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‘. ABSTRACT : ' ]
. ' Described are the four information bulietins’ pradnced
‘by the ERIC Clearinghouse for Science, Mathematics and Enviromhental
Education for the calendar year of 1979, The Spring 1979 ﬂssue
contains 2 summary 2f the review of the literature in SC1gmce
, education publlshed from 1955-1975 as part of a project funded by the
National Science Fouadation. The Summer.1979 issue con;igns a suamary

dof the mathematics education portion of this same llteratuﬁq review

Was wall as announcements of *eceiigfab71catﬁons p*o@nced by

-

ERIC/SMEAC. The Autumn 1979 issve flocuses on energy issues aad
contains a report 2F the Nationz ssessment stuig of energy .
knowledge and attitudes as well as a report of a/survey of energy
consumpb*ou in the nation's schools which yas completed by the
American™2ssociation of School Administrators,’ This issue also
contains some amnouncements of recent ERIC/SMEAC publications in
environmental education, The Winter 1979 issue consists of
reprDSQa ative abstracts from "Resources in Educaticn" related to
topics of current interest: science and the L.andicapped, safety,
careers for women in science, calculators, math aﬂx&ety, mathematlss
assessment, energy education, and environmen*tal education. (PB)
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«OUCHD EXACTLY AS RECEIVED FROM
T THE PERSON OR ORGANIZATION ORIGIN-
ATING T POINTS OF VIEW OR OPINIONS
STATED DO NOT NECESSARILY REPRE-

‘ . - inScience Educatson | ‘
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¢ As n;ény of you know, the National

.\r.Science Feundation sponsored three

large-scale studies of science edca-

D tion, mathematics education and social

>

science education. These studies took
different forms for each project. One in-

< volved a nationwide survey of the public °
XD schools. This survey research was coor-

——» Robert Stake and Jack Easley and others .

~dinated by Iris Weiss at the Research

‘Triangle Institute in North Carolina.

. Fconducted a series of case studies in

P
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which the investigators spent an ex-

tended period of time in the public

schools and the communities they serve.
The third took the form of a literature
review covering the period 1955-1975.
This literature review was dong by per-
sonnel from the ERIC Clearinghouse for
Science, Mathematics and Environmen-
tal Education and from the ERIC
Clearinghouse for Social Studies/Social
Science Eqducation.

This issue of the ERIC-SMEAC news-

letter will provide a summary of the
major findings from the science aduca-
tion portion of the 1955-1975 literature
review. The purposes of this review were
{1) to review. analyze, and summarize
the appropriate literature. related 1o
pre-coliege scienca instruction, to sor-
ence teacher education, and to needs
assessment efforts; and (2) to fv‘gannfy
trends and patterns in the preparation of
science teachers, teaching prachices,
curriculum materidls, and needs as-
sessment in science education for this
twenty year pericd. .

The twenty year time span was chosan
because during this time. an unparal-
ieled amount of activity i science egu-
cation took place. Milhons of dollars

© were spent in the devdlopment of sci-

ence curricutum matenals The de-
velopment of science’course improve-.
ment projects involved. f6r probably the
first time, scientists, educators and
learning theorists. In addition extensive
programs to upgrade and updatd the
science comtentbackground of tzachers
were available ag were programs ‘de-
signed to train science teachers in the
use of the new curricula. This marked

:

the first major investmant of federat *
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monies darect!y in curricular and mstruc-
tional concerns. _

in order to identify the literature to be
surveyed for the project, a comprehen-
sive searth of the ERIC.data base was

made (Resources in Educatiorr, Current .

Index to Journals in Education). The
Education index., Redder's Guide to
Penodg’gaf Literature, and Dissertation
"Abstracts Jntemanonal were also
searched for relevant documents. Col-
!ecisons of federal agencies were also
_included in the literature search. Ques-
tionnaires were sent to all state depart-
ments of education requesting informa-
tion and documents dealing with sts;tﬁ
guidelines and policies. enroliment and

course offenng xnformanon, summary

statistics, annual reports, planning doc-
uments, etc. Visits were made to 14
states by members of the project $taff.

Over 8,000 documents were identified.

The decision to select and review repre-y

sentative documents was made, Docu-

ments included in‘the review were cho- °

sen because of one oy more of the follow-
ing tharacteristics: (1) gendralizabjlity
of rasults based upon size ot poguia?on.
sampling techniques, and methodsS of
analysis; {2) summarization of data or
research repons; {3} importance or sig-
nificance as indicated by publicationina
refereed journal or as a committee-re-
port; (4) representatwéness of a type or
kind of document. The final selection
contained approximately ten percent of
the documenpts that might have been in-
cluded in the review.

The final feport was divided into five
major seations; existing practices and
procedures in schoois. science teacher
education, controlling and financing
education. needs assessment 2fforts.
and a summary and trends of needs and
practmeg

School Practices
and Procedures

Practices and Procedures in Schools

Data {or this section were obtained
from a review of over 600 individuat ve-

o

search studies, state aqd federal docu- «
ments, and journal articles. When stu-
dent enroliment was consxdered'seve ral
trends and influentes were identified.
Enroliment in ei@mentar;y schools 1n-
creased from 1955-1969; with the peak
for grades K-6 being i 1968, Since 1989
enrollments have decxeased Pubhic
secondary school enrollmefit has in-
creased each"year since 1955, until 1977.
BetweemeSo and. 1976 pydlic secon-
dary sehoo! enrotiment mdre than dou-
bled. Causes for this-appear 10 be both
the increased birth rate and the in-

. creased holding power of the schools.

Based .on current elementary school
enrofiments, current non-public school
enro%imgm trends, and the expected
holding power of the public schoois, a
degrease in enrollimdnt is projected until
at least 1985,

Both expansion and reduction of en-
rollment have resulied in changes in the
public schools. increased -enroliments
have meant increased school staff, in-
creased expenditures for schoot build-
ings, and an increased variety of courses
offered by the public schools. Declining
enroliment results most cbviodsly in de-
creased revenue. This causes budget
reductions, staff cuts. and-decreased
neads for matenals and equipment®

in terms of egganizational pattern.
most $chools are grouped at grades K-6
or 1-6 or K-8 or 1-8 for elementary
schools and grades 7, 8 and 9 or 7-8 {or
junior high schools, with high schools
housing grades 10-12 or 9-12. Middle
school patterns are emerging but there
is as yet no one predominant patiern of
middte schoot organization. The most
common pattern for teaching sctence in
the elementary grades 1s the self-
coptainad classroom. The use of de-
partmentahzation and spacial teachers
in grades 6-8 is receiving increased em-
phasis. Secondary school science is
taught. 1n most instances. by persons
whose primary area of certification s
science. While there are some analyses
which indicated team teaching for so-
ence classes, the individual teacher
teaching a class s by far the most com-
mon pattern .

L me
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In the mid-J970's the usual school day
consisted of six or seven 45-60 minute
periods. Many teachers consider that
sudh aschedule reducesthe opporiumty
for many science laboratory pertods and
outdoor activities. However, probably
fewey than ten percent of the.schools
have any. modular schedule or ype of
plan that differs from this. Substantial
modification of daily schoo! schedulgs
does not appear to have gained much
suppori tn the past two decades, al-
though muchhas been written about the
usefylness of {lexible schedules that
allow for ime vanations. .

»

Curricular Patterns: Elementary School
Science

Dunng the late 1950's and early 1960's

considerable interest was focusgd on.

what should be taught and how it should
be taught ‘Studias indicate that about 80
percent of the primary teachers and 90
percent of the intermediate grade
teachers based thew instruction in sci-
ence on a single textbook. A curricutum
for most schools was a textbook senes
for grades 1-6 (or 8) or two Senes, one
used for the lower grades and the sec-
ond, tor the uppsar grades.

Science educdiors felt that if science
in the elameantary schools was to be im-

proved, there should be more care and.

emphasis on the selechion of content.
reduction in the amount of content to
allow for more depth, better organiza-
tion of the way content was taught, more
emphasis on the procasses of science,
more ‘hands-on’ science achtivities
rather than reading about science, and
tha use of a greater vanety of media and
matenals for teaching science. Exien-
stve National Science Foundathon sup-
port was provided for the development

of a number of alternatives {0 textbook .

programs torelementary school science
in the 1980's.

~ Such programs as the Elem@ntary
Science Study {ESS), Science-A Process
Approach {SAPA). Science Curriculum
improvement Study {SCIS). and others
have had a marked effect on both ¢las-
sroom instruction and curriculum
guides and on other instructional mate-
rials prepared by publishers. Data from
surveys indicate that about 30 percent of
the elemeantary schools surveyed have
used Or are using
matenals. Use vangs irom shkate to state
and within a state. however. 3chools’in-
dicating the use of omerof the lamentary
school currtcutum progrifms (NSF-
sponsored) frequently repoft the use of
w0 Or more programs. .

Many of the elementary school sci-
ence curncuia show the influence ot
learning theory dn science taaching.
through the incorporation of the ideas of
Gagne. Bruner or Piaget. Recent mate-

~
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rials show the impact of comfyrs about
the environment and natural fesources
and the conservgtion of energy. Duning

‘the past five yeals there has been grow-

tng concern on the part of educaters and
citizens thatknowlédge objectives of the
elementary school programs were de-
emphasized too much., Some of the
recently-produced materials illusirate
this concern, as do textbook adoption,
patterns — with a reducation in em®
phasis on laboratory work in scienge in
many schools. . \

Few gata are available relative to
materials yse and to the quality of in-
struction\Most of the available research
studies, f(&éus ‘on reports about a few
teachers oka.group explicitly involved in
an insarvide curriculum development
project or irdplementation activity. Most
studies have not tollowad teachers over
e 10 determine the retention of gains
in conten! knowledge or teaching'skill or
in the improvement of instruction &s -
lustrated by student achievement or at-
titudes toward sajepce. .

Resesarch revieed indicates thasthe
teacher's philosOkhy regarding what
science shoulkd be fgught and how sci-
ence should be taught has a strong in-
fluence on the way tedghers teach. This
frequently is not a variable included in
the data collection. a‘\

*\“52\
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Curricular Patterns: Secor

ary School
Science X
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When both etementary and sgcondary
schocl science programs ar&ycons-"
dered, there is a fact that needdiio be
kept in mind/} As school districls
consolidated and as enrolimentsiin-
creased, a small nuriber of schoo!l
tricts have come to enroll a substanttyl
percentage of the pubhc school studh
dents of the United States. Approxi-
mately 29 percent of the students in the

" U.S. are enrolled in the 184 largest

school districts. The 730 largest school *
chistricts have about.45-58 percent of the
students-enroed. Therefore, a relatively
small number of school districts deter-
mine the educaticnal programs for a
large number oi pupils ‘
Qpience*programs in the secondary
schools have also undgrgone consider-
able change from 19553-1975: Pnor to
Sputnik 1 U.S. citizens were concerned
about aducating and traiming specialists
in science. mathematics and engineer-
ing. with thus concern related primarily
to nanondl secunty and to the scentific
and technologcat progress attributed to,
the Russians. The science curricutum
was predominantly the textbook. Cur-
nicula were constructed by purchasing a
senies of sggnce textbooks. Data ob-
tained from states and from reviews of
surveys indicate the Holt bogks were the
science curniculum in a large number of

gChogls for grades 7-12. Holt domnated

PN
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the rmarket in biology. chemistry, and
physics. ' )

After Sputnik | there was extensive
production of instructional materiais in
science. in addition to funds from the
National Science Foundation., the

Elementary and Secondary Education

Act (ESEA) and the National Defense
Education Act (NDEA) provided consid-
erable financial support for curriculum
devetlopment, the purchase ol equip-
ment and for teacher education. The
materials produced showed a reduced
emphasis on “practical science’ and an
increased emphasis on concepts and
processes of science. Until the early
1970's these materials did not have
much emphasis on the interaction of
science and society. . )
The influence of National Science

Foundation funding in curriculum dey”

velopmerit has also been apparent when
other science instructional materiais are
cmsidaed.;fextbo&ks and laboratory
manuals .not funded by NSF projects
show NSF influence in topics consi-
dered, types of laboratory activities in-
cluded, content deleted, as well as in the
organization of materials.

Relatively few content areas in science
appear to be banned or restriclted on a
widespread basis. Only human repro-
duction and avolution as science topcs
are restricted in any substantial number
of schools. Restrictions on teaching
about human reproduction appear to
have been substantially reduced in the
last decade although evolution con-
tinues 1o be a topic debated whan sei-
ence curncula are considerad in some
states or localities.

in the middle 1950's general science
was the most common course in grades
7.8 and 9. In the late 1950's and continu-
ng into the 1970’s general science
course anroliments have dechned. with

%.the most common replacements for this

‘Bﬁurse being courses in life science or
physical scrence or garth sCience. En-
dpent in earth science courses
shoWwgd a sharp rise in the two decades
xd by the literature review. with
most okthis increase being in courses in
gradps A8 and 9.

The pexcentage of students taking
science inigrades 10. 11 and 12 in-
creased sinde the mid-1950's through
the early 1970, However. for about 50
percgitt of high sghool students, biotogy

18 the last scxenc’é\;caurse taken — usu-

A

ally in grade 10. Ané}i\ncrease in biology
enroliment occurredifrom 1955 through
the early 1970's. due wipart (probably} to
the ncreased holdhng, power.of the
schools. ‘In the past threg years enroli-
ment in biology has decreased shghtly.
Some of this decrease may g due to the
fact that other science coursedare avail-
able. Courses in marine ¥ology.
oceanography. physiology, mteﬁratefd
science. and ehvironmentaysciencmay
. 0
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attract students who ontce considered

biology as a desirable alternative to
chemistry or physics for their high
school science credit.

There was a small percentiige of en-
rollment gain in chemistry classes in the
1960's and early 1970's. Since 1971 the
,percentage of students enrolled in
' chemistry has déclined slightly. The per-
centage of students enrolled in physics
and physical science courses increased
shightly in the 1960's and early 1970's,
also, with decreases in enroliment since
1972. The decrease in enrollment was

larger for physics than for physical sci-

ence.

Percentage enroliments in advanced
science courses {second year biology.
chemistry, physics) have shown a slow
but steady increase, with advanced biol-
6gy the most predominant. These ad-
vanced science courses appear to he av-

. ailable primarily in largerhigh schoois.

: The number of ‘science courses of-
‘fered as alternatives to the usual se-
rquence of biology, chemistry and

physics or physical science has shown a '

substantial increase since the late
1950's. Many of these courses are of-
fered as one-semester units, Substantial
mcgeases in enroliment in such courses
have occurrel in the past five years.
Objectives for teaching secondary
school science seem to be in transition.
Re'ports of* students’ .lacking practical
knowledge as shown by National As-
. sessment evaluatmns have led to in-
‘creased interest in this aspect of sci-
ence. The inclusion of environmental

‘b’ concepts, Societal concerns and world

problems, skillin_decision making. and

studies of an injérdisciplinary nature has |

resulted in some refgormulation of the ob-
jectives for science teaching.

Science
School

:

Lnstruction:

While curniculum and instruction ap-
pear closely related, research on inser-
vice teachers has shown that teachers

_use similar materials-in different ways as

well as use different materials in similar
ways. With the exception of the inter-
mediate Science Curriculum Study
(1SCS) program and a few other projects,
fittle has been done {o change the struc-
ture of the teacher-student retationship
in science ¢lasses.

The minimum competency movement
has had very little noticeable effect on
alamentary school science at this time.
Surveys completed in the early 1970's
provide data to indicate that there is less
emphasis 10" science on laboratory ac-
tivities and field trips and more emphasis
on matenals that can be used for reaq-
ing. itis ditficult to identify reasons for
this pattern. However. a study by the In-
stitute for Educational Development

»
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published in 1969 reported that patterns
of materials selection may be related to
size of school district, its socio-
economic character, financial con-
straints, and attifudes of school system
personnel involved in materials selec-
tion. - A

in Phe elementary schools (especially
in the larger districts), class size has de-
creased between 1960 and 1975. More
hands-on instruction takes place in the
elementary schools in science since the
NSF projects were developed than oc-

\%ed prior to these programs but a

stantial number of elementary
teachers still do not emphasize labora-
tory activities. Equipment available for
teaching science has increased, in large
part due to NDEA funds, with the use of
educational television and fitms being
highest in the lower elementary grades.
Elementary teachers surveyed in the
early 1970's still indicate as barniers to

teaching science the same items as

these identified in the survey which Paul
. Blackwood conducted in the mid-
1960's: (1) lack-of consultant services,
(2) tack of suﬁ\p‘hes, {3) 4ack of rdom
facilitigs; (4) insufficient funds, (5) lack
of sufficient know!edge {6)lack of inser-
vice opportunities, {7)inability to impro-
vise, and {8) unfamiliarity with methods
forteaching science. Researchindicates
that when these barriers are removed or

wreduced, the pattern of teaching is dif-

terent but that insufficient effort has
been made to yeduge these barriers.

-

Science thstruchon: Sécﬁndary School

With ‘the exception of the mid-1960's
survey of practices in junior high
schools, conducted by L.E. Rogers
{1967). no large-scale surveys of secon-
dary school sciance instruction fog the
late 1950's and 1960's were identified.
Irt the early 1970's a series of survey
studies was condudcted by docteral stu-
dents at The Ohio State University. Re-
plication of setected aspects of these
studies has provided additional data
about secondary school science mstruc-
tion.

There has been an increase in the use
of student-centered activities in science.
However, the lecture-discussion method
still dominates. About half the schools
surveyed indicated siudents were
grouped for science instruction, most
frequently in grades 7, 8 and 9 since
courses in grades 11 and 12 tend to be
glecuive. Some authors consider that
chemistry and physics courses are self-
selective based on the way they are cur-
rently taught.

Sctroois have become better equipped
for science instruction. Federal funds
have bean used by over 50 percént of the

*

schools to augment equipmeat. Some -

work has been done on indvidualized
and self-paced science courses but a

3 »
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' wery small number of students is ex-

posed to these approaches. NSF-funded
science curriculum materials have pre-
sented “‘problems, for average and
below-average sfudents due to high
reading leveis and difficuity of some of
the concepts presented. The use of edu-
cational television and of computers ap-
pears to be increasing. Since 1955, the
number of alternative materials for
teaching science has increased mar-
kedly, presenting local schools with
‘problems when they need to select and
sequence these materials for science.
One aspect of the Ohio State survey |
studies involved the identification of
correlates of effective instruction and
goodscience programs. Over 50 percent
of the respondents from the national
sample identified these variables as im-
portant: (1) science facilities, {2) ad-
mirigirative support, (3) staff coopera-
tion, (4) small classes, (5) a reasonable
number of separate subject prepara-

- tions, and {6) good instructional materi-

alsaAlso idemgﬁed butaslessimportant,
were (7) teaching load, (8)inservice gdu-
cation, and {9) salary.

State requirements indicate that sci-
enceis required foronly one ortwe years

* of a four year high school program. Fifty,

percent or maore of the high school stu-
dents complete their science graduation
requirement via a gourse in biology,
usually in the tenth grade. “ﬂ;ere is, then,
virtually no impact on these students re-
lative to science in their last two years of
h:gh school. For most, their last physical
science course was compieted in ;umor
high school. The role of scienge in the
secondary school curriculum remains
unclear. What science high school stu-
den‘tsxshotitd learn also remains, tmciear.

fScuence Facilities and Equtpment

Theré is widespread agreement in the
literature about theamportance of sci-
ence laboratories and facilities in the
science program. A survey of 850
schools in 7 states showed that about
half of the schools lacked adequate lab-
oratory space and about one-third

. Jlacked adequate storage space. Data

from the QSU srveys produced similar
findings. Approximately 94 percent of
the respondents rated scignce tacilities
in one of the two highest categones of
important factors for a quality science
program.

Suificient space for preparation, stor-
age and student actiwties s related to
specific science curricula in many
schools. Attempting to teach science in

, a reguiar classroom, without moditying

itin some appropnate way, 1snothikely to
be effective. Rogers, in her survay of '
juniorugh schoo! scence, reported that
more than 25 percent had no laboratory
facilities. No specific studies at ths level
conducted in more recent years were
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idemified\to know if these conditions
have changed.

In the OSU survey secondary.schools
were reported as having an annual
budget for science equipment and
supplies in about 64 percent and 76 per-
cent of the cases, respectively. Most
budgets reported were from one to three
dollars per pupil per year. Again, in the
1967 junior highsschool study, about 70
percent of the schools reportad having

budgets {for equipment and supplies for .

science but 20 percent réported no such
budget items.

NDEA funds have helped in the pur-
chase of science equipment and
supplies. Sixty-nine percent of the sec-
ondary achools reported using such
monies for science equipment purchase
and for supplies. In adgition, 15 percent
reported usmg&lDEA funds for remodel-
ing science facilities in secondary
schools. About 66 percent of the eleme@—
tary schools’reporting indicated that
NDEA funds had been used for science

* equipment and supplies, according to

the OSU survey studies. Such data ap-
pearto support the assumption that any
alteration in federal funding would have
a clear influence on sciente programs.

Science Teacher
Education

¥

Literature reviewed for this séction of
the project report related to both preser-
vice science teacher education and in-
service education. Journal articles, re-
search reports and reviews, state of the
art papers, state certification standards
and guidelines proposed by profes-
sional organizations and groups were

reviewed. |
.

T

*Pre'service Science Teacher Educa-
i;on Guidelines vs. Cert:flcation

The ausdetmes most w:deiy referred to
in science teacher edlcation are those
developed by the National Association of
State Directors of Teacher Education
and the American Association for the
Advancement @ Science (NASDTEC-
AAAS). These guidelines are concerned
with both the preparation of elemsntary
teachers 10 teach science and mathe-
matics and of secondary school science
and mathematics teachers

in 1961 NASDTEC and ARAS proposed
a set of guidalines which was rapidly ac-
ceptad. These guidelines, eight of which
were considered common to all saente
fieldsand to mathematics, emphasizeda
‘thorough, college-levet study of the sub-
Jject which the preservice student “was
* preparing to teach, with a major in the

{ subject area rather than in education.

This major was to include work in areas
related o the sixbj_gct 1o be taught. Ap-

propriate methods courses were to be
included in the® preservxce student’s
program. This progyam was also to take
into account the recommendations for
curriculum tmprovement made at that
time by various national groups.
Atthattime (1961) the American public,
was concerned about upgrading the
public schools. One approach to this
was to upgrade the preparation of future
teachers. In addition, the National
Council for Accraditation of Teacher
Education {NCATE) helped bring about
change by ®sking institutions seeking

accreditation for their teacher education .

programs to show how these guidelines
were being used.
. The climate in the schools changed
dunng the decade of the, 1960's. This
change was sufficient to make a revision
of the 1961 NASDTEC-AAAS guidelines
seem appropriate. In 1971 a new set was
produced. This sel focwec! on 12 areas
of concern: (1) humaneness; {2) societal
issues. (3) nature of science and mathe-
matics, (4) science competencies, (5)
mathematics for science teachers, (6)
basic mathematics competencies, (7)
algorithms and computing, (8) modeling
in science and mathematics, {9) com-
munication of science and mathematics,
{10) learning conditions, {11) materials
and strategiesSor teaching, and (12)
continuous learning.

The 1971 guidelines did not overlook
subject matter requirements. However,
they had a broader focus than those of

1961, relating teachar education to lib-

eral education. They also emphasized
the idea that future teachers needed not
only to be competent in their contdnt
area but they also needed to be familiar
with societal issues and to develep a
humane atmospheare in which teaching

and learning are to take place in the *

classroom.

Because the 1971 gmdehnns are con-
cerned with more than content profi-
ctency. their impact is less easy 1o as-
sess. When state certification critenaare
considered. very httle influence'is appa-
rent. Certification standards still focus

. on number of hours of work cempleted

in.the area of certification.
Again, trends in certification stan-

dards are difficult to identify. Certifica
tion 4s sull basically a funchtion of each®
individual state and. within a state. cer-
tification 1s based primanly on the “ap-
proved program’ approach. Under thus
approach, each institution prepanng
teachers works withan the broad
framework specified by the state de-
partment of education for certification

2

for certification. While states such as
Maryland, for example, provide informa-
tion to the effect that state standards for
certification should be regarded as min-
imal and local systems may establish
higher standards for cettification, there
is no indication that this “permission to
increase rigor” is ever commonly acted
upon, '

As the American population became
more mobile, reciprocity has been a
topic of increased concernfor teachers.
Some states, such as Arffona, do not
extend reciprocity to teachers with out-
of-state certification although they do
permit teachers to teach, with temporary

. Gertificgtion, while completing require-

ments for more permanent certification.
Other states specify that reciprocity will_
be extended to graduates of teacher
educationt programs approved by
NCATE, whichis a national voluntary ac-
crediting agency. ’

Content requirements in “science for
certification of elementary school
teachers appear to have changed little
over the past two decades. While some
states specifically indicate a certain
number of credit hours/cowrses in sci-
ence, others consider science only as a
part of the general gducation compo-
nent of a preservice student s under-
graduate program,

When secondary science teacher pre-
paration requirements were considersd,
the picture changed. After Sputnik, sci-
ence content requirements for most
state certification programs increased.
This reversed a previous trend in which
the number of credits for professional
education courses frequently exceeded
that of contenthours in a subject to be
taught. Gertification patterns are still,
however, based targely on courses com-
pleted rather than upon classroom per-
formance, despite the increase in arti-
cles in professional journals about
competency-basedipertormance-based
teacher education-certification.

Preservice Science Teacher Educa-
tion: Prograt

Much of the p m description ma-
terial was located in professional journal
articles although two ERIC publications,
“In Search of Promising Practices in
Science Teacher Education” {1973) and
“Secondary School Science Teacher
Education: Where Are We Going?”’

" {(1974). both produced as cooperative ef-

forts with the Association for the Educa-
tion of Teachers in Science (AETS), do
provide some program descrptions. The

and translates these cntenainio specific g programs described are representative

courses or preparation programs for a
particular cotlege or umversity. This
provides institutions with much flexibtl-|

ity. It also rnakes the institution, rather .

thanthe state. responsible for decicding it
an indwidual should he recommended

2 —
D

ot those in both elementary science
teacher education and in secondary
school science teacher education
During the years of the llerature re-
view program modifications {er eleman-
tary teachers have been made to include

- *
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a greater emphasis on process skiil de-
velopment, both for the preservice
teachers and tor their future pupitls.
Other changes reported in teacher edu-
cation programs involve the irclusion of
such topics as humanism, relating sci-
ence to contemporary social issues and
problems {both of which reflect the 1971
NASDTEC-AAAS guidelines for teacher
praparation]. providing more and
more-extan ed field based experiences
pnor to student teaching, and involve-

ment with mner-cﬁv students and other’

minority groups.

Some science a2ducators have re-
poried thewr institutions to be involved in
compeatencv-based or performance-
based teacher education. This has oc-
curred either because personnel at an
institution are anticipating a change to-
ward this approach or have baen man-
dated to make the change. Advocaies of
PBTE/CBTE state that programs will
benefit because (1) preservice teachers
will be placed in classrooms to demon-
strate their skills rather than remaining
on campus andlor {2) prograss of the
preservice student will be controlled by
the student himself rather than by
courses compteted However, teacher
educators and inservice teachers are not
always in complete agreement about the
competencies needed nor about the
time at which the competencies should
be demonstrated. Some college faculty
are concernad that the development of
the CBTE/PBTE approach to teacher
preparation will mean that non-
education faculty members (and their
disciplinas) will have litlle influence on
the teacher certification process. The
concern has also been expressed that

- competency-based certification stan-
dards may be developed without the
capacity 1o assess adequately or o re-
medy a deficiency once it is foungd.

Although some states have cerifica-
tion standards for junior high s¢hool or
middle school teachers. the stience
education literature does no! indicate
that collegas and-universities have pro-
grams spectficaily designed to prepare
science teachers to work with junior
high or middle school pupiis. There ap-
pears to be a lack of support tyom pro-
fessional science education organiza-
tions for the education of teachers for
junior high schoelimiddie school sci-
ence. Perhaps state departments of
education will have to suppornt and en-
courage calleges to develop such pro-
grams by setuing certification standaras
for junior high school/middle school
science teacher certification.

x

Preservice Science Teacher Educa-

Mon: Research

Much of the research material con-
sisted of doctoral disseriations, journal
artictes reporting doctoral dissertations,

Q
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and yeany reviews of research (identify-
ing primarily doctoral dissertations).
Very few studies were of the scope that
allowed for adequate generalizability to
targe problems in science education.
Many studies appeared 16 lack a sound
conceptual basis relative to the hypoth-

‘eses tested or the questions investi-

gated. Many failed to deal with other
categories of variables that might be re-
lated 10 the specmc variables under
study.

While the studies lacked rigor, some
showed that novel training experiences
did produoe some changes in teacher
perceptions of one kind or another.
However, there was little or no indication
if these changes were temporary or not.
Norwas there any indication of whether
actions in classrooms related to particu-
lar seis.of attitudes or perceptions. Also,
the components in the training pro-
grams that might have accounted for
these chagges were not identified.

‘Studies of teacher attitudes and val-
ves did not always include information
about whether any correlations existed

\between the attitudes teachers held and

the way they taught. Research related to
teaching skill development, classroom
interaction (primarily verbal), and the
use of microteaching increased during
the past seven to ten years. Thisincrease
may be due, in part, 1o the increased
concern for competency-based teacher
education.

More research has been published re-
lative tb secondary science teacher pre-
paration than to the preparation of
elementary teachers to teach science.

‘The number of studies in the area of the

aducation, characteristics, and behav-
wors of teachers has increased wtgnm-
cantly from 1972 through 1974

When research published during 1974
was considered, studies seamed to indi-
cate that effective programs could be
daveloped to teach science process
skills to elementary teachers, that this
fraining was likely to influence the way
teachers conduct sciehce lessons. that
partictpation in designing and carrying
out investigations of their own was likely
to be the most important component of

\;:ch programs. that knowledge of sci-

ce content was not highly related to
the development of process skills, and
thal teachers 1n activity-centered pro-
grams had more favorable attitudes rela-
five to science than those in the more

traditional science programs.

Despite the increase in the amount™of
research produced. more research
needs t0 be done — particularly follow-
up studies of graduates, to determine
the etfectivenass of science teachsar
educahion programs. Research alsc
needs tobe done if any theory of instruc-
tion relative {0 science teaching is to be

deveioped. at either the elementary or™”
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the secondary school level. However, in-
vestigators, both doctoral students and

. more established science educators, |

need to pay attention to criticisms of sci-
ence education research identified by
reviewers of research and to improve
their efforts.

~

Inservice science teacher education

Professional organizations have not
developed specific sets of guidelines for
inservice education for science
teachers. This may be due in partto the
fact that inservica education appears 1o
mean different things to different
people, with little aqreemem concerning
its purposes. The continuing education
of experienced teachers may not be
generalizable but may be specific to the
local setting.

Inservice education may be inferred

- from ocertification standards based on

the criteria which must be met if a
teacher is to exchange an initial certifi-
cation credential for a more permanent
one, but this does not hold true for all
states. Several broad goals of inservice
education are identifiable: skill training,
acquisition of information.. attitude
change, and general self-improvement.
Preservice programs, no matter how
field-based or competency-oriented,
cannot educate a prospective teacher so
thoroughly that the need for additional
skill development is eliminated. Much
inservice education has been ac-
complished through programs funded
by the National Sciende Foundation:
academic year institutes, summer insti-
tutes, cooperative college-school sci-
ence programs. In general, NSF insti-
tutes and programs have had a benefi-
cial effect on the teacher participants.

Generally, inservice activities Rave
beaen designed to help experienced
teachers keep .current in ther content
arza or gain new skills. Inservice educa-
fion activities have tended to ignoretthe
problems of beginning teachars and
have failed to heip beginning teachers .
become master teachers. Instead. inset-
vice activities have, in addition to im- |
proving content knowledge. concen-
trated on halping teachers deal with the™”

proliferatian of educational hardware,

function adequately in relation to new
educahional tasks {such as mainstream-
Ing) or become more aware of informa-
tion related to learning and instructional
theory. More work needs to be done 10
evaluate the effectivenass of inservice
education activities. however. Programs
and activities appear. in many instances,
10 be developed to meet a specific need

, ata particular ime with little thought to

sequence and continuily of inservice
programs The net effect s oiten of the
patch-work or band-aid vanety with hittle
or no formative or summative evaluation
of programs and activities being dome.
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Whbhen one attempts to gam a descrip-
. tion of the present science teaching
population and to relate this description
to possible inservice activities, elemen-
tary and secondary levels need to be
considered separately. Elementary
school &cience teaching sty appears to
be handicapped by deficienties both in
course content and in teaching method-
ology,. as well as by inadequate teaching
conditions in the public schools.Secon-
dary school science teachers appear
better prepared {decrease in number of
teachers without a college degree, large
number of NSF institute partaczpants)
younger (25 percent of the science
teachers sampled in the OSU study had
been teaching four years or less), and
relatiyely satgfied with the career they
chose. Whenjunior high school science
teachers are considered as a separate
subgroup of secondary school science
teachers, these people {on the whole)
lack depth in more than one area of sci-
ence. Yet, many fill general science
teaching assignments {which assume

both breadth and depth). Junior high -

school science teachers are less satis-
fied with the science curricula available,
considering them less relevant to their
pupils than they could be. They also ex-

' press dissatisfaction with teaching con-.
ditions i terms of classroom facilities,
equipment and storage space.

inservice Science Teacher Education:
Researich

Again, most of the research literature
relative to inservice science teacher
education is of the doctoral dissertation
variety. The Writicisms identified earlier.
in this report hold true for research on

inssrvice education as well as for pre- -

sarvice education. Reports of research

about inservice programs were often

lacking in sufficient detail 1o ensure re-
plication, if this should be desired.
Despite all of the reports of* NSF
teacher education efforts, Weich in a.
1976 article in Science Education stated
that no careful study of the influgnce of

B . the NSF curriculum projects on teachear

education had been made. Nor has the
influence of NSF material on t€achers
and teaching been investigated. There
also appears o be 2 need for the SYs-
tematic study of successin achievingthe
general goals of the, improvement of
education for careers in science and the
development of scientific literacy, ac-
cording to Welch.

Some resaarch has been done relative
1o the influence of inservice programs
involving use of science curriculum pro-
ject matenal and teacher behavior.
There have been inconsistent findings at
. the secondary school level However, at
the elementary school level, there gen-
erally was anincrease in student activity
accompanied by an increase in teacher

procedural statements. (These findings,’

and others, are contained in the 1973
AETS-ERIC Review ‘of Research on
Teacher Behavior.}) Both the 1970 and
1973 NARST-ERIC Reviews of Research
contain positive findings relative to
educating teachers to use curriculum
project materials. :

Science Teaching Today

The need for inservice education con-
tinues. Teachers have expressed needs
for help in motivating students, in indi-
viduahizing materials for instruction, and
in the use of problam solving and deci-
sion making sirategies, to name a few
expressed needs. information process-
ing skills are needed by teachers to copea
with the ever-increasing amount of sci-
ence knowledge as well as methods for
helping their students process informa-

- tion. U teachers are better prepared in

their content area and more skilled in
teaching techniquesiand strategies, they
shouid be ablg to better prOmote student
fearning.

Science teachers in the 1970's are

faced by public demands for accounta-"
Y b:hty forareturntot

e basics (Whatever
“basics’ is defined to mean), and forim-
provement of test results reported by the,
National Assessment of Educatuonai
Progress {NAEP). Through NAEP éfforts,
science knowledge was tested in 1969«
70 and in 1872-73. When data from these
itwo rounds of testing were compared,
there appeared to be cause forconcern.
The NAEP scores showed that {1} ap- _
proximately 65,000 fewer 9-year-olds na-

tionally could answer typical science

questions in 1973 than in 1970, {2) ap- |
proximately 70,00Q fewer 12-year-olds -
could respond satisfactorily to tvpical '
science questions in 1973 than in 1969,
and (3) approximately 80,000 fewer 17-

on science, and (5) reduction in intelli-
-gence related to genetic factors and in-
creasing family size. However, Welch
suggested, the drop in test scores may
be due to}an increase in the affective
outcomes of schooling. Using data from
350 science ctasses to support his
hypothesis, Welch reported that in 1972
and 1976 pupils were tested with the
Welch Science Process. inventory and
the Test of Achievernent in Science, a

- test composed of NAEP items. Also,”

8,000 pupils completed -two affective”
- measures: Sciende Attitude lnventory
and Learning® Environmental
Inventory-Satisfaction. Statistically sig-
nificant declines on the achievement
test and the process inventory were
found. However, significant gains on
measures of class satisfaction and sci-
ence attitude were also identified.-
Perhaps, while students may be learning
less science, they are enjoying it moré:t

»

Controlling and

Financing Education -

. Comrolmg Education

* School policies are shaped by many
forces. Between 1955 and 1976 the state
governments have-expanded their ac-
tvities in the number of” functions in
which they are involved in school struc-
tural orgaanization, finance, curriculum
and instruction. The influence of the
state governments ot science educatipn
has increased since 1955, due to ragxxla-
tions both related to science and notre-,
lated to science. Both types of regyla-
tions can provide-positive of negative.
influences on science education.
“Policies regarding sthool size and
school consolidation, the school cur-

vear-olds could answer science queﬁfj * riculumn, certification, selection and pur-

tions correctly in 1973 than in 1989,
What has caused this drop in student
learning -5 it more apparent than real?
Opinions, appear mixed. A'seminar
sponsored by the Thomas Alva Edison

"Foundation and the Institute for De-

velopment of Educational Activities, Inc.
(HD/EJA) resulted in a publichtion which
identified. 20 possible causes for the

drop M learning. Seminar participants.

Q\it the responsx&mt/ -for thus dechine
ould not be assumed by teachers

*alone but that it should be shared by

parents, courts, legisiators, bureaucrats.

~and school admimstrators.

A more recent explanation tor the ap-
parent phenomenon of dechning test
scores was presented at the 1977 meet-
ing of the National Science Teachers As-
sociation. In 2 paper prasentad thers,
Welch identilied several possible expla-
nations: (1) invalid tests. (2) failure of
schools to do their job properly. (3} out-
of-school influences, (4) less time spgnt

s
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chase of textbooks and other instruc-
tonal matenals, and minimum com-
petencies and agcountability. are all di-
rectly related to science teaching. in ad-
dition, policies regarding equality of
educational opportunity for minornty
groups and for the handicapped also in-
Hluence how science 15 taught.

In recent years the number of legisla-
uon and regulation items that celate to
schools has increased. While funds have
been provided by states for some of
these requirements, 1n other cases no
mormies have been allocated. Passage of

- tegislation or regulations without funds

ts frequently an action influencing cur-
riculum. State governments differ mar-
kedlyin the types and extent of influence
they exedt on elementary and secondary
education. Regional patterns of influ-
ence aiso exist. Data examined for the
literature review suggest the role of the
state in science education is more 1m-
portant than commonly thought and the

3
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influence of the state appears to be
growing. @
Financing Education

When data related to s¢chool revey, e
sources were considered, three patten

were identified: (1) increasing support .

from the federal government beginning
primarily in the late 1950's and extend-
mg through 1965-66; {2) the percentage
of state support has not shown asimilar
increase since the late 1950's, a!though
the last three years suggest some p, )55
ble change; and (3) the pergenta e of
. local 'support has shown a general de-
Lline,

* State data for 1973-74 show that states
differ substantially both on their sources
of funds per pupil and the revenue ard

s

expenditures per pupil. Differences also™. |

exist among the many com{nunities
within a state. These differendes have
marked eﬁects on scsence prouramﬁ

folioweﬁ the pattern of federal funds.
The present stage of federal’participa-
tion in education began after World War
H. From™1945-1952 funding was primarily
to aid veterans in_gbtainihg gn educa-
tion. During the lasttwenty to twenty-five
years,funding patterns have chariged to
support programs which influence
elementary and secondary’ education.
Such activities as the National Science
Foundation’s teacher institute programs
and course content improvement pro-
_ jectsare obvious. Also influential are the
‘Nationat Defense Education At of 1958,
the Vocational Education Act of 1963,
~ .the Economic Opportunity Act of 1964,
and the Elementary and Secondary Edu-
cation Act of 1965 o
./There was growing federa! suppdTtin
tal doHars for science education from
the late 1950's thrgugh 1968. Beginning
in 1964-65, federdl legisiation. stressed
the disadvantaged, career and voca-
tional education, aquality of educational
opportunity. bilingual education and
other activities. In some instances fed-
eral programsg requifed matching mongy

from local scholls. This sometimes re-.

sulted in reallocation of funds with less
money béing allotted to science educa-
 tion. Another result was the discon-
hnuance of special programs when fed-
eral support was no longer available.
Since 1968, the financial assistance
prionties esiablished by federal pro-

grams and followad by-states and most

1bcal schools have placed less emphasts
on supportfor science edusation. This
change is also reflected in thaXfact that
science 1s seldom included in the first
evaluation efforts of those states in-
volved in the minimum compelency {or
promotion. graduation) movement.
When school funding is considered,
both biock aid and categoncal aid are

[Kc ‘
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apparent. f the purposé-of the funding is
to allow the schools to use funds in ways
determined, by them, block aid allows
these decisions to be made by the state
orlocal unit. If the purpose of the fund

is to-accomplish a defined objective, the
use of categorical aid is more likely to be
successful. A review*of recent funding
jegistation indicates a reduction of
categcnca! tederal aid for seience adu-
cation since the late 1960's. Based on
past patterns of state and federal-fund-
ing. it is not likely: that many states wilt

. give science a hm‘n priority if federal

legislation does-not. =

The pattern of support for public
schools indicates a general decline in
the percentage of local revenue support
for local schools. The problems which
result have been documented in many
reports and publications: inequality of
tax base, differences in percentages of
homes with school-age children in vari-
ous cammunities; differences in in-
creases or decreases of student enroll-

rent during a fiscal year, differences in 3

educational needs and problems in dif-
ferent communities, among many prob-
lems. From analyses of school financing,
schaols that currently bave 2 low tax
base per pupil and that depend heavily
on lgcal revenue will be most subject to
problems previously described.

With the increasing mobility of the
American population, especially within
the states, increased state support of
schools for the educational program
needs to be carefully examined. Frustra-
tion of local réform efforts is high. Major
reform efforts may have to be ac-
complished at the state level’

Cost Eﬂectaveness of Science Instruc-
tian N

Very faw studies related to the cost
eﬁectweness of science programs were
found ™ the literature. Analyses of local
school budqet summari=s for 11 siates
Qh\éwed the major costs to aschool to be
{1) teacher salari¢s. (2) building con-
struction payments, {3) building opera-
tion and maintenance, {4) transporta-
tion, (5) administrative and staff $alaries,
and {6) instructionatl materials and
supphes. Teacher salanes are usually
the major cost vanable and are affected
by {1) pupiliteacher ratio. {2) teacher’s
step on the salary schedule, and (3)
amount of teachter and staiff hime re-
quired for instruchon and planning

Most of the stuBies=arialyzed involved

only afew teachers and seldomincluded
information regarding salanes.
Instructional material costs répresent
a very small percentage of most school
budgets. The amount 1s SurpnSIng. con-
sidering the investment 1 the other five

areas listed previously. To demonstirate

any substaniial cost effectiveness of one
successiul program over another would,

a
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require maffipulation of staffing patterns
and/or building use. Such research is’
needed. Chfrent technology can proyide
ingtructional alternatives not available in
the 1950's and 196Q’s.

Needs Assessment.
Efforts -

»
T

When literature for this section of the

report’ was considered. both general

~educational- nepds and needs specif-

icMy related ctf science edugation were
considered.

tional in scope as well asthose ofamore
regional or state-wide focus were in-_
cluded i the review.

Needs: General Education

A major need, identified i in nearly every
pertinent document revidwed, was fof
improved financing of education. Basic
skills,.particutarly including reading,
mathematics, communication and lan-
~guage arts skills, and fundamental
-knowledge in such areas as science, so-_

cial science, and other discipline areas,

wereamong the top needs identifiedina
majority ofgha cases. Equal educational
opportunity for females, blacks, Indians,
persons of H:spar‘ﬁc origin, migrants,

. inner city students, rural students, and

bilingual students was identified as a
ma;or need.

Within the last decade, concern has
increased for accguntability in educa-

- tion. This includas both accountability

for learning (such as performance con-
tracting. competery_;y-based education,
and minimum performance require-
ments for graduation) and program
management (such as PPBS, manage-.
ment by objectives, management infor-
mation systems, and school consolida-
tion and reorganization). C8ncern for
vocational or carear skills and knowl-
e&‘ge has become mcreasmuly impor-
tant.

Life-tong learning is also of increasing
importance at the state level. This im-
plies aducational concerns beyond the

ievel currently seen as the limit for for-

mal education.

Desagregation and related educa-
tional problems, including finanging,1sa
concern in many school systems. Con-
cern for exceptional chitdren and for
special education. especially reflecting
‘the needs of the handicappéd, con-
tinues. There appears 10 be some in-
crease in concern for the gifted stu-

~ dents.
A number of schools indicated con-

cern for programs to decrease the
number of students dropping out of

school. Dealing with the student as an*

individual, in terms of develqping a post-
tive selfwmage and aiso’in individualiz-

ocuments that were na-

)

~
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ing instruction, is of mcreasmg impor-
tance. Increasing problems with discip-
line and student management are re-
flected in many publications. Discipline
was listed as one of three major prob-
lems of education in the Third Annual
Report of the National Council of Educa-
tional Research, in Educational Re-
search: Limits gpd Opportunities, a 1977
publication. This concern has been ex-
pressed in the literature prior to 1977,
however. Frequently concern fqQr discip-

‘line iflinked with congern for the poorly

motivated student.
Concern for health and physical fit-

' ness appears to be an area that has re-

ceived attention by the states. The need

-for knowledge about health and heaith

sciénce topics has long been raflacted in
the science curriculum. Some of the re-
cent science programs such as Human
Sciences and Me Now reflect the in-
creased attention to health, indicated as
a need for education in general.

The needs briefly discussed here by no
means constitute an exhaustive ligting.

- Those needs focused on in the literpture

review were those appearing often and
in avariety of sources and were assumed
to represent the needs that appear to be
those most urgently demanding atten-

tion. The needs of educationare a subset -

of the needs of society. To study These i b
a task Of extreme complexity.

Needs: Science Education

if the needs of aducation are a subset
of the needs of society, then the needs of
science education are a subset of the
needs of education. Again, those wh'%ch.
appear most critical, based on the litera-
ture review, will be discussed here.
These needs for science aducation have
been derivedfrom legisiation, from state
educational policy guidelines, from re-
ports of commiitees and conferences,
from research studies and surveys, and,
in some instances, from the broader
educational needs identified earlier.

Stabilized and improved funding is a
critical need in science education. The
implications of decreased funding for

" science education are not yet, for the

most part, well-documented in the litera-

R
wre, Discussio"'s::s with personnel in vari-
ous state departments of education re-
vealed several problems stemming from
reduced finances. First, and probably
most critical, was the assignment of
teachers to second and third teaching
areas, either in addition to orinstead of,
their assignment to major areas of
specialization. Such a situation would
probably lead to lowered educational
quality due to less-than-adequate
teacher backgrounds.” Second, in-

creased class size has resulted from de- -

creased finances. This poses a problem
with safety in the science classroom,
particularly if laboratory instruction is
involved. Thir duced funds avaiiable

tor purchasing equipment, materiais.

and supplies affects the quality of the
science program. Teachers have ex-
pressed increasing concern for the
availability of lower-cost materials and
for incregsed inservice education as

#Budgets decrease.

Another problem involvas small, rural
schools and large urban school systems
competing for the same basis for fund-
ing when they have quite dissimilar prob-
lems. Small schools, due to limited
numbers of teachers as well as of stu-
dents, typically offer fewer program al-
ternatives than do targe systems. In

times of reduced budgels small schools -

may be disproporlt nately affected by
losing some of the options they once
had.

Yet another budgetary problem at the
state level has resulted in the trend to
eliminate many supervisory positions in
the content areas and of altered assign-

“ments for state department of education

personneﬁ\ State-level supervisors are
now often’operating out of their areas of
specialization or, in some mstances

. aeneral:<ts are now attempzmg to pro-

vide service in specialized areas.

The problem of funding for science
education does notappeartobe ona that
will be seolved simply by channeling
money into the sducational system. An
etfective approach might be o establish
the priorities or objectives for science
education and then to fund the program
accordingly. In trying o agcompnsh
specific objectives. funding by categon-

This is the first of four ERIC-SMEAC newsletters. Issue 2 will contain the
summary of the mathematics education hterature review.
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~ cal programs appears to be more effec-

tive than funding by block grants.

The objectives for science education
have remained relatively stable over the
past twenty years. The basic and con-
tinuing need for science education ap-
pears to be for curricula that include (1)
facts, concepts, and principies; {2) in-
quiry and investigative processes; (3)
some emphasis on the interaction of sci-
ence and society, {4) the development of
appreciations and attitudes favorable to
science; {8) career knowledge and
awareness relative to science;, and (6)
relationships of self and environment.

Science curricula and instructionat
materials are needed that are more flexi-
ble, are:appropriate for a wider range of
student abilities, and that reflect emerg-
ing societal concerns.

To re-emphasize a concern expressed
earlier in this literature review, thereis a

the literatur®, it is clear that the ne¥d for
inservice education exists. What does
not exist is complete agreement on what
needs should be met by inservice pro-
gram and how the programs should be
constructed. )

Continuing research in science edu:

.cation is vitally needed. Research which

resulis in the identification of strategies
that facilitate teaching or learning is
needed, as is the application of research
findings to teaching and learning. Be-
cause of the increasingly strong concern
about dechining achievement in science,
as in other areas. research is needed
which deals with some combination of
factors identified as influencing this de-
cline in scores. Regression analysis in
which the amount of variance attributa-
ble to certain factors can be determined
should be considered, to avoid unduly
crediting or disregarding possible con-
tributing elements. Also, care must be
taken in interprating existing research
which does not indicate the amount of,
variance accounted for by reported fac-
tors.

Equally important, the results of re-
search in science education must be
communicated to classroom practition-
ers if research is ever going to improve
classroom instruction. Some successful
ongoing mechanism(s) for this com-
munication should be developed and
put into action.
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Summary of NSF Literat

- Thissecond issue of the ERIC-SMEAC
newsletter is focused an the review of
literature related to mathematics educa-

. tionwhich was g pzﬁ't of one of the three
large-scale stuqhes funded by the Na-
tional Science Foundation. For those

* readers who might not have received the
previous issue of this newsletter, the
studies were (1) a nationwide survey of
the public schools, coordinated by lris
Weiss, Research Triangle Institute,
North Carolina; (2) a series of case
studies of public schools and the com-
rhunities they serve, conducted by
Rebert Stake and Jack Easley at the Uni-
versity of Hinors and others; and (3) a
Rerature review covering the period
1985-1975, conducted by personnel
from the ERIC Clearninghouse for Sci-
ence, Mathematics and Environmental
Education and from the ERIC Clearin-
ghouse for Social Studies/Social Sci-
ence Education. : L8

The purposes of the literature review

were {1} 10 review. analyze, and sum-
marize appropriate literature related to
pre-college science instruction (for
“science,” read alsO mathematics and
social science), 10 science teacher edu-
cahion, and to needs assessmment efforis:
and {2} to identily trends and patternsin
the preparation of science teachers.
teaching practices. curriculum materi-
als. and needs assessmemt In science
education for this twenty-year period.

The reviewers for the mathematics
aducation poriion of the project {Manlyn

N. Suydam and Alan Osborne) tocused

on two quastions: (1) What were and are

current practices in mathematics educa-
tion for curnculum, instruction, teacher
education, performance of learnars. and
needs assessments dunng the twenty

year penod begidning in 18557 and (2)

Was the information about practices

usad or ignored in decision-making
© concerning policy in education during
the twenty yvear period?

Tf:o recent publications had analyfed
aspicts of mathematics education: the
1970 yearbook of the National Council of
Teachers of Mathematics. 4 History of
Mathematics Education in the United
States and Canada. as a source of infor-
mation about events and practices for

Q tiwo-thirds of the twenty year

E MC and a 1975 report of the National

L4

Advisory Commxttee on Mathematics
Education, Overview and Analysis of
School Mathematics Grades K-12, con-
taining extensive information about

move recent history in mathematics,

education. Suydam and Osborne
searched- for additional sourges of in-
formation that would complement and
up-date these publications.

Three major themes \gzre treated in
the mathematics educatian literature re-
view: {1) The Schoois-worganizationai,?
instructional and curricular patterns, as
well asinformation concerning facilities,
equipment, costs and student charac-
teristics: (2) The Teachers—preservice
and inservice education, as well as in-
formation concerning background,
competence and behaviors; and (3)
Neads Assessment—planning docu-
ments, systematic needs assessments,
and progress assessments. Each theme
served to organize a major section of the
literature review.

N +

Existing Practices in Schools

Practices i the schools were consid- .

ered relative to an overview of activities
in mathematics education during the
past 20 years. This period has been one
of continuing curriculum reform. with
mathemaucians and educators working
as a team. Extensive federal funding has
occurred. with federal policy increas-
ingly affecting curricular development.
The roles of federal agencies {(Natiornfal
Science Foundation, Office of Educa-
tion, National institute ct’ Education)
have changed as these agencies have
assumed varying degrees of responsibil-
ity for the cost of curriculum develop-
ment and teachear retraining. During this
period there hasbeen a marked increase
in research as well as 1n developmant
efferts in mathematics educatien. There
has been a concern for the mathemats
ically able. especially at the secondary
level. as well as a concern for the"disad-

-vantaged. especially at the elansentary

level. .

The need for curnculum refdrm has
been generated by different factors at
different points in time. In 1955 the int-
luential factors weare public dissatisfac-
ion with existing curricular outcomes
and concern from mathematicians and
mathematics educators for curriculum
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reform. In 1965, important factors were
the patterns of declining achievement

scores, especially at the college entr-

ance level, and pressures for accounta-
bility.
Organizational patterns. Educators

are concerned with meeting the needs of
individual students and increasing

‘achievement. Many approaches have

been tried {the use of mathematics spe-
cialists in elementary schools, team
teaching, open classrooms, alternative
schools, etc). However, a review of re-
tevant documents supports the finding
that the graded, self-contained class-
room at the elementaty-school level and
the fixed-period schedule of the secon-

dary school have remained the predom-

inant patterns over the past 20 years.

-Authors of reviews of research have®

concluded that there appears to be no
one organizational pattern which will in-
creage student achievement in mathg-
mdtics. Good teachers can be effective
regard!ess of the nature. of the school
organizaticnal pattern. However, re-
searchers have given little attention to
reasons why some teachers may be.
more effective with one pattern than with
another.

Mathematics curriculum, content. As
it is reflected in textbooks, curriculum
guides. and descriptions of courses, the
content of school mathematics curricula
has changed over the past 20 years. In
the elementary school. "arithmetic’ has
givep way to mathematics’™ in a cur-
incorporates varying
amounis of geometry, probability and
stanstics. functions. graphs, equations,
inequalities, and algebraic properties ot
number systems. At the secondary level,

a comparison of leading commercial -

texts ravealedb
and inclusion

th change in emptiases
{ riew content. “"New
en a single phenome-
eert series of developments
that evolved and shangad continuousiy.
: tritially. cudrriculum reform focused on
‘the college-bound student at the secon-
dary school level. while most. early
dbmentary school projects developed
supplementary ratenals. Changes inin-
tent accompanied changing needs. Em-
phasis was placed on structure. rigorous
deductive proof, explorationand correct




terminology, with changes in sequence
and inclusion of topics \Methodological
emphasis was placed on developing un-
derstanding.

As reflected in print, the content of
school mathematics curricula changed.
However, while the number and varigty
ol courses offered at the secondary
schooi level increased, inclusion of

new math” content in the elementary
school may be Hiusorv

Cutriculum guides vary in format and
emphasis. They 'have litde variance in

- Lontent, with the impact of the California
“strands” approach evident in many
. guides. Behaviorally-siated objectives
distinguished many 1965-1975 guides
. from earlier guides. The need to dis-
seminate information to increase im-

plamentationt of new curnicular ideas

became apparent. >,
Since 1965, data clearly indicate that
enroliment in secondary school mathe-
" matics courses has increased, especially
in advancad mathematics courses.
Thus, more students are studying more
mathematics. A large percentage of stu-
dents has studied materials develdped
by one or another of the curmculum re-
form projects. Enrcliment patterns seem
* relatively stable in the 1970's, with con-
sginued small increases in advanced
. courses and in basic or remed:ai math-

|malics.

-

Mathematics instruction. Knowledge
of what gces on in schools ts limited.
Few studies have described the actual
ctass situation. However, some gener-
alizations can be made relative to class

size. time allotment and use. teaching .

approaches, and the dsﬁerentaatxon of
instruction.

Approximately 20 perse*\t of the
elementary school day is ellocated to
mathematics. with the number of mi-
nutes increasing with grade level. At the
secondary school leval, approximately
200-300 minutes per week are allocated
to mathematics. Alarge portion of imeis
taken up by non-instructional activities

. (control, classroom routines, othgr
managsearial duties). How time ts used
may be of more importance than how
much time s available. Higher achigve-
mant 15 likely to result when more than
half of the ime15 spent on devetopmen-
tal activihies. !

Classrooms have changsd little over
the past 20 years, despite the'in-
novations advocated. Predominant pat-

. terns continue to be. nstruction with
total-class groups, .tell-and-show fol-
lowed by se?mork at the elemantary
school tevel! and homawork-lacture-
naw homework’%t the secondary school
level; and the use of a single textbook
but few other matenals.

It appears that no one mode of instruc-
tion ¢can be considered “best.” Meaning-
tu! instruction promotes achievement.

stention. and transier—all accepted
EKC oals of nstruction. Teachers beliéve
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that activity-oriented instruction shouid
be used. Few actually use it.
Teachers "frequently do not differ-
entiate instruction.:They tend to gearin-
-struction to skills already achieved by
their students. Various means can be
used to differentiate instruction, includ-
ing grouping for specific needs. How-
ever, many teachers find it difficult 1o
group for mathematics instruction.
There is little evidence that self-paced

- programs for individualized instruction

are any more effective than “traditional™
instruction. Mostlow-ability pupiisfind it
difficult to function-using self-paced
programs. Such programs cost much
more than traditionaltinstruction. The
disadvantaged student can profit from
special attention,,but sugh students dif-
fer individually more than as a group.
The needs of the talented are not
being well-served in the 1970's. Enrich-
ment programs are especially needed
for those in small schools. Advanced
Placement serves the needs of those
who are going touse mathematics better

Y
LN
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surement, and-other topics. insufficient
attention has been given to the testing of
higher-order objectives (e.g.. problem
solving or analyt:(‘ thought).

Stodent characteristics. Five charac—
teristics were identified as the foci for
discussion of relevant literature: ap-
titude, attitudes, self concept, sex differ-

ences, and socioeconomic status, Most.

of the redearch indicates that aptitude,
as measured by intelligence.tests, is
highly correlated-with mathematics
achievement, There may be ageneralin-
tellectual factor for ability in mathemat-
ics, butitis suggested‘fﬁat mathematical
ability consists of a number of factors.
Pnorexperaences verbal ability. reason-
ing, and spatial ability are related to
mathematical ability. The role of lan-

guage, sex, age, and herddity needs

fufther‘ - study. -

Many people believe that mathematics
isliked by most sttrdents or, at the
!ea t, istnot a favorite subject. However,

research indicates that attitudes toward:

than it does the needs of thoke who are - mathematics aré generally positive in

going to major in mathematics. The Ad-

vancéd Placement Program in mathe-

matics requires that a school carefully
“design a curricul hat will accelerate
1 successful schools
beginthe ration process early in
the juni h school experience. The
AP program does not work well in
z chools which have designed a program
ffording students AP opportunitiesonly
in th
school.

ast year or two of secondary

+ S~

Achievement evaluation. The role of
gvaluatign continues to be important in
the determination of educational policy.
The scope and role of evaluation have
greatly expanded during the 1955-1975
period. Evaluation information is now
expected to provide guidance for prs-
grammatic decisions, whereas in 1955
its prirmary use was in terms of standard-
ized tests and decisions congerning in-
dividual stydents.

. Standardized tests have assumed in-
creasing importance. Recognition that
scoras from tests are being misused has
increased; many people still believe the
important outcomes of schooling can be
adequately appraised by ach:evnment
tests. The limitation of the useof testsfor
developing instructional outcomes 1s
being emphasized by many leaders.

The greatest change in testing has
been the increasing use of objective or
criterion-referenced tests. such as be-
havicral objectives that were em-
phasized in the 1980's. At that time
(1980's) behavioral objectives were an
issue. in the 1970's there is leSs concern
for the form of objectives and renewed
concern for the intent of the objectives.
Instructional objectives and test items
compare favorably on contént invoiving

f knowledge of computation, but not on

content concerning geoym;etry. mea-

1
‘ »

~goodat’ asreasonss

- the elementary school and appear to

peak at approximately age 12. Thewe is
limited evidence that.attifjudes toward
mathematics were slightly more favor-
able*in the 1980’s than thay were in the
1950's.

*

When reasons for liking or disliking - ‘/

mathematics are donsidered, several
tudies Wink dishke to frustration with

word problems. possibilities of making ~

and "notbeing
ents identify for
their feelings. Reasons for liking math-
ematics include the idea that working
with numbers is fun and presentsa chal-
lenge, that mathematics is logigal, and
that there is need for mathematics in
practical living. Attitudes toward math-

mistakes, too many rul

‘ematics may vary with sex (results aré .

not cansistent). if there is a differghce in
attitude toward mathematics by boys
and girls, this difference'can probably be
attributed in large part to a socigtally-
induced expectation.

While mathematics educators and re-

searchers believe that attitude toward

mathematics is related to achievement

in mathamatics, there appears tobe no -

meaningful or significant. relationship
between the two. Whether self concept
15 sigmificandly related to mathematics
achievement has not been definitively
ascertained.

Sex-related differences in mathemat-
1cS achievement are not universal across
the {actors re!a&e;ndjq mathematical abil-
ity. Diiferences iraptitude and achigve-
ment vary more with individuals than by
sex. Girls and boys at the early elemen-
tary school level do not chifer signifi-
cantly in mathematical achievement. In
upper elementary and early high school
years, differences were not always appa-

.rent. When differences did occur, they
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" the late 1950's some ideas have ap-

tasks and girts on computat:on No con- *

clusions Tegarding sex dafferew:es can
be reached concerning secondary
school students. Fewer girls take math-
ematics, however. Socio-cultural factors
appear to be involved. Societal expecta-
tions, which have changed in the past 10
. years injterms of women'aroles, do not
seem 10 have produced changes at the
secondary school tevetwhere peer inter-

. relationships are very importafit.

X N . I
Socioeconomic factors appear to ac-

“count-for much of the vaniance in math-
ematics achievernent, Evidence seems

. 1o md;‘rate ‘that socio-economic status

and achievement in mathernatics are
correlataed, but that the school has little
hope of narrowing the achlevement dif-
ferential between socio-economic
levels, .

Instructional materials, Textbooks,
supplemented by workbooks and other
materials for seatwork or homework, are
heavily relied upon in mathematics

 teaching. The textbookis thg primary de-

terminant of mathematics curricula:
Many teachers uge no instructional ma-

- terials except the textbook and the

_chalkboard. ¥

. About half the states have mandated

textbook adoption lists, with more states
having multiple text adoptions than was
observable 20° years 2go. However, a
‘single textbook-is stil} used in mos
ciassrooms

hi!e

~

there s variance across

te books gt the elementary school level, -

the basic components gf the cyrriculum
have become standardszed so that the

© variance is largely in terms of amount of

~Space allocated to a topic, approach,

&nd design. At the secendary schoot

level, gider variance’is ‘obvious as-the

peared in the majority of textbooks in
less than five years. -

Much discussion was focused,on pro»
grammed mstructsoa in the late 1950's
and into the e&rly 1960's, based primarily
on the idea that programmed instruetion
would allow each pupit to progress at

. his/her own pace. The use of pro-

* grammed instruction may save time in
achieving specific goals but it is unclear
whether pupils actually progress at indi-
vidual rates. oo

“"When the use of mampui tive materi-
als is considered, several findings are
obvious. In 1955, the primary grade
teacher was more likely to use manipula-
tive materiais than were teachers at
other levels. In the 1960's emphasis on
the use of manipulative materials at all
levels was emphasized. However,” the
1955 pattem continues 1o he found in
1977 — the primary grade teacher is still
most likely to use materials. Little useis
reported at other levels. Although use of
manipulative materials decreasés as
grade level increases, the use of soch
fmaterials appears to be etfective with
certain content at a!l age levels and with

. alitypes of chil
In 1955, schools and computers were .

considered separate entities. Availability
and cost prohibited a merger.in the early
1960 s some schoels bought or leased
computers, or computertime, usyally for

£ administrative purposes, and eventualily,

= for mathematics instruction. Smce 1970

‘type of course varies. Teachers tend to.-

follow the textbook closely with segard
to content selection and Sequencing,
though they may skip or ignore compo-
nents which they do not consider essen-

tial. Supporting the contention that the™

-~ textbook influepces what is learned 15 a

report by Begle, published in 1973, iden-
tifying different patterns of achievement

- associated with the use of dnﬂerem'

textbooks.

Readability has been of spedific con-
- cern for.at ledst10 years when textbook

selection is considered. Between 1955
. and 1964, the total vocabulary load in

"~ elementary school texthooks was re-

the fraction of secondary schools report-
ing some computing activity has steadily
increased, from 34.4 percenyin 1970 to
58.2 percent in 1975. Mathematics clas-
. ses used the computer.most frequently,
although the percentage dropped from
7 percent t¢ 43.2 percent. The prob-
lemssolving mode was the most widely
used, followed by simulation and then
tutorial CAlL . ~

“When stddies on the etfectiveness of
the use of computers were reviewed, re-
sults were, in general, equivocal. Higher

- general achigvement was not a foregone

outcome of the use’ of computers, but
they did aid .in promoting problem-

. solving achievement. A review of studies

ported to have increased by ‘more than .

-40 percent. Some textbooks and project

. matena\s have been revised to prepare

versions with more appropriate vocabu-
lary and readsng levels. The incorpora-
tion of research findings in textbaok
content has also been considered. When
recommendations were clear, concise
and Mact they were incorporated into
EKC extbooks’ wrthm tive years Since

3

related to drill- and- practice programs
using CAl provided evidence that highar
achievement could be anticipated when
CAl was used to augment regular in-

o strucuon .. .

Another instructional tool is the
hand-held calculator which has been on
the market since the early 1970's. The
catcuStor, which decreased in price in
1975, has the potential to change the
curricular focus on computation. A grit-
cal ahalysis of the literature related to
hand-held calculators has resuitedin the
identification of reasons for.

»

against, their use' L

® Frequently c»ted reasons {for using *

- calculators included: aid in computa-

~ . ’*\
. . . A,

2 -

.amount o

and

tion; facilitation of .understanding and
conhcept deyelopment,; tessening, of the

~ “need for memorization; help in problem

solving, motivation; aid in explonng,
uvnderstanding, and learning algorithmic “*

processes; and the fact that hand-held
calculators exist and are appearing in
the hands of mcreasmg numbers of stu;
dents.,

The most frequently cited reasons for
not usmg calcutators were that: they
could be used as substitutes for develop-
ing computational skills, they were not
available to all, and they, might give a’
false impression of what mathematics is.
The first concemn was expressed.most

-

frequently by parents and other mem- ~

bers of the public. Few educators, how- .
ever, believed that children should use
calgulators .in-place 'O# learning basic
mathematical skills:

How extensively the calculatorwill in-

- fldence ‘the mathematics curriculum is

unclear."Conflict is obvious between
those who see computational skills as
the most vital task for mathematics
teachers and thoge 'who see the cal-

) eu!?' or allowing a change in direction*—

ange feasible for the first time in
history. in'the past three years, Opamons
hawe changed. The calculator is being
used with increasin@frequency, but the |

. curriculum has not changed ﬁdt:ceabiy

Both shert- and long-term research and
curriculym development ngeﬁ 10 he un-
dertaken, in addmon to }eacher»‘trammg
efforts. .

insfmctiona! cost& Although it is vir-
tually amposs:bieto determine the actual
spent for education
(berause thﬂerent figures and differ--
ent bases »’t‘nere i$ littlg doubt that both
the costsof insttuction.and the amounts

‘allocated to instruction have increased .

since 1955, over and above the inflation
rate. For at least 15 years, edupcation
has been the largest item in the budgets
of most state and local government. The
amount of federal funding for education
has mcroased dramat!cany

The amount of money devoted to
mathematics instruction’is difficult to
determine; 18 to 20 percent seems plaus-
ible but cannot be verified from available
data. The amount of money spent per
pupil has not been-found to be sigmifi-
cantly related to achievement in mathe-
matics in mogt studies. There are indica-
tions that socioeconomic factors out-
side .the control of the school exert-a
greater influence.

Assessrnents of the impact of federal
funding show an increased emphasis,
since 1968, on the evaluation of federally
funded projects. The reports fram those

-~ receiving funds almost invanably indi-,

caie thatthey feel the funded activity was
successiul. In few cases were there hard
data or a controlled research design.
Evaluation from outside reviewdrs rarely
indicated the degree of Success those
mvolved in & project or activity repfided.
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- 1955-1965 ‘period in-service edu

Federal policies which conflict with

local priorities were notdikely to be fully
implemented. Federal policy on evaluar
tion of funding efforts can be im-
plemented when pubhc ‘opimon com-
cides with federal need.

; insting Practices and Procedures

—-——

in Teacher Education : ._;

Chémges in the*nature and quaiaty “of

" preservice and in-service education for

both elemantary@nd secondary school
mathematics teachers have-taken place
durmg the195§-1975 penod Dun(xg the
ggmon
was the focus of atientiop and action.
The attention accofded in-service
teacher educatioh was $O consuming
that ihe majority of conclusions to be
made about preservice education are in-
ferential and based on infcrmation cob
lected relative {6 m-service needs,

Discussion sections related to teacher
education were_grouped by ten-year
periods (1955-19%p and 1965-1975), but
some generalizations can be made
which $pan the twenty-year period. The
mathematical background of students
completing preservice programs for
elementary and secondary school
teax,hers increased significantly during
the two decades, with the character of
that mathematical experience reflecting
thegcurrent cumcu!a in the public
schools. Teachers are acqmrmg a seo-
ond professional degree in greater per-
centages and at'an earlier age than ever
before.

.The history of in-seivice educat:on
espec;aily at the secondary schootl level,
during the 1985-65 era is hsghly related
to the history of the National Science
Foundation's development of tn-service

*

programs. The NSF institutes reached

an estimated 35 percent of the mathe-
matics and science teachers. The mas-
sive sponsorship and support of in-
service education provided by the fad-
eral government during the 1930's and
1960’s changed the expectations of
teachers about in-service education. In-
service education as supported by NSF
had paid teachers’ fees and living ex-
penses The mathematics and methods
were "packaged’ {or the teacher by the
institution of higher education providing
the NSF institute Institute programs
were primarily disciplinary in onentation
(a typical summer institute was about 80
percent mathematics and 20 percent
‘teaching methods). This situation had
several consequences: t2achers, accus-
tomed to having work prepackaged by
an institution of higher education.
lacked skills for identifying needs and
planning in-service to fit those instruc-
ticnal and curricular needs. They came
to expect that not only would in-service
work be designed for them but. it wouid
be provided and pajd for by someone

ther than the teacher or. the school sys-

b L > -

During 1962-1965, the three peak
years of financial ﬂupport the level of -
federal investment in in-service educa-
tion was approximately $37,000,000 per
year (equwalenm approxxmate&y 70mil-
‘lion dollars in 1975 dollars). However, in
1975, nofundswere available forteacher

institutes fqr the coming year. Teachers't

expectations and attitudes about in-
setvice education, built over a twenty-*

+ year period, wede upset as were the roles

ahd functions that schqol systermns and
. institutions of htgher education had es-+
, tablished. For 'a period of time this
traumattzed the mathematics educanon
in-service “effort. )

However, teachers want ‘in-seryice”
education. They prefer that it be'related
to p?ogrammahc -and instructidnal
needs in their schools. Teachers aiso

- prefer in-service education that is

neither purely mathematjcal nor purely
methodoldgical. Leadership at the local
+school level can appreciably-cha the
character qQf in-service education, and
teachers’ perception qf its worth.  *
Information gained ffom an In-service
Project of the National Council of’
Teachers of Mathematics indicates that .
the critical factor in determining
teachers ,perceptions of the effective-
ness of in-service education is the extent
to which planning is participatory. i
teachers’ judgments of need are incor-
porated into planning a program fitting

their currigulum and their instruction.

they were significantly more likely to {eel
their in-service axperiences were satisfy-
ing.

The majority of elementary and sec-
ondary school mathematics teachers
who responded to the In-service Project
survey indicated that topics of a purely
mathematical hatdra were not as popu-
lar as those incorporating aspects of the
teaching and learning ef mathematics.

" Teachers prefer released time for in-

service activities. but only 44 percent of
the elementary respondents and 39 per
cent of the secondaty respondents re-
ported that their schools can or do p‘rQ-
vide this.

Many teachers attain their second de-
gree before ihav have had 10 vears of
teaching expenence and indicate a
strong perception of need for further in-
service activities throughowt their re-
maining 25 to 35 years in the teaching
profession. However. hitfle evidence
exists that in-service education makes a
difference inchildren’slearning. Studies
addressing this problem are few and far
between. Research evidence is, how-

aver, supporiive of - service education”
~ makipg a difference to teacher’ content

backgrounds.

Competence of teachers, when asses-
sed in terms of promoting mathematical
growth in their students, is apparently
related to a complex interaction of an
assortment of factors rather than.being
simply refated to a limited numbet of fac-
’(cgt inlinear combmanon Maﬁ}efnaucal

'3

P

background and attitude toward math-

-~ ematics as characteristics of teachersdo

* not account for a substantial amount of
the vagiance in the performance of*the
> teéchérs students

When preserwce teacher aducation is
considered, five major developments of

the 1965-1975 period arg obvious: (1) an

. S

increase in mathematics requirements -
. for secondary and elementary ffrograms;

{2} competencv»based teacher educa-
tion, {3) an increase in the amount of
pre-student teaching field experience,

" (4)the incorporation of an e phas;s om

laboratary and/or activity_learning into
the teacher edbcation program, and (5)

the supply and demand factors in the

prqspeotxve teacher population. -
Competency-based teacher education

. 7 doesnotappear to be asignificant factor

of susiamed impact on teacher. éduta-

tion programs, at least for the immediate

future. Computer literacy artd the back-

ground to use the computerin the teach- .

2ing of mathematics is not a component:

of certification requiremehts in nmiost
states or in the institutions that prepare
teachers. - ‘

The.most significant trend in teacher
education at the preservice level is the
move loward incoroomting pre-student
teaching field experience in mathemat-

L4

ics education as a major modificationin

program design. This trend is being ac-
complished because itseems "sensible”
rather than because its effects on the
prospective teacher are known or ver-
ified. Few studiesin this area 'have been
reported Almost no direct evidence of
the effects of early expanancn in the
schools or of what, or how, it Contributes
to a total program in teacher education

is available. it is not known what consti- .

tutes sound pre-student teaching field
experience or what doee not. This is a
major area for reeded research in math-
ematics teacher education since cost
figuras for such programs are appreci-
ably higher than for traditiortal teacher
aducation programs.

There is a significant trend toward in-
cluding laboratory or activity” ‘learning
Zmphases in both the mathematical and
the methodological phases of prospec-
tive elementary teachers’ academic pre-
paration for teaching. This trend 1s re-
lated to another davelopment: the inte-
gration of the mathematics and methods
course content. The impetus for this de-
velopment stems from the belief that
teachers teach.as they were taught. The

need for batter working relationships be-’

twaen mathematics departments and
methods teachers in education faculties
kaeps such integration from being label-
led as a trend.

?

Between 1955 and 1965 there was a
shortage of teachers. Duning the 1965
1975 period, the supply factor ¢hanged
markedly. However, evidence suggests

that the oversupply of secondary
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teachers in particular may rapidly give
way to undersupply in the near future.

Significantly fewer freshman-level stu-

dents are indicating teaching as a career
chorce. There are no projections of
teacher supply and demand factors that
are specific to secondary schiool math-
ematics.

The reviewers found no firm data con-

* cerning the number of mathematics

S

teachers serving in the schools at the

s Secondary levei not how many, under-

-

graduate majors in mathematicat 5Gi-
ences were certified for teaching. Sup-
ply and demand data for secondary
mathematics teachers appeared to be
nonemstem

. Needs As$sessment:

4

Mathematics Education

In'1955 needs assessments wete con-
‘ducted, largely in an informal? !matter.
Needs were assessed tn’'teims of a par-
ticular purpobe used for that, purposse,

. and not hecessanly preserves-qnce the

-

Y

>

purpose had been achieted. Reflections

of needs ware evident in a variety of

Sources, including journal articles, con-
terence reports, legislation. committee
fecomnygndation, ‘guidehnes; irend
‘analyses, and achigvement tast data.

For purposes of the review, a differ-
entiation was made between 'needs as-
sessment’ and “progress assessment.”
“Needs assessment’” was used to refer
1o hterature mvn}vmg ‘goals; 'progress
assessment. "to that reterring io
achievement and dther status test data.
Within each of these division$, studies
and other documents were classified as
relating to national concerns or 1o state
concerns.

Needs assessment: national con-
cerns. Needs whichs have heen re-
peatedly discussed and cited includethe
need to: (1) examme mathsmatical goals
in relation 1o societal needs. (2) examine

~, tmphcations of technology, mncluding
- computers and calculators; (3) establish

minimal competencies {as a basis |
accountabihity); (4) restructure the cur-
riculum {to resequence, extend. enrnch

or one or another specific purpose); (5

increase attention to apphcations. statis-
tics and probability, problem soiving. the
metnc system. and basic mathematical
skills, {G) provide for indmvidual needs.
-particularly of less-abla pupils and the
talented. {7) \mprove articulation of
mathematics with other subjects and
across grades: {(8) conduct research on
the learning of mathematics, Iink re-
search and curriculum davelopment,
and improve the implementahon of re-
search. (9} improve pre- and in-service

. teacher education to strengthen teacher

competency, both in knowledge of con-
tent and methods of ieaching: (10) de-
velop better evaiuation techniques, and
{11} improve cooperation between
Hmh@matacs aducators in universiies

l: KC shools.

wll Toxt Provided by ERIC

Discrepancy in the selection or rank-

. ing of'goals — between educators and

the publie, college parsonnel and class-
room teachers. students and teachers—
is not uncomfion. However, it cansbe of
particular condem when the rankings of’
educators and taquyers are widely di-

, vergent. Thus, in the 1970's, there is a

‘discrepanty between public concern for
“the basics’ and educatiors’ concern for
“mathematical understanding.”

Recently -(1976)
educators, depariment heads, and
supervisors were asked to comment on
future events that could have implica-
tions for mathematics education and to

- generate consensus on what should re-
ceive prionty in light of this envisioned~

future. The events considered most im-
portant were {1) back-to-the-basics

« movement;(2) continued accelerationin

computer techoology: {3) increasing
complexity of our society; (4) cen-
tinued demand for releyancy in mathe-
matics; {5) an increase in community in-
volvement in schools: and (6) increasing
demand for school accountability, both

in programs and expenditures. o

The curriculum priorities deemed
most important or desirable were: (1)

mathematics

-

mathemaiics should involve more activ- .

iy hammg (2) mathematics should in-
volve more use of computers and cal-
culators. (3) real apphcations (some in-
volving metnic dimensions) should tllus-

,«nmph’ms should be piaced on develop-.
ng creative thinking in and via matha-
matics, (5) probab:hiv and statistics
should receive more émphasis in school
mathematics programs, and (8) the
mathematics curnicuium should be con-
tinually revised and updated to conform
with the presentvand future need of the
students.

Needs assessment: state congerns.
In most of the documents reviewed from
individual states. mathematics concerhs
ware aither not cited or were only one of
sevaral, or scores of, concarns cned In

relativaly few states were specific doC\{/

ments avalable on planning tor mathe
matics education. As far as can be de-
termined from the documents surveyed.
the main identifiad concerns did not dil-
fer trom thos2 at the nationallevel Shight
differences in prionhes were tound

Whﬂe mathematics aducation perseis
seidom cited 1n state goazs 1t 13 most
frequenﬂy ong aspeci of 2 ' competency
in basic skills’” goal Where needs as-
sassments spacific to mathematics have
been conducied, both  knowledge of
bastc skilis” and apphratlons ot skilis
to real-hie probiems have been mghon
the hst of needs. As at the national level,
discrepancy among concernad groups
was apparent in the pnionty assignad to
mathematical goals 1 5

<2

+ trate the utility of mathematics, (4) more o

.many cf the procedures parallel those

- Y
) -

Progress .ass ments: national
level. Within the tWenty-year period of ¢
the literature review, comparisons of
“new’ and 'traditional’ mathematics
programs focused attention on the need
to develop more appropriate means of

.assessment. The National Longitudinal

Study of Mathematical Abilities (NLSMA)}
Wwas-the first large-scale tes?mg program

.in mathematics-and involved the School

Mathematics Study Group (SMSG) ma-
terials. Although the NLSMA was not
primarily concerned with assessment,
used in later assessments. Gonceived as
a study of the effects of various kinds of
mathematics textbooks on the learning
of mathematics, NLSMA focused atten-
tion on the need for longitydinal as-

.sesgment and improved evaluation
* ted

Hques. .

The National Assessmen @bt Educa-
tional Progress {(NAEP), conducted by
the Education Commission of the States,
began assessment of vauous‘sub;ect
areas in the late 1960's. The first mathe-
matics assessment by NAEP was can-
ducted during 1972-73: the second,
1977-78. The assessment inciuded six
major content areas: numbers ahd num-
tration_measurement, geometry, vari-
ables (d fetationships, probability and
statistics, and consumer mathematics.
NAEP data have indicated specific
strengths and weaknesses, although the
primary function of NAEP is to provide
longitudinal information on the status of -
mathematical achievement.

Another assessment conducted in the
1960's was the International Study of
Achievement in Mathematics ({EA math-
ematics). This survay irfvolved 133.000
students A 5,450 schools in 12 coun-
tries. Thirteen year-olds and pre-
university students (grade 12) were
sampled. Although IEA has provided
data on the achievemant of Amencan
studenis compared with students in 11
other countnes, the resulls are dithcult
to interpret in view of the many varned
cultyral and school {actors invoived.

A comparnson of computationglskills |
data from NAEP, NLSMA, and several -
other assessments indicated thapt these
skills are not acquired on the basis of
inttial instruction but that perfodmance
tends to stabilize dunng the juntor lugh
schoo! years. Stabihzaton ocCurred ear-
her for whole-number examples than for
those with fractions Level of perigr-
mance decreasead as items became motr
compiex. '

Colizge-enirance and some other |
standardizad test scores have indicated
dechines 1n achievementi across the
years. with more extensive decreases for
verbal portions than ior mathematcal
portions of the tests Causes forthe drop
in achievement levels have been
hypothesizad and involve both the

school and the home Some wnlers be-
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liave thg school-related causes can be
more closely siudied and more easily in-
fluenced. School-related {actors whose
developments closely parailel the de-
~aline in the achievement scores seem 10
be: (1) tugh school students taking fewer
“basic™ courses {e.g.. English. mathe-
matics) and fewer college preparatoty
¢ourses (algebra, first-year foreign 3an§
guages. chemustry, physics), {2) increa

ing numbers of students absent from
school, and (3) fewer students dropping
out, resulting in a larger percent of

~ _drop-out proe students taking tests.

Progress assessments: state level.
Again, the document base in ferms of
state-producad documehts was, not ex-
tensive. However, the movement toward
accountabihty has resultad in both rmin-
imal competangy requirements and as-

compgtency legistation.” 10 had state
board of education rulings. and legisia-
tion was pending in 10 more states, As of
June 1974, 30 states had accountability
legisiation which took vaned forms:
_State assacsmenl evaluation. state test-
ing proaiams modern management
techniques. professional personnel
evaluainon. periormance-based school
accreditation. and performance con-
tracuing. Faporting procedures vaned
widely for these 30
scope of dbjeciives and iype of test in-
volved.

The content areas ior which weaknes-
ses were identified are ones which have
been known {0 be difficult. Fractions. di-
vision. and subtraction with regrouping
head the lisi. which also includes deci-
mals. geomelry. measurement, proof.
estimation. siatistics and probabthity,
and problem solving.

In Conclusion

Suydam and Osborne conclude the
mathematics education portion of the
twenty-year lierature review with the
identthcation 6f some major deficien-
cies they found for the process of pohicy
formation as they examined the record
and commented on those dehiciencies.

They concluded that the evidence
shows that progress and change have
been the result of {ederal intervention
into the damain of mathematcs aduc-
tton Some writers claim that tederal in-
vestment in mathematics education has
often been the vital margin determining
whether a change would be reahzed or
not. There s hitle evidence that the fu-
ture will be otherwise.

To Suydam and Osborne. three prni-
mary sources of dithiculty or fallurein the
processes of pohicy formatien for math-
amatics education are apparentiromihe
’rﬁ%r{t history of mathematicg educa-
tion One. educational policy 15 ire-
quently determined vithout collecting
enoughinformatonto allow the process
, ¥o be rational. Two, educational policy s

KC equently constructed without using in-

~

.

. sessments of achievement in many state.
As of April 1977, aight staths had minimal

siates. as did the

formation that is readily available. Three,

the point at which values enter into pot-

icy formation and thé effects of the dil-
ferences in thé values held by various

groups concerned with the schools is’

frequently npt recognmzed in determin-
ing the prighties within edugational pol- .
icy.

Relative to the first type of
saeveral exampies are cited re ative g
practices in the schools and to pgacnceﬂ
in teacher education. *Classroom prac-
tices of teachers are largely undocu-
mented. Little is Known about the extent
to which teachers differentiate instrue:
tion for children with different charac-
teristics and needs. Not enough is
known about the extent and nature of
teachers’ use of instructional materials
and tools. The exient of teachers’ de-
pendere on drjit-and-practice teaching
strategies is.not known. Data concern-
ing supply and demand of secondary
mathematics tgachers are only conjec-
tural. Littte evidence s avatlable qom-
cerning the charactenstics of the small
but significant portion of teachers refus-
ing to participate in in-service activities
andior about program characteristics
that may keep them from participating.

More evidence is needed about how

much. what kind. and when early field
expenence should be a part of a teasher
education program or how this actually

coninibutés to developing teacher com-,

petancy. The characteristics.of teachers
that coninbute to the affective learning
of mathematics by students are not
well-described nor venfied.

Farlures .of the second type {pohcy
formation without using “available
knowledge) are also readily apparent.
The formulation of policy has frequently
not recagnized that some charactens-
tics of performance and practice appear
to have significant stability over the
years. This may be evidence of a lack of
information dissermination. farlure t¢ do
sufficient summative hterature analyses.
or simply testimony to the youth of the
fizld of mathematics education and its
resulting lack of academic jraditions.

The third type of failure or difficuity.
that of not recognizing the point at

~ which the values of vanous groups enter

into policy formation. 15 also guite evy-
dent it has been pointed outthatchange
has httle permanence in the schools if
the need for a project or problem s
based on an entreprenaunal motivation
rather than on a percephion of aproblem
in need of solulion by the primary per-
sonnel 'of a project. A development or
research effort will fail at the point of
implamentation or apphcation of the re-
sults if discrepancies are not resolved
The problem {or-protessionals ap-
pears io be a matter ot efficiency in
promoting change Not only must pro-
fessionals collect appropnate kinds of
informatipn concerning practices in the
schools, they must also make sound ap-
phcation of this information. 1 ‘}'
A}

=*.

ifficulty.
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New CIJE Publisher

Beginning with the March 1979 issus,

" Current Index to Journals in Fducation

has been published by Oryx Press,

- Phoenix, Arizona. Subscribers to CME™

should contact Oryx Press. if they have

-not already done so, to avoid undue

«delay i receiving the publication. For
subscription information, contact:
ORYX Press
‘3930 East Camelback Road:
. Phoenix, AZ 85018
{602) 956-6233- | =’ -
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The Best of the Best.of
- ERIC, Volume 2

Now Available

f.

Produced by the ERIC C!earmghouse .

on Educational Maqage?nent University .-
of Oregon (Eugene) this volurpe con-

.f’ .

tains summaries of 307 reports and your-

nal articles. The pubhcatmﬂ LOVErs is-
sues 21 through 40 of ° “The Bést of
ERIC" series produced by the Clearin-
ghouse on Educational Managemseni’
.This sernies focuses on 20 topics of cur-
rent interest to school admininstrators.
The topics included are:

Advisory Committees
Altergative Schools
‘Alternatives to Suspension
The Basics Controversy
Classroom Discipline
Communication Skills
Community Schools v
Competency-Based Education
Dealing with the Drug Problem
Declining Enroliments
Improving School Glimate
Leadership Effectiveness
The Management Team
Parent Evaluation, of Schools
Public Relations Problems
Reduchion in Force

School Financial Elections
School Volunteer Programs
Staif Development : N
Teacher Evaluation

>

Volume 2 is a 119 page. illustrated
book designed to be a one-stop refer-
ence {or locating some of the most Sig-
mhicant resources in educational man-
agemant. A quick perusal ot any chapte
gives the reader 2 good wdea of ma;or
1ssues and proposed solutions 1o prob-
lermns in each of the 20 topics.

The Best of the Best of ERIC, Volume
215 available at $6.50 per copy. prepaid
{purchase orvders accepted) Requests
should be sent 10

~

Editor's Oftice

ERIC Clearinghouse on Educational
Management

University of Oregon

Eugene, Oregon 97403

{503) 686-5043

- ~

»

%



’

*
e

Recent Pubhcat:ons from ERIC—SMEAC*
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Scxence Educauon

Se!&cted Sclence Activities in Con-

sumer Decision Making. Richard L.
.And Rebecca L. Sagness, editors.
'$3.00. €D 162 895

This publication contains many scis
ence education activities related 1o con-
sumer decision making. Each activity
has been classified by the editors ac-

cordu;zg 10 the most appropridte grade”
h

“level, The area of oonsumer education
“involved, the specific topic, and thi con-
sumer education concept considered.
Areasinvolved are the consumer and the
environment, foods, advertising, tools,
. health, clothing. %product testing, and

" natural resourges.

-\

Science Education/Society: A Guide to
interaction and Influence, 1979 AETS
" Yearbook. MrchaeiR Abraham editor.
$7.50. ED 164 360

The topics identified in this yearbook

* are issues which go beyond the content

of science or methodology of science
teaching. An attempt is made to diseuss
the influence of society on both sciance
and science teaching as well as the in-

~ fluence of science teaching on society.

Topics and issues -are grouped under
three headings: Science Education and
Its Influence on and Interaction With
Society {energy. population and peopie,
pollution, naturald rescurces, huran be-
havior. sex education, genetnc issues,
parapsychology. astrology. creationism,
drugs. tachnology). Society and its in-
fluence on and Interaction with 'Science
Educatnf{n {two decades of curnculum
projects,’ theory in curriculum and in-
structed learning. influance of funding
by the United States government on the

teaching of science in the elegentary ~

and secondary schools, the influence of
professional associations on science
teaching, special student'needs — sci-
ence for the handicapped. career educa-
tion); and Influence and Interaction Be-
tween Science Education and Society
{expionng value 1ssues 1in science teach-
ing: sciance, mind and education. the
essence ot life. bringing about chancm in
science education).

>

National Association for Research in
Science Teaching 52nd Annual Meet-
ing, Abstracts of Presented Papers.
Arthur L. White, ed. $3.50.

SE 026 771

- This publication contains abstracts ot

papers presented at the fifty-second an-

nual meeting of the National Association
for Research fn Science Teaching

>T). Atlanta. Georgia, March 21 23,
EKC These papers relate to science

wll Toxt Provided by ERIC

teacher education (pre-service and in-
service), cognitive development, fearn-
ng, mstruct!on teacher and student be-
havxors rfesearch cles;gn and other top-
ics.

»
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Mathematics Education

Perspectives on Women and Mathe-
matics. Judith E. Jacobs. editor. $5.00.
{ED 166 05%

The core of this monograph is com-
posed of papersresented in the sirand
on “"Women and Mathematics™ at the
1978 annual meeting of the National
Council of.Teachers of Mathematics.
The publication also contains two com-
mentaries which synthesize the material
presented at the San Diego meeting and
which’ offer additidnal suggestions for
action. These papers serve as a vehicle
for sharing the best thinking available on
the problem of changing the rate of par-
ticipation of girls and women in*the
study and use of mathematics.

Selected Research Papers, National
Council of Teachers of Mathematics
National Conference, 1979, Jon L.
Higgins, editor. $2.25. ED 167 383

This is a collection of abstracts of
selected papers presenied in the re-
search reporting sections of the 1979
annual meeting of the National Council
of Teachers of Mathematics, Boston,
April 18-21. Topics raporied include use
of hand-held calculators, problem solv-
ing, use of games, and cognitive pro-
cesses and mathematics learning.

-

Resources for Teaching Mathematics
in Bilingual Classrooms. C. James
Lovett and Ted Snyder. eds. $1.75,

SE 027 515

The purpose of this report is to pro-
vide, in one documeant, a substantial re-

ematics teaching in bilingual programs.
Parti of the report provides an overview,
of the issues and problems involved/
Part i consists of an annotateg bibhog-
raphy of matenals for teaching 4 smathfe-
matics in SpanishiEnghish progg‘am /A
list of suppliers of bihingual mathem
materials, a list of references to gayeral
bilingual matenals. and a phrase higt are
appendead.

source for those concerned with math- /

Env:ronmenta! Educau n

Current Issues in En\gro memal
Eduction-1V: Selected Papgrs from
the Seventh Annual Confgrence of
!hre National Associatiop for En- |

iy

Energy Education; A Bibliograp y'o

¢ compiled by Mitton Rineha

. Rinehart, R

vironmental Education, Craig B.Davis
and Apthur Sacks, editors $5.00._
ED 167 407

Included are 31 of the 73 papers pre-
sented at the-1978 conference of the Na-
tional Association for Environmental
Education (Chicago, Apri 30-May 2).
The papers are organized into seven sec-
tions; environmental ethics, interna-
tional environmental education, energy
systems, environmental studies, ens
vironmental education research, ang
environmental education programs.

Abstracts from RESOURCES’IN / ‘
EDUCATION (RIE) from 19 »‘%9?8
i, ‘Robeért .
W, Howe andM James Kozidw. $5.00.

éb 166/067 ¢

The total RIE:data basg, 196 1978
was searched for mater‘ajs of /uSe in_
energy education. Resum
uments are presented. Also ing uded are
Subject, Author,and /smun nal Author

Indexes.

Y

Energy Education: A Bibliography of Ci-
-lations from ‘ﬁREﬂT INDEX TO
JOURNALS IN EDUCATON (CIJE)
“from 1986-1978, t,om/pﬂed by Milton

ert W. Howe, and M.

James Kozigw. $5.680.  SE 026 992

The total £IUE data base, 1966-1978,
was searcled fo,{ articles of use in
energy edycation/ Citations of 899 arti-
cles are pressnted. Also included are
Subject dnd Author Indexes.

Enviropment ( Education in Action-Hi:
Casg Studjes of Public Involvement
in Environmental Policy. Selected and

ited by Clay Schoenfeld and John

singey. $5.50. SE 027 517

/Twenty-seven case studies. gatherga-—R
ffom acgross the United States and into
anasf deahng with “non-formal” en-
vironimental education are presented.
Thesl,e range from aclivities of
congervation-oniented orgnizations to
QrASSIOOls’ responses 10 environmen-
tayéoncerns‘ ‘

Alliance Affiliate Activities: Non-
Governmental Organizations in En-
vironmental Education. John S. Dis-
nger. ed. $3.50 SE Q27 518

The 32 member organizations of the
Alhlance for Environmental Education, a
national umbrella group- of pnvate or-
ganizations mamintaining mterest in en-
Vit ntal_gducation. each contnb-
Um of their environmental
education activibies, concarns. and
agendas. Alsomncluded s areport of the
actav:t:es of the Alhance
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* Reéders wishing to ordera copy of any of the publications described on the preceding p;;tge have several options.

They may contact the ERIC Giearmghouse for Science, Mathematics and-Environmental Education and order directly
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The third issue of the ERIC-SMEAC in-

formation bulletin is focused on topics
and issues related .to environmental
education. One of the major concerns
related to the environment is energy, its
sources-and problems related to energy
productior). This issue contains some in-

tormation about energy knowledge and |
attitudes of the American public as these -

data have heen obtained from a survey

conducted by the National,Assessmeyit -

of Educational Progress (NAEP), The
Education Commission of the Stafes,
Denver, Colorado. - .
One of the sources reviewegd is
ENERGY Knowledge and Attitudgs, A
National Assessment of Energy Aware-
ness Among Young Adults, Report No.
08-E-01, December, 1978. This: docu-
ment is available from the ERIC Docu-

ment Reproduction Service {(EPR®as—.

ED 166 017. Other sources afe Science
Achievement in the Schools, Deceinber,

1978 (ED 164 337) and Three Assess- °

ments of Science~1969-77: Technical
Summary, Apdil, 1979. Persoris in-

terested in ordering the summary ghould

Education (RIE) for the ED numbefof the
technical summary. . i

Also included in this issue of fthe in-
formation builletin are descriptfons of
.. some ERIC Clearinghouse for Science.
Mathematics and Environmentg}{Educa-
tion publications relating to eggfrgy and
other aspects of environmental educa-

tion. s

check the August issue of Resouzces in

Sirfice 1969 the National Assgssment of
Educational Progress (NAEP), {unded by
the U.S. Office of Education, has been
systematically monitoring the nation’s
progress in education. The activities of
NAEP are in response to a charge first
set before the Office of Education in
1867. However, it was not until 1969 that
systematic efforts were carried out to
collect data that would report on the na-
tion’s progress in education in tarms of
knowledge, skills and attitudes. Yearly
surveys are cohducted, involving Ameri-
can 9-year-clds, 13-year-olds, 17-vear-
olds and young adulis {ages 26 to 35). At
present ten learning areas are being as-
. sessed: art, career and occupational de-
velopment, citizenship, fiterature, math-
ematics, music, reading, science, social
steriee and writing.. \

Although energy assessment was not
one of the original areas to be assessed,

* problems with energy use and availabil-

ity are such that this topic appeared to
merit study. if citizens are not adequately
informed about energy, they are not able

. o make wise decisions. Energy prog-

lems affect not only government, busi-
ness, commerce, and foreign policy —
they affect individual fifestyles, There-
fore, National Assessment staff and per-
sons with expertise in energy-related
ageas met te.identify some goals.and ob-

Jectives of energy education, preparat-

ory«$0 surveying the American public's
knowledge abaut enefgy.
The Survey Instrument

After goals and objectives Wefe iden-
tified, questions were developed. These

questions were then reviewed by scien-

tists, science educators, and energy ex-
perts. Seventy kpowledge questions and
76 attitudinal . questions were used.
Questions measuring knowledge were
categorized as relating to (1) basic
energy facts, (2) general énergy issues,
and (3) energy conservation. Questions

. Theasuring attitudes were categorized as

focusing on (1) feslings about the seri-

" ousness of energy problems, (2) beliefin
the effectiveness of personal action, (3) "

feeliags toward environmental hazards,
and (4} feelings toward emergy trade-
offs. This survey was given to a sample of
American adults during the'summer of
1977.

\ '
The Sample

A

A national probability sample of young
adults, aged 26 through 35. was drawn.
This sample was stratified by region and
community size. Approximately 1300

adults responded to each question inthe -

energy assessment.

Of this sample, 466 percent were
male; 53.4 psrcent, female. Fifty-four
and eight-tenths percent were in the
26-30 year group in age: 45.2 pergent,
31-35 years old. When race was consig-
ered: 13.1 percent of the sample was
black; 81.2, white, with 58 percent
characterized as “other.” In terms of
community size, 38.5 percent were from
big cities and their urban fringes; 61.5
percent, from medium and smaller cihes
{population less than 200,000).

Ty

The sample was .also characterized

+ according to educational level: 18.5 per- |

cent had not graduated from high
school, 30.1 percent were high school
graduates, and 51.3 percent had some
education beyond high school. Such

weducation may have involved business,

professional or trade school training as
well as college or university education. -

incojge (before taxes and deductions)
was aiso considered: 17.4 percent of the
sample had incomes below $8,000 to

© $14,999, 42.1 percent earned incomes of

$15,000 and above, and 6.1 percent were
identiﬁed‘ as giving “other responses.”

The Results )
The results of this assessment aye re-

.ported in “Energy Knowledge and At-
- titudes, a National Assessment of Energy

Awareness Among Young Adults,” Re-
port No. 08-E-01, published by the Edu-
cation Commission of the States in De-
cember 1978. Emphasis throughout
rmost of the report is on the national re-
sults although group results are also re-
ported according to sex, race, total
household income, community size,
education, and age.

Diﬁerences_' between group and na-
tional results are discussed only when
results appear to be significantly highey
or layer than the national percentages
of cofrect responses. Only differences
statistically significant at the .05 level are
discussed. Using the .05 level of signifi-
cance means there iyonly a 5% chance
that these differences are an artifact of

“theisurvey design or the sample.

' Findings from the .
. Energy Survey

Knowledge of Energy Facts, issues,
Conservation

Within the broad categories of energy
facts, 1ssues confronting American citi-
Zzenswand.conservation techniques were
included such topics as energy demand
and supply, energy use in vanious sec-
tors of society. processes of energy con-
version, major potential sources of
energy, and social and envirgnmental
tmphcations stemming from the current
{(summer 1977) eneygy dilemma.

In considering the responses of the
adults surveyed, the reader should keep
i mind that America with about six pet-
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cent of the world's populfation, con-,
sumes about 30 percent of the world's
available energy. The average American
citizen consumes approximately seven
times the average amount of energy
consumed by other world citizens, ac-
cording to information in “'Energy Con-
servation in the Home'' {a publication of
the U.S. Department of Energy, 1977, p.
21). .

Results related to questiocns about
knowledge of basic energy facts were
mixed: ~

1) 67 percent knew that solar
» energy is the largest potential
- source ofenergy’

2) 79 percent knew that petroleum
is the largest export from the
Middie East; -

3) 70 percent knew that the United,
States is likely to run out of petro-
leum before it runs out of coal,
but

4) only 16 percent knew that coal,
as well as petroleum, can becon-

- verted to gasoline -

o

if events~at Three Mile island had oc-

curred in 1977 rather-than 1979, results -

relating to nuclear power might have
been different. In 1977 young-adults
knew little or understood little about the
conversion process underlying conven-
tional nuclear reactors. Only 17 percent
correctly answered two parts of a three
part question dealing with nuclear
power.

Performance related to units of
measuring energy was generally high.
An exception was the acrony
{British Thermal Unit) for the engineer-
ing unit of heat energy used to designate
the amount of heat necessary to raise the
temperature of one pound of water one
degree Fahrenheit. Some responses to
_ energy measurement questions were!

1) 75 percent knew electricity 15
measured in kilowatt hours

2) 84 percentknew the rate atwhich
a light bulb uses electrical
energy is expressed as watts .

3) 90 percent knew energy content
of food is expressed as caiories

4) 50 percent knew the heating
value per pound of coal is ex-
pressed as a BTU or Calorie

. Results refated to questions designed

to test knowledge of fossil fwﬁeis showed
that:

1) only 49 percent knew coal is the
largest fossil fuel reserve in the
Us.,

2) 40 percent responded "l don't
know' to a gquestion asking them
to select from a hst of by-
products those which did notuse
- afossil fuetas a raw matenal, and
3) only 14 percent knew that coalis
- the primary energy source used

o to produce the largest portion of

N

. our electrical energy. (Thirty per-
cent believed falling water was
the primary source.),

Whan the potential energy of a primary
fuel is converted to a kinetic form so that
it can be used, some df the energy-be-
comes less useful and is thus lost for all
intents and purposes. This loss. is par-
ticularly serious in heat emitting engines

and no engine can ever be 100 percent .

efficient, according to the laws of

physics. However, 50 percent of the

sampie marked as correct the item "'tm-

proved technology will eventually make -
it possible to convertto usefulwork all of
the energy released by burning a fuel.”

{ Fifty-two percent knew that industry -
was the sector of society that consumes

the largest portion of the nation’s total
energy {as compared to tranportation,
commercial and residential sectorsk
When given a question about the time
required from beginning construction{q
production at various energy sites, orfly
14 percent correctly responded tolat
jeast three parts of a five-part question,”
Public knowledge about the time re-
quired for making an &nergy site opera-.
ble and productive seems rathey low..
I terms of general energy issues:

1) less than half (46 perggnt) of the
sample knew that ¢rude oil pro-
vides the largest percentage of
energy consumed in the U.S,,

2) exactly 50 percent knew, that
from 30 to 60 percent of the oil
consumed by Americans is im-

. ported from foreign countries,

3) 47 percent did not know that
waste heat is emitied by nuclear
power plants as well as by fossil
fuel plants,

4) almost 50 percent did not know
that the sulfur content of the coal
deposited in the Western United
States is less than that of the coal

. found in the Eastern US,, and

5) 95 percent knew that autemobile
emissions contribute heavily to
air poliution; 76 percent knew
that ¢il tankers can contribute to
water poliution.

-

When questioned about knowledge of

federal monies used for research and

development, ownership of power
plants and terms associated with the
energy problem, responses from young
adults varied:

1) 50 percent knew that the federal
government has allocated moye
funds to nuclear research and
development than to coal, petro-
leum, solar, wirtd or hydroelec-
tric research and development
during the past 20 years;

2) 70 percent knew that, during the
past 25 years, the federal goy--
ernment has spent less t0 i
prove rail transport than air O

« highway transport; 1 9

B

_8) 70 percent knew that most elec- .,

“ricity is produced in" power -
plants owned by utility corpora-
tions {as opposed* to major oil
companies, the federal govern-
ment, or cities and towns), and
4) atmost 70 percent Knew the
meaning of the tgrm “‘embargo,”
50 percent kneW\ what OPEC
meant, and 50 percent knew the

meaning of GNP. ‘

Energy conservation may be ack
complished by either curtailing energy

_ supplies or increasing efficiency in the

use of energy. Curtaiiment is normally
short-term strategy used to cope with
aGute shortages. The NAEP energy in-
strument contained questions  about
energy conservation which had imphca- -
tions for the average person’s home and
transportation. ,

Results related* to questions about .

home energy conservation included:
5 percant knew that an electric
ciothes” dryer consumes more

energy in 15 minutes of continu-
ous operation than does a color
television, vacuum cleaner,
dishwasher, or washing .,ma-

- chine: -

2) only 23 percent knew that heat-
ing water consumes more energy
in the ave¥age American homein
ayear than refrigerating or cook-
ing food, drying clothing, or

~ lighting the home; -

3) 71 percent knew that a 40-watt
fluorescent tube produces more
light than a 40-watt incandescent
bulb forthe same amountof elec-
tricity.

4) 65 percent knew that installing &
inches of insulation in an insu-
lated attic saves more energy
than weather-stripping or caulk-
ing doors and windows, turning
otf lights when not needed, or
closing fireplace dampers; but

5) only 29 percent realized that -
home consumption accounts for
jut one-fifth of the total energy
consumed each year in America,
even though 50 percent had cor-
rectly answered another ques-
tion indicating that industry ac-
counted for the largest portion of
total energy consumed each year.

Only 19 percent of the sample knew
four conservation methods that can re-
sult in significant savings: (1) in winter,
set thermostat at 68° during the day and
60° at night; (2) turn air conditioner off
when home is unoccupied formore than
two hours; (3) set air conditioner at 78°
rather than 72° and (4) set hot water

_heater thermostat at 140° rather than

150°F. ;
The fact that young adults’ knowledge
about energy conservation in personal
transportation contained some gaps
was shown by responses to a series of
guestions about conservation tech-
niques for automobile owners and driv-



ers. Only 61 percent knew that tumidg
off the engine when the car is stopped

- for only 5 minutes saves gasoline:

Thirty-three percent thought that keep-

ing tires slightly underinflated for better.
" traction either saves gasoline or hias no

effect on the amount of gasoline con-

- sumed, neither of which is correct. Only

46 percent knew that using radial tires
saves gasoline. However, 87 percent did
know that accelerating very quickly to
the appropriate speed wastes gasoline.

Thirty percent knew that the avera g}.

automobile gets the most miles per g

fon of gasoline at 40 miles per hour

‘rather than at 15 miles, 55 miles or 78

- mile per hour. Fifty-five percent “knew

that the weight of the car has a greater

_ effect on the amount of gasoline used

than does the amount of air pressure in
the tires, kind of gasoline used, ¢tlean-
ness of the oil filter or of the spark plugs.

* Fifty percent knew that trains require
. less energy t0 move one ton of weight

per mile than do trucks, airplanes, or
helicopters.

1, Overall, young adults’ performance
igher on consetrvation techniques

:’:ﬁ@kosonal transportation (58 percent) -

han‘on conservation techniques inthe

home (54 percent). More males than
females reponded correctly. " More
whites than blacks responded correctly.
More people reporting a household in-

.come of $15,000 or_ above gave correct

~ responses than frgczm other income

groups.

The summary portion of this section of
the report is interesting in that it eon-
tains (pp 12-14) itetns grouped by per-
cent of respondents answering cor-
rectly. categones are 19%, 20-39%, 40-
59%, 60-79%, 80-100%.

Six items were answered correctly by
only 19% of th@ respondents: .

1} coal can be converted to gaso-
line;

2} the largest portzon of our electn-
cal energy is produced irom
coal;

3) five years are required to get oil
fields and underground coal
rmines into production and 10
years to get nuglear power plants
into production;

4) fission is the process currently
used as a means of gensrating
nuclear power for useful pur-
poses;

S) fhission and {usion create
radioactive waste by-products;
and |

6) during the decade 1960-70,
growth in the use of coal was
greater than the rate of popula-
ton growth»

* The sixitems answerad corractly by 80
to 100 percent of the sample were:

1) turning down the thermostat to
68" duning the day and 60° at
night results in significant sav-
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‘2) automobiles are commonly as-
sociated with air poliution rather
than with water or heat poliution,

3) accelerating very quickly to the
appropriate speed wastes
gasoline,

4) car pooling to and from work
with one other person for 50
miles saves gasoline, o

5) tife rate of electrical energy used
by light bulbs is expressed in
watts, and .

- 8) the content of food energy is ex-
pressed as calories.

> -

Attitudes About Energy Problems

Our current energy problems result

_ from historical trends in the use of
resources. Our cbuntry’s needs for
energy were first met by the use of
wood. In the 1880's coal was more
widely used than wood because im-
provements had been made in mining
technology and coal was in plentiful
supply. Since 1950 oil and natural gag;\
have been the major sources o
energy because they are cleaner,
cheaper and easier to extract, rans-

. porggand burh. .By 1977, oil and
natural gas provided 74 percent. of
the total energy needs of this country,
coal — 19 percent, and hydropower
and nuclear sources — 7 percent.

The population of the United States

increased by 34 percept from 1950 to
1970, but per capitaenergy consump-
tion increased by 46 percent. Energy
use in 1970 was nearly double that in
1950. i this trend continues, Ameri-
ca’s annual use of energy per capita
will have doublqd.again by 1990 so
that we will have used as much
energy between 1970 and 1990 a5 we
used in all the years precedmg 1970
(pp. 15-16).

Reopie need to bagin making choicde
for the tuture. To get scme information
about what these choices may be, items
were designed to obtain information
about athtudes about (1) the seriousness
of the energy problem, (2) personal ac-
tions that relate to the energy situation in
America, {3) environmental hazards as-
sociated with the development of energy
sources., and energy trade-offs. One
group of questions was designed 1o de-
termine if young adults think the energy
problem is a'serious one.

Results indicated that young adutlls
telt energy shortages do pose a serious
threat to the future well-being of most
American. Most realize that the United
States is not the only country in the
world with energy problems. Respon-
dents felt that energy problems are not
past, that ali energy problems wilinat be
solved i the next ten years, and that
thare will be more gasoline shortages in
the Unmited States.

Energy considerations do appear to
influence young adults when they pur-
chase cars and appliances, travel to
work, heat their homes. and vote. A high
percentage of the respondents beliey

>
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that as world consumption of energy in-
creases there will be less energy avaik
able in the United States and that there
will probably be wars over energy
supplies. - .

When asked if America should de-
velop energy independence even if this
means energy will cost more, 36 percent

rong!y agreed and 42 percem moder-

tely agreed. Only 14 percent moder-
ately disagreed and 6 percent strongly
disagreed. From these responses, Na-
tional Assessment staft inferred that
mo8t young adults thmk the energy
problem is a serious one.

Nine questions were designed to study
attitudes about the extent to which
people think their personal actions and.

- behaviors have implications for others.
- Corollary issues were whether or not

people want more information about the
problem and what thoices individuals
will make in terms of their own actions.

The majority of respondents tended to
think that citizens can influence the gov-
drnment, manufacturing, and oil com-
panies. However, one-third doubted that

" citizens can influence such agents, The

majority of respondents wanted more in-
formation about energy probtems and

- about’ anergy conservation.

When asked about . their personal
choices of means of traveling one-hatf a
mile, more than hatf of the respondents
selected "using a car.” Slightly more
than one-third chose sithér walking, rid-
ing a bike or riding a bus. ‘

_Viewed as a whole, responses to the
questions in this group suggest that
young aduits are aware of their potential
to influence major decisiens about the
energy‘problem, are concerned about
the energy problem to the extent that
they desire moreinformation on the sub-
iect, and are perhaps moving in the di-
rection of incorporating choices in their
personal actions that may help ease the
energy problems.

Attitudes of adults toward environ-
mental hazards were studied in terms of
whether or not people feelthat declining
environmental quality is a serious threat
and whether they would tolerate certain
energy sources near their homes. Thay
were also asked if they agreed or dis-

‘agreed that declining environmental

quahity poses a serious threat to the fu-
ture well-being of most Amencans.
Nearly 90 percent agreed that this s the
case.

Theywere also asked how serious they
considered several potential hazards as-
seciated with nuclear power {disposal of
radioactive waste, -explosion, theft of
plutonium, radiation expoure from nor
mal operation, thermal poliution). Each
hazard was to be categorized as very
sernous, moderately serious. or not seri-
Qus. Each was considered more sernious
than not, with the disposal of radicactive
waste regarded as the most senous
hazard listed.

When asked to identify which of eight.
types of energy producers they. wouid be
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willing to have built within 25 mile of
tHeir homes, young adults marked only
large windmills and large solar energy
collectors as acceptable. Nuclear power
plants ,;eceived moere 'no’’ responses
than any of the other seven (large
windmills, large solar energy collectors,
dam with hydroelectric plant, geother-
plant, coal-burning power
plant, coal gasification plant, cil shale
processing plant). ¥

A series of questions was designed to
ascertain whether young adults had an
envirgnmental perspective or an enelgy
development perspective. Responses
suggested a fairly strong preference for
environmental congcern as opposed to
at-all-costs energy development. How-
aver, a substantial number (37 percent}
disagreed that auto pollution control is
more important than gasoline mileage.
The majority disagreed that we should

use all of the natural gas, oti and .

gasoline we need now.

Certain energy-solutions have implica-
tions beyond the present. The quest for
energy alternatives forces the consid-
eration of thertrade-off between generat-
ing more enargy and possible high risks
to health, safety, the environment, and
the social and economic well-béing of
the nation.

Young adults were asked to evaluate
the seriousness of problems assoiated
with seven energy-producing sources
{coal mimng, nuclear-powered genera-
tors, offshore drilling and the Alaskan oil

“pipeline, importing or shipping foreign

oil to the 1.5, coal-powered generators,
oil shale) across three major trade-off
areas: heailth and safety, the environ-
ment, and social and economic impact,

Interms of health and safety, coal min-
ing was thought to offerthe most serious
anergy trade-off and oil shale, the least
setious. In terms of environmental prob-
lems, nuclear-powered generators were
viewed as presenting the most senous
enargy trade-off, with coal mining a

. close second. Solar heat collectors were

considered the least serious threat to the
environment. In terms of social and eco-
nomic impact, there was yet a third rank-
ing. The importation of foreign oil was
viewed as being the most serious. These
results suggest that young adulis havea
different perspective on the various
energy producers, depending on
whather they are viewed in terms of
health and safety, tha environment and
poliution, or social and economic im-
pact. The ratings also suggest that
young adults may not have sufficient in-
formation about the relative serousness
of the energy producers.

What do the Resuits Mean?
The National Assessment stafi does

* notmake interpretative comments about

the data it codects. However, comments

from outside experts in the field are n- |

Y vited. The report concludes with a chep-

Q
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ter containing reactions from four per-
sons interested in and knowledgeable

.o

about energy education who served as
conultants to the National Assessment
staff. '
These consultants saw both positive
and negative implications. There was
avidence of deeper awareness and con-
cern about the energy situation than was
indicated by earlieryspolis (by other
groups). However, the sample did not
really have the understanding of deeper
issues and concepts thatis necessary for
making informed decisions. Present re-

. sultsseemtoindicatea h:gh exposure to

information about energy problems and
issues. Probably much of this informa-
tion comes fromthe popular press rather
than from schools. \

While young adults demonstrated
quite a bit of concern and awareness,
they did not demonstrate commensurate
knowiedge or deep undertanding of the
kind of choices an informed citizenry
must make. There was little evidence of
understanding of trade-offs, time lags in
energy production, conversion pro-
cesses, and the technologies associated
with energy development,

The prevailing lifestyle of thé fast 10-20

_years, has raised the expectations of

young aduits. They exbect to be abie to
continue to depend on high energy use.
Results of the survey suggest that the
tast area in which young adults are wil-
ling to zonserve is in personal transpor—
tation.

There are contradictions in percep-

" hions about the seriousness of the prob-

tem. Young Americans are pessimistic in
their attitudes toward the seriousness of
the energy problerm but they are naively
optimistic about potential solutions.
Their attitude may be translated as
“through technolcqy scientists  will
solve everything.”” (p. 28) Apparently the
less young adults know about energy
techmology. the more optumistic they
tend to be abqut it

Young adutts showed little evidence of

‘making distinctions among alternative

gnesrgy sources, partscuhrty those
sources requiring knowledge of science
and engineering. They do ndt appear to
understand that most of our electricity
comes from coal. Young adults seem to
know most aboyt transportation and
their cars and next most about petro-
leum. its by-products and uses.

Young adults show little evidence of:
heing preparad o select prarn\,ai -

energy options for the future. Thereisno
evidence that supports the idea that this
age group has thought realistically
about various energy technologies and
conversions and the many problems as-
sociated with energy alternatives. t

The consultants raised the question of
how tmportant 1s i that'people under-
stand some of tha details associated
with the energy problem and the selec-
tion of alternative energy sources?
There appears to be a needfor "how to”
information that can be quickly and
widely disseminated throughout the

_country for the benefit of all age pc‘pqs"a-

-

tions. There is also a need for an infusion
of energy facts and information into
existing curricula in the schools. Energy
information can be used to enrich the
curricutlum rather than replacing some
of the current curriculum material, in
both social studies and science courses,
Ninety-five percent of the young adults

‘sampled believe that such topics as

basic energy knowledge, energy prob-
lems, the future of energy, etc. should -
definitely be an important part of every
school's curriculum. Full-scale educa-
tional :mplementanon of energy infor-
mation in schools appears to be a
somewhat distant goal. While there are
some exemplary materials on energy
available for grades K-12, there appears -
to be little widespread communication
and (‘ooperanon within or between
states o further energy education. Few
state legisiatures and/or governors’ of-
fices have provided input, financial or
otherwise, into the K-12 energy educa-
tion effort, with moststates’ K-12 energy
education programs being. funded bythe
federal government. s

*

Additional NAEP Data:
Science and’ Society Con-
cerns

The most recent assessment of sci-
ence achievement tock place during the
1976-77 school year. In addition to seek-
ing information about students’ knowl-
edge of science content and of science
processes, items were designed to pro-
vide information about students’ knowl-
edge in the area of science and sogiety:
the imphications of science for mankmd
The science and sodiety items’ em-
phasized persistent societal problems,

+

_ science and self. and applied science.

These three components wers con-

* sidered to reflect the general goal of sci--

ence education that students should
understand the implications of science
for their own lives and the hives of other
people. The queastions about persistent
societal problams wete designed 10 as-
sess students’ understanding of socie-
ty's technoldgical development. Four
topics were inciuded: heailth and safety,
environment, growth, and fesource
managemant. Within the science and
seli area were questions about the
avaryday use of sciende by the individual
and persanally relevant topics such as
health, nutrition, and safety, Applied sci-
ence and technology topics dealt with
the apphecation of knowledge in biolog-
cal, physical and earth sciences to a va-
riety of socetal issues and with an un-
derstanding of the potential payoifs
andior dangers of vanous scientific and
technological endeavors.

The following findings relate to areas
of science andsociety. Seventy-seven
percent of the mne-year—olds who were
tested could apply their knowledge of’
ecosystems to an understanding ot why
populations will stop increasing in size
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when there is a limited amount of food,
space and air. Only 46 percent couid
apply their knowledge of nutrition to
select a balanced ménu over menus that
emphasize mainly carbohydrates and

fats, protein, or carbohydrates alone.

-Sixty percent of the 13-year-olds un-

" derstood that venereal disease is com-"
‘mon today among people in all kinds of

¢ommunities, not only among poor
people, criminals, city people, young
people or people over 25, Thirty-six per-
cent understood_that harvesting, not
yield, growth, or 8e of fertilizers, is the

ajor problem of planting high-yield’

grains in underdeveloped cauntries.
enty-nine percent knew that cars, not
open trash burners, fog or factories are
the major cause of air pollution in most
large American cities. Twenty percent
understood that "no smoking’ signs are
meant to ¢control the supply of burnable
material that could start a fire, that foam
fire extinguishers are meant to control
the supply of oxygen available for a fire
and that heavy electrical wires and brick
walls are meant to control high tempera-
tures of a fire. ~ ’
Ninety-three percent. of the 17-year-
olds answered the question about ven-
ereal disease correctly. Eighty-two per-

‘cent could apply planning theory to

select the most accurate definition of a
problem that has conflicting environ-
mental and economic ' benetfits.
Seventy‘one percent understood the
concept of energy transformation as it
applies to four examples of possible
change. Only thirty-seven percent knew
that cars, not open trash burners, fog or
factories are the major cause of air poliu-

tion in most large American cities.
. Twelve percent knew that a wide variety

of consumer products such as plastics,

synthetic fabrics, etc. are petroleum .,

products. .

When performance of males and

females was analyzed. females outper-
formed males in the areas of decision-
making and science-and-self. The per-
formance of males was higher than that
of females for persistent societal prob-
lems (except for the nine-year-old
group) and for the area of applied sci-
ence and technology {for which nine-
year-olds were not sampied). Black stu-
dents as well as white students living in
advantaged-urban communities per-
formed significantly higher than did
their peers hving n disadvantaged-
urban communities. Blacks, poor
whites, Hispanic students, and females
tended to perform consistently below
national ave rages\at the three age levels
tested.

In his commentary on these results,
Lester G. Paldy, Dean of Continuing and
Developing Education at the State Uni-
versity of New York at Stony Brook,
wrote:

To remedy the inequalities in sci- .
ence -achievement documented in
the National Assessment report, and

'y "repare disadvantaged and in-
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adequately represented members of
society to assume positiops requir-

1 ing technical and scientific compe-
tence, requires a comprehensive
plan of action that links all elements
of American society. The 9-year-olds °
discussed in the NAEP report will
become our leaders in the first half
of the 21st century. If their ranks are
to include adequate representations
of minority members and women,
we must begin as soon as possible.
We now command. the resourges .-
and possess the technological
capacity to educate people in their
homes and to share information at a
rate and scale that staggers the in-
tellect. If our children are to be ready
for the 21st century, we must begin
to prepare them now. {p. 39)

ENERGY

CONSUMPTION .
IN THE

NATION’S SCHOOLS

In 1979 a survey was made of a sys-
tematic random sample of the nation's
schools to determine their energy con-
sumption. Schools involved were drawn
from the membership list of the Ameri-
can Association of School Adminis-
tratdrs (AASA) and were stratified by dis-

. trictsize. Using a ratio of 1:4 for districts

' over 25,000 enroliment and 1:7 for dis-
tricts under that figure, a sample of 2127
schools was drawn. This sample was
matched to the universe of school sys-
“tems andto the number of districtsin the
ten federal energy regions and found to
be generally representative.

Because the federal energy regions
will be discussed relative to the study's
findings, it seems appropriate to identify
the states included in the ten regions.
These regions are, for the continental
United States,

1 Maine, Massachusetts, Vermont,
Connecticut, New Hampshire
2 New York

3 Pennsylvania, West Virginia, Vi

ginia, Maryland

4 Kentucky, Tennessee, North
Carolina, South Carolina, Missis-
sippt, Alabama, Georgta, Florida

5 Ohio, Michigan, indiana. Hhnois.
Wisconsin, Minnesota

6 Arkansas, Louisiana, Oklahoma,
Texas, New Mexico .

7 iowa, Nebraska, Kansas, Missouti

8 North Dakota. South Dakota, Mon-
tamf:/ Wyoming, Utah, Colorado

9 Nevada, Arizona, California, Hawaii

10 Washington, Oregon. idaho. Alaska

Region 2 also includes Puerto Rico and
the Virgin Islands. Region 4 includes the
Canal Zone, and Region 9 includes
American Samoa, Guam, and the Trust

N A

f\.)

v
.
- B
Territory for the PacificAslands.

A survey ‘instrugjnt was'developed in
consultation with-the Department of
Energy and mailed to the schools. A us-
able response rate of 29.57 percent was
identified when the returns were an-
lyzed. This ap imately 30 percent
rate is statistically sutficient for the con-
ditions of the study but it also means that
caution should be used in interpreting

\

~ the data. In some instances the rate

response was togQ low to treat the dajd at

TEH MAMalysis of the usable respons‘es in-

dicated that region 5 was overtepre-
sented and districts under 300 in size

- were undertepresented.

Data were not adjusted for climate.

Readers need to recall that 1977-78 was
ne of the two worst years, for cold

weather, in the last half-century, accord-
ing to the weather bureau. The effects of
school closings due to fuel curtailment
in the winter of 1977-78 were considered
but, since the total number of pupil days
tost was'less than one percent of the
operational demand, this factor was dis-
regarded. \ \ L

Individuals analyzing the study's data
considered the median BTU'S persquare
faot by'total and by Federal Energy Ad-
ministration’s earlier findings. (BTU
stands for British thermal unit, a unit of
heat equal to 252 calories or the quantity
of heat required totaise the temperature
of one pound of water from 62°F to 63°F.)
Consumption figures by region jogically
followed the respective severity of the -
climate, with a decrease in consumption
for all regions as compared with the ear-
lier data, even when the climatic de- |
mands on energy were great.

Questions in the survey were not de-
signed to determine how these energy
reductions were accomplished nor the
amount of money invested~in energy

" conserving measures. The analysis in-

ferred that savings could be primarily at-
tributed to changes in operations, more °
energy conscious maintenance, and im-
plamentation of low cost retrofits.

The study alsofound that districts with
over 5,000 pupils consumed 11.6 per-
cent less fuel than those districts under
5,000 in size. This finding may suggest
the benefits of on-staff expertise in
energy conservation. If this'is a valid as-
sumption, the use of educational service
agency resources to assist smaller
school districts might be a very cost-
effective vehicie for traimng and techni-
cal assistance.

An analysis was madeé of the types of
tuel used by the schools, nationally and
by regions. No prior figures are available
for comparison purposes. Natural gas
consumption on a national basis was 55
percent. The second most widely used
type of fuel was oil (all grades) at 25 per-
cent. Other types of fuels were electrigity
for heating and cooling, 7.4 percent and
for heating only, 8.8 percent; propane, 2
percent; coal, 1.5 percent; butane, .002
percent; and diesel fuel. .0015 percent.

Vaniations in fuel source by region

»
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were far greater than expected and
pointed up difterences of considerable
importance to decisions relative to
energy in the schools. For instance, oil
provided 31 percent of the fuel used in
region 3 but only .3 percent tor region 6.
This is signiticant when reduction in oil
imports is considered.”Any analysis of
the economic impact of gas dereguiag
tion on the schools should consider that
the impact would be much greater in re-
gions 4 (18 percent of the fuel used), 5
(20 percent), 6 (23 percent), and 17
percent) than in regions 1 (.6 percent of
the tuet used), 2 {1 percent), and 10 (2
percent. Coal strikes would have the

" most impact on regions 3 (31 percent of

the fuel used). 4 {21 percent) and 5 (31
percent). - B :

An analysis of the fuel sources regibn
by region showed that, in region 1, oil
supplies 79 percent of the schools’

energy while 11 percentcomes from gas |

and 9 percent from electricity. However,
region 6 gets 79 percent of its fuel from
natural gas for school needs. The use of
oil is negligible-and electricity makes up
18 percent of the energy used.

District size appearsto iniluence some
fuel usage. Larger districts use a dispro-

portionate amount of natural gas. Smait '

districts show greater reliance on elec-
tricity. Ol appears to supply about 25

3

percent of the districts, rdégardless of
size. .
The analysts for the American Associ-

ation of School Administrators conclude |

that, while the 35 percent reduction in
consumption of fuel over a five-year

period is quite remarkable, the average.

1977-78 consumption-figure of 104,445
BTU's per square foot.leaves room for
Yuture conservation efforts. Reductions
suggest that schow|s are ready to take
advantage of federahassistance in the
schoot energy grants program. Savings
already evident indicate that sources of
self-help are being exhausted and that
assistance with capital investments to
save energy should bring maximum
benefits. < :

Ditference in consumption of, various
fuels by region warrants careful scrutiny,
the analysts write. They suggest that in
certain regions where fuel consumption
profiles are distinctive, technical assis-
tance and specitic conservation efforts
should be adapted accordingly.

The magnitude of consumptionigiffer-
ences by district size should be shbdied
further. These differences are sulficient
to recommend that morg attention
needs to be paid to assisfing smaller
school districts in their efforts to con-
serve energy. Educational service agen-
cies are najural vehicles for offering this

_ assistancé and methods of utilizing their

sarvices should be explored.

This report, despite the small percents)
age of usable returns, desgerves the at-
tention of both school administrators
and energy experts. Administrators need
to consider the educational program .
their schools offer in relation to the type
of fuel they use. If conversion measures
appear too expensive relative to school
finances available, they need to take ad--
vantage of the school energy’ grants
program. .

Experts predict the supply of the
worid's oil will be in a short-fail situation |
by the year 2000. Before this date is
reached in 20 years, strong oil conserva-
tion measures are going-to be needed.
Costs may double or triple as the oil sup-
ply is depieted or oil embargos are im-
posed. Region 3, with its present 31 per-
cent rate of oil consumption for school
fuel, should be expecially conscious of

" this situation. Region 3also uses coalfor

another 31 percent of its fuel. As oil

¢ prices increase, schools in Pennsylva-

nia, West Virginia, Virgintaand Maryland
would have severe problems if coal min-
ets were to go on a protonbed strike.

Fd .
. School administrators need to work
with educational servite agencies and
other sources of assistance related to
energy conservation to .establish
policies for future.decisions regarding
the building of new schools and the im-
plementation of procedures 1o make
existing schools more energy efficient.

) a

PERCENTAGE OF CONSUMPTION, BY REGION, OF SPECIFIED FUELS

: (BY SCHOOL BUILDING COUNT)*

]

};

FUEL SOURCE"

Fed. En. Natural E)ii Elactrical . GCoal Propahe
Region * Gas Heg/ic Htg/only Colonly
% n Y% n Y% n %o n 0(0 n ‘ % n % n ’
1 6 34 86 2 2 13 2 1% 1 9 N 4
2 1 8i 10.7 293 17 9 4 37 1 3+ 0 A 1
3 4 255 31 BS54 12 97 8 58 15 '125 31, 53 4 1
4 w1072 o 248 22 82 23 220 24 205 2 3% 45 99
5 20 1215 6 447 13 106 15 149 12 101 3 ‘53 4 9
- ¢ Nyt
6 23 1370 3 9 25 206 11 104 20 168 0 ) 11 25
7 8 456 6 164 6 51 5 45 4 33 3 6 19 42
8 6 348 2 54 5 48 21 204 2 14 -6 1 109 22
9 . 17 1044 16 45 7 54 7 73 19 185 0 - 6 13
Y- 10 2 124 14 387 6 47 6 56 2 19 5 9 2 4
Total 5999 2734 809 262 852 168 220
~ 73

o paée 9, AASA Energy Use Study
ERIC ’
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Note: the document from which this
report was made in being placed in the
ERIC system. Its SE number is 029342, it
isentitled AASA Enprgy Use Study and is
dated August, 1979. Individuals wishing
further information are asked to contact

. Dr. Shirley J. Hansen, Director of Energy

+

Programs, AASA, 1801 North Moodf

Street, Arlington, VA 222083,

&
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Energy Activities for the Classroom.
Herbert Coon and Michelle Alexander,
editors. $4.95 ED 130 833

This sourcebook, designed for use in
grades K-12, contains energy teaching
activities related to energy resqurces,

~/production, dastnbut:on ‘and use. Each
activity has been classified by the editors
according to the most appropriate grade
level, subject. matter, and energy‘con-
cept involved. Subject areas are science,
mathematics, social studies, language
arts, and fine arts. References cited in
spectfic activities could be useful to per-
sons interested in obtaining moré ac-
tivities and ideas related to energy. Many
aclivities are interdisciplinary in nature
and were developed or suggested by
public school teachers. :

Recycling: Activities forthe Classroom. !

‘Mary Lynne Bowman and Herbert L.
Coon, editors. $4.95 ED 159 075

This, publication contains activii
designed to help tsachers involve stu-

© purpose, grade level,
" area, and recycling concept are given.

-

« dents in examining the nature and im- -

portance of recycling. Foreach activity a
subject matter

Social studies (52 activities) and science
activities (45) predominate but other
teaching areas are also representéd.
Many activities are interdisciplinary. A

section listing readings. films, and or’

ganizations to contact for recycling in-
formation is included. :

) Enemﬁducaﬁon: A Bibiliography of

Abstracts from Resources in Educa-
tion (RIE) from 1966-1978. Milton
Minehart st a/., compilers.

$5.50 ED 166 067

This compilation of abstracts from Re-
sources in Education (RIE) identifies
publications relating to energy educe-
tion: (1) instructional materials such as
teaching activity guides, {2) teacher re-
source guides, {3} information sources
on energy resources, or {4) school build-
ing conservation materials. Over 500
publications are identified. Subject, au-
thor, and mstttuhonai author indices are

included to aid the user in locating a i

specitic pubhcanon

-

Energy Educatioh: A Bibliography of Ci-
tations from Current Index to Jour -

nals in Education (CIJE) from 1966-
1978. Miiton Rinehart et al., compil-
ers. $6.50 SE 026 992

This compslation of annotations from
Current Index to Journals in Education
(CUE) identifies articles relating to
nergy education: (1) instructional ma-
terials such as teaching activities, (2)
teacher resources, {(3) information
sources on energy resources, or {4)
school building conservation matenals.
Qver 500 articles are included. Sub;c—ct

[t
1,

*
+

\ t
and author indices are included to aid
the user in jocation a spedific article. .

* Energy Activities for the Classroom,
olume N. Herbert L. Coon and Mary .
Lynne Bowman, editors.
.$3.00 SE 927 730

. This volume supplements, but does
not replace; the previously-described
sourcebook edited by Coon and Alexan-
der (ED 130 833).1tis also designed for
use in grades K-12 and contains energy
teaching activities related 1o energy re-
sources, production, distribution "and
use. Each activity has been classified
according to most appropriate grade
level, subject matter, and energy con-
cept involved. Subject areas are science,
mathematics, social studies, ‘tanguage

- arts, and fine arts. References cited in

speoific activities may be useful to per-
sons interested in obtaining more ac-
* tivities and ideas related to ahetqy. Many

of the activities are interdisciplinary in
nature-and were suggested ordeveloped

by pubi;c school teachers.

* . Readers wishing to otder a copy of any
of these publications may either contact .
the ERIC Clearinghouse for Science,
Mathematics and.Environmental Educa-
tion and order Yirectly from the Clear-
inghouse or may purchase the publica-
tions from the ERIC Document Repro-
duction Service (EDRS), P.O. Box 190,
Arlington, VA 22210. Materials ordered °
from EDRS may be purchased as micro-'
fiche or papercopy. Prices for micro-
fiche or papercopy are quoted in the
document resumes in Resources in
Education (RIE). Clearinghouse docu:
ments with SE numbers have been.sent
to EDRS for inclusion inra future issue of

- Resources in Education (RIE). When

aach document is announced in RIE, it
will have an ED numberin addnmn toits
SE number

>
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ERIC|

Clearinghouse
for Science, Mathematics -
and Env:ronmental Education

" SOME TOPICS OF CURRENT INTEREST TO TEACHERS OF SC!ENCE
MATHEMATICS, ENVIRONMENTAL EDUCATION

This issue of the ERIC-SMEAC informationt bulletin contains information yublished.in Resources in Education
(RIE) in 1979, which is related to some questions frequently atked of ERIC-SMEAC staff members. These questions:
reflect topics of current interest to teachers and administrators. Some areas of ‘concern to science teachers are .
science and the bandicapped, safety, and careers for women in science. Mathematics topits focus on calculators,
math anxiety, and mathematics assessment. Env:ronmemai edﬂ}cat;on topics are related to both energy education
and environmental educatipn. N

Staff' members haye identified some relevant ED (educanonai document) entries deahng wrth the topics lssted
above. The document entries have been taken directly from issues of Resources in Edugation. These entnes are not

intended to be exhaustive but are representative of the documents recently added to the ERIC system. -
- The documents may be purchased from the ERIC Document Reproduction Service (EDRS),P.O. Box 196, At’lmgton
VA 22210. A few.documeénts contain the notation “HC (or PC) not available from EDRS." This means that papercopy is

not available from EDRS althcugh microfiche copies of the document may be furchased Complete ordering -

information is found in the back pages of each issue of Resources in Education. -
If the document of interest is.a product of the ERIC Clearinghouse for Science, Mathematics or Environmental
Education, it may be purchased directly from the Clearinghouse or ordered‘from EDRS

SCIENCE AND THE HANDICAPPED

ED 161 714 . SE 025 177
Hofman, Helenmarie, Ed.

A Working Conference on Science Educa-

tion for Handicapped Students: Proceed-
ings {April 3-5, 1978).

National Scmnce Teachers Association.
Washington. D.C.

Spons Agency—Nanonal Sc:ence Founda-
tion, Washington, D.C.

Pub Date-—78 -

Note-—392p.: Not available in hard copy due

" 1o numerous small and light type through-

- out entire document

EDRS Price MF-$0.83 Plus Postage. HC Not
Available from EDRS.

Descriptors—Blind  Children. *Conference
Reporis, Crippled Children, Curricutum,
Oeaf Children. “Elementary Secondary
Education. FacHities. *Handicapped, Hand-
icapped Children. *Handicapped Students.
Instruction. instructional Matenals, *Physi-
cally Handicapped. *Science Education

This conterence attempted to assess the
state ol the art and develop recommendations
" for new directions in science education and
careers i science for the handicapped stu-
dent. Panel discusstons were hetd on such
topics as: (1) attitudinal barriers and other
cbstacles 1o handicapped students, {2} cur-
" rent practices relating to all physical hand-
icaps: {3) mainsireaming and the law; {4} cur-
rent practices related to auditorially hand-
icapped students; (3} visually handicapped
students; {6) science education, thahand-
wapped. and careers; {7) orthopedically
handicapped students; and {8) science
careers for handicapped students. Through
working sessions the confsrench participants
developed a position statement of science
education for the physically handicapped
Q :nt. Recommendations for action are
]: KC essed to vanous groups. (AuthorlBB)

wll Toxt Provided by ERIC

. Information Dissemination,

ED 166 378 . CE 018 924
A Sclence-Oriented Lareer Guidance Sys-
" tem tor the Physically Handicapped. Final
Report & External Evaluation.
Thomasville Board of Education, Ga.

- Spons Agency—National Science Founda-

tion, Washington, D.C.

'Pmateusi Qct ?8
-2 WOte—73p. . .

Pub Type—Reports - Descriptive {141}
EDRS Price MF-$0.83 HC-$3.50 Plus Postage

Descriptors—Adults, Audiovisual Aids, Au-
rally Handicapped, *Career Awareness,
Career Opportunities, "Career Planning,

- Guidance Objectives, Guidance Programs,
Handicapped Students Independent Study,

*Information

Systems, Mass Media, *Occupational Gui-

dance. Qccupational Information, Or-

thopedically Handicapped, *Physically

Handicapped, Secondary School Students,

Systems Development, Visually Handicap-

ped

A career guidance sysiem to encourage
and assist physically handicapped secondary
level students and aduits to undertake sci-

ence careers was designed, produced, and

field tested. Focus is on visual, hearing, and
orthopedic handicaps. The following prod-
ucts were developed: (1} two hundred
twenty-sight science-related carest briefs in
large print, audio tape, Braille, and microfiche
formats (each inciudes job description, grep-
aration requirements, earnings. and employ-
ment outlook}; {2) ten sound tilmstrips show-
ing sixty handicapped scientists filmed on the
job: {3} radio and television public service an-
nouncements about science career opportu-
nities for the physicelly handicapped; {4) a

science career guide for the visually hand- -

icapped; {5) seif-career exploration and deci-
sion making exercises; and {6) companion
science and work-related glossaries foghg_Se

~ X

B
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with severe hearing handicaps. These prod-
ucts can be used independently by handicap-
ped and non-handicappad .individuals in
classrooms, rehabilitation centers, and other

_career_guidance seltings ag well as for the

training of personnel fQr tHese locations.. A
project dvaluation mdicateathat alt deve\op‘
mental objectives were mel. {he major prob-
lem was the lack of time for adequate field
testing of developed materials. (The appen-

* dix, comprising two-thirds of this report, in-.

cludes the following: a list of the two hundred
twenty‘e;ght career brief jobs. sampie carder
briefs, sampse scripts iorteievxs»on and radio
public service announcements, sample lot-
ters, and sampile interview and survey forms.}
{EM)

~

ED 171 071

Cardullias, Reter J. And Others

Three Adapted Science Skill Builders for
Junior and Senior High School Ortho?d»
- ically Handicapped Students. :

Pub Date—Apr 79

Note—21 p.; Paper presented at the Annual
international Convention, The Gouncil tor
Exceptional Children (57th. Dallas. Texas,
Aprit 22-27. 1978. Session W-B6)

Pub Type—Reports - Research (143) —
Speeches/Meeting Papers (150}

EDRS Price - MFO1/PCO1 Plus Postage.

Descriptors~—"Exceptional Child Research,
instrucnonal Materials, *Material De-

£€ 115 280

velopment, *Physically Handicapped. *Scis

ence Equipment, “Science Expgriments,
Science Instruction. Secondary Education
The study was designed to determine how
standard science skl builder activities canbe
modified or adapted for use by orthopadically
handisapped students. Nine secondary level

scignge eyperiments were selected for initial |

review an@from these, three were seleciadior
adaptatiorP— use of the microscope, use of
graduated cylinders, and use of the balance.

*
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Each of ;d\e activities was modmed in terms
of three' levels of involvement of orthopedi-
calty handncapped mitdly mvotved—-—dehned
as ambulatory with or without assistance, use
-of one or both hands, ¢can be an active partici-
pant in the expenment, moderately
" involved—conlined to a wheelchair, use of
one ov both hands, may have muscular dys-
~unchion, may have amodetrate degree of par-
ticipation and may need some assistance in
the expetniment; and severely involved—
‘confined to a wheeichair, minimal use of
hands and a high probability of being a pas-
sive participant in the experiment. As each

skilt builder activity was conducted as it

. would be in an average secondary school.
task analyses were conducted o identity pos-
sible problems thatymight occur when the ac-
tivities are being performed by'orthopedically
handicapped learners. {The revisions of the
adapted skill butlder activities appear in their

* iinal form in the last section of the doecument
with sections on use of each instrument, pre-
skills neaded, expected sutcoms, expenmen‘

tal steps, ada ations needed tor each fevel of

- involvement, a;c»r squipment modification.
and demonstration.of learning.} {SBH)
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ED 171 531
McCarley, Orin, Ed.

. Science Education News, Fa!i 1978/ Winter

e

1979.

American Association forthe Advancement of
Science, Washington, D.C. \

Report NO.—AAAS-PuD-79-N-1

Py Date—79

Note—13p.

Avallable from — Science Education News,
American Assodciation for the Advancemeant
of Science. 1515 Massachusetts Avenue,
N.W.. Wastington, D.C. 20005 {no pr:ca
quoted)

Pub Type—Caliected Works - -Serials (022)

EDRS Price - MFO1/PC01 Plus Postage.

Descriptors—*Aurally. Handicapped, Blind.
Career Opportunities, Counseling, Deat
Education, Elementary -Secondary Educa-
tiop, Higher Education. Mainstreaming.
“Physically Handicapped, “Smen\,e Eduta-
tion, *“Visually Handicapped
This 1ssue of the Amencan Adsociation for

the Advancement of Science (AAAS) newslet: <

: ler & devoted 1o the science aducation for
physically. visually, and auratly handicapped
children. Artiicles ingluds thoughts on teach-
ing deatf studenis and blind students, a bnet
descnption of a science program for yeung

" physically handicapped children, aids n
teaching laboratory science to visually im-
pairad studenis and deaf students, aids in
teaching field aspects ol science 10 the physi-
cally handicapped. and counseling of the
handicapped for & career in science. A collec-
ton of addresses of orgamzanons and
sources of intoérmation for teachers who have
handicapped students in their classes s -
cluded. (MA) -

ED 173 126 SE 027 959

Adarms, Gary H., Comp.

Science tor the Physically Handicapped in
Higher Eqlucation: A Guide to Sources of
information.

Nationat Oceanic and Atmosphenc Admims-
tration {DOC), Washington. D.C Enwiron-

.mental Data Service.

Pub Date—Apr 79

Note—39p.

Pub Type—Reference
Directones/Catalogs {(132)°

Materials

E KC )RS Price - MFO1/PCO02 Plus Postage.

SE 027592

-

*
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Descriptors—*Access to Education. Ancitlary’

Services, *Career Opportunities, Educa-
tional Opportunities, Equipment, Federal
Programs, Higher Education, *information
Needs. Information Utilization, *Physically
Handicapped, Reference Matenals, Re-
habilitation, “Science Education
identifiers—"National Oceanic and Atmos-
phearic ‘Adminsstration
This guide is intended to be a reference for
persons needing to know where to find intor-

mation about science education, career op-' .

portunilies, and otherprograms for physically
handicapped individuals. Sources listed in
the. guide include: (1) Féderal agencies that
run assistance progtams for the handicap-
ped: (2) Protessional socisties ‘specifically in-
terested in promoting oppon pities in sCi-
ence for the handicapped; {3) rqamzanons
and companies that provide assistance in
making laboratories or buildings jccesstble
and manufacturk special equipment for hand-
icapped” parsons: (4} ijbraries and Yiprmas
tion centers which ave science education
coltections or welas clearinghouses tor sci-
ence career, education, financial, andeqifd-
ment information; (5) Prigted sources, Si¥h

as directoried, handbooks. and guides which :

provide informatign about handicap e.cs-

_entists, recruitment and admissions ol

icapped students, funding sources. and ac:
cessible universities and their programs: and
{6) Computerized information systems which
provide on-line access via teletypewriter ter-
minals to databases which contain informa-

tionr on scienge education, research, and -

teaching materials for handicapped students.
The guide should ba of interest to educators
agministrators. and researchers in all areas of

- secondary education, rehabilitation, univer-

sities. businasses and government. (Aumor!

SA)
SAFETY
ED 164 250 SE 025 000
Dean, Robert A. And Others -

Setetyin the Secondary Sclence Classroom.
National Science Teachers Association,
wWashington. D.C. )
Pub Date—78
Note—108p.. Not avauat)ie in hard copy due
to copyright restrictions
Available from—National Science Teachers
Association, 1742 Connechicul Avenue,
N.W., Washington, D.C. 20009 (Stock
Number 471-14752; $4.00)
EDRS Price MF-$0.83 Plus Postage. HC Not
Avallable from EDRS.
Descriptors—*Accident Prevention, Buo!ogy.
Chemistry, *First Aid. “Health, Inmunes.
*Laboratory Safety, Physics. *Safety Edu-
cation. School Satety, Science Educauocn.
Secondary Education
This bookiet 1s made avadable by the Na-
tonal Science Teachers Association to pro-
wde district safety othcers. schoo! principals.
science departmant heads. and secondary
school science teachers with intormation on
safety i schools, espacially in science class-
rooms. The range ol nformation includes
Octcupational Safety and Health Admitistra-
tion. first aid, general and specific instruc:
tions to teachers and students in hology.
physics, chermstry. and Wfeiphysical sctance
classes, and satfe practices to follow for extra
curricutar actnties. The publication s 2
compiiation of recommended practices inthe
area of science taken lrom many sources
throughout academia and industry. The book-
let includes a recommended standard stu-
dent accident report format and a bibliog-
raphy for further reterence. {(GA)
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ED 174472 SF 028 544

Crowder, Betty Pogue And Others

Oakiand County Science Safety Serles: Re:,
terence Guide for Elementary Stlence.

Oakland County Schools, Pontiac. Mich.

Pub Bate-—77 '

Note—102p.! For related documents, see
SE 028 _545-547: Not available in hard
copy due to copyright restrictionis; Con-
tains colorad pages that may notreproduce
well; Pages 63-64a removed due to
copyright restrictions; Guide prepared by
the Division of Instruction

Available from-——Oakiand Schools, Division of
Instruction, 2100 Pontiac Lake RBoad, Pon-
tias, Michigan 48054 ($8.50 comigle set:
$250ea) .

Pub Type-—Guides - Classroom - Teacher
{052) \

EDRS Price - MFO1 Plus Postage. PT Not Av-
ajlable from EDRS. .

Descriptors—"Accident Pravention, *Class
Activities., “Elementary Education,
*Elementary School Science, Field Trips,
Laboratozy Procedures, Laboratory Safety,
~Saféty, *Schod! Safety, *Scienge Educa- .
tion, Science Instruction,

This referénce gude is designed to or-
ganize and suggest acceptable practices and

_ procedures for dealing with safety in elemen-

tary science instruction. It is intended as a
reference for teachers, admihistrators,” and
other school staff in planning for science ac- |
tivities and in making daily salety decisio
Tomes covered in the guide include: (1} ¢ p\e\
sponsibility; {2) animals; (3) chemicals; {4)
afectricity; (5) field trips; {6} first aid (7) high
risk labs; (8) lab equipment. (9} open flames;
{(10) plants; (11) model rockets, e1¢.; and {(12)
safety glasses. Several ‘appendices deal with
specialized considerations, (Authot/RE}

ED 174 473

Bury, Dan And Others

Oakland County Science Satety Series: He—
terence Guide for Biology.

Oakland Countv Schools, Pontiac, Mich.

Pub Date—77

Note—122p.; For related documents, see SE |
028 544-547; Not availabie in hard copy due
to copyright restrictions; Contains occa-
sional colored pages which may not repro-
duce weil; Guids ptepared by the Dwvision
of Instruction

Avanable from—OQakland Schoots. Division of |
Instruction. 2100 Pontia¢ Lake Road, Pon-
tiac. Michigan 48054 (38.50 complete set,
$2.50 ea.)

SE 028 545

3

" Pub Type—Guides - C!a‘:sroom - Teacher

{052)
EDRS Price - MF01 Plus Postage. PC Not Ay-

aliable from EDRS. )
Descriptors—"Accident  Prevention, *Brol-
= ogy. Laboratory Procedures. Laboratory
" Safety, *Safety. Safely Equipment, “5chool

Safety. *Sciencg Education. “Science In-

struction, Secondary Edugation

Thts referencetguide 1s designed to or-
ganize and suggest acceptable practices and
procedures for dealing with safety in the area
of brology tnstruction. it ts intended as a re-
terence for teachers, admimstrators, and
other schoot staff in planning for science ac-
fwvities and in making, daily safety decisions.
Discussions deal with responsibility for
safely. microbaes. use of plant matenals, use
ot arwrnais, laboratory activities with humans,
sately glasse::r use of iaboratory equipment
and swapphas field trigs, high nsk expernt-
ments. special activitigs. emergencies, and
recommendations. Numerous appsndices
deal wih specialized considerations. (RE) .
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WOMEN IN SCIENCE

ED 164 290 SE 025 436

Weiss, Iris R. And Others

The Visiting Women Sclentists Pliot Program
1978: Highlights Report

Research Triangte Inst., Durham, N.C, Center,
tor Educational Research ang Evaiuation.

. Spons Agency—National Science Founda-

7

tion, Washington, D.C.
Report No.—RTI-1481-00-02-F
Pub Date—Aug 78
Contract—SPI-77-21-262
Note—17p.; For related document, see SE
025 437 .
EDRS Price MF-$0.83 HC-$1.67 Plus Postage.
Descriptors—"*Career Education, *Females,
Feminism, Higher Education, *Science
Careers, Science Education, *Scientists,
Womens Education, "Working Women
This publication describes a pilot program
which involved 40 women scientists and-con-
sisted of visits to 110 high schoois in the Un-
itedt States. Each visit invoived some of the
tollowing activities: {1) alarge group mesting
of tenth-grade-female students; {2) seminars
for approximately 30 female students; (3)
meetings with individual classes; (4) meel-
ings with school personnel; (5)informal chats
with students; and {6) an informal mesting
with the school principal or contact person.
This document presents an ovesview of the
program, and describes the selection of the
high schools to be visited, the selection of the
women scientists,. the conduction of the
meeting. and the evaluation of the program.
{88)

ED 167 422 SE 026 847
Smith, Walter S.  Stroup. Kala M.
Sclence Career Exploration for Women
National Science Teachers Association.
Washington, D.C.
Pub Date—78
Note—80p.; Not avaitable in hard copy due to
copyright restrictions
Available from-—National Science Teachers
Association, 1742 Connecticut Avenue,
N.W.. Washington, D.C. 20008 (Stock
Number 471-14748; $2.50)
Pub Type—Guides - Non-Classroom {0985}
EDRS Price MF-$0.83 Plus Postage. HC Not
Available from EDRS.
Descriptors—Caraer Education, *Career Exp-
loration, *Females, Feminism, Role Mod-
els, *Science Careers, Science Education,
S\";n'mtmgs Personnel, “Screntists, Women
Professors, Womens Education, Women
Teachers, *Working Women
The main body of this pampmek presents
science career exploration activities for
women in the form of six modules, Complete
modules ¢can be used as presented or ac-
tivities may be adapted or borrowed to suit
individual situations. The modules are titled;
1) Turning A Girl Onto Science Careers; {2)
What Do | Want Out of Life 7, {3) How Do Pa-
rents and Friends Affect a Woman's Career
Choice7; {4) What Careers Are Available?; {5}
What's it Like to be a Professional Womenina
Science Gareor?: and {6) OK. I'm Sold on Try-
ing a Science Carear, But How Do { Get From
Herewto There? In addtion, some information
on how to use the modules is presented along:
with a discussion of sources of conthet in
females at adolesceance. (BB)

s
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Davis. Audrey B
Bibllography on Women: With Special Em~
phatis on{!‘heiv Roles in Science and Soci-

Q ibate—-?d

. *
. »
N .

Available from»—»Smence H!story Publica-
tions, 156 Fifth Avenue, New York, New York
10010 ($3.00)

Pub Type—Relerence Materials - Bibliog-
raphies (131)~

EDRS Price MF-$0.83 HC-$3.50 Plus Postage

Descriptors—Books, *Fe%-aies. *Feminism,

~

Physiology, Science Chreers, Scientists,

“Womens Education, "Womens Studies

This bibliography comprises selected
books and articles from “The Library of Con-
graSa Catalogue ulative List of Works™
for Nmryears 1950 to March 1973, and un-
printed cards for the preceding years. The
purpose of the selection is to show the
numerous possibilities for locating research
materials on the roles and accomplishments
of wornen and the attitudes toward them. The
entries are listed alphabetically by author. In
addition, other sources of articles about
women are mentioned, and alist of publishers

specializing in books related to studies of.

women is given, (BB}'

ED 170 125 SE 027 857

Count Me in: Educating Women for Science
and Math, Videotape Documentary and
Brochure.

Milis Colt,, Qakiand, Calif.

Spons Agency—Office of Education (DHEW)
Washington.D.C. Women's Educational
Equity Act Program.

Pub Date—78

Note—26p.; Not available in hard copy due to
copyright restrictions; Best copy available

Available from—Education Development
Center. 55 Chapel Street, Newtown, Mas:
sachusetts 02160 (no price quoted)

Pub Type—Reports - Descriptive {141)

EDRS Price - MFO1 Plus Postage. PC Not Av-
aiable from EDRS.

Descriptors~—Career Choice, Career Educa-

tion, *Females, Feminism, Higher Educa-

hon, Mathematics, *Models, Scienca Edu-

cation, *Scienlists, *Womens Education,

Wormens Studies

Contained is a documentary of a com-
prehensive curricular/career model program

- at Mills College designed to. help women

*

enter scientific and technical fields. A series
&t vignettes ilustrating kay aspects of the
program philosophy and methods is pre-

sented. Various viewpaoints and experiences. ..

are related by woman of different ages, ethnic
backgrounds, lavels of math preparation, and
caresr aspirations in order to demonstrate
that women can be motivated to enter non-
traditional fislds. Many elements of the prog-
ram can be adapted for use at other educa-
tionat levels and types of institutions 10 meet
the needs of a variety of students. (Author/RE)

CALCULATORS .-

ED 150 480 CE 0 124

Carney, Richard e

Your Electronic Hand Calculator, How to Get
the Most Out of it.

Rutgers. The State Univ. New Brunsw:ck N.L
Curnieylum Lab.

Spons Agency—New Jersey State Dept. of
Fducation, Trenton, Div. of Vocational
Education.

Pub Date»-Sep 78

*

Descriptors—Calculation, Electronic Equip-
ment, "Equipment Utilization, Manuals,
*Mathematics Instruction,, Postsecondary
Education, Secondary Education

identifiers—*Calculators
Designed for use by students at beginning

high school through adult levels, this manual
contains seventeen lessons on uses of the
elactronic hand calculator. Within each ot the
eight sections lessons presented include ob-
jectives, procedural information, examples,
and problems 10 be solved. Following an in-

troductory tesson 10 the calcutator, section 2

provides lessons on three fundamental Oper-

ations: addition and subtraction, multiplica-
tion and division, and powers and roots. Sec-
tion 3 lessons are on decimals and  percents:

rounding off numbers, fractions to decimals,
and percentage. Two lessons on special fea-
tures are given in section_4; muliplication
and division by a constant, and memory. Sec-
tion 5 covers order of operations; basic oper-
ationg and parentheses=in seglion 6, special

_keys are presented: key, negative numbers

"and sign-change key, recriprocal key, and ex-

change keys. Section 7 hastwolessonsonthe

presentation of numbers: significant figures
and scientific notation. Review problems are
provided in section 8. Selected answers to
problems presented in the various sections

N () ace appended, and an index is provided. (JH)

ED 161 757 . SE 025 249
Getting toKnow the Caicuiator‘, Problem Sol-
ving Project.
Northern lowa,Univ,, Cndar Falls, Mathema-
tics Learning Center. N
Pub Date~—75
Note-~-27p.; For related documents, see
SE 025 250-251; Not available in hard
copy due to marginal Jegibility of original
document - !
e}bie from—The Director, Mathematics
arning Center, University of Northern
" lowa, Cedar Falls. lowa 50613 (no price

quoted)
EDRS Price MF-$0.83 Plus Postage. HC Not
Available from EDRS. v

Descriptors—*Calculation. Elementary Edu-
caton, *Elementary School Mathematics,
instruction, ‘Instructional Materials,
*Learning Activities, Mathematical For-
mulas, Pattern Recognition, Problem
Setis, *Problem Solving

ldentitiers—*Calculators,
Number Operahions
Many problems and a&ties which can be

worked with a calculator R coptained in this
bookiet. The problems include: pattern rec-
ognition, combinations of operations. estima-
ton, squares and square roots, rate prob-
lems, area, and volume. Chapter topics.in-
clude: getting o know the calculator, single-
stepproblems, using formulas. and multipie-
step problems. {MP)

Estimation,

ED 161 758 SE 025 250
Calculator Handbook. Problem Solving Pro-
fect.

Pub Date—75%

Note-~39p.; For related documents. see SE
025 249-251; Contains occasional ight and
broken type

EDRS Price MF-$0.83 HC-$2.06 Plus Postage.

Dascriptors—*Calculation, Elementary Edu-
cation, *Elementary School Mathematics,
Instruction, “instructional Matenals,
*Learning Activities, Pattern Recognition,
‘Problern Sets, *Problem Solving

identifiers—*Calculators, Estimation,
Nurnber Operations

These student worksheets include ac-



. - f
!

¢ - '
tivities in counting, place value, egtimati?stratagies: generating values and symbolic

the, four operations with whole number:
number patterns, volumae, inequalities, deci-
mal equivalents of fractions, and percents, all
to b2 worked with a calculator. (MP)

ED 164 328

Suydam, Marilyn N. And Others

Ohio Regional Contferences on Mathematics
Education.

SE 025 940

Ohio State Univ,, Catlumbus. Center for Sei-,

ence and Mathematics Education,

Spons Agency—National Science Founda-
uon, Washington, D. b

Pub Date—78 B

Grant—NSF-SER-77-20594*

Note—291p.. Contains occasional light and
broken type. -

EDRS Rrice MF-$0.83 Plus Postage. HC Not °

Avsilable from EDRS.
Descriptors—Calculation, Conference Re-
ports, "Curriculum, Curriculum Develop-
ment, Elementary Education, “Elementary
School Mathematics. *Elementaty School
Supervisors, “inservice Programs, instruc-
tional Materials, Learning Adctivities,
“Mathematics Education, *Probiem Solv-
ing, Teacher Education
ldentifiers—*Calculators, National Science

Foundation

Five regional conferences designed for
elementary supervisors and elementary
mathematics educators were held in Ohio.
The purposes of the conferences were: {1}to
provide direction on the ef{eclive use of the
calculator in the elementary school clas-
sroom; (2) to re-emphasize the importance of
problem solving as a major curricular out-
come; {3) 10 expilore the interaction of the two -
areas and theiwr relationship to the current
emphasis on the basics; and {4) to establish
hinks between supervisors and mathematcs
educators in each region for continuing cur-
riculum development and improving instruc-
tional practice. Contents of this report in-
clude: (1} announcement and application
forms; (2) sample schedules of the confer-
ences; {3) conterence evaluation forms and
data from the evaluation; and {4) resource
packets including papers presented or dis-
cussed at the conferences, sample materiais,
and transparency masters. {Author/MP) .
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MATH ANXIETY

ED 162 899 - SE 025 428
Doyle, Mercedes  Graesser, Arthur, ll
Mathematical Problem Spaces of the
Mathematically Anxious and the
Mathematically Comtortable. Paper Pre-
sented at & Meeting of the Westemn
Psychological Association, San Francheco,
Catifornia, April 1978.
Spons Agency—California State Umiv,, Fuller-
ton. .
Pub Date--78
Note—23p.; Not available in hard copy dueto
marginal legibility of oniginal document
EDRS Price MF-$0.83 Plus Postage. HC Not
Avaliable from EDRS, .
Descriplors—Algebra, *Anxiety, *Coflege
Mathematics, “Concept Formation, "Edu-
cational Research. Error Patterns, Hhgher
Education, Mathematics Education, "Prob-
lem Solving, *Research
identihers—Research Reports
Verbal protocols were collected from
math-anxious and math-comfortable college
students while they solved algebra problems.
Thase protocols were then examined for dif-
“pees wn problem-solving procasses. Dil-
KC nces occurred in the use of two basic

transformatons. The data suggestthatfor the

* math-anxious students the real problem is not

numerical; rather, it i1s the inability to apply
symbolic procedures. (MP)

ED 169 282 CE 020 390
Benton, Barbara L.
Math Avoldance and Pursult of Fantasy

Careers.

. Pub Date—79

Note—37p.; Paper presented at the Annual
Meeting of the American Educational Re-
search Association (San Francisco,
California, April 8-12, 1979)

Pub Type—Reports -, Researth (143)—
Speeches/Meeting Papers {150}

EDAS Price - MFO1/PC02 Plus Postage.

Descriptors—Academic Aspiration, “Career
Chotice, *College Students, *Comparative
Analysis, “Fantasy, Females, Males,
*Mathematics, .Questionnaires, Research,
*Seif Concept, Staustical Studies

identifiers—"Mathematics Anxiely
Math avoidance has been hypothesized as

related to career choice restrictions. Few at-
telnpls have been made, however, O assess
the relative importance of the various com-
ponents of math avoidance to career choice.

Furthermore, it has beenimplied that persons

fearful of math not only avoid specific careers

butalsoreject careers that are otherwise seen

as desirable. The purpose of this study was 10

examine the relative influence of several

hypothesized correlates of math avordance
onacademic mayor and career choice; and on
fantasy career pursuit and rejection for men
and women. One hundred twenty-nmne un-
dergraduate students responded to a per-
sonal data sheet and to two questionnaires:
{1) The Mathematics Attitudes Scales—{ken-

’ nema and Sherman. 1976): and (2) the Career

Aspiration Scales, deveioped for this study.
Five MAS scales discriminated groups by sex
and majgr. Pursuers and rejectors differed by
Sex and major bul not by attitudes loward
math. Males and females differed on reasons
{or rejacton of tantasy careers ang on career
discrepancies. {A hibliography is appended )
{Author/CT)

ED 171 550
House, Peggy A.

SE 027 693

Mathematics Anxiety and the Minnesota \

Talented Youth Mathematics Project.

Pub Date—79

Note—24p.: Paper presented at the annual
meeting of the American Educational Re-
search Association {San Frangisco.
California. Aprit 8-12, 1979); Notavaslable in
hard copy due 10 marginal legability of ong-
inal docurnent

Pub Type—Speeches Meehings Papers {150)
— Reports - Research {143}

EDRS Price - MFO1 Plus Postage. PC Not Ay-
allable from EDRS.

Descriptors — Academis Achievaement, Atfec-
tive Behavior. “Edugational Research.
Gitted, Junior High School Students, Learn-
ing Motivation, Mathematics Education,
“Research, *Secondary School Mathema-
tics, *Sex Ditterences. "Student Attitudes.
“Talented Students
This paper presented atthe 1979 meeting of

the American Educational Research Associa-

hion (AERA), investigates the atfective charac-
tenistics of 120 junior high school students
who participated \n one or both of the first two
programs of Minnesota Talented Youth

Mathematics Project (MTYMP). The first year

program of 1976-77 was in algebra | and W,

and the second year program of 1977-78'was

™ "N
Fd N

A

in geometry-trigonometry. Students were
selected by their aplitude test scores in an
annual talent search. No sex differences in
achievement among these extremely talented
youths have been found. However, the atiri-

_lion by girls, especially after the first vear, has

been disproportionately high. Also. the at-
titudinal changes do exhibit sex differences.
These results suggest that at{ective vanables
do aifect the motivation and future plans of
talented students. {(HM)

H
ED 173 o81 SE 027 836
Sandmen, Richard S.
Factors Related to Mathematics Anxiety in
the Secondary School.
Pub Date—Apr 79
Note—15p.. Paper presented at the annual
meeting of the American Educational Re-
search Association (San Francisco.
Catitornia, April 8-12, 1979); Not availablein
hard copy due to marginal legibility of orig-
wnal document
Pub Type—Speeches/Meeting Papers {150)
EDRS Price - MFO1 Plus Postage. PC Not Av-
allsble from EDRS,
Descriptors—*Achievement, *Anxiety, “At-
titudes, Classrocom  Environmeént,

*Mathematics Education, Motivation, Sec-

ondary Education, *Secondary School

Mathematics, *Sex Ditferences
Identitiers—*American Educational Re-

search Association  *

This study indicates that ‘eighth graders
have higher mathdmatics anxiety than
sleventh graders, and boys have higher
mathematics anxiety than girls. Eighth-grade
classes with high mathematics anxietytend o
have high motivation in mathematics, but
tend t0 see mathematics as not very useful in
society. Both grade lavels show a positive re-
latronship between class mathematics anxi-
ety and both friction and favorism n the
classroom, and a negative refationship bet-
weaon class mathematics amoety and both
ciass mathematics achievement and the per-
ceived difficulty of the cClass. (MP)
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ED 173 175 SE (28 444

Elrmore, Patricia B.  Vasu, Eilen S.

A Specirum Analysis of Attitudes Toward
Mathematics: Mmﬂfaceted ResearchFind-
Ings.

Pub Date—aApr 79

Mota—16p. Paper pressnted at the annual

» meelng of the Amencan Educational Re-
search Association (San Francisco.
Catiformia. Aprit 8-12, 1979); Contains 0¢-
casional hght and broken type

Pub Type—Reports - Research {143) —
Spesches/Meeting Papers {150}

EDRS Price - MFO1/PCO1 Plus Postage.

Descnptors—Achievement, “Anxiety, ‘At
{itudes, “Career Oppo(i‘tmxta»as Higher
Education. Mathematics Curnicutum,
*Mathematics Educabon, Mathematics In-
struction, “Research. Secondary Educa-
tion, Statistics. Symposia

identifiers--*Amearican Educational Re-
search Assotaton
This symposwurn includes tive pre;enta

tions of studhes of mathematcs athitudes at
three educational levels: jumor high. post-
sacondary. and graduate school. The studies
have wnphcations in the helds of mathematics
egducahion. educahonal rasearch, academuc
advisement, and career counsehng. The
studhes Wentify the axtent of the problem of
mathematics anxiety of avoidance. Abstracts
of the papers are presented. Paper topics in-
clude. {1} a study of the athtudes of jumor
high schoo! students leward mathematics: {2)

-~

¥



- ldentitiers~Michigan,

spdent’s attitudes toward mathematics and
ypeir relationship to learning in required
athematics courses in selected postsecon-
ary institutions: {3) mathematics attitudes:
Zan intervention study: {(4) math anxiety: its
“mpact on graduate level statistics achieve-
.. ment: and (5) math avoidance and pursuit of
© fantasy careers. (MP)

MATH ASSESSMENT

ED 161 949
helps, James And Others
nterpretive Manval. The First Report of the
1977-78 Michigan Educational Auess-
ment Program.

Michigan State Dept. of Education. Lansing.

Pub Date—{78}

Note—49p.. Pages 1a through 4a, “Do You
Use MEAP Tast Results Appropriately?”
have been removed due to marginatl lagibil-
ity; they are notincluded in the pagination.

EDRS Price MF-30.83 HC-32,06 Plus Post-
age.’

Descriptors—*Achievement Tests, Cntenon
Referenced Tests, “Educational Assess-
ment, *Educational Objectives, Elementary
Secondary Education, Grade 4, Grade 7,
Grade 10, Information Utilization, Mathe-
matics, Minimum Competengy Testing.
Reading, *State Programs, *Testing Pro-
grams, *Test interpretation

*Michigan Educa-
tional Assessment Program
The Michigan Educational Assessment

Program (MEAP) was designed to provide in-

{ormation on the extent to which Michigan

students have attained nmunimal performance

objectives. This manual was written to heip
tocal Michigan school district staff read,

interprel, and use MEAP data. The 1977-78

MEAP provided objective-referenced

achievement measures in reading and math--

ematics for every fourth and seventh grade at
the distnict, building, classroom, and student
levels. A voluntary, statewide pilol projest was
aiso conducted in grade ten. The reading and
mathematics objectives which were mea-
sured in grades four, seven, and ten are ap-
pended, including item numbars for each ob-
jective. Explanations are given of the indi-
vidual students’ repori, the classroom report,
the schootl or district summary, the test item
analysis, and feeder school and research
code reports. Resultls arg not furnished.

Schodl district personnet are advised 1o use

the data to: {1) determine which Michigan
minimal objectives were taught in which
grades.: {2) detarmine which schools had low-
est attainment rates and develop strategios o
meet these needs. {3) administer post tests of
those high priornity objectives not attained in
September. {4) select one of two schools wil-
ling to become demonstration sites; {5)
analyze other test data availeble to the distnict
and reiate them 10 MEAP results. (Authon
JAC)
—"

ED 162 861

Lachat, Mary Ann  And Others
© An Evaluation of the OQregon System In

Mathematics Education, Fins! Report,
Capia Associates. Inc.,‘Rochelle Park. N.J.
Spons Agency—National Smence Founda-

tion. Washington, D.C. (
Pub Date—15 Ot 78 .
Note—185p.; Contams oc

broken type. , ]
EDRS Price MF-$O 83 }!CaS

age. :
. nn«:nntors—-“Educataonamssessmem TEf
B KCG Teaching. Elementary Secondary

"TM 007 988

SE 025 350 -

~

Education, Evatuation, Higher Education,

*Mathematics Education, Preservice Edu-

cation, *Program Validation, “Research,

State Programs, *Teacher Education,

Teaching Skills
identifiers — *Research Reports

The Oregon System in Mathematics Educa-
tion (OSME) was 2 five-year '‘systems experi-
ment’ to improve mathematics aducation on
a statewide basis: The major purposes of this
present study were to determine the affec-
tiveness and impact of OSME and a “sys-
tems” approach and 1o address questions of
future ‘replicability .The evaluation focused
on three broad concerns: (1) to what extent

did NSF funding of OSME result in an effec-
. tive systems modsl for achieving program

improvement On a statewide basis?; {2) what
was the impact of OSME on teachers 4nd stu-

. dents?; and {3) whal project elements had the

greatest potentié! tor transportability? The
conclusions includa: (1) OSME was a suc-
cessful program improvement etfort; and (2)
the factors that made it work include its
openness, inclusiveness, flexibility. and trust
in proiact participants. {(MP)

ED 164 625 ™ 008 481

Achievement in Reading & Mathematics, 6th
Grade,

Texas Education Agency, Austin

Pub Date—78

Note—61p.: For related documents, see ‘fM
008 100, 101, and 416, Parts may be margi-
nally, legible due to small print

EDRS Price MF-$0.83 HC-$3.50 Plus Post-
age.

Descriptors—Academic * Achievement,
*Achievement Rating, Beha\nora! Objec-
tives, Educational Assessment, *Elemen-
lary Schoot Mathematics, Grade 8, Inter
mediate Grades, Norm Referenced Tests,
*Parformance Factors, *Reading Achieve-

ment, *State Surveys, *Student Charac-
tenispics, Test Resulls, Vocabulary
lentifers—California  Achievemeant Tests,

Texay, “Texas Assessment Project

Results of a survey using norm referenced
tests of reading and mathematics for a large
sample of sixth grade students throughout
Texas are reported in detail, Statewide results
are reported n terms of percentile ranks of
average partial and total scores and in the
percentage of students in each quarter of the
norms. For each of 20 districts in the state,
ethnic group percentages (blacks. Mexican
American, and othar) and percentile ranks are
given. Data are also given tor sex, type of
school district, tamjly income, special stu-
dents, and for certain combinations of the
above groups. Appendices list essential read-
ing and mathematics objectives; labels and
defmmons for categornies used in sifying
data: and scaled scores, percenme%and
grade eqmvalents tor reading and mathemat-
165 scores for all groups. {CTM)
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Rubinstein, Sherry Ann  Ghiselin, Diane J.

Connaecticut Assessment of Educational
Progress: Mathematics, 1976-77 Summery
Report,

National Evaiuation Systems, Inc., Amherst,
Mass.

Spons Agency—Connecncut State Dept. of
Education, Hartford. Bureau of Research,
Planning, and Evaluation.

Pub Date—Sep 77 ~

Note~68p.. For related document, see SE
025 480; Some tables may not reproduce
well due {0 small type

EDRS Price MF-$0.83 HC-$3.50 Plys Post-
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Descnptors—-"ﬁ.cmevement Age Daffer—
ences, *Comparative Analysis, *Educa-
tional Assessment, Elementary Secondary
Education, Group Norms, “Mathematics

- Education, Rural Urban Differences, Sex
Ditterences, *Tast Resuits

ldentitiers—*Connecticut

In this documaent, the major outcomes.of a

study are reported, focusing primariy on the
mathematics achievement results. The sec-
tions of Part | discuss performance on goal
areas and objectives; comparisons. of
achievement among .groups™of students
within each age level, 9-, 13- and 17-year-
okds; comparisons of the achievement of
Connecticut students with that of students
nationally; the results of 2ach item by age,
sex, religion, and size of community within

the state. Part §l contains discussions and

math concepts, computation, measfirement,
problem solving and applications, cMerts and
graphs, and geometry. {MP) * :

recommendations in the toilow;r{ araas:
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Report: 1878 Wisconsin Pupll Assessment
Program. Builetin No. 8189, .

Wisconsin State Dept. of Public Instruction,
Madison. ,

Pub Date—78"

Note—31p.

Pub Type——Numencaliquanmatwe Data (1 10)
— Reports - Research {143)

EDRS Price - MFO1/PCO2 Plus Postage.

Descriptors—* Academic Achievement, Agﬁ—v

Difterences, Basic Skills, Calculatio

*Educational Assessment, Educational
Trends, Elernentary Secondary €ducation,
. *Mathematics, National Norms, Practical

Mathematics, Program Attitudes, *State ™

Programs, *State Standards, Student At-
titudes, Testing Programs, *Test Results
identifiers—Comprehensive Tests of Basic

Skills, Wisconsin
- The 1978 Wisconsin assessment program,
involving students in grades 4, 8, and 12, fo-
cused upon: {1} state-developed tesis reter-

- enced to state objectives for computation and
-everyday money and measurement skills: (2)

the Comprehensive Tests of Basic Skills:
mathematics, reading, and language;: {3)
comparison of results of the 1976, 1937, and

1978 assessment: and {4) relationship of at-

titudes toward mathematics and previous
training to scores on the state-developed
tests {grades 8 and 12 only). Fourth graders
averaged above the B0th percentile iy all
areas of the. state-developed tests: 8th grade
students averaged between 51 and 90% cor-
rect; and seniors averaged between 50 and
95% correct. Both seniors and sighth graders
had dificulty with fractions. For the third
consecutive year, CTBS scores remained
above the national norm. Although there was
littie variation on the siate tests for all three
grades, the 1978 CTBS scores of grades 4 and
8 declined and were similar 1o those of 1978,
Attitudes toward mathematics were positively
related 1o scores on the state test and to ex-
tent of post training. Both eighth and twelfth
graders generally felt that their courses were
apphicabla to everyday situations, {CP)
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rlences. i
Cortland-Madison Board of Cooperative

Educational Services, Gortland, N.Y.

Pub Date—Feb 78 *

v Note—30p.
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Available ifrom - Cortland-Madison
B.O.C.ES. Quidoor-Environmentat Ed.
Program. McEvoy Educatioral Center,
Courtland; Néw York 13045 ($1.00)

EDRS Price MF-$0.83 HC-$2.06 Plus Post-
age.

Descniptors—* Activities, Discovery Learning.
Educational Philosophy, Environmental
Education. Expenential Learning, *Field
Instruction, Field Trips, Games, intardiscip-
inary Approach, *Outdoor Education,
Planning. *Resource Maiternals, Sensoty
Expertence, Teacher Iimprovemeant,
*Teaching Guides, *Teaching Techniques

Identifiers—*Strand Approach to Environ-
mental Education
Sinca research indicates teachers gener-

ally lack confidence in their ability to conduct
lessons in the cutdoors and feel inadequate
regarding knowledge -of the natural world.
this guide has been developed to binid
teacher confidence wy utiizing the outdoors.
Designad to be used 1n _conjunclion with a
practicum workshop, this guide presents
techniques which can be demonstrated and
practicedina workg;hop situation. The {otlow-
ing are addressed: philosophical background
of outdoor education, educatonal assump-
nons (learming by doing. use of all senses,
individual and unique ways of learning, learn-
ing by assocration, theamportance ot needing
to learn. self discovery learmng, group
dynamics emphasis): the strand approach 1o
environmental education {interdisciplinary
laarning incorporating variety Similarities.
patterns, interaction interdependence, con-
tinwity change. and adaptationfevatuation):
sensory approach {use of all senses). plan-
rung fiald tnps (pre-tnp preparation, post-tip
evaluation, check lists, e1c.): activities (strand
approach illustrated via activities for each of
the five strands histed above. sensory ap-
proach actwvities, discovery approach ac-
tivities, acclimatizing achivitias, and muscel-
lanecus activities). Among the many activities
hsted are the following: empathizing ac-
fivities, and miscellaneous activities. Among
the many activitias listed are the following:
amphathizing with naturai phenomena-role
playing a tree: prickly-tickly {hnd somethung
that prickles and something that hckles): the
tood chan game. a bug's aye view (how the
world tooks 1o a bug} (JC)
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Youth Conservation Cotps Source Book of
Environmental Awarehess: People and
Natural Resources.
Depariment of the Intarior, Washington, D C .
Forest Service (DOA). Washington, O C
Pub Date—77
Note—132p . Contains occasicnal hght and
broken type .
EDRS Price MF-30.83 HC-$7.35 Plus Post-
age. T .
Descnptors—'Conservation Education, "En-
viconmantal Education Field Trips. ‘Lead-
ars Guides. *Outdoor Education. ‘Scence
Egducation. Work Study Programs
identifiers— * Youth Conservation Corps
Thus guide 1s wntten for Youth Conserva-
ton Corps {YGT) vait managers and statf it
provides philosophies. concepts. methods.
and techmques torintegrating environmental
awareness in YCC camp programs Tha first
chapter of thes sourcebook definas environ:
mental education and gives six goals of en-
vironmenta! aducation that were a result ol a
workshop heid in Belgrade, Yugostava m
1975 The next chapter discusses planning an
mvironmental awareness program it goss

MCnio planning projects. held tups. group hv-

IText Provided by ERIC

ing, and recreation. Emph4gsis is given 1o in-
tegrating environmental awareness into work
projects. Chapter three prgsents activities to
strengthen team work in the YCC program. It
gives examples of solving &problem through
group-interaction, role-playing games. the
process and problem solving approach to
learning. and teaching procéss skills. The re-
maining chapters present egological prinGi-
ples and environmental’ copcepts, an en-
vironmental awareness scorecard forevaluat-
ing Student progress, a discussion of urban
youth and the YCG, and thie roles of Federal
and State agencies. (BB) ‘\
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Galiagher, Jamas Joseph. Ed,

A Guide for Teaching Regional Environmen-
tal Planning, Final Report of Project.- ta-
service Personnel Developmant: Reglonal
Environmentsi Planning Workshops tor
Tri-County Secondary School Teachers.

Michigan State Univ. East Lansing, Sciernce
and Mathematics Teaching Canter,

Washington. D.C.
Puh Date—Sept 78
Grant—QOE-G-007701356 .
Note—58p.; Contains cccasional light and
broken type | .
EDRS Price MF-$0.83 HC-$3.50Plus Postayge. ,
Descriptors—*Environmental Education, En-
vironmental influences, Inservice Teacher
Education, *lnstructional Matenials, Learmy
ing Activities, Natural Resources. “Reg~y

Spons Agancy—Office of Educatiof\{DHEW}yf :
v

ional Planning, Resource Materials. *Sec- % \
\ Descriptors—Climatic Factors, Conservation
\  {Environment),

ondary Education, *Teaching Guides £

This guide is designed for teachars, ad-
mimstrators, inservice leaders, and teacher
aducators. lts purpose is to provide an or-
gamizational framework., matenal. and re-
sources for the development of instructional
plans and Strategies for ncorporating reg-
ional environmental planning in the secon-
dary school curriculum. The guide is divided
into three major parts. The first rejates the
role of regiogal environmental -planning in
solving some of today's environmental prob-
lems. The second part defines and descnibes
regronal environmentat plannming. it covers
transportation. water supplf. poliutton con-
trol. waste disposal, and matenat recyching
The thwrd part presents steps in introduging
raqional environmental planning into the
school or community education programs. In-
formation  sources. implementation
guidelines. and sample actwiies are -
cluded {Author:MA)
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Environmental Education: Food - The Com-
ing Crisis {Grades K-12).

New Jersey Education Assotciation. Trenton

New Jersey State Council for Environmen-

tal Education. Upper Montclar
Spoits Agency—Othice of Education (DHEW),
Washington. D C
Pub Date—|T71]
Grant--G007501293,
dote-—-81p.
EDRS Price MF-$0.83 HC-$4.67 Plus Postage.
Descriptors - "Activity  Unmits. Ecology.
teoonomics. ‘Food. interdhisciphnary Ap-
- proach, Land Use. Objectives. Resource Al
locations, Umits of Study. *World Problems
Ths pubhication presents classroom ac-
tviues for teaching about the world food
shortage These activihes are organized by
objectives. are mullichsciphnary and cover
the K-12 grade levels The objectves hsted
nclude (1) Descrnibe some food chains. {2}

_ Appraise the eifect of soi cor}gstzpns. Qeoyg-
vy

a

raphic and cimatic factors on the food indus-

try; (3) Describe the role of transportation in

the distribution of food; {4) Explain the rela-

nonship between tood and population; (5) Re-
- late food production and processing o
energy use. {6) Suggest some solutions 10
alleviate world hunger. {7} Analyze the rela-
tionship between food and econordics; (8) In-
vestigate the pohtical agpects of 1600 dis-
tribution; {0) Analyze the relationship bet-
wean agriculture and land yse,; and (10} Iden-
tity tactors causing world-wide concern
about food. The activities. are organized
under each objective by problem area, grade
lavel. and_subject of course of study. This
publication is a part of the “Environment and
Quality of Life" series of Computer Based Re-
source Units that have been developed under
the Elementary and Secondary Education
Act, Title th. (MR)" .
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Whitney, Helen, Comp.

101 Environmental Education Activities,
Booklet 4-Science Activities.

Upper Mississippi River ECO-Center,
Thompson, . N

Spons Agency—Bureau of Elementary and
Secondary Education (DHEWIOE),
Washington, B.C.

Pub Date—75

Note—89p.; Best copy available.

Available from—Upper Mississippi River

; ECO-Center, Xhomson. Hlinois 61285
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y Curriculum  Enrichment,
\ *Curriculum Guides, Ecology. Educational
.} Objectives, "Elementary Secondary Educa-

Energy. “Environmental €ducation,

*;\\tion.
. \ﬁvaiuanon Critenia, *Experiential Learning.

feld Trips. *Instructional Matenals, *Out-
door Education, Plant identilication, *Sci-
enge Activities, Science Course Improve-
ment Project, Science Experiments, “Sci-
ance Instruction. Sensory Experience, Soil
Science
Identihars—Elemantary Secondary Educa-
tion Act Titte 1, *Upper Mississippi River
ECO Center
Fourth in the sanes 101 Environmental
Education Activities” by the Upper Missis-
sippt River ECO-Center, the booklet contains
39 anvironment-based science achivities di-
rected to students in primary. intermediate,
and jumior high classes. Organmzation of the
activities usually includeas grade level. objec-
tives, procedures, and maternials, evaluaton
critana, enf) sometimes includes hints and
tollow-up-actvities as well In gensral. em-
phasis 1s plaged on learming about sous,
weather, vanous hie forms. ecological and
environmantal relahonships. consarvahom
natural phenomena, and on enhancing the
students powers of observabion. sensory
awareness, and awareness of environmental
problems Activities include science and
energy surveys. weather observations and
pradictions. sod study and analysis, tree
study. plant and aninal observations, and
specimen collection. Fieid tnips to forest
timber. marsh. and nver areas as well as new
housing developments and waste disposal
plants help students exarmine many aspects
of thaw environment from the point of iew of
vanous scienoas (SB)
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wspons Agency—Otfice of Education (DHEW),
¢ . Washington, D.C.; Wisconsin State Dept.of
- Public Instruction, Madison.
Pub Date—78 N
: + ontract—300-77-0105
< Note—117p.: For related document, see CS
204802
Pub Type— Guides - Classroom - Teacher
{052)
EDRS Price “MF01/PC05 Plus Postage.
Descriptors — Behavioral Objectives, Ecol-
ogy. “Enghish Curriculum, *English Instruc-
tion, *¥nvironmentat Education, *interdis-
ciplinary Approach, “Language Arts, Lis-
terung Skills, Pollution, Reading Skilis,
Secondary Educations Speech Skills, Vaik-
dated Programs, Writing Skills
identifiers— National Diffusion Network.
Programs, *Project ICE
Written for use with studenis in grades nine
through twelve, this handbook links natural
ecological issues with language arts instruc-
tion. It contains a series of lesson plans,
each offering a number of suggested tearning
activities fot use both in and out of class. The
lessons are built around 12 major environ-
. mental concepts that form a framework tor
; each subject area. in addition, each lesson
- ofters subject area integration, multidisciph-
. nary activities, cogmitive and affective be-
havioral objectives, and suggested reference
. and resource materials for both the teacher
t and students, (FL) ~
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; Saiter, Christopher L. And Others

. Scoring Loa Angeles Landscapes: Environ-
mental Education in an Urban Setting

California Univ., Los Angeles. Urban En-
vironmental Education Project.

Spons Agency—National Endowment lor the
Humanities (NFAH), Washington, D.C.

. Pub Date—78

T Note—112p.: Not avanable in hard copy due

" to marginal reproducibility of original

document

. Pub Type—Guides - Classroom - Teacher

- {052)
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~ Descriptors—Activity  Units, “Elementary

' Education, ‘Environmental Education, "Hh-

stitutes {Training Programs), Teacher Edu-

~ cation, “Urban Areas, *Urban Education

_ ldentitiers—*Cahfornia (Los Angeles) ¢

This notebook serves as a guide for learn-

" ing activities in environmental education.

- Twelve themes are treated in four groups: (1)

. sense of place includes history and land-

. scape; (2) the natural environment covers air,
water, energy, and landforms; (3} the built
environment includes architecture, transpor-

 tation, and housing,; and (4) the social envi-

- ronment covers population. politics, and
planning. Each unit contains a theme sheet

- and 3 tomc outhne. Many umts alse contain
worksheets and activily guideiines. (MC)
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. SCATE.
© lowa State Dept. of Public instruction, Des
"~ Moines, Div. of Curriculum, .

* Spons Agency — Office of Education
(OHEW), Washington, D.C. -
Pub Date—{76] -
Note—~-55p.: Not avalable in hard copy dua to
marginal legibility of original document .
Pub Type — Guides - Classroom - Teacher
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Descriptors — "Cgnservation {Environment),
Critical Reading, Critical Thinking, Deci-
sion Making, mic Factors, Energy,
Environment, “Environmental Education,
Inductive Methods, Land Use, “Problem
Solving, Science Education, "Secondary
Education, Units of Study, “Values
The objective of Project SCATE (Students

Concerned About Tomorrow’s Environment} -

is for students 10 investigate environmental

problems and the political processes involved
in their solution. The four identified areas of
concernare: (1) 1and use policy development;

{2) air and water quality; (3) energy allocation

and consumption; and {4) economic consid-

erations related to the quality of life. This
document .contains instructional ‘units, in-
cluding objectives and activities, centering

around the four concerns. Unit titles are: (1)

Jdentifying a problem; {2) Clearly stating a

problem; (3) Determining testable and non-

testabje statements; {4) Generalizing. (5)

Mode! Assembly; {8) Land Use; (7) Discover-

ing a hiological community; {8) Children's

forest controversy; {9) Great swamp; and {10)

Urban studies*(TM)
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Carey, Helen H., Ed.

Award Winning Energy Education Activities
for Elementary and High School Teachers.

National Science Teachers Association,
Washington, D.C.

Spons Agency — Energy Research and De-
velopment Administration, Oak Ridgs,
Tenn.

Reporl No. —ERHQ-0011 -

Pub Date—77

Note—52p.; Typesize xssmali onsome pages

Avaiiable from—ERDA Technical information
Center, P.O. Box 62. Oak Ridge. Tennessee
37830 {no price quoted)
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Descriptors—*Elementary Secondary Educa-
tion, “Energy. “Energy Conservation, &En-
vironmental Education, Heating, *Instruc-

, tional Materials, *Sciencs Activities, Sei-
ance Education, Solar Radiation
This publication contains gdescriptions of
the winning entries 1o the Naticnal Science

Teachers Association (NSTA) Teacher Par-

hcipation Contest conducted in 1976, This

was a nationwide contest {or the design of
activities around energy themes at any grade
level, K-12. The ten winning entries described

. here are: (1) Energy Units for Primary Grades:

{2} Aluminum Recycling Experiment; (3)
Energy in Art and Energy is All Around Us,; {4)
Black Gold; {5) Energy, Economy, Education;
{6) Local Investigation in Container Use; (7)
Kill A Watt; {(8) idea, Designing an Energy-
Efticient House: {9) Solar Heating and Cool-
ing: and (10) Biving with Wind Power. Many of
these winners are desgigned for the senior
high school. Each one has included a brief
suymmary of what the aclivity teaches, what
the students do. and how the activity might it
into the existing curriculum {(MR)
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Gerlovich, Jack A.

Energy Concepts in the lowa School Cur-
riculum

fowa State Dept. of Public Instruclion, Des
Moinas, Div. of Curriculum

Pub Date—Oct 78

Note—32p.
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Descriptors—GConservation  (Environment),
*Curriculum Development, “Elemantary

T

SE 025 042

" Kentucky Dept. of

Secondary Education, *Energy, “Energy

Conservation, *Program Descriptions, Sci-

ance Activities, Science Education
identifiers—"lowa

This document reports on the lowa De-
partment of Public instruction pian 10 integ-
rate energy education into olementary and
secondary programs. This plan includes the
development of energy conservation activity
packets. The packet contain a variety of inter-
disciptinary actlvities, accompanying work-
sheets, visuals, and annotated children and
teacher bibliographies for grades K-6. Also
included in the plan is the Mankato State Uni-
versity Energy Program which is designed to
acquaint teachers with some classroom pro-
jects that ¢can be dona by students in grades
7-12, and give teachers an extended class-
room project in which students evaluate the
energy consumption of their school. Finally,
this repolt presents the results of a question-
naire designed t0 assess the present engrgy
programs and perceived energy needs of

~ owa secondary school teachers. The domin-

ant concerns of the teachers surveyed were
energy conservation and the political and so-
cial aspects of energy problems (88}
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Energy Conservation Activities for the Cias-
sroom K-12, \

nergy, Franklurt; Ken-
tucky State Dept. of Education, Frankfort.:

Pub Date—[78]

Note--244p.
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Descriptors—*Conservation Education, Cur-
riclum Guides, Elementary Secondary
Education, *Energy Conservation;, "En-
vironmental Education, “Leaming Ac-'
tivities, *Science Activities, Science Educa~
tion, Teaching Guides
After a brief introduction entitled “Where

Does the Energy We Hse Come From,” this
unit presents 86 actht;es Each activily gives
the title, concept, objectives, subject area, -
lavel, ime involved, materials needed, proce-
dures, and related career activities. Topics
cover everything from housing insulation to
alternate sources of energy to energy use by
appliances and automobiles, The activities
include game playing, science experiments,
surveys, tield rips. and others. The unit con-
clydes with a bibliography. (BB) '
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An Educator's Introduction to Energy gpn-
copts: Overview Packets. N

Maine Audubon Society, Falmouth.

Spons Agency — Otfice of Education
{DHEW), Washington, D.C.

Pub Date—Nov 77

Grant-—G007602036

Note—68p.; Pages 9. 10 of “"Consumption
Lifestyles” section removed due 10
copynght restrictions; Not available in hard
copy due to marginal legibility of original
document.
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Descriptors—Consarvation  (Environment),
*Energy Conservation, “Environmental
Education, Information Sources, Instruc-
tional Materials, Natural Resources,
Physics, Social Studies, *Sociocultural Pat-
terns, *‘Teaching Guides

Identitiers—"Energy Education
This publication provides a broad overview

of energy and related issues for teachers and

others who want 1o improve their understand-

ing of these iasues. Included in this publica-

tion are discussions of: (1) elementary



physics related 0 energy; {2) energy sources,
inCluding toNics such as renewable and hon-
renewable resources and fossil fuels; {3)
energy uses in the U.S.; {4) thermodynamics,
{5) space heating. (6} energy conservation;
and (7) soctoeconomic aspacts of the energy
crists.  The last section  entitled
Consumption/Life Style is designed for social
science teachers and discusses the eliects of
population increases on natural résources
and social values, Diagrams and tables are
provided to illustrate. among other things: (1)
energy consumption rates of various electric
appliances,; {2} energy uses by economic sec-
tor; {3) U.S. energy flow from source to work
and waste: and {4) the flow of energy to and
from earth. (Mj)
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Energy: Pennsylvania™s Energy Curriculum
for the Middie Grades.

Governor's Energy Councy, Harrisburg, Pa.;
Pannsylvania State Dept. of Education.

. Harrisburg.

Pub Date—77 \__

Notg—217p.. Drawings may not reproduce
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Descriptors—"Activity Units, Curriculum De-
sign, "Curniculum Guides, *Energy Con-
servation. “Environmental Education,
Experiential Learning. Instructional Mate-
rials, “Interdisciplinary Approach. “Junior

High Schools, Objectives, Student At

titudes, Surveys
identifiers—Energy Education, *Pennsyi-

vania Department of Education >

This publication is an energy curriculum for
grades 7 through 9. In @ach of the six modules
a number of activities are provided. The mod-
we titles are: {1) Energy: Whatis it About?; {2)
Energy: Where Does it Go?; (3) Energy: lis
Present Sources; {4) Energy: Policy and
Prospects; {5) Energy: s There Another
Way?,; and (6} Energy: How Gan | Help? Ob-
jectives, explanations of what to do, and
teacher's notes are given for each aclivity.
Where naaded, diagrams, tables and other
teaching aids are provided for direct copying.
The types of activitias range from simpie lab
expeniments to group discussions. Other fea-
tures of this pﬁbncthn inciude a bibliog-
raphy. a list of possible audio-visual aids. and
an attitude survey to help maasure the effect

-of these energy education materials. This cur-

riculum is designed to be an interdisciplinary
and fairly complate energy sducation prog-
ram which ultimately brings students to
energy conserving lifestyles. However,
teachers may easily adapl modules and ac-
tivities to it their own designs. (MR)
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Descriptors—aAudiovisual Aids. .Books,
Elementary Secondary Education,
“Energy. “instructional Materials. Natural
Resources, Postsecondary Education,
~Solar Radiation

identifiers—"Energy Education

This annotated bibliography lists publica-
tions and audiovisyal materials devoted to
rengwable energy sources: sun, wind, water
and biomass. Atew general texts areincludad
that present concepts fundamental to all
energy sources. Matenals were selecled tobe
adaptable to classroom, workshops, and
training sessions. Also, many do-it-yourseif
consumner/home owner materials are in-
cluded. Technical books are listed as they
may be useful 10 students and professionals.
Publications are. grouped by grade level
Fitrns, videocasseltes, slide shows, and
fiimstrips are listed according to energy
source subject. Prices, sources, and grade
level are given with the description of each
audiovisual item (Author/MR)
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