:-, DOCUMENT RESUME <

ED 236 004 ' ” | SE 043 263 .
AUTHOR Mechling, Kenneth-'R.; Oliver, Donna L. -
TITLE ‘ Characteristics of a Good Elementary Science Program.

Handbook 111, Part B: Elaboration of the Principal's.
Checklist of Characteristics. Project-for Promoting
Science among-Elementary School Principals. ’

INSTITUTION  National Sciencz Teachers Association, Washington,
: : .D.C. ’ L ' ’
SPONS AGENCY National Science Foundation, Washington, ‘D.C.

PUB DATE 83 ‘ :

GRANT ' SER-8160347 o » .

NOTE. .. 73p.; For related documents, see SE 043 260-264.

" Printing and distribution made possible by Delta
Education, Charles E. Merrill Publishing Co., and the
Pennsylvania Higher Education Assistance Agency.
_ AVAILABLE FROM National Science Teachers Association, Special
' ' Publications, 1742 Connecticut Avenue, NW, . '
Washington, DC 20009 (set of 5, $15.25).

a

PUB TYPE  Guides - Non-Classroom Use (055)
. EDRS PRICE MFO1 Plus Postage. PC Not Available from EDRS.
.DESCRIPTORS. Administrator Role; *Classroom Observation.

Technigues; Elementary Education; *Elementary School
Science; Instructional Materials; Process Education;
“*Program Improvement;-Questioning Techniques;
Resource Materials; School Administration; Science -
Education; *Science Facilities; *Science Instruction;.

- *Science Programs; Staff Development; Student
Behavior; Teacher. Behavior S

IDENTIFIERS National Science Foundation

" ABSTRACT . : _
: Provided are suggestions and recommendations for each

item on the checklist, contained in Part'A of the handbook, which was
designed to help elementary school principals assess and improve

- science programs in their schools. Suggestions/recommendations,

- designed to make the checklist more meaningful and useful, are keyed
by number and/or letter to specific questions presented in the four

"major sections of the checklist. These sections deal with areas that
have a great 'impact on science programs. The first section focuses on
administrative aspects, considering the school science curriculum
‘plan, provisions for science in the budget, the principal™s

leadership role, and staff development pructices. The second section o;f-

' focuses on science texts and/or written curriculum materials,
"discussing science content, process, and several related areas. The .
third section focuses on observations of teacher and student behavior
during science classes, considering observation techniques,
questioning strategies, student attitudes, and other areas. Science
resources and facilities are examined in the final section, looking
‘for evidence of these resources/facilities in and beyond the ’
classroom, and determining how resources are acquired. (JN)

.




. neNe TN A 0 ’ a W! This document has been reproduced as

,,' ',?,{ “ iy ’ X -~ toceived from the person or organization

e el \ . ot R3] originating it .

3y N '.io'] ) 3 X A 1 ; e C! Minor changes have been made to improve
A v roproduction quality.

“,;{_;,{ (%14 ,‘.{ \'}?wr
S o

Wl

® Points of view or cpirions stated in this docu-
ment do not necessarily represant official NIE
paosition or palicy.

IR
AEe

ORItk
35"-‘ 4}'&\ 3
p L & th

)
NG

-_
f’f &
=

.."

s
o

2!
\

“PERMISSION TO REPRODUCE THIS - |
i MATERIAL IN MICROFICHE ONLY
M HAS BEEN GRANTED BY :

‘\ ‘TO THE EDS{)ATIONAL RESOURCES -}
Y| INFORMATION CENTER (ERIC)."

ERIC

A FuiToxt provided by



HANDBOOK III

. CHARACTERISTICS OF A GOOD ELEMENTARY SCIENCE PROGRAM

Part B: Elaboration of the Principal's Checklist of .
Characteristics of a Good Elementary Science Program

by

Kenneth R. Mechling
Clarion Uhiversity of Pennsylvania
. Clarion, PA 162;4

arid
Donna L. Oliver -
Sharon City School District
- Sharon, PA 16146

Copyright ¢Z)) 1983 by the
National Science Teachers ‘Association
T * 1742 Connecticut Avenue, NW
e ’ - Washirgton, DC 20009

'Thls materlal is based upon work supported by the Natlona1 ,
Science Foundation under. Grant No. SER-8160347. Any oplnlona,

findings, and conclusions, or recommendations expressed in this

publication are those of the authors and do not necessarily
reflect the views of the National Science Foundatlon. o

Printing and distribution of thlS Handbook made, p0351ble by
grants from Delta Education, Box M, Nashua, NH 03061; Charles
E. Merrill Publishing Co., 1300 Alum Creek Drive, Columbus,_
OH 43210; and Pennsy1Van1a Higher Educatlon A331stance AgenCy,
Towne House, Harrlsburg, PA 17102 . :




will benefit’ from the shade.

ACKNOWLEDGMENTS

4

There is a Chinese proverb: one generation plants the
trees...another gets the shade. During this prOJect, trees
were planted with the help of many people. It i$§ our hope
that elementary school chlldren all over the Unlted States

=

. The prOJect Promotlng Science _Among Elementary School
Principals, began as an idea at the meeting of the board of
directors of the National Science Teachers Association (NSTA),
held in Dayton, Ohio in 1980. It was conceived as a joint
effort of NSTA and the Council for Elementary Science Inter-
national (CESI). We are grateful for the foresight, encour-
agement, ‘and leadershlp of Don McCurdy, then president of

 NSTA.

Many people shared in the deVelopment of the project.
Their efforts and 1deas deserve our sincere apprec1atlon.
They 1nclude.' :

-

Bill ‘Aldridge and Phyllis Marcuccio of NSTA, who gave

‘wise counsel throughout the project;

The Natlonal Sc1ence Foundation (NSF), which funded the'
project; and Charles Wallace, NSF project dlrector whose
cooperatlon contrlbuted to a smooth beginning;

' The elementary school principals in western Pennsylvanla,
who gave adv1ce concern1ng thelr needs for science leadership;

" The Board of Directors of NSTA and CESI for their
asslstance, support, and encouragement along the way,

The pro;ect dlssemlnators (thelr names are llsted on
the follow1ng ‘pages)- who provided valuable suggestlons for
improving the manuscripts; who met with us in Chicago,
Knoxville, Baltlmore, and Dallas to assist in the project
design; and who were willing to: share their expertlse with
elementary school principals; and .

Ted Greenleaf and Gertrue Mltchell, edltors of the

National Association of Elementary School Principals, who )

helped us refine our thoughts, and who disseminated infor-
matlon about the prOJect in their flne journal Pr1n01pal.'

-

-



“

Finally, we are especially grateful for those people .
who helped us put together and manage the project. .Anthony
"Peacock in NSTA headquarters managed our -accounts with
timely skill. Marcia Reecer of NSTA served as our excellent
copy editor. Our typists, Bobbi Jeannerat, Pam Burford,
‘Missie McKee, and Colleen Yoder, always came through when we

needed them. We appreciate their cooperation and commitment
to the project. p ) ' ' :

We thank you all very much.

Ken Mechling and Donna Oliver

.



DISSEMINATORS

Promoting Science Among Elementary School Principal%

N

Dr. Bonnie B, Barr
339 Center Street

_Slippery Rock, PA 16057

Dr. Lloyd H. Barrow
385 College Avenue
Orono, ME 04473

Dr. Glenn D. Berkheimer
2208 Heritage Avenue
Okemos, MI 48864

Dr. Lowell J. Bethel
7131 Wood Hollow Drive, #1167
Austin, TX 78731

Mrs. Audrey H; Brainard
14 Glenn Way . .
Holmdel, NJ 07733

Dr. Betty Burchett
511 Marion Drive

Columbia, MO 65201 S

Dr. Dawvid P, Butts

"‘Rox 126, Deerfield Road

Bogart, GA 30622

' Dr. Jan E. Calhoun

Supervisor of Elementary
Education

State College School District

State College, PA 16801

Dr. Charles R. Coble

1505 East 6th Street

‘Greenville, NC 27834

Mrs. Doris R. Ensminger .
2810 Falls lont Drive
Fallston, MD ‘21047‘-

Dr. Robert L. Fisher

'1108 George Drive
- Normal, IL 61761

Dr. Peter C. Gega - -
Elementary Education
College of Education

' San Diego State University
-San Dlego, Ca - 92182,

o

Dr. Stephen A, Henderson
Model Laboratory School
Eastern Kentucky Universi
Richmond, KY 40475

Dr. Phyllis E. Huff
7928 Hayden Drive
Knoxville, TN 37919

Dr. Gordon P: Johneon
3495 North 4th Street
Flagstaff, AZ 86001

~ Mrs. Sarah E. Klein

86 Roten Avenue
Rowayton, CT 06853

Sr. Patricia Lupo, 0.sS. B
1256 Buffalo Road
Erie, PA 16503

Dr. Michael A: Magnoli

.405 Bridle Path Way

Mobile, AL 36608

Donald W. McCurdy
7 , Avor: Lane S
Llncoln, 'NE 68505

Dr. LaMoine L Motz
2890 North Lake Angelus R
Pontlac,bMI 48055 '

Mr. Joe Premo
5974 Quebec Avenue, North
New Hope, MN 55428

Mrs. Shelley ngglns, Pr1nc1pal

Windermere Elementary Sch
2283 Windermere Avenue.

‘Akron, OHy 44312

Dr. William Ritz -

'12092 Argyle Drive

Los Alamitos,.CA 90720

Dr. Walter S. Smlth

fNatlonal Science Teachers

Association.
1742 Connecticut Avenue,
Washington, DC 20009 -

ty

oad

ool

N_.W.

T B



Dr. Greg Stefanich, Professor -
Coordinator of- Ear}y Adolescent Education-
_Education Center 616 - :
University of Northern Iowa

Cedar Falls, IA 50614

pDr. Gilbert Twiest . | SR
R. D. #1, Box 171B ' '
- Clarion, PA 16214 '

, Dr. Leon Ukens _
325 0l1d Trail . ...
‘Baltimore, MD 21212

Dr. James R. Wailes
4513 Navajo Place .
* Boulder, CO 80303

.Dr. Robert E. Yager _ :
Science Education Center v .
University of Iowa ' ' '
Iowa City, IA 52242

Project Staff:

Dr. Ken Mechling

Chairman, Biology Department
: ' Clarion University of Pennsylvania -
. s : Clarion, PA 16214 - = o

mem e Office: (814) 226-2273 . | S e

Home: (814) 226-9508 . : T _ ' LA

. Miss Donna L. Oliver
1057 Linden Street .
. Sharon, PA 16146 '
. School: (412) 981-0980 ) -
_ Home: (412) 981-6710 - T -




. PREFACE .

If good elementary Science programs were-easy ‘to come

by, most schools would have one. Needless to say, it

s
\

isn't easy and mcst schools don't. Problems abound with. Co

science programs;'teachers often lack preparationiln science;

they donlt feel confident about‘teach}ng it, time is cramped,

supplies and equlpment are lacking, leadership’for.science ’

is difficult to find. The list could.go on and“on. Xour~ S ,l_;

school is probably faced Wlth one or more of these problems;m
'Fortunatcly, there are many good sc1ence programs. ’

programs thaL -get kldS exclted programs that teachers enjoy.

;and do a good job of teachlng, programs that have the

" support of the school communlty, and programs in Wthh

'chlldren learn sc1ence processes, concepts, and attitudes

valuable to the1r lees now and in the future. We can’ learn

from those programs,’ Through our own observatlons;,through

» what'others have written, and;through research we knoﬁithe

~character1st1cs of good elementary science pro S. The

purpose of th1s Handbook is to help you to 1dent1fy some of

" the character1st1cs-and.use themvto,assess the effectlveness'

_ of your own science curriculum. . :
. : ' \ - \
There are two major, but closely related parts to

- Characterigtics of a Good Elementary SC1ence Program.n

Part A.is the "Principal' s Checkllst of Characterlstlcs of a
Good Elementary Sc1ence Program. -It includes selected

character1st1cs of good elementary science programs stated

in the form of questions. . We urge you to use the Checkllst

to assess your own science program. Part B, "Elaboratlon of

% .
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the Pr1nc1pa1's Checkllst of Characterlstlcs of a Good f

¢

Elementary SC1ence Program," is the companlon document keyed

by number and/or letter to each quest;on on “the Checkllst.v

It prov1des suggestlons and spec1f1c recommendatlons to make*

;
the Checklist more meaningful and useful to you. We h0pe

<«

“you will use both as you seek to improve your science

. ¥ . )
13 .

' curriculum. - - B , : ("

"+~ This Handbook is part of a'National Science‘Teachers
Assoc1atlon project tltled "Promotlng Sc1ence Among Ele-q

mentary School Pr1nc1pa1s. There are four Handbooks in the

series: -‘Handbook I, titled Science‘Teaches'Basic'Skills;"

Handbook II The PrlnC1pal's Role in Elementary,School o

Sc1ence- Handbook III, Characterlstlcs of a Good Elementarx
\

Science Program; and Handbook IV, What Research Says,About

Elementary School Science.

; i Ken Mechling
Donna Oliver

]
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ELABORATION OF 'THE PRINCIPAL'S CHECKLIST FOy
A-GOOD ELEMENTARY SCIENCE PROGRUM

o ) ‘ .
" B ADMINISTRATIVE ASPECTS ' i .

\

. : + In this section we have Identified adminl ertiVQ

°
[V ) -~

characterIstics\ which can make or break a, QoaQ ﬂclenCQ .

Yoo program. SpeCIflcally, the Handbook ' w:l.ll helﬁ §(°\1 “
‘review your sCIence ‘curriculum plan, focus orl money fw \

science in “your school budget, help you to afNesS*® your - .

- . v b rd

leadershlp role in the stcience program, and dQnﬂlﬂer

- -

your staff development practhes.

s 3~ ' : ©

- "
a . . . 4

.I.A. YOUR SCIENCE CURRICULUM PLAN o 6.

N : _‘ o ' A good elementary science prograrn lflé\g Planned -
"; sCIence experIences for all grade levelé. 1(‘ Ag :
prInCIpal you should be’ sure’ that the sdleﬂce .‘
program design is clear, loglcal and seﬁue-ntlal-
*.” . that, .there is a dlstlnction between gra5§ 1'&\,618.
v and that there is a minimum of overlap P%tween
classes and -grades. . ChIldren. are yery é\pBlt}ve
to boring and neealess repetition. In VVJQ.od
- sclence programs, we don t hear k:l-ds sa)’"lrlg' "th; | /

‘

we studIed that last year." L o ’ / :

/ L . - . . ] . .- ) ' ,‘ 3 - . L, ) ‘ \:‘
1’.”"’,' o »r’*"“f’w'/ MA‘.L.. A good sc1ence prcgram is qu:l.ded >4 gtaﬁef ' A y
ments of'goals and'objectlves. Postman Qﬂd Lo

. WeIngartner(l), ,In theIr book 'I‘eaChIng t . .

|
I

. o 4 SubversIve ActIVIgL, recommend t\hat teaahef%




v

. . ) . ' )

t———

am I going to do today? What's it good for? How

gg'; know? 'We need to ask those kinds of questions Ry

S : : about’' our science pfbgfams,l | |
| Wgat‘aq you want pﬁe children in your school

Ix ' _ to be able to do as a résult of studyihg'science?

What knowledge, skills, and attitudes shouid they

have? What value is science .to their lives?

S . What's sciehce good for?. ) y o : ,' ,/
. 6 ‘ - N j
; ‘ Answers to questions such as these can be ¢ ﬂ
. : ' T translated:by you and your Staff into statements

of goals and objectives--statements that can: _ . 4

. R }‘..prbvide-direction, statements that giv¢ you
targets to shoot‘for. J  ' o ' .f o
S "Goals.are;bfoad statements. that give generai |
. o direction. Here are some examples of goal
statements ffom.seVeral schooi science curriculum gy
>vp1ans§ A y . .. .
| Sc1ence should hélp our chlldren to solve

-.3; . everyday problems by thlnklnq crltlcally and

.

. I ! creatively. g
T ,of - . I ~ Science should help our éhlldren to under- L
S/ o L .v",'gtand the environment ‘and- deal with 1t o ’
#’;f "‘“ P - effectlvely.. N -
"“  . ) '_. Objectlves more spec1f1cally 1dent1fy what
Jo . the chlldreﬂ should- accompllsh in. sc1ence.‘ Here‘ .

“are some objectlves- ' .




l,'The'stndent will,identify and name'the

‘planets..

‘The student will infer one or more causes in. -
. exploring an event. '

o

The student will describe the causes of ' e
\ \_ o seasons, climates, weather, and day and

'The_student Willvrecord;"organlze;‘and
interpret data. o ' o F\ o
? L N

The student w1ll c1te examples of the llfe

'cycles and the llfe.processes of 11V1ng R

-

’ _thlngs. e -
I{A;?. While it mlght be: nice to have teachers do
. ' pthelr own thlngs 1n=sc1ence, 1t slmply doesn t

-

'.make good sense for 1nd1v1dual teachers to dec1de

%;Q~ S : *fwhat their students will learn. Such a program o “:'fak

would surely lack both contlnulty and sequenc1ng

’

and leadgto;sporadchandﬂrepetltlous.sc1enee

‘experiences. Unfortunately, in many schools for
many children, the lack cfﬁa Written scienceiv
nf ' currlculum plan ‘means no sc1ence at all
The sc1ence currlculum plan should be

'functlonal--not somethlng that's wrltten and

‘allowed to .gather dust on a shelf . in the pr1nc1pal s -




;office._ It should be your. plan,_developed by your ;“""
school communlty, for your school and useful to
your teachers and anyone else who needs to know -

— S

- ‘get there, and how youfll know when you ve‘arr1ved."' o

-

I.A.3. You should examine the basic goals of
educatlon 1n your state to determ1ne if your
" science curr1culum ‘plan is cons1stent w1th them.

If you llve in Callrornla, you would want to

consult the Sc1ence Framework for Callfornla

Public Schodls - If you are in Pennsylvanla, you

.would want to consult the Goals of Quallty

4Educatlon.v Undoubtedly, there are some overall
goals for educatlon in your state that you can
. examine tomsee if your program plan matches the

requirements.

TI.A.4. The preparation of a good science cur-

PR o " riculum plan involves everybody responsible for

=] . <

lmplementlnq and susta1n1ng 1t. - The ancient

°

‘maxim "Let all approve what touches all, 'is'

certainly approprlate,here.‘ ‘Not only will you -

have the[benefit of the individual and collective

. wisdom of your staff as the plan is being de-
veloped, but they wlll.be more likely to implement

;ﬁh; - T C it effectlvely if they have had a stake in pre-

@

e

paring 1t.

v
Y




'
. [

Whlle it may not be poss1b1e to—snvolve“

'everyone in the school communlty 1n the actua1r‘ g
preparatlon of the plan, adV1ce can be sought |
- perlodlcally, reactlons to wr1tten drafts canﬂbe : ;‘
f__"" | requested br1ef1ngs can be presented, and every-
one 1nvolved can be kept 1nformed of progress.;f-m
~ toward 1ts preparatlon. " The p1an shou1d;not.be a

A
surprlse to anyone.

-

[

I.A.S5. _ Science is taught in aolot offschools
because it has always been taught, or because 1t s‘
'1n the curr1cu1um guide, or because the state says
it must be taught.j One of the most 1mportant o
ons1deratlons in developlng a sc1ence curr1cuium 6
plan is to ensure that sc1ence~1earn1ng.w111rbe
| va1uabie to the lives of'the'children. hThe' |
‘'written plan should prov1de eV1dence that the
" basic reasons for teachlnq sc1ence have been
-cons1dered When we ask the questlon,'“What s
-science good for?", we need to come up’ w1th some
‘concrete, convincing answers, not educatlonal ‘
~ gobbledygook. )

G1enn Blough(2) descrlbes the broad purposes

_of the elementary schoolw -

Certalnly we must teach the sk111s of "}
readlng, ertlng, and ar1thmet1c for they are
essent1a1 equlpment for enjoyment, for

galnrng 1nformat10n,_and for communlcatlon.




Add the ablllty to use our hands to make them rl,uv{f

do what we want them to do, and the Sklll of

seelng thlngs around us and seelng them

accurately. Include the: Sklll of llstenlng
'““1ntelllgently and of.. speaklng effectlvely, so_

R : ~ that weé can express our ideas coherently and

©

accurately. And the~sk;ll of sensing pro- .

.blems and. solving them in a scientific way,

4 d 80 that results are:dependable. This' in-

- - -

' ;cludes being open-minded, fair, careful at
ar11v1ng at conclus1ons, accurate,;andrfree
of prejudlce and superstltlon.:

Without”going”into detailsfand’tech-"W“““““"”““””““@f

o

”nicalities,'we can sum up the objectives this
way: The goal is to help children ga1n the
ideas; understgndlngs, andaskllls essent1al
nto becoming well-rounded adults who have

achieved their fullest potential.

4

.
-
[ Rl

Sc1ence is. 1mportant in the total elementaly

kS

school currlculum because it is 1ntr1ns1c to the:‘ﬁ
goals_othhe entlre school exberience,;bothlind
content and in‘basicdskills deVelopment..‘As.he _

_ i _ R : o
reaawwhat;Blcugh“has;saidJ we can see how science |

can contribute to the lives.-of the,children.

I3

I.A.6. A weakness.in'many science programs is the

failure to provide time for science ln‘thefschool




schedule;A This presents:a'perfect opportunity'forf,;i;ti
‘teachers s1mply to avold teach1ng sc1ence.A'There'

- are many who belleve that the 1nd1v1iual teacher

’ ‘ does not have the rlght or prerogatlve to exclude

or mlnlmlze the attentlon g1ven to any subject fl'

matter area of the curr1culum : The """ teacher shouldﬁhf

not, for- personal or other reasons, become an 1.;
1mped1ment to effectlve 1nstructlon ln sc1ence or
- o " .One way to ensure that sc1ence’W1ll be taughf; o
}s to include it in the school schedule ‘and allot .
speclfled times or perlods for teachlng it on a
'“daily"Or“Weekly”basIs;"One“recommended“tlmev¥v"~wv~w-~F:7
allotment is 20-30 mlnutes per day for K- 3 and 30- . .
40 mlnutes per day for grades 4- 6.. Some schools,
set. aside three days a week for sc1ence, Wlth an
e - average<of 40—60 mlnutes per. day.: Other schools
merely st1pulate a deflnlte amount of time per
week, usually 120- 180 m1nutes, and let the teacher
allocate the t1me as needed throughout the week(4)
'Having an allotted tlme for- sclence 1ncreases
thevllkelihood that it will be taught. Tlme for L
science in teachers schedules also proV1des you

w1th an excellent opportunlty to v1s1t sc1ence

‘classrooms to observe sc1ence teachlng and learnlngk'

e .

1n actlon and. to assess the overall effectlveness

“of your;school's sclencevprogram.

4

17




.I.A.7;“"f.TeaoherS”need”to'understand‘thefgoais‘of_av T
~ science instruction, the'currioulum’plan; and'the'
&, .

-tlme allocatlon. ThlS 1nformatlon should be 1n

ertlng, perhaps 1ncluded as a part of the overall
.elementary school currlculum plan.:_It‘could_be‘
presented and discussed'at a staff meetinébor
P AbecomeApart of an inservice program. :However_the
information is presented, teachers'must dnderf,v
RS “stand, éiéafly;“WHaf“is“ékpécféafof#thémfinttheT—%“'

science curriculum.

&8

I.A.8, - All major curriculum areas should*beire#

v1ewed perlodlcally.l anhrshoﬁid”bemsorntfniZed.

'to determlne if the goals and objectlses arehstill“

N

valld and are being met. Sc1ence 1s n0\eXCeptlon.;'

LN

As . pr1nc1pal, you can make sure . that sc1ence,_w;f,
undergoes a perlodlc currlculum rev;ew. For many HQ?

; A schools, thrs revlew‘takes place every f1Ve.years,i
When'thelreView is oonduoted ‘insist"upon e
_lev1dence that the sc1ence goals and objectlves are{':

s .be1ng met. Inslst on hard data—-student work |
evaluatlve measures, ertten parental feedback

and other forms of documented ev1dence. i“fﬁf”,f

R

ap

‘I.B. SCIENCE IN YOUR SCHOOL BUDGET

"Good science programs requlre reasonable

@

: expendltures of money. 801ence materlals, sup—’”

._p11es, equlpment and books are needed to keep a |

- e




lgood science program'going or'to start one.upl'

K]

Equlpment llke dry cells, magnets, rulers,

s

‘chemlcals, and llve organlsms are as 1mportant to

sc1ence 1nstructlon as books are to readlng and

\\\\penc1ls to wr1t1ng.

Staff;development also costs money. Funds . . (..
. \ B " N i . 2N

Cw R for inservice programsw\EEEXfi\ and attendance at

conventlons should be ant1c1pated\1n advance of

\

—

—

~I.B.l. - A good sc1ence program recelves an annual

*

H‘allocatlon of funds.' The amount of the allocatlon ;$¢_uff‘

o , depends upon the means and. prlorltles of the

'school system, but it should be at least equlv—

o v =

alent to other major currlculum areas. Good
Cer Y . Sy

sc1ence programs slmply won‘t run w1thout money.r

As pr1nc1pal, you,‘more than anyone else, must

seek funds‘to support your science program. It is

up to you to ensure.that_sciencelneeds'are:
"antioipated"and'inCluded&in'your‘schoolfs,budget.

Curricular.areas are always in»Competitionfwith

each“other for aVailablefdollars.‘:The-Counoil for -

(i

Basic Educatlon belleves that all. students should . o .f

<

: recelve’adequate 1nstructlon 1n the ba51c 1ntel-

N 1

lectual d1sc1pllnes.' Sc1ence 1s cons1dered as one,

of those dlsclpllnes(S) ; Sc1ence must recelve 1tS“

mrlghtful share of the educatlonal dollar.i You/are_ _hfl;i

in a- pos1t10n to see that it does. ;,lh"5~f”i 'f_;'*f15f5*
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I.B.2. . Good science programS"are materials;v'
centerede Chlldren have the opportunlty to use_

».thermometers to measure outdoor temperatures, keep

llve anlmals 1n terrarla, grow plants, examlne

i X . ,

rocks w1th magnlfylng lenses,‘read sclence-.

orlented llbrarj books,'see photos of Saturn s
5r1ngs, ‘and make use of hundreds of other learnlng
'resources.' In fact,'one_of the major‘strengths of

science is that it provides many opportunities for
children to,deal with material objects--to explore,
, " to 1nvest1gate, to manlpulate.. a

w

If -a--sciernce program ‘is to remaln allve, old

-~

. items must be replaced and new ones purchased to
T~ i , . e
‘meet\new needs. Provmslons for' the1r purchase

must be 1ncluded\In\the budget -

“I.B.3., Good science programsfinclude budget‘pro- |

. v1s10ns for dlscretlonary funds for use by

teachers who: need to make local purchases w1th

' petty,cash. Dry cells go dead seeds are needed,

b o
. .

“-’v1negar supplles run short Teachers must be o
. - able to make local purchases of 1nexpens1ve 1tems
. as they are- needed. You, the)pr1n01pal can f'

deslgn a system and let teachers know how to ‘use .

\_\.

-it. Some schools provmde vouchers.. Others

T reimburse the teachers for the1r out—of—pocket"g““”'

m,expenses.‘ Whatever system is: used shouldwnot

, dlscourage teachers from obtalnlng,such 1tems.‘t'
. RS o

Ay . . . o




ok ke

They should feel that a mlnlmum of the1r own t1me,

v effort, and money has to be expended ;otherw1se,

M

few sc1ence learnlng experlences requ1r1ng

locally purchased 1tems w1ll llkely be proV1ded
v I;B.4. . Good sc1ence programs 1nclude sC1ence 1n-'
- service programs for teachers and pr1nc1pals,:,.'

T . o fund1ng for travel to science conferences and

"workshops, reglstratlon fees and other costs for
G.

’

%ni}~w<~f?.~v~h‘“?~llfe or you adopt an ent1rely new program,k1n—~
service 1nstructlon is cr1t1cally 1mportant and
~_needs to be ant1c1pated in the annual budget. |
Don t forget that you, the pr;nc1pal, ‘can’
sharpen your leadershlp skills 1n sc1ence by,

s part1C1pat1ng in meetlngs of state, reglonal, or

natlonal sc1ence teachers associations. Make

allowances in your budget for your own attendance

-at conventlons such as those" proV1ded by the

‘NationalMSclence Teachers Assoc1atlon; ‘You can - -

?f\‘ | _s N consult'NSTAtfor’details.

B.5. "Science should not be llmlted to classroom'

~exper1ences. Good programs 1nclude wa1k1ng f1e1d

P

-trlps on the ‘school grounds or areas 1n ‘the

.

. imme 'ate v1c1n1ty of the school bus tr1ps to

staff attendance'at science‘conventlons. Whether

'your ex1st1ng program could use an 1nfus1on of new

Z00S, mu_eums,'or-sc;ence centers, and travel to

"X




|
)

other sites that can enhance studénts'! in-school
'experiences.gfTransportation‘ana'other'costsi

T
~. ——

'related to s01ence fleld trlps should be antlc-_
ipated and»1ncluded in the.budgetgf

9"

I.C. THE PRINCIPAL'S LEADERSHIP ROLE IN SCIENCE
INSTRUCTION .=~ = , _ ST

. We'believe that you, the érincipal; are'the
key'to_a healthy science program intfour school.
 'With your'careland support, gooo science eXpe-a
.rienoés for kids will flourish and growf _Without.
your, attention, science;can becomejsiak*aﬁa“eveh

die--and you may not even know.it" Your 1eaaer-”"'”

Shlp is absolutely cruc1al to the attalnment of a

.

quallty program in science. AR A

I.C.1.- We believe that teaohers ano kids'will take
| their science cuesvfromlyou. If yoﬁ'éfé exo{tea‘ } t“iffﬁ
about science, they miii beTeXoited about[scienoei
~~If you think it's important,lthey,will thinkiit's
'// ) 1mportant If you are 1nterested, they w111 be -
/ R 1nterested We urge you to take a leadershlp
el role. ‘Be an. advocate for sc1ence.v'F |
) In a recent survey among elementary prln- |
c1pals in Penns;lvanla, one of the pr1nc1pal' f '..;ﬂf:_<}
roles’ mentloned most often as 1mportant for »l o
’;. f‘n; -:‘successful-sc1ence brograms was . the need'for wt.{wt‘

"demonstratlng a pos1t1ve attltude toward sC1ence.

'Pr1n01pals felt that they had to show leadershlp-- o




“in effect, be the "prime movers" for science,

accentuating their own interest in the .science

-
?

curriculum(G) )

Here are .some things. you can do to show your

-

leadershlp

e T

a. .D1scuss sc1ence”teach1ng w1th your
teachers. Be 1nterested.

h. Visit and part1c1pate 'in science classes.

c. Share 'science teach1ng~“success stor1es

ang 1nnovat1ve 1deas with your teachers.

d. Get parents 1nyolved 1n‘sc1ence_expe-a;
riences at'parentﬁteaoher meetinés.

e. Ask your schooi or_community7neyspaper'

hd or other news medla to do a story on

C ' -+ some 1nterest1ng aspect of your sc1ence

. ,3(

. " S program.

2

S _ £, In1t1ate school and communlty science

falrs and expos1tlons.

-

o ; . g. Identify top—notch sc1ence-related"

community resources for your teachers.

— R .
N

I.C.2. . Schedule times for science into a daily

A

and/or weekly schedule and let "teachers know, in

\
N\

-’

;no uncerta1n terms, that they are, expected to

EI

_teach science for the allotted tlmes--thls_may be

one of ‘the most effective ways'to improve your'

a

science program. -

O

ERIC
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Many teachers let sc1ence slip. or avoid _ B e
teaching it entirely.' It seems to them that no.‘_,"~ _\f}_
one really cares whether .or not they teach 1t.‘
SCience is a major curricular area.; It cannot heﬁ

Sl ‘sloughed off. Let them know that you care.

Insist that SCience be taught

e
A ¥

«“-I.b.B;-. Most prinCipals are required to make peri-
ii ! odic evaluations of teachers, perhaps as’ many as
two to four per year. These evaluative visits are
excellent times for you to’ gauge the health of the
.hscience curriculum._ Plan to VlSlt classrooms when

science is being'taught and look for v1tal signs: L Lo
Are the=kids‘involved in“science-activities? _Do‘;n
'“they appearkinterested‘in;the:lesson? Do they
have opportunities t0'investigate?"'Who does most
of the talking, the kids or the teacher'> Is"there..

- an emphasis on the development of problem-solVing

-

techniques, higher cognitive skills, and science
processes'> Is there ev1dence of on-gOing sc1ence "

actiVities'> ‘Are there science materials or . pro— Lo T e

jects around the room'>

These evaluative visits ‘can be multipurposed}

Not only can you evaluate the teacher s perform—

~ .
~,

ance as you are required to do, but you can also 'R\
assess the condition of the ‘'science curriculum. Tee

'If 15 to 20 percent of your: Visits occurred during

. science classes you would probably have a good L _:r,;f_'ffﬁ

\.»'.., o \ ~ .




-

\ o : -J.dea'of the overall qua]:' ty of @our ScignQe _

5 . By program. Vls:Lt:Lng clas& 'when - selence 1% belng i
‘ S o ' taught also has' the added advantage of 1ettlﬂ§ .
« R ’ -teachers know that you are J.nterested U‘ &czence-\' '

- .

I.C. 4. . You can avoid a 1ot of problems lf YQu hlre
R o
B teachers who are prepared to teach sdleﬂce qanﬁ f

confldent/n.n their ability to do 5Q, \.meh yOu

LT interview teachers, questlon them abo':lt thelr

‘

. ©C Views Lon science teachlng. "How shoﬂld SQ;enQe Be 0

Lo taught?" "What are some 1mportant ov3eatlves"‘"' .‘. .

\ o ' ~ ""Do you. like to ‘teach sclence?" The I\Jflhg

process is a g_ood‘ time for you  to 191? tetherSI o
2 ." .know that science-is an important parR of . th?_\ 2 o

N ) o /

T ’ " . curriculum jin your scl&pﬁ ... . S R

I.c. 5. Problems can arise in any Cur’::ﬁ\lﬂm ,'.I'h;’ ,
sooner you know about thg?n th@ bette? you can a@alw
with them. Be: attuned to problems 19 your sCience |

- program.. Are. ‘fhe chJ.ldren bored in 9Q;3nee C1assvl ' '

Q'Do the teachers grumble about the aﬁlt ot - tll)ne fO:c_‘_'

‘science or the 1ack of equlpmerlt and rl\ater:l.als’f' )

, A Are s'(cn.ence classes d].ffJ.cult -30 dls”\pgulsh :E;'Om

| readlng classes"' If your answer is i\/ to 'Sunn .

) questlons,,then your scn\.e”n.ce pfogram may |a1reaay S o
‘be ~in-deep trouble.- ~Maybe 1t-' 5 tl—lhe' \0 form a. |
commn.ttee to reassess your goals deﬂﬁfﬂ‘lne lf ‘

SN your program is meet:mg your goals,’ 5\1f"Qy

teachers to det‘ermlne thelr needsr aﬂq CQnsler a.




." ) . . ] 16 ‘c. - ‘, . .

.
. . 3 . 2

,'new currlculum. Maybe you can, brtathe some life
L R SO
PG g 1nto your: old program by de31gnrng 1nserv1ce
S o programs to Serve needs whlch have been spec1f-
: , C 1cally 1dent1f1ed ,'w . N
g Lo y . Once the'program‘has been reV1eWed and you
' » 4 ", e
e N know where 1mprovements can be made, then 1t 's up
\ .
X . E . T . \ . . >
RS . to you to ‘take the lead in maklng those 1mprove--
Lt LI . . - . - , i . L. 1’ - X . ~.|
p . L i . “}ents: -_,."~ E . o R g ot
. . : . . s v " . /‘ \‘ o, g v “.- R te e y .ll.-‘ .
- ' I.C.6, - In a gOod sc1ence&program, the prlnc1pa1
RO e plays a key‘role 1n prov1d3rg 1nserv1ce expe— .
> “ ! . W' .
.r1ences 1n sc1ence for “hir r”her teachers.-
. T St L : . 0] R . [
L uhether you have an ex1st1= ogram wh1ch could
.. ‘-‘ “ * 0 LY R
- i use a “shot in- the arm" or adopt an ent1rely new - -, ..
;;'.,,.',.,.-__.,,,.. oo - Lo ; 1 . cl
: o prOgram, 1nSerV1ce 1nstruct10n51n“sc1ence'1s -
° critically 1mportant.‘ ake the 1ead in’ prov1d1ng

such experlences. Here are some thlngs that you

- -

- may w1sh to consrder- '

N o . - o . . -
e - ) . . .
. \ .

‘a. ‘Survey your teachérs.to identify their
. @ S L
9 . - R
\ b..
1ncrease s ga) est in sc1ence teachlng.
- e, -Have your teachers. part1c1pate in- actual
C.. . 4 i
F sélence exper1ences from a new cur-“
. 'rlculum. R 'b-””*
, dkf,.RequeSt a "rejuvenationW inservige
o 5 wprogram from the publlsher of your;: B

current solence program.

FRIC

Aruitoxt provided by Eic:




- ' e. Request an area colrege or un1vers1ty to

- teach a science ‘course . for teachers in
A s _

-

your'school district. | - _ o o

©

° SRR Invite experts from other school

\ .
~

dlstrlcts, your state science teachers
) B organization, or the National Science
: . Teachers Assoc1atlon.'
. 2" Whenever you prov1de a science 1nserv1ce_ﬁw
’program,«yOu; the principal, should»take“partﬂln
f~h ; © « an actlve, v1s1ble, and 1nterested way. Yourz

o

presence alone can contrlbute much to the success -

of such a program. . o "“ .

v

AR I;C.7. - Your part1c1patlon Wlth ‘the curr1cu1um

o,

selection grdup is cruc1a1. You will want to }"

"

lead, assist, encourage, and questlon w1%hout

f01st1ng your views on the commltteehv Research R

flndlngs 1nd1cate that teachers cannot br1ng about

nr@ L 'program changes W1thout the support and ass1stante

of the school admlnlstratlon. Support from you,

!

’the pr1nC1pa1, ‘is a slgnlflcant factor in achlevxng =

a-successful programradoptlon and;f%ﬁlementatlon(7).
‘ o ' : * <

&Y

I C. 8. Parents and - the publlc in gejeral shou1d

- N rv,- ° s -

be kept 1nformed of 1earn1ng experlences in

)

'science. There are ‘many ways you can .do_ thls. a

-very effectlve one 1s- to devote a parent—teacher
e @ s

meetlng to sc1ence.A Get the parents 1nvolved in !

>

\);.

eRlC
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. é‘s,ﬂ
p)

science activities similar to ones their own
children'hawe done. . Hawe-them do science--light
bulbs, plant’seeds,_work pulleys;‘investigate |
méalworms . - S .-““\\r

S

Some schools plan sc1ence fairs' and expo-

sitions. Children dlsplay progects, 4o demon-v

' strations, and.perform experiments. Others

T S hlghllght ‘their sc1ence act1v1t1es through local

news medla.‘ Newspapers often publlsh storles or

- photographs about 1nterest1ngrsc1ence actlvltles:“

' Articles about science olympicslmf}eld tripsi;“;
‘special visitors to classrooms, and otheruinter:'
esting. aspects of the sciencejprog}am‘canlcapture

S the interest of the public and keep them informed.

© [

4

I. c.o. Some .schools use standardiZed'tests such-

o : as the Metropolltan Achlevement Test,gthe Iowa S
| Test of Bas1c bkllls, or the Stanford Achlevement
o . Test. Some of the tests 1nclude sclence sectlons,“
others 1nclude skllls sections which are related |

to sciencé 1nstructlon. For example, the readlng

tests of the Iowa Tests of Basic' Skllls 1nclude

v | '..skllls such as observatlon, class;flcatlon, tlme
-and sequence relatlonshlps, 1nferences,.cause and
effect, and others whlch can clearly be taught or
enhanced through s01ence. Regardless of which |

‘___‘_"’__—‘—___‘_fesfg—are—ﬁsea—1f~1s important—that—they—be—vali

They must measure your school's goals and ob—

jectlveS'ln'sc1enc"““"’
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.I.C.lO. Standardlzed tests usually include normative
data wh1ch allow comparison between your puplls
and natlonal samples. _Ifﬂyour pupils are per—.
forming belOW'the'average or median scores, this
could be an 1nd1catlon that your SC1ence program beiJf
could be 1mproved.- If your school has test -: S ff.
results rang1ng over a period of several years,
~ you can compare them for trends. If the scores : _9-

show a decllne, this too, can be ‘indicative of che

' need for action to improve.

I.C. ll." Giving grades in science'is'a problem for

many teachers. Even though.¢he school has a
grad1ng system, maybe A,B C, etc., many teachers»
.f1nd ‘it difficult to asslgn grades,except on the
ymost.arbitrary bases, This>is»partiCularly true
if your program is an activity;centered program ”
where it's hard to judge’'if someone gets.a B or C DR
}1n constructlng and ma1nta1n1ng an aquarlum, or an‘”

Aor a B in obserV1ng a mealworm.f As pr1nc1pal,

you can help teachers, first by recognlzlng the

‘d1ff1culty they may have in ass1gn1ng grades, and

_.{secondly, by exam1n1ng alternatlve approaches to

}gradlng. Many schools have found cr1terlon—

lr.

. referenced checkllsts effective. Others have ~

’ moved sc1ence 1nto a satlsfactory—unsat1sfactory

o ~ reporting. system or some mod1f1catlon of it.

ﬁ. Stlll others have carefullly def1ned what is meant‘

29

R
A
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: \ by an A, B, or C'in. science.

It is important to
lesd your teachers into a grading system for

science which they, the children, and”the parents
can live with
\ _

‘I.D. REVIEWING YOUR - STAFF DEVELOPMENT~PRACTICES
= : :

The principal has a key role\\n prOV1d1ng

inservice experience 1n»sc1ence for his or her
; - eachers.
| .

Whether you have an existing’program

. Lo
© b

that could use .a burst of energy, or you adopt an
entlrely new program,

1nserv1ce 1nstructlon is
cr1t1cally 1mportant '

_No science program‘will be

effectlve unless the teachers are w1lllng and able
to teach 1t.

Your 1eadersh1p in prov1d1ng in-

Ed

confldence and sklll~requ1red to teach sc1ence
successfully.

| _ ‘. :5&.'*“-”:

%

We wouldn t expect our automoblles, or even
our bodles,

-

to run W1thout some routlne maln—

tenance, but we often expect our sc1ence programs

attentlon.

i

to keep golng and golng w1th llttle or no

I \‘
\ they are alloWed to accumulate, eventually they
1

There Wlll always be problems, and 1f

\ will kill the program.
\

\grams on sc1ence can help avold sc1ence program
\

Perlodlo 1nserv1ce pro—

\mortallty

An 1nserV1ce program every year ‘or: two

can help.headvoff problems before they become too




N
R

serious--and'these programs must be specificallyv
designed to serve the needs- of your sc1ence

o
currlculum - It does llttle good to have an

1nserv1ce program which™ demonstrates outdoor
‘education teachlng technlques 1f your teachers
perce1ve the1r problems as a lack of time_ for
teachlng sc1ence or a lack/of supplles; Your
1nserv1ce'programs‘must beudeslgned to meet the“
needshof your teachers and your curriculum;ﬂ J

I.D.2. lTeachers are. often very Crlthal ‘of 1nserV1ce;
programs.. Many cons1der them a waste of t1me.,.

; One way to make them useful is to 1nvolve your
'teachers in thelr deslgn.a Ask them, throuqh

surveys or ‘other means, what the1r problems are in’

science and what klnds of help they need “Ask

‘. N I \ N ) .‘
: them to assist you in des1gn1ng programs spec:f-'
1cally to meet the1r needs. .
'I;D'3 ’Successful sc1ence 1nserv1ce programs are

often those wh1ch allow 1mmed1ate appllcatlon t0'

Y

. - classroom use. The program should enable them to

‘teach science more effectxvely in the1r own
classrooms w1th the1r own puplls. Whlle esoterlc
fprograms on: the relatlon of sc1ence and technology
or the merlts of the space program may be 1nher—

=

ently 1nterest1ng, teachers may not be able to '5'

"-translate*them‘;nto:classroom use.y Most teacher“b




22
surveys show that teachers=wantjinservice‘programs‘

-that are applicable‘to their own classrooms. = .

I3

-I.D.4. When "a new sc1ence currlculum is adopted ' R
one of the most effectlve sclence inservice
’programs is one which involves teachers in using
program materials or teachlng technlques that they.
. :‘f W1ll_be expected to use w1th the chlldren. For

'\a

example, 1f the program 1ncludes act1v1t1es like

constructlng s1mple electrlcal c1rcu1ts,«des1gn1ng |

[N

pulley systems, or operat1ng slmple machlnes,k L

teachers should be 1nVolved/1n those act1v1t1es in

e

‘much the same Way as the1r puplls.W1ll be.~<If~

the new program 1nvolves new teachlng skills such
. +as questlonlng or- evaluatlon technlques, the -
teachers should be ass1sted 'in 1earn1ng such - : SETRRERE

.techn;ques: If the new program 1nvolves a new

, teacher's gulde; 1t should~be rev1ewed w1th

e L teachers before they have to use it. If yourt"

former s01ence program cons1sted pr1mar11y of

readlng and your new one 1ncludes llberal doses of .
hands-on act1V1t1es, your teachers should be

1nvolved in 1nserv1ce programs whlch glve them the

- T ) opportunlty to practlce those hands-on act1v1t1es.r.

RS

R

"I1.D.5. - Your part1c1patlon 1n the 1nserv1ce pro—

grams 1s 1mportant to ach1ev1ng success.;,We‘know\

that you haVe a busy:schedule but yo' ‘;nvestment_
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&

ij" . ’ in t1me Wlll be worth the effort. :bur experience
L and reports in the llterature of science educatlon
e : show that as prlnclpal partlclpatlon in’ 1nserv1ce
.~ Programs 1ncreases, the chances for a- successful
program implementation increases. Don't llmlt
your participation purely to observatlon or to in-
+  and-out VlSltS. Get actlvely 1nvolved' Your
partlclpatlon Wlll show the teachers that you ‘are
interested and that you do care. What_youylearn‘f

L _ will help you to help them.

I.D.6. Oppdrtunities_are often availablegfor'
teachers to become 1nvolved in sclence workshops,
courses, or meetlngs proV1ded by colleges and '

unlversltles, profess1onal assoclatlons, or other‘"efuﬂrg;

e T -

educational” agencles.‘ Advartlsements concernlng

SN

such programs can be passed along to teachers, and .

I}

they can be encouraged to partlclpate. -You may

&

) o 'w1sh to ask representatlves of . these agenC1es 1f
K they would be w1lllng to deslgn a sc1ence teacher
educatlon program to flt your local needs. yFor

'?example, a college or unlverslty may be w1lllng to

s prov1de a course'1n your school speclflcally

_dengned to asslst your teachers to 1mplement a
new sc1ence curr1culum Such a course may be

.prov1ded for graduate credlt. Or perhaps vou haVe'

~a local,<reglonal or state sc1ence teachers' g

organlzatlonIW1lllngpto aSSlSt you 1n 1dent1fy1ng

ERI!
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your sc1ence goals or plannlng a sc1ence cur-
_r1cufum for your school.‘ You can 1mprove your
science curriculum b& helping your teachers Lo
1dent1fy and part1c1pate in organLZed inservice
.experlences in sc1ence.' |
I.D.7; Teachers need time to.improve their science
teaching skills. If such time is not.provided
during the school-day,'nany teachers;are'increas-
ingly relnctant,or-nnable to;attend nrobrams'

. -+ .during evenings:or»Weekends. VSchools.may wish to

ra

- schedule’ 1nserv1ce days for times durlng whlch
. 1‘&“ .

: teachers can part1c1pate in organlzed sc1ence
g . )

1nserv1ce programs. For example,’thexPennsylvania

Science Teachers Assoc1atlon recently scheduled

1ts annual fall conference to COlnClde w1th the

1nserv1ce days of reglonal schools.a T

w'/ : Many schools ‘provide release tlme for teachers

[ . . - 5 s ‘_’__/.
' to attend conventlons of thelr state sc1ence

teachers organlzatlon or-the area or natlonal

k2

RES

conventlons of the Natlonal Sc1ence Teachers

\

‘ASSOClatlon. Teachers are often sent to theselﬁ-

.

’\meetlngs w1th a mlsslon-—to examlne new curr1cu1a, R

"to attend sesslons wh1ch address 1oca1*prob1ems,"J”7w

‘or slmply to become better 1nformed-about new ”fT*T:i

trends and . practlces 1n sc1ence educatlon. Pro-"“

v

'_dV1d1ng release t1me for teachers to'part1c1pate 1nj;

Aruitoxt provided by Eic:
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- ~. I.D.S8. If your school doesn't have Science and

S * Children and other professional journals'avall-
' N . g
able, it should Journals such as Sclence and *\(

y' w L Children, Sc1ence Act1v1t1es, the Newsletter of

'the Councll for Elementary Science Internatlonal

the newsletter of your state sc1ence,teachers

aSsociation, and others prov1de*valuable 1deas and
-~ resources for elementary teachers—-ldeas and .

resources they can Juse 1n.the1r own classrooms.

If you already have such journals in your school

make a note to call: them to your teachers'v |

attentlon. You may/@ant to- look them over yourself

’ f" and dupllcate an artlcle or two that you ‘believe

would be useful. to your_teachers.

II SCIENCE TEXTBOOKS AND/OR WRITTEN CURRICULUM MATERIALS

r‘a

You can learn a “lot about your science program by

‘examining. your s01ence textbooks and/or other wrltten

a

curriculum materlals., In th1s sectlon we shall gulde
\you in ‘the review of those currlculum materlals,
1ook1ng speclflcally at sc1ence content processes, and
other factors which may contrlbute ‘to an effectlve

sclence curriculum.




II A SCIENCE CONTENT

‘Most sc1ence learn1ng experiences are based
on written materials, usually‘textbooKs._ Science
" ) I , . " , . N

' facts, concepts, and generalizations are included

-~ -

in those materlals.. They represent;the cymulative .
knowledge of hundreds of scientists over many
| years; These concepts or generalizations are the
content or subject matter of science, the product
m% of years of{observation and experimentation,

s GeneraliZations'like "most matter expands when

- -—

heated and contracts when cooled ““expresses
several concepts. ThlS generallzatlon enables us\N
¢ to connect and explain a number of dlfferent
: events. a glass that breaks when we put-bolling
water 1nto 1t, a steel br1dge.that is a tlny blt-
longer 1n summer than 1n w1nter, the rise and fall .

of flUld 1n a thermometer, electrlc power llnes

that sag more 1n summer than 1n w1nter, and sO on.. .
Such concepts help chlldren to understand and

.interpret\thelr environment and should be a part

of the written curriculum materials.

_II A. l "What shoul be taught in sc1ence°"_is a
questlon ralsed by many who have glven some
thought to the content of the sC1ence currlculum.;

Oplnlons dlffer about what shoula be "covered "’

We are all famlllar Wlth th 'emphasls that has

been placed on theffacts of sc'ence,‘ the sun 1s




o

93,000,000 miles away, spiders haveleight legs,,

water expands when frozen, magnets attract iron

v S ¢ ’

. and steel, and so on. While most science,edu-

‘cators, agree that science content should be ‘ o
. ' . ! ) | I ® . . S o
relevant to the lives of the children and th.t it ' E

i

should be learned through a "dlscovery" process,

they do not agree on exactly what content should ) A

'S

vt

‘ be 1ncluded in s01ence currlcula. A review of 1'"5 : };Q
. elementary sc1ence currlculum materlals reveals a
T dlverse coverage, empha31s, and grade level place-

ment of sc1ence content. Some currlcula 1ntroduce,;

electr1c1ty in Second grade, others in fourth

Anlmal and plant life is a major un1t in some
f1rst grade programs, others do not mentlon 1t

>

untll the thlrd grade.- Rocks are 1ncluded 1n some
currlcula, omitted in others. A rule of thumb N
" that many pr1nc1pals find useful 1s to compare the
emphasls on content related to the physlcal llfe,

‘and earth SClences and look for an approx1ma%ely

equal emphasls among these.three areas. - Whlle

: th1s technlque Certalnly does not quarantee a good ’
sc1ence program, 1t does make d1ff1cult the
exclusion of whole areas of sc1ence content.

. f'Il.A 2 Sc1ence is not a subject that 1s studled

only for the joy that it glves, rather, 1t is

studied for the value 1t has for the chlldren s _4

.‘\. B

, llves now and 1n the future.‘ Sc1ence should help

'"_},,.».3 7




\\\ . B : ‘ ) . .
~. s -

. “ chlldren learn about themselves and the world

A o ~around them. - It should enable them to make wise ) o }ﬁ
decisions. .It should.help ‘them to understand how |
their own bodieswfunction; what causes day and .
‘night, the;seasons,~and_weatherfland how energy
\\ | _ flows~in‘ecosystéms. It should help them to \
AR - recognize societal issues related to science and

technology,-such as pollution, the use of pes- , P ._j;

" ticides to control agr1cultural pests, food o
‘ production and nutrltlon, and energy productlon

and consumptlon.- Sc1ence classes are the place.tol'.f'

begln learn1ng and th1nk1ng about 1nformatlon>

relevant to issues ‘concerning us now and in the

future. -
II.A.3. One of the main reasonséfor teaching any
i .'f.school“subjectmis“tothelp“chlldrenmagg_y_whatwthey

learn to everyday 11fe. Concept4 related to-
' energy can help chlldren ‘count calorles 1n the

food they eat, see the relatlonshlp between home

T _ - _ ] 1nsulat10n and money»spent on energy,.or enable
them to expla1n how energy is transformed from one

‘ form to another 1n a kltchen.. A unlt on plants
’can help chlldren 1dent1fy those used fOr food-~"
others, such as aloe and foxglove, used for -
medlclne; and st111 others, such as crown vetch; |

' used for eroslon control.f Concepts related to alrlﬁ

and water can help chlldren 1nterpretlweather\ r'»

;forecaStf’




y ’ ' " , . , . - ‘ , . : ‘ 0 . - .
'+ . in one part of the country can affect another

part, and explain how cloud cover affects the .
Earth's surface temperature. Look for evidence of
real life applications in your science’curriculum.

L) .

;7 : : They will help children use the science ‘concepts -

learned in school. ' 3 B R .

II.B. SCIENCE 'PROCESSES } o -

a L]

SClentlflc inquiry 1s often descrlbed as the

B ‘search’ for knowledge. It is what sc1ent1sts do

-

when they attack problems and search for solutlons.
When someone. inquires or 1nvest1gates or uses the'

methods of science they are involved in science
t  they . \

« processes. That is, they do science.

In the elementary school ;these processes

include observing, classifying, communicating,
e

measuringllhygothe§izinq. predicting; inferring, /

: designing-inVestigations and” experiments, col-
- : - , e
‘ belecting-and analyzing data, arawing conclusions C -
- and making generalizations. These process skills
" are basic to science as\a-discipllne-and'basic'in
helplng chlldren learn how to learn. An elemen—
L tary science program that lacks an emphasrs on

processes is probably not an effectlve program.

IT.B.1. 'Good elementary science'programs ensure
‘that” all the chlldren will be 1nvolved 1n hands—on

3,’ ' Jnvestlgatlons for apvrox1mately 40 to 60 percent




of their class time. The emphasis shohld not’be e

: : on teacher demonstrations or: investlgations that

\

the children read about but can't or won't do

‘ -themselves. Rather, to-learn science they must do
4 o . . n

it. .They must participate. They must. w0rk with

T science materials. They must discover for

[ B . . ' e

themselves. e

II. B.2, If Your science program tells kids all the v '“f

v

answers without lettlng them flnd out for them-
T h selves, 1t-probably 1sn t a very good program.'

Read through some of the 1nvest1gations,< Are the o
kids told what to do’,. how to do it, and how it - L |

will come out° If the answer 1s yes, you can .be

sure that the 1nvest1gatlons are cookbook If the _f - ‘fff
. teachers and kids are requlred to follow rec1pes,

. they will lose the joy and excltement that comes

’

from maklng the1r own exploratlons and d1scover1es.

- Cookbook experlments requlre few decxslons and"

llttle thlnklng, and they deprlve chlldren of
opportunltles to learn how to learn-«a baSlC Sklll .

H

that‘lasts a llfetlme.fJ

P

~

II B.3. Look for eV1dence that chlldren rece1ve
heavy doses of sc1ence processes.- We become»

better observers by pract1c1ng observatlon._NWe R

.-

”ffn5~¢5~m¥¥-“~learn to measure by measurlng.»UWellearn to“lm}rmw,u{f-;fff'

?‘:"k

e analyze data by analy21ng data. We learn to f




Aruitoxt provided by Eic:

II B

»

¢

Lo

oo

the relatlve sizes and posltlons of planets in the

solar system, deslgn 1nvest1gatlons to determlne N f

These process skllls cannot be learnedkw1thout;

e

.opportunltles.: |

4 The wrltten mater1als should challenge me

chlldren to solve problems by apply1ng sc1encef“
process skllls. For 1nstance, pr1mary grade,i:
chlldren can: be 1nV1ted to measure the lengths of

varlous objects Wlth paper Cllp cha1ns, 1nfer the

size and shape of hldden objects by obserV1'g”

thelr shadows, or classlfy materlals accordlng to

thelr magnetlc propert1es.~ Upper grade chlldren a?ﬁfﬁ

-

©

can be 1nvrted to construct scale models to show

grow best,

f

b >

‘or devise plans for sav1ng electr1c1ty at school

the types of SOll 1n whlch seeds Wlll

or home. In each example, the act1v1ty 1s de—f
signed e1ther in its wrltten descr1pt10n or. by

teachlng strategy, to 1nv1te chlldren to use

sc1ence processes to solve problems. Chlldren are

confronted w1th problem s1tuatlons and app1y A

sc1ence processes to ‘solve them. Look for such

opportun1t1es in your science program.




. II.C. OTHER CONSIDERATIONS FOR WRITTEN SCIENCE
¢ MATERIALS

B SInce your wrltten s01ence materlals are thev.

P

common guldes for your sc1ence curr1cu1um, you

w111 want to ensure that they emphaslze not only ;

content and processes, but that. they are. con- :
sistent w1th_your goals, that they are 1nterest1ngn
and.make sense_to the chlldren, and that_theyvare o
/vdesigned“for‘easy:and effeCtive'use byateachers;
bThis section will focus on additionaf consider—
ations for youjto thinklabout as you examine'your_._

written science-curriculum materials.

.II}C;l.' fourvcurriculum materiais should‘heip»
| ~achieve your science goals.: If'one of your goals -
is to "help chlldren understand the env1ronment o
and make wise dec1slons about 1t,? then your
curriculum materlals should 1nc1ude env1ronmenta1
5 sc1ence and opportunltles for chlldrenvto practlce,'
decision-making skills; If one of'yourngalsiis |

to "help chlldren develop problem-501V1ng sk111s,

then the wr1tten ma+er1a1s should 1nc1ude oppor—

o tun1t1es for chlldren to use process sk111s such

as class1f1caﬂlon, 1nferr1ng, predlctlng, and -

formulatlng and testlnq hypotheses. Your goals

N

tell you- where you want to- go,yyour currlculum\-

materials te11 you how . you w111 get there. ' ? ,

42 B




II c. 2 . Good ‘science. programs 1nclude materlals

L

wh1ch are clearly ertten, accurate, and up +o‘?

date. ‘Spot check your wr1tten mater1als., Would

‘most chlldren be able to’ read and understand them’jm”ﬁf

Do - they appear accurate’ Are they up to-date’ 1ff:

What is the most recent copyrlght date’ffAreff;

references llnked to recent d1scover1es‘1n sc1ence
and technology and current problems confront1ng

soc1ety’

Ii,C.37 Everyone knows that chlldren "learn gif, ,hx

by dolng; . But Plaget, a Sw1ss researcher who hasy}-f

‘ made a great 1mpact on the deslgn of elementary

)

science currlcula, puts 1t somewhat dlfferently.vrf-‘

not only do chlldren learn by d01ng but they learn e

by thlnklng about what they are d01ng.. Plaget has
d1v1ded/&he.th1nk1ng processes of schoolfage‘\

children into three broad;overlapping-sé ges: .

preoperational thought, lasting from aboutwage

four to seven years; concrete operatlons, from

about seven ‘to twelve years; and formal operatlons,.
from twelve years on; Slnce preoperatlonal

‘fcon srete, and formal thlnkers dlffer 1n how they

operate.mentally,_teachers must deslgn exper;ences;:
L o ' : B R s
to fit what they can do. i

' ._In-general; this means that"primaryflevel a

children“learn‘best,when their science“actlvities'

stress perception. vPreoperational‘thinkers use




‘ organlze, in s1mple Ways,tthe propertles

materlals such as magnets,melectrlcal c1rcu1ts,

) gerblls, and rocks.- Upper-grade chllcren (ages

II. c.

: often result. Most wrltten sc1ence materlals

l

i
T
.
I

appllcablllty- :‘ g B 44

'1deas (transfer of energy, 1nterdependence of .

spec1a11st to rev1ew the materlals for grade level

all thelr senses to help them descrlbe andy_y - jx*

,of llv1ng

and!non—llv1ng thlngs., Chlldlen 1n thermlddle f]r

grades (ages elght and n1ne) usually,w rk}welllF4)

w1th problems and 1deas that refer to concrete ‘

\

ten on) Stlll need the concrete experlences to

.

work from, but often are able to develop abstract

llv1ng thlngs, water cycle, and so on) from thelr

eXper1ences(8) The written portlons of the
501enCe Program should reflect experlences whlch _f'fﬁ?Tf

t1ke into account the developmental levels of the »(f}‘?”'

\.

children.

4, - Sc1ence materlals that o} 1ldren are

.r

expected to read should be approprlate to thelr

level. ,If they are not, boredom and frustratlon'}

(texts) have had readablllty formulas such as the’
Fry or the Dale—Chall applled to them.; Look for
lnformatlon about readablllty levels 1n the f. |
teacher s guldes or request such 1nformatlon from -
" the publlsher., If th1s 1nformatlon‘1s;not readlly

N

avallable, you may W1sh to ask your school readlng

'\;




II C. 5. ‘ Research shows‘that chlldren have a. hlgh
1nterest 1n sc1ef:

sc1ence-related books.‘

As you-rev1ew he:w 1tten,

©

place.-

4 L

- arouse your cur10s1ty° Do they st1mulate exc1te—*f

‘ment? a good Way to kill kldS 1nterest,1n¢ ;ff'ﬁ

T . science is' to. select sc1ence books that are dry,_-'

n

3

dull,. and»borlng.' ‘ - ' . s " )

.

— - K

II C 6. A Whlle Only a few chlldren 1n your school

\7‘

careers’ that are related to sc1ence and technology

The elementary school 1s a good place to have kldS‘

begln thlnklng about career optlons and readlng

about laboratory technlC1ans, eng1neers; health:rf
spec1a11sts, ecolog1sts, and others who serve as

occupational role models. The wrltten mater1alsf

“ - "should include 1nformatlon on sc1ence related

_careers.

- .

s ' II.C. 7. Teachers often complaln about the. lack of

: evaluatlon materlals in. sc1ence-programs—-and
l :

-
l

r1ghtly so.' Good sc1ence programs prov1de testsd”

and other evaluat;ve 1nstruments for use by

i

teachers; Such 1nstruments should be valld Theyv

’ -

should measure the chlldren s progress toward

ach1eV1ng the goals and object1Ves of the program.

ERIC

Aruitoxt provided by Eic:



_des1gn 1nvest1gatlon39 Can they analyze_dataoﬂ’”

N

V~Can they do what the curr1culum is. des1gned tof’

II.C.

-, .~--—5

@

8. The-teacher's guide for written science

materials is-esPecially important. ‘A'good"guide‘}/
“ ‘ . .
WllL help ensure good sc1ence classes It w1ll be .

by the teacher s. s1de for reference and use bItn,f:%'
_ hould be organlzed and wr1tten SO - that teachers
_can understand it. It should be easy to use and

_take llttle tlme from the1r busx schedules.LyItyfy

C\ : KR
should conta1n objectlves, teachlng strateg1es,

i materlals needed, and other 1deas‘for teach1nq

'sc1ence effectlvely.x Teachers must percelve that

the teacher s gu1de 1s useful to them, otherW1se,

' ~they may not use it and s01ence may not be taught

II.C.

' sc1ence applles to the ch11dren s llveszi

‘.~ Lo

9. F1nally, the wr1tten sc1ence materlals

should 1nclude many pract1cal examples of how

-
L

Stud1es‘

of the human body should be related to the1r

k bod1es The study of rocks and m1nerals should

’begln w1th those commonly found where they llve. SR

“-'The study of electr1c1ty should 1nclude tech— f;

.\..

ynologlcal appllcatlons w'th wh1ch they'are




famlllar,

*FLelectrlca;L

ITI

1earn1ng 1t.A

III.A, OBSERVING TEACHER BEHAVIOR

Observ1ng teacher behav1or us one of the keys
- % to judglng the effectlveness of your sc1ence- i
program. The1r attltudes toward sc1ence,.the
teachlng strategles they select ,the1r questlonlhg
technlques, the1r 1ntegrat10n of sc1ence w1th o
'other currlcular areas-—all are 1nd1cators of

\

overall program effectlveness.

III A. l Tlmes for teach1ng sc1ence, e1ther by mlnutes

o\

per week or by scheduled tlmes each day, or both

.must be adhered to by teachers.~ One of the most

1mportant actlons you can take to: achleve an‘*‘

Aruitoxt provided by Eic:



‘j_lt a- p01nt to schedule your‘v1s1ts»to c1assrooms‘
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III A 2 Teachers whd'disiikefscience'wili usually

_do a 1ousy job of teachlng 1t or av01d 1t alto—

vHelp them to feel better about teach1ng of
”science. Talk to them. Flnd out about the1r

ufeellngs toward sc1ence.

III A. 3.‘7"Variety 1s the sp1ce of 1ife.u: That old:

’adage also applies to the sc1ence classroom.;

" of . the same th1ng would certa1n1y become borlng.

-

ﬂto~c01nc1de withmscheduled teach1ng~of*sc1ence.

RN

v

getherg Many teachers will take the1r cues from

you, the pr1nc1pa1.‘ If you show an 1nterest 1n

-

‘sclence, they w111 show an 1nterest.: If you talk

1t up, they will talk 1t up.' If you show that

‘

1t 's 1mportant to you, 1t w111 11ke1y become

1mportant to them._ Help your teachers to accen—f

\
\

-tuate the pos1t1ve and e11m1nate the negatlve.f‘

a

i : . -

A

Alt%ough We may ﬂave fOOd faVorJ.tes,fa Steady dlet

'
-

So 1t is Wlth sc1ence classes., Whlle ch11dren"’

must: be 1nvolved 1n sc1ence 1nVest1gatlons,"’

\

after c1ass of 1nvest1gat10ns can become borlng
and counterproductlve, just as a’ class after classg.j

of" readlng and rec1tat10n can become borlng and




39

‘counterproductlve.-fAigOodfsCiencelteacheerills”

objectlves.

IIT.A.4. In the past,,much of sc1ence teach1ng has

Good teachers know *hat varlety helps to

stlmulate and ma1nta1n 1nterest Look-for eV1dence7

that chlldren part1c1pate 1n ‘a- varlety‘of

r1ences dur1ng the1r sc1ence classes.ﬂ experlences o
such as 1nvest1gatlons, readlng, gamlng, role—j‘ |
playlng, fleld tr1pp1ng, dlSCUS81ng, worklng alone
0or in small groups, wr1t1ng, d01ng prOJects, and |

so on. .

focused wholly on sc1ence content. Electr1c
current is the ~flow of electrons.' lee ends of

magnets repel unlike_attract.:'Mammals have‘halr.

- Rocks are. 1gneous; sedlmentary, or metamorphlc.-

These are all examples of sc1ence content ‘we have.

_\

learned.o Whlle content 1s Stlll 1mportant,‘

o

sc1ence teachlng cannot be effectlve unless 1t

_1ncludes opportun1t1es for chlldren to part1c1pate'"

"in sc1ence processes. Teachers must see to it

that chlldren deVelop skllls llke observatlon,

communlcatlon, measurement,'1dent1f1cat10n and

control of Varlables,'and exoerlmental deslgn.
_ < .

These processes¢have lastlng value because through

.,'_,

them ch11dren are learnlng how to- learn. ‘




for chlldren to learn how to, ppayjthe content and

processes to.thelr_own_llves

fAndlappllcatlonkls

fmm<_lr1earned“through practlce.g:.“

Teachers should prQV1de opportun1t1es for‘ﬁ

chlldren to. apply what 1s learned For 1nstance,f

the predator-prey relatlonshlp may be best learned

in a s1mulatlon gamevln-whlch some chlldren playv

o

. . the role of wolves and others antelopes.._Or

M3

chlldren s 1nvest1gatlons of thelr own reactlons

’

to touch, sound and slght stlmull can help them
R learn to formulate and test hypotheses whlle .fa
learn1ng about thelr own nervous systems.‘hAnd

w

socxetal issues’ such as,pollutlon, energy avall-”;

'ablllty and cost, str1p m1n1ng, or the use of ‘

! . . I A

pest1C1des can be 1ntroduced through role-playlng.x
First, chlldren read about an'1ssue, then advocate
‘a. part1cu1ar polnt of v1ew, ‘much as adults mlght

do at publlc hear1ngs.

When you observe sc1ence classes, look for

chlldren learnlng the content and processes of
s01ence and how to apply them to the1r everyday

_,llves,

III.A.5. Your sc1ence currlculum may be 1n trouble l%{a
1f most classroom experlences focus on a 501ence‘
book or on the teacher. 801ence 1s best learned

by - part1c1pat1ng 1n 1t, by makln%;obserVatlons anqv”°

e

Aruitoxt provided by Eic:



. 5o

'd01ng 1nvest1gatlons, by d1scuss1ng Lesults w1th
others, chlldren and teachers, by worklnq:'lone

3 : ERRERIEA
' _and_;n_small—groupsrfby dis6676f1ng thlngs vou

- iyff}>dldn t know before,»by testlng 1deas.

°vteacher lecture, and rec1tatlon are Stlll 1mpor-ff

‘gtant parts .of 1ence classes,‘but the heart of

#

those ' classes must be actlve, man1pulat1Ve, hands-

-on experlences; Teachers,who do not prOV1de

C. - ubstantlal numbers of those exper1ences for

chlldren are probably not teachlng sc1ence o

effectlvely. .
The work oF Pwaqet has shown us’ clearly that
if ‘we want to her “hIrdren to develop the1r EEE

" thinking skills then they(must be allowed Mo

Athlnk with thelr hands. Words, poken or wrltten,:vrw
are helpful to most chlldren only to the extent 3
‘that they. have an opportun1ty to manlpulate |
'concrete objects. They must work w1th real'

materials before they can grasp abstractlons. 1

'Experlence w1th real objects prOV1des the foun-
‘d\tlon upon Wthh abstract thouqht is’ bu11t
Chlldren must have an opportun1ty to manlpulate a
wide variety of_ mater1al objects, and the s01ence‘

- - class is a na+ural place for this to occur(9)

i g -

e

III A.6. Durin 'class inVestigations teachers'should

become gu1d,s and helpers._ They should set the‘
. —




1perform They should move about the room}ob-gr

xserV1ng7*eValuat1ng,;asklng questlons to c1ar1fy

concepts or spark more 1nterest They should lendj

theﬂrﬂhaq

the back where they re deserv; ;} They shouldv

. are. needed and glve pats on

.

exhlblt 1nterest enthus1asm, and encouragement
: S\ . .

L
Y-
~ .

III.A.7.  All too often teachers,of‘sclence:kill
.curiosity by telling'the children'too,much;“fThey‘
tell them_whatﬁto do, and how'itls‘going’to turﬁ;
out--before the klds have an opportunlty to

- h By c N
R discover for themselves. How many t1mes have we ——

n\\- ‘_' heard teaching go like thls,u“Electrlc current ‘is

e

Slmple‘

A , 'i;' - the\flow of electrons 1n a c1rcu1t.

\ C f‘ c1rcu1ts 1nclude a: source, a path ‘and’an~appli;‘T-

\ . I . -rT

| _ *ance. In the c1rcu1ts ‘we w1llvmake, the dry cell
\ . “ N :V /

is the source, the w1re is the path 'and the bulb

e

. ds. the appllanCe-? Now, take your/cel”l and »n i

A far better technlque, both 1n terms of

N

out a cell

1nterest and retentlon,lls to pass
l [ \ : V

bulb, and a\W1re to every pupll and challenge

-them "Can you\make the bulb llghtTT Once puplls

A have dlscovered how to make the bulh.light,;
g

@~

perhaps“by severalxdlfferent arra' ementsT—the‘“’“"

-

teacher can then “1nvent" the conc ’t of slmple

‘

c1rcu1ts.» The d1fference in these two approaches
' |

1s that in the latter, the\chlldren s concepts are

; SN \

bullt on a- foundatlon of experlence--the way 1t

N

]ERJtiif

Aruitoxt provided by Eic:



III A 8
;;walt tlme is deflned as. Lhe amount of time that
.elapses from the tlme the teacher completes the
“asklng of hlS or her questlon untll the tlme a_
rstudent responds.- In her study of questlonlng» o
~]'behav1or of . teachers Mary Budd Rowe(lO) found that -
_teachers, on an average, wa1t less than one second
{for students to reply to the1r questlons.‘ When
Iwalt-tlme is 1ncreased to an average ‘of three_"

'seconds'or more, the follow1ng occurs-~'

When descrlblng questlon;ng tc hnlques,a}kIf

.

a. - The‘lengthtof-student'response;rncreases.
.400;800‘percent. - i.' .hg}ihf°5*~?”
b. | The number of unsollc1ted but appropr;ate..
| responSes increases.
c. Failure to“regpond_decreaSesf,L
idr Confidence of‘children"increasesgf
e.'('The number of'questions askedfby studentsf{‘

increases.

ERiCﬁ”"“‘V

Aruitoxt provided by Eic:

f..” Slow students contr1bute-more*““1ncrease-
"’“fhjls from 1.5 to 37 percent.
g;' The Varlety of types of responseé/*-' ‘ t%'gpﬁff

increases. There is‘more‘reactincfto

o ' T

-each other, structuring of:procedures, -

i . . 4




chance to thln Measure the walt—tlme of your

- . ."

Co ’H:"teachers.‘ Encourage them to allow pauses of at

N . - least three -to flve seconds.' ' _ '; , N

* -t . . Y o,

N P . a
- ' S -

III.A.9. Communlcatlon SklllS can be sharpened durlng

~, . -y \

sc1ence class. As chlldren observe, work on

M \ + N

' -1nvest1gatlons,,and make dlSLOVGrleS, they often..,f

’,

1o
4

have 1deas they W1sh to share. Through such

chii’ai’:é'n‘-séy; L:Lstenlng to% the ch a en can also

longest.

¥, ~

éencourage favorable attltudes. The Sc1ence

(RN

Curr1culum Improvement Study (SCIS) 1dent1f1es

:$01entlflc

/.

several attltudes Whlch are a part of

llteracy- e

Aruitoxt provided by Eic:



a. curlos1ty--pay1ng partlcular attentlon
to an object or eventnand spontaneously
W1sh1ng to: learh more about it |

b. ._1nvent1veness--generat1ng new 1deas

c. critiCal thlnklng--baslng suggestlons
ana conclusionspon eviaence |

a. persistehce—%maintaining an active

interest in a problem or event for a .

'long period of time(lZ)ffr"".. ) \
'To this list we could add .~,‘o » | n«ms
e. open—mlndedness--a w1lllngness\to hear

many p01nts of view before draW1ng a
. . . _ 1:‘4

" ~conclusion®

9.

£. responsibility—;care'in handling eguip-

‘ment and promptness in meeting assigned -

cu

These are attitudes and.behayiors which can
:'be encouraged by teachers who make sc1ence fun,
llnterestlng, and challenglng, by teachers who
encourage success, who bulld chlldren s" ;elf-'
’esteem,'and who serve, themselves, as - role models
'.of'such‘behaviors. A :"-ﬂ“, |

-

III A. 11 Ma1nstreamed handlcapped students-—the

V1sually, hearlng, or orthopedlcally 1mpa1red the

mentally handlcapped the - 1earn1ng d1sabled--

K

, should also be 1nvolved as part1c1pants 1n sc1ence:.

5;exper1ences.; Though the1r handlcaps may represent_

-

tas-ks'r~~and—ot'her_s-;-— . _,4,.“_‘_'_.___‘_...“_.__’,.. O
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III.A.12.
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»

challenges, these children'can profit just as much
. ‘ ers. The -

from hands-on science experiences as others.
including the use

, e
extent of -their participation,
of special instruction or materials, can be noted

in their Individualized Educational Programs

(IEP).
Science can enhance skills from other parts
When. pupils look up"infor-"

-

of the curriculum

mation about‘planets in an encyclopedla, they are

When they measure and ;raphfchanges\{nh
/Théy USe N

reading;w
plant growth,,they use mathematlcs.

language SklllS to organize and report the1r
When chlldren plan

observatlons and experlments.
'and draw a large plcture to 1llustrate the bones
in thelr bodles, this is art. Such'lntegratlon of |

. _ !
sub]ects is. both desirable‘and usually necessary .>\\
1f you want to promote useful learnﬁng: o f_ Ty
There are also’ tlmes when content subjects or '

\

parts of subjects are’ 1ntegrated w1th sc1ence.

T Energy and env1ronmental educatlon,\soc1al .{“f
studles, health and’ safety are often\treated 1n\\f
this fashlon. Draw;né -én skllls and content froﬁ\\\

it ea31er for cohes1ve,

several subjects makes
whole understandlngs to form in puplls'vmlnds(l3)

Research on sc1ence as a vehlcle for help1ng

It shows’that programs
Sy L

| ",‘,U‘:‘_ T
PR

i
t

chlldren learn the bas1c sklll subjects 1s both

| gl o YUREE

mas31ve and conV1nc1ng




based on manipulative materials are especially -

helpful in:building reading and language readiness’

v

levels in pr1mary puplls.- And it shows that

first-hand experlences 1n science erand puplls';.

vocabularies and reading comprehension at all
\levels(l4). Look for evidence that teacners-
integrate science with other subject areas. -Such
integration can have salutary effects‘on(skills

= ~

-developed, content learned, and time spent.

-

" III.A. 13. Once you-and.your staff have decided wheref

.you«want to go 1n science (your: goals) and how
you're going to get there (your planned learnlng
experlences), yov w1ll want to know 1f you've

arrived. Are you meetlng your goals? Are you

accomplisn;ng.your objectives? Teachers should
make regular assessments of student progress’
towara objectlves. any'technlques'can be used
" -including Qritten or verbal tests, performance

tests, classroom observatfons, competency check—

lists, interviews, and othe‘ .. Chlldren should be

glven the opportunity to. demonstrate their. com-

¢

‘petenc1es,.records.of progress shoul@\ﬁ: kept, ‘and

- periodic reports made to,bothfthe child engand-

-

their parents. =~ = ; : R .f\\*\




III.B. OBSERVING CHILDREN'S BEHAVIOR S
. . You can also learn a lot about your screhce
program by observ1ng the children in actlon._ Do
they appear to like science? Are they 1nterested?
Do they part1c1pate in a variety of exper1ences°
-Are they respons1b1e and careful 1n their use. of N
sc1ence equlpment? The answers to_these and other -
' qu;stions are ihdicators of.the overali;strengths_

" or weaknesses of your science curriculum.

III.B.1. How children feel about ‘science may be more
/ ;important to their achievemeﬁt than any.other
variable. In studying data from 17 different

e'countries‘Benjamin Bloom found that_as_children

-

develop more pos1t1ve att1tudes and interests in -

science, the1r ach1evement 1ncreases(15)
Children who 11ke SC1ence.and enjoy 1earn1hg it
are probably building. pos1t1ve att1tudes both
toward sc1énce and tOWard themselves. Chlldren
- with posltlye self- concepts -tend to be more T;H
successfulkin'science. And suCcess breeds success.
. Look for chlldren who enjoy sc1ence, chiidren who
Uappear 1nterested,‘enthus1ast1c, or exc1ted about
. their stud1es, ch11dren who d1sp1ay an aura of joytﬁ

in the1r work. Ae

at

TII.B.2. Aféood way to find out how children feel

-~ about science is to ask .them. Children who
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respond, "I'hate science}; or who shrug'their
.shoulders are obViously displaying less than | " : ‘ ff;
pos1t1ve att1tudes.x,The Science Currlculum : o | }
Improvement Study (SCIS) suggests an assessment

that can be used to gauge prlmary children s

-attitudes toward s01ence. Children are asked

duestions, such as those shown next, to which

children respond by circling smiling faces.

- What do you feel when.we study science?

III,B;3. Classroom experiences. in which children

participate in manipulating objects,'making

-discoveries that. are new to then, describing and

discussing,their findings, and in utiliiing the.

processes of science -are involved,in science |

_ activities consistent'uith modern 1earning.theory\;i

_ and ‘the goals of sciénce education.' Children‘ |

.. : whose SCience experlences are 11mited almost
entlrely to reading abo t science or 11sten1ng to
.their teacher tell them about SCience are neither

1earn1ng sc1ence as it really is, nor developlng

‘“:' o " basic skills._ Glenn Blough(16) adVises us, "Don't

e

overdo’ reading. -Use it after first—hand experiences,'

4

not as albeginning activ1tyfv Encourage‘children_ o




P

1

to read on their own, but don't use it as the \

major activity."

III.B.4; Chlldren worklng together 1n palrs,‘small \

-groups; or as a whole class ‘can. learn much from

ideas shared with each other. Explalnlng one's

~ ideas in clear,vunderstandable language‘is an
excellent Way to promote verbal skill development
aﬁd improve thinking.‘ Childrenfwho are'exposed‘ao»

N ' various viewpoints will eValuatevtheir oﬁn‘vieys

| more realistically. Class discussionsoalso allow

the teacher to gauge lndividual and class

progress (17).

III.B.5. . Many-teachers.are surprised when childrén who A

‘have diffiéulty reading»perform as well as

/

"better than other chlldren durlng sc1ence._{

'/.' .

Perhaps they shouldn t be surprlsed The rules of

the game are dlfferent. In sc1ence they can

\ . -

observe, explore, and d1scover. They can practlce.
\ .

th1nk1ng skllls and express the1r 1deas Verbally,.‘

\

W1thout dependence on the wr1tten\word For many
chlldren Wlth llmlted readlng skllls, a hands—on.
sc1ence class is one of the few places 1n school
where they can attaln success.t Actlv%ty-centered
science classes proylde many opportnnrtres for

, chlldren to demonstrate talents such as\cre-'

-at1v1ty, crit1calith1nk1ng, and speaklng\skllls,»




i . . N\
. L
L .

v

St a

- - ' . which may not be demonstrated readlly in’ classes

“heavily dependent upon read1ng.

III B.6. More and‘more, teachers are recoqnlzlng

that 1nd1v1dual dlfferences among chlldren present

a persistent problem that must be dealt w1th

More and more, they are saylng that chlldren

should have some ch01ce in what and how they g

, “_ilearn. More and more, we‘are becomlng aware that.
chlldren can learn much from 1nd1v1dual work w1th

. materlals and from each other as from teachers(lB)

-

Look—for— eh&ldren—engaged«an—&nd1v1dual~sclence
\

projects or work1ng at learn1ng centers or d1s-

cuss1ng their 1deas with each other. A good

sc1ence program will provide act1v1t1es to help

jteachers_cope with 1nd1v1dual‘d1fferences.

-

III.B.7. Kids are natural explorers. They~like'to‘\"“

look under rocks, catch bugs, collectvfrogs and - B S ,[ﬁ

toads, and‘smell'wildflowers. They like to. push
probe, feel;.and try. They are cur1ousf There 1s
no better place than in science'to encourage ’ |
»children‘to'explore,‘toilearnfabout‘their'enyi- ‘i‘ U
gonment and‘themselyes, to flnd out what makes | :lm ‘\
‘things tick, or.to test the 11m1ts of thelri' ‘Jlllvd\\
'imaginations.‘ Sc1ence, whether 1n a classroom, on {‘_j,ﬂ

‘the school lawn, or in a nearby park o woodlot,>

’should be the place where d1scovery 1s encouraged,




Q4.

curiosityfrewarded. Asking, questions of nature

‘and finding answers for themselves is the very.

esgsence of science and. of le rning'hOW‘to learn

- for a lifetime.

IV. ASSESSING SCIENCE RESOURCES AND FA ILITIES
Sclence materials. and supplies form the backbone

of a good elementary science'progra'. Just as readlng

cannot be taught - without books or wr'ting’withoutv
penC1ls -and paper, sc1en¢e cannot be taught w1thout

materlals and supplles for ‘the chlldren to .get the1r.

~

hands on. _Experlences are the ba31s,of science,'real

experiences with objecta"and'events. ThiS'section will
con51der the avallablllty of sc1ence resources and
_ ‘ fac111t1es and the means to acquire them.

+.° . IV.A. LOOKING FOR SCIENCE IN. THE CLASSROOMS

Most science will be taught inyselfécontained
classrooms or,~1ees'0ften,'in‘claeéqoomssepeciffr"
"1cally de51gnated for SC1ence 1nstructlon. :Your_
ﬁr 'Judgment about the adequacy of your sc1ence
resources and.facllltles Wlll-b? dete 1ned by
what youcobserve in those clasarooms.< VLSlt them
'_and look for eV1dence that hands—on;"ct1v1ty-

-centered, partlclpatory 301ence can be taught and

is belngftaughte_?1
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?,:-. ‘ Iv.a.l. Science materials should ‘be available in

| suff1c1ent quantltles to allow all students to

hkhave hands-on science experiences. Look for'
objects the chlldren use, objects such as magnets;
batterieS'and bulbs; pulleys, aquariavéplants,
rocks, buttons, and thermometers.' If klts,‘such

\ . [ ¢

as SCIS, VSS, or others are avallable, spot check

z

them to see if most of all of the materlals that
..a;Q supposed to. be available arevavailable.
Many educators feel that science cannot be
taught'mithout a lot of expensiVe{-sophlSticated'
' materials. We know from eXperience‘that_that is
.31mp1y not true.’ éood science teachers‘take

_advantage of free and 1neXpen31ve materlals and’ do -

=1 1 excellent job»of 1nvolV1ng chlldren. Many

commerc1al programs also stress the use of slmple,
: «relatlvely ‘inexpensive equlpment and supplles.
Styrofoam cups or Blg Mac boxes make excellent
fplanter% for seeds purchased 1n a supermarket
S N " Wooden dowels make excellent shadow stlcks;' Soda
straws make good bulldlng materlals for testrng

durablllty and strength. Chlldren'can make thelr

own “meterstlcks" from oaktag, cardboard or.

-constructlon paperr The . pOSSlbllltleS are unllmltedu
.‘However, many good sclence programs have never
gotten off the ground because teachers were

expected to prov1de too much equlpment on ‘their o

~

.'own and they~s1mply;had nelther the t1me nor the
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interest to do so. Most successful science pro-

‘grams'prgvide'materials for use by the teachers. -

-

IV A, 2 ~Many sc1ehCe sdpply areas and kits look
. llké Mother Hubbard'swbupboard——bare. Every
materlals—centered program_ls going to require
periodio replacehehts. Science is ho exception,u .
Spot check some of your science storage areas to
determine if items have been reordered and re-.
placed. | e |
.. It is the classrooﬁ‘teacher‘s obligatioh_to\
identify his or her science néeds:ahd;init;ate':,
requests for replacement. As prineipal -it-is
your responslblllty to see that such needs are met
1f they are reallstlc and w1th1n the parameters of
your budget.'\
1V.A.3. The classroom shodid have ade@uate storage'f\ ‘\;
space for sc1ence supplies and. equlpment.- Space \w
.may range from as llttle as’ several shelves in a'_,

~

‘closet to burlt 1n cablnets prQV1ded spec1f1ca11y ‘ ~~vaﬁ4gh

for sc1ence storage. If your science program .-

1ncludes klts, storage space is already prov1ded

in the klts.'»Examlne the sc1ence storage areas An
your classrooms.% Are’ they adequate now° Would

they be adequate if the school were to adopt a new »'

program whlch 1nc1uded a conslderable 1nVentory of

Supplles and ‘qulpment?
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IV.A.4. Most science lessons are probably taught:

e

N\

. \ @ . 3'
- IV.A.6. Look\around the room. Is there physical

PRI , /e

teachers. : . \

Asc1ence phenomena ‘'should readlly meet the eye. 'If\

: ;drawings

W1thout the use of runnlng water, sinks, and
electrlcal outlets, but it sure helps to have

these fac1llties when they are needed. Such |

facilltles, though not absolutely n cessary,'make

the teaching of science more convenient for the

|
\

IV.A.5. Classroomsnwhere science is taught should

be interesting rooms to visit. - Upon entering you
shou1d expect”to see visible evidence ‘that science

aquarla, groW1ng plants, on—golng experlments \

_shelves of sc1ence related books, bulletln boards,

curlos1ty corners, ‘science tables, or other \

they do not, there 1s probably not much ‘science \

teachlng and learn1ng going on in thattrooms _ ‘\

\
|
\
ev1dence that sc1ence content and processes are.

being app11ed to other curr1cular areas or to the

students' llves in and out of school? Are there‘

"*classroom d1splays of sc1ence—related stor1es," BTy

~

reports, or: poems? Are.:there graph1c or tabular

-dlsplays of data’ from 1hvestlgatlons? ‘Are therej

‘

or.. posters of thlngs ch11dren have

’istudied? Are there projects or: 1nvestlgatlons'



L : ' . . 20 : /

whlchjshow evldence of thelr work .in science? ?\ o
Chlldrbn who are actlvely 1nvolved in s01ence w1ll
have spmething to show forzlt, Look for 1t&during
your classroom'visits.‘ | .

IV.A.7.  Experiences with objects and eVentsuare/

\ L especially 1mportant for elementary schooi\\hll— .

\ o  dren. They are at the heart of a good science’ 5\
.\ : Program. However, while chlldren cannot posslbly
\ ° experience everything, they can bulld or’ their

\\ ..experl nces through readlng.

| B oks, 1n +the classroom, can help.extend

r _”: thelr sCience exPerlencesqf_A garter snake's visit
to class is a natural lead-in to reading about |
qnakes around the world. Bulldlng aquarla w1th

gupples,‘snalls,_and water plants prov1des the

foundataon for readlng about life 1n oceans. - | S

' Using a| cell and W1re to light a flashllght pulb
is the forerunner to reading books about elec-
N trlclty\and~othermformsﬁofwenergy.l Books and ib \
; R dh other readlng materlals, selected for thelr B
:potentlal to bUlld on earller s01ence experlences,
are valqable 1earn1ng resourcesnln-good science
if:.ly<" 'y‘ 'fyciassroo%s.' | N o
Tho §_

!

IV.B.: LOOKING FOR SCIENCE BEYOND THE CLASSROOMS

. | o R
T 801ence 1s not 11m1ted to the cfassroom.

Good sc1ence programs extend sc1ence beyond the e




classroom walls--to the- furnace room for ' an energy
{ ‘s .
1esson, to the lawn for a food-chain game, to the: e |
‘ graveyard to- study the effect of air pollution on-” . vi_?

tombstones, to a stream to observe crayfish, to a'

il

Z00 to study animal adaptations. What resources k ‘{f
do you have near. your school? Do youlencourage,\ e v,
‘your teachers to use them? - ‘ o | o

o
’

A\
i

Iv.B.1. Chmldren can Jlearn a lot of scienceloutSide
. " ‘the classroom. Field trips can be as short as to
the school lawn or as long as to a museum miles
away. The important thing is that they happen,
“that children have the opportunity to partic1pate
in real activities andjobserve real events.' Tt's
difficult to match the:exc1tement of see;ng flying
. .,.' ' | squirrels glide from their nests during‘a trip‘tO'
' | ‘theuforest,-Or the apprehension caused‘by.the |
sight of a,garter snake in the grass, or'thef.

curibsitywcreated by an.anteater at a'zoo; Such -

experiences are the stuff of which interest is

. built and concepts conceived. Good'sc1ence
L]

programs prov1de for such opportunities. N

_IV.B.ZL -Science books are popdlar among kids. N
Research supports that contention;' ~Sarah Graham,
‘a librerian in Rochester, ‘New York kept recgrds

of what booké’children Signed out of her library : v;i,f

~ for a year. She found that they selected sclence
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.as the second most popular category of books. The

f1rst was flctlon,_and some of these books were in
science flelds or sc1ence flctlon(lQ) Check yourh
llbrary gdhelves. . Are your holdlnqs in science-
adequate? .Perhaps you can" ‘encourage.your li- S
brarian and your teachers.to be on the lookout.for

science books they can recommend for chlldren.

Sc1ence books can help chlldren build upon and

extend their classroom experiences.

IV.C. - ACQUIRING SCIENCE MATERTALS . , . A

e

——

As pr1n01pal one of your major roles is to . /

.ensure that teachers have mater1als to teach with

and puplls have materlals to learn w1th. Because‘
| ’ sc1ence 1s a subJect area that 1s so materials—- .'. : J.:“
I :‘ or1ented it is 1mperat1ve that you' have a system ' o h[,”i

‘ Wt

for acqulﬂlng the needed resources, a system that ° ' - ;‘r.w
. Lo

§
1s economlcal in terms of time, effort,'and money N |
. . , Ny Lo
!

}

and one that gets the materlals eff1c1ently and
veffectlvely to where they are needed—-the class-
;o rooms. . o N . S

.
t

IV C. l. We have called materlals the backbone of -
/ b

the" sc1ence program because they are the objects
. of the puplls hands—on experlences._-Wlthout_
w them, llttle real science’ can be taught. ~Science U
materlals and equlpment should be located 1n the

classrooms where they w1ll be used. As Bethel and

. . ; . . S . '
el et " - soho VX g S 3 '\rp:68uv»a g-%«-nwﬁ’wm‘w oo
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'iv;c'z : It 1s s1mply good sense to 1nvolve teachers :

o selectlon. Whlle th1s sounds good 1n theory,
' / :

kY
N
\

‘_ place where teachers and students have access to o

C WOk, - RS o \

‘5?f - t':'i ?ﬁrff"-‘\\ E’L:r'ﬁ f
George(20) p01nt out, "equlpment should be in Aa T :}r’?mff

1t qulckly and easiﬁy at any tlme of the day._

=

P
\

who are expected to use sc1ence mater1als in thelr

often doeSn t work that way 1n practlce. Fre-

quently, teachers are not consulted and uas a

.\‘

result feel that they have been saddled W1th

'someone else’s selectlon. Often such purchases IR

may be 1nappropr1ate to the needs of the teachers.

Teachers must be'. 1nvolVed in the selectlon and

Durcha51ng process Not onl Wlll thelr part1c—-
\ Y

/

| 1patlon increase the llkellhOOd of wise cholces,.“l_’f

/

.but.by~allow1ng them tonshare in the de01s;on-‘ . "=;ﬁ'J"

making process, you will giye'them a stake in

using the materials to make the science program -~ .7 -1 " 0

\

|

JfV;C 3 If the procedures for ordering - sciengs

':lc1ent, then it is unllﬁely that they will. be used Coy

mater1aLs are: not reasonable, slmple, and eprfi- .

-

As a result, there w1ll be few materlals for

/

/
chlldren to use 1n the classrooms.f Rev1eW/your
v_" rQ

". orderlng procedures perlodlcally w1th your teachers.

) eff1c1ent.. All too often elementary teachers

Ask how they can be 1mproved and made more
i l




.o .. " ‘/ i
¢ ';v . //
/} s1mp1y don 't know how,to go about reque tlng or
; !% g orderlng materlals.; Make sure your te chers are
N ?f\ﬁ_ .famlllar with- your school's orderlng rocedures. :
\\ -. - o i | ' /
'IV.C.4. Teachers have~the‘mainﬁrespons'blllty for
' \'fihventorying, !rdering,-storihg; a d us1ng sc1ence;f'
\';materials saf 1y.- As: pr1nc1pa1 oufoan_help_them .
\ﬁby preparina nventory forms, by 1nstructin§;them.,
- \ i \/,/ b‘, -
| on orderlng rocedures, by prOVl 1ng storage
wfac111t1es hen requlred and bJ setting standards'
r ”‘for,safety. But it is they whd/must follow
- Cod ‘ ’
. through‘by,carry;ng out these fasks. It is .
’ 1mportant or teachers to know both’ thelr respon- ’ :
s1b111t1e fand_your‘expectati_ns. o
| .
|
o
) | L
. |
1
‘//'/
Ry z
‘.;‘/ [
N j N —_— oo /
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”f~ |
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