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energy education. This paper addresses the needs c¢f three kinds of
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designers of ‘materials and programs. Extensive lists of questions,
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which the analyzer can glean approprlate 1nfcrlat10n from
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In preparing this papey, we had in‘mind the needs of those
individuals who must make decisians copncerning instructional

materials and programs for ené"rgy education. 1 Ix;-particulaAr, v

) the \?a‘ger addresses the needs of three kinds of dgcision makers:

. L
- persons responsible for purchasing or selecting energy education
LY

instructional materials a?d programs (purchasers); persons re-

sp;)nsiblé for allocating funds for tr&Ddeve]opment‘ of such materi-

R als and programs (funders); and perdons actually responaible for

designing such materials and progrﬁms (designers). Contained in

\this‘ paper are the gﬁidelines that will aid (a) purchasers in ana-

lyZing and evaluating instructionalgnate rials and programs;

(b) funders in analyzing and evaluating proposed specifications

for the development of instructional materials and programs, T

1We limit our discussion of energy education to instrugtional ’
materials and programs for students in schools. Providing for
energy edutation, however, involves the school in more than its
customary role of purveying knowledge. - It also calls for effecting .
* changes in the out-of:-school behaviors of students, an outcome .
not included among the objectives of most instructional materials ¢
intended for use in the schools, .
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, .
and (c) designers in planning for and determining spes:xfa_catxons for.
the.development of instructidbnal materials and prog rams.
~ .
The paper outlifies a prcicess; that can bé applied to the analysis

or design of instructional programs and materials. We also discuss

the role of values in decision making, withspecial emphasis on the
. ’

role of values in making decisions concerhing energy education. In
addftion, the paper presents some of our criteria for effective pro-
¢ ‘ " .

grams and instructional materials for energy education, 3
‘ X . .. ‘

- . , . - .

°

- ZSome example s of each type)of educational d'ecision/;}al:;er we
hive in mind (purchaser, funder, and designer) andthe kinds of public
and private agencies with which they might be associated are\presented
here. ; - ‘ .

. - - on '

Persons concerned with purchase or adoption of energy educa-
tion programs and instructional materials will most ﬁkely work with
schools or state departments,of education. Their positions include
those of teacher, curriculum speciali$t, administgator, and addption .

-officer, i ‘

-Persons concerned with the funding of energy education prog ramg
and materials will be found in a wide variety of agencies ranging from
ppblishers, government agencies, and foundations to utility companies
and consumer organizations, Their positions include those of execu-
tive editor, peer reviewer, and project director ay well as fthat of con-
sumer education specialist. e

.

Persons concerned with the design of energy e ucation programs .

and materials might be associated with schogls, publishers, or educa-,
tional research and development organizations. Persons affiliated
with utility companies and' consumer organizations might also have
such design responsibilities, The positions of persons involved with
energy education materials design include ifhc;se of teacher, curricu- |
lum specialist, curriculum designer, and educational materials writer
or editor. ; -

Y ’ .

«
.

.3 : L. . .
_The distingtien we make between the ferms instructional materi-

als and instructional program relies.on our definition of an instruc-
tional material as any item, be it a2 manipulative or a printed material,
that is intended to be used for an instructional purpose. Our defini-
tion of instructional prog ram, on the-other hand, refers to a number .

>
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¢ comprising a major portion of this paper, represent the means by , '
' > N -

-

Both i1n analyzing and designing mstructlonal materials, care-
fully con.cewed procedures are necessary to insure that attention has

beén patd to,éa&h aspect of the mate.nals. The process of analyzmg

18 = ' t

fnstructiongl materlals requlres the systematic gathering of fnforma- .
bl .

tion, whlle the process of 1nstruct10na1 desxgn demands systematic

attention te-bhe mulhtudmous detalls mvolved in the conceptuahzatxon 5
N

and produetlon of mstructlonal materials, Extensive lists o( questions,

v which the analyzer éan glean appropriate information frogu instruc-.,

\J

[y

.

E

tional mate?tals and by whk!;h the desxgner au\d -the funder can check to

.

see that specifications fo&- proposed materlals az:e. complete. .

- . * - ®

N The questions, have been orgamzed into nine tables (shown in Appen-
dix A as Tables A- 1 through A- 9), each of which pertam*to one of nine
major components of mstructxonal programs. In our experience, not all

decxswns concermng mstructxfnal mater1als rely on information about all
‘nine of these cox}mponents. Fxgure 1 xllustrates our expe rience in regard
.

to the importance of eachmcomponent for different types of educational de- -
- . /

cision making, Decxsxons made by funders or purchasers of 1nstruct1.onal /

prog rams and materials are generally’based on information from ‘only se-

lected componehts. On the other hand, designers of instructional materi

~

.
3

als and'p'rograms; must have information related to all of the component7.

Desxgners, purchasers, and funders dxffer also as 1nd1v1duals
- thh respect to the relative’ 1mportance they give to each comporrent

in the de*n-makmg process, For example, it is generally the

e . '
’ . o

[y I N . ~

v
. of instructional materials integréted by means"' f an overall plan that ~
dlrects how the materials are to be used in conJuncnon with one an-
other toward the achieveffent of one or more instructional. purpofxesT .
In the following sections of this paper, We have generally used
tetms mstruchonal materials apd instructional programs to re£er to
both ideas interchangeably, It will be clear from the context when a

spec1f1c mean‘lng is appropriate for one or another of the terms.
\ . . — . . . . . N
. . ‘_,' ,
RIC. -+ . . . b -
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*¥case that several competent designers will make varying decisions
.concerning the design of particular instructional materials even when
eéch person's decision is based on the same information. ' All compe-

N ’
tént de51gners will, however, be knowled&,eable about the ‘pa rameters

~ . .

of potenhal deClSlonS related to each component and will be able to
provide rI;atlonales for the decisions they make., A more concrete
illustration of thxs principle can be seen in the context of decisions
made by materials purchasers. Some 1nd1v1duals faced with a pur-
chasing decision é,xve primary consideration to the cost or physical
appearance of the inst ructional materials. Others-faced avith making

- .

the same decision will focus their attention on the easé with which the
]

. .

Apaterials can be implemeénted in the classroom ar on the demands that
o - the program places on the teache r, Only ~theemc;s éopilijsticated of
potential purchase rs will base their de‘cis:ions on the more technical
P aspects of the materials' desxgn——for example, the use.of principles
of mst/ru{txonal theory in their desxgn Most purchasers find it very
dxfﬂtcult if not 1mpossxble to carry out sophxstlcated analyses of

miaterials of the sort that would dete,rmme for example how well

the materials fit the\éducatxonal goals of the school system.

L
* T " Individuals.faced with makﬁg funding decisions often give pri- -
mary conside ratioﬁ to t};e designers' reputation, the completeness of *
" the devefopme or the approprxateness of the proposed materi-
A als fo the target popula on, Publishers, for example base many of )
- thexr funding decisions on the cost quthe product to the purchaser a}rtﬂ:.ﬁ

on the size and characte rlstxcs,.of the potenttaluser po_pulafton. Often .

+ funders must rely on the expert Judgment of the de31gners in regard to

the more technical decisions gyelated to instructional desrgm Just,as
with potenhal purchasers, it is sometimes, but not often, the case

that funde rs are as knowledgeable as the most competent desrgner and
‘ can make more substantive analyses®nd evaluationg of specifications

’ for instructional materials op’ all of the components toward which the

.

. S
questions prefsented in this paper are addressed, . :

\ G ’ L ) . 5 8 ' .
ERIC
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The questions in the tables provide a mechanism for the sys-

v

tematic ga?éring of information, a necessary but not sufficient con-

dition for mformed decision making. We believe that, m addition to
mformatxon, values are central to all decision- makmg processes,
including those involved in the proc.esses of designing, funding, and
purchasing energy education materials and programs. In de’(sign, for

example, decisions are'made about the rationale fot the program or

] materials, the contént, the packaging, the studqnt activities, the

teacher's role, and many other matte/rs. The decisions that are made

reflect the values of those who make them. A certain program may,

I3 . .
~for instance, devote considerable attention to teaching children about

IS

the amount of ¢oal and oil in the earth but little space to the question

S

of how alternative so'ﬁ"'rceé of energy might be developed. This distri-
bution\.of content suggests that the designers have placed more value
on knowledge of facts than on knowledg'e of progesses. Decisi&is
about content made by an ¥ne rgy education program's designers re-

flect particular valyes." . '

.

The process of selecting instructional materials for purchase is
also a2 matter of making de:si}g/b/ased on values. In purchasing,

decidions are made concernthig which materials will be selected, how

- they will be used, with whom, etc. Because choices exist, decisions

must be made. The amount of time and money a school district is
willing to’expend on energy education reflects the value that the school ,
A

.places on energy education. Additional considerations in the selection

process also_ reflect values; for example. Should the mate rials be indi+

vidualized” Should they emphas:yhon?. Will they deal with
political and economic issues? o stiong*such as these conside¥ values,

that is, what the school and the community who will use the instruc-’

tional materials judge to be important, worthwhile, or "good. "

~

Because decisions made about energy education are value~taden,
g

o f - .
we believe‘it is important that the values inherent in instructional °

1
i . .
v - . > ‘

\‘1 - ~

\
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materials be explicit. If they are, thé work of persons who must make

decisions about such materials--whéther or not to fund a development

project; whether or not to purchgse materials for a school or a Slml-‘ .
/%r/major decnslon--wdl be facilitated by allowing these decxslons to :
. /be made on a rational,’ informed basis, Fob the'same reasons, we

<

feel that specxfylng the values intrinsic to ‘the'materxals will also aifi«

the deswners in thelr work. ®

.
. - .

LIS \ ~
. The functions of mformatxon and values are mteractwe m the

decision- makmg process and therefore, can never be treatedjas dis- ¢zt

crete entities. . The questlons we pose for your use, our discussion
the importance of the information that the answers contain, and the ¢
terla for effectlve energy education we put forward for your consxder
thl’l dre all reflections of our values. Cne of our values is a high re-

gard for public education. Also, we believe that the proper kinds of

lnstmctlonal materials can play a significant role in enabling the- nat1

L
to cope with the energy dilerpma, .

; ) . Bl
.o Some persons may challenge this assertion, but we suspect that %

their doubts stem f«rom a failure tp recognize the potential of recent
developments in'the field *of lnst;'uctlonal technology. Principles of
instructional technology that have become known, codified, and vali-
. dated through research in recent years can be succ(e)s sfully applied to ‘
the processes of designing and analyzing educatlonal materia s.4 Many 13
instructiénal mate rials of the past have failed because these principles
were eithér not applied or anPproprlately applied in the course of the
mateTrials’ development. Often, too, well-design‘eq r:xaterials have

" failed because they were improperly implemented or even poorly ™.

v

-

.~ - g \

4The literature on systematic instructional pa-ocedures is already
quite large and is growing rapidly., For representative examples, see
s&Lravers (1973); Resnlck Wang, and Kaplan (1973):-and Popham and
Baker (1970), .

wen o0 T :

Aruitoxt provided by Eic:




N

. matched to the needs of the school system that purchased them. Con-
staerable experxence has be¥n gained during the lagt decade and a half

. h in desrgmng, analyzing, ¥ d 1mp1ementmg m;truchonal materxals. )
Such expenence now makes it possible to suggest thh some, 'assura.nce

necessary corditions for the d

ign, selection, and implementation of

effective and successful inst tiohal materials for schools. We value

3 0 ¢ "
also the application of systematic procedures to the procESses of analy-

sis, designf and implementation of instructional matérials, ~

< N Lt

Thesé are our values; they determine our criteria for instruc-
tional materials. The questxons in the tables refléct the apphca’t{on of

some of our values to the process of estabhshmg crxte ria. Consider

- for example question B, 9 in Table A-1 (Appen‘dxx A), "Afre there ex-

. ?llCltiy stated obJectwes corresponding to all the program's goals®"

~

Because we. value a systematic design process, we would include the s
. .

présence of behaviorally stated object{ves: as one of our criteria for

effectwe instructional materials. That is not to say that the only right
answer to question B. 9 is "yes." The re are effective mstructxonal

materials that do not contam explicitly stated behavioral objectives.
t v N

A ''no'' apgwer sh&ﬂd, however, result in further analysis of the in-

.structional materials in order to determine if the functions served by

behavigral obJectwes have been adequately met. )

T The illustration in the precedmg paragraph 1s intended to empha-

size that the parthular answers that result from the apphcatxou of the

questions presented in our tables to any particular mstructxons;l‘maa.

terials do not détermine in themselves the potential effectweness of

those materxals. The infoprmation resulting from the'answers to the

l
»

questxpns must be consxdered in the context of criteria whxch you ’et ~
based on the values you hold. In the follqwmg dxscuséxons of issues C(

relating to components of mstructxonal materxals, we set forth certain

-

of our criteria,‘but you must set your own criteria after con51der1ng
° L) /’

the issues we raise, : . -

ERIC" S
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, Ragionale, Goals, and Cbjectiyes

\ AN

BelSre dlsc\xssmg our criteria for the ratxonale goals, and

objectives of energy ed\xcatlon programs and 1nstruct10na1 matenals,
it is necessary for the sake of clarlty to indicate whaFwe mean b.y(\the

terms ''rationale, ' ''goals, " and "ob]ectwes.’I For our purposes, the 7

3 N ’

rationale of a program is a stat‘ement that explains such matters as

. why the development‘ of the pros ram was \mderta}cen,vwhai socxeta:l
needs the program was developed to respond to ¢ and what Were the
underlymg assumptions of the prog_)ram s designers; By "goals" we
mean, eumply, the broad aims- that the program or the matenals are
deengned to achieve. The goals of a program St energy ed'ucatxon pre-

' sumahly would incluyde such thmgs as 1hcreasmg students' knowledge
abouf energy ‘and changmg their behavxors nelated to energy consump-
tion. .Bbectlves are mucﬂ more specific statem'é)nts of the outcomesu

. that yaripus- parts of a program are deeugned to produce,
. o‘ A - L © R Y
DeCISIOM tha{must be made in the c‘ours‘e of developmg orﬁ,

-

selectmg energy educat1on materzals will be facxlltated by the ]&tndsb -
of mformattoh that are avadable in caref'pny thought out and wriftens

staLements of ratlonale goals, and objectives, Because, wthe value

»

‘- we attach to developmg e ucaflonal materxals systematmally and on’a.

deratxons m thlS development, 2beheve,

d

should ‘be those sux‘x;oun i¥g a program' s ratxonale,, goals, and .objec- v

rational basts, the f1rs

.

tives, The’”mtty gru:t_y" decisions about the development of avpmgram-—

.+ willit include mampulatwe acthttes, will’ media other’than prm't be -*

ﬁed\etc --can be made rationally ogly aftér decxsgns have ? < )

. made abomﬂmﬂswed aftd whiat it aims to achieve in - ‘.
both generai and specxfxc terms. Reversm\the order of these kmds '

J - of decuuons can easily lead to programs that Are’in oherent, ‘incon-
P g ¢ ot

[ « .
‘. ¢

. sistent, and ineffective.
. .

-
. ‘ .

P .
. ® . .~ ’ v s

-

) 7 Wea eheve that the process of se&ectmg_.a program or T,
= \mate rtals fox purchase will be expedxﬁed l.f ehrly in the selectzon
. < . - ! e - : .
- 3 o
r- - ' * . 9 N - i .
f ) . - .
\‘1 M . ‘ . ‘ : - - . !
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process, carefiil attention is gwen to‘the ratxj)nale, goals, and obJeé-

N -

tives of the programs and matenals under consxder,atlod I, for exam-

ple, a program espouses goals that are qu1te7mcons1stent with the goals *

AN
“of the community where the program will be used, the program can

probably be eliminated from consideration.

.
¢

From our analysis of the energ'y éile}runa and the role of educa-

(fon in lt evolve our criteria or the%atxonale and goals of energy edu-
A}
catxon materlals that e would judge to be potentially effective,
N : P - s

“Thisg is our analysis of the dilemma. In the years to come, the
.t * \

demapd for energy will exceed the supply‘." ‘Costs of delivering energy

“ will continie to thcrease. Increas'ed use of energy will farther deplete

»

" to make .decxsxons and choices; their concerted decisions will influence ,

~iiationa-l energy policy and.their individual choices will determine their -

S

Ll

2

our natural tesources and mfluence the ecological balatkce of the en-_

vironmerit. I.ndwxduals confrontxng the energy dxlemmh will be forced

-
. . w

life styles. o . . . 1
. ) » . ¢ .

. This- situation requires citizens who are knowledgeable, who are’
aware of their personal values, who are skillful problem solvers and
dec1s10n Jmakers, who have well défined personal goals, and who are
able to predict the consequences of their energy choices and decxsxons,

" both for themselves and for the society in which they hve.

-~ % 4

A) ) 4

o

-

5

- This analxs:x's_ has th.ese‘impiications for energy education. Energy

education must be multifaceted, that is, it must not only convey informa- '

- tion,- but also deal with socxal qggﬁnomlc _poht;,kgail and moral issues, '

In addmon, it must make provision for 1nereasxng mdwxduals' ab111t1es

“en

to define their values and goals, to ’solve problems, and to make deci-
sions, Qur analysis also s,uggests’ some criteria for the ratxonale and
goals of energy eZlucaJ:ion programs.’- Tpé rationalei#ld goals of\sueh
programs should reflect the multxfacel;e’d aatﬁ}‘é of ene.tg}; edutation.
The philbsop}fical, .psycho}ogical, social, Ts/cientific, and politi,eaL .

agsumptions underlying the rationale and goals should also be\specified‘,

. » ~ .

je T egg
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as we- have staéd, to guide the work of the de&sxgners and to facxlxtate
understandmg Qf the program by others. Sectxon A of Table A- 1 .
(Appendix A) pres'éQ questions that th‘e@ecxsxon maker can useto——

1 ] ‘ ‘
" gather information about a program's rationale, Questions about the

-

goals of energy education programs and materials are included in

Section B of Table A-1, > \

L3
»

K

As the heading 1hdicates, the questions that comprlse Section B
of Table ‘A-1 deal with the conceptuallzatxon of an energy education
program, that is, the relationship of the program's rationale to its

goals, of its goals to its objectives, and its objectives to its instruc-

- tional materials. The information thet one gathers by asking these

questiohs is useful in making judéments about a program's consistency

Al
andscoherence, two important prerequisites for effectiveness.

I

Section B of Table A-1 also presents a numbe meof questions re-

garding the statér‘nents of objectives. Tt is our opinion that an impor-

tarit process in operatxonallzmg the goals of a program ts the transJ.a:

tion of the prog-ram s~goals into spec:.fxc objectives. ObJectwes can

serve a variety of functions. ‘The format of the o’b_]ectxves determthes,

in part, the extent to which the objectives can serve the functions.” For

>
example, obJectlves\ that are stated behaviorally--in terms of observa-

ble student’ behaviors--are useful as means of communicating the
designers' ideas about the effects of the program to the teachers who

1mplement the progra.m. E;lucators rely on observations and descrip-

=tions of overt behavmrs to mfer the stat® and organization of an indi- -

‘ vidual's knowledge. It follows, therefore, that behavxorally stated A'

ob_]ectwes are also useful startmg points for assessing the extentto

s

Whlch the program has attamed‘its‘goals. The uée of behaworal objec- ¢-
tive§ is somettmes cnttcxzed because they so often dsscnbe trivial

behaviors. Thls need‘not be the case, however. In fact, a.program

can-be evalyated in part on the extent to which its object*s sample

' - - A : - 1

- 2

~
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/ . 3 . .
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, behaviérs from all levels of the “cognitive and affective domains as ,
. . m

" described by Bloom (1956) and Krathvgohl, Bloom, and Masia (1964). 5

.
»

5In addition to aiding communication and the assessment of the
effects of instruction, stating educational objectives behaviorally facili-
tates the selection of appropriate mstructlonal strategies, (See f)age 19.
ot this paper.)

=

Ben_]a.mm Bloom was instrumental in providing educators and psy-
chologists with an: important tool, a,taxonomic system for grouping to-
gether behaviors that have specified attributes in common. In this
taxonomy, behaviors are classified into three maJor groups, called
domains, according to whether they are primarily cognitive, affective,
or psychomotor behaviors. Of course, the division of behaviors into
these three damaing is an ar@txﬁcml distinction since almost any behav-
ior ordinarily is made up of cogmtl}e, a.ffectwe, and psychomotor ele-
ments.' For example, behaviors relating to conserving energy in the
home might rely partly on knowledge of ways to conserve energy,
partlx on the desrre to congerve energy, and partly on the physical
ability to perform tasks that aid in conserving energy, such as shutting
off a light switch. Nevertheless, the classification 6f behaviors 'pro-
vides some extremely useful tools for educators.

-

Within each damain of the taxonomy, specific behaviors are ar-
ranged hiera'rc,hié;illff' in terms of their complexity. To illustrate this
hierarchical arrdngement, let us examine some examples of behavior
from the cognitiveél domain. The first level of the cognitive domain is
knowledge--behaviorally stated, the ablhty to recall specific informa-
tion, e.g., knowledge of some ways that energy might be conserved in
the home. The second levél'df the cognitive domain, comgrehenswn,
involves such behaviors as the ability to explain why insulating one's
house will conserve energy. The third level, application, is exempli-
fied by the behavior of applymg the idea of energy conservation to an
area where one has not yet learned ways of conservmg energy. An
example illustrating the fourth level, apalysis, is fhe ability to recog-
nize various techniques of energy conBervation, e.g., using a single
energy source for two. or more different purposes simultaneously. The
ﬁfth level, evaluation, callg for such behaviors as t\:he ablhty to com-
pare vanous energy conservation plans proposed for one's family and *
to select one of them on the basis of the amount of energy it conserves
and the }1ke11hooq that qpe's family wxlbbe able to adhere to it without
undue hardship. ‘

ERIC ~oels
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Figure'2 shows some examples of belravioral objectives from
several levels of the cognitive domain; Figure 3 presents behavioral
.objectives from all five’ levels of the affective domain. These objec-
tives from the affective domain are particularly important to energy
education since, as can be seen in Figure 3, they are concerned with

.
the student's behavior outsjde the classroom. They are also closely

related to the processes of values clarification, goal setting, and.

decision making, processes we believe are essential parts of eneréy
6 . "

YT o C
RLnally, Section C of>Table A-1 lnsts some questions about the

education,

planmng of proposed new programs or materials for energy education,
The questions will be of special interest to persons considering under-
takmg th¢fdevelopment of Such programs and to those who must evalu- -

até plans for materials,development projects.

“ «

L3 - ~

- . . ) Content

. .
.-
> R . X

The content of an energy education program rnust reflect’ and

support the goals and objectives of the program, Since the goals and
objectives of an effective energy eaﬁcati A program encompasg a

variety of behaviors and an extensive knowledge base, the content of

.

. - °
such a program will, of necessity, include both skills and knowledge

.

areas. Thus, qur criteria include consjderations both of the informa-
tion and knowledge conveyed to the student (the cognitive domain) and
of the skills in values clarification, goal setting, problem solving, and

decision making (which have behavioral components in both the cogni-

-

tive and ‘the affective domains). . T

v

~

14

v . . : &

- * »>
We shall discuss these processes more fully in a later section
of this paper in relation to the instructional’strategies employed in

energy education,

o o g {38" > | ‘
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- . BEHKVIORAL OBJECTIVES

1. The student xdentlﬁes the following attributes of energy*
energy can change thlngs, enérgy added to a system changes {*
the systém; energ)y ha¢ different forms, énergy can be con-
verted from one form to another form

3 The student gives :examples from his own expenence of
. b heat encrgy “and light energy changing a~system - 7 L

. 6 The student descnbes the energy conversions m varous

" Tsystems eg, a llghtbulb (electrical energy to heat energy ;

and hight _energy).-a bpzzer (electrical energy to sound .

‘o energy), a wodd-oxygen system (chentical energy tQ heat
. * energy and hght energy), a boy. doing work (ch({mlcal -

- energy ‘to kinetic energy) .

7  The student 1dent)ﬁes the source of energy for a famihar

- system (animal. plant, car. electric appliance) and describes
some of the energy convélsions that take place ;

R each system. v

% . 8. The student discudbes evcnts in, the hfe 3f.]ames Presuott
: Joule 1p frelation to hus scientific contrib
*culture of his time.

tions and to the !,

15. Given several illustrated situations, some of which depict
work being done and some of which do not, the student
" wentifies those pictures 1in which work is bemg done.

* 7 20. The studenyadentifies a fuel as a chemical substance that
*  interacts with oxygen to release stored Energy. N

21. Gven a descriptidn (wntten and 1llustrated) bf a situation
where several energy-converting systems have different .,
ampunts of fuel, the student 1dentifies the system which

. can release the greatest amount of energy and orders the

. ' systems according to their capacity for yeleasing energy.

23. The student wriles a short essay on how higjife would be
. > “different 1f all the coal and petroleum on earth wele
used up. N\

. 27. Given data on a sample of water of mass m(m‘kllograms)

. at temperature t;, and told that heat encrgy ‘is added until
) the temperature is at t,. the student determines the quan-,
\ uty of heat energy (n kilocalories) added to the sample. -

te 29. The student 1dentifies the following attributes of energy
. from the sun. keeps ail the water 1n the oceans from ,
. —t freezing. makes the wind blow. 1s stored in- petroleum
s A and coal: is converted nto sugars and starches.by green .
plants. moves water from place to place on the earth’s “*
.o - ,.surface, and 1s the earth’s most intportant source of energy. - \

-

30." The sludent writes a short essay on what his life would |
“be like wnﬁleur the sun’s energy.
- ‘r

R EY - - .

< " Figure 2. Ilustration of cZ)gmtwe domain Gbjectives concerming energy  “Behavioral Objectives
for the Joule Unit” (excerpt), from Champagne and Klopfer, 1975, pages 26-28.

-
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RECEIVING

RESPONDING » ‘

VALUING

ORGANIZATION

CHARACTERIZATION

.

- energy consumption yf making a dectsion about a h

AFFECTIVE OBJECTIVES |, 7

\

The student is alert to everday situations where energy
ts being wasted .

The student zecognizes that ter. or his actions have an
; X
effect on the'national consumption, of energy. -

The student voluntarly seeks out information about ways
to hmit her. of his personal consumption of energy

The’student 1s willing to dress more warinly indoors |‘n the
wmnter in order to help lumit fanuly fyel consumption

The student has a sense of re,slponublhty for keeping the
waste of energy in the home at a nummuin .

.
The student recognizes the desirabibty of using public
transportation rather than a pnivate automobile whenever
possible. ) -

The student assumes an actuve role n keeping the waste
of energy \in the home at a mnunum by shimmg off
hights in eoccupied rooms :

The student seeks out mnforination about the cost benefits
of hmiting apphihce use in order to influence her or his
famly to hinmt their energy consumptidn m this way

The student displays her or his convmﬁ{n of the need to
develop energy sources alternative to fossil fuels by encour-
aging elected represéntatives to support research on alter-*
native energy sources,

The student displays fier-or hus conviction ofsthe need 1o
reduce energy consusnption by urging the family to keep
the thermostat at the funiiium level necessary for comfort

In the winter /“
ﬁ:‘ . .

The student relates fler or his desire to own a larges
autoinobile” to the need -for conserviiig enetgy. :

The student reexanunes her or hus preferences for certain
kinds of architectural strudures, i terms of whéther they

help or hinder energy/cons tatiog. | .
The student attempés_to i u&%‘haractens'ucs by which

her or his family could develop a plan for lnmung their
consumption of energy. -

A >
The student judges candidates for elective office partly 1
teris of their comnmtment to aiternative energ’y
and the need to limit energy use

gy sources 7f,
The student judges arguments by publie igures- aout

0
the feasibihty of hmmting energy consumption y rms
of what she or he knows about the need tgg s0.

)

The student 15 predisposed to consider ways of futhding
se

shie or he will buiid or buy. )

The_ studeny views her or his career choice n ternds of
her or his desire to seek ways to limit energy consunjpfjon
or to seek energy sources alternative to fossil -fyels.

2

{

Figure 3. Mustratjon of affective domain objectives concerning f'nergy.
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‘Content relating to information an knowledge must be con-
sidered from two standpoints, completeness and accuracy. Our cur-
rent energy dxlemma is highly complex, and even & superficial under-

ding of its complexxtxes requires some knowledge in several of
the academic dxsc_xplmes. Some elementary knowledge of prmcxples
of physical, biolagi¢al, social, economic, and political science is
necessary for an appreciation of the c‘omplexity ‘of the energy dilemma
and for 'mforme’d, sensil>le personal decisions about energy use. This
suggests that the content of an effectiy'e program of energy education
will be multxdxscxplxnary. “The effects of an energy educatlon program
that consxders the energy dxlemm’a from the pea;spectwe of a smgle
academtc dtscxplme can be deleterxous to the goal of., attammg info rmed
knowledge of the 1ssues in energy use! Such perspectxve inay suggest
simplistic solutions.,to a complex problem, solutions that are not likely

to be safisfacto ry. i -

’ . ¢

Accuracy of ‘mfo,rmgtional content needs to be tonsidered from
two perspectives, the correctness and precision of the inform'ation, on’
the one hand, and the in,tellectual honesty with which it is presented, on
the other., Checks on the correctness and precision ofjnforn:xation can

be made with relative ease by experts from the relevant academic dis-

4 4

ciplines, The perspective of intellectual honesty of'igf&t\matio’nel con-

tent is snore subtle, ~This criterion Yequires that students be made
. . .

aware of the fact that sorne of the information presented is tentative
anld that in our complex wom}nany deqisions are made in the absence
of complete information‘. It also requires that general principles with
reggrd to energy conservation, rather than specific dictums, be taught,
This “distinction can be illustrated by an example from the health field.
Some years ago the public was urged to have annual chest :l- rays. for
the purpose of the early,detection of tuberculosis.‘ When the realiza-
tion of the potential dangers of regular x-rays forced a change in this
health policy, many people took the attltude/\t this was yet another

\
example of the contradxctory advice of the '"experts,' in this case the

Aruitoxt provided by Eic: ¥ ‘ .
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physicians, If people had been taught cthe he,alth pr1nc1ple behind

’ annual x- rays--r;amely, that early detettxon of TB 1mproves the
E

prognosxs--and then had'been glven alternatxve means for early diag-

. 5

) n;oens, thgeffeoﬂa of changlng recdmmendation would not have been

-

&,‘A.
’ ' ‘u@\

as negatwe. Slmllarly. “if students are taught general prmcxples re-

N

gardlng ene ngy- education, rather than specxf:c rules, they will be ) .

better a:ble fo cope with the vxcxssxtudes of the energy situation that

s,

can. be expected in the fdture, . : . ' ‘.
" »a \‘ ‘ =
'The informat\ional content of energy education 'programs‘\yill, {:

it rheéts the criteria suggested, above, px:ovl"de the basis on which deci-
sions can bé made gmd plans of actxon can he formulated Providing
1nformatlon al.one ¢ however, does not insure that the student hag _the
skllls necebsary to use thpsq}nformatxon to solve problems or to make .
decxslons or plans. Thus, included as a par&f the content of an effec—

twe energy educanon program should be oppqrtunxtxes fo:- students to
develop skills in decision making and problem solvxng. While the
development of these skills is often jncluded in statements of educa-
tional goals, there is evidence that they are gu:en much le;s attention

tn schools than knowledge goals. 7 If energy bducatxon is to achieve

its goals, the teaching of decxs;on -making and problem-sclvxng skills

-will need to be emphasized in the content,

- If goals of an ener}y éducation program include havingh students
“apply decis;on-making and problem—s.blving behaviors to energy-related
situations Ih’ey encounter outside the::_school, the de\;elcbment of skills
in values c‘ari.fication'and personal goal setting will also need ta be
included i_n‘ the energy program's content, Students will consge r.'\re‘~

t : %

“»

T ) ' . . . ' ¢ _
his appears to be true even in schobl subjects such as science .

and social studies whef® problem-solving goals are more highly touted

than knowledge goals. For discussions of this issue in relation to sci-

ence and szcxal studies, see Champagne and Klopfer (1977) and Massialas

and Cox (1566) o .

v

i

X \ .;-n-‘ e
Q . ‘ 17 20 ~




personal goals, Helpjng st

R YN

structlonal materials or programs or in judging such content. Table

A-2 (Appendix A) presents a A&e detailed apd specific list of ques- .

giens ghet should be considere 'i‘ judging the"content of effective energy'

education .materials. Figure

-1 (.;\ppendix B) -shgw‘s the science.con-
- o Sy .

- als®on energy, the Joule Unit. 8
) v N t
As a final note, we point

\
' ing implications for our presengsystem of formal education. To'r_nee't‘

o
" PR |
L) . "’ .

N

that our criteria have some interest- ~

the criterion of multidisciplinarity.of content, for example, forrnal v

), . .
education.must be %repared to break down.its traditional subject mat-

- [

ter barriers. The inclusion of content in the areas of décision making, «.

problem solvmg, goal settmg, and values clanﬁcatxon a]tso'reqdi& .

.

consxderable departure From tradltl,on. Thus, whxle we believe thdt‘
formal educatiod can provide individuals with theinformation, ski s,
* ‘ 0 - -

-and motivation needed to cope effectively with the current energy dilem-

m

. we antlcxpate that effective energy education will requxre f¥om

ools a ﬁvxllmgness to reorgamze the usual compartmentalization of7<

- . <

. J . ‘e v ) ”
i,

£ L

The Joule Umt (Champagne & Klopfer, 1974a) is an mstruc&xor&al
unit on energy intended to be used by elementary and middle school stu-
ents as part of a comprehenswe science program. * Materials from the
Goule Unjt are ‘used here and in other places in this paper as illustrative
examples of the application of gome of our.principles of instructjonal
- design. -

. % ¢ ) ~
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- teachxng procedure to _bring about a desired outcomé. Learnmg theory

tor
)
L
-

. i Instructional Stratmand Materijals* . S

“w
In our view, the goalstqpf an energy educatlon program neées-

sarxly cover a broad range of knowledge and behavx‘ors of dxfferent .
levels of comp‘lexxty. In order for these goa‘ls to be reahzed they b

must he translated accurately into effectxve teaching procedures and
o
J
1nstructxona1 materials, The process of accurate translatxon, known

.

as Lnstructlonal design, is a conplex® ope. Each of these aspects of .

\nstructlonal desxgn—-defxnﬁlg teaching procedures and developxng -

« - s .

?nst(xcti"onal materla1s--w111 be consideted in tur

On® lmportant step m the definition of teachigg procedures is *.
the ‘statement in behavxoral terms of what is to by ‘earned by the stu-
dents.~ Once the desired outcomes for a program’a\re stated and clas; .

e -

s;fxed a next step in the deslgn process is to select an approprrate

y o

suggests that beh.aylors~from differest domains and behavxors of dif- -

ferent level)of complexxty are 1

le, r1d1ng a bxcycle (2 highexflevel pdychomotor behavm’r) and spell-f .

Each is learned undeTr very

-~

ferent condxtans. : A

\
.

An instructional strategy is the process by'which the conditions PR

for learmng a certain class of-'behaviors are created. For example,

.
» a7
)

" in, cases where it 1s necessary to impart mformahon to the student, a K
\
didactic 1ns|‘:ructtonaL strategy may be. used Fxgure B-2 (Appendxx B), . ,\

a reproductxon of Joule Lesson 5, in which mformatwn about types of

energy conversion is presented to the student, illustrates the didactic

L } ~ - . b LS.
instructional strategy. Cther kinds of instructional ‘strategies are uaed ,

[

when it is desirable for the student to learn hxgher level cog'nxhve behav-
iors. Joule MinEx 3, reproduced in Figure B-3 of Appendxx B, illus-~ ) . i’
trates the application of modeling to teach a problem- solvmg behlvior. "
. ; "A Seminar on Energy, " part of whxch is reproduted in Fxgure B- 4

(Appendix B), 11Yustrates the use of sxmulatlon to teach students hov’v

.. ; .

ERIC AL
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. only after having had (the opportunity to experienc)\e them through the '

- 3

. -
N . Y

behave when part1c1pat1ng in a Seminar. Modelmg and simulation are
”

&

instructional strategies. sometxmes used to t;ach complex b%haV1ors.

There is a considerable body of reseefch and ps?c‘holo‘gical A N

theory from which evolve prmc‘lples that are useful in cfes igning in-
A,
structional strategles for successful teaching of behawors frtm dif -
. of d t level lexity. An e 1
R ferent domains and Lfferer; ve s o/P'oq\p xity n example of
such a principle involves the relationship between experiences with ]

physical gbjects,and the learning of abstract concepts.. Some psy-.,

chologists believe that understanding of physical concepts is gained

manipulation'of physical gbjects. This princip'Le is illustrated in the
excerpt from Joule Lesson 5 in Fig'ure'B-Z (Appéndix‘B). In this les-~
son,' the student experiences the concept of energy conversionhthrough N
mampulatlons and observations of a battery bulb buzze ‘,sy'sterh. The

student experlenr‘es firsthand the conversion from potential energy

(the chemical energy stored in the battery) to kinetic energy (the light

and heat from the bulb and the sound and the heat from the buzzer).(

The Joule MinEx 3 illustrat,e‘gi. in Fi‘ép.re§33 (Appendix B) is another

P S
illustration of the application of this\princiﬁle.
h .

Educators are most experiencetl in de'signing‘ instructional strate-

.'g'ies to successfully teach the lower level Cognitive Eeﬁaviors. The
highef'_lével coénitive behaviors represent a éreater challenge. De- -
signing m;tructxonal strategies that teach people to take action on the ° '
basis of what they. have-'lea—rned in energy education is a challenge of
arf;lt/ogether dlfferent order of mag;utude. .
. " .1t cannot be assumed that 'providing students with information

about energy and the shortage of energy necessarily w1ll have any

effect on thelrjactlons with regard to energy consumption. Indeed

*it has been the flndlh/ of educators in other fields where ? goal of .-

edﬁcatlon is to change p_eople's behaviors, e.g., nutrltlon, that pro- ", &

viding people with information does not change their behaviors (see, . _ . ’

.

: o 2000 -~ .
T I A

. - / ) ' . - N

s ~ ”




for example, Hochbaum, 1977). , Behaviors related to energy consump-'
tion, like tT\ose related to eafing, are, in general habitual, requiring
no deliberate attention ?rom the md1v1dua1. To achieve the goal of%
changing students' behaviors with respect to energy consumptidp the

mstructlonal strategxes of an energy educatlon program'‘must take this
{ /

habatual nature of many of these behav1ors mto account, /-
. A /
- As’a first step toward ~changmg these behav1ors, students should

be made aware of their habits of usxng energy, i.e, ,‘these behawors
must be brought into the realm of conscious atte'ntlon :;n.d decision
making, 'Further,finstruc'tional strateg’ies shbuld make provision for
guiding students in the process of making responslble, mformed deci-
slons about their” use of energy. And just as it is true that a decision
maker who must choose a prog ram of energy edycation must make this
® decision on the basis of what is valued soa student making a dec1slon
- about his or her use of energy must also make thls decision on the basls
of what he or she values, This implies that the 1nstructlonal strategies
of an energy education program will need to Pe concerned with helpmg
children ldentxfy a clanfy their own valués. This further implies
. that the student should not merely be asked to state his br her values
. w1th respect to energy, but also that,t—h’student be alded in the process *
~"of 1dent1fy1ng, and/clarlfymg such’ goals, 9 Especially important in a
. program thh the goal of changing students' behaviors or achons is
the opportumty for studénts to get goals for themselves, on the basls o
of their own values. Goals are "rndlspens1ble for action" (Kreltler &

Kreitler, 1976, p. 103} and are necessary links between behefs and

valies, on the'one hand, and actiong, on the- other.
- - e, . '

v '
»/ *
. 9Various techniques for values clarification have been devised’,
and some of the most interesting ones are discussed in Raths, Harmin,
and Simon (1966) . . : :

- .
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The clarxfymg of values ‘and the settmg of ggals can be viewed
as)prerequxsxtes to an 1nd1v1dual's changing his or her habxts of ener-’

gy consumptzon. Suc’h a goal mxght ‘be broad and altruistic; for exam-

" h ~

ple "1 would hke to conserve energy for the sake of future genera-
tions.'" More relevant to the student and, therefore, probably more o
' effecfxve in changmg the student's behavior would be a goal such- as, ¢
"I would like to reduce x'ny famxly s utility bills. " L‘,any case, havmg
forrnulated a goal, the student can then go about the .proc/:'e:ss o}' making

. responsiblé decisions about ‘energy consump'tion.‘d ' D

< “The foregomg ﬁecu{sxon ﬁugge sts a number of questxons to be
considered in desxgmng the instructional strateg ies of a program of .
energy educatzon. ~We have listed a sampling of such §uestions in .

. Table A-3 of Appendix A, . - - U ' Sy

b

‘ +
"" A w 0

Not' only must an mstructxonal str?egy be appropriate to the -

desired behavior, it must also be appropriate to the learner charac-
.

teristics of the target population of students, and it must make ade- .
-~ quate provisioh for the individual differdnces and needWof individual

children. S5, too, the instructional materials must be desxgned and

P

produced to fit the learner characterlsttcs of the target populatxon and

5

have built-in mechanisms_for accommodatmg to different individuais'

1

learner characteristics.

The questions in Table A-4 of Appendi.x A’are included to provide

a framework for consxderatx/an of 1ssues relating to student instruc-

.

tional ma rlals. Characterxstxcs of the target populatxon which can
be predicted thh a 'oderate degree of accuracy include level of . read-

* ing ability, level of cognitive gevelopment, level of motor skill develop?
ment, and achievement level in mathematics., Materials s;hquld be

developéd to match what is @¢herally known about the level of develop-

ment or a\}x—evement of each of these characteristics in the target -

. polulahon. However, even within a well-defined populatxon, chxldren ™~
Ny .
will exhibit these characterxstxcs to greater or lesser degrees, A

~ O . . & .

“ERIC "oz
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N
- well - desxgned prog ram wﬂl make provisions for these mawxdual dif- - ,
(e

y ferences‘ *As an exa‘mple, we can cite the use of*read- along audio -

4 .

,tapes designed fo- accompany printed ingtructional materiald. The

- prinfed"mate rials a wrxtSen for chlldren who are readm-g at. grade
L
+ level, ' The audio tapes re;present an accommodaQon to the m‘dxvxdual -
L3
need§ of those chxldren who gre readmg below grade level . . '
. A ﬁ N .

v

T'he re‘are other ways il which thildren's learnm.g requirements
differ that are not predxctable simply by Enowxng the characleristics of
the populatlon of whxch the student is .membe; Students differ in the
sensory mode by whxch the(y learn mformatxon besty sgime gaining more-

information from hstemng and others from reading or from TV or-.

2 , . -

movies. o . " ’ T, ¥ .
) i : S ’ R L
“ - Children also elxhxbit preferences for différel},t social settings
-

-for learning. Sbme prefer to learn by themselves, others are more
satisfied learmng by 1nteract1ng with otpers—-the teacher or their

peers. An important point for consxderatxon 1n any educanonal pro-

LN

gram is thefextent to which accommodations for:these ahd ofher aif 4

. ~ p . . . 0
. ferences are made i’n the instructional materialg, 1 , . R

- e 2 L

. The'fe&rg both theoretxcal and f,,ec'hmcal consxderatxons that
should be given to the desxug productxon of print media, illustra- >
tions, vxsuals, sound recordlngs, and th{ls. The selection of these'A
to fulfill specmed mstructlonal reqmrements should shqw the aware- *

ness and use on the part of desxgners of the research relatxng to their

1

- —‘\ . -
‘ . . ¢ ..
v

most effective 1:lse uﬁea’chmg for Spemfled o\\lt/c:mi/ew“ Sectxons E,
[

5
i3

Ky

L ~ -t 3
10 The ldeas expressed here relate tg the notxon of ddaptiyereducaz - o
*, tion. One comp}ehenmve acdount of this notion may be found fh C.léser.f
(1977). v ) -

- Re\news of research in these areas have been undertaken
various p‘omts of view by educatjonal theorists, See, fer example, the .
reviews by Levie and Dickie (1973) Frase (1973); and Wlttrock and .
’ Lumsdain® (1977% : A . _ o
\V‘ ]: MC ‘ﬂ: “ . 23 2 8 ,
& - . -7 '

- & 4 >




t.
»

" and be competent to teach for complex sktll attainment and posxtxve

PR .
s,
. . t .
3, N . f

Fgand G?g‘:kTable A-4 contain c‘;destion‘s that pertain t the level

technicfl guality ol the instructignal materials. , These questions
focus on the issue of whether the materials have been prgcfu‘ced‘i:are-
fully o# whether shpshod techniques were used. Some spee\ific ques-
Qorls hsted in those sections of Table A-4.may appear to be extremely
tpifling. Nevertheless, in the aggregate, these questions are very
:l:rtﬁt. Tec,hmc‘al quality can either enhance oy limit the effectwe-

ness of.. 1nstructxonal materials and the instructional strategxes Whlch

»
-

are ,uséd in them. .
~ Y Y ,
' " *
/ - ) The Teacher

The (ea[chxr is the’/single most important element in an educa-

tional endeavor. Without c petent committed teaechers, even the

~

best conceivegapd mgt ca efully deve\loped educabtonal program can-

ndt be successful, " P ‘?Is ons must be made in eliucatwnal programs

to provxd«} teAchers w1th adequate preparation for the task of imple- |

menting the grogram and for con;tlnued support, d)lrmg the 1mp1ementa-
tion process. v - " ' ) *owe
) -

The implementation of energy education prbgramg will represent

-

@ challenge 4ven fo the most expenenoei and reatxve ‘teache?. The

multxdmmphnary cha racte{of tﬁe energy dile a and the need to pro-:
3‘

vxde\experxencv:s that wkl give st‘udehth’*bppormmttes to defme their
personal goils, clarlfy,values, and examine their behavt}rs combine
. fto make energy education a ma_]or 12dertak1ng for the teacher., To
txperte'nce success, the geaéher must be‘committed to energy educa-

tion, be knowledgeable in several acaéemxc digciplines, be able to

. integrate this knowledge and'bring it tgp bear on the enez’gy dblemma,

at}ﬁi\e%e@ﬂopme? ,We can prédict that, in large measure, the
ti

initialdsuccess of an energygprog‘ram will be "determined by the extent

\to which the teacher preparation prog ram is succesﬁful 1n helpxng

N

o . ./ - 27 :
. o . .24 _ ,

-
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teachers devé€lop these attitudes and competerities, Section B of
. Table A-5 (Appendix A) contaips some specific questions relating to ‘

the conceptualization of a teacher preparation program for energy

’

» .
‘¢ veducation.

Section A of Table A-5 addresses several interrelated issues

“pertaining more directly to the teacher's personal role in an energy -~
4

Y

~ education progrdm: The questions in Section A'provide a framework

for assessing the teacher's potential for experiencing succesg in an .

" energy education program. The teacher's success will be determined,
\ in part'by his or her oWn abilitiés and chdracteristics ard in part by
"factors exter§a1 to the teacher, Both the teacher and the situation in

‘which he*or she will be teaching should be carefully considered when
r
selectmg teaclfers for participationin a program.‘ No amount of prepa-

N
ration ol- inservice support can overcome the deflclenctes of a poorly
4

N trained teacher or the resmtance of the reluctant teacher, "Questions
. related to the personal characteristics of teachers can also be used
as a basis for diagnosing the needs of teachers who are being pre-

. ©  pared for teachjng-in energy education programs, : -

Other questions in Section A of Table A-5 examine factors exter-
_nal to the teacherwhxch will xmpmge on the teacher and influence her
or hlS success. Some of these facto\rs include the administrative. sup-
s port the ’tea_%r can,exp‘ect and the physical claseroom facxhnes,

equipment, .and other services available to the teacher, Even a well-

~p_x'~epared and highly motivated teacher can become discouraged and

., g . . .

experience failure in the face of a difficult teaching situation.
. ) }

Another issue, one addresse’& by the questions in Section C of
Table’ A-5, conEerns the ade quacy of the program's teacher materials

" to provide the teacher with continuing information and support duz‘ing
*~

v the 1mplementatlon process, "Teaching a new _program requu-es the
learmng of much more information and the development of new teach-
N .

ing skills. More learning’is required than can be absorbed in the time

) : *4 ' ;‘ 25 28 |
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usulally allotted to tea_cher.prepaxation programs. Therefore, much of

the information presente.d during the'teacher preparation program must

be available.to the teacher when she or ime is back in the clas:s room. A

well;-designed manual containing ca‘refully selected and written informa-

tion tan provide,.the teacher with ongoing support. For example, suffi- .

cient information on the sub_ject—mat{er content should be provided to helpﬂ
, the teacher feel confident that the necessary information is readily avail-

ablg to cover most classroom situations. Figure B-5 (Appendix B) shows

P

5

an excdrpt frum the Joule Unit Science Content OVervql‘ew. The purpose of

the Scienc- Torient  verview is to provide the *eacher with backy round
¥

informatooh ano: the science content tanght in the Joule Unit.

- The )elzs;).n_'dl (taracteristics of the teacher and the type of school \ ~
situation sn which he or she 15 to use an energy education program are
among the »trungest influences on t};fe sutcess of a thoroughly conceived
program (n the classroom.’ The teacher materials provided by an ene rg3.r
education prubram, however, wxll be vitally 1mportant 1n commumcatmg
to the teacher the attitudes, knowledge, and skills that are required.in

this new educational undertaking.

N - ——

Student Assessment é
L

wn . . . -
e s = Ty v rnortance T the wnstructional w2 ritert¥y wnd ma- L

¥y S oot LAt Lp nTOUTrAn a.c he % vielcas the Srowvat

aree T .. o om3 ovnat Cauddents learn aad how choor out-of -wcheof te~

N 1
cartors saa ce sl mesteded tnst miction mare s Tearning pessible and
Lrovtdes cpmoiiune o = Lr wnandges i stadents! behaviurs Lo occur: well-

mwwlxcd 4n%e sEMLeii T1OCEAUTLS Increase the nrobability that stude nf.s
wall acquire new knowledge and skills amd that they will make use of the
opportunities to develop new behaviors. Providing for the assessment of
students achievement or B‘ehavxbr in.any aspect of an energy education
program serves to focus the students attention on that aspect--be it ac-
quiring knowledge, learning problem solving skills, clarifying values,

developing attitudes, or makmg decmlons. Aspects of the program i

.

v
* 1
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. which students\are not_assessed tend to be 1gnored by the students and
viewed as ummportant. If, for example, the’ energy edication program

seeks to improve the students’ capabxhtxes inanaking decisions about con-
-

serving ene rgy but only provides for assessment of thexr knowledge of

information about energy, the chances for realizing th outcome of im-

proved dec1ston -making capabilities are greatly decréased, ,Student

RSN
assessment, then, is a key factor in deterrmmng the extent to which stu-
. dents will attain the desired outcomes specxfxed by the program.

. Procedures:and instruments for student assessment fall into the

area of educatlonal msasurement and evaluat1on, .about which a good dedl
1
is known as a result of several decades of rea:gearch and experience, 2

To provide for student agsessment in an energy education program, it .

usually will not be necessayy to invent -SOmethx-ng completely new, Rather,

most of the needs for student, assessment in energy education can be ful-

filled by ‘intelligently applymg and adaptmg existing assessment proce-
dures. Whether this has been done.or will be done is an 1mportant ques-
tion to raise about any partxcula.r extant or prOposed energy education
program. For a program t‘hat already has some provisions for student
assessment, we woulld next inquire wh_et.her*or not generally accepted '

assessment procedures and practices were employe‘ﬂ. s » ,
. -

" Virtually all systematic assessment procedures begin with clear,

specifications of the obJectlves the studént is to achieve. It is for this

aﬁ:hat, in the earlier section of this paper on goals and objectives,
we insisted on the q,ecessxty of writing functxonal statements of objectives,
The effort involved in making these statements ag clear and precise as

s N A

-, .
\
The many years of work in educational measurement and evalua-
tion have produced countless assessment instruments and a vast number
of papers and books about student assessment procedures. For us, the
. two most useful compendia on student assessment are Bloom, Hastings, !
and Madaus (1971) ahd Thorndike (1971). However educational ‘measure-
ment and evaluation is a very busy area, s0 the current penodlcal litera-

ture also must be consulted to keep abreast of new studentbassesslment
procedures, ’

a

-
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po-ssible'is worthwhi\I_e ,because',g!}e'y constitute the basis for designing
appropriate assessment procedui:e's, and that task become\s much easier
when‘here is a minimum 'of ambigpity abbut the learning and behavioral
outcomes expected of students as a result of their experxences in the
prog ram. The &tements of. obJectwes should cover the full range of
expected ‘outcomes so that taken all together, they can be used to define
t}xe total population of student learnings and behaviors which will be sam-
, pled by meahs of the assessment procedures,” It is patently impossible
to assess students on each and every desired«outcome that an energy
education program specifies, but it also is essential that no cru or
_highly valued outcome’ goes unassessed. Hence, another key questlon
A about the adequacy of the assessment procedures cgncerns the exfent to
which the samp].ing of student learnings and behaviors which act‘llly are
.assessed is balanced and repr‘esents the total population of desired out-
\comes. AIn Table A-6 of Appendix A, we have listed a number of addi-
tio‘hal quést#ons that should be con®idered in judging the adequacy of stu-
dent asgsessment procedurés of an energy education program. '

Two cautigns must be kept in mind when confronting ‘the matter
of studeDd{ assessment in energy education. F'irst, student assessment
is alrhost ceMain to be 1ncomp1ete and inadequate if it deals only with
learnmgs in the cognitive domatn. The temptation to do thls is strong
because assessment procedures and instruments are presently most
,fu}l_y~developed in the cognitive domain and because educators are most
f.amiliar with assessing cognitive learning, and it~seems safe. However,
as we have argued throughout this paper, cognitive learning is merely A
one comp?nent of energy education. At least as important, and proba-
bly more so, are the development of problem solvmg skills, clarxhca-
tion of values, improving capab111t1es in decision making, and develop-
ing appropriate ouf-of- school behavxors with respect to energy conser-
vaﬁon’.\ Student learnmgs and behaviors m these aspects of’ energy

education must alsb be assessed. Adrmttedly* procedures for such

’

assessments are not so well developed as in the cognxtwe domain and /

\‘ ! ’ * L4
¥ ‘ : e 28 -7
\ : 31 . /I / ) M

- . .
K3 B . / S e .




- O

a little ‘more 1mag1natxon and effort are requxred to carry, them out.

But, these aTe 1nsuff1c1ent grounds for omxttxng student assessment in

crucial aspects of energy education, .
) The s'econd caution is to avoid reliance on student self-

assegsment as the sole assessment procedure where important as-

- pects of energy education are con‘cerned All too often in instances

when setting up a more systematlc assessment procedure ig difficult,

@Sumbersome, or expensive, attempts at assessment are abandoned or

students are asked to assess their own 1earn1ng and behavmr. Self-
assesiment alone is insufficient, howevex. We do believe that self-
assessment of one's own ieafn}ng is the best and ideal kind,\i/n,con-
trast with assessments externally imposed on individuals., In fact,
we have been party to an instmstional program that has as a goal the
development of the ability to a's sess one's own learning in straight-
forward and clearly defined situations. 13 But we also know that suc-
cessful qelf‘-assessment involves specific-skills ‘th%at must be learned
over a considerable period of time., Very few stu‘dents have opportuni-
ties to ‘l‘eaz"n these skills in schools today, so that very few are able to
assess their own learning. This is true especially for situations where
the learning or behavior is complex and the assessment criteria are
ill-defined. These characteristics describe, it seems to us, many of
the important desired outcomesg of energy eduoatibn, and we are not
hopeful that seli-assessment will be a highlly successful assessment

procedure with respect to them.” We are not recémmending that self-
assessment should not be used, but we do urge that it should not be -

8 . . : / .

'

N A brief dxscussxon of the goal of studEnt sel.f assessment in the
Indxjxduahzed Science program is contained in Ch pagne and Klopfer
(1974c§, and specific illustrations of self-assessm?ent procedures may

be found in Champagne-and Kldpfer (1975). vadence about how well >,

. students can assess their own learning is prese ted m the research '

: studyby Walker (1975) : . ‘

o '29’ - -
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relied upon &s the only procedure. Here, é.stwith other issues rel'a'ted
to student assessment‘ good sense guxded by reliable k.nowledge must

prevail over expediency if an energy education program is fo have the
best chance for being effecttve. '

t
o~ . g

N Implementation > o~

o "\
- :

We havé addressed in some detail the philosophical and theoreti-

~

cal,issues that must be ébnsidered in designing an energy education pro-

gram Th&decisions that are made about these aspects of the program

and the sucdess with which these decisions are translated into class-
Jyroom procedures and materials for the teacher and students represent

qQne factor that will determine the extent to which the program is adopted6

for use in schools. Education is not, however, all theory and phllOSO-

phy The adoptmn and success of a program depend also on ‘economic

and practical cons‘lderatlons. The cost and the ease of implementation «

of a program, both at the school and classroom levels, are factors of
’ >

major importance to school administrators and teachers.

"

A program with high initial or replacement costs or a program s

that makes excessive demands on school resources (classroom or

storage space, time for teacher preparation,  for example) is not likely e
to be adopted by the school. Queétionethat should be asked about both

oo 3 : °L
immediate direct costs and long-term indirect costs of a program are -

posed in Section B of Table A-7 (Appendix A). -

A program that is difficult for the teacher to implement will not
: §
be used. The packagmg of a program must be desxgned so that it is

‘conveniex.tt for teachers and students to use. Sectmn A of Table A-7 ’

addresses spme very pragmatic issues-that influence the ease of imple-

o

- .
mentation of a progra'm. Consideration of these issues in the process

qf dxsgulsmg a program can reduce the probability that the pogram ’ -

will later have problems in adoption or implementation. N
. v . . . N
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Program Evaluation

N In the preceding sections of this paper, we haye delineated a
- - A !
large variety of considerations about energy education that influence -

~

the effectiveness and siccess of an energy education program in -

schools. Questions about a,program's rationale, goals, and objec-

tives, its.content and instructional strategies, and its provisions for

. the teacher; for student assessment, and for implementation repre-

, sent considerations about the internal qualities of an existing or t;ro_- .
posed progra"m. In this @ctioh and the nexé, we turn to considera’gons

- . "o - s N
external ¢o an energy education program that are pertinent to making

decisions about its actual or potential value. ' o ‘ )

L] > v
Persons who are responsible today for making decisions about -

0"
educational programs'are fortunate, Unhke in the past when such
decisions had to be made pPrimarily on the basis of testunomal eV1,-

dence and fort'lntous observatlons, there 1s today an acnve area of -

evaluation reseakch in education, dne of whose pnmary purposes is
to provide reliable mformatlon to educatlonat decision makers about
how well educational programs "work. ni4 This is not the place for
us to give a short course on the techniques and procedures used in
* program evaluation résearch, but we can point out that the findings "

from evaluation research represent tffe kinds, of evidence that can
N
serve as the basis for decisions about the value of a pro ram. While

-

program evalu&hop researchhpdmgs are not the only evidence that a

decision maker shoul consxder, she or he is fol-tunate to have them

L. \
available. . ! : ’

A . . ‘ . ‘o ,’ﬂ@’}: N
To anyone' seeking more informatign in the area“of evaluation
research, we heartl{y recommend an excellent discussion ‘on the philoso-
phy and methodologylof educational evaluatxon in Cooley and thnes (1976), .

e . " ] ' .
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. Several kinds of evidence should be provxded m the flhdmgs from e

an evaluntion of an energy education program. First of all, there should '

be evxdence about the extent to whioh the program's goals are achieved
> 8
when it is used in schools. It is important that this evidence attends to ~

all of the program s geals, not only to those thaticoncern cogniﬁve
learming or those that are easy to test for. Our remarks on this score
in the earlier sectlon on student assessment pertam. here also. There
also should be ev1denCe about the appropnateness of a program for the .
target population of students for whom it is mtended‘ Similarly, there

should be' evxdence about the appropriateness of t})e program for the >
target population of communities where it is interided to'be used. In

Table A-8 (Appendix A), .we.ha\{e listed a’numl;ex: of questions thst

* suggest the various kinds of evidenee that 2ducatignal decision makers

could ‘expect to obtain from the evaluation of an energy edutation pro-

[y
A . 3

gram,

© Quite a number of factors affect the adequacy of the evidence’

that is reported in program evaluation research. One jmportan:t fac-

. UL »

stor is whether the reported e/v'dence comes from a formative evalua-
tion or from a summative e aluation of the program. We have written
elsewhere (Champ,a'gne,& Klopfer, 1974b) about the stages of ard pro- ,
cedures for formative evaluatiaps, V{hic}:l are conducted vg'hile the
instructional m'ateriaIs of a program .are in the process of develop-
ment. Instmcti_9n31 materﬁenerally are revxsed sometxmes )

Y4

radical}y, on the basig of f ive evgluanon fx.nt_imgs, apd such ’ .
revisions may be made several times before the final version of the
program's materials is produced, " Summative evaluations are car-
ried out when the final version of the program as'been released to *
the general public. _The point to be emphasxzed is this: Reported

' evidencesbased on a formative evaluatxon Bf a prdgr?jn cannot be »
uneQulvoeably accepted as evxdencZabOut the quality of the program's

' final, publicly released version. #hwreason is that the instructional

(./\ - , { |
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materials in the publicly released version may be ‘quii?g different from,
those used at the time of the formative evaluation.* Whe,n a research )
report is not clear about the basis of 1ts evidence on ext.her a forr;?atwe
or summative evaluation, the reported evidence is madequate. Other
factors that can contrxbute to the“inadequacy of regorted evidence are
suggested by the questions we have listed in the second section of
Table A-8. Educational decision makérs should be aware of ‘these
factors; yet, if the caveats are heeded, evideﬁce reported frdm pro-

- gram evaluattog reseatch’can play an important role in making deci-
* sions about the value of an energy education program, | . ’ § -

Although we believe that evidencé from program evaluation N
research can be very valuable in makmg decisfons uabout the. value of.
an e‘hergy education program, we 'do not take the po.sxtxon that research
ev,tdence i8 all that decision makers o€ght to cons&der, espectally when
‘they aré decxdmg whether or not to select a certain program for use.in - .

a school. Infportant aspects of decision making in this s;tuat;on are

to determme the extent to which fhe program's assumptlons are conkt. .
sxstent with the behefs of the people in the community where it is to

* be implemented and to conslder carefully the implications of I.mple- %‘i
menting an energy educatxon program in a commun'ty where its assump- .f‘

tions and the commumty 8 behefs are incongruent, for example, a

Y

+ ¥
program is based. on the assumphon that government'a,l

individual's energy consumptxon is right and proper,, 1t can

that the program will meet with some Torm of pp%tutwn ina pohtlcally

conservative community. More libéral‘communitie’s: might find unac- 4

o

cepéable any program that does not explicitly state the assumptions oh Ty

which it is based or fails to give the learner the opportumty to exa.mme *L

s,

crxtxcally each, of the assumptions, On the other hand, comxnumtles

dedicated to energy confffrvation might not requu'e that a progranf -
adopted for their school critically evaluate’ assumptxons that are con- - .
axstent with the comimunityy s behef in energy cons&matlon. The . / )

o . .. - - B3 - el
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" possible sityations we have illustraté}i ‘here dall attention to thehfb

»

that making decisions about selecting\an energy educatio? program

for implementation in schools is not a straightforward matter. Where

I

decisions have to be made, values are involved.. s - .
v L. :

Désigner and Development Team Qualifications

i .

Our experiences and the expei‘iences of others con;erned with : .
the design,c development, analysis, and jfnplementation of educational
programs bear mtness to the observatidn that the quality of any pro-

| gram that is produced strongly depends on"the qualifications of the
people ‘who produce it. This observation is significant for making ' .,
\‘ decis'tons about the value of an existing)energy education program or
" the potential value of a proposed program. The chances of producing
o a supenor program are greatly enhanced when well-qualified people

| v’ ~
are involved.

.
~

In '{ible A-9 of Appendix A, we list some key questions concern-
ing the qualifications of the designers and development team of 'a pro-
.gram in energy educ;tion. We are convinced that the re'quiremonts
for effective energy edticat‘i.on are so diverse and complex that a multi-'
"talented team is needed to develop a good program, and this belief is ‘
refleci:ed if/our questions. We also are wary of externaf trappings of
respectability or slick veneers, but prefer to look for evidence of sub-
‘stantlal' accomphshments, relevant experiences, and creativity._ And
in afidition to the personal qualifications of people, the support pro- ' - .
vided by the institution or organization which surrounds them is an

essential component of designer qualifications. -
‘ K - <
i Our consideration of designer qualifications might more appro- _
priately have been'placed near the beginning of this paper than at the
end, for we firmly believe that the % ommitment of competent people
? * ; [}
and capable institutions is the single most important ingredient that

is likely to make a difference in whether or not there will be eﬁfectivp

Aruitoxt provided by Eic:
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energy education in schools. It is our hope that the 1deas and sugges-
tions we have given here Will be useful to the singularly important men

'and women who are concerned w1th energy education and will help you
take appropriate next steps. - .

&
y £ .

LN ‘
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contributions in conceptualizing and preparing drafts for parts of this
paper, Without their help, the paper would have been something much
less, both in ope and detail. We also want to thank,Alexandra
AntonieWicz, Christine Frezza, and David Squires for editorial and
clerical assistance in preparing the paper..
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° APPENDIX A,

. - " Tables A-l thx:ough A-9° -
D ‘ Table A-1 - .
K , ) |
. . " Rationale, Goals, and Objectives
/
A. Adequacy of Rationale * R -

, 1. Is there a rationale for the program, or must the rationale

‘s be inferred from the program's instructional materials and ’
. procedures? | . .

- 2. 1s the program!'s rationale conceptually sound ?

N /
3." Are the assumptions that underlie the program?'s rationale
clearly set forth in the rationale?

4. Which philosophical assumptions pnderlie the program's ',

rationale? For example: Do the program!'s developers be- .
lieve that educators in schools have ﬂ}g}r?ght or respoqsﬁ)ilit"y'
.to teach directly for changes in students' out-of-schéol ‘behav-
. iors? Do they believe that individuals have d right to consume
. ¥ as much energy as they please and can afford to payfor?

.§~

ot

5. Which psychological assumptions underlie the program?'s
rationale ? For‘example: Do.the program's developers be-
lieve that it is possible in the context of formal education to
teach children to change their out-of-school energy conserving

‘behaviors? =

6. . Which assumpttons about social policy underlie the program's
rationale? For example: What do the program's developers
believe about the extent to which formal education should act
as an active agent of social change by teaching individuals ways
to adjust their life-styles in the face of energy shortages?

7.. Which political as sumptions underlie ‘the program's rationale?
- For example: What do the program's developers believe about °
how much control the federal government can exert over the
energy’consuimption of individuals and business.es? :

~8. Which scientific assumptions undérlie the program®s rationale?
For example: Do the program®s developers view the conver-
sion of solar energy as an important source of energy for

. po'%ver getieration? What is the developers' stance with regard
to the ‘safety of nuclear energy sources? ‘

o
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‘Table A-1 (Continued)

Y
. P

9, .Whicﬁ'economic agsumptions underlie the program's rationale?

For example: Do the program's developers beljeve that the
cost of .energy to individual consumers should be kept reason-
ably low?

Does the rationale include any unwarranted assumptions or
uncritically a%ept any untested assumptions?

Are the assumptions underlying the program's rationale con-
sistent with those held by individuals in the communities where
the program will be used? If they are not, what are the impli-
cations of the discontinuity® -

Are the assumptions underlying the program's rationale made
explicit to the learner through the program's instructional .
materials?, -

.

ERIC

Aruntoxt provided by Eric:

B. Conceptualization of the Program

‘Are there explicitly stated goals, or must the goals be in-
ferred from the program!'s instructional materials and pro-

cedures ? ' © - , .
Kre the goals of the proéram consistent with its rationale? o

Are goals )iqcluded which attend to the teaching of informati.on,

.* the development of problem-solving skills, and techniques of

personal values clarification, decision making, and goal set-
ting? - . -

Do the goals include engendering out-of-school behavior
changes in students, or are all goals stated only in terms of
behaviors related to the formal educational setting?

Are the goals appropriate for the target p;opulation of students
who use the program? + N

To what extent are the goals’ ac‘ceptablé to the greater sqciety
and to special interest groups concerned with energy”

Are the goals'stated with sufficient‘spe‘:iﬁcity to test the con-
gruence between the program's goals and the instructional
strategies it employs?

-
o

Arétthere ways for'assessing i‘lOW well the goals of the energy
education program have been achieved?

Are there explicitly stated objectives corresponding to all the
program's goals?

Are the objectives consistent with the program's rationale and
goals? ‘ :

Which levels of student behaviors in the affecg%e dorr;a'im are
represented in the program's objectives? -

a2 42 -
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12.
13,
14,

15,

16.
17,

18.

Table A-1 (Continu-ed)
St e )
"
Which levels of student behaviors in the cognitive domain are
represented in the.program's objectives ?

-Are the objectives stated in behavioral terms or i some other
way. that makes them functional®

J)o the objectiveg clearly communicate the developers! intent
to the teachers who will implement the program?

Can the objectives be uséed by the teacher to assess the extent
to which the program's intended effects have been engende red
in the students?

How well in;egratéd are the instpuctional comiponents of the
program? ot

Are there pro&ié_‘ions for monitéring the progress of studen
and assessing their attainment of objectives in the program?

What evidence is there that the design of the program takes
into account the findings of educational atid psychological
research?> -~ ’

*
C. Planning for a Proposed New Program °*
¥

ERIC

3

+What means aré suggested in the planned design of the pro-

IR .
L)

What is unique about the proposed energy education program?

. Is there an overall plan for the design and development of the

proposed program?
1s the plan for developing the proposed program feasible? °

Is a Sstrategy built into the deve}opment plan for modifying it
if necessary? )

Are the program's goal statements sufficient\ly specific to
guide the development of instructional strategies and materi-
als that match the goals?

Does the development plan include a mechanism for formativé
evaluation? s -

v

Is the plan for the design of the proposed frogram sufficiently _.

thorough and internally condistent?

.

Does the plan for the design of the p,;'op%;éd program take in-
to account the known, charactgrisf':ics of the students who will
use it? ) ’ o

-~
’

Does the plan conscidusly or unconsciously vic;].’ate generally T
accepted tenets of developmental theory or of cognitive lgal‘n-

S

ing theory? - .

posed program.fbr evaluating student achiqvement and assess-
ing changes in out-of-school behaviors? .

43 43 . ~ -




*Table A-1 (Continued), - -

5 \

1

~
)

11, What roles and expectations for the teacher are planned in
BN the design of the proposed program? ‘

12.. Does the planned design of the program give sufficient atten-
tion to the management of the proposed program in the class-
robm? ) . . ’ )

13. Are the limitations in finances, flexibility,” and adaptability
of gchools recognized in the plan for the proposed program?
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‘ Table A-2

Content ) ,

A.

ERIC

e

Coverage

~

1.

2.

..

3,

4.

10. -

110

12,

13,

From wluch of the academic dlsc1plmes is the'program!'s
subject matter drawn?

Is any essent;al subJect matter missing from the program's

content? ,

Is more subJect matter from any academic dxsc:plme included
in the program's content than is necessary to meet the pro-
grzam's goals? . s . -

-~

Are the breadth and depth of subject-matter content adequate
to meet the program's goals?

Is mformatlon concerning the consequences--personal, short-
term, social, long-term--of current habits of energy con-
sumption provided to the student? .

Is information about alternatives to current ha.blts of energy

lconsumptton provided? . .

Is there a good balance between subJect matter ‘and process
skllls content?

-

Which skills are included as a part oYthe program's content"

Is the range of skills incfuded in the program's content suffi-

cient to meet the program's goals? P

Does the pnogram's content include the process skills neceg-
sary for making decisions and solving problems about energy
use which the student may expect to face? - .
Does the program's content include the gkills the student will
need to attain the goals of clarifying one s-values, setting
personal goals, and solving problems in regard to one's per-.

sonal energy consumptlon”

Is the student prowded vuth,suggestions and gu.i'dance for ob-
taining the information neeled to attain his or her goals with
respect to energy consumption?

Does the program's content help the learner to &istinguish '
between emotional and Jogical arguments relative to the
energy dilemma?




Table A-2 (Continued) . :

14, Does the program's content help the learner to dlgtmgulsh
.between reliable sourges of‘ information, concerning energy
‘and squrces that may be biased? — 3

B. Appropriateness .

" 1. Is theé s’ubject matter and process skills content of the pro-
gram well matched to the needs and abilities of the target -
learner population?

2, Ig there evidence that the content of the program is appro-
prlate for the range of levels of cognitive devélopment likely
to be encountered in the target learner population? 3

3.  Are the skills presented in the program relatmg to-values
clanflcatlon, goal setting, and problem solvmg appropriate ‘
to the range of levels of affective development likely to be f
found in the target learner population? -

T4, " Is’subject-matter_content sufficient to provide an adequate
understanding of issues relevant to the energy dilemma

*  which individuals in the target learner population may encoun-
ter? ' K

< 5. Are the principlesbofxe.nergy conservation presented in the
pr'ogfram widely applicable to the range of energy use pat- .
terns hkely to be encountered by the target learner popula-’
tion? . '

* ¢ - - [ ‘

- 6. s the program!'s content likely to be interesting and informa-
- . tive for the individuals in, the target learner population?™

L4
7. ls there a good rhatch between the program's subject matter
and the process skills it attempts to teach? That is, is the
-subject matter a good’vehicle for teaching the process skills ?

8, What vates are expressed in the sglectlon of the content of
the program?

9. Does the p?bgram present well-established pr1nc1ples “of
energy conservation rather than emphaslzmg a set of pre- |
scr1pt1ve rules that may become obsolete or outn'xode.d?

. 10. On what basis has the subject- matter content of the program i
been selected?

11, Orn what basis was the process-skill content of the program
selected?.

¢ 12, Is the portion of the content relating to values clariﬁcat{on,
- goal setting, and problem-solving gkills given sifficiént em-
N \ phasis compared with the emphasis given to the.subject- : .
matter portion‘ of the content? _ v
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» - Table A-2 (Continued) ‘
a - N ’ !
" ° - . .
’ 13.  Which values are emphasized in the program's content? ]
4 - . N
e 14, Does the program's content ove remphasize a certain view-
) . ' point or belief to the extent of virtyally excluding equally
) vahd alternative y;ewpomts or beliefs? _ o
- 15, Is the reasoning in the arguments the program pregents con-

cerning the energy dilemma alwdys logically sound?

<‘. ' *

C. Accuracy of Subject-Matter Contegt_ -

1. Are the information, conéepts, principles, theories, and
speculations included in the subject- matter content cohsis-
tent with accepted ideas in the relevant academfc dlsmplme\e

' .. 2, What evidence is there that the program s subject-matter
N content has been reviewed for acturacy?

3. ‘Are the technical terme drawn from the academic disciplines
. i ‘and included in the program's subject-matter content defined
with» sufficient care 80 that their meaning is unambiguous and

clear"

- A .

4, , When a concept which is included in the su’b;_ect-matter content
has both a popular and a technical meaning (e.g., work), is
the necessary dlstmctmn clearly made®

Does the prog ram's content help the learne'r to distinguish

between broadly apphcable principleg of énergy conservation
and narrow prescriptive rules? .
"*R&

Has the subject-matter content been presented in such a way’

. as to correctly distinguish fact from theory and/er specula-

tion? K
n -~ -
7; Are any assumptmns which are presented in, the subJect-
. . matter content identified as assumptions ? -

N

‘ 8. Does the learner have'the opportunity to g}resthmany as suifnp-

tions which are set forth, or are they to be accepted W1thout
o > exammahon? . . ‘ . .

- .
.

! 9. " Are those Well established concepts and principles which

. L) <" are included in the subject-matter content identified as ideas
P! - - which are not likely to be changed over tlme agd on which the -
e . . lea.rne'r can rély" .

. . ' . B
: ) 10. Where the subJect -matter content includes information that
~ . ., 18 not yet well estabhshed are cautions given that the infor-
mation is subject to ghange" W s -7

ot ) ..
ki 11, Are ideas which are supported only by limited evidence at
" the present time identified as tentatively held jdeas? .

v
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Table A-2 (C\on}\inued) v
Y ‘ .
Does the program's content help the learner to disting\;ish

12.
between tentati ve and well-established ideas?

Y

' v

R L]
~
LA
a ~
. >
n‘. . ° °
¢ 0
' . ’ 5 v
s “( . .
- [}
. -
r 3
»
»
L)
e .
- . R *
’ Ll
.
- - T Q‘ et
w - -
o /
¥ . . ™~
' oo
“~ B A
. .
. A d .
) 8
ERIC o
K s ]
- &

Aruitoxt provided by Eic: .
. N -
f i N

|



*  Table A-3 =~ , - e

! . . Instructional Strategies R -
< .
‘ —a 2
-) 1. Are the instructional strategies well matchedsito the learnings‘>
Zr/}g provw'lon. made for students to examine their own habits of
- N eriergy consumption? :
. ’ \ i 4 &

3.  Are.opportunities provided for the student to examine hi% or
! her own beliefs and values with respect to. energy consump-

. tion? .

4.  Axe techniques'for setting personal goals with ;&pect to

engrgy consumption suggested to the student?
L]

eans of evaluatingsthe conseque,nces e__}’ns or her own
goifls Wwith respect to ehergy c?nsumptxon provided to the -

. \ ~
- 6. Is the student provided with the information needed to plan .
ways of achieving his or her own goals W%ith respect to energy
consumptmn" , x .

* . 7. Is the stude t provided wtth stratégies for' selectmg or plan- .
ning ways, o?\at\ammg his or her goals? - . '

“ 8. Is the student provided with means of evaluating the ‘attain-
. ment df his or her-goals?

9.“ Which principles of learning tfleory,are applied in the \instruc;
tional strategies of the program') N ..

‘ 10., Is the process VIeachmg desu'ed outc0mes conkistent with %
the instruectional strategies? .

. 11, Which instructional strategies are used to enable the students

) to acquire a functional understandmg of concepts, prmc1ples,
*  and theories? . . .
* 12, Does the program mclude approprtate mstructlonal stretégies '
‘ ‘- that enable the students to deve§®p skills in problem solv1ng'>

C 13, 8 a sufficient variety of mstructlona}l'strateglea usedrin the -
' rogram? N i

Ad -
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M "o Table A-4 . €.
! h Y 0 ' “\ : &(
) a Instyuct®ial Materials Y c
L B / : A
} L
. , 2 [
A. Adaptability to Le‘arner Charafcte tistics' LS

LA

1. Is the content‘to be learned appropnate to the ability and cog- -
nitive developmental level of the t‘arget population of students

“u

2. ‘Are th skills to be taught appropriate to abilities and cogm- v
tive developmental level of the target population -of students?

fl

» 3. Do the instructional matenals make realistic, rather than
unrealistic, dem&nds on the students cognitive or manipula-
tive skxlls ?

4, How are the students’ mte test and active mvolv&ent thh

’ the instructional matérials maintained? ) ¢
) . s P
5. Are the instructional materials selected or designed in such .
a way as to be adaptive to a variety of learner sensory modes ? . ¢
6. Are ﬂ’lustratx‘ons and/or photogz’hphs appropnate for the i
., developmental level of the student and for‘the kmds ot pic- - .
tonal information conveyed? 4 ) . N

e

7. ,Are the desxgn, format; artwork, and style of presentation . »
hkely to bé appealing to students of the age level and environ-
ment for whi¢h the materials are mtended" ' N

- .

B. Instryetional Design Characteristics

1. What is the relationship between the st'at d instructional out- ™
comes and the ingtructional materials? °| - ,-L&

2, Is the design of instructional strategies cgnéistent with what
'is known about learning" . . : '

.
' 3

3. What attempts are made to share the obJe'ctxves o£ the program
w1th the student/v1a the instructional matenals" o, 40 '

4, Are the instructional materials adeqtgte to
‘ to_ attain the instructional objectives? L

5.. Do the mstructxonal materials provide the "stud
tunity to p‘ractxce the skills and behavxors o,£_the ;irogram 8
.,

* stated outcomes? ' P L . '
€ - -
6., 1Is provision made in the instructional materials to pxov1d< ~
the student with adequaté feedback on his or her peﬁomuce? .
’ . 4 ) N % ' . ‘e (3]
. ° @ . . . s '
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7.

8.

C. Sequencing . .

s

Table A% ‘(Continued\)v(‘

4

Are the media of the various instyuctional materials appro-
priate for the kinds of infqrmation they are intended to con-
vey? For-example, is audxtory information presented aurally;
have appropriate media been chosen to present various kinds
of visual information? ‘ . . «

,

. .
Are instructions to the student within the instructional materi.
als clear and easily understood?

+

.

1. Is the! sequencmg of the instruction cllar and based on some

b2,

3.

4.

D. Consistency, Accuracy, and Values ’

" . readily definable theoretical model?

Is the sequencing of instruction appropnate for the kind of
learning (e.g., process, cognitive) the instructional matex;a.-
als are designed to teach? ¢ .

" Does the introduction to instruction begjn with an experience
or concept that is likely to be a part of the student's experi-
ence? g

Does the introduction to instruction refer back to previous
instruction in the sequence”

. Are there adequate directions for the stu(ient to follow in pro-
ceeding from one part of. the mstructxonal materials te another .
part') -

What kind of provtgion is made for assessing the students’
performance during and at the end of the instructional sequence?

Is there axTadequate. ummary in each of the instructional ma-
terials and a hint to the student of what will come next in the
instruction?

3.

Are the facts, information, and. interpretations of ideas in~
cluded in_the instructional materialsacorrect or in accordance
with the best current thinking on the topic? v

Are the several components of the instructional materials free”
from inconsistencies (e.g., between directions for using manipu
latives and the manipulatives themselves; betwe'en thanipulatives
and printed materials)?

Is the "tone' of the instructional materials consistent with the
goals of the program (e.g., Are instructional materials de-
signed to persuade the student to adopt a set of behaviors .
regardmg energy use free from a tone that deprecates the

student)? . . , .~ , .

/
L —




E. Prin

Table A-4 (Continued) RN

.
- §

o,

Are the instructional materials free’from obvious or subtle
s,exual. Social, or racnal bias?

)

F rom what moral and/ov ‘political perspective are values
presented in the mstructlonal materials?

Is information related to values presented honestly and
realistically rather than overstated in an attempt to per-

suade the student of the "correctness" of a particular posi-
tion”

Are tHe values expressed directly or indirectly in the instruc-
tional materials identified as such to the learner?

b
Are materials>free from evidence of supporting the policies
of any special interest group?

What affective outcomes are the instructional materials

likely to produce in the student”
A

.
ted Instructional Materials

N

3.

4.

5.

w2

F. Non

- ‘ ~

Is the print medium appropriate for the behaviors bemg
taught""

Is the reading level appropriate for students in the target * °
populat‘&)n with respect to vocabulary, organization of ideas,
and structure of sentences?

What proviéions are made for students whose reading level
is below the grade level for which the materials are intended? &

Are.the illustrations, tables, and/or photographs instruc-
tive_and appropriate to the text and labeled properly and
clejtly" ‘55 they convey accurate information?

Is the layout of the printed page att’ra/ctwe, easy to read,
and mstructxonally functional (e. g, an illustration placed

neargt that refers to 1t)" . )
Are thel printed typefaces clear, easy to read, and large

. enough for the students who will use the instructional

materials? ¢ :

- Print Media - . -

ERIC

»
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N—

Is the medium selected the most appropriate one for attain-
ing the expected student behaviors and for presenting the

topic being taught? . L .
. N Vs
Is the medium selected the least expensivg one that can ade-
quately preSent the topic or concept? . .
. )
: /- ‘ v
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Table A-4 (Contihuedj -

« -
.

s 3. Is'the,audiotape or recordxng of suff1c1ently good technical
quahty" . . . :

4. Is the languagé level o%é narration in the audiotape or
recording approprtate the stidents in the target popula-

.- 7 tiom? - . ~
X - >
. 5. Are the voices used in the audiotape or recording generally
\9 pleasant and distinct? - ‘o .

v o
6. Do the sound effects used in the audxotape or recording sup<
port and ‘enhance the narration?

7. If music is used in the audjotape or recording, is it properly
"mixed" with the narration? -

. L : - . é
8. Is the pacingrof the audiotaﬁpé or recording satisfactory for
students in the target population® =~ - .

. 9. Does the audiotapeé or recording continue to p?oduce sound
of good quality after extensive use

10.  Are the visuals of the film, filmstrip, fxlmloop, or video-
- tape technically well*d8ne? . “

~

. 11. Is the pacing of the film, fxlmstrxp, filmloop, or videotape
appropriate for students in the target population?

12, Do the visuals used in the film, fxlmstrxp, filmloop, or video-
. tape relate well to the accompanying audio portion? PN

13, Do the visuals_in the film, filmstrip, filmloop; or videotape
communicate the concept they are depicting (e.g., art de-
picting speed should convey the-notion of motion)?

o

G. Manipulatives . ) .
</

1. Can most students in the.target population (successﬁully) use
e the mantpulatwe to’ carry out the, program's specified dpera-
ttons with it? : \ .

-

3 2. Have the manlpulative materials been selected and/or de- -
signed in accordance with what research "has shown to be "
appropriate for <the rnampulatwe abxl‘ities of the. t,arget popu-

: Jatign? ' ~ : -
. 3. Does the design of the manxpulatNe enhance ‘the possibxlity
of its proper use?

N e

4. Is the manxpulatwe o?"apparatus designed so. that it is self-"y
instructional?

& ) - .

* 5. Are the sensitivity and accuracy of the apparatus adequate
. for the uses toylhich it will be put" . -

‘ \‘1 ‘ ) ‘.“ . . 5'3' ~~- “,: - N S -
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Table A-4 (Continued) '~

»

’ ) N M ¢ “ 4
-, \ . " . g . -
, 6. Does the manipulative have potential for genera] use in the o
class room?  a - v ' b

s

7.  What is the life exbectancy ‘of the mampulahve or apparatys .

. innormal use? . 4 o ‘.

8. Ate manipulatives sufficiently stur&y 1) %es:st damage when ’
¥ dropped? : C .
. R .
- 9. Are manipulatives made from non- -toxic, flame- resxstant :
. materials”? N R ' s .
Y 4
. 1 N . ’
+ 10., Are manipulatives free {rom potentially dangerousesharp -
and pointed edges? - « R

. A 2

11. Is the mampulatxve or apparatus thbﬁleast expensive one. '
s available that will function adequately- ; — > V.

K} !
; <
—~ 12.  If the manipulative is designed especially fo‘ the program, .
is there an essentially equivalent one commercially avazla-
' ble that will functlon adéquately”

o
oo, . el
QO
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T Table A-5 IR

- ~ !
* M . The ‘-Teacher -« ' N
f y ¢ v
» . - . . \-
A. The Teacher and Energy Education ' ! N
- ‘ N . - - » -~

1. How familiar is the teacher with the subject matter content?

2, How well can the teacher appiy her or his knowledge of the
particular concepts, principles, and theories included in the
program to new or unfamiliar situations in everyday life?

K .3, What is‘the teacher s attitude toward energy education?

4.  What does the teacher believe about the value of energy
| education in contemporary culture?

5; Does tha teacher enjoy learning about energy education and
o keeping abreast of current developments in it?

.

6. Is the teacher capable of providing the instruction nécessary

~ - to teach the complex skills that are defined as outcomes for
- the programi” ?
T - 7. . Does the teal‘:her‘possess the necessary manual skills to -
“ assemble and use the equipment and apparatus of the pro-

gram and to perform the included laboratory proceduyes?
N
8. Is the teacher able to conceptualize, arrange, and s cess-
. * fully carry out the'investigations and laboratory expenmen-

tal exercises lmcluded in the program?. /

9. . How good ig the match between the teacher's personal philoso-
phy of education and the phllosophy, goals, and specifications

. for the classrbom environrhent? '

10, Is the teacher-reasonably well convmced that her or his stu-
°dents can perform well in the program and that thay will
like it? |

' 11. Is there any part or component of the program with ‘which
\ the teacher dxsagrees or feels she or he does not understand
well enough? | '

‘ ~
12,  Does the teaéh!r feel confident that she or he can\.%gamze, )
arrange, and aaapt the furnishings, equipment, a other
. _physicaPfeatures of her or his classroom into a viable learn-
' ing environment for the program?

. \

. 13, Are there adeq ate directions to the-teacher for assémbling,
N preparing, -sett ng up, and usmg the mampulatxve-nxatenals .
L , and equxprnent" . !
. R * A ) - 55 ' _ N . )
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Table A-5 (Continued)
S “‘ v . A
14, Is the teacher secufe about her or his school's administrative sup-
port for her or his use of the program? . .

o »

~ 15, Does the teacher perceive that the teacher preparation program
has been adequate for her or his needs in using the energy educa-

2 . . .-
txon'prog ram v

16. Does the teacher think that the program's teacher instructional -
_materials givé‘fher or him a stifficxen_t orientation to operate the
program in the classroom? o :

17.  Does the teacher think that the program stxfles her or his own mxtla- :
tive and creativity to an intolerable degree?
N
<

B. Teacher Preparation for the Energy Education Program' .

-

1.  Are the°rationale and organization of the teacqler preparation pro-
gram consistent thh the goals of the’energy educatVon program”

2. Are the teacher instructional materxals and other instructionat -
means and techptqQues™ysed in the teacher preparation program
appropriate the objectives of the teacher preparation
program? t !

3
.

3. Is sufficient instruction prov1ded in the teachei' preparation pro- -
- -gram for the teachers to acquire confidence in performing the
management and procedural tasks required by the energy educa-
- " '

tion program? , -

4. Has the essential background knowledge that teachers need to
operate successfully with the progtam been 1dent1£.1ed and made
known to the teachers? - ° - L .

5. Are there adequate means and mechanisms included in the teacher
- preparation program for remediating any deficiencies between the
) teachers'-assessed cornpetencies and.the essential information

needed to gperate suécessfully with the program?

- < 6. Is the atmo.sphe prevaxhng in the teacher preparation prograrm
congruent with the atmosphere of the classroom learning environ-
ment espoused By the energy education program? .

7, Does the teacher preparatiOn program offer the teachers sufficient
opportunitiés to work with.all the various student materials of the
energy education program? .

' 8. How welbdoes the teacher preparatxon-program provide for the
3 - evaluation of the teachérs' learning about the energy educatxon pro-
‘gram durlng the course of the pre‘paratxon program? -

9. Is the teacher preparation program suacessful in conveying to the = °
teachers the ''spirit" of the energy education program?

Y ) ’ & .

ERSC: e 56 -

! .
, - e ’ ,

v ~




- ’ . 2
* ‘ V.

Table A-5 (Continued)

10. Do the teachers &emonstrate a favorable attitude toward the |,
energy education program before and after the teacher prepa-l

ration program? . |

: \ |

C. Maferials for Teachers , ' . : .

Do the contents of the teacher materials give a fair and con-
sistent représentation of the program's philosophy, goals,
organization, and content? .

Are the media (print, non-print, manipulatives) of the teacher
materials appropriate for the objectives they aré mtended to - -
‘ achleve"

o

3. Is the "tone' of the-teacher materials consistent with the
. - philosophy and goals of the program?

4, Is there a clear and rationdl organization in the teacher
‘materials®

5. Are there adequate directions for how to proceed from one
part of the teacher materials to the next part?

.

6. Do the teacher materials include sufficient provisions for
sharing the objectives of the ihstruction with the teacher
using the materials? . ) R
“4 7. Afte the provisions made in the teacher materials t6 give
feedback to the teacher using them on her or his progress d.,

in attaining the objectives of the idstruction®

. 8. What provisions are made for maintaining the teacher's
. . utilizationbof the teacher materials® "
- 9. Is the {Aformation contained in the teacher materials correct” )

10.  Are the illustrations, tables, and diagrams instructive and °
correctly matched to the text in printed teacher materials?

. ° 4

S 1. Are the art work, photographs, and page designs of printed
teacher materials %ra,ctive and appropriate” .

7 . — ; ;
S

| T
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Table A-6 -

' ' Student Assessment : .
‘ Y. - - )
A. Adequacy of Provisions for Assessing\ Desired Outcomes

\ ; -

1(’ Has a comprehensxve list of desired student learmng and behav-
g ioral outcomes-been prepared”

2.+ What provisions have been made for agsessing students' out-of-
} school behaviors as wéll as their in-schooel learnings®> .

3. bs there good correspondence between the progra-m's specified out-
comes and its student assessment procedures" K

4. 1Is a reasonable proportxon of ail the desxred learning and behav-
ioral outcomes sampled by the assessment mstruments and pro-

cedures used in the program? .

5. Are the most valued learmng and behavioral outcomes adequately °
assessed" .

6. Do the assessment procedures make provision for testing relevant
behaviors in all three domains (cognitive, affactive, and psycho-
motor)?

7. 1Is there an overemphasis on the assessment of lower level behav- .
iors in‘the cognitive domain? N

8. Is there an overemphasis on the assessment of expressed atbitudes? °
N H . *

9. Are students assessed on their abi‘lity to clarify their values and -

set goals with respect to energy consumption? o '

10, Are students assesséd on their ability to apply thexr *in- school .
learning about energy to out-of-school actions that decrease
energy constimption”? " . )

B. Characteristics 6f the Assessment Procedures - 5

4 " -

1. 1Is the balance be/J}{Piassessment of students and self-assessment

by the students a yeasonable one? ‘

2. What is the evidence that the- program’s developers are famlﬁar
with standard procedures and current practices in the area of edu-
- catxonal measuren‘xent and ‘evaluation? - . S

3 Is excessive use made of tradxtxonal procedures for student assess-
’ ment'f .

.

4. Are traditiona’l assesament procedures applied intelllgently? .

5. Which innovative student assessment procedures are used?

9 .
e A " 558
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Table A-6 (Continued)

-~
-
\

6.  Are the innovative assessment procet)ures\ used intelligently?
' = 3

>
7. Do the student assessment procedures directly measure behaviors
describled by the objectives or are indire.gt measures used?

8. Where indirect me’asuresvare used to assess certain behaviors,
aré the'measures valid? . )
9. 1Is the geliability of ins{ruments used for student assessment satis-,’
) factory~ '
10. Have the items included in assessment instruments bgen carefully
and correctly constructed? .
~ 11. Are the i_t:érps included in assessment instruments free of racial,

cultural, and sex-role biases?

How s the teacher involved in the student assessment procedures
beyond the usual agdministration and scoring of paper and pencil

tests? s
13. How is information gained from student assessment procedures fed
back into the instructional systemy :
. ‘ - .
14. Is a sufficient variety of procedures used to assess studen‘ts" .
. ' ) " ~ 3 .
. [ ~
C. Ahe Student and Assessment . 4
- ]
1. Do the assessment procedures serve .as a-positive learning experi-
. ence‘for the student? , . .
. 2.  Will the student find that engaging in the assessment prbcedures is

5./

4. f‘; sufficient time allotted in the assessment procedures

interestingi\challenging, and satisfying* - . .
. » 4 .

3. Is the amount of student tims devoted to assessrxéent procedures °

exeéssive? R . <.

to make an
+ adgquate agsessment of the student? )

Do.the students have the opportunity to learn to engage in and prac-
brtice self-assessment? , - :
o . +

Aruitoxt provided by Eic:




. . ‘Table A-7

Implementation
Cd
-

\//

1» -

A, "Packaging and Convenience (Implementation at the Classroom lLevel)

. . . . . L~
1. ‘Ig the packaging of the program's instructional materials adequate
for efficient classroom use? .

.2. Is the labeling of packages of materials and the various components

J 6f the program clear and unambiguous? Vo

3. Are provisions made to facilitate returmng items that have strayed
. to thelr proper places? e . v

4, Are the program's instructional materials packaged and de51gned
,adequately for students to work with them on theu- own”

. 5. Are sufficient quantities of all items needed’to operate the prog ram
supplied”? N

PR

. . R . N
\/" 6. Is it eagy to obtain those items needed to operatd the program that
are not supplied? ‘° . -

7. Can the program's instructional materials be readily and efficiently
stored? ° P Tt

8. Is it easy t? organize the program's instructional materials so that
they will be accessible to the students and teacher when needed?

9. Is the teacher easily able to do the chores necessary to puf the pro-
gram into ope ratlon and to mamtam 1t" . - 2

3 . -
~ i \

10, Can the mate nals of the program be eastly handled and moved from
place to place?

.: 3 - . ) tt

Are the mampulatwes free of manufacturing defects that can cause
difficulties’in their use? .

Is it a relatively simple‘procedure to obtain replacements of materi- "
als and expendable supplies? . - ®

B. Cost Considerations (Implementation at the School Level)

1.  What is the purchase piice»of all the coﬂqpon,er;ts of the Pro'gram
that afre needed to ingtall it initially? .

2. What amounts of consumable supphps and prmted matenals are

)

s " necessary for the program's operatmn" o )
, 3. What is the purchase price of all program gomponents needed to
. maintain the program from year to year after it has been installed?
L) Aﬁ“ ’ ., . ~
: : g 60 v
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Table A-7 (Continued)
S

S A

Lid. How does thecannual per pupil&dst for this program compare with
the annual per pupil cost*for others that are available?
7 °
5. To minimize the expense of duplication, card the program materials
. be readily transported for sharing between.classrooms? -
. )
L] -
6.  Will installation of the program require the congtruction of new
. facilities or modification of existing facilities? . '
7.  What,are the personnel costs for wqgkshops and other sessions that
are necesgary to prepare teacherssto use the program? . e
. . N he
N 8. " Will-it be necessary to employ additional teachers:or other person-
\ nel to put the program into operation? :
9. Does the teacher preparat@)n program for the program require
. unusual facilities or equipment? ~
Lwh . . . ’,
- o . . .
. : . :
\\ . 0 ’
“w . ‘ :
- . )
\, ' Y
~1 . o oo oS . ’
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. Table A-8 ° . :

Program Evaluation - . >

A. Evidence of Achievement of Program Goals

- . f

?“

‘ 1.

.15,

Aruitoxt provided by Eic:
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Does the student learn by engagipf in the ‘activities of the progra.m"

oo

How well does the student lear what the programdevelopers ;.ntended
him Qr her to learn? -

How “Can the program be improved so that tbe student will learn better?

Does the student learn thmgs from the program other than or more
than what the developers intended he or she would learn?

Upon completion of his or her interaction with the program, does
~the student demonstrate new behaviors? - ’j/

Upon completion of his or her interaction thh the program, does
the student demonstrate the behaviors that the materials purport
to teach? . v

o ’
Does the student intéract in the program in a way that is congruent

with,behaviors described by the program?
. i

For any ipstructional unit, do students.demonstrate ma.stery on
piper and pencil tests after having studxed the unit?

Do students reach the level of competency in out-of-school energy-
relatéd behaviors that are aimed for in the program? * g

To what extent do students attain the knowledge of facts, cencepts,
,princigles, and theories specified by the program? @

To what extent do students comprehend the program's subject matter?

How well can students apply their knowledge 6f concepts, principles,
_and theories taught in the program to new or i':?ifarniliar situations
related to the ene rgy dxlemma" © "

How well can students apply their knowledge of concepts, principles,
and theories taught in the program to sttuatton;m their daily lives?

How well do studeitts mtegrate ar synthesize specific content taught
.in the program with other knowledge they already possess?  * ’

Do students generate new ideas, of their own based on their knowledge
of particular concepts, principles, or theories taught in the program?

Do students, apply rational'decision-making procedures to energy-
rélated prdblems? .

- Pl + s

How frequently do the students voluhtarily participate in activities
related to the energy dilemma?

t 62" 62
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- Table A-8 (Continued)
Do the students develop the necessary manual skills to use the .
equipment specified by the program? -

. B. E\lridence of Appropriateness of the Program

for the Target Population ) .

10.

11.

12.-

13.

. . .
For any instructional unit, do pretest data show that mast students
in the target population are not alreadx’in possession of behaviors
the unit' will teach? ¢

For any instructional unit, are the expcted student behaviors gen-
erally too simple or too difficult for the stué]ents in the target popu-

lation? . - =

. Does the student enjoy his or her interactions with the }nst’r}ctional
materials? ‘ - |

Does the student dislike‘stuayipg any of the instructional materials?

Do students show preferences for-ény particular type of 1ea~rnin>g
procedure or instructional me8ium~ .

Does the student fgel that what she or he is learning is worthwhile

and/or relevant? ' C, ~
Does the student feel that what is presented is incongruent with his
or her beliefs or'values in any way? ’ . .

LI .

Is there any iesson, activity, or procedure in the program that
causes the student to act in a manner that can be interpreted as an’
indication that he or she is confused, anxious, troubled, or upset?
Does the student perceive that he or she.is and/or can be successful

within the context of the program? , )

. = \ »
Does the student feel that (s)he has the necessary capabilities to -
carry out the learning tasks (s)he is being asked to do?

How does the student -react to unpredictable situations that may arise
in the classroom? '

N -

Does the student welcome and/or look forward with pleasure to the
time when (s)he has the program» ) .

-

Does the student act in a manner that can .bee‘interprete:d as indicat-
ing that (s)he is comfortable in the program? How frequently does
he or she smile? How frequently does (s )he excitedly share new
discoveries and idead with others? '

-~ > -

C. Adequacy of Program Evaluation Evidence

e

1.

ERIC

Aruitoxt provided by Eic:

To what extent does the program evaluation provide evildence'regard,
ing thé considerations delineated in sections A and B of this table?

4 T .
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. Table A-8 (Continued)

~ . ’
. ¢ -
2. To what extgnt does the program evaluation provide evidence re- -
. garding congidérations about the program's content (see questions

’

in Table A-2), in;truc%ﬁ)nal strategies (Tables A-3 and A-4), pro-
visions foy the teacher™{Table A-5), provisions for stident assess-
ment (Table A-6), and implementation (Table A-7%)”

3. Does the program evaluation consider how well the . d8sumptions
of the prognam match the beliéfs of various types of communities®

4. Does the {ﬂ-ogx’m evaluation Consider. whlgh of thé | .program! s goals,
‘" if any, are ingongruent‘with the social, ecynomic, or political viéws
of sxgmfxcant groups of peop\e" g -

b

¢ . > . .
5. How much and what kirnd's of evidenrce does the program evalua°l:ion°
provide about the.dchievement of each of the. program's goals®> -

.

6. Is the evidence presented in the evaluation report based on a forma- _

tive or a summative evaluation of the program? v

.

7. Is thjdestgn of the €valuation study.desc -Fibed completely"
8. What are the strengths and \\Veaknesses of the sampling procedures?

9. How'generalizahle are the findings of the evaluation? )

| -

10. Were the statxstlcal analysxs procedures carefully and correc#ly
carried out” N ‘ t '

.

11. Are data reported as pﬁrcentages or proportiops to mask the fact
that actual numerical sizes of samples were quite small?

. 12. Are elaborate graphs or extensive tables of data used ta dlsplay N
trivial or not highly pertinent information? . . '

13. If a revised version of the program exists, wexse the data presente\i\_",
in the evaluation report collected on a prewious or the, revxsed ver-

sion of the program? . ) . j C .

- ’
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Table:A-9 - '
’ v
. 'Developers' Qualifications .
. ¢ )
A, Characteristics of the Major Develo£>ers <
P 1. Is there evidence that the major dedelopers ha\(e sufficient knowl- ™
y edge of the academn‘ disciplines relevant to the program's content,
‘ 1nstr@ctlonal methodologies, and characteristics of the learner _

populatnon to develop a program of guality? .

bot2. Do “the major developers have a broad range of knowledge and experi-
ex\ice to brmg ‘to se development effort? _ ‘-

3.  What are the previous experiences of the major developers that pro-
vide a basis for their success in an_energy educanon program de-= ¥

velopment effort” , v - ,
* 4. s there evidence that the :hajor' developers are highly rega‘rded by |
- their peers? - ° . ‘

& M °
« Aremajor developers commltted to a gertain phnlosophy of educatxon"
A certaip psychologlcal theory" If so, which one? - ¢
. ] .
6. Is there ev1dknce (e.g., previous writings in the field, educational
o bagkground) that the major developers have had'a long-térm commit-
(mgit to energy education”

. s
1 4 - “ .

B. Characteristics of the Developmeni Team™ .
‘ 1. Does the development team mclu?le persons with adequate knowledge
. of the content‘ from all the relevant academic,disciplines”

Al F .
"2. Does the development teatn include persons who are well acquainted s
o with goal setting strategies and vaflies clarrﬁcatnon techniques®

P
3. Doesgs, the development team '@clude persons with expertxse in instruc-
tional design® &

~

4. Does the development team include persons ch extensive €xperi-

ences mt‘h:;hools" ~

- DI 3
5. Does theelevelopment team include pérsons who are well ,acquainted
- with thre complexnttes of implementing a new educational prog ram?

i 6.  Does the development team include persons with extensive experl—
) % ence in designing student assessment-proceduhes"

' < 7. Does the development team include persons with expettise in the
. deslgn of instructional , media and materxals" >

P Does’ the development t'ear%‘ynclude persons thh knowledge of pre-
b cedures in publishing? -

. . ™ . - . Le . 6&' ) ﬁ‘ .
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- Table AA-A9 {Continued) .

. .l\ N
9. Does the devélopment team include persons with experience in the <

» formative evaluation of a program under development? e

10.  Does the development team include persons who are knowledgeable
about the techniques and proc?res of program evaluation research?

C. Resources Available to the Develop

- t

1. Is the development team associated with an established academic
or research institution”?

2. s the development team associated with an organization having ade-
quate prior experience in educational program development?

5. Are consulstants representmg a variety of academic and-professional

: fields available to the developers?
) -
41 Do the devélopérs have easy access’to chxldren of the same age and

learner characteristics as the program s target population?

5. Do the developers have easy access ta schools representative of ° 4
those for which the program is designed”> - ' -
6. What library facilities are available to the d.evelopers? .
7. * What production facnhtxes (art, photography, printing, woodworkmg)
/ Are available to the developers? h . .

8. Are there sufficient financial resources available to the team to com-
plete the development of the proposed program? -

-

9. Will program development be a full-time activity for the developers®

10. Have the developersésufftcxent time to complete the program as it is
spectfted"

’ - .
.
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APPENDIX B

3

. - Figures.B-1 through B-5 .
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Yeu can do ﬂmﬁmmm at any tire.

.-
+

Other ectivities about: : Date:
orms fEﬂ.fﬂ O MinEx 1 Con Light Energy Change Things?
-F M D MinEx 2 Is Sound a Kind of Kinetic Energy?
. . D MinEx 3 How Can Yoy Make o Syﬂom To Convert ; \
Heot Enovgy Into Kinetic Energy? ' C e
f. O-MinEx 4 How Can You Make o System To Convon o -
Stored Gravitational Energy to Kinetic Energy? _____
o o MinEx S'How'Can You Make o System To Convert .
N ’ - Electrical Energy to Magnetic Energy? -
) - O MinEx 6_How Can You Make o System To Convert C
‘ , Stored Chemical Energy to Electrical Energy? _f
. D SA 1 Bateries -
. - « JOSA 2 Elosc Energy . -
e, DO SA 3 Can You Show:That Enefgy Hos Mass or .
’ . . Ogcupies Spoce? - - - -
: «|OSA 4 Community Electricity
DSA 8 Elam(‘ Energy Machine e — v
. b D SA 9 Energy Conversions . S
i |0 SA 12 Observing Sound . -
- (O0%A13 Poper Cup Telephone - - ___A._
- |0 sA 12 Rodiométer .
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Level E - Joule Lesson 5 o -

Energy-Converting Systems

\d

You will need a kit, an answes sheet, and a- pencil.
From Central Supply, you will also need two batter-
ies, two rubberband Battery holders, and four wires
with alligator clips.” i’ : )

v -
M B

There are many dlffere,nt forms of energy You -
*have- learned about heat energy, 11ght energy, kinetic

. energy, sound energy, electrical energy, and chemical

energy. Energy can be Mged from one of these .
forms to another.” - s

~ . . ,

Chemical energ5 can be changed into other forms

of energy.” Chemical energy dan be changed into ,
kinetic ehergy, sound energy, light energy heat
energy, or electrical energy ‘.

n

L3

. ” . ) ot &\ ' .3
a0 omeen {"“" —

]

] 2 B

. *l-:igure B2

- .
N
DO

“ A bgy is a system that changes or converfs chemic,:?.v

energy from the -food he eats and ‘the oxygen

. breathes into heat energy, sound ene;'gy, and kinetic

energy. ,
Lo . . ¢
/

.

. &* .
Hlustration of a didactic ihstructional strategy
pp. 1-6 (from Champagne & Klopfer. 1974a). -
.

SO

Iy .
“Joule Lesson 5, Energy Converting Systems.™
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A horse is a system-that converts chemical energv
frotn the hay it eats and the oxygen it breathes 1nto

heat sound, and kmetlc energy.

A car is a system that converts -chemlcal energy
from the ‘g—asollne and the ox“gen xt uses, 1nto heat
TN

. .

sound and klnetlc energy.

B .

Theu! are m’hy dlfferent kinds of systems: which
convert one form of ‘energy intd another Any form
of energy can be changed into’ any other. form of
energy . with the right energy-converting sygspem.

'




A

converting systems.

- LY

"Take the materials out of the kit.
Now look at the picture at the right.

Use the wires\to connect the batter-
ies to the light bulb and to thé buzzer.
- When. all of the connections are
made correctly, the light bulb will
go on and the buzzer will buzz. "

4

> and heat energy.

S B

Batteries, buzzers, and light bulbs are

L4

energy-

‘4

74

~

N ~ . .
Mo T . )
o Figure B-2 (Continued) .
s N Y AN . *
. “3 o

A battery is-an. energy-converting system that -
changes chemical energy into electrical energy.

A“light bulb éonverzs electrical eﬁergy-.into two other
" forms of ehergy. These forms of energy are light

.0

“A buzzer converté electrical energy mto sound energy
‘and a little heat energy.




e

s Plant;; are import'anlt energy-converting systems. -
. "+ Plants use light energy from the sun to cyqni/ert car-
‘ "bon dioxide from the air and Water from the ground

) into oxygen and food (apples, corn, and grass, for |
. / example). The oxygen and food produced by blgnts

are a system that has chemical energy stored in it. , '
- A ) gsi . & - .

, .
1. : b

-~

Figure B-2 (Continued) ,

. < —
N 73
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Animals are energy-converting systems too. Am-
.mals convert chemical ehergy from the food they
eat and the oyygen -t-k{ey breathe into heat energy

that keeps their bodies warm and into kinetic energy .o

for moving aboaut and doing things. They -also -

. convert chemical ene@ into sound energy when

- they make noises, .
a v L]
< ‘ .«  ~ Figure B2 {Continded) ‘ ¢
: v
s , 4 . -
’ ‘ n . / 76 '
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1. When logs burn in a‘fireplace, what two chemical
substances interact to release-energy? .

2. What form of energy is stored in a wood-oxygen
system? .

v ' ©
«

3. When the chemical substances in a wood-ox;'gén -

system interact, chemical “energy "is converted
into other forms of energy. What are they?
N - o .

hhY

y - - N

. - 8 :
. Write your answers to all the numbered*questions on

your answer sheet. ’

Nl

< Figure B-2((‘annucd') AN

. ~ il
: ‘77“7‘14 =

’ . .

v




ingipiduolized, " Level E
SCIBNCE Joule MinEx 3

- How Can You  Make a System
To Convert

| Hea ’ Energy mfo A’mef/c £nergyz

"I‘hmgs you will need . .
for thls MinEx: ‘ i

kit Coe pencil
’ science notebook ’?‘

from Central Supply

scissors 50 ml plastic beaker

small piepan paper towel . .
from Teacher’s Supply: T \
. hotplate , . : ‘ 6

-~

NO’I‘E If you have a different plan for answenng the ques-
. tlon ‘talk about your plan with yom; teacher, L oaLe -

- Figure B-3 lllustrauon of 2 type of problem- solvmg strategy “Joule MinEx 3, How Can You Maké 2
System to Convert Heat Energy intoKinetic Energy?”, pp 14 (fronf Champagne & Klopfe
1974a).

ERIC 70 - - 76
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This is what Amy did, -
First Amy got a smalll piepan. She cut
around the bottom of the pan with a pair
of scissors. In ‘this way she cut out a
circle of aluminum.

+Amy made;l6 equally spaced cme’

aluminum circle. She was careful not to
cut all the way tothe middle. -

» o
Amy twisted each of the ly'}blades a half «
turn tn thv'samo direction,

Then Amy pushed a map pin through
the center of the aluminum wheel. She
v ’
then pushed the pin into a long stick.
.so the blades of the wheel pointed out.

RWAYS ‘., -t

Then she_ set the stick and aluminum
circle aside while she prepared the regt of \
- her system '

Ve oM u‘ o" ) -«

20 Fignre B S tCantmued)

o
ERIC o
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.




Amy got a can with an opening in the
- top and a small hole in its side. She
poured abedt 50 ml of water into the can.

.

3

ar
Then she put a sto;;per in the top of the
can {o seal it.

EY

» > > ‘ ' )
"Amy set the can on the . hotplate and
turned on the hotplate. She set the hot-
plate dial at 4. When she heard the i
_hubbling of the water, A‘my was very 1 :
carefu) tetkeep her hands and body away
from both holes in the can because she P ’
knew that steam is very; very hot. Amy

picked up-her stick. She held the stick w g
so that the aluminum wheel was in front

of the small hole in the can and alittle

aboi_'e it. When she had done all this, she .
knew her system was converting heat « .
energy into kinetic energy. ’

When she had finished, she turned o
= an;l unplugged the hotplate, and the)
E masked her teac’he\to einpty the can «

N o




Can you think of another :ysfm to convert heat energy
into kinetic energy? , "

1f you try Amy's systeém, make sure that

you are a$ careful as Amy was when

» Wworking with steam. Remember to ask

N . your teacher to empty the can qf hot
) water when you are ready to cl(;gm up.
You can keep your alum‘.inum‘wheel. .

What kind of energy conversion takes

place m the can-and-wheel] system? ’
Some Things To Write About / Some Things‘To Think About '
1. What form of energy does the alumi- 1. Does the steam\coming out of the hole
num wheel have when it is turning? in the.can have energy" How do you
How do you know? " know?

2. What form of energy is added to tHe‘ . 2. Why are there two holes m the can?

. water in the can-and-wheel system?. ,Why do you put a stopper In the large
Where does this energy come from? hole? ™
- 4 B »

3. What kind of energy co;iversion takes
* place in the hotplate?

Sug&est‘ions for Other lnv’estigétipns )

. R Tl Set up your system again. Hold the-
aluminum wheel so that the steam -
PO hits the wheel in different ways. How . ' -
T . should you hqld the wheel so that it )

turns the fastest? When dogs it have ’

é “ - the most kinetic energy? v
/ T : .

2. Make wheels with blades that have
- different/shapes and test them-with  *

your system. With what shape of blade g ,‘ -
‘ 1 -
does.the whee] turn fastest? v '
. & \ .

- “’
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Level E  Joule Lessoh 12 - =

A Seminar on Energy Ly
You will need your science notebook and a pencif. e
T e, .

What is a seminai? What happens at a sentinar? ®

This lesson will help* ypu finderstand what 4

seminar is. -
SN M ° -

" A seminar is a meeting of a group of people to - .  -.
report, to discuss, and to exchange ideas on'a S
central topic. In a science seminar, scientists meet .
to talk about a scientjfic idea_or guestjon. that .
interests all of them. Each scientist brings informa- * - .
. . *  tion to-the seniinar to share with the other scientists.

4 Each scientist hopes to learn about some new ideas *
T _ by taking part in the seminar. By ‘sharing the infor- . T
mation each scientist has found through his or her
work, they hope to gain a better understanding of ~ ] T -

the question. ’ . // . $  ~
. . ’ ) R
You could co’mpars the way scientists work to-, . \
- gefhgr 1IN a seminar to a group of peOple planmng / ’
- a party. The party planners are interested iri this
. . question: What can We do so our friends will enjoy ~
« ¢ - themselves “at our party? The planners meet and :

combine their talents to work out an answer to ¢

. - the quéstion. One person mekes cupcakes and v
another makes” punch A thigdgmerson decorates ) )&
the party room -and a fourth brings a record C
collection. va wo’rklng as a group, the mlanners
- sblve tRe® problem of throwing a good party more ]

,:/ ' : easxly tﬁan if one person planned the party aMe ’ A N

¢ - ~

a -
4

I ! ' -
Figure B4 Illustration of a type of5|mufat|on instructional strategy “Joule Lesson 12, A Semmar on |
Energy pp. 1.6.8.9-11 (from Champagne&Klopfer 1974a). S S

r
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. . Introduction to the Seminar SR
. ta \r M

v *'The. Level E seminar is a lot like an actual seminar
gcientists - hold. Joule, Beaumont,” and Voit are ‘
meeting" to talk about this qgyestion: How is' the - -

‘food an animal eats~related/ to the E;uanfity of - -
- energy the animal uses? ' " '
v - \\ -

Each man has done different wgrk that is related ‘
to*the seminar question. Joule studied energy. He
found that energy is not lost or gained when it is
converted from one form to another. Voit studied .
. one icydar ‘e'nergy-converting system, . the
. R human dy. He tried ta find a relationship be-
v tween the chemical energy stored in the food an
' .animal eats and in’ the‘ oxygen it breathes and .
the amount of heat energy an animal’s body
'releases Beaumont loo}é inside & human being’s . ‘

"+ * stomach th obkerved the “way food is digestéd.

& -

{
. " While the three scientists in-the Level F seminar S -
s L, share what they ow about the ‘seminar ques- -
, “ tion, they:* gradualy.learn more abgut the, rela-
. - t'shlp bet foo&an animal _eats and the \ -

' enérgy it uges. Joule's whrk con%er’ the con-
s 7 - .. _servation of energy is helpful to Since
Joule “showed. that . energy is neither lost nor
gained ag it is comyerted from on?&‘m to another %Y
Voit can say that the amount 6 chem lcal energy .
stored in the food an animal eats and in the v
~—  oxygen it_ bréathes is the game as the apount
of heat y its body ﬂfs off>"Some chemical ’ \
“ - ene}‘gy 1s .converted into jrietic energy i, the / ’
animal’ g body. Thxs kinetic energy is later® converted \-
td heat energy. "Even though the chemical energy
X n. the food and oxygen is convetged in the anr,mal' .
) dy. into other forms of’&i?rg)y'(eheat and’ kmetxc) : v
the amount of energy remains the same. :

-

Fxgu)r\e B4 (Com.mu,ed)

Q : . ' 81‘ * f"‘
.’,"E:. s §3. - .
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-

. Von (V) "The topic fo:\our seminar today s “the xe|afionshtp betwaerr R

)

e F4

'ERIC

Aruitoxt provided by Eic:
4

s N ’ ! 5° DR .
\ . a F - R s
The Seminar- .| -
e - LN “ - |
3 <@ ’ "

TMs sgmmcr will be an |n{ormo| gotherlng of three scientists . °

+ meehng to discuss o specific topic. Since it is “informal, there’ b
will be no discussion leader to direct fhe order of ,commenfs
from fhe scientists. o .o ’ "—‘ - E : > .
(2 . . TN 70
P|oce St. louis, Missouri ._’ 2 ’ o ‘
Se"mg Parlor in the home of the weohhy Doctor Wanom T
.  Beaumont . T T
.- Time:* 1850 : Tt e .
Willigm Beaumont wou|d hove begn o deof old man of 65 b
years when Jomesél/le was 32 years old ond had published -
papers on the co servation *of energy, and wh)en Carl Voit .
was only 19 years old -and-had yet to do_ his. studigs of o
_nutcition. But, let's imaging that all three scuenhs's are of i
similor ages /and have ochnemed success in Mtheir fields ot~ -
study. “ . p - v SRR ¥
: , ./
"
-t e
:
\tolkm earnestl ’ , . . PRRn Rt e
9/ X , : “‘L_/:‘Z, i \N - - . /

" the food dn animal eats ond the ommo|s need: for enérgy“ e
".3'__ . . SR N cL

3, ~ -

Joule (J): The work ‘ot mony scientists has comnbufea 16 our under-. © - .

standing of how chemical enelgy stored. in food and oxygey *

s converfed by “the body into’ heo'~energy ond kmehc enetgy. ¢ .
oty : . { ..
w - thu e B-4 (Commuad) . A ‘(\ !
- 3 ' . - ’ A

v .,‘84’ e, IS o
P : ‘\82 e

o
!
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v o , Y

Beaumont ’(B): But my work on dugestlon wos most nmporfon‘ |'showed how
the bady digests the food. )

.
. [ - <

v . v
- © ¢ (Jovle says with respect.) Yes Dr. Beoumont, but 5urely you

amust ogree 1hot Dr. Voit's studies. with the humon ;olor:me*er

v : ore lmportont too. . .

t .
°” V: And your idea of er{ergy /conservotion,_Mr. Jouley,thout
A ) thot, the colorimeter studies ore meoningléss . ,

. / ‘ . .

- hY

. . .
B: Colonmeter? 1.om fomilior with Lovasier's studies using o

- > colonimeter.but | know nofhing of yours. .. ‘ - .
. <y - - o
-t R . . . ) .
R V: Moy | describe o humon colorimeter to you? . .
- >
A Y eem— — . " ~ . .
/‘ s A ¢ . : ‘
. - o
. .B: Yes, pleose dq: - ~ 2 - .
1Y ‘ .

V: Tiis colorimeter s much like -Lovoisier’s. But with it we are

. ... 7+ &ble to moke much more exoct meosurements thon Lovoisier. -
. , . ‘ . . .
. ~™y J: Ah yes, occurote meosurements. Accurocy, thot's the secret.
Ty oL . L. . s .
. < ~ y hd
. . V: Here, gentlemen, 1s o picture of o humon colorimeter.
4 . . - . ~ . - o
r . N » ' ~
T ’ .
‘ 3
R ] . . . 2 water e . \ .
comes \
~ .. - . 2 N in.—-—;-f - -
. . . . y
‘ . ; ' ol )
thesmometer
A . - h )
M ! f'm°m°'" |_observation <.
- L ' Twindow °
x, water meter ¥
leerves . 1% W '
" — : . ! ; :
t . L oxygen ¢
. . comes .
s . Ty 1n\ . . a7
} r M
- . l
. - . y
i N .
r_' L] ' * i:’
s . ﬂ:lfuv( soda Usulfuric unuonJ Y
o . i . -
o T acid ﬂ*mo ﬂ acid quuahur
. f * L4 - -y
v . . . ,
B . . . .
Vo ) . - Figure B4 (Continued) ‘ \
e . 7 . 85 93 .
LERIC’ .. LS Sl
. . -~ 7. o . R
o . cwe .- :




T -~

- . o ~ . N .

L '_ - . As.yoy can see, it is large enough for @ person to sit in. (Voit”
o T " *points fo the pegson in the picture’) The person gives otf"heot. -
“. 27 (He points to arréws-and the warde"heat."”) : . ’
R ° L . &

AU There ore two thermoZ\eters in the calorimeter. Oné is on the
) right- (he points) ond one is on the left' (he” points). The
thermometer on thé nght meosures the' temperature of the
woter going into the calorimeter. The thermometer on the left

meosures the woter's temperature,as the water leaves. oo
s ' . . v
B. Andthe temperoture of the woter thot léoves is higher thon the
tempero?ure of the woter thot enters"‘Tbe heot from the person - y

roses the tempero?ure of woter 0s 1t posses through the room?
»

. .
” S .
4 % »

"V:  Yes The colorlmetér is hode so thot Aone of the heat- ‘escapes, ..
. through the wolls. So, you see. my calofimeter 1s an ener_gg-
*-tight system o 7 SO L -
2 .
i . § ~ . - N

v . 3 - Yy

.B: What is s0 storthng obout”oll this? Everyone knows o,person
gives off heot : R ¢

- ’ N h c s,
v

'

. V: th this colorimeter, Dr. Beaumont, we -con meosure how' /
much heat nergy 1s given off when the person .eots dlfferenz
foods . o - ¢ -

- ,

N - - . ’,

o, - ~
P

[ B: N‘o:n,'thot interests me. After.oll, | am the experf‘on how . .
. - food is digested in the stomoch GS'o,‘yoTJ are $aying that os . :
.. food is digested, heat energy is made by the body. '
s v ° . Co
3o don't think Dr. Voit, means thot at all, Dr. Beoumont.” Heat, '
T energy /i¢ not mode by the _body. The human hody converts 3
¢themical energy stored in food and oxygen into heat energy.
o Energy is conserved; it can’t be mode ot destroyed. Enerdgy
_con only.be converted from one form to anothar.’ ‘ R
K [ -

. . < o
» .~ .

explon what you mean, Mr. Joule. | reolly don't see v
howaO" this talk about energy fns in wuth my brnllcont studues

-

of dtgesﬂon . , .\- Ce

m The food we eat is chonged by the body.

- R -
& - [ ’ - a - * . - "

" “Figure B-3 (Continued) ‘

R H %emo)’ fh«nk of the humon body as an energy cdnverting
sys

= ot Provded by SHC -




. ) - . - ~

g: 'Thet, Mr. Joude, | olone. hove observed with my own eyes.

.

. V: . buf “0s | hoveNdemonstroted, when the body chonges
- -the food we eot, efiergy is releosed.
. o L] -

3 You see, fopds ore a;node up of differen) kinds of chenlicol
A subgfonces. Chemicol | systems hove stored energy. This simply
L meaps thot when chemicol substonces interalt, the energy

s - B

. . stared in them will be releosed. .
¢ . 4 ' / -t e ! 'Q
A « B{_Whot are these cbﬁncal mferochons you speok of? 4
a , . \ .5 . , - ‘ ,

A B
; A J: The chemicol s'ubstonces in foods intéroct with the. oxygen o°
, o0 . person bregthes in. Oxygen is o chemical substonce too, of
e \“/_‘-\’g courie. -

L4 e
a

7 e ol .

.e

-V Were is o dlogrom to shovq what hoppens, Dr. Beoumont. 4

Imogine the person"m 'he colorimeter. hos eoten some fdod.

- The chemicol substances from this food (Voit- po:nfs to fobd)

€ . interod with the oxygen (Voit painis o oxyﬁen) This is* the

- " .f xygen system- (he poinfs fo the Iorge circle). In the,

¢ dy, the food- -oxygen’ system releoses its stored energy. Heot
- 0 energyus glven off (he po:nts fo Heaf Ehergy) s

S S The moin pom' is this, Dr. Beourpont. The amount. of energy V.
"y stored in the food-oxygen syste’zls the sonve. as_the, ompunt
of heot .energy releosed The body,: .conhot moke energy. The

/ o body chonges chemucol energy into heot ene.rgy

o
\ : '

8 (‘Beaumonf soys fo Vo:f)Then the on1y energy thot gets into’

.the colotimeter is stored in the food -oxygen, system. The only

) )\ erfergy that comés out is heot energy. You meosure the h@ot

’

ene:gy\,thot comes out. S : AN

.~-"- W Yes. Mr. Joule hos explmned that the energy gomg mto{
system e‘quols the energy comingeout from the system.

~ RN . t

o . . . ‘_FigureB4(Cont:8;§ . - o
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v+ Joule Unit Science Content Overview
: . ' . ¢

n seeling to descnbe the noture of the unierse,,
scientists ha&e found it useful to conteive of two
" basic components, motter ond energy Thot much s
eosy enoughto sof, but to fully ond precisely define
“motter” %r "enefgy” turns oUf 1o be for from eosy

+Both of these conzepts ore%e ond elusive In this
discussion the focus s on 1 n:ebv stiene-gyr the tonce

subject moner of the Joule un\As yoo will see neor
the“end, however o full discusston of .gnergy cannot
ovoid 1hg congept, of motter, since ‘thave xs on exocr
sqéonttotive relohonsh»p be'ween enqrgy ono moss.*
express/ed " an equohon thot relotes 'ne two DasIC

<ompone?fs of the Urmvérse . .

»

.. X
Energy e
. .
ﬁfn thg Joplé unit, your s'uden's cre » 'roducec 1o the
coneept of ene!gy by noting the c-anges thot occur
N g system when energy 1 obaec ‘o tne s,s!dm or

!

°

wher a system corve(!s ore 'fur'n ot érergy ‘o on
o

i ..

] other torm of en 3y T ¥

Certain torms of energy can we ooservec Jne
systemrwnen The energy s ta~ sferred from one
ob|e<1 1o onooher A ropldly moviNg Nnommer trons.
fers ns,eneréy of motion k
1"t

net ¢ ‘erergy, 4osthe noil
strkes  The hommer stopg movieg when it hits
ond the noil Foves nta the ~o0d  ught
energy S’Drllung q glpss’of iced lemonode 1 convérred
or chonged to heot gnergy The ice n
melts ond, elyenfuollyi_the temperoturé/of theJemon-
sound electricol ogd ~

the noil,
e lemonode
heot

ode increases Kinetic

*‘Q{h;:_\)rgy <on olt be observed, to ettt chonges®
1) y ore tronsterred from one physicol object

‘to anothe& -

Other Aphym'q?uems hove stored energy by virtue
rof their pogtion stote of stress,<or chemicol compo”
wton The foct thot energy stored . 0 these

. systemt becomes obviods whén energy s <onver'edj
to onother.Yorm ond 15 tronsferred to ono’her
- physical object 1

5]

Gyowvitgtionol energy 15 stored in on ob|e<1 when the
ob|ec1 hited upword Jo move the object. o force
.must be exerted through o distonce. Work is dond
on the obyect -to ‘store grovnohonol energy in the
_object- L )

Elostic energy 1s s!ored in on object whten thot objec
I stret:hed or compressed To stretch or compres
the object o force must be exerted 1hrou9h a dis
Work 15 done on the object ond elostic energy
5, stored in the object

.
- .

Cherr‘icol energy is the energy stored in two chems
col substonces An _exomple’ of two chemicol sub.
stonces  with “chemicol , energy 1§ dxdrbgen ond
Qxygen ‘When electricol energy s posseB through
hquid woter, hyarogen gos ond oxygen gos ore
formed, _Enerdy_is stored in these two goses os they
ore formed, loter, they con interoct rhylrogen will
burn os o tuel with oxygen, 1o releose heotslight,
ond souna »nergy A single substonce does nof
conteyn chemico! energy Hydrbgen by-nself‘does
not hove tnemicol energy " does not interoct with
el tq relecse senergy  When 1wq chemicol sub-

stonce their stored

-’nnteroct, chemitol energy s
rele ¢ B ’ ‘; g
. N >
NGt Energx ond Work '

To store energy 1n ony ob|e<1 orosystem energy mus;
be odded to the system To o gnerqy to g sys'em
work mustpe done on the system | -
In 1he Joute unit, the goncept of work Y 1ought
only’ in" the context of gropationol energy ohd
elostc energy In this context, Work 1 done when
o force i exerted on on object, ond ohe objecr, moves
n the direchoguet the for:e . L
Howeyettu shou’d, be owore thot, wheneyer
nergy 15 odded to @ systeni, work is done on 'he
system For exomple, in the oddinon of ele!mtol
energy’ to w&er to form hydrogen gos
gos, work }

nd oxygen
's done Whenever energy s :.onsferred
trom one obpe:t 10 onather. ‘work is done
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Measurement of Energy l

o
“Ditferent megsuring unis dre "usad v: express-quan-
tties of d-fferem forms of energy In the Joule unit
the student s itroduced ‘oaty to the measurement
of Reot energy inskilocaldries . Equal masses of dif-
ferent substonces do ro change their temperature
_equally when the some guahnty of hem‘energy 1s
oddpd 1o them For edample when equal quantities
of heat are added:to egual masses of water and
alcohal, the vempelowre of the olcohol changes more
than the 1emperq!ure of the water 7Thg kilacalorse,
‘o meosure of heat energy- s deffinea using wbies o3
.o “tondard “ To increase the temperotyre- of 1 kilo-
- grom of wotdr by 1 °C rgquires | kildcalarse of heat
energy Tao find the number ot kilocalories fkeal) of

heat odded 1o onyvmoss ob woter ome must nultiply’

‘the mass of the ‘water in kidograms kg) by Ahe-

chanyge in temperofure in.3C and by the specific heat

qf woter ,the heq! necessory to increase the tempera® |

ture bf | kg of water by 1 °C, 1e . 1 keal,
’ ' \/

i d
4

"ERI

White hem energy 15 measured In kllocolann,
er farms of energy are measured u

measuring units  The mathemat
between the various energy-
. known, however, and there aoré colculotions thot
equate difterent forms of energythot can be made
Asmeasuring umt for kmenc energy 1s the joule,
named to honor the scientist Jomes Prescont Jaule
One kilocalore (heot energy) gquals 4185 jaules
kinetic energy) Using this relanonsh:p . compoh-
son con.be made between the kinetic energy .of a
falling ooject ond the chemical energy s!cred n
sugar Since 4185 joules = 1 kiotalorie, o 334,800
kilogram sphere folhog‘ wnh a velaafy ob | meter
per setond hos tHe seme, energy as s stored in a
1oblespoon of sugar (40 blocalbnes) ond the oxygen
needed to burn it

.V keal = 418f|ou|e:?°

kgm* sec?

uring units are

o
! joule = . .

er}ergy.: ‘ 2 *mass; (veloaity):
wnetic energy =1 2,(334,800 kg) (1 m, sec)?
kmenc e'nergy = 167,400 kg x (1 m’, sec’)
menc energy = 167,400 kgm sec or 167.400 |ou|’es
et or 40 Jilocolaries

cirfetic

. B ) .
. - ' . * » I of
I)- ! ° / A . . '} )
heat enecgy = masyot x charge in  x sgesihic heat ’
5 . , . Meosuremenis af'energy as 1#s converted from
« water in  temperature of water ¢
" kg nSC - i one form” ta another have ganvmceg scientists 1hat
.. . . < LA eneng 1) olwoys <or~servéd Theséd meq{sutem‘ems—~
- ' . . never show exactl equol guonnues?f endrgy befqre
Y . ‘e J orid oher the conwersion, bit 1he dofferenge i se
. kcoi = kg x C x ¥ wcol " ,
. . R — . mo that 1Re <ol&evvohoﬂf “emergy 1 the best .
- &@ - 1kg °C -:plcnanon scientists can.give So far os known, no-
- .
. + ) arfergy, ss lost in o \‘°“"‘-'":P“- ond no energy 4
o L. K . . géin¢d There are tountless examplesof the consgr.
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vation of energy in scence, mony of which hove . \ , L
prodical implicotons in "c.verydoy lifq.
spend the energy stored .in -the che
, mode up of food and oxygeito get gner
octwity. The omoun
gets from themicol substance in food depends on . .
the mass and the kind of food that is eoten l‘f o per. *

son eats more food than he needs fo ge! the energy . )
to keep his body.worm ond $o" move the parts of the o . .. -
body, his body.will convent’ the extro chemicol . .

substonces in food into fog thot is stored in s body. 4 N

. wormth on

K

< ]

t energy

‘e

one

X

. . i~
So:m,s of Energy -

. - »
For humon bemgs ond other ;.ammols,' food is ‘the
-most importént source of energy. .for, the ‘earth,

‘A

Ky

the sun is the most importont energy source. Nucleor
reoctidns on the sun. relecse heot.on igh;, enesgy.
This wormth ond_ hgh gtves. our ¢ollt o constontly
renewed supply of plant foods. . #

' Cool ond petroleum, two of our other sources
‘ of energy, were olso produced By light energy from

\
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the sun The formation of these substonces required
Specal conditions, though, there is litte chonte thor'

* they can be/Fsupglied by 4be sun. As our supplies

of ¢cool ong petcoleum ‘duandle, scientists ore exploy-

> - -
Ing new energy saurces, ofd we .oref:ons'onﬂyi

- reminded n? to woste the irreplocecbls’ Stores of. )
*"thise fuels iHoy

power ‘dur homes and industries.
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