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ABSTRACT )

’ This paper examines 1ssues that K-12 science and .
social studies_ teachers need to keep in mind when- teach1ng about ¢
nuclear power: The information needs to be presented in as objective
a manner as possible. Science needs -to become more ‘social oriented.

Team teach1ng should be encouraged Elementary and secondar

inservice teacher education is needed. When designing a class about
nuclear energy, teachers need to be ayare that accuracy of
informational content needs to be considered from two perspect1ves.

These perspectives are the correctness of the information and the
intellectual honesty with which this information is presented..

Teachers shouid also know the major issues surrounding the nuclear

debate and some of the arguments on both sides of the issues so that
1nfoﬁmatxon and actiggt1es can focus on these major points. The paper
examines 9ix of these major issues and discusse’s what nuclear

advocates and adversaries say'concerning them. The issues are niclear

- safety, health impact, nuclear waste management,,econom1cs of nuclear .
power, the need for nuclear power, and nuclear prol1ferat1on. In P
developing a strategy for presenting ,these nuclear issues in the
classroom, there are a variety ‘of avablable resources that the

classroom teacher can use. The paper does not descr1be the resources.
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Nuclear power in the classroom: a union of science and social studies education
‘Y

James K. Shillenn

Nuclear Engineering Department-'
The Pennsylwania State University
University Parksg %é 16802

<

John R Amcentl ‘ \X\ .
Stat& College Agea School Dlsquct
State College, “PA - 168Ql

N R \W‘ .

ABSTRACT ;
R i . \ S _ “
., Science and technology, which once’brpught the United Stapes'and_
oshef';ndustfiqlizgg countries ot world unbrécedentéd gﬁé{gy resources
galize that politics and not .the,
sé}ennifi& method will depermine the quality’vf life 1n_qhe 21st kenturyg

.o ’ e *

Educators f1nd it’ dtfflcult to.present nuelear p Er in a way ;hat w1ll

’ - s

- - . 1 o>

~allow students to make 1n£prmeﬁ declslons and Judgements on!thls ‘issue.
. . ° ‘ . . . ® . s

There is a need for unity'in’the science and soeial science fields, and
¥ ’ ‘ .ot .
.pfe§entation"@f‘matérial in .an objective ‘way incorporating both sgientific
D - < ) P ‘ v
" PO s . . I
and. sociological aspects: Studente neéd to make pri%ﬁcalgtbinking‘and

-

logi¢'a standard in dealing witpwconflicting information. Major issues

.and arguments on nuclear power are presented, with possible classroom

¢

P . > . .
activities and resources cited.,
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* ' A NEED’ FOR UNITY IN A.CHANGING WORLD .

-
-

! Science and technology, which once brought the United States ahd ™.

. - ‘\
other industrialized.countries of the world unprécedented energy resoufceg\ N

. N

.

,and financial rewards, have begun to realize that éol;tics and not the

scientific method will determine the quakity of life.i@ the 2lst century.

. -
A ~ b - *

N - , . u" e - . ~ . -1 .
Nuclear. power, as ,one source of energyv for the past 2% years 'since- the
, - ‘ - . . * > ™

. ~— . - " )
PN r V. . 4 . . . T ¢ -
- development of the'first commergial reactor at Shippingport, .Pennsylvghia,
N - - o, et ‘

‘ ‘

- “ . ' < ., ¢ .

has become a volatile issue in he United,Statss and “worldwide.’. T

. . . s “ . - s . ‘ - ¢

What responsibility do educators havé in presenting energy,issues such
. . R » . .. e 7 2 g

. ar
-~

» N . -~ - ' . ¢
as nuclear power in the classyoom? This,paper will focus on nuclear power,
. ! - . ‘ . P

- - . . ¢ . .

the challeﬁges.it presents to educatérs at all levels in the field in”

z

preparing and presenting information in the classroom. This paper will cover
. . . : * * - R R -
. two specific disciplines--science and social gtudies.
3 N \ b .

Nuclear power in the cladsroom has had a relatively short history in

M -

the annals of education and has been traditionally considered g-part of the

science curriculum for decades. . ’ . K

A
~

Historically, science educators, according oto the -results of a five
' -]

year study by the National Science Foundation (NSF)l,otheofqacde to the
’; -

- . . - A “®
°

1] * ,
task of teaching science and’ technology from a "purist" point-of view. .This

view as NSF reéorted caused students to "pbt learn fhe relationship between
o

{ o«

science ‘and technology, hence as future citizens they.were unaware «of

v - 4 .
the rolés that research and development R}ay»in an industrial natfon and

'

trade-offs and side effects that would affect’ them iqﬁividhall§ and’

, . [ 0 % . . .
.collectively."z This was evident with the- curriculum ’projects of‘the\}960§.

<

: s A . : . T
The interest during that decade was to train Joungsters to becomes -

154
-

. ) . . ~ . .
sophisticated professional scientists who could advanceé technologies

. - R v
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related to nuclear energy, space exploration, and®*oceanography that would

. - N
.

. ,
enhance defense systems and national security, R "

.

; . e N . . -
In the soqla;\studles, however, nuclear power has not(geen given much .
*o £ .

. ’

spacé initsg curriculum until recenfty. College and high school Eektbbokq

b w Y

) Y * ) U : o . )
spent most of their space on nuclear pQwer's relationship to weaponry, sub-,

marine 4nd warship'ugilization, and other defense.or military history including
5 , ! :

- v
.

. .

v
the devastation at Hiroshima and Nagasaki. .

-
-

° . Historically, the social studies field found itself also responding

- to governmenqél,intexvéq;igg and. the pressure to make the public education

s
-

system an instrument of social feform...'

-

3 ) "
" Begldes.governmental pressures

‘.

Ld .
dictating curriculum, other, forces were at work in our school curricula such
el

as "currents and counter currents including. liberal and conservative

idéo;ogies, innovators, and traditionalists, accountability.adherents,

. LY

promoters of management by objectfﬁes,,elitist versus populist philosophies,

-
.

- 1 4
and advocates of technological applications to &ducation.!'” What then has Y

*

this done to educators in terms of bringing controversial’ isues into the
L]

’ hd .

" classroom? ¥ ' . BN e
, ‘ . .

Social studies educators reported inm the NSF study that dealing wifth .
v N ! -

’

v e . ) . . AP |

controversial issues in the classroom is a particularly significant
- r\\ . . 1 ) -
problem. This problem has been based on their sensitivity to local‘feelings’

- s
.

and values--a sense.that communities expected their teachers would "pasgs ¢n

- * * . -
knowledge accumulated by others, xather than encouraging students to raise
- . ’ .

. : ’ . Lo 5 oo C.
creative challenges or think critically."” This sensitivity to ‘controversial
_isstes has important rdmifications to the role ef "socialization' in our .

- . .
~

. ] - ; - . 9 .
~ schools. A problem exists when ‘a controversy, surfaces in identifying whose
norms or goals in respect to puclear energy would be presénted.’ "If social”’

[

étudie§ ha§35een identified as 'perhaps the closest thing to 2vatué3edgcatiqn;'

. R [S R 4

s | s
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VA . which éxists in the regular curriculum of the public schools tcdav”é; then

-~ . N -

the role and responsibility of the.educator in presenting the nuclear power .
) ) ) . \
information in an objective manner is paramount.
The task’ then of presenting materials in an objective a manner as . -

* A 7
sa

» )o‘ , .
fossible and making science more sdcial oriented seems enormous. The key, .
however, to enacting objectjvity through increased ‘cognitive skill develop-
L] . - -

. ment and becoming more socially oriented invelving the affective domain of

° . - < »

. learning may be found in greater.articulativn of programs encouraging’ s

-

team"teaching, and inservice training throughout elementary ‘and secondary

. 7 )
education. Throtigh an articulated program and a network of educators at
e L Lo ¢ . .
all levels, .curriculum infusion of eneérgy education programs such as nuclear
- LY

r 2 ) . N
.power, can make the "interconngction” possible.
nnegetl ) i ///

h Dealing 'with Conflicting Informatidn g > . ’ .
‘ - g ' L
When educators are confronted with conflicting information on nuclear 1

-

R issues, the task of designing a class or series of classes that will increase '

-§ . .
students'. understanding of the nuclear issues may appear to be impossible.

‘ = . : \ ~ o .
When designing a clags on controversial issues.the educator must be aware 8

. . \ o

that accuracy ofgihformationai eontent needs to be considered from two
: 4 . . .
. perspectiVves. These-pgrspgctives.afe the correetness of the information and
.- § o L ; 8
the intellectual honesty with which this information;is presented. The
. N . » . . “ d

correctness of information ds relatively easy to verify through experts

. £
. from thg relative disciplines. For.examp%g,'the average background dose”

T a o . - N : .
3

rate to an indivi&ual in the U.S. is about 100 millirems per year, and 4
= . PP P

this informstion cap be confirmed easily from many sources. However, the
. . i . , . - :’g‘»_ e . .

. _perspective of intellectual hénegty of igformational content is more subtle.

’
. o b . . . : °

B A, "f-\ . . A . L.
» Students must béémade—ayare,of*mhe fact that some of the. information .
’ 4 N O e : .

. . -
. -

/ . presentedyi's, tentative, incomplete or based upon certain assumptions which )
° * ] : 0 - .. . .“\ . . . ) " . ) '
oL . [y Fd . » 1’5 . —4— - B , . h )
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aré unproved. An examplé of this is the area of low level radiatidn. The

»
- . . .
. -

student hears from one "expert" that low level radiation #s not hazardous
‘ AN ‘ R : -

1

3 N3

. o - o 7
and hears from another "expert™ that low level radiation is hazardous.
F " Tty . o .
The intellectually honest answer to the questions of the health hazards

of low level radiation is that the information available in this area is
y . N N

. . 9. . . -

incomplete. After being ihformed of this fact, students should then be

allowed to gValuate the evidence and premises that ‘lead to the conclusion .

. ¢

[ ° .

that low level radiation is either hazardous or not. At this point students
. . . , ! ' N ! 3 -
must apply critical thinking guidelines and the, use of logic. For example,
— . " ) . . ¢ . . »
they can be asked, "Have arguments presented on either side of the nuclear
issue contained information fallacies of relevance or ambiguity such as appeal"

- had . " $
to pity, hasty generalization, begging the question, or fallacy of accent?"lO

.
-

Major Issues arrd Afguments R

éefore designing & class or series of classes on nuclear issues the class-
i . . N

room teacher Should Know the major issues surrounding the nuclear debate

.

and some of the arguments on both sides of the issues so Ehax.informafioq

3 N .
»>

and activities can focus®™n these major points. Major issues in this

- -~
-

case are defiped .as those issues which are most frequently debated in the
, SR : S )
United States but aré relevant to, the rest of the world as well.

Issue #1: Nuclear Safety12 S ‘ . a

Basis for Concern: In the fission process large amounts of radipactive

' - 4 < tler ‘s
fission' products are produced. Safety systems have been designed in order
: J . ' . . . -
to prevent the accidental 'escape of these fission products into the environ-
. ' ’ ) . C .

ment. The public concern® is whether Jr not these systems will work and protect

2

- 3 .

the public from significant radiation exposure due to a serious cogmercial g

reactor accident. . - o Y A <

- .

Nucldar Advocates éay:l3 The excellent safety cgsord_of the suclear

power reaotors. to ‘date demonstrates the safety of nuclear powgﬁ:' Even °

[T . PR

. ::- ' _5/ \ B L o

- * . ‘ y - . .
\ . 7' ¢ v T ,‘
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-

.

with the Three Mile Island accident (the most serious commercial nuclear

réactor accident) no member of the public has ever been killed-or injured

because of a nuclear power plant accident. Improvements in safety designs

¢ .
Qver the years, with redundant backup systems and defense in depth concepts

- .

—
sed in reactor safety systems, makes the probability of a major accident

e%tremély small as demonstrated in WASH-1400.l

Nuclear Adversaries Say:ls

catastrophic nuclear plant accident, there have been many close calls and

4

Even though there has not been 2
-

its only a matter of time before one of these problems result in a single

4 .

v

-~

contaminating a land area the size of Maryland. Small deficiencies in
R

: . A
many areas of a nuclear plant combine to make the system unsafe. *The

numbers givem by WASH-1400 for long term.latent cancers and genetic

defects for*a particular acfident were underestimated by a factor

C e
Issue #2: Health Impact

‘

of 50.l

.
. »

Basis for Concern:» There are sewveral different operations in the

production of electricity from nuclear power that c

.
expo

to as the Uranium Fuel Cycle

enrichment, fuel fabrication,

-

disposal.’ .
Nuclear Advocates Say:

power production  is small when compared to exposure froﬁ natuﬁal background

L4
an result in radiation

.
(]

. , Qe . . .
gure to members of the public. This series of operations is referred

)

which includes mining and milling, fuel

power production, and radioactive waste
‘

.
.

Radiation exposure to the public from nuclea

radiation. The he;lth effects of nucleag power are less thapn the health

effects of other energy alternatives such as coal.

Nuclear Adversaries Say:

exposure.
1

.

L

There is no safe levgl of raéiation

-

-~ & .

P

L3

G )

.nucféar accident that could result in thousands of deaths and injuries and

6

r

The health comparisons between nuclear and coal-fired generators

L




-

. D ¢ '

F

/ ’ .

focus on emissions from the stack of coal-fired generators ignoripg hazardous

. . - 5 /
5§d1at10n réleases from other parts of the fuel &ycle. .
rd
- \ <

. 0

?
Basis fgr Concern: Radzhactive waste 1is tQE inevitable by-product
l‘. P B . " '
of the generatipn of electricity by nuclear reactors. The intensity of the

'
=

radioactivity present is very high. Immediately at reactor shutdown, a ton

L4 .

¢ Issue #3: Nuclear Waste Management . - '

of spent fuel contains about 300 million curies of activity. Commercial waste.

] . . .
-is presently being stored as spent fuel assemblies, most of it in water$y

.

cooled facilities at the reactor sites where it was generdted.,-
] , .

-
Nuclear Advocates Say: There are several adequate technical alternatives,

-
»

. for storage of nuclear waste. If the spent fuel now being stored at-

the reactor sites were reﬁrocessed, the more troublesoire and longer lived
radioactive species couTd be ‘spearated and reused.for energy production,
while the volume of the radioactive waste, material to be stored would be

.reduced considerably. The most suitable repository for long term radioactive .

waste storage is in stable geologic formations which are known to have been
unchanged for thousands or millions of years. .
Nuclear Adversaries Say: There is no™agreed upon safe way to isolate .

Ed

radioactive materials from the enVironment for thousands of years, a time

.  spam_lewger than human civilization.  Nuclear storage facifities have had a

hard time pwotecting wastes from the environment for even a decade. Radio-

v N ~

_active wastes are a dangerous end to the fuel cycle, they are toxic. Once

released into the environment. they cortaminate land and water virtually

\

"forever." % g

~

* Issue #4: Economics’®of Nuclear Power

- o -

. L ] - - . . -
Basis for Concern: The consumer is experiencing increases in the costs
~ - -

f nuclear power plant construction and eleptrizity produced by nuclear powe}

.
. -

lants.

»

4
\

.
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Nuclear Advocates Say: The cost of all forms of energy is gro&ing and

nuclear- power is still the'best bafééin for producing electricty’in most.

)

. \ . - .
parts of the country when all factors are considered. Costs for nuclear
- \ .
- power g%uld be reduced if regulatory delays were reduced and if the Nuclear
— . . b
. .
Regulatory Commission would streamline the licensing process for nuclear power

» .
-~
. L3

. : ] p _
plants. . ) .

[y
b

. *

ng;ear Adversaries Say: The cost of nuclear power is growing at a
e

.

*
° -

faster rate than.gxﬁer en y,alternatiyeé due to the riSing cost-of

.
[}

. construction and operation, and low capacity factors. The nuclear industry

£
.

-]
—

would'not have developed without,enormous government subsidies.

Jssue #5: Need for Nuclear Power

v

Basis for Concern: Conservation apd other energy sources such as solar,

.

~
N ~ ANN

"ﬂgeothermal, fusion, etc¢. may be able to replace nuclear power. Presently
2 - . L

- ~

it is unclear whether or not these sourtes will be able to provide enough

energy to satisfy energy needs in the face of diminishing fossil fuel ngfources.

Nuelear Advocates Say: Although cofservation will help reduce

S~
. 7‘.
" energy growth there still will be a need to further develop existing energy

. .
technologies such 'as nuclear power to pfovide epergy needs while other energy

v . )
-, techhologies are being developed. Even with a large national committment to
-~ : ? .
new energy technology research it wi;} take 20-30 years for successful

&

- -

development and comme¥cialization,

v - N

Nucledr Adversaries Say: There is‘no need for nuclear power.

’

With immediate changes in Amer;ca's ghergy\wasteful lifestyles enough energy

can bé saved to make nuclear power unnecessary. If nuclear power development ,
. 9 .

were curtailed or stopped entirely‘aqg/the'same funding appliéﬂ to develop-
ment of alternativesf such as é;lar gherg these energy alternatives could

begin producing a significant part of the U.S. energy supply in a very short

r
.

.period of time. o -
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AY . . .
Issue #6: Nuclear Proliferation . ' o

1

[y -

’ - © / . to

. Basis for Concern: ~ Nuclear ;glctors use fissionable uranium and Lt .
N

.y . 4 . .

produce plutonium. « If properly processedy these‘métgria;s can be used to
4 e . L ' . 1

. . . N . ’
. produce nuclear weapons. - . >
‘ ° ] N : . N

’ .

) Nuelear'AdVOCQEesaﬁay: In today's world.any country, that wants to .
develop a nuclear weapon cawm do so with or without a commercial nuclear . °~° *

.
- . ) - : -
-

power industry. Thus far, nations‘who have developed nuclear weapons have

‘o
v ’ ¢ ’

. done so by easier and faster means than processing fuel *from a commercial
.’ K ) * ;. .

reactor. Participation in international agreements and having adequate -

amounts of energy available for economié¢ growth are the only ways of ‘ -
. R . by - .

o
q .

o reducing'the spread aof nuclear weapdns. . ' . !
a N . L, s o , . . .
' . Nuclear Adversaries Say: The spread of commercial nuclear power -

~ Y

. technoldgy Ean‘only lead to more countries developing nuclear weapons. Due

-~ * -

< ) o
. ' to the prpliferation of atomic reactors, about 30 countries have plutonium )

.
.

that could be used in bombs. Half of these countries have refused to sign .

¢ -~

. the I970'Internatiqgél Treaty On Non-Proliferation, thus exempting them .

, : L ‘ 17 - .
. from even the limited oversight of the IAEA. 7 . . - ’

) -~ (. . e ) ‘) . ) *
L. e In addition' tes the major issues, gome other issés that energy-educators .
. [P * - . . N g

. ~ shpuld be aware of which often become part of the huélear debate include.

. - (s

’ . o : 18 N .o .
. nuclear reactor siting, Price-~Anderson® Act, terrqrism, decommissioning of

) .’ . ¢ r

-

- .nucléar_xghétgrs, availability of uranium suppl%es, transportation of

‘nuclear materials, breeder reactors, licensing and regulation of nuclear

. ¢
power plants and other nuclear facilities, morality of nuclear power, "hard"
. . - . ' .« . ‘. " . . ,
. versus "'soft" energy technologies and issues, of importance to the local
' community. ! ' b ‘ )

Classroom Resources ' : -

In developing a strategy for presenting these nuclear issues in the
: L

.

- classroom there are a variety of available resources that the classroom

- _— -

) ' ._9_ ‘ 1
. N ¢ ~J )
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. teach®r can use. These resources vary from a one year course on duclear’

-‘ . . .' R - 2 . >
science19 to,f}asse§ designed by other teachers, such as debates, 9) ¢

- . ..

siniulat:ions,21 creative dfamatics,zz and others.23' This points to-the
important role the teacher must play in this entire process, including dtherl

.
.
N

petple who 1mpact on him or her at dlfferent stages of, that role such ‘as,

. N <

teacher—educators, administration, support’ superv1sory people, print and

- N
. . .

‘non-print producefs/publishers of resource materials, inservice training
-~ » B

personnel, teacher-peers, parents and’the students. It is the teacher who
1 . *

. .
' - .~ .

will really make the difference in students, "who are for, any one year most
: J b ' Aeny A ey y :

. dnpendegt'on what that. teacher believes, knows, and does--and doesn't believe, _ -

’ )
& o Ay v . '
-

. 4 . » .

joesn't: know, and doesn't do. _For essentially all...léarned in the 5chool,
N

v

.
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What are the Nee in PreCollege Science, Math, and¥Social- chence? Views
. rek R _ K T . "
from ‘thé Field, National Science Foundation: Office of Program Integration, .
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