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ON THE PREMISE THAT A KNOWLEDGE OF NUCLEAR SCIENCE IS
ESSENTIAL FOR INTELLIGENT DECISION-MAKING REGARDING ITS USES,
THE NUCLEAR SCIENCE CURRICULUM PROJECT WAS DEVELOPED. ITS
OBJECTIVE 15 TO FROVIDE A PROGRAM THAT CAN BE EFFECTIVELY
USED IN SCIENCE CLASSES TO PROVIDE AN UNDERSTANDING OF e
NUCLEAR SCIENCE AND ITS IMFACT ON SOCIETY. THOUGH TEACHER =
INSTITUTES HAD BEEN CONDUCTED TO FROVIDE NEW MATERIALS AND
CONCEPTS AND MATERIALS SEEMED TO HINDER IMPLEMENTATION OF S
INSTRUCTIONAL PROGRAMS. THIS PROJECT WAS ORGANIZED TO DEVELOF
A SET OF INSTRUCTIONAL OBJECTIVES, EXPRESSEC IN BEHAVIORAL
TERMS, REGARCING NUCLEAR SCIENCE AND ITS IMFACT ON SOCIETY.
THESE OBJECTIVES WERE DESIGNED AS MODULES THAT COULD BE
INCLUCED WITHIN THE FRAMEWORK OF EXISTING SCIENCE AND SOCIAL
SCIENCE COURSES. “NEED-TO-KNOW* ITEMS WERE DETERMINED FOR THE
AVERAGE NON-SCIENCE ORIENTED HIGH SCHOOL GRADUATE, IN ORDER
FOR HIM TO PERFORM AS A RESFONSIBLE CITIZEN. TWO TECHNIQUES
EMPLOYED TO ACHIEVE FROJECT OBJECTIVES WERE (1) THE USE OF
SYSTEMS TECHNIQUES FOR MISSION ANALYSIS ANC CEFINITIONS, AND
(2) THE USE OF BEHAVIORAL TERMS FOR INSTRUCTIONAL OBJECTIVES.
THE DOCUMENT IS ORGANIZEDC INTO SECTIONS AS FOLLOWS--(1)

PROVIDING AN OVER-ALL MATRIX WITHIN WHICH KNOWLEDGE,
ATTITUDES, AND SKILLS CAN BE ORDERED, (2) SOCIAL ISSUES
RELEVANT TO NUCLEAR TECHNOLOGY, ILLUSTRATING THE WAY EACH
TERMINAL BEHAVIOR FROM THE FRAMEWORK COULD BE DEVELOFED, (3)
MODULES OF INSTRUCTION, SHOWING HOW SCIENCE AND SOCIAL
SCIENCE CONTENT AND DECISION-MAKING FROCESSES CAN BE
STRUCTUREL INTO LEARNING UNITS, (4) BEHAVIORALIZED SCIENCE
DATA, GIVING A BREAKCOWN OF THE BASIC SCIENCE DATA INTO
BEHAVIORAL TERMS--BEHAVIORAL OBJECTIVES, STIMULUS CUES, AND
CRITERION TEST MEASURES, AND (5) BACKGROUND CONTENT, A
COMPILATION OF THE "NEED TO KNOW". CONTENT ICENTIFIED BY THE
NATURAL AND SOCIAL SCIENTISTS AS NECESSARY TO AN '
UNCERSTANDING OF THE SOCIO-SCIENTIFIC IMFLICATIONS OF
TECHNICAL CISCOVERIES. (CH)
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Terminal Objective: 4.0 The learner shall, when faced with the necessity to make
decisions regarding his community’s, state's, and nation's
needs, be able to knowledgeably support or oppose pro-
posed actions or initiate actions himself in regard to the
development and/or use of nuclear technology .

Instructional Objectives Hierarchy Criterion Test Measures

The learner shall:

4.1 seek and evaluate materials perti- When given the community problem described below, the learner shall seek out au-
nent to the particular issue, prob- thoritative, reliable, and relevant data on the basis of the criteria established in
lem, or proposal; | the learning experiences.

Problem: A community organization called "Operation Poison Food" has been or-

ganized to prevent the use of foods which have been pasteurized by irradiation

w processes given free by the federal government in the public school lunch program.

v The group argues that the foods are dangerous because those who eat it could be

W irradiated, thus resulting in cancer, irritations, and other serious debilities. The
group has paid for a number of advertisements in the community newspaper outlining

* the purported dangers, and have called for action. Several prominent people in the

community have given their support to the action group.

4.1.1 locate sources of information Given (in Column 1) the issue above, as well as two other issues (not related to the

from both producers and distrib- above but generally related to nuclear technology), the learner must select those
agencies or outlets that would have the most information regarding the issue at hand,

and thereby eliminate sources of information more related to the other issues.

utors of information;

LT T TN W T, e R A T T o

(continued on following page)
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Instructional Objectives Hierarchy

Criterion Test Measures

4.1.1.1

4.1.1.2

4.1.2

realize that information produced
is technical or nontechnical and
that several organizations, in-
cluding governmental organiza-
tions, may be attempting to in-
fluence his opinions;

know the major sources of infor-
mation from governmental, pri-
vate non-profit agencies, private
profit agencies, and publications;

acquire the materials from a
variety of sources;

The learner will then categorize each of the information sources in Column Il into
technical, nontechnical, public and private groupings. He will then select the
three best sources (AEC, Dept. of Agriculture, and university nuclear biologists
or radiologists) .

The learner shall state from each source the degree of vested interest and therefore
its attempt to positively influence him to its point of view. From the following list
the learner shall match the agency which would have the greatest interest in influ-
encing his opinion relative to the given issue and the reason they would do so.

Agency Reason
A.E.C. Profits

- E.E.I. Patriotism
Etc. Etc.

The learner will indicate, for each type of informaticn in Column I, from which
source(s) listed in Column 1l he would most likely find it.

(continued on following page)
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Instructional Objectives Hierarchy

Criterion Test Measures

4.1.2.1 know where information from each
source is located or how it is to
be acquired;

4.1.2.2 know the procedures for acquiring
the information;

4.1.3 judge the materials for authority,
reliability and relevance to the
issue under consideration;

4.1.3.1 evaluate the authoritativeness of
sources and/or spokesmen; known
W that:

| a. it varies with training and
v experience;

b. it varies with personnel and
institutional goals and inter-
ests (i.e., vested interests);

The learner will then describe, by labeling each source, the means by which he would
acquire the information from the following selections:

a. Interview of pro, con, and neutral people;

b. Letter writing;

c. News articles;

d. Library procedures.

He will only be allowed to select one acquiring technique for each source, even
though multiple techniques may be used.

The learner will then list and apply the criteric for judging the reliability, authority,
and relevance of acquired materials to the issue at hand.

He will isolate and list separately from the following list the characteristics of an
authoritative source:

a. Written by well-trained, experienced personnel

b. Written by those he feels are truthful, honest, well-known, political (labor,
business, religious, etc.) leaders

c. Written by those who stood to gain something by the acceptance or rejection
of the proposal to use irradiated foods in the schools
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Instructional Objectives Hierarchy

Criterion Test Measures

b.

f. Is written by an expert from the food company which will supply the food
g. s an editorial

h. Is written by a scholar working in the radiation science department

i. Is written by a local minister (mayor, principal, labor leader, etc.)

j. Is written by an unknown working for the Atomic Energy Commission

He labels (A) for Authoritative or (U) for Unauthoritative or suspect for the follow-
ing sources of information, all of which contain information about irradiated foods

Local newspaper article by the chairman of OPF

Scientific American

Booklet proposed by the Atomic Energy Commission

Booklet and technical papers prepared by special staff at the Depart-
ment of Agriculture

Newsletter from OPF

Letter to parents from the superintendent of schools

Given the three synopses of the articles below, with their sources identified, the
learner will rate (A), (B), (C), those which are most to least relevant and needed

for his decision making responsibilities in terms of the issue at hand.
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Instructional Objectives Hierarchy

Criterion Test Measures

40

Position ll: "The use of irradiated food will cause cancer, cell mutations, and other
horrible diseases too terrible to even mention. Our children must not be exposed to
this danger. The Mayor, Reverend Jones, and Mr. Daily of our newspaper, and other
leaders of OPF have clearly identified the danger. Now it is up to us to prevent it."

Position lll: "I'm not sure whether | want the food used in school or not. | have
heard that using the food could cause my son to have cancer and | certainly don't
want that. | also know that at work they use some sort of radiation to find leaks in
the oil pipes. If its safe to use at work, maybe its safe to use at school, but | will
not support using the food unless | know for sure that it is absolutely safe.”

Given the three choices of action below regarding the issue, the learner will first
support one, then the other, on both factual and emotional grounds. He will also
outline briefly his own position. (This is a role-playing situation in which the
learner is required to change set.) He will finally critique each position, including
his own, on the basis of data sufficiency, emotionalism, tested interest and prema-
ture assumptions.

Choice I: Support the use of irradiated food on the basis that the schools and gov-
ernment would not allow anything bad to happen.

Choice Il: Oppose the use of irradated food because of the dangers involved and
the feeling that someone sinister is attempting to “test" some wild idea in the
community.
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instructional Objectives Hierarchy

Criterion Test Measures

4.2

42

evaluate the issue, problem, or
proposal on the basis of relevant
data to determine the potential
advantages or disadvantages and
then formulate a course of action;

Conclusion Il: 1 know for sure that this attempt to put inadiated food in our schools
is a trick of anti-religious, communist-type people who are trying to influence our
childrens' minds. OPF has issued a fact sheet which stated these factors: people in
Japan are still dying from radiation let out by the atomic bomb; scientists working
with reactors wear little badges that tell them when to get away before they get
irradiated; genes in hamsters have been destroyed by radiation; and so on. The evi-
dence is clear and can only make one come to this conclusion: Keep that dangerous
food away from our children.

Conclusion Ill: There is no quesiion that we are making great strides forward in
science—look at the radio, the auto, the airplane, a computer—but all of these
scientific gains were developed slowly, carefully, and with due consideration of
people's lives and health. The scheme to give our kids radiated food does not take
these same things into consideration. So, I'm not against progress, but neither do
| want to be a guinea pig. | read in the newspaper that more radiation would be
used on the food than an X-ray machine, and my doctor once warned Bruce about
getting too many X-rays. These school peopie who told us about the food being
absolutely safe and couldn't possibly radiate our kids ignored facts about X-rays
and other radiation. 1say, no irradiated food in the schools.

Given the proposition beiow for solving the problem upon which he might poten-
tially vote, the learner will compare the proposed advantages and disadvantages
of the proposed change in relationship to the empirical evidence; analyze the
potential social dislocatiens which might result; recognize irrational arguments
regarding the proposition by comparing fact and fallacy; compare the proposed
change with previous changes; and finally defend his own decision to support or
reject the proposal on the basis of the facts which have been identified.
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Instructional Objectives Hierarchy

Criterion Test Measures

4.2.1

4.2.1.1

determine the potential dangers or
benefits to life and property;

categorize the stated dangers of
the issue, problem, or proposal
and match them against the data
collected;

Given the following list of notions regarding the utilization of irradiated foods and
products, the learner will (A) separate out those factors which demonsirate the
utility of radiation techniques in improving quality and quantity of food and prod=-
ucts; (B) separate out the fallacies connecied with the use of radiation to process
food and products, and match them with the factuai evidence which demonstrates
their fallaciousness; ond (C) compare the safety factor of radiation techniques with

other technological advances.

Facts and Fallacies

(Regarding Agricultural and Industrial Uses of Radiation)

a. Radiated products continue to be radioactive and can irradiate people eating
or using them.

b. Radiated food can have some discoloring.

c. Radiation can only be used to harm or kill, and not for socially productive ends.

d. Radiation of some products increases their strength.

e. Radiation of foods can kill entirely or reduce significantly the disease-causing
agents in them.

f. Radiation of certain seeds and vegetables can improve their quality and quantity
through controlled mutations.

g. Radiation can be used to contrsi weeds and insects harmful to agriculture.

h. Use of radioaciive isofopes is the same as X-ray machines.
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Instruztional Objectives Hierarchy

Criterion Test Measures

R TR TR T R T TR R EE e T T

4.2.2

determine the potential costs—
social, economic, political—of
the issue, problem, or proposal

in comparison with current prac-
tices, and make a decision to act;

The learner will state in writing how the utilization of radiation techniques will
affect social, political, and economic life in his community, and compare this
with traditional ways, which will include at least the folJowing points

a.

b.

Political effects: Government control and regulation of safety factors in pro-

cessing plants tends to grant more decision-making prerogatives to state and

federal governments at the expense of local businesses, but this intrusion of

the government can be accepted, when balanced against the need to protect
life and property

Economic effects: Industrial and agricultural uses of radiation techniques are

varied and great: tfracers, ionizing processes, gauging, weed and insect con-
trol; new plant species evolved; and similar examples demonstrate that not only
are there diverse uses for radiation techniques, but that the techniques improve
the quality and quantity of the food and products we use .

Social effects: The use of radiation techniques by industry and agriculture
produce goods that will be found in every household in America. Plastic
goods that have been hardened through radiation are now found in supermar-
kets. Gasoline, which has minute amounts of radioactive isotopes in it to
follow the flow pattern as it is converted, is found in gasoline stations.

Thus far, irradiated foods are not found in large quantities in markets, but the gov-
ernment, through DOD and AEC, is sponsoring huge experiments. lIrradiated foods
will last, in sealed packages, for long periods of time, and need no refrigeration.
Radiation has been used most successfully by farmers to improve crops, produce new
breeds, control insects and the like

—
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Instructional Objectives Hierarchy

Criterion Test Measures

4.2.3.1 evaluate the impact of the issue,

problem, or proposal on the social
aspects of our culture (how will it
affect people and institutions) and
the degree to which the change
will interface with other elements
of the society;

The learner will select from the following list those kinds of industries, now or poten-
tial, utilizing radiation techniques as part of their processing procedures

The learner will select and categorize from the following list those applications of
radioisotopes under the headings: Tracers, Radiation Affects Materials, Materials

Food storage industry
Pipe industry

Oil industry

Plastics industry
Fishing industry

Farming industry

Affect Radiation, and Radiation Has Energy.

a.
b.
c.
d.

e.

f.

Flow measure
Catalysis

Fiber modification
Power source
Density gauges
Radiography




* UOISIDBP D §03)43 O} JUSWSA|OAU] |DUOSIAD UMO SIY Of SO UOISIOIP

Vv (3) pup !sjpaddo sysipuobodoid puo suoijows jo uoyiubooay (q) {4uswabpnl pjoy
—y4im oy ssauBuijjim (D) #5903 uo Aouspuadaq (g) {s319p||pj wiioy uoyp10ssosIQ (V)
:59)D1ysuUOWaP Yo iyMm uoljisod sy Jo AIDWWNS UBJIIM D 3DW USYY [[IM JBUIDS| B3y}

¢ sjuawnbipo Buisoddo
up Buiysoddns ayy BuipioBas ajpisucwap s§opy aAldalqo ayy op 4o .
P ! Y4 BUlp P 3} dA1O9]qO 3y} Op IPYM  °P
¢ @buoyd ayy asoddo 10 jysoddns saljlioyino aA1o3lqo joyp o
| & pasn aip sioppsabluyas ysnl y1 suaddoy joyp - q
¢ waysAs yuasaid ayy abuoyd Aymw °o

:mo|aq suolysanb ay} Jomsup uay: puo ‘aduaplAd
|ooudwa ayy Yiim wayy aiodwod /[ooyds ay4 Ul SPOO) Pa4DIPDIIL JO Ish: Y} Buipiob
-31 5§9Dj pupb sjuawaypys aAlpbau puo aAljisod ||O |9qD| pup §23]|02 ||IM I3UID3] U}

* (uo1yopa: 331ppNY 3yt ' *&°1)

Ainyuad yjg| Ajaoa ay4 uy puojbug ul A13uiyopw 3143} JO UOLIONPOLUI Y O} UOL}ID3Y
ays Y#m 44O jJo ws!|puoijowd puo ’suoiydasuodsiu ‘sapnjiyp ayy Buodwod Aq suoy

-pAouul |poiBojouysa} o} sasuodsal [puol§DII] PUD |DUOI{OWS azA|oup ||1M 18UID3| Y]

L

e

¢ 11oddns asuap
-1A3 3y} ssop uoyised Joypy  °p

¢ |osodoad
10 ‘wajqosd ‘anss sy} asoddo
10 poddns saygrioy§no Joypy o

¢ uado aip saAlyDUIB|D DY)  °q

& (Paau ayy st joym)
uolpNYIS 3Y4 SI SNOLISS MO °D

:suolysanb Buimoj|o}
3y} O} slomsup ayy Buiuiwiay
-3p Aq uo1}oD 10 351N0D D 3pIdp R 8 4

!abupyd |0o16ojouyd3a} Aq pajo9y
-40 @10 A3y} SO SDIID DIWOUODI
pup ‘|poi4ijod ‘|pI20S Ul spuay
juasasd so ||am sp jopduil 113y
pup uoljpArouul |po16ojouyda} o}
aA140|24 sa1bojpup |po1i0jsty djolid
-osddn yjim pasodosd ay4 asodwod ey

$S3JNSDaWY Isa] uolivilly

Aysipsail saA1ydalqO |puolsdaysu|

- J




Instructional Objectives Hierarchy

Criterion Test Measures

50

After the learner has completed the instructional sequence presented above, he will
then be presented an entirely different social issue involving technological innovation
(nuclear or non-nuclear). He will be required to follow the same processes he mas-
tered in investigating the issue in the learning design. Criteria for judging learner
performance are the same as those identified in the materials above. (In this segment
the instructor is given greater options and decision making.)




ADHINI HVITONN ANV HIMOd 21810313 7%

ADOTONHOIL HYITONN OL INVAI13Y mm:‘mﬁgﬂﬁ
-~ .

Full Tt Provided by ERIC.




*juo|d samod 3y} pjinq

‘alojosay] -awyy |0 Joj samod ssajjiwly Ajddns |1 im samod Joajonp  *spupdxo
Jamod Joj pasu 1no ajiym jno Buruuni aip sjany jouoiyipoyy ‘Ajjouciiippy _-uoly
-onpoud samed jo syoadsp ojwoyp ayy BulajoAul sjuap1ooD Jolow ou usaq aAby siay)
*spup|d Buiypisuab somod Jayjo uoyy 1940s sjupjd 10}dD3L 3)DW S|OIUOD 3}DJS PUD
|psopaq - snoiabupp jou pup A10ssadsu Yicq a1o sjuojd Jamod 1ps|onp - Z |psodouy

"}|Inq 3q O} SUO MO||D Jou Op ‘8i0ja1ay] *>JOM O} anuluod ||1m Aayy

‘mou o} dn sn 1oy padiom aApy sAom pjo ayj aduls ‘asnpoaq Aipssasauun aup Aay)

- A|Buimounjun a1p pjnom || pup Ajlunwwod ayy jnoybnoayy uolypipps J1wa pjnod Aayj
*ajdoad jo suoijjiw ||1) pup quioq S1woyb up 31| apojdxa pjnos Aay} asnoboaq snosab
-uop a0 Aay] " Aipssadsuun pup snosabupp aip sjupjd samod JpsjonN | |psodoly

JuD|d J3MO JD3|ONN]

) - saoualsadxs
Bujuips] syj ul paysi|qDIsd DLIBJIID 3y} JO SISDG Ay} UO DIDP JUDAS|31 pup ‘9|qp1|a4
‘aAlyDjLIOYIND §ND N33s [|oYsS Jaulpa] ayy ’(sjdwoxa siys ul ‘Buysay quoq Jos)onu !Josodoud Jo ‘wa|qoid
Jo uoydNpoIjuLal 3y} PUD AjIUNWWOD S1Y Ul JOJoD31 JD3|oNnu b jo Buip|ing ayy) “anss apjno1jand ayy o} juauly
ABojouyoay Jpajanu uo anssi uo BuipioBas ‘mojaq sjosodosd omy ayy uaAalb uayp -12d s|D1I9|DW 34ON|DAS PUD X335 L°Y
z]|PYs Jauapaj ay]
$9INSDOYY §S3] UCIIB4IL) Ayouviaty saAlpdalqo |puoijonaysu)

* ABo|ouyda} 1p3|onu yo asn Jo/pup juswdo|arsp

3y} o4 paobaa ui jjaswiy suo1yop ap1jIul JO Suolop pasod

-oud ssoddo Jo jioddns Ajqoabpajmou o} ajqp aq ‘spaau

. s,uo14pu pup ‘s 9yojs ‘s, Ajiunwwod siy Buipiobaa suolsidep
| 30w o4 A}155909U 3y} Y4IM PadD) USYM ‘||DYS U3 3Y] (Q°§ :9AND3IqO |pulwia]

L




Instructional Objectives Hierarchy

Criterion Test Measures

4.1.1

locate sources of information
from both producers and dis-
tributors of information;

Atmospheric Testing

Proposal 1. The enemy is secretly testing weapons in the air (probably outer space)

and is building up his arsenal with super atomic weapons. If the USA is to continue
and deter the enemy it is necessary for us to start testing. We can get a clean bomb
and therefore reduce air pollution, at the same time we build super weapons for our

self defense. Thus, start testing again.

Proposal 2. Atmospheric testing will produce ever-increasing amounts of radio-
active contamination, which will not only cause death, disease, an? mutation to
human, animal, and plant life now, but due to the half-lives of the contaminants,
future generations as well. There is not scientific evidence that the enemy has
started testing—our equipment would tell us. The dangers involved in testing are
much greater than in not testing. Don't start testing again.

In Column | below are listed two issues about which the learner must make a deci-
sion. In Column 1l is a list of agencies which distribute information about the use
of nuclear technology and nuclear strategies. The learner must select those agen-
cies having information, biased or not, about the issues in Column I.

Column | Column I

a. Construction of a nuclear Atomic Energy Commission

1.
reactor in the community 2. American Nuclear Society

b. Resumption of atmospheric
nuclear bomb testing

3. Committee for a Sane Nuclear Policy
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Instructional Objectives Hierarchy

Criterion Test Measures

4.1.1.2

4.2

4.1.2.1

4.1.2.2

56

know the major sources of infor-
mation from governmental, pri-
vate non-profit agencies, pri-
vate profit agencies, and
publications;

acquire the materials from a
variety of sources;

know where information from
each source is located, or how
it is to be acquired;

know the procedures for ac-
quiring the information;

The learner indicates, for each type of information listed in the first column, where
he would most likely acquire it.

Column |

a.

Need for reactor
No need for reactor
Need for atmospheric testing

No need for atmospheric testing

Column Il

1. Newspaper
2., AEC
3. Department of Defense

4. Department of Agriculture
5. SANE

6. Local Power Company

7. Local Library

8

. International Atomic Energy
Agency
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Instructional Objectives Hierarchy

Criterion Test Measures

4.1.3.2
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field, that what he is com-
menting on must be analyzed
closely to determirne its ac-
curacy for the subject or the
degree of manipulation he
intends by posing as an
authority;

evaluates the reliability of the
sources and/or spokesmen; know

to

a.

b.

look for adequate detail
and specificity;

identify fallacies and
emotionclism;

look for bias and vested
interest;

distinguish between tech-
nical information and
popularizations and/or
argumentative sources;

He will sepcrate the sources into three categories, determined by the degree of
authoritativeness.

He will isolate and order, from the following list, the criteria for reliability:

a.

Lacks factual basis but is logical in argument;

Feels as if it is the correct answer;

Supports America's position;

Is technical and factual;

Is written by a reputable scholar working for the government;
Is written by expert from power company as an editorial;

Is written by a technical scholar working for a university;

Others to be added.

He will list the criteria for reliability and will be able to discriminate between
the reliable and less reliable authoritative sources listed in Column Il for each

of the issues in Column |.
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Instructional Objectives Hierarchy

Criterion Test Measures

60

Synopsis 2 - In Scientific American, "Nuclear Power"

Describes the development of reactors, uses of reactors, safety factors, and develop-~
ment and experiments with breeder reactors.

Synopsis 3 = In Saturday Review, "Do We or Don't We Build Atomic Power Plants"

Describes the battle over the Bodega Bay power plant site in contrast with the ac-
ceptance of the San Owofre site. Gives arguments of both sides.

Synopsis 4 - Daily Gazette (community newspaper), "Let's Keep Our Community
Healthy"

Describes the disadvantages of nuclescr power plants, and includes most of the pro-
jected dangers of power plants, including (a) they can explode like bombs (b) cause
irradiation. Demands that the reactor not be built, since it is too dangerous, and
advocates community action to prevent its being built.

Atomic Bomb Testing

Synopsis 1 - Look, "Atomic Science: New Hope for Man"

Describes uses of the atom in industry and agriculture. Begins with one paragraph
on the bomb.
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Instructional Objectives Hierarchy

Criterion Test Measures

)
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Position 2. "l don't want to be irradiated. They are proposing to build that plant
only « mile from me. See that smoke coming from the oil plant? The smoke from
a nuclear plant will bring radioactivity all over this town."

Position 3. "Look, this town needs more power if it is to grow. Just because

| work for the power company does not mean | support a nuclear power plant.

I live in this community and you who argue that there may be some disadvantages
are crazy. There are none at all! So let's build it."

Atmospheric Testing

Position 1. "Atmospheric testing should start again. The air contemination never
really hurt anyone, and we could develop a bomb which was 'clean.’ A little con-
tamination now may help us protect the country from our enemies in the future."

Position 2. "Atmospheric testing should never be started again. | don'’t want
my baby mutilated. [ read that 10,000 people will die as a result of past testing.
And now some nuts are asking for it again. How many babies do they want to die
this time?"

Position 3. "The communists are plotting against us, they want to take over the
world. All this business about babies dying and radioactive contamination is a
bunch of lies put out by the Commies to make us grow weak. Don't be afraid.
Stand up to them. Let's build bigger and better bombs. Start testing!™
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Instructional Objectives Hierarchy

Criterion Test Measures

4.1.4

4.1.4.1

4.1.4.2

4.1.4.3

form tentative conclusions on
the basis of the data gathered
regarding the issue, problem,
or proposal;

resist external pressure—polit-
ical, psychological, propagan-
distic, etc.,—which may pre-
clude further investigation;

realize that limited data may
have been collected which
may not give a complete
picture;

realize that all sides of the
issue may not have been iden-
ified or explored;

The learner will evaluate the conclusions of three pseudogroups or individuals in
light of authoritativeness, reliability, and relevancy of their arguments regarding
the issue, and identify the weakness of each argument on the basis of their: (1)
not being able to resist external pressure from authoritative figures (i.e., the
President, Congress, the Mayor - etc); (2) not including, ignoring or not knowing
relevant data; or (3) not allowing for relevant arguments from the opposition; he
will then state his own tentative conclusions regarding the issues.

The conclusions are:

Nuclear Power Plant

Conclusion 1. A nuclear power plant would be a bad thing for our community.
I don't know too much about it, but the Mayor and the best newspaper editor in
town have come out against it, and that's good enough for me.

Conclusion 2. Building a nuclear power plant is a bad thing. | can remember
a few years ago, at Bodega Bay, the government did not care at all where they
put the nuclear plant. They wanted to build it over the biggest earthquake fault
in North America! If they were that unconcerned with our safety, why should
we trust them now?

Vs
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Instructional Objectives Hierarchy

Criterion Test Measures

4.2 evaluate the issue, problem,
or proposal on the basis of
relevant data, to determine
the potential advantages or
disadvantages and then formu-
late a course of action;

4.2.1 determine the potential dangers
or benefits to life and property

Given the following proposal for the selution on the issue for the building of a
nuclear reactor power generating plant in his community (See separate sheet for
discussion of atomiz bomb testing.), the learner will compare the proposed ad-
vantages and disadvantages of the proposal in relationship to the empirical needs
of the technological innovation; analyze the potential social dislocation which
could result from application of the proposal; recognize irrational arguments re-
garding technological innovation by comparison with the reactions of people to
other now-accepted innovations; and, finally, defend his decision to support or
reject the proposal on the basis of the facts.

Proposal: Since the nation's need for power is increasing at an ever-expanding
rate, and since fossil fuels will soon be extausted, it becomes absolutely neces-
sary to develop nuclear power. The so-called dangers of nuclear power are not
true. The benefits to be derived are great. Support your government's and
local power company's attempt to modernize your community by organizing a
group to fight for the plant.

Given the following list of facts regarding the utilization of nuclear reactors for
the production of electricity, the learner will (1) separate out the factors that
demonstrate the superiority of nuclear power generction over traditional means;
(2) separate aut the fallacies connected with nuclear power; (3) list the limita-
tions of traditional fuel sources; and finally, (4) identify disadvantages of fossil
fuels used to generate electricity, and contrast, for each, how nuclear genera-
tion will correct or ameliorate each disadvantage.
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Instructional Objectives Hierarchy Criterion Test Measures

Limitation of Fossil Fuels Correction by Nuclear Power
4.2.1.1 categorize the stated dangers a. Limited resources a. Unlimited sources with breeder
f the i - . —
of the issue, problem, or pro b. Great air contamination reactors
posal and match them against b. Little or no contamination
the data collected c. Industry tied to available )
raw materials ¢. Industry allowed greater deci-

sion making

| d. Others to be added
d. Others to be added

| Given a list of fallacies connected with the use of nuclear power generation, the
| learner will match the factual replies to those of the fallacies.

Fallacies Truth
4.2.1.2 categorize the stated benefits a. Explodes as a bomb does a. Cannot explode
and match them against the . e .
1. data collected 9 | b. mv_.mmmm radiation b. Cannot by design
| c. Others to be added c. Others to be added

AR M. B A
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Instructional Objectives Hierarchy

Criterion Test Measures

4.2.2.1 compare the relative costs of

change with the established
pattern or procedure;

4.2.3 compare the proposal with ap-
propriate historical analogies
relative to technological in-
novations and their impact, as

" well as present trends in social,
political, and economic areas
as they are affected by tech-
nological change;

70

b. Economic effects: Power companies will be influenced by federal controls.
Prices may go down. Industry will be able to have greater dispersal poten-
tial. Less dependency on expensive and limited fossil fuels.

c. Social effects: More attractive buildings. Dislocation through condemna-
tion. Greater population dispersal. Less air contamination.

The learner shall construct a graph which shows the relationship between fossil
fuel supplies and nuclear fuel supplies from 1945 to 1967, and extrapolate to
2000 to draw the necessary conclusion regarding the reserve potential and cost
faciors: nuclear fuels will be limitless, while the cost of fossil fuels will rise
as they become more scarce.

The learner will analyze emotional and irrational responses to technological in-
novations by comparing the introduction of the cotton gin (or other example) with
that of nuclear power. Included in the analysis should be an outline of the con-
sequences of the cotton gin on the economic, political, and social life of the
ante-bellum periods: production facts, rise of "King Cotton," impact of slavery
which was declining, demand for more land which led to a North-capitalist/
Southern-agriculturalist competition extending to Congress, pro- and anti-slave
struggles, pro- and anti-tariff struggles, and finally the outbreak of the Civil
War; similar conflicts between irrational fears regarding nuclear power, the
economic and social needs and the potential political changes: including the
effect of nuclear power on employment, power production, population dispersal,
space demands, foreign policy, and similar matters.
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Instructional Objectives Hierarchy

Criterion Test Measures

4.2.

4.3

4.3.1

3.3 evaluate the probable effects of
the issue, problem, or proposal
on the internal political struc-
ture of the USA, and on foreign

policy;

decide course of action and
teke appropriate action based
upon his investigation and
analysis of the issue, problem,
or proposal to influence deci-
sion-making;

ing influence on the decision-
makers, and their involvement

in the decision-making process;

72

identify the principles involved
in the decision-making, or hav-

Given a list of possible changes in the internal political structure which may result
from introduction of nuclear power generation, the learner will check those that
are least likely to happen.

a. Federal control of the power industry

b. Greater federal control of the power industry

c. More community decision-making regarding power companies' activities

d. Greater cooperative action between government and private industry

e. Greater government funds for research and development of nucleonics

f. Greater federal and state regulations of safety factors

Given the following lists of governmental and private agencies and their appro-
priate subdivision, the learner will match the issue, problem, or proposal with

the 3 agencies most likely to be involved in decision-making by rank (i.e., most
important in decision-making first):

Issue Agency

a. Nuclear reactor plant 1. AEC

b. Atomic bomb testing 2. U.S. Congress

c. Atomic bomb treaty 3. President and Cabinet
d. Use of space technology 4. U.S. Senate
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Instructional Objectives Hierarchy

Criterion Test Measures

4.3.1.1 know the specialized govern-
mental and private agencies
related to the issue, problem,
or proposal and their function;

74

C. Food and product irradiation 1.
2.
3.
D. Political and economic power of AEC 1.
2.
3.
E. Population problem and atomic energy 1.
2.
3.

Having completed the identification listing, the learner will star that agency,
of the three listed for each issue, which has the most vested interest in convinc-
ing him of the correctness of the issue.

Define the role of the following governmental and private agencies, and give two
examples of the kinds of involvement they wouid have with the development of
nuclear technology including weapon development.
a. AEC

b. Joint Committee

c. Department of Health, Education and Welfare

d. Department of Agriculture
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Instructional Objectives Hierarchy

Criterion Test Measures

4.3.1.3 decide on a course of action by

76

determining the answers to the
following questions: 4

qa. how serious is the situation
(what is the need);

b. what alternatives are open;

¢. which authorities support
or oppose the issue, prob-
lem, or proposal;

d. what position does the
evidence support.

The learner will collect and label all positive and negative facts regarding the
utilization of puclear generating plants, and utilize the data gathered to answer
the questions below:

What is the need for the plant?

What happens if the _m_oa is not built and the old methods are continued?
Which authorities cupport or oppose the building of the plant?

What other facts or factors support or oppose the building of the plant?

The learner will then make o written summary of his position which demonstrctes
(1) disassociation from fallacies, (2) dependency on facts, (3) willingness to with-
hold judgment, (4) recognition of propagandistic or emotional appeals, and (5) a
decision as to his own personal involvement to effect a decision one way or the

other.
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Instructional Objectives Hierarchy

Criterion Test Measures

4.3.2.2

4.3.2.3

know the possible means of com-
municating his desires

realize that others in his com-
munity, state, or nation may
also be concerned with the is-
sue, problem, or proposal, and
attempt to contact them to gain
support for his position through
cooperative action;

The learner will arrange in order the techniques of communications in terms of a
personal to collective (community, state, national) action validating at least the
following:

a. join organization supporting or opposing

b. picketing Congressmen and other official agencies
c. letter writing to officials

d. working for candidates

e. visiting reactor sites

Identify from a list those organizations made up of private citizens, possibly found
in his area, which would be concerned with these issues.

a. SANE, PTA, WSP, etc.

b. Democratic - Republican parties
c. Labor unions

d. Power companies

e. University academicians

More to be added
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Instructional Objectives Hierarchy

Criterion Test Measures

.7.  Danger of falling behind Russia and China is too great a chance to take.

6. Russians, Chinese, French, and British will begin testing, negating potential
advantages and adding greater contamination.

7. Biological damages that will result (details).

Benefits

1. Weapons of such destruction help to deter aggressors from attacking, since they
will fear atomic annihilation.

2. Nuclear weapons are needed to balance the greater manpower of our potential
enemies.

3. Threat of nuclear war limits potential enemies' freedom of action on a global
scale,

4. Maintenance of weapons superiority gives the United States an opportunity for
greater freedom of action vis-a-vis potential enemies.

5. Weapons mcum_.mo_.:.x makes it more likely, and believable to potential enemies,
that the United States will not only be able to destroy potential enemy weapons,
but also to threaten his cities.

6. More _..mm::m will lead to clean bombs, more efficient bombs, super bombs,
making the country that much safer.
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Instructional Objectives Hierarchy

Criterion Test Measures

86

Testimony 1: Biological Effects

Any radiation exposure is potentially harmful to animals and plants. Radiation can
cause cancer, mutation, and a host of other effects resulting in destruction of life.
The testing of nuclear weapons adds radiation substances to air, soil, plants, water
and animals, which can be passed on to humans. The longevity of these radioactive

substances ranges from a few hours after the explosion to 100 years after the explosion.

Thus, biologically, the effects of testing are not only dramatic but long-lasting.

Testimony 2: Military Needs

It is quite clear that the major reason for the reluctance of the USSR to get involved
in military conflict with the USA has been the USA's ability to completely destroy
the Russians.” Militarily, we need to continue to develop weapons of superiority vis-
a-vis the Russians. The only way to maintain the superiority we now have, however,
is to see what actually happens to our bombs and objects below the bomb. We can
only find this out by atmospheric testing.

Testimony 3: Reaction of Potential Enemies

The Honorable Ambassador from the United States: |t has come to our attention that
the present Government of the United States intends to break the treaty regarding
atmospheric testing of nuclear devices. We wish to inform your Government that in
this situation, we also will begin to test to defend our socialist fatherland and pro-
tect our fraternal nations. We cannot allow capitalistic emperialism to destroy
socialism!
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Instructional Objectives Hierarchy

Criterion Test Measures
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Anti-Testing. As a scientist concerned with the biological aspects of testing, | can-
not support testing. | have facts which show how many mutations, deaths, etc. will
occur from the previous testing pericds. | have been to the Soviet Union, and have
seen what they have accomplished for themselves. They don't want war, and they
have told me that over and over. Of course, | will admit that they might be really
dangerous to our freedom, but | don't think they want war. Thus, we must not test
in order to protect our citizens and other people from the horrors of irradiation.

Testimony 6: Non-political Physicist

The fission or fusion explosion creates particles which have half-lives of various
lengths. These particles combine with skin, plants, soil, and so forth, and retain
their potential for irradiating other things when brought into contact with them.
Strontium 90, for example, which has a half-life of 25 years, is very similar to
calcium which is needed for bone development in humans. It has been found that
when Strontium 90 is created by an atmospheric test in Nevada, the winds blow the
Strontium 90 across the U.S.A. It finally settles to the ground, where it contami-
nates the grass eaten by cows, is converted to milk, and is finally drunk by children.
The Strontium 90 continues to be potent enough fo cause bone cancer in children.
Other particles produced by atmospheric testing have, in varying degrees and time
limits, a similar effect on plants and animals.

After reading the testimonials, the learner should identify those which contain biases
and/or vested interests in the position they maintain, emotional or other irrational
argument, oversimplifications and flaws in fact, and select the three sources which
seem to offer the best data source which are (1) statistical summary, (2) non-political
physicist, (3) radiation biologist.
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Instructional Objectives Hierarchy Criterion Test Measures

Economic ‘
1. Increased defense spending
2. Increased dependence on military spending for economic stability
3. Decrease in GNP

. Decrease in jobs

Increase in government-business competition

Decrease in private sector

More to be added

\IO~'U'I-¥¥

Political

1. Soviets respond in kind

World tensions rise

N.
3. Decrease in influence of the military on political decision-making
A.

More to be added

He will then compare, in a one-page statement, the social, economic, and political
changes with the potential of not changing s announced by the President, and con-
clude whether or not he thinks the change is worth it.
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The Economic Impact of Nuclear Power Reactors
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PROFICIENCY TEST FOR SOCIAL SCIENCE MODULE

The learner will select from the choices offered those items which indicate:

; a. A capacity to identify factual evidence regarding nuclear power production;
M b. An understanding of the socio-economic implications of nuclear power;

c. An awareness of the processes of rational inquiry.

THIS IS BOTH A PRE AND POST TEST

1. Indicate by placing a check before the item the common fallacies regarding nuclear power
generation.

a. Nuclear reactors may explode such as atomic bombs do.

b. Working in a nuclear plant is dangerous because of radiation coming from the reactor.

| c. Nuclear power production has a fuel base which guarantees unlimited power for the future.

,ﬁ _____d. Nuclear reactors emit deadly radiations through their exhaust systems which could contami-

nate a community.
e. Nuclear power generation makes it possible to provide less expensive power to the consumer.

1i 2. Indicate the present or potential socio-economic implications of nuclear power generation by
placing a check before the statements which are true regarding the use of nuclear power.
a. Air contamination will lessen.
b. Fossil fuel prices will decrease.
c. Population and industry will be able to disperse into presently unused lands due to nuclear
power's capability in terms of site location and the production of fresh water.
d. Underdeveloped nations without ready supplies of traditional fuel sources will be able to
build a power based upon nuclear resources.
e. Fresh water supplies will increase and desert areas can be irrigated with water supplied
through nuclear desalinization.
| , f. Big government will take control of power production to ensure safety and reasonable
development of nuclear power.
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SEQUENTIAL HIERARCHIAL LEARNING PATH

Content and Processes Involved in the Investigation
of the Implication of Nuclear Power Generation

A. Need for Nuclear Power:

1. A high standard of living depends upon the
power that is available to a country. Little
power usually means an underdeveioped
economic system and a low standard of liv-
ing. Exploitation of all sources of power,
then, becomes necessary if the United States
is fo maintain its standard of living.

2. Current reserves of fossil fuels will be ex-
hausted in 200 years with those most easily
mined gone in 100 years.

3. Energy consumption in the United States
doubles every ten years.

4. America's need for power has been growing
at an average rate of four percent over the
last decade and with our population growth
and continued industrial expansion, this
power needs growth will continue at a
faster rate.

5. United States population is growing at a
constant rate of 1.7% per year from 1900-
1967 and while some leveling off is to be

expected, it is also expected that the United

States will have a population of over
320,000,000 by the year 2000.

Obijectives to Be Obtained

1. State the socio-economic needs for
nuclear power production.
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Content and Processes Involved in the Investigation
of the Implication of Nuclear Power Generation

5. Amelioration of such social problems as air

pollution, water supplies, urban congestion;

6. Introduction of new occupational fields;
7. More sophistication in the use of computers
and other automatic processes.

D. Processes of Rational Inquiry to Be Introduced:

1. Identify sources of information relative to
the selected issue;

2. Analyze the authoritativeness, reliability,
and relevance of the sources;

3. Analyze the cost/benefit factors necessary
for a rational decision.

4. Analyze and determine individual courses
of action.

A o A WME T T

Objectives to Be Obtained

Utilize established criteria for
rational decision making to arrive

at a decision regarding the given
social issue involving nuclear power.

k
l
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Instructional Objectives

Learning Steps/Activities

4.1.2

4.1.3

104

acquire the materials from a variety of
sources;

judge the materials for authority, reli=
ability and relevance to the issue under
consideration;

The teacher then directs the class to compare the technical informa-
tion found in the encyclopedia with those of selected magazine
articles (technical and nontechnical) and asks the learners to cate-
gorize the sources into technical and nontechnical groupings. From
this activity a set of criteria for technical/nontechnical information
should be developed for future use including at least the following
points: objective, scientifically accurate, non-argumentative, lack=
ing vested interest (define).

The learners devise a system for acquiring materials from a variety
of sources by analyzing how much time and distance is involved.
The learners break down the categories into three parts: library re-
search, letters of request, and interviews. The materials and infor=-
mation are then acquired by the most efficacious means.

The teacher presents to the learners three very obvious articles
written from the standpoint of technical information, emotional
views, and vested interests written by authorities and nonauthori-
ties. The learners are directed to categorize as best they can the
articles in terms of which one appears to be most authoritative
(define), which appears to be objective data and which appears to
be argumentative, persuasive, or emotional, and which appears
to contain vested interest (define). From this activity the learners
are directed to develop a set of criteria for judging authoritative-
ness and reliability including at least the following: (See set of
criteria in point 4.1.3.)

The sets of criteria are then applied to the acquired materials and
from this screening the learners are asked to isolate the factual evi-
dence regarding nuclear power generation from the unfactual or
irrational.
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Instructional Objectives

Learning Steps/Activities

4.2

4.2.1

106

evaluate the issue, problem or proposal on
the basis of relevant data to determine
the potential advantages or disadvantages
and then formulate a course of action;

determine the potential dangers or
benefits to life and property;

Analyzing the Issue: At some point during the investigation of the issue,

when enough is known about the proponents and opponents of the nu-
clear power plant, the teacher should develop a role playing situation
with learners involved in opposing groups, with the elements of bias,
vested interest, disinterest, and so forth, built into the role playing
situation. Most likely a mock community could be established with
each viewpoint or pressure group identified.

The learner is directed to analyze the proposal for the solution of the
issue posed by the unfactual case presented by the opposition group by
matching the factual evidence against the fallacious charges made by
the opposition on the basis of the needs of society for nuclear power.

The teacher asks: "Are there dangers involved in the development of
a nuclear power plant?" He then challenges each response with what-
ever arguments are necessary to motivate the learner to a stronger de-
fense of his position, e.g.: Learner: No dangers involved. Teacher:
Atomic bombs explode as a chain reaction and power reactors also uti-
lize this physical fact. Thus they could explode too.

When the learners have been given these chailenges, the teacher di-
rects them to isolate each fact and fallacy and to also identify the needs
for technological innovation from the information already acquired or
from further research.

The learner is directed to gather statistical data concerning: power needs
and population/industrial growth; risks/benefits factor in auto, train,
airplane, and nuclear use; government control factors regarding the four
areas above. From this evidence the learner should derive a conclusion
regarding the relationship between government control and safety and re-
garding the relative safety of nuclear power generation with the other
three.
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Instructional Objectives Learning Steps/Activities
4,2.3 compare the proposal with appropriate The teacher poses the question of why people develop irrational atti-
historical analogies relative to techno- tudes toward technological innovations. Through dialog, the learners
logical innovation and their impact as should suggest that irrationalisms develop from nondependence on
well as present trends in social, politi- technical information, objective information; or is affected by vested
cal and economic areas as they are af- interest, bias, and fear of change.

fected by technological change;
To test these generalizations, the teacher directs the learners to in-
vestigate and report on the following historical studies: (1) the inven-
tion of the cotton gin in terms of its impact on society and as an exam-
ple of unconscious innovation in society and its consequences; and (2)
the development of the mechanized textile industry where the Luddite
reaction occurred as an example of a conscious awareness of the in-
novation. From this contrast of the unconscious and conscious factors
of change, the learner should be asked to form a hypothesis regarding
technological innovation which could be used in today's situation as
well as historical instances (and which will be tested in later units).
Essentially, the hypothesis should contain elements which suggest: (1)
consciousness of technological innovation helps one to be prepared;

(2) unconsciousness of change leaves one with a feeling of helplessness
(anomie, alienation, etc.); and (3) consciousness of change helps one
to become a better decision maker in a democratic society by allow-
ing the decisions to be made more rationaily.

From the historical analysis and comparison, the teacher directs the
learners to list potential sources of irrationalisms in the arguments of
those opposed to the building of the nuclear power plant.

: '
M a
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Instructional Objectives

Learning Steps/Activities

4.3.2

110

determine the method of communication
or action that will reach and influence
the principals.

The teacher devises a number of role playing situations which will
involve the learners in attempts to influence decision making in the
face of indifference, opposition and other constraints. The roles
should also involve the learner becoming aware that in some situa-
tions individual actions are enough, while in others collective
action is needed.
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References and Resources

Transparencies*

1. Statistical Comparison of Atomic and Fossil Fuel Potential
2. Statistical Comparison of Safety in Nuclear, Auto, Airplane and Train Fields
3. Decision-Making Mode!l in a Democracy

Professional Aids

1. Fenton, Edwin, The New Social Studies, Holt, Rinehart and Winston

2. Schmuck, Chesler and Lippitt, Problem Solving to Improve Classroom
Learning, SRA

3. Chesler and Fox, Role Playing Methods in the Classroom, SRA

4. Oliver and Shaver, .—monZ:mLF_..uc_..u:n Issues in the High School, Houghton
Mifflin
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SEQUENCED LEARNING PATH

Present Concepts of Atomic Structure

Nucleus composed of:

Symbol Charge

neutrons n
protons P

+ O

Orbital electrons
Energy levels, binding energy, ionization potential

Terms and symbols

Symbol
1. Mass number A (superscript)
2. Atomic number Z (subscript)

3. Definitions of nucleon,
nuclide, isotope, ion,
ionization

Periodicity of the elements

116

Instructional Objectives

TERMINAL OBJECTIVE. Shown a Periodic Table, state: the
atomic number of a given element; the atomic weight of a
given element; the number of protons in the nucleus of a
given element; and the number of orbital electrons in a given
element.

1.

2.

State the symbol and charge for neutron, electron, proton.

State mass relationships between neutrons, protons and
electrons.

Identify the definition of a nucleon.

Identify the definition of a nuclide.

Identify the definition of atomic weight.

Distinguish between atomic weight and atomic mass.
Given an element with its mass number as a superscript and
its atomic number as a subscript, distinguish one from the

other.

Given the components of a carbon atom, construct a
diagram according to Bohr's postulate of an atom.
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Learning Steps/Activities

instructional Objectives

State the symbol and charge for neutron, electron and
proton.

Develop the basic vocabulary and concepts of atomic
structure through an historical approach.

Definition of an atom
Size concepts of an atom (Use comparisons with familiar
objects and numbers)

State mass relationships between neutrons, protons and
electrons.

The discovery of the atomic nucleus
The discovery of the electron
Space concepts in an atom (Make a comparison with

the macroscopic world)

118

Given the terms neutron, electron and proton, the learner
will be able to prepare a chart indicating the symbol and
electrical charge for each particle.

Given a list of atomic particles the learner can prepare a
list identifying mass relationships between neutrons, protons
and electrons.
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Learning Steps/Activities

Instructional Objectives

3.

Identify the definition of a nucleon.

How electrons are attracted and "held" by the nucleus
The discovery of protons and the relative mass and
charge of protons and neutrons

The necessity of neutrons to account for the mass of the
atom (No charge; mass = proton)

Discuss and define a nucleon

Given a definition of a nucleon, the learner will be able
to identify that protons and neutrons are referred to as
particles and nucleons.
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Learning Steps/Activities

Instructional Objectives

4.

Identify the definition of a nuclide.

Explain to the learners that the difference between atoms
of different elements is in the number of the particles of
which they are composed.

Specifically, the atoms of each element have different
numbers of protons and, therefore, also electrons.

Show some models of simple atom structure and have the
learners diagram these models on the board, identifying
the structural parts of hydrogen and helium.

Discuss the value of a 3-dimensional model as opposed
to a drawing.

When the learner is doing helium, show how the number
of neutrons can vary within the atoms of a given element.
Then define isotope and nuclide.

122

Given a description of the term "nuclide", the learner will

be able to determine it as an atomic species characterized
by the number of protons and neutrons it contains.

m—
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Learning Steps/Activities

Instructional Objectives

5.

Identify the definition of atomic weight.

In a discussion define atomic number and atomic weight.
Using the Periodic Table, show how to distinguish one
from the other.

Distinguish between atomic weight and atomic mass.

Account for the fact that individual isotopes of an element
have an atomic mass that is a whole number, while the
atomic weight of an element is usually shown as a decimal.

Given a series of statements relative to atomic weight and
atomic mass, the learner can identify the characteristics of
each.
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Learning Steps/Activities

Instructional Objectives

Given an element with its mass number as a superscript and
its atomic number as a subscript, distinguish one from the

other.

Demonstrate or the board how a specific nuclide is desig-
nated with the atomic mass number as a superscript and the
atomic number as a subscript. Explain how to determine the
number of neutrons in a nuclide by subtracting the atomic
number from the atomic mass.

Continue with the diagrams of successively heavier elements
by indicating a specific isotope of the element and eliciting
from the class the number and location of particles compos-
ing each.

Concept of energy levels could be introduced here as back-
ground for other, later objectives, e.g., ionization and
chemical bonding. Should expect learners to be able to
diagram electron configuration for elements 1-20.

126

Given the designation of a specific isotope of an element
including the mass number and atomic number as sub and
superscript, the learner will be able to identify the proper
script which designates the atomic number and mass.

-
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Learning m*mvm\b’n:&:mm

Instructional Objectives

8.

Given the components of a carbon atom, construct a
diagram according to Bohr's postulate of an atom.

Select specific nucleons from elements 1-20 and ask
learners to draw diagrams, showing number of protons
and neutrons in the nucleus and the number of electrons
in the various energy levels.

Terminal Performance Objective

Shown a Periodic Table, state: the atomic number of

a given element; the atomic weight of a given element;
the number of protons in the nucleus of a given element;
an estimate of the number of neutrons in a given element;
and the number of orbital electrons in a given element.

128

Given the components of a carbon atom the learner can
construct a diagram according to Bohr's postulat= of an
atom.
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Instructional Objectives Hierarchy

Criterion Test Measures

I.A.1 Background Concepts of Nuclear

1.

m:m_.mx

Given a brief description of the
Rutherford experiment in 1911
involving the scattering of alpha
particles, the learner will be able
to state (1) the essential elements
in the experiment and (2) the
significant conclusion postulated
by Rutherferd.

Given a series of statements about
the release of electromagnetic
energy from the orbital electrons

of an atom, the learner will identify
that the energy is released in
discrete packets or quanta,

STIMULUS RESPONSE

In 1911, aofter a series of experiments
in which he studied the scattering of

by thin sheets of metal, (Alpha particles)
postulated that the (Rutherford)
contains a central (atom)

charge distributed over a small volume.
Later (1912) he called this region the
. (nucleus)

When waves of electromagnetic energy are released from the orbital
electrons of an atom:

(X)  A. The energy is released in discrete packets or quanta.

B. The m:mmmx released is composed of all the wavelengths
of the visible spectrum.

C. Both
D. Neither
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Instructional Objectives Hierarchy

Criterion Test Measures

I.A.2 Present Concepts of Atomic
Structure

1. Given the componenis of a carbon
atom the learner can construct a
diagram according to Bohr's
postulate of an atom.

2. Given the terms neutron, electron
and proton, the learner will be
able to prepare a chart indicating
the symbol and electrical charge
for each particle.

136

STIMULUS RESPONSE

A carbon atom contains 6 protons, PR~ orbits
6 neutrons and 6 electrons. Draw
a diagram of this atom according
to Bohr's postulate of an atom.

Electrons

nucleus

STIMULUS RESPONSE
Complete the following chart by

indicating the symbol and electrical

charge for each of the particles:

Particle Symbol Charge

Neutron (n) )
Electron (e) )
Proten (p) (+)
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Instructional Objectives Hierarchy

Criterion Test Measures

Given a list of atomic particles
the learner can prepare a list
identifying mass relationships
between neutrons, protons and
electrons.

Given a series of statements
relative to the structure of an

atom the learner will be able

to identify the factors which

the structure of an atom determine.

Given a definition of ionization
energy, the learner will be able
to identify it as such.

138

STIMULUS RESPONSE
Atomic Particle Relative Mass
Neutron Approximately same mass
as proton
Proton Approximately 2000 times
an electron
Electron Approximately 1/2000 of
a proton

The structure of an atom determines

A. to which element it belongs

B. the chemical properties of the element

(X) Both
Neither

STIMULUS RESPONSE

The energy required to separate an

electron from the remainder of the

atom is called the

energy. (ionization)
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Instructional Objectives Hisrarchy

Criterion Test Measures

Given a statement relative to binding
energy, the learner will be able to
identify that it holds the particles of
the nucleus of the atoms together.

Given the designation of a specific

isotope of an element including the
mass number and atomic number as
sub and superscript, the learner will
be able to identify the proper script
which designates the atomic number
and mass.

Given ¢ series of statements relative
to atomic weight and atomic mass,

the learner can identify the character-
istics of each.

140

Binding energy is the term given to the torce which
_(X) A. holds the protons and neutrons together in the nucleus
B. holds the electrons in specific orbits
Both
Neither

. 235
In the expression: U 99 u

A. the superscript (235) is the atomic number

B. the subscript (92) is the atomic mass
Both

(X) Neither

The atomic weight of an element

A. is the weighted mean of the masses of the neutral atoms
of the isotopes that constitute the element

B. can differ slightly from the atomic mass number because
of the presence of isotopes

(X) Both
Neither
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Instructional Objectives Hierarchy

Criterion Test Measures

9.

10.

11,

Given a series of four choices, the
learner can determine which choice
determines the chemical properties

of an atom.

Given a description of the term
"nuclide", the learner will be able
to identify it as an atomic species
characterized by the number of
protons and neutrons it contains.

Given a definition of a nucleon, the
learner will be able to identify rhat
protons and neutrons are referred to
as particles and nucleons.

The chemical properties of an atom are determined by
(X) A. the number of electrons in the outer shell

B. atemic weight
Both

Neither
The term "Nuclide" is used to describe
A. both protons and neutrons

(X) B. an atomic species characterized by the number of

protons and neutrons it contains

Both
Neither

Protons and neutrons are both called
A. Particles
B. Nucleons
(X) Both
Neither
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Instructional Objectives Hierarchy Criterion Test Measures i
| | e
12. Given two statements about atoms Two or more types of atoms which differ only in their
which differ only in their number of number of neutrons |
neutrons, identify that they will . . -
have a different mass and that they — A. will have a different mass -
are called isotopes of the same B. are called isotopes of the same element n
_ . -
element (X) Both
Neither M
13. Given a series of statements describ- Different isotopes
ing isotopes, the learner will identify . A lid
that different isotopes of an element — A are Nuclides
(1) possess same number of protons B. have the same number of protons but
but varying numbers of neutrons and varying numbers of neutrons
| (2) are also considered as different (X)  Both

nuclides. —

Neither

P

TR TR TR TR A
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Instructional Objectives Hierarchy

Criterion Test Measures

14. Given a diagram of an ion, the
learner will be able to identify the
particle as an ion and determine
the net positive or negative elec-
trical charge.

15. Given a description of the process
whereby an electron’is knocked away
from an orbit, the learner will be
able to state that this process is
called ionization.

STIMULUS
, MH N
\\\ ’ © ///
I 0P

The atom shown would have a net (positive/
negative) electrical charge.

An atom (or molecule) with a net electrical
charge is called a(n) .

STIMULUS

The process whereby an electron is knocked
away from an orbit is called

RESPONSE

(positive)

(ion)

RESPONSE

(ionization)
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Instructional Objectives Hierarchy Criterion Test Measures

16. Given two statements about what pro- The similar behavior among elements having similar
duces similar behavior in elements, chemical characteristics is attributed to the fact that:
tate that they have the same numb
S y € same number (X) A. they have the same number of .

of electrons in the outer shell. .
electrons in the outer shell.

B. they have the same number of

nucleons.
Both
Neither
| STIMULUS RESPONSE
17. Given six element symbols with super- ,
scripts, state that the superscript is Nwmc Nwmc M.w.pc
called the mass number and that it 58 60 61
represents the mass of the isotope to N N N

the nearest whole number.
The superscript in the element symbols shown

above is called the number; (mass)
it represents the mass of the (isotope) 3
to the nearest whole number.

148
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Instructional Objectives Hierarchy

Criterion Test Measures

dm.

19.

Given a diagram of an atom, state
the atomic mass number and the
atomic number.

Given an example of the process of
ionization, name the process as an
jonization process and identify the
resulting particle as an ion.

150

STIMULUS RESPONSE
/ -
//
\ A\
1
|
/1
7/
\. N __~-
J--®
The atomic number of Beryllium is ; the (4)
atomic mass number wouid be about . 9)
STIMULUS RESPONSE
A gas bombcrded by Gamma rays, wherein
electrons are stripped off from the gas atoms
by the Compior: effect, (creating
) is an example of the (ions)
process. (ionization)
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Instructional Objectives Hierarchy

Criterion Test Measures

20.

21,

Given a description of periodicity,
name it as such.

Given the Periodic Table, state: the
atomic number of a given element;

the atomic weight of a given element;
the number of protons in the nucleus
of a given element, an estimate of the
number of neutrons; and the number of
orbital electrons in a neutral atom of
the element.

152

STIMULUS RESPONSE

When elements are grouped in the order of in-

creasing atomic weight, it is observed that

certain physical and chemical properties are

repeated; this phenomenon is referred to as

the of the elements. (periodicity)

STIMULUS RESPONSE

The Periodic Table of Elements

The atomic number of tin is 1. (50)

The atomic weight of tin is 2. (118.70)
How many protons are in the nucleus

of carbon (C)? 3. (6)

How many neutrons would you estimate to

be in the nucleus of carbon (C)? 4, (6)

How many electrons would a neutral atom
of aluminum (Al) have ? 5. (13)
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Instructional Objectives Hierarchy

Criterion Test Mecasures

22,

23.

Given two statements concerning the
vertical arrangement of elements on
the periodic chart, identify (1) the
significance of the groupings and

(2) the proper nomenclature.

Given a graphic display, showing
various forms of energy classified as
to electromagnetic energy levels
the learner can identify the display
as a representation of the electro-
magnetic spectrum,

Vertical arranged elements on the Periodic Chart:
A. are called "groups"

B. contain elements with analogous
properties
(X) Both

Neither

STIMULUS RESPONSE

A graphic display, showing the various forms

of energy classified according to electro-

magnetic energy levels, is called an

electromagnetic . (spectrum)
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Instructional Objectives Hierarchy | .. ‘Criterion Test Measures -

- STIMULUS

25. Given two statements describing when A photon has mass
a photon has mass, the learner can . .
identify the relationship of movement (X) > when it is moving
to mass. B. when it is not moving

wo:._
Neither

RESPONSE
24, Given three expianatory statements Ali observed properties nm_.:_.mﬂwm.._mo: wm m
about observed properties of matter 1 explained by L e
state that all o_umm_.<wm v:.uvm_.:mm of (@) assuming that all matter exists in the
matter can be explained if you assume form of particles ,
a wave-particle characteristic of Fll
matter. : (b) assuming that all maiter exists in the
form of waves
(c) assuming a wave-particle characteristic (c) assuming a
of matter h wave-particle
(d) none of the above explanation of
matter
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Instructional Objectives Hierarchy

Criterion Test Measures u

26. Given a series of statements relative
to mass and charge of various atomic
a particles, the leurner will identify
“ and classify each.

2B ATETIRALL et I L e e e E S e e T

27, Given a statement concerning the re-
lationship between the kinetic energy
and mass of a photon, the learner will
be able to state that they are
equivaleni.

| 158

STIMULUS RESPCNSE =

Match B-column terms to A-column terms

A-column B-column

A. has mass of 1 amu

1. proton B. has no rest mass 1. (A, E)
]
2. electron C. has mass of 1800 °™Y 2. (C,D)
3. neutron D. has negative electrical 3. (A, F)
charge
E. has positive electrical
charge
F. has no electrical charge.
STIMULUS RESPONSE
A photon is said to have mass because its =
kinetic energy is (equivalent) B

to mass.
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Instructional Objectives Hierarchy

Criterion Test Measures

28. Given a series of statements, the

29.

30.

learner will be able to identify the
statements relevant to the law of
conservation.

Given a statement about the type of
energy that is produced by the chang-
ing of energy levels of orbitai elec-
trons within an atom, state that this
type of energy s named electromag-
netic energy.

Given two correct statements concern-
ing the reasons atoms may emit elec-
tromagnetic energy, state that both
statements are correct.

160

STIMULUS

RESPONSE

The law of conservation of energy states that

energy

(a) can be created but not destroyed

(b) can be transformed into equivalent
states

(c) can neither se credted nor destroyed

(d) b and c are both correct (d) both b and ¢

(e) a and b are both correct

are correct

STIMULUS RESPONSE
The type of energy that is produced by
the changing of energy levels of orbital
electrons within an atom is called
energy. (electromagnetic)

Atoms may emit electromagnetic energy because

A. they are radioactive

B. they have absorbed a surplus of energy
from some external source

Both
Neither
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Instructional Objectives Hierarchy

Criterion Test Measures

1.B.1 Nuclear Radiation

1. Given two forms of radiation, state
that these are the forms of radiation
radioaciive elements give off.

2. Given two statements about the forms of
radiation, state that Beta particles are
given off by radioactive elements.

3. Given two correct statements describing
when an element is radioactive, state
that both of them are correct.

162

In what form do radioactive elements give off radiation?
A. Alpha particles

B. Gamma Rays

Both

Neither

In what form do radioactive elements give off radiation?
_(X)_ A. Beta Particles

B. Infrared Rays

Both

Neither

An element is radioactive

A. when it spontaneously disintegrates and gives off particles
and/or electromagnetic energy.

B. when it randomly disintegrates and gives off particles and/or
electromagnetic energy.

(X) Both
Neither
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Instructional Objectives Hierarchy

Criterion Test Measures

1.B.2 Kinds of Nuclear Radiation—

2.

164

_v..om_.:mm

The learner will be able to associate
the fact that knowing the characteristics
of a form of nuclear radiation or a nu-
clearparticle, aids in predicting its
effects on matter.

Given a series of statements about par-
ticles or rays, the learner will identify
that different particles or rays will more
easily penetrate matter because they
have different abilities to ionize the
atoms of which the matter is composed.

Given a problem regarding the determi-
nation of an unknown isotope, the
learner will be able to state that you
must know the type of radiation emitted
and the half-life in order to identify
the isotope.

If you know the characteristics of a form of nuclear radiation or a nuclear particle,
(X) A. It will aid you in predicting its effect on matter

B. It will aid you in predicting the emitting element
Both

Neither

Different particles or rays

- A. Will penetrate matter differently (i.e., some particles
more than others).

B. Have different abilities to ionize the atoms of which
the matter is composed.

(X) Both
Neither

STIMULUS . RESPONSE

If you know the type of radiation

emitted by a radioactive isotope, you

need only determine its (half-life)
to identify it.
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Instructional Objectives Hierarchy Criterion Test Measures

STIMULUS RESPONSE
4., Given the definition of transmutation, The changing of a nucleus from one
the learner will be able to name it element to another by the emission
as such. of radioactive particles is called .
. (transmutation)
STIMULUS
5. Given three types of radiation— PROPER
Alpha particle, Beta particle and PROPER COMPO-
Gamma ray, state their symbols SYMBOL | SYMBOL | TYPE OF RADIATION | SITION | COMPOSITION
and their compositions.
I 1. electromag-
ol >mv_._o particle retic wave

. 2. 2 protons
& Beta-particle and 2 neu-

trons

3. an electron
M\ Gamma ray emitted

from nucleus

RESPONSE

& (Alpha particle) 2
& (Beta particle) 3
v\ (Gomma ray) 1

166
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Instructional Objectives Hierarchy

P

Criterion Test Measures

Given a series of statements about the
emission of gamma rays from the nucleus
of a radioactive isotope, the learner
will be able to identify that normally,
before the nucleus will emit a gamma
ray, it must emit an Alpha or Beta

‘particle.

Given that Alpha, Beta and Gamma
rays are kinds of nuclear radiation,
identify that protons and neutrons as
types of radiation may also be emitted
from the nucleus of radioactive atoms.

STIMULUS

Normally, before the nucleus of a
radioactive isotope will emit a
gamma ray

STIMULUS

In addition to alpha, beta and gamma
rays, the nuclei of radioactive atoms
may sometimes emit

A. Protons

B. Neutrons

C. Infrared

D. Ultra violet
E. BothAandB
F. BothCand D

.

RESPONSE

A. It must emit an
Alpha or Beta
particle

B. !t must absorb
energy from some
outside source

n . Both
D. Neither
RESPONSE




Il °23S

£ "dVHD
g 1X3l Al 0oL
g-ooualdg | ‘il ‘Il L 06
A1jsiwuayy-adsuald
wsyy 15S 0oL
s915Ay4-adua1og 1 ‘i 9 06
924N0s9Y-DIPaW xapu} - Xopu| painsoay juawaAalysy
wn|Nd1IND Jdomawpiy | sealdalqO | papuswwoday

s,




Instructional Objectives Hierarchy Criterion Test Measures

STIMULUS RESPONSE
8. Given a statement about the approximate| Scientists have discovered
number of nuclear fragments discovered (almost 50/at most 5) (almost 50)
thus far, identify that almost 50 nuclear nuclear fragments in their
fragments have been discovered. experimentation thus far.
9. Given two terms—neutrino and meson— An example of a particle identified from fragmentation of nuclei is
state that they are examples of particles A. neutrino

identified from fragmentation of the
nuclei of an atom.

| (X) Both

B. meson

Neither

170
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Instructional Objectives Hierarchy Criterion Test Measures

1.B.3. Characteristics of Radioactive Decay

1. Given two statements, identify that the The laws of probability
laws of probability enable you to de- A
termine the decay constant of an isotope _
when the sample of the isotope contains
a great number of atoms. (X) B. enable you to determine the decay constant of an

isotope when the sample of the isotope contains a

great number of atoms

enable you to predict when a single atom will emit
its radiation

Both
Neither
STIMULUS RESPONSE
2. Given a statement about the relation- The rate at which an isotope emits
ship between the rate at which an radiation (decreases/increases) as (increases)
isotope emits radiation and the amount the amount of isotope present

of increase in the isotope present, state increases.
that the rate at which an isotope emits
radiation increases as the amount of the
isotope present increases.

172
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Instructional Objectives Hierarchy

Criterion Test Measures

3.

Given instructions to write the definition
of half-life, state that the half-life is
the time required for a radioactive sub-
stance to lose half of its radioactivity.

(1) Given the half-life of a specific radio-

active isotope, the learner will be able
to state how long it would take for the
amount of that isotope to be reduced by

1/4.

(2) Given a graph of the rate of decay of a

specific radioactive isotcpe, the learner
will be able io state the half-life.

174

STIMULUS

Write a definition of half-life.

STIMULUS

You are told that a radioactive isotope
has a half-life of two years. How long
would it take for a certain amount of
this isotope to be reduced to 1/4 of this
amount ?

STIMULUS

graph of rate of decay of dw:

Study this graph, compute the
half life of the isotope, and
place answer in box.

RESPONSE

(Half-life is the time re-
quired for a radioactive
substance to lose half its
radioactivity.)

RESPONSE

(2 half-lives or 4 years)

RESPONSE

(8 days)
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Instructional Objectives Hierarchy

Criterion Test Measures

1.B.4 Interaction of Radiation with Matter

1. Given a series of statements about the
absorption of radiation by different ma-
terials of varying thickness, the learner
will identify which materials are ap-
propriate for shielding from the different
types of radiation.

176

Experiments show that

A. A fairly great thickness of lead will absorb
Gamma rays.

B. A sheet of paper is sufficient to absorb most
Alpha particles.

) Both
Neither

A few inches of wood or aluminum is sufficient to absorb
_(X) _ A. Beta particles
B. Gamma rays
Both
Neither

A sheet of paper is an example of the minimum amount of shielding
required to absorb

A. Beta particles

B. Gamma rays
Both
(X) Neither
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Instructional Objectives Hierarchy

Criterion Test Measures

2. Given three types of radiation and
three levels of penetration of matter,
state that Alpha particles penetrate
the least amount, Beta particles pene-
trate in between, and Gamma rays
penetrate the farthest.

178

STIMULUS

Match the following:

Type of radiation

A. Alpha-particles

B.
C.

RESPONSE
(1 A)
(2 B.)
(3 C)

Beta-particles

Gamma rays

Ability to penetrate matter

1. penetrate least amount

2. penetrate in between least
and most

3. penetrate. farthest

*
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Instructional Objectives Hierarchy

Criterion Test Measures

3. Given three types of radiation, state
that the Alpha particle is most effec-
tive in producing ions per unit path
of material, that the Beta particles
are in the middle in effectiveness in
producing ions per unit path of ma-
terials, and that Gamma rays are the
least effective in producing ions per
unit path of material.

4. Given a statement which asks what
effect of radiation on matter is of
primary concern from a health stand-
point, state that it is the ionizing
effect.

STIMULUS

Match the following:
Effectiveness in producing ions
Type of radiation: per unit path of material

A. Alpha porticles 1. least effective

B. Beta particles 2. middle effectiveness
C. Gamma me 3. most effective
RESPONSE
(3 A)
(2 B.)
(1 C.)
STIMULUS RESPONSE
From a health standpoint, the
effect of (ionizing)
radiation on matter is of primary

concern.
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Instructional Objectives Hierarchy

Criterion Test Measures

Given a statement about the ionizing
effect of radiation on matter, (1) state
that the atoms of the materia! absorb the
energy of the radiation. (2) Identify
that orbital electrons are ejected from
the atom (3) state that what remains is

a positively charged ion.

STIMULUS RESPONSE

In the ionizing effect of radiation on matter,
the atoms of the material absorb the |
of the radiation. (Orbital/ (energy)

Nuclear) electrons are ejected from the atom; (Orbital)
a positively-charged (ion)
remains.
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Instructional Objectives Hierarchy

Criterion Test Measures

I.C. 1T Units of Measurement of Radioactivity
and Radiation Dosimetry

1. Given four units for measuring radiation
and radioactivity and four descriptions
of these units, match the descriptions
with their proper units.

184

STIMULUS RESPONSE

Match the units on the left with their descriptions on the right.

1. Rutherford A. Roentgen equivalent (3 A.)
man

2. Roentgen B. amount of radiocactive (5 B.)
material

3. Rem C. amount of radiation (+C.)
absorbed per gram of
matter

4. Rad D. amount of radiation (2D.)

at a particular point
at a specified distance
from a source

5. Curie

-

S
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Instructional Objectives Hierarchy

Criterion Test Measures

{

Given instruction to write the symbol
for a Curie and a Roentgen, write that
"Ci" is the symbol for a Curie and
that "r" is the symbol for a Roentgen.

Identify that it is sometimes useful to
consider a Roentgen, a rad and a rem
to be practically equivalent, although
a Roentgen and a rad are not always
equivalent,

186

STIMULUS RESPONSE
Write the symbol for a Curie. (Ci)
STIMULUS RESPONSE
Write the symbol for a Roentgen. (r)

Which of the following statements may usually be considered as fact?

A. Sometimes it is useful to consider a roentgen, a rad,
and a rem practically equivalent.

B. A roentgen and a rad are not always equivalent.

(X) Both
Neither

a2
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Instructional Objectives Hierarchy

Criterion Test Measures

1.C.2 Prefixes and Symbols

_.

N.

Given six prefixes—kilo, mega, micro,
milli, nano, and pico—write the sym=-
bol for each of the prefixes.

Given six prefixes—kilo, mega, micro,
milli, nano, and pico—order them from
the largest to the smallest.

188

STIMULUS RESPONSE

Write the symbol for each of the following prefixes

_____ Kilo (K)
Mega (M)
Micro (A)
___ Milli (m)
___ Nano (n)
Pico (p)
STIMULUS RESPONSE
Order the following prefixes according (mega)
3. mwnqmomm:m m.mNm“ kilo, mega, micro, (kilo)
milli, nano, pico
(milli)
(micro)
(nano)
(pico)
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Instructional Objectives Hierarchy

Criterion Test Measures

Given eight units—curie, microcurie,
picocurie, megacurie, roentgen,
kiloroentgen, milliroentgen, and
microroentgen—state that: 1. the
milliroentgen is the most appropriate
unit to measure the amount of back-
ground radiation; 2. the milliroentgen
is the most appropriate unit to measure
the amount of radiation from a chest
X-ray; and 3. the picocurie is the
most appropriate unit to measure the
amount of 90 Sr found in milk.

190

STIMULUS

A.

Most appropriate
unit to measure
the amount of
background radia-
tion

mest appropriate
unit to measure
the amount of
radiation from a
chest X-ray

\lO‘Ul;th.-l

Qo

most appropriate
unit to measure
the amount of 90

Sr found in milk

curie
microcurie
picocurie
megacurie
roentgen
kiloroentgen
mi lliroentgen

microroentgen

RESPONSE

zA)

(78.)
BC.)
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Instructional Objectives Hierarchy

Criterion Test Measures

d.

1.C.3 Minimum Detectable <<mmmE

Given a statement about radioactive
material and its ease of detection in
comparison to an equal amount of
chemical substance, state that a
small amount of radioactive material
is easier to detect.

STIMULUS RESPONSE

A small amount of radioactive material is (easier)
(easier/harder) to detect than an equal
amount of chemical substance.

g s

[

e

JRss—
N
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Instructional Objectives Hierarchy Criterion Test Measures .}W

1.C.4 Standards

b »n-n..éj

1. Given two correct statements about Standards for measuring radioactivity
standards for measuring radioactivity,
state that both are correct. e

[repae——'

A. are established and maintained by the National
Bureau of Standards

e

B. are similar to the standards for measuring length,
mass, and time

OO Both ]

Neither L‘

K
STIMULUS RESPONSE

m

2. Given a list of several instruments, Here is a list of instrumenis. Place a check
identify those used to detect radiation. before those used to detect radiation. 1
Accelerator Accelerator w

__ Reactor Reactor :

Cloud chamber Cloud chamber J

Electroscope Electroscope ]

. Cathode-ray tube Cathode-ray tube g

Photographic film Photographic film

Geiger tube Geiger tube -

Scintillation detector

<<= ==

Scintillation detecior

N
[T

_ 194 | o=}
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Instructional Objectives Hierarchy

Criterion Test Measures

|.D. Methods of Detection and

Measurement of Radioactivity

State what is used to determine whether
or not a radiation detection instrument
is operating correctly.

identify what most radiation detection
devices measure .

196

STIMULUS

To find out whether or not a radiation
detection instrument is operating accu-
raicly, you compare its reading with
the radiation of a .

Most radiation detection devices measure

RESPONSE

(known source or standard)

(X) A. the ionizing effect of radiation on matter

B. the degree of penetration of matter by radiation

Both
Neither

i

. s
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Instructional Objectives Hierarchy

Criterion Test Measures

3. Given two correct responses about the
function of mechanical and electrical
devices used in radiation detectors,
state that they are correct.

4. Given a statement ahout film being
used to detect radiation, state what is
the observable effect of radiation on
photographic film and what process
causes this effect.

198

Radiation detectors are associated with mechanical and electrical devices. The
function of these mechanical and electrical devices is

A. to amplify, convert, and record the signal from the

detector

B. to supply high voltage to the detector when needed

(X) Both
Neither

STIMULUS

Film can be used to detect radiation.

The radiation causes
in the film emulsion, resulting in chemi-
cal changes that will show up as

when the film

is developed.

RESPONSE

(fonization)

(dark areas)
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Instructional Objectives Hierarchy

Criterion Test Measures

1.E.1 Sources of Radiation—Naturcl

Sources

Given instruction to state the source of
cosmic radiation, state that its source
is outer space.

Given a statement about cosmic rays
bombarding the earth, identify that

the cosmic rays have always bom-
barded the earth.

Given the statement concerning the
three natural sources of background
radiation, name the three natural
sourcas of radiation.

200

STIMULUS

Cosmic radiation comes from

STIMULUS

To our knowiedge cosmic rays have
bombarded the earth (always/since
about 1900).

STIMULUS

We are always being exposed to radiation.
The three natural sources of this back-
ground radiation are:

1. '

2. radioactive isotopes in

’

3. radioactive isotopes in

RESPONSE

(outer space)

RESPONSE

(always)

RESPONSE

1. (cosmic rays,)

2. (the ground (earth) and
building materials,)

3. {(our bodies and the
bodies of those around
us.)

-’

Ly s
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Instructional Objectives Hierarchy

Criterion Test Measures

4,

Given four numbers, identify the ap-
propriate amount of radiation we re-
ceive in a year from our natural back-
ground.

Given three sources of background
radiation, identify the approximate
amount of radiation contributed by
each source.

202

STIMULUS

Circle the number which most closely
represents the amount of radiation re=
ceived in a year from natural background.

3 mrad

300 mrad
300 rad
3,000 rad

STIMULUS

Place the appropriate letter in the
second column of the box below.

0@ >

5 mrad/year
25 mrad/year
125 mrad/year
5 rad/year

25 rad/year
125 rad/year

RESPONSE

3 mrad

{ 300 mrad V

300 rad
3,000 rad

Source

Amount of
Radiation Received
from source
in a year

Cosmic
radiation

Radiation from earth
and building materials

Internal
radiation

RESPONSE

(C)

(C)

(B)

big
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Instructional Objectives Imm_.o._.nrx

Criterion Test Measures

I.E.2 Fission and Fusion Process

Given the definitions of fission and
fusion, distinguish between them.

Given an example of fusion, the learner
will be able to identify it as such.

Given a statement of why fission frag-
ments are of concern to all of us, state
that they are of concern because they

are often highly radioactive.

204

STIMULUS

(Fission/Fusion) is the joining together
of small, light nuclei to form larger
and heavier nuclei.

STIMULUS

(Fission/Fusion) is the splitting
of large, heavy nuclei into
primarily two fragments.

The joining together of hydrogen nuclei
to form helium is an example of

_(X) _ A. fusion
B. fission
Both
Neither

STIMULUS

Fission fragments are of interest
and concern to all of us because
they are (never/often highly)
radioactive.

RESPONSE

(Fusion)

RESPONSE

(Fission)

RESPONSE

(often highly)




I ol sttt e st

coc

Vil O3S
8 dVHD
g 1xal 0oL
g-22uards | AL I NI € 06
Il O3S
8 dVHD *
g 1x3l 0oL
g-22ua1ds [ AI'IIN‘II’) 4 06
Il O3S
8 dVHD
g Ix3alL _00L
g-9oua1as [ A1/ II’) | 06
QU._DOmOMlO_ﬁQE XQUC _ mevc_ 1@.— 3m0®<< uC®E0>®_r_ U<
ED_DU_._._DU v_._O\SOEU._n_ m®>m.—0®_no ﬁ@ﬁCOEEOUOM

‘el

~




Instructional Objectives Hierarchy Criterion Test Measures

Given two products in addition to the What other products are released when a uranium nucleus splits?
fission fragments which are released

. . A. two to three neutrons fission
when a uranium nucleus splits, state —_— ree neulrons per Tissi

that both are correct. B. energy
(X) Both

Neither

Given two correct statements about Mass is converted into energy which is released in the process of
i ted i hich .
mass being converted _=.3.m=m_.m< whic A. nuclear fission
is released by nuclear fission and —_—
nuclear fusion, state that they are B. nuclear fusion
h .

both correct (X) Both

Neither

STiMULUS RESPONSE
6. Given a statement about the magnitude The energy released during nuclear

of energy released during nuclear fission fission is (much greater than/ (much greater than)
and the energy released in a normal equal to) the energy released in a
chemical reaction, state that the energy normal chemical reaction.

released during nuclear fission is usually
much greater than the energy released
m:nso_.an_n_..mamna_qmnnzo:. .
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Instructional Objectives Hierarchy

Criterion Test Measures

Given instruction to construct a mathe-
matical equation which expresses the
basic law of the conversion of matter
into energy, write the equation:

E =mc?

Given the description of the process
which constitutes a chain reaction,
name that process as a chain reaction.

Given a statement about critical mass
and amounts of fissionable material,
state that critical mass is the minimum
amount of fissionable material that can
sustain a chain reaction.

STIMULUS

Write a mathematical equation which
expresses the basic law of conversion
of matter into energy.

STIMULUS

Read the following description of a process.
Process:

A fissionable nucleus absorbs a neutron and
fissions, releasing additional neutrons. The
additional neutrons are absorbed by other

fissionable nuclei, releasing still more neu-

trons, and so on. This process is called

a(n) .

STIMULUS

Critical mass is the (minimum/maximum)

amount of fissionable inaterial that can
(sustain/stop) a chain reaction.

RESPONSE

E =mc?)

RESPONSE

(chain reaction)

RESPONSE
(minimum)

(sustain)
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Instructional Objectives Hierarchy

Criterion Test Measures

10.

11.

Given the statement that the amount
of fissionable materiai less than a
critical mass would not sustain a chain
reaction, identify that the reason is
that the neutrons can escape from the
mass before being absorbed by other
nuclei.

Given the phrase thermonuclear process,
state that nuclear fusion is another
name for thermonuclear process.

210

An amount of fissionable material less than
a criti=al mass would not sustain a chein
reaction because

(X) A. the neutrons can escape
from the mass before

being absorbed by other

nuclei

B. no neutrons would be
absorbed by other nuclei

Both
Neither

STIMULUS RESPONSE

Thermonuclear process is another name |
for nuclear {fission/fusion). (fusion)
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Instructional Objectives Hiercrchy

Criterion Test Measures

12.

14,

13.

Given two correct statements about
the necessary conditions for fusion to
occur, identify that: (a) extreme
heat is necessary and that (b) extreme
pressure is recessary for sustained
fusion to occur.

Distinguish that an A-bomb utilizes
the fission process and not the fusion
process.

Given a statement about atom bombs
and the energy they yield, state that
an A-bomb uses a fission process and
that it yields energy that is equiva-
lent to thousands of tons of TNT.

Given a statement about H-bombs and
the amount of energy yielded, state
that an H-bomb uses fusion and yields

energy equivalent to millions of tons
of TNT.

212

In order for sustained fusion to occur there must e

A. extreme heat present

B. extreme pressure present

(X) Both
Neither

STIMULUS

An A-bomb uses a (fission/fusion) process,

and yields energy equivalent to
(thousands/millions) of tons of TNT.

STIMULUS

An H-bomb uses (fission/fusion) process

and yields energy equivalent to
(thousands/millions) of tons of TNT.

RESPONSE
(Fission)

(thousands)

RESPONSE
(fusion)

(millions)
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Instructional Objectives Hierarchy

Criterion Test Measures

16.

17.

18.

Given a statement about heat and
pressure required for fusion to occur
in an H-bomb, identify that the heat
and pressure required for fusion to
occur in an H-bomb is supplied by
an A-bomb.

Given a statement about how nuclear
explosions differ from conventional
explosiens, state that nuclear explo-
sions are accompanied by radiation.

Given two correct statements and three
products of explosions, state that
nuclear explosions and conventional
explosions produce heat, blast effect
and shock.

The heat and pressure required for fusion to occur in an
H-bomb is supplied by

X) A. an A-bomb

STIMULUS

B. TNT
Both
Neither

RESPONSE

A nuclear explosion differs from a
conventional explosion in that the
nuclear detonation is accompanied

by

L

(radiation)

Heat, blast effect, and shock are the results of

(X)

A. nuclear explosions

B. Conventional explosions

Both
Neither
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Instructional Obijectives Hierarchy

Criterion Test Measures

19. Given two statements about nuclear
technology and nuclear weapons, state
that nuclear technology is primarily
devoted to peaceful applications of
nuclear energy, while nuclear weapons
technology is primarily devoted to the
development of destructive devices.

20. Given a definition of fallout, state
that it is such.

216

STIMULUS

Nuclear technology is primarily
devoted to
application of nuciear energy.

Nuclear weapons technology is
primarily devoted to the develop-
ment of ,
devices.

STIMULUS

Fission fragments from the detonation of

a nuclear device in the earth's atmosphere
are trapped in condensed material which
was vaporized in the intense heat. The
particles which settle out of the atmosphere
to the earth's surface are called

RESPONSE

(peaceful)

(destructive)

RESPONSE

(fallout)
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Instructional Objectives Hierarchy

Criterion Test Measures

21.

22,

Given two statements about fallout,
state which one describes immediate
fallout and which one describes de-
leyed fallout.

Given six amounts of fallout, identify
the approximate amount from previous
atomic tests which adds to our exposure
from radiation background.

218

STIMULUS

Fallout which settles out of the
atmosphere in a few hours or days

is called (delayed/immediate) fallout.

STIMULUS

Fallout which takes years to settle
back to earth is called (delayed/
immediate) fallout.

STIMULUS

The approximate amount of fallout
from previous atomic tests which is
added to our exposure from back-

ground radiation is

(Select one from A,B,C,D,E,or 3
A. 1to 5 mr per year
. 10 to 20 mr per year
. 100 to 200 mr per year

B

C

D. 1todSr peryear
E. 10 to 20 r per year
“

. 100 to 200 r per year

RESPONSE —

?:_smmmo..mv

RESPONSE

(delayed)

RESPONSE

(B)
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Instructional Objectives Hierarchy

Criterion Test Measures

23.

Given a description of a government
agency which checks fallout, name
the agency.

220

STIMULUS

Which government agency has the
responsibi lity for continuously
checking the amount of radioactive
fallout?

RESPONSE

(Public Health Service)
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Instructional Objectives Hierarchy

Criterion Test Measures

1.E.3. Machine Sources of Radiation

1. Given a definition of an accelerator,
name the term "accelerator" as best
being described by the definition.

2. Given a list of instruments and devices,
identify those which are accelerators.

222

STIMULUS

RESPONSE

The generc! term used for a device
that increases the velocity and

energy of charged elementary par-
ticles such as electrons or protons,

by the application of electrical and/or

magnetic forces is a(n)

STIMULUS

. (accelerator)

RESPONSE

Below is a list of instruments and
devices. Circle the number next
to those which are accelerators.

1.

O A~ W N

geiger counter
cyclotron

cosmotron

simulator ray tube

bevatron

geiger counter
cyclotron
cosmotron
simulator ray tube

beavatron

©@+»>»©O -
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Instructional Objectives Hierarchy

Criterion Test Measures

3. Given two incorrect statements about
the acceleration of subatomic particles,
state that they are incotrect.

4. Given a statement about X-rays,
identify that X-rays and Gamma rays
are the same form of energy.

5. Given a correct statement about the
origin of Gamma rays, identify that they
come from the nucleus of the atom.

224

Subatomic particles are accelerated

A. in astraight path in a cyclotron

B. in a curved path in a linear accelerator

Both

Neither
STIMULUS RESPONSE
X-rays are (the same form/a different (the same form)

form) of energy as Gamma rays.

Normally, gamma rays come from the

(X)

A. nucleus of the atom

B. changing levels of orbital electrons

Both
Neither
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Instructional Objectives Hierarchy

Criterion Test Measures

6.

Given a correct statement about the
origin of X-rays, identify that X-rays
come from the changing levels of
orbital electrons.

Given two correct statements about the
use of Gamma and X-rays to make pic-
tures with photographic film, state that
they are both correct.

Givan two correct statements about
hazards with Gamma rays and X-rays,
state that they are both correct.

Normally, X-rays come from the
A. NMucleus of the atom
(X) B. changing levels of orbital electrons
Both
Neither

A. X-rays can be used to make "X-ray pictures.”

B. Gamma rays can be used to make pictyres very
similar to "X-ray pictures."

(X) Both
Neither

To avoid hazards, care should be taken with

A. Gamma rays

B. X-rays
(X) Both

Neither
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Instructional Objectives Hierarchy

Criterion Test Measures

?. Given a description of a device, name
the device to be a nuclear reactor.

10. Given an incomplete statement about
the three major uses of nuclear reactors,
state the three major uses.

11. Given two correct statements about
fuel used in nuclear reactors, identify
uranium and plutonium as the types of
fuels used.

228

STIMULUS

A device used to control the release
of energy from a fission process is

called a(n) .

STIMULUS

The three major uses of nuclear
reactors are:

1. sources of .

2. production of

3. as atool for .

-

The type of fuel used in a nuclear reactor is
A. uranium
_____ B. plutonium
_(X)_ Either
Neither

RESPONSE

(nuclear reactor)

RESPONSE

1. (heat)
2. (neutrons)

3. (research)
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Instructional Objectives Hierarchy

Criterion Test Measures

12.

13.

14.

Given the function of the coolant in
a nuclear reactor, name the coolant
as the part of a nuclear reactor which
performs that function.

Given a correct statement that shield-
ing is necessary to prevent radiation
from escaping and injuring operating
personnel, state that it is correct.

Given two correct statements, identify
both carbon, in the form of graphite,
and water as common materials for a
moderator.

230

STIMULUS RESPONSE

The function of the (coolant)
in a reactor is to remove the heat which

results from fission.

Shielding is necessary

A. for thermal insulation

(X) B. to prevent radiation from escaping
and injuring operating personnel

Both
Neither

A. Carbon, in the form of graphite, is commonly
used as a moderator.

B. Water is commonly used as a moderator.
(X) Both
Neither
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Instructional Objectives Hierarchy

Criterion Test Measures

15.

16.

17.

Given the correct statement that

heavy water is a common material
used as a moderator, state that it
is the correct answer.

Given two correct statements about
the material used for control rods,
identify both boron and cadmium as
materials most commonly used for con-
trol rods in a nuclear reactor.

Given instructions to write the four
examples of materials which are com-
monly used for shielding against
radiation from a reactor, state any of
the four including, lead, concrete,
steel, dirt, air, and water.

232

A common material used as a moderator is
A. light water
) B.
Both
Neither

heavy water

A material most commonly used for control rods is
A. boron

B. cadmium

(X) Both
Neither

STIMULUS RESPONSE
Write four examples of materials that
are commonly used for shielding against
radiation from a reactor.
1. (lead, concrete, steel,

dirt, air, water)

2.
3.
4
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Instructional Objectives Hierarchy

Criterion Test Measures

18.

19.

Given a statement describing the
differences between a nuclear reac-
tor and a bomb, state that a nuclear
reactor is unlike a bomb because the
arrangment of the fissile materials is
different.

Given one correct statement about a
nuclear power plant, identify it as a
correct statement.

Given a correct explanation of a
precaution against steam explosion
in a nuclear power plant, state
that it is correct.

234

STIMULUS RESPONSE

A nuclear reactor is unlike a bomb
because the (arrangement)
of the fissile material is different. .

(X) A. A nuclear power plant can explode in ways
similar to a conventional steam generating

plant.

B. A nuclear reactor can explode like an
atomic bomb.

Both
Neither
As a precaution for a steam explosion

(X) A. A nuclear power plant must be surrounded
by a containment sphere.

B. A conventional steam generator plant must
be surrounded by a containment sphere.

Both

Neither
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Instructional Objectives Hierarchy Criterion Test Measures

21. Given a correct statement about how Fission products might be released into the atmosphere as the result of a steam
fission products are released into the explosion with a

atmosphere, state that it is correct. (X) A. nuclear power plant

B. conventional steam generator plant
Both
Neither )

236
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Instructional Objectives Hierarchy

Criterion Test Measures

o —— e ————

I.A.1 wmo_omrmoo_ Effects of Radiation—
Biochemical and Cellular Effects

1. Given a statement about the effects of
radiation, be dable to describe what hap-
pens to living tissue, physically, when
it is exposed to radiation of the various

types.

2. Given two correct statements concerning
radiation effects, be able to describe
what happens to living tissue when it is
exposed to various types of radiation.

3. Given a statement about exposure to
radiation, be able to describe what
happens to living tissue when it is ex-

posed to various types of radiation.
238

Radiation has a more serious effect on growing embryos and .children than on

adult cells because

A. The adult cells are stronger phycially, and can
resist the action of radiation better

B. Radiation can alter or hamper the growth process

in young, active cells

Both
Neither

Radiation effects are

A. adirect effect of a particle striking a cellular

structure and altering the structure

B. an indirect effect resulting from the formation

of breakdown products
(X) Both
Neither

STIMULUS

Exposure to radiation other than
cannot make
one become radioactive.

»

i

RESPONSE

(neutrons)
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Instructional Objectives Hierarchy

Criterion Test Measures

et e SRTALEEL  x e cl na see s o

i

Relate the outward symptoms of radiation
to the levels of radiation involved.

Given two correct statements about cells
which are sensitive to radiation, state
that they are correct.

Relate the delayed and/or hidden effects
or symptoms of radiation exposure to the
levels of radiation involved.

Given two correct explanations of the
cause of damage to living tissue, state
that the explanation is correct.

Given two correct statements about
considerations in subjecting a human
being to radiation, state that both
statements are correct.

240

Which of the following would contain cells that are particularly sensitive to

radiation?

Living tissue
X)

A. blood cells and the living layer of skin
B. growing embryos and children

Both

Neither

is damaged

A. at the instant of contact (immediately)
B. only if the exposure is prolonged

Both

Neither

In subjecting a human being to radiation one must consider

A. the value of the information to be gained

B. the amount of tissue damage which will result
Both .

Neither
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Instructional Objectives Hierarchy

Criterion Test Measures

9.

Given two correct statements about the
advisability of exposure to radiation
through diagnostic X-rays, state that
both statements are correct.

X)

A.

Both

the amount of tissue damage associated with
diagnostic X-rays is very small

a great deal of information is gained by the
use of diagnostic X-rays. .

Neither
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Instructional Objectives Hierarchy

Criterion Test Measures

10. Given a scale of levels of radiation the
learner will be able to:

1. Name the approximate levels of
radiation for visible symptoms of radia~-
tion; 2. Lethal level of radiation;

3. The level to cause serious radiation
sickness; 4. Approximate amount of
naturally received background radiation
yearly; 5. Approximate amount of radi-
dtion received in diagnostic X-rays.

244

STIMULUS:
0 100 200 300 400
_ } ;- l _ _ _ _
N SN Y A R
III/ IIIIIII
././ ’,’
AN 0 ~- 20 25

Place the letter from the scale above beside the statement which is appropriate to
that level of radiation.

t. __ the approximate amount of whole body radiation (single dose) which
would cause detectable symptoms of radiation sickness

2. alethal level of radiation .

3. __ would cause serious radiation sickness

4. ____ approximate amount of naturally received background radiation per year

5. _____ approximate amount of radiation received in the usual diagnostic X-ray

RESPONSE

1. (Q) 4. (A)

2. (E) 5. (A)

3. (D)
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Instructional Objectives Hierarchy

I

) Criterion Test Measures

11.

12.

13.

Given a statement about the types of
cells most sensitive to radiation
damage, the student will identify
rapidly dividing cells.

Given a statement about the types of
cells particularly sensitive to radia-

tion, the student will name, cancer

cells.

Given a statement about the effects of
exposing living tissue to radiation, the
student will be able to identify that the
effects may not show up immediately
and that key molecules that control the
activities of cells are ionized.

246

STIMULUS RESPONSE

o

The types of cells most sensitive to radiation
damage are:

—

a. bone cells and brain cells a
b. rapidly dividing cells ®
c. liver cells and kidney cells c

d

d. none of the above

Which of the following would contain cells that are particularly sensitive to
radiotion?

A. liver, kidney and muscle of adult
(X) B. cancer

Both

Neither

When living tissue is exposed to significant radiation

A. the effects may not show up immediately

B. key molecules that control the activities of
cells are ionized

(X) Both
Neither
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Instructional Objectives Hierarchy

Criterion Test Measures

14.

15.

Given a statement about the level of
radiation below which tissue damage
will not occur, the student will be
able to identify that it is not yet
known.

Given a statement about the symptoms
after radiation exposure, state that if
symptoms do not appear, one cannot be
sure that damage did not occur.

248

STIMULUS
Circle one of the numbers below.

The level of radiation below which
tissue damage will not occur is

1. 1rad
. 25r of whole body radiation

not yet know

2
3
4. there is no minimum level,

below which damage will
not occur.

STIMULUS

If symptoms do not appear after radiation
exposure, one Ann:\no::o_.v be sure that
damage did not occur.

RESPONSE

1

2
®

4

RESPONSE

(cannot)

O\' 53‘»’
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Instructional Objectives Hierarchy

Criterion Test Measures

Given a statement about the early
effects of massive doses of radiation,
identify them as: (1) nausea, (2) loss
of appetite, (3) rupture of blood ves-
sels in digestive organs, (4) will show
up in a matter of a few weeks, (5) skin
reddening, (6) loss of white blood
cells, (7) high possibility of internal
infection.

Given a statement about the possible
delayed effects of massive doses of
radiation, identify them as (1) bone
diseases, (2) may not be apparent,

(3) levkemia, (4) tumors, (5) mutations.

250

STIMULUS

Place the appropriate B-Column numbers in the space below the A-Column

statements:

A-Column

Early effects of massive doses

of radiation

Possible delayed effects of
massive doses of radiation

RESPONSE

. 1,5, 6,8,

9,12, 14

n. | 2, 3,10,
11, 15

B-Column
. nausea
. bone diseases
. may not be apparent

]

2

3

4. *loss of red blood cells
5. loss of appetite

6

. rupture of blood vessels
in digestive organs

dizziness

N

8. will show-up in o matter
of a few weeks

9. skin reddening
10. leukemia
11. tumors
12. loss of white blood cells
13. loss of vision

14. high possibility of internal
infection

15. mutations

16. loss of hearing

‘ v
[ORIOPRE SR
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Instructional Objectives Hierarchy

Criterion Test Measures

I1.B.1 Radiation Genetics—Mutation

d.

Given statements about the genetic
damage due to radiation, state
that (1) it occurs only when the
mutation is to reproductive cells,
(2) it more often results in slight
effects than in marked effects.

Given two incorrect statements about
reoccurance of mutations in the
children of the individual who has

a defect, state that both statements
are incorrect.

Given a statement about mutations,
state that a mutation is a change or
alteration in the heredity character-
istics of an individual.

252

Genetic damage due to radiation:
A. occurs only when the mutation is to reproductive cells

B. occasionally results in slight effects and almost never
in marked effects (such as the creation of a monstrosity)

(X) Both
Neither

If mutations occur, the defect will definitely appear in the children of the
individual if:

A. the mutation occurs in a reproductive cell

B. the mutations occur in a cell other than a reproductive cell

Both
(X) Neither

STIMULUS RESPONSE
Mutation is a change or alteration in
the characteristics (heredity)

of an individual.
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Instructional Objectives Hierarchy

Criterion Test Measures

Given statements about mutations,
identify that mutations appear as
malfunctions of the inner physio-
logical process of the body chemistry.

Given statements about mutation
occurence in a reproductive cell,
identify that if a mutation occurs
in a reproductive cell (1) the fact
may remain hidden for many
generations, (2) the fact cannot
be detected in the individual.

254

Mutcations are:

_X)

If a mutation occurs in a reproductive cell, the fact:

X)

A. readily detectable within the individual in whom they occur

B. appear as malfunctions of the inner—physiological process
of the body chemistry

Both

Neither

A. may remain hidden for many generations
B. cannot be detected in the individual
Both

Neither
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Instructional Objectives Hierarchy

Criterion Test Measures

11.C Radiation Safety

1.

Given statements about the safe
handling of radioactive materials,
name the three major variables
that control the degree of exposure
to which the individual is exposed.

Given statements about increasing
distance from radioactive material
by three times, determine by
applying the inverse square law,
the decrease in radiation as one
moves away from the source.

256

STIMULUS RESPONSE

In the safe handling of radiocactive
materials, the three major factors of
concern are:

1. limit to of exposure (time)
2. adequate from source (distance)
3. use of proper (shielding)

If you increase your distance from radicactive material by three times,
you will:

A. receive three times the amount of radiation
B. receive about nine times less radiation
Both

Neither
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Instructional Objectives Hierarchy

Criterion Test iVleasures

11.C.2 Shielding

1.

Given a list of materials and a
list of the types of radiation,
identify in terms of the density
of material, the amount of
shielding required for each type
of radiation.

258

STIMULUS

Match the materials in Column B with the type of radiation (in Column A)
for which each would provide (minimum) adequate shielding.

Column A Column B

a) Alpha particles 1. sheet aluminum

b) Beta particles 2, plastic

c) Gamma rays 3. .sheet of paper

d) X-rays 4. thick lead sheets
5. wood

RESPONSE
a) @)

b) (1,2,5)
c) @)

d) 4
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Instructional Objectives Hierarchy Criterion Test Measures

1.C.3 Decontaminatio

_ ination STIMULUS RESPONISE

1. Given a definition of decontamin- : consists of removing all {(Decontaraination)
ation, name the definition as such. radioactive contaminants from the surfaces

of equipment by cleaning and washing and
disposing of the contaminant in o safe
location; this is extremely important to the
safe handling of radicactive materials.

‘,{"’:W'

260
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Instructional Objectives Hierarchy

Criterion Test Measures

1.

I e i

11.C.4 Disposal of Radioactive Wastes

Given statements about the disposal
of long-lived radioactive material,
identify that disposal of long-lived
radioactive material is a major
problem and is accomplished by
burial in underground tanks and in
containers buried at sea.

Given statements about Alpha
particles, identify that Alpha
particles require a minimum of
shielding and also present a
particular hazard to the human
body if ingested or inhaled.

The disposal of long-lived radioactive waste material is

A. not a major problem

(X) B. accomplished by burial in underground tanks and in
containers buried at sea

Both
Neither

Alpha particles

A. require a minimum of shielding

B. present a particular hazard to the human body of
internal radiation if ingested or inhaled

(X) Both
Neither

[
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Instructional Objectives Hierarchy

Criterion Test Measures

I1.C.5 Entrance of Fission Products

d.

into Human Body

Given a statemeni about the
characteristics of behavior of
radioactive isotopes, state that
once a radioactive isotope is
free in nature, it will become
concentrated in unpredictable
locations.

Given a statement about the
characteristics of behavior and
the dangers of radioactive isotopes
state that the human body cannot
distinguish radioactive from non-
radioactive isotopes and so will
metabolize them in the same way.

Given a statement about the con-
centration of radioactive isotopes

in the body, state that (1) iodine

is apt to be concentrated by the
thyroid gland, (2) strontium is apt to
be concentrated in the bones and
teeth.

264

STIMULUS RESPONSE

Once a radioactive isotope is free in
nature they will become concentrated

in (predictable/unpredictable) locations. (unpredictable)
STIMULUS RESPONSE
The human body (can/cannot) distinguish (cannot)

radioactive from non-radioactive isotopes
and so will metabolize them in the same way.

Different radioactive isotopes are apt to be concentrated in the body in
accordance with the chemicals which have similar properties. For example:

A. lodine is apt to be concentrated by the thyroid gland
B. Strontium is apt to be concentrated in the bones and teeth
(X) Both

Neither
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Content

Level of Understanding

2. Present Concepts of Atomic Structures
a. Nucleus composed of:

symbol  charge

nevutrons n o]
protons P +
b. Orbital

Energy levels, binding energy, ioni-
zation potential

c. Terms and symbols

symbol

(1) Mass number A (superscript)

(2) Atomic number Z (superscript)

(3) Definitions of nucleon, nuclide,
isotope, ion, ionization

d. Periodicity ot the elements

e. Electromagnetic radiation spectrum,
photons

270

Be able to describe or diagram a Bohr atom. Name the particles
of which the atom is composed. Describe where they are !ocated
in the atom. Know their charge and relative mass.

Develop concepts of size of and space within,the atom.

Understand how the structure of the atom determines to which element it
belongs and also determines the chemical properties of the element.

Use the periodic chart by being able to differentiate between atomic

number and atomic weight, and use them to determine numbers of pro-
tons, neutrons and electrons in atoms of different elements.

Reason for and significance of the arrangement of the elements in
families.

Quantum nature of orbital electron energy levels.

Particle - wave duality of matter.

Recognize the common forms of electro-magnetic energy.

Understand that the only difference between the various forms of elec~
tromagnetic energy is in their wave length or frequency, and that the

higher the frequency, the greater the energy (Energy = hf).

Be aware of the use of experimental evidence to support concepts of
atomic structure and energy levels.
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Content

Level of Understanding

4,

272

f.  Sub-nuclear particles:
Neutrino
Exotic particles:
Mesons, etc.

Characteristics of Radioactive Decay
a. Constancy of type and energy of emitted
radiation.
(1) Continuous energy distribution spec-
trum for Beta decay

b. Constancy of rate of disintegration.

Interaction of Radiation with Matter

a. Specific ionization
(1) Heavy charged
(2) Electrons
(3) X- and Gamma rays

Recognize that physicists discovered almost 50 nuclear fragments in their
experimentations. No satisfactory unifying concept postulated.

Individual property of each isotope.
Understand the nuciear transformation associated with each emission.

Be able to trace transmutations.

Know that each specie has its own negative interest rate. (Compare
with interest rate determination on loans.)

Be aware that we can compute the interest rate for each isotope and
determine a decay constant for each specie.

Develop understanding of the concept of half-life as a convenient
scientific tool.

Memorization of definitions of half-life.

Be able to compute half-life from graphic representation of data and by
use of decay constant.

Know relative effectiveness of each to produce ions and the implications
to degree of damage and degree of penetration.
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Content Level of Understanding

D. Methods of Detection and Measurement of

- Radioactivity
o
B 1. Specific Detection Techniques
| a. Detectors Genera! concept that all detectors depend on the effect of the radia-
W (1) Electroscope tion, primarily ionization, on matter.
(2) Photographic emulsions (film badge)
, (3) Cloud Chamber The associated "block boxes" contain the mechanical and electronic de-
,w (4) Bubble Chamber vices to amplify, convert and record by various devices the signal from
w (5) lonization Chamber the detector and to supply high voltage to the detector when needed.
(6) Proportional Counters
(7) Geiger Muller Tubes Some detail about the operation of film, a geiger tube, and a scintil-
| (8) Scintillation Detector lation detector
V (a) Solid
| (b) Liquid Recognize the names of the other common detectors and recorders.

To identify information re: atomic energy which if dispersed to the
public might dispe! their fears.

b. Recorders

(1) Scalers

(2) Ratemeters

(3) Pulse Height Analyzers

(4) Medical Scanners and Cameras
(5) Total Body Counters

E. Sources of Radiation

1. Natural Sources

a. Cosmic radiation = 125 mrad/yr. Define cosmic radiation as radiation coming from outer space.
b. ‘From the earth and building materials - The amounts from these sources should be quantized in order to make
125 mrad/yr. meaningful comparisons. .
274
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Content

Level of Understanding

(5) Growth of detente between the Soviet

Union and the USA

(a) Treaties (proliferation, test ban,

etc.)
(b) Other

(6) The balance of terror notion.

f. Fallout

3. Machine Sources of Radiation
a. Accelerators
b. X-ray machines
c. Nuclear reactors
276 4. Reactors may explode

Need to know potential dangers; ingestion, uptake with food;
external exposure.

Translate fallout into exposure = U.N. Report 1962-1964.

Constant check at centers for radiation measurement by Public Health
Service.

Should understand basic concept: that electric or magnetic field exerts
a force on a charged particle and therefore can be used to accelerate
them to high velocity and energy.

Recognize the names of various types of accelerators.

X-ray machines produce energy that is essentially the same as Gamma
rays. Therefore, their use must receive the same consideration and
care to avoid hazard.

Devices to control the release of energy from the fission process.
How and why they are unlike a "bomb."

Their use as sources of heat energy, production of neutrons, and as a
research tool.

In a general way, know the major parts of a reactor and what they do.

To identify the fears of the public regarding atomic energy.
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Content Level of Understanding

d. Early Exposure to radiation other than neutrons cannot make one become
radioactive.

Damage from ionizing radiation can be classified into early and de-
layed effects. Early effects will show up within a matter of a couple
of weeks. Delayed effects may not be apparent for many years.

e. Delayed Some of the early effects include skin reddening; nausea, followed
by loss of appetite; rupture of blood vessels in the digestive organs;
loss of white cells from the blood; and a high possibility of internal
infection

f. Dosimetry Delayed effects include an increase in the possibility of leukemia,
bone diseases, tumors and mutations.

Idea of amount of radiation required to produce above symptoms, along
with a comparison with background and amount of radiation medically

applied.

g. Sensitivity Cells most sensitive to damage are rapidly dividing cells, i.e., growing
embryos, children, the living layer of skin, cancer, etc.

Lower forms of life can survive much higher doses of radiation than
humans can survive. (Examples.)

II. B. Radiation Genetics

1. Mutation

a. Cause of mutation Radiation damage that causes mutation that can be handed down tc suc-
ceeding generations can occur only if the individual’s reproductive cells

b. Identification are radiated.

c. Degree of mutation

Mutation of genes cannot be identified from any examination of the ex-
posed individual.

Genetic damage may remain hidden for many generations.
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SOCIAL, ECONOMIC, AND
POLITICAL TRENDS, ISSUES
AND PROBLEMS RELATIVE
TO NUCLEAR TECHNOLOGY

RELEVANT NEED-TO-KNOW SOCIAL SCIENCE DATA |

AIR POLLUTION

Air pollution is caused in part by contaminants coming from the burning of fossil
fuels in power plants as a result of the exhaust system utilized in burning the fuel.
Nuclear energy does not employ the same means of producing heat to generate
steam for power purposes and thus does not produce air pollutants in any signifi-
cant amounts. Nuclear energy, therefore, will help to alleviate the problem

of air pollution when utilized in urban areas.

WATER NEEDS

As the population grows (estimated at 320,000,000 by 2000 in the U.S.A.),

the demand for fresh water will grow tremendously. Nuclear energy is now -
being used and will continue to be used to desalinate sea water and thus produce
abundant supplies of fresh water for all potential uses in the future. Desalination
through nuclear means will be a great asset to those areas of the U.S.A. and
underdeveloped world which have arid or semi-arid conditions. Desalinization
will allow for greater population and industrial dispersion and thus help to al-

leviate population problems.

FOOD NEEDS

As the population grows, the demand for food will also increase. Nuclear
science and technology are developing techniques to improve the quality and
quantity of food. These techniques include, inter alia, pasteurization and
sterilization processes, controlled mutations for crop improvement, insect
and weed control, prevention of decay.
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SOCIAL, ECONOMIC, AND
POLITICAL TRENDS, ISSUES
AND PROBLEMS RELATIVE RELEVANT NEED-TO-KNOW SOCIAL SCIENCE DATA |
TO NUCLEAR TECHNOLOGY A

POWER NEEDS Nuclear power has certain advantages over rraditional fuels
(Continued)

overall costs of generation of electricity are equal
tv and potentially cheaper than electricity gen-
erated by fossil fuels

raw materials for nuclear fuel will last at least
1760 years and will be limitless when breeder
reactors have been perfected

use of nuclear power as an energy source in
industrial areas will help to lessen air pollution
since pollutants from reactors is insignificant

utilization of nuclear power will allow for indus-
trial and population dispersal since new areas can
be opened and/or industry will no longer be con-
strained by power needs

fossil fuel prices will go down as nuclear power
- gains wider use

®

Nuclear reactors are already in use in the U.S.A. to generate
power and have added greatly to American power capacity and
have demonstrated their great safety
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SOCIAL, ECONOMIC, AND
POLITICAL TRENDS, ISSUES .
AND PROBLEMS RELATIVE RELEVANT NEED-TO-KNOW SOCIAL SCIENCE DATA ;o

TO NUCLEAR TECHNOLOGY -

INDUSTRIAL NEEDS Radioactive isotopes are currently being utilized to improve the quality and
increase the quantity of industrial products and processes

Isotopes called tracers are used to trace the flow of liquids in
closed containers (e.g., pipes) to help determine trouble spots

Isotopes are also being used to measure the thickness of various
products to insure higher quality: pipes, newsprint, textiles,

and so forth

Radioisotopes are also used to judge the wearing capabilities

URBAN AREA NEEDS . Cities are becoming increasingly congested, which develops a number of social
problems which affect health: traffic, slums, pollution, etc.

A nuclear powered society will allow for industrial and population dispersal since
neither industry nor populations will need to concentrate around fuel supplies or
power sources

Dispersal will help to eliminate pollution and relieve other urban problems

Nuclear power can provide water and power for habitation in areas previously
considered uninhabitable

Nuclear power can provide for more suitable living environments within cities
and residences
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RELEVANT NEED-TO-KNOW SOCIAL SCIENCE DATA

FOREIGN POLICY AND
NATIONAL SECURITY
NEEDS

(Continued)
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Spread of nuclear weapons will allow lesser powers to
practice nuclear coercion

Nuclear weapons do nct deter war but lead to different
forms of war (e.g., limited war, insurrections)

Accidental war could corae about through escalation

Nuclear weapons tend to maintain attitudes of fear and
mistrust of intentions which could lead to o misinterpretation
of acts which in turn could lead to nuclear war

Whateaver the pro and con arguments, nuclear weapons have had a profound
effect on foreign policy

Fear of mutual destruction has developed a balance of
terror which appears to mitigate the use of atomic
bombs and has given rise to new forms of war: limited
wars, guerilla war, insurrections, etc.

Fear of mutual destruction has also lead to a number of
treaties aimed at lessening the rivalry in nuclear weaponry
a test-ban treaty betwéen the U.S.A. and Soviet
Union which stated that neither side would con-
duct atmospheric tests of atomic weapons thus
reducing the radioactive contamination of air
and soil; also signed by other nuclear powers at
the time (not France or the People's Republic

of China)
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of its control over other areas of the society, it has the power to declare cer-
tain information secret and may control any information given to the public

as it sees fit. [t has the power to license and control use of atomic sources,
regulate, inspect, and so forth, all that is connected with the development

of atomic energy. The AEC is an example of how the Government is moving
into areas traditionally thought of as outside the prerogativas of government:
e.g., the AEC funds the building of power plants, hires university scholars for
special projects, determines prices for radioactive materials, regulates industries,
and even establishes semi-private industries as watch dogs (e.g., Sandia Cor-
poration); all of these things conflict with the traditional notion that government
should stay out of business and let the system operate as it will.

With this growing power of agencies connected with the Administrative Branch
of the Government, we aiso see the development of controlled news issued to
the public and Congress upon which decisions would or could be made regarding
developments in nuclear techology and science. Thus, Congress is losing power
in relationship to the Executive Branch; the public cannot determine what is
occurring and is thus losing its ability to vote wisely; and bureaucrats are making basic
decisions once reserved for elected officials. The relationship between govern-
ments, then, at all levels and with industry and the academic community has
changed. The fundamental prerogaiive for the development and control of
atomic energy rests with the Administrative Branch of the Federal Government
and while it has shared to an extent control with state governments which dem-
onstrate their capacity to take on regulatory responsibility, the basic decision

‘to involve or not to involve state governments rests with the Federal Govern-

ment. Another indicator of growing centralization is the apparent growth of
regional planning, industrial-politicai interlocking cooperation and diminution

of intellectual independence.
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centralization of decision making in the U.S.A.: local and state governments
are finding it necessary to develop their own bureaucracies to cope with their
relationship with the Federal Government and technological change generally:
there is increasing cooperation and ties between government and business and
universities in an effort to find solutions to pressing national problems. These
things mean, then, that the prescure of technological change, among other
things, has caused a decisive change in the nature of and role of government
which makes individual involvement that much more difficult. The essential
problem for the individual is: how does he devise means by which to affect
decisions.

Although the expansion of the Administrative Branch of the Federal Govern-
ment in the area of decision making vis-a-vis technological developments is
clear, there are also signs that decentralization tendencies are developing
which could be important for the individual in a technological society and
which could be profitably pursued by educators concerned with individualism
in a technological-bureaucratic state. These tendencies include: Regional
planning among contiguous states, growing decision moking within state
bureaucracies, inter-agency cooperation, and competition between govern-
mental (at all levels) agencies, industrial interests, and educational institu-
tions, increased concern by articulate individuals with the imperatives of
technological society.
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SOCIAL, ECONOMIC, AND
POLITICAL TRENDS, ISSUES
AND PROBLEMS RELATIVE
TO NUCLEAR TECHNOLOGY

RELEVANT NEED-TO-KNOW-SOCIAL SCIENCE DATA

ECONOMIC TRENDS
RELATIVE TO
TECHNOLOGICAL
INNOVATIONS
(Continued)

The process of technological change is no longer the result of spontaneous

market forces but is the deliberate creation of public and quasi-public efforts.
Because technological change is a conscious effort, it is capable of being
controlled and directed. Because there is a drive for higher standard of

living and constant economic growth that has involved business, government

and universities, an informal cooperative group among the bureaucrats of each
institution has formed to maintain in the U.S.A. a permanent technological
revolution. To maintain growth and innovation, the Federal Government has
established a number of non-profit, semi~private businesses for which the Govern-
ment puts up the money for a business that pretty much runs itself free from
traditional intragovernmental constraints (i.e., bureaucracies, civil service,
rules, etc.). This development of semi-private corporations is largely a result

of nuclear technology since the first one was established by the AEC, the

Sandia Corporation, to supervise the many developmental projects sponsored

by the AEC. Since then another fifteen corporations have been established

by the Federal Government. Thus it is that often private corporations without
responsibility to the public are making decisions which have a great effect on the
public. Thus technological change has produced not only big government but
also big industry, both of which are remote from individual decision making.

SOCIAL TRENDS
RELATIVE TO
TECHNOLOGICAL
INNOVATIONS

The lives of individuals in America will be affected by the political and ec-
onomic changes described above. There will be less individual influence on
political and economic decision making — but perhaps collections of individuals
will have a decisive effect — and the individual will increasingly find himself
connected with large, impersonal organizations. In terms of the impact of
technology the following trends seem evident: morality and ethics will become
more personalized; technology will mean not only liberation from work but
liberation for work in the sense that work will be newly defined as creative,
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SOCIAL, ECONOMIC, AND
POLITICAL TRENDS, ISSUES
AND PROBLEMS RELATIVE
TO NUCLEAR TECHNOLOGY

RELEVANT NEED-TO-KNOW SOCIAL SCIENCE DATA

ORGANIZATIONS CONCERNED
WITH NUCLEAR TECHNOLOGY
(Continued)

Atomic Energy Commission, U.S.A.

This agency is an independent agency of the Federal
Government. !t does not fali under the jurisdiction
of any traditional department made vp of a board ap-
pointed by the President. Iis responsibilities include
the development of nuclear technology through pro-
viding research and development funds and identifying
areas of need; developing atomic weapons research;
controlling or regulating the use of nuclear energy in
its many applications; licensing; considering and
solving problems associated with atomic energy such
as site problems, waste disposcl, transfer of radio-
active materials, etc. It is the single most powerful
agency in the United States concerned with nuclear
energy. It publishes numerous books, pamphlets and
other materials which can easily be obtained from
them by writing. ‘

Department of Labor

This department determines heaith and welfare stand-
ards for workers connected with nuclear energy or
radiation and has an apprentice program for developing
worker skills needed by industries utilizing nuclear
energy. Reports are published and available.
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Interstate Commerce Commission

The commission is responsible for establishing con-
trols on the interstate transportation of radicactive
materials.

Other Agencies
Atomic Industrial Forum

This group is made up primarily of business-associated
scientists and managers. It is concerned primarily
with the dissemination of information regarding the
industrial use of nuclear energy and to act as a pres-
sure group for the further development of atomic
energy. Publishes reports.

American Nuclear Society

This society is made up of university, business and
government nuclear scientists. The society is inter-
ested in dissemination of information relative to
significant new ideas and application of atomic
energy. Publishes magazines and annual reports.
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INTERNATIONAL

Atomic Energy Commission

This agency is made up of an international team of
of experts in nuclear science and technology. The
agency is primarily an information gathering and
dissemination agency on the relationship of nuclear
energy and technology to world problems. They
also have many technical journals and publications
‘which are available from the United Nations.

Atomic Energy Authority, United Kingdom

This agency is responsible for furthering the develop-
ment of nuclear technology in the United Kingdom
and for the safety of nuclear applications. Publishes
reports.

EURATOM

European agency overlapping but more inclusive than
the European Economic Community working for the
Europe-wide development of nuclear energy.
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