
==-

-
3 E



1111111
11111111

111111
1111111111

1111
1111111111

111111"1""""1,',"""111111'(1111'11iiiiiI1401101111111
11111111111111111111

11111111

111111111111111111111111111111111111m
oolom

111111111111111111111111111111111111
111111111111111111111111

11111111111111111111111111111111614,4045401111111111111111111111111
11111111'1111

11
11111111

1111111

it
.1

141

11

111

'040

11
10 11111111111111

11'

I.
4,141r'

11

1:,

0.""1,. 1:I'',

0511111111,

14,1

1041,

111,111111

14,4411

,
'1111111

M
IN

111

4
1

h
o
e

I,1111'

111111'

m
.111

14441

,,A
I

ot1

140111

111i 111111'

111110 41

41141
I

114I

P1'01:1
11lip
1044

111

1:41
1 4 I

111"

1
1
4
1
6
1
0

r
d

1111110.11
1:0'..1,!'"

11
1N144

I

4111

[14ILJV

111.

11.11111

4111

IIII lIlt it

tttllll

11

4o

.14"4

.444 ,i10,1414!

?
441

414,
'1'4

'

III I. tl

"

r

I
I
I

:
1
1
1
1
1
1
!

:
1
1

4

1
'
I
1
1
1

1
:
1
1
:
1
1
"
"
1
1
1
1
1
:
1
1
1
;
.
.
.
i
5

1
1
1
1
1
:
,

l
'
1
1
,
1

1

1
1

I,
rIoItI!lllI!II

1
1
0
1
1
1
1
 
1
0
1



-a' 

= X-- 
-1-- 

_ = - 

g:j - _ - E 
- 

_ r = 

g - 
a 

== 

=== 

= 
a 

- a- 

. 

M - 

-a a =--._ 

= a_a_a 
a- a 

= --= 4-4 - - 

_a a 

W a 

a a _X 

AV- 
- = _ 

- - = 
- - = 
p1 1t - = . = = = a = = 

7 ; 2 
- --= 

a= a a a - - - - - - - - g - a- - - a g = a a a - = _ a_-_- - 

144. 
_ aa . a a - - 

-ga 

- . - 

= 

- - = - = i4iLL 

a 

ff 

- 

a. --- 

-- -4 

- 
r==-- =V/ 

_ g. a- 

a _ 

a 4_ 

a - - 

= 

_ - - _ - - - _ - 

==- 

_a.. 4 4 4= 
= - 

a. a a g 
= 

= = 

_ 
-a a = 

__--a- -g-- 
_- ---= 



Foreword Anti AeknowIedmcins

PU TES the annual serit of itu 1:
_-iegun 111 1P54-- a a,c(-10 ik.rative undertaking iwtween the Nat_ionai A&sociation for Ierdi in Scimee Teadng and the Office ofliAlu=Atioh. The prezwnt bulletin suniniariies and inter wets thervh in tx7ienal Mucation frqm July 1L=M to Jul v 191.Ttie improvelnezt of teaching in svieArce, :-Aas in all other subjdepends to a large degtw upon the extent to vkiiiel the ;finding_.re-6varvii art tralltilMtNd into aoLion by science c=onsultants andst&room teachers, The purr* _we of this bulletin is.. to- a.-i*--mble titer rysearel findings in science education in such a Linn as to be nutasvful for this and (it hex purpose&

Over the yei ts sincv_ 11450 the seri eS of publications resulting fromthe joint effçrts noted above -has received favorable comment andwith distribution. The bulletins have bocomesc-tablishe4 documentsin th miivarc 1 te ra tu r education as well as of sciencvktiucation.
At no other time in tile history of sciencv education in America has.them ever been a climate hu-) favorable to the immediate and 1m-1'grangeimprovement of the subject as now. Thiough the efforts of the National Science, Foundation and may independent iridustries andfoundations, millions of dollars are being made available annuallyfor upgrading science team from all levels. The passage of theNational Defense Education. Act by the. Mill Congress has providedadditional millionsof dollars ovex a 4-year period, part of which willavNilable to State and local school 8yslems,for s

instruction.
In this franiework the role of rtAseara in science Kim-cation &mimes

ever-inakessing proportions. Without the guidelines which soundreseardl can supply, the millions of dollars now available for improv-ingscience instruction will not be able to yield their maximumtial. It is hoped that this pfiblication and others in the serial canpr9yide some basic findings to OW Hid.
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:rtni 8tUtht? I What IrnplIctiuflS du tho*= findings iia for
Yh? UUpFtflifl8fIt U CWW tahiflk 'Ti the hcx1sc Jr wIia ariw the rerdt during rith period cnctratd? What importantai: jflPI to 1x3 negIect4i ? What directions are for
furthBr rearcM
Tc ais: in ettirLiz &nswers to th*e and other- qtition, the ILS.
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f rate tionc on e Fanding min i t te
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:n'ie o1 other gourc such as the Education JndeL 1n addition the
4TnflhTütt rnemis reviewed aIfracts of impubiWied studi incic ucatAon which are obtthned annually by t1t Offl of du
&tiCi7L Inquiry rk far tI uiub1ighe stmLi were mail to
ver 900 ir!ltitutions aná mdviduuis who have kimwk of errentrwrrh work in thc fii4 of ciri edutiom
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of study, tdier manu1a and xtI-k in e1emzntry ienee or

::
hiIiirn: sr:if1e Jfltflt in*t:ia1s in nr= tO teach cJii1dzn

= lii the

ic_ T1 mftjor problem o=: tilis StUUJV W tO ;It tfle aflt3pr1t1 -ib

; mtter JU IWHI iie 10 3FIW __fl1Ifl x_nc5 for the
: gid5 inJ1v!d Selitee1 cuur of studi eIinentarv giez'ce. tit

1i and teIwr manwtls wer analyzed. Frani he analysis th
rning rient or Ip chi;dren

Thc1imp1rtn:i flming=from thi: study i=ere (1' riiip b=aek

grtJuntA on &:jeiIt CiMKtpfr i- tiru ic
=t= In t indergarten anl nriinar! rdr== and () more

M concpt ani zej ati irnjng r1=qi fr
: dri in the rad

:- &

::1 Pdlla arid Sor! (
) uht to 3-etwinine *1iaL t:an one ffth

cIR; a1out JFg!rde J:1oit :!errn !Zoin=
ftftiir*tte- cm1aren nan

_TIItJ:ri
instruction in atuirmc enerv from uwtr

uIr acher through Ek& TV peran a fi1ni&rip and huIWin
r.1 maii i n tl trn nm T___ tic VRW TwifTi l4M I rii I IV r- r =T -- =-=

L; who gve 3upp1ernent1 L*&:& iIi chfldrn p:1 crtan qutions
akxw ornic =: which thv wantM rswer&1 nrid tLhen ud the

flt& &twwe to find Uw ane fl* dti Idin pii1

:
re1xr1t8: pipared bulleUn Iu:iard niatrin1 1ii di=ions and

== ruc1 all pparatuff to diTiOfl8tI&te a Cflaifl reaCtflML

Before st*rtin the tudv and agnLn at the cki of the 4UdV eAch
!

chiM wri a parr m w he knw &bo-ut- fttLiflfl=C eIwrg=? IrK: two

: of each diild were then c'mp&tL

-: Frtt this udy th foIkwirt cinwiusions were drawn : I ) Fifth- pupils are intere4 in atomic igy (2) Boys and gfrls evi

:i ua1 in t tiidy un C 3 ) MAny diflerenc& w:i-

: - in t1 nure of the cific 1rrin JjLpv by

L:- p1: (4) FfflLgTftde pupiI can 1rn many things about atomic

:-
as a ru1t of ydmatic stidy

(E 8) 1dlictt a ty to dAermk wh or r_I ut thp in Thistc
j-- oU n aLly i1d -xth for tM

atternptsto (1) ___T__ =1::et
M ffte ty attIIPL to niqi (J t1f7

= = -- -- =T= -

-==-- ---
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t nraI wi- B17 (i t*!1d to gIve chiMin n ndithnf of diiit do:c
jj

fcriiithgi in th Jj ar hih woild hih1rthL to tJ
CJT ID stBlluI;tIng ft CI= ii' L 01 P&* travL
1w fluidin- hwt1 : ( I ) (rv of th invc'lytd in t1

St jv tTftVB1 are aduallv the- m* conc pt that are wudi
tIw i:uI eirntarv tin trorIm fl4 C5U Y !h LwA1 f refer =-

S

i L_s to re
( I I no Inten; Inter3t cuirnuy pLrci: u7:=Ieary riils houM tilir1 b th iiion cf a

-=--- =- -= =-- -
---=: raei !'n I L Ifi z:i:tIu JiiiigTm a y jitii -

ctudi ReI'!!-&4 o L-4urnIng

unier whkh; dIild1fl iXfl flC!t radi1yand totb
gr8atL aegr- con rinue to r a wrp1exin i ea ucaUonaI prob!em
fnnt:=r (F 5 1 cc)nduciLP41 a tudy which was ifWfl&t 1 1 1 tOnOt
JtiiL*= UE1V1CPflN!flLft1 PftttTflS 01 IpOI1 tO qUOflS 01 ft

3:i!:T;effeL:t
1fl tuiie tieki c!f Z:Ieflc &=flLI

1 ) to Q&4rTflIfl 110W
n1wen! tILiIlkifl2 In Enis twId de=veiox wiUi re&rci to iige experi

afld Iu=inuI trainin

Five qutions of a ciwartd-ffiL na1ur in 11w field ofw- giwn to pupils in cadi of grad:= L L \ and & Tho pupil
to L]-u qutions wr r&ored and then anaid q i:

tLYe1y Later th npon; wer quantifiei with oiw rai
frfjT 13 to u)ll iji,ir degr of tu Ti dat&
w&c orgntzbtt and ttiiiIIy am1vze and grmiic=

- =-

Ti fi-dingB of ti dy w&e that: (I) Th corrn of a
Ixt tenth to incrg with th a of diIdn (2) roz iy
differ Ere1y g chilIIr of t ag (3) th
of r!wk by n individ1 child vari from qti t

r:4)
LLIw!e i LflL4Ltb in tk; ii-

dJoiw gra& a:d () t; pth of tL- to nr
__Ia -w anwML %L-

Ciarvey (E 2) OOTdud uAn Lvtigfic To Thminnt&
1ity d &i- Inter of FivHwidrM Or SthA 1M
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6 ANALYSiS ff AET1 IN 4CKiNu Ntk-

. The quionnaire w twi in a *rod of ds to

&x fifthgTade chihirn in 10 eIineirm srimols (nubLic d rjac

chial) in vrim g&iaphicI nd eccmic ar in Providene

The !EJtci!nt
:

rPiaio twtWi thG rponz of
!'=ge&md aamm1grat1eJ18 or u-e quetnnire; W- ICU1ti 10 tt

mine wbeher there w* any intJkation of bi1itv in cM1dri!s enc-=

int

T1 Sr3armkn rrk=oroer ceffwient of errnun ws ca1cu1ati
LU i tisa TLIM is ifldlC&tj%P 0? Vt=1Y fl1i tADiiitY bWiZ thP
chOK made cm the iirt and exnd app1tcat'an of pst intru-

menL To decrm inc whJwr the frnenciec o rpn in this qu
LKff1fl&ir in%Ug!tJon were sign1kantiv different m thc wFuch
would ruJt if only rhaner wert ci,!xratuig, the eique t Wab

pPii?: t11! t! rftiuit of fir administration. The ruith were
ioutict r flthcit t tnt= ijrjtt tevel. U w& tJrvior ciin

iderP4J th- to i=;umpT flat !om= facitr ctIir rhn diic w
ating Th5-s other factor ixiuld t ca11ed a pre-frrence- or an inter

fr.

JnItnton's tE 31 tudy ught to find he rtive a:thivenwnt of

the- cjoctiveI of t1ment=ry hxi &ienc in a nirttative
p1igofMnnahcwia"

The probiems ronieierri in the anaiyteahuree: wre ti5 W-W!TfliT

(1) to whnt extt the thjectiv of eirnent*tv hc1 ,itno

king achieved in Minnt htx; (2 what pup1. tchr. a1
t;ching situation faetor; toritrjbutd tothe aihiev,mnt. of thz th
jctiv; nd (3i what ar3 the impljeations fr the ducion of

mntary techera

in the mduci of Lhe study4 qnionrLaiiw wre Iiit to 478 sur*r
ifltl?ndPnts of Minniwta ekrnemw wi and to a proportionite

stratified ran&m npie of Minnt fifth grade tachers.

eni activity log-: wr kept and submiUNl by a th:pio of the:.

c1rs1 The Mth graiic pui were pr& and r4tM on
ApproprIne titici-1 atnt involved ehir rnpk

anaiyis for stiin&tionof jpuiaxion rnen analysis of varam and
cvananc1 nd the "T" f of the nifitnc of mi&

The finthng of the tndv revi th : ( I ) Tbe were signi&at
_fls iwen iwtt= and ret on th i- t in 58 of the

87 fifthgrade eJa ; ( 2) the dfferu bwi nin gains of 3 JQ

(oei' 120, 96415, iow } wu n
üit 48 ) thO flIUflF &f Y 01 tCM

: cmly feather or tching ftor whWi iowed a

i:rnnt
ht!
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