. Orevity & all thinge st the nsme rate,

Js The stope will fall sbraight but the raper w#1ld
flont cowti,
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Form A Seore= &6

Count 1 for each correct
answer and 1 for eech core
rect reoason

Saore is the sum of correct
answers and reasons.
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o " e P
Form Ay
Part ll, Experiments to prove ar dlsprove am hypothesie,

8t In cach of the foliowing exerclses, sn
B im stated, PFollowing esch hypothesis ere o

unabar of sxperisents wvhieh are suggested to oyove the
hypothesie, HResd cerefully esoh hypothesis end the 1ist
of expeprimentss Put & { B ) in front of the experiment
ﬁhiﬁk. oa consider best proves the hypothesis, and s

in front of the one which lesst proves 5
mxpaﬁmasgag

Pastenrized milk will not sour as guickly ae

F 1. Obtalin some Paw milk and some pasteurized

m— milk, Boil them, FPleoe them in 2 celiar =néd
obrerve, Draw your conelusions,

8. (Obslin one pint of ravw milk end two pints of
pesteuriszsed milks Plece them in & sool pleos
snd chbosrve, Irew your conclusions,

B 3. Obtein seversl pints of rew milk and the same

— punber of rinte of pastewrized millk of the

spme 280 Pleoe & sint of zevw wllk and e
pint of pesteurized =nllk side by side in vele
Soug places, Observe end exsmine ocsvefully
eovery fiftenn minutessz until s ohange is
poticed in the sawples, Hecord results ard
SOMDBT e .
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Name

Porm A

Hypotheslis _}*._& ,
' TE 48 possible to kill mosguito larvae by suffocation,

Experimentss

1s Colleot some moasquito larvae end put them
in s ven wilth grass and water in it, Pour
some oll on top of the water and examine 4t
avery few minutes for three hours, In snoe
ther pen rut some of the zame kind of moss
guito larvee with water snd grass but use no
0il, Compare results.

2+« Tske sn equel number of mosquito larvee of
the same kind sné plaoce oneshelf of them in
a Jar and cap it tightlys Put the other
half in & jar and leave it open, Examine
evary few minutes for a glven length of time,
Compare results of each jar,

3¢ Got some mosguite larvee and put them in a
very hot plece, leave the other hslf out where
it 18 o¢v0ols Examine every few minutes for e
certain length of time, HNecord and come
pare results, .

4, Obtain mosquito lervee snd place them in a
vaouums Observe until s change is noticed.
Comprre with lervee left in the open and
record results,

5. Obtain some 0ld burnt motor oil, Looate s
ponéd which is infested with mosquito larvse.
Pour the oll over the pond thoroughlys. Obe
serve the larvee and determine whether or
not they keep hatehing. Do this seversl
times, Drew your conclusions,




Pege E6.

Bame

Hypotheslis 2
=IE ¥e “ﬁI%s cannot be transmitted from men to

animal,

Experimentsg

)

2o

Je

4.

B

Cbtein an snimsl and let & person with
measles stey in the eceme room with the snimel
for several dsysy Observe the animsl from
day to day to see if he gelts the measles,
Ssoure some messles germs from a nerson who
has $t, and trensmit them to e heslthy enimal.
9bsﬁrv¢ the eanimel to see if he contracte
measles,

Give some food whioh has been left by a
measles patient to s cat or a dogs Observe
the animsl to se¢e 1f he contraects measles,
Let people who have measies play with snime
els which have Leen kept slone for two mone
thae Then put the animalz back in their
gages alone again, Observe for some time to
seo 1f they have contract messles,

Let a person thet has meesles and sn animsl
thet is healthy in every way stay together
for two vweeltsy The person is to fix all of
the food for the animel and also handle the
enimals Observe the animel to determine if
he contracts measlesn.
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Name
Form A.
Eypothesis 3,
*IR””""ﬁiiﬁE rays salwsays trevel in a straight line.
Experimentes

1. Wateh the sun rays.

2y Take a flash light inte s dark room, turn it

on and cbserve the light rays.

Se Taka g2 flash light into & dark room; turn it
on., Hold a book or some flat objeet in front
of 1t and g few feet away. Observe and draw
your conslusions,

4, Observe the sun shine on the side of a house,
lock on the opposite side of the house and see
£f the sun is shining exmotly slike on btoth
sldes, Draw your conclusions,

Be Pix & box with a light btuld in it, Close all)
the crasoks snd holes in the box sxcept on essh
slde, tgke it in @ dark room end tuwrn of the
11ght inside the bLox., Watoh the light as it
comes out, snd draw your conclusionse

6+ Obtain = llght snd some small object, Hold
the objeot in front of the light, Observe teo
gee if the object ceste a shsdow on the wall,
Praw your conclusions,

7+ Get in s derk room and shut the door, have
someone turn on a light st the key hole.
Observe the light rays as they come in. Draw
your concluwnsions,

8. Obtsin g flash 1light and st night shine it in
e room where there ia some dust astir or smoke
end observe if light rays shine in straight
liness Draw your conolusions,

9, Take uw glses prism snd hold it in the sun light
coming through a window end observe the wey
the light rays go through it,

10, Plsce s lighted candle on a tebles, Put e hole

in the center of three cards, »lace them so

the holees are in a streight iina with the can=
dle. Look through theme Then move the middle
card s little to one side end observe the
effect, Draw your conclusions,
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Hame

Asbestos is a good insulating material.

EXpe
10'
2.
S
A 4.
5.
-

Cover an cutside water pipe in winter with
asbestos, select anotbher similar water
pipe in the same location and of the same
material and do not eovaer it. OQbserve
when 1t freezes and compare results.
Uhtain sone asbestos, and two guart cans.
irap one in asbestos and leave the other

‘can unwrapped. Put the same amount of

boiling water in each. Place a thermo~
meter in sach ¢an. iake the resading from
each every fifteen minutes for three hours.
Compare results,

Build two houses identical alike in every

respec¢t excepi that one is insulsted with
asbestos and the other with any ordinary
material, _HAecord the temperature in both
houses at regular intervals daring the
summer and winter. Compare resulis obtained
and draw your sonelusions.

Insulate the top of a house with asbestos,
in another similar house do not insulate the
top. Observe and compare the results of
the tops of the houses after a snow storm,
Jraw your conclusions,

Chtrin some asbestos and put some around
hot objec¢ts and some around cold objects.
Detaermine if it keeps the heat in the hot
objects and the ¢21d in ths cold objecis
with a thermometer. Take results and com=
pare.

irap asbestos around an slectrified wire,
Take a guinesa plg and have (%t touch the
wire. If it does not shock it asbestocs is
a good insulating wmaterial, if it does it
is not a good insulating material. Follow
instruections, obsarve and draw your conw
clusions.
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water.

Fw 59 »
Mnﬁqﬁ

hesis 5.
_An obJject weigha less in salt water than in fresh

cEperiments:

_Suepend a red from a scale inte a jar of

salt water. Suspend a rod of the same
weight and similar to the other from a
scele into a jar of fresh water. Record
results and compars. i

Chtain two glass Jars, £ill one with sals
water and the other with fresh water. Che
tain two pleces of wood exactly alike and
which welgh the same. Suepend each from
scales and submerge one in fresh water and
one in salt water. Hegord results and
sompare..

Take two pleces of wood thet welgh the sams,
Suspend each from apring scales. . ower one
into fresh water and the other initc an
egqual amount of sali water., Take readings
and compare, Hepeat the experiment with
other articles such es copper, tin, iron,
ete. Craw your concliusions.

8.
ALr occupies space and has welight.

L 3 b4

Place a test tuuve upmside down in & pan of
water. Obgerve. Funch a hole in the top of
the tube. J{baserve. . btlain a jar and close
it ap, weigh it, pump all of the air from it,
and then weigh it again. Compare results,
Pamp up an inner tube, if the tube gets lar-
ger it shows Lhat alr oceuples space. Welgh
it vefore and after. Heocord results and

@0 mpafﬁ . .

Get a container that has only one hele in it.
Put a suction pump at the hole and pump, If
there i@ air in it it will come out, if thers
is no air in it the objeoct will cave in,
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Name
Form &,
Hypothesls Z.
fresaure varies as ond goes through the Luray
caverns.

Experiments:

e— 3+ Tith & barometer chservs the atmospherio
pressure al the entrance to the .uray Cay-
srns. Then go into the Caverns "and take
readings at different places. Regord and
compare results,

ey Be L8% 8 person go & little distance in the

' Juray Caverns and sese what the pressure is
“then let him go farther and ses whether or
net the presswrs varies.

e eorm— 3 # uQ#nre & baromster and find a tunnsl near

' g Head the barometeyr at the sntrance Lo
the tunnel, then go into the Lunnel aend
take rauﬁxnsu as you descand the tunnel.
Hegord results and compare.

Take an air filled balloon through the
Caverns, Rata the size at intervals and
draw your evnelusions.
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WERHARLY B0 ot une vop of the nested room is warmer
vhan he air st the Mttm of the roos.

_ lse a thermometer and take the tempesrature
at s top of a roos and alse st the bottow
of the sams roow. Hstord resulis m GOEPArS .
e Be 08k & room wnbil 1% is wars, laoe o there
' moneter at Lhe top and one at the Botton
of ths rovem, Let tham remsin there for
sometine, iake readings on amch svery few
sinuten, W‘ m SORpAre results.
ememnne Fo FhOn a radiator is hot, fesl ithe boltom and
‘ the tep of it, ‘ote diffsrances in the tems
perature of aseh,
s &+ 8% & wwll} mus; fodm.  llave & person steand
an Whe floor asnd fesl m warsih of the room,
Lhen have nm sfo& uwp on & ladder thad almsost
reachas Lhe lLing and feel the difference
in she amm 8f tha two. Conpars,
s B+ Bosure s fire xoot and seb 1% on fire., Co
b0 8 bhouwse and abmm Lhe wvaYy the smoka
6 Pup s ;raﬁigaﬁi in *ﬁzxa . Gat the
—— O WS sowe celd alr a B8, { the same
| asmount of hut alr snd color iv.  Pab 4% in
the Jar with the ovld air.  Hote resulls and
draw your sonelusions.
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“hen & window is opened ot the botiom and Leop of
a reocmy Whe eold fresh air eators the roos ab the lower
epening, while the wars foul alr leaves the room threugh
the upper opening.

Take a ainsture window and drive saoke through
it and ses how it olrsulstes,
8. Pubt & thermometor at She bottom and top of
whe window sfter 1% hae besn openad. Take
a reading of both at the same Live snd com=
pars the results, _
e 3¢ £ 413 & voom wilh smoke, then put the windove
o up at the botitom amd down at he top. ‘lotioe
the m&m . iraw your conslusions,
s FUL e window up from the bottom and down
" from the %o0p. .Aght a candle and put 1% ai
the opening st "the boLLom of the window, and
potice the way the {lame blowe, then 3&‘ %
at the %op of the window and ses uhi
it blows, -Deerve, Do this seversl Mmt.
b o e ertaTes1a tresh alr snd 1
mnnnts 9+ 7333 & balioon with o resh alr ay
i ot a window, blow on 1% it will go oud
of she window whieh you placed 1% in. “hen
£431 2 velloon with warm air and 3t will rise
and g0 out of ihe upper window, Iraw your
aoneliusicns,
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Page 63.

tiypothesia 10,
Light rays are uent on passing through glass.

«

1. Go into a room and see if the light rays
are bent which come into the room.

2, Take a glass prism and hold it in the sun
80 that the rays hit it.,mibserva results
and draw your concluslons,

3. Use colored reys reflect them through glsss.
Hote result.

4, Take & glass of water, put a pencil in 1%,
look at it stralght down, and also at the
‘aide. Draw conclusions,

§. Go inbto a dark room in whioch there is only
“one opening. _‘ut a glass over one~half of
Lhe opening and leave the other half open,
wﬁatiﬁa the difference in light rays in the
two cases. Oraw your conclusions.

o]
s

o
SR
O anan e
iAo
SR

Lxygen is neoessary to start a fire.
Experiments;

Flace a small amount of fuel in an air tight
bottle. Strike a mateh and Lry to light the
fuel, (beerve and draw your conciusions.

2. Light a candle and place it in & jar emptied
of sir. In another Jjar in which there is
air place another lighbied candle, <Cbserve
both ecandles and compare, draw your con-
clusions.

Take a amall container with gasoline in it.
Light the gas then put 1t in & larger conw-
tainer where therae 1s no oxygen. Vateh Lo
see if it keepa burning or if it soon stops.
4. Cbiein a test tube of carben dioxide, and

rml’

' test tubes of oxygen. iight a veal and put
it in the bottles of oxygen and then in the
bottleas of carbvon dioxide. < bserve and recaord
results and compare. ’
ey D+ Get 2 rabbit and put 1t in a room without any

oxygen in it, then tell it %o try to stary
a fire. ‘ateh 1% through a window. Lecord

what happens.
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Koy for Scoring Test on
Hypothesis
Form A Soore 1l

Count each correct
jtem= 1

Score is sum of oorrect
1§Bm8m





















































































































































































































