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- This document outl1nes and d1scusses<gj minimum
standards for good ‘science teaching -in elementary, m le/junior
'h1gh and - sep1or high schodls. The standards are pfesented -in - three T
sections. The first section (resources for learning) con$iders: .

sCience spaces/places .(laboratories, classrooms,~1nd1v1dua1 study)
science 1earn1ng materials, science programs, and science teachers.x
The second section (conditions o£~1n;»s«ct1on) focuses on teaching = |
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(professional growth) addresses stanflards related to the professional
library, continuous learning, and profess1onal recggn1t1on and
. incentive. Each standard and-related d1scus§_3n is des1gnated _by one
or more school level. cedes (ES for elementary sghool; MS for '
middle/junior high school; HS £%\ high school) ard a number (from 1
to 67). These numbers are 'a marking system, not a ranking.of
importance. In addition, the numbers appear in duplicate or
triplicate if items have been tailored to a specific school level.
Selectdd standards include conducting an annual verified safety’ check’
of Taboratories and providing: (1) a student-teacher ‘conference ‘area; -
(2) 150 minutes per week of science learning activities at the :
elementary level; and (3) full audiovisual capability, facilities for . IR
\ ‘%onductyng j;}ent1£1c demonstrat%ons, and access to a computer. :
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There are 67 numbered items addreﬁsed in this book

- The numbers are i: marklfxg system, not a rankmg of

importance. The numbersappear in duplicate or tripli-

. cate if the items have been tailored to a school level. -
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: Th&se aré.some of the,

LX)

; -

.uéstions considered by the

i

.as a guide to
tors wishing to
provxde their stu nts with a good scierice education.

To produce this edmon, the 1970 volume was critically
“reviewed by the 1981-1982 Ad Hoc Committee on .
Standards and Condlpons for Science [Teaching. Eight

" people were then selected from workin
NSTA, and a guide for review and a-cop
document wete-sent to each person. The guide asked

. specific questions ‘about format, organization, potential
new items, and currery validity of each item in the
origi_nal document. ' ‘

The reviewers agreed that science teaching was essential
at all.grade 1dvels, sp.it was necessary [to define “condi-
tions of good science teaching at all grade levels. The
expansion of the text tQ include elementary and mid-"
«dle/junior high condm%s for good|sciénce teachmg
was addressed by each reviewer.

Responses to the critical reyiewi;werc 1t
to members of the Ad Hoc Comm i3

g subgroups of

ftheoriginal /1 «  ° - ;
of the origmal .| ' on Standards and Conditions

. . . N

. a\, Condmons for Science Tenchmg Each mcmber

- prepared a draft revision of a-specific section of the
original document, based on’ the critical reviews. The
combined drafts were then circulated among the com-

~ mittee and their responses were sent to the chairman,
“who collated them, resolved differences, and edited the -
matenal into a consistent format The complete draft

was di %ussed in open “session at the 1982 NSTA

4

National Convention,and the final draft prepared,

incorporating consensus reactions from the session. The

final draft was approved by the Board of Dlrectors in
. late summer, 1982.

N Our committee recogmzed that it was not possxble to’
specify every detail of: science tachmg Far too many
‘variables exist. For example, research can show that
without adequate laboratory facilities and materials most
studénts cannot learn biology in any rheaningful way.
Conversely, we cannot be sure that meaningful learning
will take place with such facilities and matenals

< In thls book,g'e present the condmons that we know
will help administrators, teachers, and students evaluate
their present science program, and plan future pro-
‘grams. e ' o

Victor'M‘. Showalter

fot‘j Science Téaebing,
1981-1982

‘The National Science Twchers Assocxauon develo\ps". .

publications designed to help science teachers assess

their science, programs. One such publication, Condé
 tions for Good Science Teaching in Secondary School, was’

* originally developed a number of years ago to assist
secondary school science teachers. It has secently been
updated to include requxrements for good science ‘

-aching in all gradc levels. *

L The conditios mc]uw ’ w§

ney represent
. - o



the _;ccumulated knowledge and expertise of some of .l

the best science. tea'che'rs in the nation. Many 'of:the
conditions seem tdeal, but :jy are the minimum.
srandards for science classroo (Th standards are
_necessary. to encourage future scientists and scientfi-
cally literate citizens. As science educators, we are called
+upon to offer suggestions for the improvement of pro-
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STANDARDS AND&PRACTICES 1968-70
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John W. Shrum - v
‘University of Georgia, Athehs Georgia
Bertram Siegel - N B
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L . ‘

grams in our_ classrooms This pubhcauon cin prowde
the support ‘and information needed* to r&spond to

qmonsaboutunpnovmgsaeméprogmmsmyomsd\ools. ;

Robert B. Slgda _ :
NSTA Presldgdt 1983-1984 '

» T *

AD H@E COMMITTEE ON STANDARDS AND
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Victor'M. Showalter, Chairman .
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From the standpoint of a student, it is reasonable to
look upon schools as institutions that provide resources
for ‘leaming These resources include all things and
procedures that aid, facilitate, or provoke learning.
Lc;\rnmg/ resources include peol* ‘and programs, not
]ust bulldmgs and books. A’ school that has well
equlpped science laboratories but poorly wra yd science

tcachers——or ill-equipped laboratories and’ -excellent -
‘ /teachers—cannot claim to have adequate science learn-

. Ing resources. Nor cjp a schpol be satisfactory if it lacks
the science experlences to serve all students”
Thus,, l’n any school r;:sources for learning should
mclude oy

" @ Suit Hle spaces/ plac

.

for learning science.

L Approprlate and sufflc1ent science learnmg/

- oL

lhnternls )
oA modeln and Lomprthenswe program of science
) mstructlo*n ¢
X J Compctenft and enthusiastic science teachers.

'
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Sc1ence Spaces/ Places

-
Qrtmnly there is some element of truth in the 1dea
that learning can take’ place ‘anytime, dnd under any
circumstances.* But. the larger‘ truth is that systematlc,

- effective learning by large numbers of students at.a

given time requires the provision of learning spaces:
specifically designed. for that purpose. These learning
spaces and their furnishings must take. into" account:
" (a) the great diversity of students w ho will use them, P
(b) the nature of present day  science and luhnoj
(¢) current trends and approaches to science teaching,_"
(d) the safety of students, and (e) flexibility, for .nl)mta
tion to future uses. Thc consequmuﬁwlll be well-
furnished; safe, interesting science rooms*h o inclide
spaces for L\boratory work, for grodp ©:

/\

, 9* nance of living organisrfis.

s

“Aaction, and-, .

Laboratones e

It is generally agreed that sciencg 1§ 9 process and an
activity ‘as much a5 itis an orgamzed body of knowl-
" edge; science cannot therefore Be learned in any deep
and /meamngful way by reading apd discussion alone

Sc#,nce education should *promote learning activity, *

créativity, and involvement in acquiring data systemati-".
- cally (i-e. laboratory work). The ‘recommendations that .
follow are offered as.an aid t& designing or 1mprov1ng
sctence laboratory space in schools ‘ .

- 1 FElementary sciefacé teaching involves

) progesses, concepts; and topics that are

i often best taught in connection with
other subjects such as reading and miathe-
matics; This can best be achjeved when children
do laboratory work in their regular classrooms.
Classrooms should be designed and equxpped to
accomodate such work
It vis uSually desirable to establish a separate room as a
science resource area, perhaps adjacent to a media cen-
ter. This, however, would be supplementary to the
\basic program

- " \.
@

+ @ Science. laboratory classrooms should be reserved
for science classes.
® Some unscheduled labaratory nme houtd be
. available each day. T
rgmte—

_® Specxal attention should be gwen to the
1 Laboratories shoold be designed.

-

-

1 All science laboratory/classrooms
should be multddisciplinary.

/

” HS/ equipped to accommodate more than one

-
for individual use. These rooms will be @5 -pen invita- -~ p area of science in order ¢ explore all the
tion to Imrmn}_, and tLdthn}., i v c{ experimental solutions of a problem.
s
. . | , .
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v *In addltlon there must be sufﬁcnent ﬂexlblhty
to meet the variations in the yearly demand for
. ‘science courses. This seemns a challenge to those
responsible for scheduling, but. the educational
benefits of such ﬂexxblhty outwelgh the disad-

vantages.

One danger in this approach is to mrry this arrange-
-ment to an extreme that makes the entire science pro-

* grain logistically unmanagmble There are threée impera-
tives implicit in this recommendation:

-

® Science laboratoried/ cla.ssrooms should be reserved

for science classes. -
- @ Some unscheduled laboratory time should be
available each day.

" @ Special-attention should be: glven to the mainte--

nance. of living organisms.

y
b I

/gs/ 2 Because eleméﬁrary science instruc-
< ~._ tion usually occurs within each classroom,

l this room shiduld be designed and equipped
to serve as the laboratory setting.

~

Ms fj/ courses should have dajly or fr nt

access to science labo FThi eﬁi&s
equally to students whose goal is to be alscience
specialist as well as to students whose goal 1s.gen-

eral scientific literacy. Restricting enrollments to -

accommodate existing laboratory facilities is not
acceptable practice.’
™~ ' -

Laboratory experiences have been shown to increase
positive attitudes tdward science Mhere is also evidence
to, show that th llabor;noxy is an effective setting to
develop manipy ¢ skills, processes of science, inter-
est, and values. Based on this research and other psy-
chological studies on the of concrete manipulative
materials; one nsks mu¢h by minimizing laboratory
work in the science progr:

2 All students exirolled in science

instructional time should occur in a laooratorsr setting.
® ‘Sufficient laboratory rooms should be available to

" accqmodate all students fori a full year of science each
year. ! '

-

3 In ti)e"eleménmry school, the physi-'

cal orgammtlon of the classroom should -
be ﬂexlble enough to allow sufficient

' space for setting up, conductmg, and stormg experi-

ments or projects.
© @ There should be a minimum of 4.8 square meters
of $pace per student.

® No more than'24 students should be assigned to
one teacher for.laboratory experience at any one time.

3 Eache laboratory should be large
@@ enough to allow full student participa-

tion in settmg up, conducung, and stor-
ing experiments, * .

S

~ @ In combination classroom/laboratories, approxi-

mately 2/3 of the space should be set aside for the

laboratory and 1/3 shguld be used for drscussron lec- -

" ture, and other activities.

® There should be a minimum of 5.5 square meters
of space per student in a classroom/laboratorv

® There should be a minimum of 4 squace meters

- per student iffghe space is strictly. for a laboratory.

® No mor®than 24 students should be assigned to a
laboratory and a teacher at one time unless the school
has been built following an open area concept.

" Gss. 4 Classroom and laboratory ceilings
@@ s@uld be high to provide enough room
' volume, to dissipate odors, heat, and fumes

generated by experiments. A fume hood should
be used when necessary. .

'®.There should be 3 meters between floor and

ceiling. i /

1




Y Cellmgs must be of nonfasbestos, e retardant
_matenal ‘ "
. Acoustic_al ceilings are desirable.
L | ? ] . -
"/;fsl .5 A laboratory should provide a set-

! £4
N

environment should be provxded within

each’ classroom. Each classroom should mclude‘
wark space, 'storage facilities, and appropnate '

science eqmpment and supplies.

‘o Level student tables%r other work surfac&s should
be provided.

@ Storage space for mdmdual srudent pro;ects should
be provided.

® Lockable metal storage cabmets for selected sdence
materials should be available either in the classroor or
" in a convenient central location.
® Special equipment should be kept sxmple and

should include such items as a microscope, sxmple two-

pan balances, thermometers; plastic beakers, etc.

#wEach laboraghty ofiiBoratory/ class-
‘room should be appropriately furnished
for the science classes that will use it,
including work space, storage facilities, and fre-
quently ; used equlpment and supplles

Ms

® There should Téleast 1 square_ meter per gtu-
dent of wert hat is smooth, unobstructed, and
level. .

® A secure preparation room should adjoin or
nearly adjoin the laboratory.

® There should be a demonstration table approxi-
mately 91 centimeters high. .

e All counter top$ should be acnd proof and heat
resistant.’ \

L Corlisxderable space near windows should be
adapted for plants. - - ' - -

® Cabinetry shin

L
{ac ¢ ...odate the equipment and

. ting for student experimentation and this '

Y

/

.,5

e

<
7
.

-

!
supphes needed for science teaching. All storage areas
and cabinets should be lockable. N

) Facxlm&s should allow for proper orgamzanon of
materials.

_® Special equipment should include a temperarure
control chamber, balance, mlcroscop& water deionizer,
stream table, electromc meters, et¢. -

t

R 5 Each. laboratory or laboratory/ clasd
B BS > room should be appropriately furnished -

" with work space, storage facilities, and
frequently used equipment and supph&s for the
science cla8ses that will use it.

“ v

!

" @ There should be at least 1 square meter per stu- .

dent of work space that is smooth unobstructed. and
level.” .

@ A secure preparation room should ad]om or nearly
adjoin the laboratory. .

® There should be a demonstratlon table approx1—
mately 91 centimeters high.

o All cfunter tops should be acxd proof arid heat
resistant.

® Considerable space near vundows should be .

adapted fot plants.

‘® Cabinetry should accomodate the equxpmgnt and
supplies needed for scicine - ~hing. All stiyrage areas
and cabinets should be loc k.l c.

@ Facilities should allow tor proper organization of
matenals '

" @ Special equipment should include autoclave, incu--
bator, refrigerator, microprojector, centrifuge, spectro-
phaotometer, analytic balance, electronic meters, water

‘deionizer, stream table, etc.

6 ~Each classroom should contain a suf-
> ficient number of conveniently located
electrical outlets, at least one large sink at
a height appropriate for the students, and low
pressure water. :

"

-
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@ “All sinks should be at least 45 centimeters by 61 -
centimeters, have hot and cold water, and be low enough

for student use. v
" @& All electrical outlets should be covered and
grounded

6  Every laboratory simuld havea sufﬁ

0&’@ cient number of conveniently located
electric, gas, and sources.

@ The demonstration table should have electrici
gas, hot and cold water, and a large sink. ' T
® All electrical outlets should be covgredS and
" grounded.
-® One electrical outlet should be available for every
two students.

® Water faucet spigots should be high and should

yield water at low gressure with an aerator.

7 “Appropriate waste disposal facilities
and procedures must be provided for'all
laboratories. '

@ Maintain no morerthan a 2-year supply of all
chemicals.
® A yearly inventory of materials is &ssenual

® An approved local handbook on waste disposal.

should be readily available to,all teachers at all times.
® Separate conralners should be available for broken

glass.
® A periodic check with local authorities sh\ould be

’ made to determine current procedures for disposal of

substanciwtkat are flammable, insoluble, or toxic.

be done.

8 Each laboratory/classroom should pro-
vide adequate, energy efficient lighting
and temperature control for the work to

" @ One hundred foot-candles of diffused light at desk.
level should be adequate for most situa’tipns, although
b

| @%

detailed close work ‘may require a 30% increase. '
» @ Solar energy should be used directly when possible -

for light, heat, and-maintenance of growing plants.

- @ Daylight bulbs may be more appropriate than cool

-white bulbs.

@ MWorkspaces along walls® should-be eqmpped with
counter lights.
* @ Systems to control light and temperature levels
should be provided.

9 Internal air circulation and external
exhaust systems. should be part of the
laboratory/ classroom

/8 Exhaust fans should be mpable of moving 28. 3‘
cubic meters of ﬂg

® Windows are necessary in the absence
of mechanical exhaulPsystems.

® Fume hoods shoild be located in all laboratories
that genergte toxi:c or noxious vapors. A velocity of 9.3 .
linear meters per minute is a minimum and all duct-
work in the building should be linder negative pressure.

- 10 A fully operable fire extinguisher
should be avgilable within each’labora-
. ry/classroom.

T&ghérs should be skilled in using t}i’e extinguisher.

10 Fully operable fire extinguishers
@@ should be located in each laboratory

where they are quickly and easily acces-
sible. Fire extinguishers should be appropriate to
the type of fires that might occur in the laboratory.

" @ All chemistry laboratories should contain a dry

chemical powder (pressurized bicarbonate) and/or a
carbon dioxide fire exting_uishgr, up to a 4.5 kilogram

- charge.

® A {alon 1301 fire extinguishe{ may be needed in
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certain electronics areas. 13  There should be an annual verified
® Teac ‘ers‘should know how to operate the availa- 'safety check of each laboratory

ble fire ishers.
w @ Storage of chemicals should be by category and

hot by alphabetical order.
11 Al students should be provided

| Cfb with safety goggles. . "

® Goggles should offer splash and impact protection_ .
from the front and sides: v

® Storage and disinfection of goggl&s should be
arranged.

@ Teachers should be knowledgeable about the use
of goggles. 7 '

- ‘ 11 Laboratory/ Aassrooms should con-
@ tain eye-wash fountains and safety gog-
gles for alLstudents

i

Storage and (isinfection of goggl&s should be

i
rraned %
eachers should be familiar with lee use of the
_ ‘ safety systems.

- R

- r
" 12 Every science laboratory/ classrootﬁ

should have two unobstructed exits.

to the outside of the building. *
® Ideally, doors to these exits should not be locked
against.inside to outside passage. % .

I'. “ \

@ These should open directly into a main hallway or 4

is can be conducted during the summer by the local .
\ marshal and the school s mamtenance staff follow-

In: the traditional mode of instruction, snﬁns are
brought together in groups of moderate sizefor pur-
poses of discussion, demonstrations, watching films;
and the like. While other approéches to scienge teach-
ing put more emphasis on individual student activity,
they too usually require space for group work. The
- following recommendations apply to such spaces,

i At whether they are provided as part of laboratory/class-
> @ Chermstry laboratories and all preparation rooms rooms or as separate rooms. T

should contain an emergency safety shower and drain- T »
age for the shower. A hand-held eye wash spray with'a .
1.5 mkter hose is most adaptable to unusual situations @ 14 For effective learning, no‘more than
including head and - splashes. ~24 students should be assigned td a space

® Goggles should offer splash and impact protectiort intended'for group discussion and activ-
from the front and side. :

ity (as distinct from large-group lecture)

Thls recomtgendation should not be taken to dlscour—
age experl:::&tanon with innovative ways of grouping
students for mstrucgon.'prowded they ate based on
educamtily defensible premises. It does oppose taking

the chante of undermining effective group teaching for
reasons of scheduling convenience or to lower costs.

s audiovisual capability, facilities for con-
ducting scientific demonstratlons, and

access to a, computer.

[ .

15 A'sderice clast‘s‘lfoom should have fall ‘

10
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A 'scidnce clas'srdom should be equipped with a demon—,,

stration table with a sink; electrical, gas, and water ser-
vices; outlets for audiovisual equipment; screens for
tegular and ove ead projection; provision for darken-
ing; ample blackboard space and bulletm board dlsplay
space. . . -

’ 2

A R ;
Indnvrdual Study

"Asa consequence of conunued concern for individual-

ized instruction and of increasing emphasis on the use

of computers and other media, there is'a trend toward

more and more indepertdent learning activities as an -

integral part of science programs. While there will be

continued use of group learning and reachmg proce-

v dures, it is imperative that every schoel make provi-
sions, for accomodating individual learning ac®vities in
order to assure excellence in science learning. The fol-
“lowing recommendations apply to any school, regard-

less, of the mix it may currently have of group and

* individual learning activities. . .

4 v’

- 16 Specialized facilities are needed.

There showld be access to a shop or a tool cart

for construction projects. A natural outdoor

area should be maintained and easily acces-

sible for science learning activiti&’. oo
p .

Th&se should ir€ lude at least a greenhouse or

. @@ plant growth’ facxlmes, an animal room, a

darkroom, gnd access ®to a shop. Outdoor
facilities on the school site should be preserved or re-
stored to.natural -condMons and used for science

teaching. ) ‘ .
. . o)

17 Indlwdual pro;ect areas are needed for stu-
dents working on special experiments.

: Scieﬁce I,/wanﬁng Materials

. Many experinients require several da;rs to
conlplete and undisturbed space should be
available for them. i -

Ample storage for projects in progress is as

@’@ nec&ssar:y as adéquate workj & space.

.

18 Ample library space should be available.

Ideally this will be a spacious, easrly accessible

5 school library or learning center.

’ This should be concentrared in the school’s
general library but may include a small work-

ing library within the laboratory or classroom.
"The 1ibrary should be easily accessible at a variety of
times and large enough to accommodare a suable

number of students. . Ry

e

1‘9 ‘ A teacher-student conference aref is qeeded.

These conferences often require isolation from

the students’, peers and may be conducted

. when the classroom is unoccupied. However,

an alternative, pleasant, non-threatening site should be

provided by the school for use at other times. 7 \\/

0 Such conferences will ordinarily occur in the
@@ teacher’s office. If; contrary to these recom-

mendations, such space is not available then
the school should provide a specxal copference ro&m,

-t . h

If we consxder thé great varlanon in studenr inteyests,
purposes, abilitjés, learning styles, and background! and
thené:ontemplate the complexity of science itself, there
appears dn obvious need fot a wide assortment of
science learning materials. The followmg recommenda-

.11
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tions. axf'e lntended to offer guidance in selectmg these

smaterials. _ - . l .

PN 20 Indnv:dual science textbooks, labora-

@ #s> tory manuals, and/or study guides should
' be made available without cost to every
student. '

- All students need .-a guide t6 lead them -through the

conceptual and process-based aspects, of science units.”

Such a guide, whether it be oné or more textbooks or
other printed materials, should’ be made available to
each stadent at all tlmestthrough a course. .

> " - "

e . N
£ 21 The s¢ience textbooks used by stu-
MSXHS dents at any time should be no more
than five years past the date of the last
major révision.

«

Science is dymmlc. this is dramatically trué of the
applicarions of science. Ope consequence of this is that
textbooks, which are somewhat dated even before they
appear in the schools, ‘become obsolete more rapidly

_than textbooks in other fields. All science materials -

need to be up-to-date in’content, orgam.anon topical
interest, and spirit.

.\‘ .

22 Atevery level in the scierffe program there
should be a variety of printed Jnaterials to sup-
plement a basic textbook laboratory max};ﬁl or
study gulde

/ Thls material should be in each classroom

e 4 and could include trade_books, newspaper

" clippings, word puzzles, coloring books, etc.

A library-tart can be stocked with appropriate materlals
" to complement each unit as it is taught.

-

>

ft{"ir;‘:
/7

Y“-

No gulde no matter how good, serves all stu- .
@@ dents equally well. To back up the basic

materials, the science department should stock
in the classrooms and laboratories and integrate with
the courses such printed materials as programmed
instruction booklets; a selection’ of textbooks, maga-
zm&s, articles, and Teaflets. Some material should ded®
with’the connections among scxence, technology, and
the rest of society. . ° . -

-

! R )

23 The school or system library or

media center should contain a variety of .

- trade books, pamphlets and bulletin

board display material on science, technology, and

soaal aspects of science.. .

Encyclopedlas, blégmphl&s, science fiction, and non-

fiction materials shouldbe included. Some periodicals

can be included. Guidance in selecting thede materials

can be found in professional journals. (These materials

can pe the source of selections for the library cart de-
scnbed in recommendauon #22.) ‘

: 23 The s'chool hbra& or medja centéf
@@ should contain an adequate selection of

books, periadicals, and pamphlets on

.science, the applications of science, and the his-

tory, phllosophy, and soaology of science.
r\.)

ncyclopedias of science, science dlcuonan&s, field -

ks, handbooks, nonfiction, biographies, novels, a

* large selection of popular science magazines, and files of
" pamphlets and documents from government ‘agencies,

industry, and scientifig’ societies should be included.

. The: reading level, mathematical sophistication, and

level of abstraction should vary to include works rang-
ing from j }umor "high school level to college level. Guid-
ance in selécting matenals\should come from the science
teachers and the science department head.

12
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24 An adequate supply of modem science suF
- plies and equipment shouild be available for indi-
' v1dual and small group activities and expenmcnts

Laboratory learning requires equipment and
supplies in sufficient quantity for conducting

et experiments. The kinds and quantity of equip-

ment” needed cannot be specified w1thout
knbwledge ' of the partlcular units taught and of . the -
relative emphasis ;placed upon groupt instruction and on
individual’ experimentation:- A supply system for deliv- ,
ery and. replacement of consumables should be ‘estab-- -
- lished. Because, young students «especlally benefit from

" hands-on learmng, elementary classroom§ should be .

‘ " well supplied with appropriate, 1nexpensrve “and easrly

obtalne’d matenalst . s

» »®

. Laboratory learmng requlres matenals equ1p4

" ment, and supplies in sufficient quantity for *?
1 tity of equipment needed cahnot be: speclfled

af\‘ [

conductmg éxperiments. The kind and quan;

withou
knowledge of the particular courses taught and g the
' teladive emphasrs placed upon group instruction andon |

: 1nd1v1dual experimentation: A supply system for

LTy and replacement of consumables should be estab—
llshed S L e

A

25 A drverse supply of audrovrsual learnmg

3 -rnatenals rieeds to. be readrly avallable for each

scrence umt. T -

regarded as permanent equipment and kept in
th.e tooms where -they . w1ll be ‘used. An’ efficiént, -
sf:hoolwlde central supply system c0uld also store thls v

’equ1pment

- .
> 3

SlldCS, overhead transparencxes, wdeocassettfs,

. . n VN ’ . B
. [ R . [ ' L
'?_ Thosé’mater‘lals used frequently,LSuch as fllm
parenaesgand computer programs, shoulﬂ be

w e . ~

w B IR T Y
2 . K . - i

computerspr:ograms, and’ fllms, etc. are hest

loops, slides, wdeocassettfs overhead trans’ . -

UI'

"and addlng to th& matenals should be- Drovrded. ’

. pegafded as perrnanent \equlpment and be located in the
, rooms where they will be used, in an'agdjacen .
area, or in a medta center. They should be readlly-avall—

torage

able to teachers and students. Other materlals uc

16.mm soun frlms, ‘that are, used a fews times a year
akd are relatively more- expensrve can be obtained by
loan™An ‘adequate budget for maintainings.réplacing,

L .v
v ‘ . .
'l . : - _c_ R

26 Indlvndual classrooms should have
‘permanent; use of certain 1tems of- audé, :
ovisual equipment, or this equrpmentn

. should be easrly acca@lble. : . o g
TFhis equrpment should mcludemrcrocomputer(s) over- |
head' pro]ector, and wdeocassette player -

| ®0®

7.

x e

26 Certam itéms of audmvxsual‘ equlp—
ment should be prov1ded ‘asthe’ “perma-
*7 hent e‘Ealpment of 1nd1v1dual courses
an /or classroo e
Many sc1ence teachers use audiovisual equlpment fre-
- quently. Items such as overhead projectats, rrucrocom— s

putets, 'videocaseette players, and film loop projectors 1

- fheed tq be available without excesswe'planmng and

formal orderlng .

/Saence Programs -

o' a'ny school dlstrlct an orgamzed sequential K—lZ
* science, program will "offer the bést opportunify for. all
studenits to. achleve desirable levels ‘of 'scientific hteracy

Itiis generally agreed that no. one science program wrll

I best serve all schools and/or districts. Tt 1541150 agreed
: that good
“but result from concentrated‘and continuing develop- *

nge programs do not happen by chance -

ment. The followmg recommendatlons arg. lntended to
gulde this development 4§ : :




" “to assure individual student success. Consequently, the

: Irv is. gener'llly agreed that not all students must take ¢
1 EX’lCtly the’ same courses, but each should. achleve a

. provnde\bac ground for and msplre mterest i hlgh

" give every student a choice ‘in which he or’she can be

e (/‘A ’ ) o .
R , L » . . ’ . LY

" opportunity Yor all stadents to explore the spec-
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27 The science program should provide .

<% appropriate science experiences for each

- studen at every grade level .

Spccnl efforts should be made within each classroom

cognmve and mampulanve demands of l%ammg science
' should: match the developmental levels of individual

students -

27 The science program should proiride
an appropriate science course for every :
student every year. : N

IS

sansfacror vel of scientific literacy.- ‘Courses should

s.chool science.” . N

‘ 27 The sdience program should pnov1de

’@ the opportumty for every student to study
« science évery year.

t
’

Whether a school requires one or two or more years of A

science for graduation, there shduld be a science option
for every student every year. The group of courses
available may be traditional or no -traditional, but
should be sufﬁcnently divetse in level ahd approach4to

successful, giveh the students mterests, abilities, and
developmental level. 3

- 28" The sii‘ehce pﬁogra\'m should provide an:

trum of human scientific endeavor and its rela- .
txonshxp to the whole of soaety S ‘

The processes of science should be empha—
sized as a way of - leammg and accorded at least

ES

to developas a consequence of studying science.g .
’ " Science add ~technolog§!\will provide Careers,
@ for many students and will influence the lives .

" of all students. The processes or methods of
exploring -aid understanding science should not be:
omitted in favor of the primarily cognmve aspects of
science.

Science should be seen as one sngmﬁcant way of know—‘
ing the universe. ' ’ :

) - o

29 The sclence program should provide
, opportunities for scienge-oriented stu-
" dents with high ability and/or-high inter-
est level to be involvéd in'activities that go beyond

" the regular unitg.

FTh%e opportumms uld include extended ﬁeld trips, |
working with older students, acting as laboratqry -assis-
1ants to teacher(s) teachmg younger students,. conduct-
ing independent pro;ects, etc. .

29. These should include ‘at least the
opportunity to work on an independent
résearch project for which adequate space,

<
Th&se opportumnes could also include spedlal research
sermnars arid extended field tnps

_ T};e effects ‘of science educarlon extend beyond the
lmmcdla‘%e facts learned. Science learning enhances the
basic skills of reading, wrmng, and rnathematics, arid is

30 There should be at least 150 mm—
-utes per week of science learning activi-
- ties avallable to every student..

“" as much prlorlty as the, cognltwe aspects of

- = - W e

L fundamental to educational development.

matenals and teacher help are made ava.llable -|

science. Science-related career aspirations should begin ﬂ /

gy

o
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0 30 Every student enrolled ina science
@. course should have at least 225 minutes

. per week of science instruction in schools -
with block scheduling, 270 minutes {)er week of

science instruction in schools with modular sched-
uling. B < ot

Field studies and laboratory work require time in addi- -

tion to the usual classroom time dllotted td other school
sub]ects

a 30 Every student enrolled in a science
‘@ course should have at least 275 minutes

per week of science instruction in schools
with block scheduling, 315 minutes per week of
science mstrucuon m schools with modular sched-
uling. N

s

31 All science units;should include a

sxgmﬁmnt amount of student laboratory

work. Studies have shown that younger
students especially benefit from hands-on activ-
ity. This does not mean watchinga teacher or peer
perform a demonstration (although this may be
useful occassionally). Manipulative skills and in-
terest in science are developed along with cogni-
tive knowledge. « .

+

® I_aboratory w0rk is not an end in ltself and must

be followed by some “intellectualization” f the results.

® Questions and answers based on observations are
more important than “‘right” answers.

® All students, regardless of demonstrated ablhty,
should be involved in laboratory. work. -

e

31 Allscience courses should includea -

‘@’@ significant amount of student laboratory
work. Experimentation is the heart of

real science and can be defined as the systematic -

" gathering and interpreting of observations to
. answer a question or to test-an hypothesis. Some-

4 -

o~

]

(S -

By

Umas tl'us is extended to 1nclude any hands—on
acuwtv ot -

s
Experlmentatlon is needed to convey the reallty of -

science and the processes of science.

® Most experlmentauon should be based on real
problems and should be open-ended.

® All experimentation should be relevant to oth‘Er
portions of, the course. -

® All students, regardless of ablllty levels should be
involved in exferimentation. :

L Experlmentauon can involve dafa gatherlng from
any part of the real world artd need not bearestrlcted to
the laboratory/classroom.

® The manipulative aspects of experlmemauon are
not sufficient+in *hemselves and must be followed by
analysns and interpretation. B

-
«

32 A variety ofléarning—teacl\ing activ-
' @ ities should .be 1ncorporated into each
science course.

Experlence shows thatathe best method of teaching
science is a mix of-methods. Any one method (even
laboratory) used to the exclusion of all others is not
likely to be effective. -

Any group of individuals will have a variety of pre-
ferred learning styles which must be accommodated. -

33 The science program should becon- |

tinually reviewed. ‘A general review |

should be done annually and a’detailed
cnthaLQtudy should be done at ledst ‘every five
- years. Leadership for this effort should come- from
the science chair or lead tmcher. :
Each science teacher should pamcnpate ina systemau: '
" plan 'to revietv the school sciencé program in terms of

5




@ “overall program objecnves
® progress toward ObjeCt'lVCS at each grade level
® needed modifications within the ptogram at, each

. grade level.

K

@ articulation among gmde levels and with the mid-
dle school program.

@ how well the teaching methods fit student learning -

styles.
® equipment and f'lcility needs.

' ’
‘ i 33 The science pr.

_ review process should involve the entire
science teaching staff and should not be relegated,

should be con-

. to administrative paperwork. The process should

»

. for evaluating indiyi

not only be the result of cooperatioh among
science teachers but should also serve to develop a
feeling of collegiality among them.

ent should have a systematic plan
al coprses and the science pro-
gram as a whole. This does not mean that every course

The science depa

must receive a full scale examination every year but that -
the science department should have a planned cycle of -

critical review. Individual courses and the overall pro-
gram should be reviewed__\rﬁ

Specific aspetts to be considered include.
@ the relationship of program and course objecnvﬁs
to the eurrent state of science, technology, and society.

@ articulation between courses and with elementary

and high school programs. .

@ how well the teaching methods flt the student
learning styles:

@ alternative and/or new courses that mlght better
fulfill program objecnv&s

student learning and interest.
@ desirable modifications of current courses. _
. @ equipment and facility needs. e

@ objecrive evaluation of current courses in terms ot'[

science

tmually reviewed any developed. The )

ensively. at least every four
.or five years. Leadership for this effort should come
.from the science chair. "

' (

most criric_é,l learning ‘resource in‘a good -

ogram is the teaching staff. First rate build-
'nés,_ rookns, equipment, or programs will not guarantee

“wyen . inimally acceptable science program without a

'~ good st3ff. Individually; science teachers need to be

creative enthusiastickable to-communicate, and knowl-
.edgeabld about scienc€, students, and ‘teaching strate-
gies. Sclence teachers should be selected carefully,
supervised professionally, and assigned wisely. The fol-
lowing recommendations are intended to guide these

. actions.

. 34 Each science ‘teacher should meet

< state certification requirements and be
' involved in frequent activities that will
improve his or her science background and enthu-
siasm for the subject. -

Subject matter backgr_ound in science is impor-
tant. However, enthusiasm about science and an active
desire to continue to learn are more important"

34 The professional science teacher

. should

° be well educated in scnence, liberal arts, and

the philosophy and methods of teaching.
® continue to learn about science and science

" teaching throughout his or her teaching career.

® insist on a sound educational envu'onment in
which to work.

® contribuite to the improvement of science
teaching and the maintenance of hlgh standards

throughout the profession. : .
® take an interest in fostering a quahty educa-
tion for future science teachers. .

35 | ScrenCe teachers should collaborate
to maximize their combined backgrounds
inr science. e

15/
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Aruitoxt provided by Eic:

Teachers can learn from ‘each other about science and
science teaching, and they can occasionally trade classes

-for teaching certain units. ‘
It is important that teachers view themselves as members

* of a team that is working to achieve common objectivess

) '35 'The puinber of gcience teachers in
@@ a school should be large enough and their
: backgrounds in science broad enough to
P@rt a fpll science program. ' ‘

'Even the smallest school should Bayé at least two science

RIC

4 C L

»

" broad background in science as a whole.

>4.'.

. .
H .

teachers. Not only will thistenable the school to offer all
-sciefice courses but will-help assure professional growth

of the teachers as result of their interaction. =+
Teachers should collaborate extensively and share Fheir
science backgrounds and teaching skills.’ Although it is

. unusual for a teacher to have an extensive background

in all of the. special sciences, teachers should have a -

Y

-Science teachers should view themselves as membets of

a team dedicated to achieving many common objectives
rather than as individuals teaching an isolated science. .
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Whlch each t
" tion is probgbly the’ educanonal asmasphere. If theré is
~trust and respect among students, teachers, and admin-
v lstmtors, and if there is a team spirit «that gives educa-
ion O “thc individual student prlo_nty among school

and tu’tt":}un;ﬁ wxll prevail. o

@' - voT

.

and pr’ep"tmtlon, and c) ther
\m‘hple bzick—up sugporp 3

mstruc.tlo
.provision \

Teachin
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‘with a pr' ) ‘s al mcs,

-»skills arid Spa8
teaching; buc i3
whlch amoun ;
managed At *- :
tasks for whxcﬁ # 2 %

m all

tax;y level shoutd  be prdwded by tepchers
who are competent to teach scienc¢.

&
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This recomrhendation is made to encourfge the|teach-
" ing of science at the elementary level, not to serv
excuse to omit it. Ideally, science-instruction fat the

elementary level should be t'ht'e‘r&ponsibilit.y of a tpacher

Q

ERIC

Aruitoxt provided by Eic:

Condmom of mstructlon refer to, tbq ciﬁCumst"mces in
cacher works. The most!mpb{'mnt condi-

actlvmés) it-is likely that good- cond’mons for learmng ] k

¢ Thc rccommcnd"mons that follo‘w gle"tl W1th Asomc of .

b asan |

.

15

{

t, ) - . -

S

'

-

¢ <
or group’of teacherg whose primary function is to teach
science. Whtether science is taught by a science specialist

or by the regular classroom teacher, the elementary.

science teacher must possess the science content knowl-

“edge, competence in methods, and. personal mterest to

do an effectlve job.

applicable certification requireménts for
each science course taught.

This recommendation should not preclude involvement

*  in developing or teaching interdisciplinary courses, inter-
"] departmental seminars, the use of team teaching, or

| should be” @,

other as yet unforseen innovations in instruction.

%

37 Specialized teachers of science in ele-
tary schools should not meet more

36 A science teacher should fulfill all

thin three different grade levels or more

than five separate classes each day.

Both specialized and “self-contained” teachers of science

in elementary schools will be more effectiye if they can -

use adult aides and/or lal:oratory assistants selected

from upper level students or pre-service teachers. This
type of experience would be especially. appropriate as

an early field experience for prospecnve teachers. .|

37 A science teacher should have no
more than three different course prepara-

tions, . ¢

Because of differences.in the organization of science
instruction, it may not be clear as to what constitutes a
“course preparation.” In a sense, every single class taught

. by a teacher constitutes a separate preparation, If a

course is taught with individualized imstruction, the
teacher s preparation work increases by a factor of the
numbe_; of students taught. .

Whether a teacher primarily uses team teaching or

s
<

-

—
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individualized instuction, there needs to be some reason-
3€ble limitation to his or her separate
Ssituations. '

School administrators need to recognize the extra time
required by science teachers to manage laboratories.
1 Kks
DRI sibility of being lead science teacher or
T specialized science teacher should have

fewer non-teaching assignments.

38 Teachers who have the added respon-

The extra demands of managing ‘équipnient and mate-
rials should be compensated by a reduction of non-
teaching duties such as playground or lunch room

. assignments.
@‘@ sible assignments beyond their usual class-
room assignments, their total load should
be adjusted toa, reasonable level.

38 If science teachers gre given respon-

A teacher given an assignment such as department
chairman, master teacher, supervisor of apprentice
teachers, or chairman of a curriculum study group can-
not be expected to carry it out effectively and still do
full justice to-the primary responsibility of teaching
unless some adjustment is made. The adjustment should
be in proportion to the magmtude and mtensnty of the
added assignment. , . - - .

@ 39 Every science teacher’s day should
@@ be arranged so that he or she has the
2 equivalent 6f one period to meet with

students on an mdlwdual bas:s, and/or to use as
preparation ume. ' -

Because of differences lﬁ the organization of school day

schedules, a period might be arbitrarily defined as con-

taining 45 minutes. Students should know that consul-

7

preparation -

tation time with the science teachdr exists and they
should be free, within the rules of conduct of the
“school, to take advantage of it.

: B

@ 40 Science class sections should bex
@@ strictly limited to 24 students per in-
structor or the mpamtyoftheroom,whxch-

ever is less.

Hands-on activities and laboratory expenments are an
~integral part of modern science; instruction. ‘Effective
use of hands-on and laboratotay based instruction ’
requires’ “individual -participation by students and close
student-teacher interaction. A 24 student restriction is
necessary t0 ni\ﬁln education quality. A teacher can-
not supe more than 24 students, even in the re-
stricted sensezof keeping order. The risk to- student
safety, and to expensive equipment escalates rapldly as
the number of students in the laboratory at one time
increases. : ‘

A 41« A specxahzed science teacher 5 in-
volvernent in .extracurricular activities
—~ should emphasize the relevance of science
to the whole school commumty )

A teacher of stience provxdes the only real role model

“of “scientist” for most s dents It is . important to
project an image that refl "normalcy” of scientists.

. 41 A scienée teacher’s involvement in
@@ extra curricular acdviﬁes'should be lim-
” ited to those with minimal stress anck

time requu'ements

All teachers should share in th¢ responsibility for carry-
ing out the whole school program. Some extracurricu-
lar activities such as science clubs or science. fairs can
even be regarded as an _extension of the formal job of
science teacl)mg

16 < N ~
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Some extracurricular assighments, such as interscholas-
Ksports coaching, have heavy time demands and gen-

erjte stress I‘evels'beyond any dollar compensation.

These may seriously detract from a teacher’s ability to
fulfill major tf:aching responsihilities. ,

-

-
On the other hand, sonfe participation in extracurricu-_ -
dar_activities is necessary to keep~the science teacher

and science in tune with the total school community.

Working Space

,‘_Jgh space for instructional activities must be given

priority, these facilities are not sufficient space for
teachers. The nature of science and science teaching
dictates that there should be places available where the
science téacher can prepare for insrrueti rivites.

42 Ami)le space is needed for the storage of

supplies and equipment.
This space should be separate from and equiv-

alent to at least 10 percent of the laborato-

. 7" ry/clasgroom space it serves. It may be com-
bined with storaffispace for materials for other subjects.

Storage facilities should conform to accepted safety -

standards for the storage of materials and be under
continuous adult supervision. Special arrangements must
bé prov.ided‘ for humane year-round care of animals.
This space should be separate from and equiv-
' alent to at least 15 percent of the laboratory
B space it services. Such space may be separate

for each laboratory/classroom or be a common facility.

~ Storage facilities should conform to accepted safety

standards for the storage of materials and be under
continuous adult supervision. Special arrangements must
be provided for humane year-round care of animals.

J

1

&
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alent to at least 15 percent of the laboratory
space it gzrvice's. Such space may be separate
for each laboratory/classroom or be a common facility.
Storage facilities should conform to accepted safety
standagds for the storage of materials and be under
continuous adult supervision. If animals are kept per-

" manently at the schoo],_ then a special animal room

must be provided and arrangements made for year-

- round humane care of the animals.
/ .

v

43 Every science teacher should have access toa

preparation area that is secure from student inter-

vention.

This area needinot be large or elabor+-

should provide a viace for = i

and try demonstrations, arrange equipment,
gather materials, etc. prior to their Slassroom use.

vy

prepare materials for student experimental

woérk, set up and test demonstrations, afid ‘

sometimes conduct experiments on their own. Depend-
ing upon the design of the separate science department,

these teacher preparation areas should be separate from

extended storage space. The preparation areas must be
provided with conveénient electric, water, and gas outlets,
waste disposal facilities, and safety devices.

44 Every science teacher shouldshave
office space. :

Teachers need a place where they can meet their stu-

- dents individually, where they can do their paper work -

without interruption, where they can keep files of con-
fidential materials, and where they can organize a variety

of teaching materials. If a teacher is the only one to use

a classroom all day, it may be possible to use part of it
as an’ office. Otherwise, private or semi-private office
space should be provided. Ideally this space should

200 .

. This space should be separate from and equiv- |

Teachers should have a place where they can® .

.’/
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have a telephone or easy access to one. A Semi-private
office has.the advantage of increasing professional inter-
1 _action'among\science teaching ‘colleagues. i

. - : .

45 .’i11e scien‘ée teacher needs access to
@@ a professional library.
. /

Science teachers, faced with the task of staying up-to- °
date in science, science applications, science teaching,
and the relationships of science tosociety, carry a con-
- siderable academic burden. Consequently, teachers fre-,
quently need to study appropriate beoks and journalst-
and cannot funétior ~ffectively for long without these
" resour . Te. hers ohould have immediate access to a
professional library that contains appropriate materia
This library should exist as a separate facility within the
school or could be a part of a grou.& office. '

The opportunity to further one’s knowledge base by
having a readily accessible professiggal library is one of
the personal rewards of teachir®@&ience.

Services

A science teacher needs assistance to do the job.of
teaching well. A talented instructor is not always a tal-
ented cleri’cal worker or equipment cleaner and repairer,
and certainly instruction has priority.

[ i 7 Y
It is not only with “‘chores” that a science teacher needs
help, however. Teachers can do a better job of teaching
if they have frequent contact with new ideas and
methods which extend their experience and knowledge.

R
46 Schools should appoint one teacher
as lead science teacher or science chair-
person. .
“The main function of this chairperson is the improve-
ment of science teaching and learning? Fhis person pro-

-

\
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vides leadership in staff ae{elbpment, kcurriculum devel- -
opment, materials, management, and coordination of
teachers’ efforts toward achieving 'school. goals. The
chairperson should have an excellent professional back-

. ground, high standards, and be a dedicated teacher.

B

-

.

46 Schools employing three or more
science teachers should have a science

department headed by a chairperson.

x
\'he main funcrion of the chairperson is%he iny; vove-

ment of scier . «aching and learning. This person pro-
vides leadership in staff developrifent, curriculum devel-
opment, materials management, and coordination of
teachers’ efforts toward achieving school goals. The
chairperson should have an excellent professional back-
ground, high standards, and be a dedicated teacher.
This person’s teaching load should be adjusted to give
him or het at least one hour each school day for fulfil-

_ ling departmental responsibilities.

. P i [
47 Professional laboratory assistants should be i

available. ~ :
' The chief tasks of these assistants would be\

maintenance of materials, supplies, -equip-
ment kits, aquariums, etc., and assistance on

" field trips and other non-classroom learning activities.

In some situations, qualified volunteers may do the job. -
In larger schools or systems a full-time paid professional
may serve several schools.

“Teachers in training from local cdlleges could gain early

field experience by serving in this position.

The chief tasks of these paid agﬁt assistants,
or qualified and/or advanced student assi
tants, would be to assist the teacher with suc
things a setting up demonstrations and student labora-
tory experiments, and ordering, assembling, maintain- .




ing, and keeping an inventory oflks'uppli&s and equip-
ment. Advanced students could
credit in lieu of pay

Teachers in training from local colleges could gain early
field prerlence by serving in this position.,

. /
4 r:s
MS™

48 Reg: _profe;ssional secretarial and
.crical help should be available to science

teachers. (

-, ] .

This };élp shoyld be available at least two hours per

week at a time convenient to the teacher.

This help should beé available at least one hour a day to
each teacher at a time convenient to the teacher. Stu-
dent help is ordinarily an unsatisfactory substitute for

this.

49 Consultants and specialists should
> be called in to help teachers of science as

needed.

/
El
\

. These may b¢ specialists oh new science programs, spe-
cialists in using new learning technology, science educa-
tors to, help individual teachers with classtoom prob-
lems,‘jafety engineers, and the like. Contact with one or

more of these outside persons should occur at least

once each school year.

An organized science volunteer group may be able to
prov1de talks, tours, etc. to update teacher knowledge
+and even help in locating used but useful materials and
~ equipment locally.

S

These may be specialists in new science programs, spe-
cialists in using new learning technology, science educa-

e

49 Consultants and specialists should
be called in to help the science depart-
ment and science teachers as needed.

{ecelve special course

19
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. tors to help 1nd1v1dual teachers with classroom probo

lems, safety engineers, and the like.

Proper use of consultants will result in a dynamic grodp ’

of teachers that continue to develop their knowled. .

. skills, and interests.

.50 Each school system should have a
volumary Science Advisory Group drawn

®® from the %mmumty Its focus should -

cover grades K-12.

This group will provide a two-way commmunication
line between @mmunity and teachers to share needs
and concerns. This group would be strictly advisory
and would not have policy making power. Its composi-
tion should vary gradually from year to year, :

«
.

Budget

Each science teacher must be supported by an adequate
budget. Because of local differences, it is not practical to
specify exact budget amounts in this document. It is
imperative, however, that the budget include both
operating and equipment acquisition .costs and that
science teachers are directly involved in establishing the
budget. The following recommendations provide some
guidelines for the development of an adequate budget.
51 The science budget should appear
as a separate account within the whole
school budget, and it leuld be -subdi-

vided according to functien.

’

Separate line items should indicate the amounts bud-
geted for the purchase of laboratory equipment, for the
repair and maintenance of equipment, and for supplies. .

" This-will eliminate unnecessary confusion over the frue

size of the science budget, or over the relative distribu-

-

3




tion within the department.of capital expenses and
arnual operating expenises. Such information is
sary if s¢ience teachers are to plar their work cfﬁcng\ntly

. N

@ 52 - Supplies (expend‘able‘é) should be
@@ budgeted on a per learner basis with the
) amount varying according to the nature
- of the course, the grade level of/instruction, and :
the expendables involved. "

I must be kept in mind that there is a-basic budget
below which any science class or course cannat operate,

no matter how few §£udents are enrolled.
h)

.

53 Budget provisions need to be made so that
certain items may be purchased as needed during
the school year. These items will often be locally
. obtainable. They include perishable materials and
items for which need develops as a result of un-
forseen class interest and development.
/ / lished, to meet this neéd. It should be acces-
- sible to all teachers involved in science with

approval by the science chalrperson or lead science:
-teacher. .

A substanual petty cash fund should be estab-

lished to meet this need. It should be acces-
sible to every teacher in the science depart-

es—
»

A substantial petty cash fund should be.estab-

ment wit! approval by the dunrperson This fund could
be -supplemented by laboratory feés if these are
permitted. '

~+

3

54 Simple but useful laboratory mate-.
rials should be obtained from local busi-
ness and industry surplus fo supplement
regular budgetary sources. Such material might
mcl?de obsolete wire, glassware, and storage boxes.

Local service and educational organizations can be
enlisted in the search for usable material. In a real senise,
the community thus supports schools with resources
_other than actual dollars. :

S

’ 54 Major equipment acqunsltnons
@@ should be planned on a 3-5 year basis
.~ with priorities set by a copsensus of the

science teachers.
a4

It is recognized that budget restrictions may prevent
needed funds from coming from the school budget.
_ Teachets and administrators should take the initiative
in identifying and applying for foundation grants. This
~ will be especially effective if done on a dollar niatching
basis. Local service orgamzauons, businesses, and indus- .
.1 tries may also'be able to provxde resources if a need is
clearly documented. '

" 20
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~ Scnenc,e teachlng is such a complex, dynamic profession
that it is difficult for a teacher to stay up-to-date. For a
teacher to grow professionally and become better at the

"eaching of science, a special continuous effort is ré-

quired. During the first few years of science teaching,
each teacher neéds special -help anc{ consideration:
Then, throughout the teacher’s career, opportunities
should be provided to enable teachers to extend their
skills arid knowledge. There also needs to be special_
provision to -help teachers recognize their value and
status in the community. These opportunities are neces-
sary if intellectual and professional stagnation are to be
avoided. To assist science teachers with a continuous
program of professional growth, the school or district
should provide a well stocked yrofessional library, sup-
port a variety of learning opportunities, and establlsh
incentives to encourage self—lmprovement

v

Professional Library

N

. Science teachers need access to a professional library to
do their day-to-day wark. Beyond that, they need
resource to devdlop understanding and skills ‘that are
part of the profession. Teachers need-to s keed current in

science, science teaching, and $ocietal effects of science . 3

and technology. While the school’s professional library
will contain books, journals, and other material of gen-
eral educational interest, it should have items of special
interest to ,teachers of science. The following recom-
- mendanons deal with the latter area.

55 Theé school’s professional library
{\ should contain a selection of books on
" both science teaching and science. Books
__containing collections of science activities for ele-
mentary children should be emphasnzed .

'I%le activity books should be useful in enriching the
"teacher’s background in science and rflevant to the
program being taught in the school. Bodoks should be
those recommended by the school’s teachers and pro-

“teachers are es

»

fessional science teacher organizations. -

’ 55 The 's‘chdol’sq professional library
@@ should contain a large selection of books
on science. education, science, and the

history and philosophy of science and technol-

‘ogy. Bobks should be those recommended by the

schools science teachers and professnonal science
teachier orgamzatlons.

: 56 A collection of science edgcation‘j

journals shéuld be maintained in the

C o school’s professional library. These might .

include: Scignte and Chfldren and School Science
and Mathematics?.

Most journals publish material for and by experienced

“science educators. Articles from practicing classroom |

teachers are especially important. Teachers are encour- -
aged to sub ,Jmanuscnpts for possnble pubhcanon
‘ 56 A collectlon of several professnonal
@@ education journals should be mamtamed
”in the school’s library. These might in-

clude: The Science Teacher, Science and Children,

The American Biology Teacher, School Science and
Mathematics, The Physics Teacher and The Journal
of Chemical Educatum.

science educatprs, Articles. from practicing.c m
ially 1mportant Teachers are encour-

Most ]ournals iiblgh material for and by experlenced
aged to submit manuscripts for possible pubhcanon .

57 An up—to—date and relevant file of
science curriculum maté#ils and infor-
mation should be maintained. These ma-
terials should include curriculum guides,’ uhit
plans, catalogs of equipment and materials, cata-
logs of educational computer programs, sample

* teaching modules from a variety of projects, rele-




vant research reports, announcements of relevant
graduate courses, etc”

SoAurces}or, these items should include 1?&1 and state-
* “education agencies, local universities, fuded curricu-
lum development projects, the Educational Resources
Informatibn Center (ERIC), curriculum development
projects, Department of Education Regional Offices,

the National Science Teachers k&k’hon, and other
professional groups.

58 The prof&ssnonal library, at exther
the school or district level, should con-
tain one' or rffore microfilm /microfiche
readers and draw heavily on the output of the
Educational Resources Information Center
(ERIC). The ERIC Clearinghouse for Science and
Mathematics is located at Ohio State University
in Columbus. As schools add computers for edu-
cational use, software for science and science data

banks should be available.

,Ms us

\

Most of the important educational journals are now in
microforms, making it relatively inexpensive for a school
- go have a substantial holding of back issues of science
education journals even if subscriptions to these jour-
nals have recently been established. In addition, hun- -
dreds of valuable reports and documents are availablé
on microfiche from ERIC at low ¢ost. Along with a
. growing file of ERIC microfiche, the library should
" subscribe to the two main ERIC guides, Research In
Education and Current Index to Journals in Education, both
of which are useful to practicing teachers as well as to
educational researchers and reference librarians. The

Thesa_uhu of ERIC Desc‘:;ipto'rs should also be on hand.

Continuous Learning

A )
A sc1e§ce teacher cannot grow professnonally by merely
reading. B:g'ks, journals, and innovative curriculum
matenals can extend one’s knowledge of some aspects

22
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of science, educatxon, and currént trends. However, to

“fulfill one’s human potential it i necessary to interact
wuh ather people and their ideas and to get involved in-

projects. This implies contact with people in schools,
universities, and science and technology related profes-
sions beyond those in the immediate school.

. . ¥
School policy should encourage science teachers to

-

identify these resources and opportunities. Incentives

. and recognition of achievement can provide the basis

for this encouragement. The recommendations that fol-
k)yv indicate»some’ ways of doing this.

ES
<s s

4

59" Schools should provide. opportuni-
'ties for the inservice education of science

teachers throughout their teaching careers.

Teachers should have a voice in determining the con-

tent and structure of the in-service program. Released
time should be available for the program, and thecost

should be underwritten by the school as part of its -

regular operating budget. In return, the school should
require teachers to regularly participate in the in-service
program or in some equivalent self-improvement activ-

ity, such as summer school or special workshops.
0&@ provided for the periodic updating 3nd
further eduamonal development of

ence teachers. ¢

After seven years of teachmg, teachers should be entxtled

"to a minimum of a half-year leave at full pay er a full

year leave at half pay. This pay should not be reduced
for teachers who obtain a grant or other source of
support during the period of their leave.

60 ‘ *Paid sabbatical leaves should be

@ After seven years, a permanent.-
teacher should be permitted to take a

‘ leave-of-absence of up to two years for
purposes of further education w1thou‘t jeopardy

- £
3
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to his or her current positlon or salary advances
upon return to the system.
*

g

. ‘ o
e /. 62 Elementary teachers should be en-
~ teachers who have de onstrated. _exper-
tise in science teachmg.

NS

Science may be thev most rapidly changing area of the
many which the elementary teacher is asked to teach.
Good science teaching at the elementary- level makes
use of a wide variety of classroom management skills.
For these reasons, elementary teachers need to spend

time visiting with master t&chers and specnallsts in the

area of science.

62 Adminstrators should realizg that
the nature of science demands that science
teachers have time each year to be away
from school for professlonal purposes.

MS

These days should be equitably distributed among the

- science teachers ih the department and should average
at least one day per teacher per year! They should be

used for visits to other schools, to colleges and universi-
ties, to research centers, to industry, etc. These visits
will help the teacher keep abreast of current develop-

* ment in science and science teaching. Reciprocal visits
with science “teachers from other schools should be

encouraged.

-

63 Support should be given so that all
science teachers can attend and partici-
pate in local, state, and national science
teacher conventions,

HS
AN

Time and at least some reimbursement for travel, room

and board, registration fees, and some expenses should

be provided to teachers on a rotating basis. The school -

should make it possible for every science teacher to

'

-

» couraged to“spend time with other:

23

. .

L : ' .. or
attend a mational .convention at léast once evepy fout
years,-and . state ‘and local ones more often. Spedial
consideration, in terms of reasonable time off from
school without loss of salary, should be given ta teachers
who hold a major office in 4 state or national science

teachers professional association:. "

> »
Teachers should also be awilling to support their own
professional growth by contributing some of their own .
time and money.

“r

64 Elenientiry teachers should be
\/ urged to attend special teacher institutes.

dealing with new science curricula and
new scientific developments.sg g .

Although federal funding for this sort of workshop has
all but disappeared, other sources of funding'are begin- .
ning to surface. NSTA, local, and state science educa-
tion ‘groups are actively pursuing these sponsors. Ele-
mentary teachers should be encouraged to attend work-
shops which have been endorsed by the NSTA, their

. state elementary teachers association, local universities, -

and/or teacher centers. These workshops are well worth
the time and effort involved. Many of them are devel-
oped specifically for special groups of elementary

teachers.
@06 attend special teacher institutes dealing '

with new science curricula and new scien- .
tific developments.

64 Science teachers should be urged to- |

Although federal funding for this sort of workshop has
all but disappeared, other sources of funding are begrh

ning to surface. NSTA, local, and state science educa-*
tion groups are actively pursuing these sponsors. Science
teachers shpuld be encouraged to attend workshqps
which have been endorsed by the NSTA, their state
science teachers association, local universities, and/or
teacher centers. These workshops are well worth the

26 ,
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i The-ﬁrst year or two of t&chuig are. hkely to be in

" tire and effort mvotved*Many of :hem are developed
spec;ﬁcally for sp%mal groups of scxence tmchet?

65 Brst and second y&r t&cherd. and
' teachars whio have changed grade level,
Ce s -'should be gwen extm a&s:stan 12 then-
t.eacl‘ung of scu;npe .

.\1"-
»

r--._’-"' ~

1 have'’ demonsu'ated ex- -

learmng about the ¥ ptes;
“ cussiops,. and class de mz
develop a. successful science prqgram In larger dlitncts

| science speaahsts shoul;l be avmlable to WOrk wn'h

these t&chersm ,tl\elr olas,srooms

! - .

65‘ Flrst and second yea; teachers
should be given spectal asslstance and
consxderauon.

-

tually and emotionally taxing, but they ire 5peqally
_‘important years. These are often the years during: which
a mew teacher’s attitudes are set, basic teaching skills are
" learned, and the course for the future is fixed. It is
crucial, therefore, that the school have a speaal concérn

~ for the new teachér’s trainihg and’ self-improvement.’
. There are several concrete actions that can be taken.

One is to set the beginning teacher’s mstrucnonal and -

extracurticlar load well below that of expenenced '
teachers in the department At least durlng the first year -
as a science teacher, he or she should have only ohe .

acadernic preparation,: and his'or her number of Studem
contacts stould be limited to approximately three—_
fourths of that of experienced teachers. Second, profes-
sional help should -be readily available, to assist. the

‘beginning téacher with classrooni problems. The sci-

ence department head can function in this capacity, &

can the ‘master teachers in ‘the science department. .

Third, the department head and other experienced

science tedchers in the department should introduce
. new teachers to professional associatioh activities'and -

take: them to profsslonal meetmgs of speelal interest.

-

&

o ._,”asststdxese teachers ux,,l'/

“24

0 'Recogmﬁon and- Inéentwe

?1.‘ To expe‘et a sgmenge neacher to devote dirie and ¢ energy 5

. self—unprqvementm top of regular teaching 1 respon- |
; sbtlm*es mgkes sense ptofuswnally, but it may not - |
. alwaysﬁe r&lxstm Nﬁmyt&cherf» are unllkely tounder— 1 -

- they have a strongm

| %

Sl e ' should occasionally be given the oppor- |

. s

- take ot conunue the rigors of such impravemént unless. | -

strongest—mcentivé%h uld be therknowledge that further :

t!@imng and. study will lead to nnproved it

- teathers, like other people, eventually
agedlfextravgorkseemstobnngno teyafd or a
edggment. It is.important ‘for  the. school not' only to

| }Support a; strong ﬁtofsstonal growth program in the -

 to-provide ‘incen-.

66 'Imhers who ’nave punmed'a pno—
professtonal improvemént and:

tm edasuperlﬁsmndardofteachmg

cotnpetence should be rewarded with speaal reoog

mtiop. -

mclude mgre" , spectal status as a master

__teacher, assi training,and supervision respon-- -
. sibilities; a x pevhaps a citation as an outstanding pro— [ .
fesslonal scxence eduator . Ll :

67

Tmchers who have attamed a spe-
cial staﬁi

through advanced study, etc.

tunityé to work on pro;ecm ef their own choosmg

: .These projects fmght mclpde such things as develpping
new instructional - materials, -conducting  research on
. science or science ledrning, or developing a new inter-

disciplinary course with ather teachers in the school.
Operationally, this opportum‘%y 8hould take theé form of

. adjusting the teacher’s instfuctional load and of prov1d—

ing some ﬁnancﬁl support if needed

.a"

owl— g

tive to dd'so. Theorétically, the "}

j'who do take advantage ” &
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