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Abstract :

-

-

ihié'pagérldgsgfibes,and demonstrates:an analysis process.which uses.
-hietarchy conatruction procedures, These procedures are-used to i
analyze the:Individualized Sciénce program. In the hierafchy construc-
*tiqn*pr‘péeés, Atrhg~instructi6naljﬁa‘i:erial,s are the input data, Separate
concept, -content, and.skiji’anal’ysesfa_fg-;’ae;-foxjmeézécfoss all levels-

of -the :course -rhaterials and-hierarchies of instructional objectiyes are
structured. “The final product is-a blueprint-of the cur;ig\jlui;i,reveql=
’ii}g;thevundéflyirjg desigh model. The developers' claims are examined

-in light of the evidence revealed through the analysis procedures.
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A CURRICULUM ANALYSIS OI; INDIVIDUALIZED SCIENCE
Doris T. Gow
,

Learning Research-and Development -Center
Univer sity-of Pittsburgh

Introduction

One-important- aspect-of ‘a -curriculum evaluation is a-careful, sys-
Curriculum dnalysis is

,i_:e,matic:analysw:of:the:cuxiricuium materials:
of value-for-curriculum evaluation-because. it facilitates comprehension
= -of-a-curriculum's goils, structure, and instrqétion_al'étrategies. It can
hélp-to-answer-certain key questions that-evaluators norfally-ask about
2 curriculum-and,. in addition; can bring to ligfit some questions.about
the-curriculum-: that-evaluators ought-to ask This- paper describes and. -
defmonstrates such an evaluation-of the individualized Science (IS) pro-
gram (Champagne & Klopfer, 1974) developed at_the. Learning ‘Research
and. Development Center of the Umversxty of Pittsburgh

Scriven (1967) has termed analysis/evaluation of curriculum
materials Mintrinsic -evaluation" and has pointed-oat-that it is- often not
Although various proce-

donei}pee_atise, ofgtiie difficulty of-the process.
dures for carrying out curriculurh analysis (intrinsic evaluation) have -
been-proposed (e.g., -Eash 1974; Morrisett, Stevens, & Woodley, 1969;
1971), none of these procedures is fully ade-

.

Tyler, Klein, & Michael

structional technology-is capable of producing. Many curricula today

7 - €
oo )
quate.for analyzing-the sophisticated curricula that contemporary in-

afe-highly complex, multifaceted, carefully integrated instructional
‘In-order-to fully understand-how these complex packages-try
The hierarchy

packages. -
to- achieve their goals, curriculum analysis is essential.
construction-process (Gow, Note 1) demonstrated-in the present- study

of IS.is-nseful for-this purpose.
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In-the hxerarchy construction process, the-instructional materials
of the curnculum are-the input data for analysis. Hierarchies-of cur- .
riculum objectivesiare constructed to -show how the.materials-build
instruction:toward -attaihment of the curriculum's goals. The completed
hierarchies sevrve as-evidence to su;port the conclusions of the analysis.
In-addition, the process-of constructing hiera:rchies—often reveals features
of'the curriculum-that-are otherwise not readily apparent. U a curricu-
lum.dges-or does not.attain-its goals, how it succeeded-or-how it failed.

-aFe-equally .important-questions-for- evaluators. The hierarchy construc-

tion process.is:a new-tool that the-curriculum-evaluatnr can use in seek-

ing answers.to these questions. .

Constructing-hierarchies of in-structionalrobjectivcs is-not new.
-Curriculum-designers often construct such:kierarchies (e.g.; Gagne,
1968; Res;r;]

design and analysis. Ih the design process, an instructional model rnay,

k, 1973, 1976) The process-is essentially. the same:for -~

lead-to-the structuring of instructional materials that enable the student.
to-attain the objectives. In the analysis process, the-instructional - ma-
terials-are analyzed to-identify the specified or implied-objectives, the .

infei-réd:igstructibnalihierarchies‘are constructed, and the instructional

*ﬂmi’dfefis—recqhstnucted. The two processes-may be diagrammed .as

O

RIC

follows:

qut all-hierarchies are-constructed by the-same-rules. For exam-
ple, a hierarchy generated logically from an-analysis of a.ccncept-accord-
ing_t6 the gtructure of the subject matter-discipline will differ from-a
hierarchy gunPrated from-an_analysis of that concept-based on psychologi-
cal- prmcxples of concept development. Gagné's hierar:hies are essen-
-tially- psycho‘logxcal. The hierarchy cunstruction process used in.this
study. attends not only to psychological sequences, but to-the logical-struc-
tures of the;sub.,ect -matter discipline and pedagogical sequences.as well.

[Aruitoxt provided by exic [




. fpgnfag ement system.

JInstructional Goals i Instructional -
: —
DESIGN: Model (Ob_)ectwes) ~—+ Hie rarchxes —» Ma}teria!s

S Instructional Goals Instructxonal
ANALYSIS ‘Materials _'(Ob_]ectwes) Hierarchies —» Model

<

" g
Sometimes instructional objectives and hierarchies-have not been speci-

fied in-the original-design of-a curriculum. However, whether they were
'specxfxed .or not;, objectives-and some structural organization exist in

‘any formal:instructional situation, and-these are what the analysis

Pprocess:=seeks-to-uncover,
- 5

'ﬁjehiefafé:hy construction-process used.in.this.-study-attends to-

.conceptual_structure-of the subject-matter, ’skiIJ level, subject matter

- Content; and. affective and cognitive goals. The resulting hierarchies

diréplayfhgv‘v—;thé curriculum attempts to attain-its-goals and.show-the
interrelationships. among the curriculum's-goals and objectives. They.

Help-the-analyst:to-pinpoint structural strengths or weaknesses and also

-gaps-or inconsistencies, if any exist. A _by-product of the careful'analy-

-sis-of gurriculum-materials-is the identification of instructional-strate~
A ot

-gies'used. in the materials and of eusential elements of the curriculum's

2 Regularities-in the use.of strategies and other

-patterns of;de‘sig"h:charactefistii:s make explicit-the-instructional model

on which the curriculum is based.. -In addition, the curriculum analysis

process may raise significant-questions that can be addressed by means

of other forms of curriculumrevaluation,

.

The Hierarchy Constryuction. Process

As already-mentioned, hierarchy construction in curriculum-analy~

si’s uses-the instructional materials of the curriculum as input data for

\

The marageément system is that part of the curriculum-that defines
how an individual student's progress through the curriculum:is managed.

ERI
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. ) ‘the- anal;rsis These data-are supolerﬁented by training materials pre-
' pared. for teachers and by the curnculum developer's-own descriptions
‘of the matena,ls, when they exist,. The physxcal product of ‘the analysis
is-a seriés of }ii:erarchy charts .that present an o6rganized, comprehensive
I view-of the-curriculum, In this section, the:kinds of materials andv'some

general.considerations-in.the-hierarchy construction process are dis=
’ . = .

- . < = S . B

t ‘cussed; -

- T T RS »

» - 7 *
: ) i ,’I'he'gri?nary'materialsfthat are used in the-analysis are student

;- -instructional materials, including.both printed and other medifa:;'nateri-

als. Eora—cux_';'icui\;m that does not have- explicitly stated objectives,
ther’s,tudent’materialsaare»the main source of information about:-what _ -
content, concepts, and skills the- curnculum is. seekmg to teach: In- “

* ‘this-context, content.is viewed-as ififormation, events, and data at the

knowledge- level of the Taxonomy of Educatxonal ObJectwes, Handbook 1:

Cogmtwe Domam (Bloom, 1956) Conceptq are-those sahent 1deas .asso-

ciated with a partxcular dxscxplme from which the structure of the dis~

cipline Ais,forr‘ned,S Skills“include not:only -intellettual skills, which ‘
:,_ - .are called "sehaviors" in the Bloom Taxonomx, but-also any manual
skills.gnd Jearning ‘management skills -that-are -part-of the cur,r'xgulum!sz
instruction. The presentatio'nAof content-and the dévelopment-of con~ .
cepts and-skills that cons;itute the-student .instructional materials of-a
curriculum-become-the source of information about the curriculum's
c‘ontent, i:o'_'ncept, and -skill obj'et‘:tives"in the absence of explicitly stated

. -

objectives. .

To 'supplement the examination of-the student-materials, -the
3

teacher's -manuals or-guides.are examined. These usually are more or

-less-explicit about-the content, concepts, and.skills the curriculum

3'I.‘he concepts of a discipline involve both knowledge and process.
Those- concepts of the dxscxplme that the curriculum-seeks to teach_may
-be identified by performing a concept-analysis (see Gow, Note-2).




seeks'to-teach, éven when.specific objectives-are not stated., The :

teachei-'Js manuals also are a good s;qixrcé-éf information about the atti- .
- vtudesfar;d—valués' the curriculum.is seeking to promote. Some-curricu-
'lur'r'i"i";"xé.négement system-artifacts which should not be overlooked are
the siudent record’ forms, teacher planning forms, activity: outlmes, -
tests, and aaswer keys. Thesiewcomponents of the.-management system L
‘may-support-or may.fail-to support-the -curriculum'§ expryssed or irm-
plied-objectivés. - . )

-

‘For a éurriculuri that has explicitly stated objectives, examina-

H
Y

tionof the student:materials is'necessary to flesh dut the curriculum

;mocjei;—ixizgerx;:‘s'fof— the instructional strategies.that are-tilized and to
- réilcal_}impliet.isquéctiyes. Some rich curricula:probably-teach more .
than-they-test.fof or express as objectives. ‘leonsAeque,n‘tly; if 2 sk_ill'?is. :
,tgggﬁt~§qdzpfgcticcd, it may-be-assumed that skill is an objective-of the
cu r‘ricuium.— ‘whether or not'it has been expressed as being one. Simi-
larly, if-a- concept is-introduced with multiple- examples, it may-be
"assumed-that the- concept is an objectives On the other hand, content,
facts, and:isolated examples of concepts may well-not be objectives to
‘be-learned-if they are not explicitly listed as -such. The curriculum's

; " objectives usually-are listed in the teacher’s manuals, and such lists

: ‘may-be-used directly-as input for the-curriculum-analysis. In -addition,
-matching- the objeci‘i\ies,in the teacher's manuals with the student mater-
-ials:will reveal:implied objectives that also must bé included in-the hier-

'afch?‘coﬁstfhctéd.

-

Other:important sources: of input data for the analysis are the
. rationales and'occasional reflections-written by the curriculum-developer(s).
’I'hese»rha}? be found in professional journal articles describing the cur-
riculum, if-advertising materials, or in teacher's manuals, Usually,

‘rationales embody the curriculum goals and describe the philosophy of

the—de(rel,op«er. Theseé are useful clues-to the curriculum's theoretical

- . -4
* underpinnings.

CERIC




Process_Individualized .Curriculum Model

The hierarchy construction process empleys the Process Indi-
vigiu;alized—Curricuvlum -(PIC}).model (see Gow, Note 2). The procedures
of the-PIC_model require prestfucturing concepts, content, and skills
separately befér‘e*me;ging the three structures into one hierarchy. In
-constructing -this hierarchy, the:logical.order of éqntentrand_;cqnﬁgptjs,
-tHe-sequence gflelements,of'the—Sub_jéct*méttg;‘ struét’ure'(conceptg,, -prin-»
ciples, generalizations, and constructs), and'the taxonomy-levels of

skills-or-attitudes.are considered. 4

- .

The content structure of most curricula is ;he:eagié‘st element to
idéntify, However, for-a curriculum that explicitly. emphasizes-concepts,
-the-concept strgctt;ré*—ié mére readily identified. ’I’he-speciﬁcfont’ént
instances may not bec rucial for a-concept-structured curricilum. “What
is important’is the rénge,éfvthesevins’tanc s-and the number of relevant
and-ifrelevant attributes- (Klausmeier.& Hpoper, 1974). For any.cur-
riculuin, the concept structure-should be identified-and- the -content in-
stances ‘should be charted to-chsplay their;function in concept ac;;l’\;isitiox)_.

.

The evalvator who uses-the hiefarchy cor?‘struction process can be.confi-

Qefit;thAatvthe hierax‘chiesprodﬁc}d reflect the structure of the actuzl-cur-
ricﬁlum. whether or not-it matchés the designer's iritent, The curricu-
-lum materials reflect the-deision made by -the designer -in selecting

frérﬁA,ambng‘é.lternative structures, and they-atre the evidence:-that limits

‘thé range of possible interpretations when an.existing cufriculum.is ana-

”

4'I'he use of the PIC.model to construct hierarchies_for curriculum-
analysis-and evaluation is especxally appropriate for individualized cur-
ricula,. However, any formal instruction may be expected to have objec-
tives build.on one another-as instruction proceeds. Both.the objectives
-and-the-stTucture -may -be implicit rather than explicit, but they exxst
and can'be-charted,




-Using the PIC model for analysis of a curriculum involves a-num-

ber-of steps,’

First, content, concept, -and skill analyses-are -carried out and
then combined:to-structure an instructional hierarchy. Some curricula
may. specify objectives-and present already structured hierarchizs.
These are matched to-materials, observing any discrepancies that-éxist
'bgtiv‘ee,n:specifigedxobjg,ctivés and-the materials designed to teach tlfxose

_ objectives. For-curricula that do not have ‘specified objectives and/or
‘hierarchies, the ‘materials.are:examined and the objectives inferred: and
structured: After this initial-analysis is completed, -the-broad-inclusive
_concepts-of thé;diq'cipli;'xe are prggn\iéqd:accordigg, to levels (grades or

;phits-ix‘;igfsiqgig:qq;riculum) and-the hierarchical-sequence of the sub-
‘concepts; principles, generalizations, and:-constructs determinéd. 'Iﬁq:
—;pnggntiinétgnggézare then analyzed-and placed u;id,er'th,e;,appropri,atte
1level-6f the cohcepts of which they are examples. Finally, the skills
ire‘—mérged with concept and content-instances-to define, -in behavioral

‘tefms,. -the:implied-objectives.

The second stap of the process is the identifica:tion of-instructional
strategies, ” The-identification of instructional strate~gies,cé.h be -simply
:an—:i_r;veptoﬁ to define the.instructional model more clearly. In this step,
-strategies which might.be particylarly appropriate for ceftain kinds-of -
inétructionfaqd have been neglected-(e.g., modeling for psychomotor
:bk{llh,, advance_organizers for'learning from reading, etc.)-are identi~
fied, Speciﬁl‘ atteniion-is given to concept acquisition strategies. The
kind and-range of examples of each concept (content instances)and-their
‘relevant and irrelevant attributes are noted. Failure to learn-a concept
ma§' result:from a-defect:-in-the instances encountered in instruction.
The.range of. content instances is -readily apparent from observation of-

‘the-hierarchy..

Third, the-instructional-model is described. Speci}iéd,or inferred

goals ind objectives are-identified and their interrelationships. determined.

RN
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This description is based on the-information obtained from the-initial.
analysis of the-content, concepts, and skills of. the curriculum. Then,
the principles-of i_n;truction used _in the curriculum'materialsl; man-
agement system, and teacher training*mate;ials'are desc sibed based
on ir}ég:’in:!ién obtained when the instructional strategies were -identi-

fied,-

f

The fourth-step.in-the PIC-model for curriculum analysis involves

i}ie:=igiegt';ficgtion of comiponents of the curriculum that seem to_suggest

2 't A )
:fertigl,eji_e’.d‘s:forfurther,im eatigation. For esxamples of such ques-_.

‘tions-raised-in thé analysis of IS, see-page 32.

"Hierat¥chy Constructivn N

) B
In-constructing the-hicrarchies, -separate charts are.built:for the.

cogﬁitfivc‘a_nd, affective dgrhzmé and for other elements-of the curriculum
that:represent separate sxpressed or implied_goals. The levels at- which
objectives are charted -depend upon the instructional sequence -(if-one -is

prescribed), theé-taxonomy level, the level-of-abstractness, and the con-

-

~ céptilevel.

The elements-of a typical hierarc. y-are identified in Figure i,

The:lines that connect-objectives vertically represent dependency rela-

-tionships. Horizontal'lines ccnnect separate elements that lead and:-con-

tribute-to a common:objective, but that are not dependent on-each other.

The branches-of a hierarchvigenerally represent aﬁfefethpheqorhéha
towards which the student's behavior is directed. 'I'h;y*also may repre=-
sent separate content-of particular elements of a goal that make distinc-
‘ive demands upon the studeat. (For examples, see Appendix A,
Exhibits 1.and 2, pages 42-43.) The process of analysis- requ:iyres’thé.t\ -

the-analyst identify and categorize distinctive features—ofis‘igh‘demands.

\
In.preparing hierarchies analyzing curricula with specified.goals

and objectives, it is_.noted when the wording of-expressed objectives-is
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,  Terminal Goal

T o ke 1.
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cﬁanged by thé. analyst or when two or more objectives are combined.
Itvis;, also n‘ote;l‘ .if‘r;éwq.giding changes the meaning or emphasis of an-
objective, if an objective-is added to repres;nt a learning experience
foiW’liicbitheljéis no expressed objective, or if an objective-is added

to represent a.n‘,unta\ight—objecti{re. p.rerequisite—to'a: specified obje;:ti,ve.,
For curricula-that do-not ﬁave:expi-g,ssed objectives, it is simpler to
note those.goals and objectives sta;efi'isy the Elevelope; instead-of .those
inferred.or added, In either case, iit,is imp}ortanvt* that-a clear dij,'te're‘nt

tion'be-made-between the developer's words and-expressed intent and-th
analyst's-words -and inferencess -

S

. Analysis of Individualized Science

Individualizéd Science (IS)-is-a comprehensive elementary school

sciencé program designed for students-in_grades 1 through 8. The:IS

cloéely-infégratéd with an-individualized learning-managerent system"

—(Chafnf)agne-&fxlopfex‘, Note 3; p. 2). The:overall plan for IS ihcludes

*

ia-

e

f:‘rpgfar'nfhas,bfeen described by its developers as "a science-curriculum

seven levels of ihstructional material, each level providing 'approxima.tely

one séhobi year's work in science. Only the first five levels of IS Levels

A-through E, are considered in the present analysis,

«

1S'is-a very con",;lex«curncull.m, offering. many d:.fferent ‘kinds of

léarning experiences and-a vanety of paths to mastery of 1ts goals, Hier-

archies 'weére noét constructed during the development of the curriculum

but the developers, Drs. A\idréy Champagne-and Leopold Klépfer, used

two- orgamzatmnal schemas to identify- affective and cognitive levels and

structure- ‘the. pnenom°na and content of science, Summary charts of

i these two schemas are mcluded in. Append:.x A Exhibits 1.and 2, pages

P

42 43. “The affechve schema makes- usé of the categories of student

behavxor from the Taxonomy of Educatxonal Ob_]ectwes, Handbook I,

i Aﬂ’ectwe Domam (Krathwohl Bloom, & Masxa, 1964) and apphes these

to the phenqmgna that are of interest to science education (see ‘Klopfer,




Note 4). 'I‘ltxe, cognitive schema is based, in part, on Bloom's-(1956)
cognitive taxonomy, but this has been modified to be science-specific
and expanded-to-include the processés of scientific inquiry (see Klopfer,‘
1971a, 1971b). lee-twosche‘mas, used-in developing IS-may be viewed ‘
as prov'idingf'éestrixg:ture for"the—séienc; currigql\ir.n. This structure

,als'o;p_royicled'—one of the dimensions for.the hierarchy construction.

process:

Among-the IS curriculum materials examined-in the-analysis were:

, _ . . - L™
Individual Lessons-(IL), Planning Booklets, ‘Men and Ideas.Filmstrips

(M&I), Student Activities-(SA), Miniature Explorations (MinEx), Invita-
tions to‘Explore (ITE); Science Leafning Games (SLG), Seli-Initiated
-Independent -Activities (SIIA), Directed Group,Aetivities.(DGA), Regdihgs
\ ihf_Séiér;ﬁé@(RIS), content guides and answer keys to the units, student
science-notebooks, -and teacher's manuals. Examples of a learning
:resource *hart. a.content guide to units, an-individual lesson- booklet,
and-a——MmEx—are m Appendxx A, pages 59-60, The'teacher's manuals
i(excerpts m ‘Appendix A, pages 61-64) were the ‘ost useful datu source
becau se—they—clearly set the tone of the program aindi ::ontam—a wealth of
dxrectxons and-suggestions for the teacher that could: be exammed for
consxstency with program-goals. The writmgs of the developers were

helpful in- 1dent1£y;.ng their intentions, their claims for IS, and the- kmds

-ofiformativé evaluation questions-they had sought to answer;
. . -
The-goals-of IS are-stated as follows:

*
-

1. Scientific-literacy goal: The student-acquires afounda-
-tion:of scientific.literacy.. -

2. Studeént self-direction goal: The student views the learn-
ing:process as primarily self-directed and-self-initiated.

3, -Student éo-evaluation goal: The-student plays a major .
-role‘in evaluating the quality, extent, and -rapidity of
his learmng. .

Affective:goal: The student-displays-informed attitudes
toward his study of science, scientific inquiry, and the
scientific enterprise.




5. Inquiry goal: The studént becomes skillful in using-the
.processes of scientific inquiry-and is able to carry out
inquiries. (Champagne & Klopfer, Note 3, pp. 7-8)

The-interrelationships between-the five goals and their subgoals

were~ch'a§-t’éd?i@{an overview (see Ag@endi;c*B, Chart 1, page 66”): This
chartris riot hierarchical. Self-direction-and co-evaluation goals appear

Yi‘t,;th‘esbéttoiﬁ'b‘ércguée'they afe the foundation for the kind of learning
A I 4

~

follow because they encompass the p'r(?céssré‘srapdfmétiya_.tion’qevcesgvar:y

for, 'aﬁdii_ﬁvi?lv'ed;in, the pursui*:of the cognitive-goals of the program.

I

‘Finally,. at the.top.are the-scientific literacy and affective goals which

N ibﬁild”@xi}seklf-direétioh, co-evaluation, inquiry processes, and.attitudes
B 74-,—" \ T - -
-toward-inquiry.® The arrows are intended to- show that the relative prog- )

w

~ ress.along all five dimensions prbbgbly—wguld‘vax‘;y from-student-to stu-
dent-and probably would not.follow a step-by‘-‘ste"pv,progre‘s sion.

o In mahy;;:gi-ricula, affective, inquiry, and“*sélf"-m:év.nagemem—andlx

evaluation-goals-often are less well defined, planned, and executed’ than
are ’rriérg‘tijg;dritional cognitive goals. -For this reason, and because
-they. gave j{;fér’hiée of revealing some.of the distinctive.features-of IS, ‘the
~p?9gr§m!§——§ffe;tiie. inqpir);. self-direction, and co-ev,al,ua\fio»n goals
*vigre-Ai{gl;r;edibefore the scientiiic literacy g'o;.l.

P
-

. Self-Direction-and Co- Evaluation

The éeif-tiirectiqp and the co-evaluation goals are charted as sepa- )
rate hieréfthesu»(sée Appendix B, Charts 2 and 3, pages 68:70), These
goé}.s"were—g:qxi_g‘tr'\;ct‘edfwith objectives from- each of the five IS levels
'beingiénaly’z‘_ed and were -charted consecutively from the bottorh of.the
hié;‘-afchyitp;t.hq tép: Behaviors.indicating progress a\lfe expressed.in
terms of tasks performed and-are charted at the IS level-at which they

-are-introduced.

s
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The t:Sur:irhinediate subgoals to the self~direction g’oalowere
selected'because-they represent the four separate categories of
‘tasks-the StGQe‘nt performs-in pursuit of the terminal capability.
Two of ihe;e,éfre,exprqssed by the developers: a-long-range plan
for-the student! 8 own learrning, and selection.and-utilization of suit-
able-instructional: méteriﬁls. ’ Two were-introduced here by the-ana-
lyst‘because :the demands of two different- categones of. capabxhty
‘were- 1dentx£1ed among the curriculum.tasks, One type of task
demands wxllmgness to revise plans based on-appropriate evxdence,
-another type requires individual responribility-for use-of human-
-resources-to- attam instructional goals. This interjection of two
subgoals is-an. exa.mple of-how curriculum structure, 1s made more

evident- t}lroggh;thg- analysxs f‘process .

'I’he two immediate subgoals for co- -evaliation surmmarize

the _two- maJor categories’of behavior:involved: first, self- evaluatxon;

M

second, discussion and co-evaluation with the teacher, In both of

3

‘trl'\e’s,etca‘tegé,riheq, where analysis suggested addition of a subgoal

) :i_mmedi:é‘t’g‘ly;fiej{e‘ath the terminal goal-and formation of 2 branch

-

in-the-hie.archy, the objectives demand different types of behavior.

The -student self-direction and cb-e'valua'iii_)n goals -require
péorgiﬁg‘tion.qf,)student planning sheets and booklets, teacher plan-
ning-forms, teacher directions; outlines of unit activities grouped
by tégics, .answer keys, etc. In the teacher's manuals, the teacher
is -reminded repeatedly to discuss-the students' progress with them
-individuaily-and.-to-ask students to evaluate their performance and

progress, In-short, the two goals that '"the-student should view

R the:i;a rning.process as prifmarily self-directed.and self-~initiated"

-and:that "'the-student:shoald play-a major role in evallua,tiﬁg'the

quality, extent, and. rapidity of his learning' -are supported by ail

o - -
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elements of ‘the management system, and this support is reflected

in:the-charted.objectives. 5 .

The:concept of mastery with-respéct to the student self-
direction-and.co-evaluation.goals is relative, rather than absolute.
The-developers' publications (e.g., Klopfer, Note 5) give clues.to
the-essential- difference.SibAetween the usual definition.of mastery
and'the-sense in:which it'is used for‘t.hesle goals,, 'Self-dir’eétioniis
aimed:-at: student "developmen -into.a.competent and confident: inde«

&
_pendent- leax;ner. ! -Co~evaluation assumes "contmually mcreasmg

responsibility" for judging how well- t.he student performs in.-learning

new-information, ideas, and procedures. Levels of competency:at

any-IS level will vary-among individuals. This ig an-aspect of- th; i;‘(

:cufriculum that the-hierarchy construction pzocess has hxghhghted
Note, for example; the repeated use of-the -pbrase,. the student "1s

Erogressmg" in the-statement of IS competencu':s.6 Each specxfxed

objective in-all of these hierarchies represents.a milestone,. or-behav-

-ioral-evidence.of -progress-towards-the terminal goal.

In the-case of IS, the.specified objectives-clue the curriculum
analyst to! the need to check for consistency. This. mxght not be-so-in-
every-curriculim. If IS did not'have a_ speciixed self-management
.gorl, exphcztly stated examination of the management system, stu-
‘dent directions, and directions to teachers in the teacher's-manuals
WOuld have shown gelf-management to-be an implied goal and would
-haveé:made clear the implied objectives, which-could-then be struc-
tured-hierarchically.

. The terminology used by-the analyst and the developers of IS
to desc nbe diffezent levels of. béhavioral outcomes for a curriculum
-differ, Is developers usge the terms goals, competencies, .and objec-
‘tives:- Thus; t.hey have analyzed-each goal of IS into level conipeten-
cies. -In.mdst-cases, competencies are: analyzed further into objec-

‘tives. The. analyst uses goals, gubgoals, and-objectives.

§
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Affect-and-Inquiry

The-affective goal has been structured into.separate hierarchies
fox‘ each of-the:Tour subgoals: attitude towards science learning experi~

ences, attitude towards science and scxentxsts, attitude-towards .scien-

tific inquiry, and-attitude towards inquiry as-a way-of-thought (see Appen-

~di5:‘B, Chérts 4:to 8, pages-71-77), The-rationalé for:this is-that

athtudes are: felt, expressed,. and observed-towards each.phehomenon
separately, Sxmxlarly, it was necessary‘to construct separate hier-.
-archies for-each of two subgoals of the inquiry goal because one facét

of - the goal-relates to the processes of scxentxfxcmquxry, the other to.

'the;ability;tp:caxji-y— out inquiries (see Appendix B, -Charts 9 to 11, ‘pa'.ges
78-86), 8

st

Like-the -student self-direction and co-evaluation goals, the-affec-

—tivéfandim";uify*goals are conceived as goals*t’owar'd'which the student

is= expected to move. Again, a relative concept-of mastery is evident.
The aifectwe -goal-aims at-helping the student to develog attxtudes, to
learn'to-value -science for its conttibutions to man's xntellectual—growth
and:to -society, to: enJoy his-or bel learning expenence in science, and
to- develop.an. mformed attitude-towards scxentxfxc inquiry.. fI‘he inquiry-
goal aims rat'he!pmg*the stgdent'to become-skillful in the procesges of

Pl T -

scientific ifiquiry-and in carrying out inquiries. -

— — -

7For each terminal subgoal-of the affech.ve goal, the hierarchies
.are constructed-with each of the IS levels, A through E, charted.cori-
secutwely from.the bottom to-the top of the-hierarchy. Thé code outside
the box-refers to the affective level of each objective according to Klop~
fer's-structure of the affective domain for Individualized Science-(Ex-
hibit-l, -page 42).
For each-objective.in the processes of scientific inquiry hier-
-archy, ‘Chart 10, the unit title is indicated in the lower right- hand corner
of the objective's-box. The code outside the box indicates the IS taxon omy
Jlevel of-the-objective according to Klopfer's structure-of the cognxh.ve “
domam for Indxvxduahzed Science (Exhibit 2, page 43).

- F

15 A‘lm
AL




1

-

> f

The subgoais-of the-affective goal are viewed as falling -into-two-

categories. The first of these is related to attitud: towards science
and-is-charted in three hierarchies, -each terminating in.a subgoal to-

wards which.the attitude development is-directed. The three-subgoals
ar,e': atlitude-towards learning-experiences-in science, attitude towards
'sgience:an@ggiengigts, and attitude towards scientific inquiry. The
,sech{d‘ céteg(’;;‘yrofthe affective goal goes beyond attitude towards sci-
-entific-ifquiry to inquiry as a way-of thought. This subgoal-may be
-considered-the-affective.dimension of the'inquir‘,‘,,goa}tl or the i.nqui;y

dimension-of-the:affective goal.

® The-me~+3s of determining whether or not affective objec:ives

‘have been attained are built into their expression. For qttitudertoWarids
sciencer'l'éaxfning experiences {see-Chart'5, page 72), the student would
be “observed-in-the classrooms. ' * The behavior to befdemonstratcdfails
“into three-major categories, charted as hierarchy-branches: perform-
gncefof—voiunteer activities.and reports-on-them. (act-ion); satisfaction

in doing-lessons and op}tional,invrestigatiqhs (feelings); and pride in the
-care used-in-carrying out activities and.lessons (feelings as thé'f,':affeét
action). The three hierarchy branclies represent-not only different
behavior-categories, ‘but-also different mixes of‘a.ffective/cognitive and

intellectual/observable behavior.

Attainment of- the—subgoals—dqﬁ,lix;x'g with-informed attitudes-to-
wards-science and scientists, towards scientific inquiry, and towards
inquiry-as a way of thought is assessed both by observing behavior in-
the cjassrooim and by qixe'stipping students about:their learning experi-
ehces:in=science. Student-responses-concerning science and’ scientists

+
(see-Chart 6, page 74) would fall-into the categories-represented by the

) ;th;"-‘ge‘brvanches of this heirarchy: the study of the natural world as sci-

:

enc’\e'szprim;ary activity, interdependence of science and society, and
rdi’ﬂfc\i\rex}cesaa»mon'g -scientists and what they-study. For an informed
.attih\‘x\de:tpwgrds scientific inquiry (see Chart 7, page 75), four branches

16
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;“ of the hierarchy demand.different competencies: one related.to obser< :

- -

vatior, vone'touin‘terpretatidn and the need for accuracy, one to measure~
* ' ment, %!!!15§n9't§'t'h,e~9um\xl,@t_ivei and revisionary nature of scientific | -
inquiry. —Finally, attitude towards inguiry* asa way-of thought (see
: *Chart 8, page 77)- calls upon four classes of competgncy tepresented
7 by hxerarchy branches: questioning, fmd:ng F means of' answering the, -
questions, finding. alternative-procedures, and extrapolating from-one -
inquiry:experiefice.to a similar, but different. eipex‘-ience. These-de- .

mand: sugcessively more initiative aiid overt effort.

. ‘In chartifig the hierarchies, some objectives which are at the
same-affective taxonomy leVei'iyhy~be organized:vertically rather than .

- o

-on‘thé -samc hotizontal plane. The-reason-is that, within the same ) R

ol
S

‘

-affective taxonomy- leveél, the student's behavior-may- require greater

Lo

or*lesser degrees of motivation, overt expenditure-o!—-effortvor—seli-
_-direction. For-example, in the affective subgoal hierarchy for attiz - .

tude towards-science learning activities, to- Yjork voluntanly on an

electwe acthty or alternative unit" would-demand less independent,

‘undu-ected effort than- t6 "consider- questions and problems in-Some

'I‘hmgs to ’I‘hmk About" ‘(open-ended questions-at the end of-each unit),

The-latter would, “in turn, demand less:sustained, orgamzed effort

¥

: -than to "report:to the teacher-or other students, ! Although these

three behaviors are all'at Level B. 2 of the affective taxonomy -(see ’ ‘
"Exhibit 2, pag:-43), they have been-charted sequentially because-they

.

s, areprogressively more gelf-directive.

Level of self-directiveness, then, may-be a consideration for
-charting-objectives within a hierarchy. However, for any. given child
E this-sequence-may not represent the optimal progression, For an
- -extrovert, reporting both formally and informally might-be a natural
activity; for.an-introvert, pondering questions-and problems in Some
* Things to-Think About might be-more attractive, In this case, the

7 ve gticé!iy,,hie:aréhical positioﬁ's—ofv‘objeéti\?'es do not represent a

“ERIC - — :
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necessary dependency. relationship, but-they do reflect a relationship

with another-of the-curriculum's goals. Nevertheless, evenif self-
—dii'eétiipn,wereo'not'an,explicit goal of 1S, the demands made-on the
students by these oubjectives would lead to the construction of similar
'vertic?al'seqp‘encestin an a}.ccu:ateeﬁlotting'of—the curriculum. structure. 9
The.inquiry goal is-divided into two subgoals: use of —‘a'ppro'ipriate
jﬁ'écee_ses of_inquiry, 5nd,,‘progress,in,develorpjng:the abjlity-te carry ’
»d\'xtkini;uiries:('Appendix B, Charts 10-and ¥'l, peges 79-86) The hier-
archy’ for the second subgoal begins- thh IS Level C-and has- been con-
_structed-on the basis of independent mvestxgahons of -Levels. C, D, and
E. 1ts::b;gnches, of course, -are much the same as those of-the attx:
tude towards inquiry hierarchy: questioning, po,sin'gtp,robleﬁis for in-
vestiggtion,, and proposing prncedqms for Ainvestig_ating problems.
“The student-must be aware of the necessity'pf the. é’lements:in order
t6 be.ableto carry them out. In.this-hieravchy, as in.all-the-hierar-
! chies-under Goals 1I through V,. the specified behaviors at-eachIS
level:may be termed milestones, or behavioral evidence of pr‘ogres,sr

towards-the terminal-goals.
i o

The several hierarchies presented up to this point highlight one

_of:the distinctive features of IS, th‘ema;-éful attention given the -affec-
‘tive, inquiry, and.self-management-goals, These-goals are often-
_espousediby: curriculurn designers-but seldom are they:as-carefully
structured.as-the subject-matter content-goals. A distinctive feature
of',I(S,i,sAit‘s careful structuring-of the components of self-direction,

.

9It must.-be assumed.that each level of each dimension-or branch

. of the affectwe ‘hierarchies is attained through a series of. mstructxonal

_experiences. Both the - level at which there-is an increment and'the ex-
penences used-to_attain it will vary from student to student. The de-
sired behavior may. be demonstrated occasionally: rather- -than consis-
. —tently, but progress towards goal attainment at each. level of the cur~
riculum_is expected. This is indicated by the lines which conhect’all

the boxes of-one-affective level to all the boxes of the next level.

-
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co-evaluation, affect, and inquiry, as shown in Charts-2 through 11
(Appehai&‘B, Pages 68-86). Each learning task involves more than ,
one goal. ‘In‘the IS-program,- the -appropriateness of levels-of-each
-domain .involved in.a single task has been carefully and explicitly con-
sidered, and-appropriate-sequences.have been incorporatedinto the
design. Is:ieﬁfesents an integrated pursuit oi'léarning goals, as the.
~hge;;f;chiég:qelinéat¢.

Scie:ntific‘Literm

Three illustrative hierarchies are included for the scxentxfxc
‘literacy ‘goal (see Appendix B, Charts 12 to-15, pages 87- 107) -one
'fo;:ljpeqsu;'_em'ent—termmglogy. one for-the concept of energy, and
:angffor~:systéma:éozicep,ts.r The progression of objectives:from the
‘bottom of-each hierarchy to.the top follows the order-of units in the

several’IS-levels..

., The -Scientific literacy goal aims ''to build-a-solid base of knowl-
edgeig@gnderstar}ding of-and-about-science which-the s;udent will’
igee‘d;to:fiu@g:tri,on in an increasingly complex world" {(Klopfer, Note 5).
‘Here, rather than centering on the préclasﬁs of becoming informed .and.
‘gelf-directive, IS focuses on the cogcepm;l—;étructux’-e:bf:s’ciéi:ce.
‘Choice from-a variety of Fesource materials and di:{féxje‘nt ‘examples

"_pfjpvid,gp for.adaptability to individual students. The materials are
—adapéive to.an individual's'learni.ng style or preference, interest, and
conceptlevel,

.

One-of-the-illustrative hierarchies -constructed for- scientific
';literaéyfisj that-for measurement terminology (Chart-13, pages 88-94),
-Becaise each IS unit dealing with measurement tei-’nii:iolog;v employs
‘those terms ?hi(:}; are related to:the science content of that-particular
unit, -this-hierarchy quconﬂiucted with several i)ranches. at
'I;ev'ei~$, ‘for-instance, one branch shows the development-of termin-

ology related to the-science of nutrition, anotherbranch deals with

o>
192\_)
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temperature, mass, force, and work. At Level C, length, mass,
volumé; ‘and ternperature are treited as separate branches-to show
clearly.how they develop. 10

L4
»

An-example of how decisions are made about placement-in the
e -hiergri;hw,f;is.fuxjnished by the de;leiopqr s' stated objective: "'The stu-
\\ -dent.states that the -only gertain—i.yay'to—dete}mixig which one-of a pair
AN Qtffipd_ivid‘q_alg has the greater calorie requirement is by measurement.* 7
'Ii‘llils;is; placed at-the top of-a series-of objectives on nutrition measure-
meggtr té;-xiﬁfgxology, although the-word ''states'-could mean that.the sti-
éé;ithi\iy repeats a memorized statement. The wo';ding—:of: the.objec-
:tive:w,as\sreta;i.péda_,s the developers wrote-it, but-it-'was placed in the _ _
higrafcﬁy in-the position of a principle on'the basis of an —in-ngﬂi—
analysis of the lesson matierials. It was found that this priaciple was
ntaugh!:fatefully, with cues g;iduﬁny{a’ded, over ;:everal different
learning-experiences. These included the statement that only by
; _ 'measuring canyou be sure,” a discussion of all the differences that
o affect:amounts.of energy needed by an individual, and a discussion

tb»it;igi;iii;gted—trhe unreliability of—any;other means than measurement.

All of ‘these experiences contribute to teaching the need for measure-
’ —i’ﬂepg_ih;judging*calqrrie requirements,. hence-the placement-of the

ije'cfti‘.iie:at the.top of the series.

The-illustrative hierarchies for energy and systems-(Charts 14

- and'15, pages 95-107) structure-the mainstream unit objectives that

-attend to.these science concepts. Each-hierarchy sets forth an array

s ¢

— ,..
10 'I‘he objectives structured. are froin. the lessons in the main-
. stream-units only, although the IS curriculum also includes.alternative
-pathways units-and-a variety of learning actfvitxes in-addition to those
; contained in the lessons, These are usually listed as related’ respurces-
— _,,,A,_,_,jn each unit and provide many more experiences with the content of the:
unit,

-
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of-examples demonstrating the range of instances provided.in the IS

>

-lessons, ’ - -
.. .
The-introduction of energy as a discrete concept begins-at -
-Level C,'l_ r Formal study.-of -eWergy is begun. at Lével E in "'attempt-

-ing-to_answer ‘the question, 'What is_energy?'" At Levels C and-D,
ohly~th63eaébjei:ti'ves that_explicitly deal with energy are structured;
at Level -E alFobjectives are structured, Systems concepts are-intro-
duced:at-Level C and continued at Level-D with-a-study-of burning: and
—gqbsystems;tnvolved. At "Level E the student studies-energy. as a.sub-
system. of :biological-systems. The way some of'the same léssons
-build:towards different scienc'e~concepts;(energy;,systenié) is graphic-
ally démonstrated by comparing the ‘energy and systems hierarchies

-and-notirig-that-some of the same objectives appear in both hierarchies.

Energy may be used as.an-example to show how the ‘developers
of IS-have built the concéptual framework- of"séjegtiﬁc literacy. (see
-Chart 14, ;péges— 95-102). By;attending:simply;to the categories-of
student-behavior, -one can quickly scan-this process. m:deali,gg"wi/ith—
) ithe energy concept, the s’tuéent {a) names, defines, i&entijies; (b),gives
examples, classifies, describes; (¢) explains, d‘emonstrates, identifies

attributes, distinguishes; (d) selects, orders; (e) reads charts, writes

equations; (f) describes-subsystem interactions, demonstrates processes;

and-(g} states or-demonstrates -concepts, principles, and generaliza-
tions. At Level C the student.observes-manifestations of energy and:
chgnges,bfoqght about by adding or removing heat. By,Level D the

. student relates:respiration to burning, -and-has begun to identify different

~ - EEC - [y

It was determified that ‘he concept begins here because the
developers- speak in the Level C teacher's: manual of "rudimentary con-
cepts-and:observations' of manifestations of energy at Level C and con-
firm-that the concept-is-more fully introduced -at Level'D (p. 173). In

~the Level-D:teacher's manual, they- speak of "introducing.ideas about

:energy exchange' (p. 26). .
35 Yoo
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‘kinds-of energy-(heat, light, sound)-and tc explain such changes-as
evaporation, melting, dissolving, and sublimation by kinetic molecu-~

-lar-theory. .

At Level E, as the hierarchy cléarly shows, the range of in-
st:u’xceé*of:energy—has expanded. The formal study of energy has begun
with-identification:of: the-attributes of energy and with learning. eaperi-
-ences with-a-wide variety-of:forms of-energy (héat, chemical, kinetic;.
*sgun}i; -electrical, hight, elastic, gravitational). The concepts,. princi-
piég,, and generalizations are built-through.a variety of expcrienc;s,
-and_the ”\s‘tudentdémbns,trate s-his or'..er acquisition of the concepts by
—gynt_f:egi;’ing, -creative activities_{e.g., writing-an essay on.what life
would-be-like=without the sun's energy, -or how-life would be different.

if-allithe coal and:petroleum on carth:-were used up).

‘Evaluation of IS:-on;the Pasis of-Cufriculum Analysis

r

) The.description of-the hierarchies constructed for ¢ach-of the
_goals-of Individualized Science has atternpted to:point out some of the
‘fine points-of the curriculum revealed by the-hierarchy constructisn .
“process. The construction procedures have been explained in:order
to gl@rify\'the'significa;uce of each branch, each level, ‘arid_each linking
vert"gcaiox‘ horizontal-line. By examining-the hierarchies, significant.
information-about certain aspects of thé instructional-process can be
inferred. For example, in-the development of a broau:and fundemental
conczpt, -the hierarchy .clearly shows the sequence-in which instances
of the-concept are introduced, the range-of instances of the concept,
and the-way principles and gencralizations are-built out of companent:

coricepts.

*The advantage of sich an-economical method of presenting a.
tremendous amount of -information about a-highly complex curriculum
. :
should-not-be underestimated. However, it-is importarit to-note that

in the;process of-constructing hierarchies, the investigator gains more
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informatxon about: the curriculum that-can.be 1m.med1a;ely discerned in

the h\erarclues themselves“ Some of this is relevant to the claxms of

the- developex:s‘about their, program and, therefore, to its-evaluation.
‘Bach. of the ¢luims made for IS-will'be examined in hght of the informa-

7tmn gleanedfdurmgtthe hxerarchy:con‘struch,on process,

y

. £ = x
\l\ , . »
. Adaptxve Envxronment . N
Ta : - \
S One of ‘the- fxrst clairr 501 the IS developers-is that. they have pro-

duced a multx(aceted program-with, ma!:y resources which-make possi-
‘blé-an "adaptw- envxror.ment " that 1s, an environment that “has the ,
- - -capability of matchmg mstruct antor var;ous oharaC¢e sistins. of indi-

: vxdual learners" (Champagne & Klop.er, Note. 2; p. 2). The develop_ers
. Pages-44. 45) -which. shows how provisxons are mad? for varxations in
-goals;. matenals, i .ltructxonal units, ‘settings (whole group, sn'-all
groupr fndwxduals), teaching f focus (subJect matter, process, values),

- mode12 (lecture, dxscussmn, laboratory, programmed materials,

»self mstx'uctxonalmaterialal and locus of ‘responsibility for evalua-

tion-and: decxsion maldng. The.developers describe-how hese varxa-

-tions provrde,for Aindwx,dual differences in’ acquired’k’noylédge, interest,

a'tﬁtudes,japd?int)elligence (Champagne .& Klopfer, Note 2). They do

‘ﬁog claim-to.know how to provide for variations m cognitive style or .

?qugjtive:developm_e;nl, ﬁie mec}la;xisms——for' which, they maintain, "are

Just begmmng to be explored. " Howeveér, they- suggest that different

-gocial: setting3a and methods (didactxc, guided. dxscovery, inquiry)

--accommodate-to some. of these di!ferencqs. They also show, in tabular
¥

.12 The- developers —use the term "instructional strategy" in which
-they include didactic, guided discovery, and inquiry, The writer pre-
‘fers-touse- ”method“ for-this dimengion, of a curriculum, reservmg the

~ ‘term "mstrm.txonal strategy" for those-techniques of instruction that’
“have firm research-based evidence of effectiveness, "

’ 23 2'/
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‘foim,. the program's many resources and.how these relate to its =
gqa.ls, which they -claim adapt-instruction to both learner differences

and-the content {0 be7learned. N
4
The -IS:program does provide such-a-wealth of résources-and

.

such-.a: vanety ‘of instructional options-that the-instructional environ-
ment appears highly.capable-of adaptifig-to-individual- needs. The
ledraing vresourcesf-chart (see Appendix A, pages'44-45) ‘provides
gome: mdxcatxon of the range of'these resources and optxor/xs. IS
consxsts of mamstream units, which téach t.he programl's behavxoral\
ob_,ectwes, -and alternatwe pathway units, which go-beyond these ob=
jectives:to-stretch the chxld' s.capabilities and stimulate his orher
interests. The*!uerarchxesvdo—notrattempt:to structure these alterna-
tive units, \j/ithédt them, the program is adaptive; with them, it has
the- cépebility»ofribeipg remarkably ada‘.p_ti\{.e. ) -

‘m,c‘reatgné a prog rar‘p which would furnish the adaptiveness

de}'nended ‘by-the i_pdi\;idgal diﬂ’ereixcgs in.elemer;tary school chil-
drexi, the-developers-confronted. riany- curficulum-design problems.
neir'solqtions,'suggest soi'z_i‘er of the elements that:should-be attesided

to in desigrijné~a_n:adaptive curriculum. For example:

I. To provide a variety of -settings.t6 meet the prefer-
ences-of the.students and, the demands- of instruc-
tional: o'bJectxves, the develcpers desxgnt.d student
d.ctht).es which could be done-alone, with-the teacher,
with: one or-more students, or:as group-activities with

» the.teacher: -

- N *

2.. To keep track of a class of students, each thh his

et planmhg booklets for each studcnt to. record plans

and-progress and class management-sheets for the .

. , . teacher to keep track of students® plans-and.progress
.- * '#@nd,to-assemble those ready-for Directed Group
. B Activities.,

Aruitoxt provided by Eic:
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KA ;’I‘o—ensure that_this highly complex program would
stand alone without teacher support from saides,
:xmplementers, or other personnel and could thus
be successfully drssemmated, a myriad of teacher
props werefurni shed and structured-instruction.in
“self “maz nagement was provided for the student.

To6-avoid-the. problems assocxated thh initial imple~
—mentatxon -of ‘an:innovative curnculum and to relieve
sthe kmds .of anxletres that-many- teachers- express-at
the prospect -of- attemptmg to mdunduahze instruc-
‘tlon, a- number of-teacher props were designed,
-.These:props mclude class room model ¢harts,- ma-
tenals storage procedures, lists. of materials need-
"ing replemshment -after éach-lesson, descriptions of
‘how:to- assemble mate rials, and management infor=
“mationfor-each-level, .including possrble routées that
a student could-fdHow. ) .

’

Self-Directed Learning and Evaluation

* To meet:the challenge of.a world of .change-and-the.need:to
) -acquite new -skills-and k{log;vledge, the child,m\}vét‘fbecome,i},lirf‘elong'
‘learner, -ISprovides mechanisms-for children to-plan-their science
aétivities",,to manage-their own irgﬁ'ructionil:fnate rials, aixd-to,té.ke

. N T
_ v part: m ‘the assessment-of ‘heir learnmg. "it-also provides oppor=

tumtxes for thechild to make- selectxons from alternative learmng

" resources and from alternative units of:study" (Champagne & Klopfer,
Note:2, pi 1). The prog r’aigp atternpts to develop attitudes towards
‘learhing by teaching children-how the ingtructional system functions
and -giving Qxein’;g,sehse of pé.;x:ticipation in—dei:iéion‘m'akir;g ‘(Klopfer,
1971&,, 1971b; C%)'alxnpagne & Klopfer, Note 2).-- )

~ All-of‘these claims are reflected infour of-the program goals:

affectxve, inquiry, self- d1rectron, and co- evaluatxon. The hierarchies
for these :goals indicate that:the science lessons. offer opportunities.

structured,m small steps, which permit sélf-management; self-

Aruitoxt provided by Eic:
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assessment, and choice of learning resources a'nd, beginning at Level D,
of-alternative-units. In the-early levels, t'hevproi;ram provides instrue-
tion ih science vocabulary, the learning-to-learn-skills of observing,
sorting, measuring, -describing, ordering, classifying, collecting data,
recording data, and interprei.ingbar graphs. The studect has-an oppor-
tunity to-acquire -skills-and processes-of inquiry and is-exposed to.léarn-
‘iﬁg,exﬁf;i;cncgs,desi;ned to provide an informed attitude towards.sci=
'ence'aniiZ;;ientists, science learning experiences, and-scientific

inquiry.

If-understanding the’learning -system gives the students "a -sense
-of participation and control, " teaching:them the mechanics for develop-
-ing such understanding should fostei:'ghis sense-of-control. The pro-
-gram -supplies a Start Unit-for Levels-A-and B-and-a Launch Unit,—for .
‘Levels-C,. D, and'E, which teach the mechahics. The Start Unit
teaches:héow-to-operate a recorder, follow directions, use;.:—x,planhing'
sheet, and:find materials, and-it tests-prerequisite skills.such as
recogmtxon of numbers and letters. The Launch Unit teaches how-to
manage._ matenals, score tests, and. select _student activities-and also

provides-an-introduction to new concepts, vocabulary, and-instruments.

In programming -these goals, ‘the science- developers lave encoun-

tered. and solved the foliowing-problems related to adaptive instructional

design:

1. To-permit informed decision making by students; the
Directed"Group ‘Activities, managed.by the teacher,
_present an-overview.of unit choices. From LevelD
on, student seminars.include seminar books with

’ directions, -which-permit-student self- diréction;
“These seminars also provide- opportumtxes' for stu-
-dents.to use, orally, the vocabulary of the sub_]ec*
they are studying individu‘guy.

»

»

2. To prov1de for social interaction-in an individualized
* program, the variety-of resources from which- the
. ,student selects-includes projects on lesson concepts,

- .
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~or-planning- information, and oral directions for
_activities.

£
games, etc., which allow for student intera~tion.
The: Directed G..up Activities include group dis-

7 cpgaion of concepts, -filmatrips, and the lives of
-well-known scientists,

“To provide necessary information on-subject matter

-content and/or directions-on-activities-that-some-

children-might not-be.able to read, optional read-
.along‘tapes-and- illnstrated lessons impart science

To ‘provide-for-exploration and challenge with-stu~
dents of varying interests and abilities, Invitations

‘to:Explore, Miniature Explorations {MinEx): and

‘Self= Initiated Independent. Activities challenge,
while How-to- Booklets remind- students how _to
Tanage independently. The. MinExs have problems
-on:-the cover, which some. atudents can attermnpt-to < ,)
solve on their own as well as- pictures of experi- A,

—ments instde which- children can model. Open-

ended que,st;ons encourage further inquiry.

To:encourage the teacher to permit student self-
management-and co-evaluation, the developers

-have bulilt-teacher props into the ‘materials of each

unit. To.assist students in self-management, they

-are provided with answer keys and planning-notes

on- how to get materials, return them properly,.
‘make.and carry out a plafl. ‘Placernent test.ques-

, tions are Keyed to-lesson content and help deter~
:mine what to do-next. >

A teacher's manual supplies course infoymation and
dxrections. The teacher-is encouraged-to take the-
opportunity to discuss with the_student his or-her
progress-in-the program, and. information is given
on'how-and when todo so. The teacher s alterna-
tives; depending on student progress, are pomted
out and hints are given about how to help students
-evaluate the-appropriateness of their choices.

in addition, the curriculum reminds the.teacher to
record students' special problems-and activities,
-concepts-they would like-to continue studying; and
the activities' they complete.
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-‘Finally, the "How-To'" student booklets provide the
. - "teacher, who may-be fearful of the dangers -of self-
£ management, with a:mechanism for reminding stu- -
- dents of safety precautions-as well'as other self- B
1 " fanagement skllls.

4 . - . “

»_Relevam:-‘i ‘

The-content of Individualized- Scxence, the deve! c)pers claim,_is
relevait. to_the social circumstances of today-and thexforese’eafble
future, -emphasizing cultural aspects of science-and the intefaction.of

science and-society. The content, they assert, capitalizes-on the

. ‘intefests of the-child and seeks !.o-give each child -some methods-and -
skills:for -attacking-the questions which tug- at him and some useful

framework into which-to-fit the answers" (Klopfer, -1971b, -p. 26).

While-all of the goals are related to these claims, -the scientific
literacy-goal is particularly relevant, The interactions of science
and- socxety areexplicitly attended to, mainly-through the filmstrips
on: t.he lives of scientists. ‘In-addition, much of the-content is selectedz

" -to- prowde the_scientific knowledge necessary-for-helping the- student

e

M—
to deal:with.social problems of- the present_and futire.—~ * - - .. ___

The physical'a.ndb';ologié'al sciences-are-highly relevantto the
- search for solutions.to such problems as overpopulation and.threats )
to- ecologxcal balance. ’I‘he ‘hierarchies show that-at-each level:student's: )
-are agked-to describe- contnbutxons of scientists: to their society, The .
- physical %fld biological science curriculum objectives include sequences.
) op:ﬂge composition of the atmosphere, the human'respiiatory,‘gygtgm,
-air-pollution, the digestive system, and nutrition. A ﬁqajgi'— area of
; -study-in IS-is energy which, of course, has broad social implications
: ‘ . angvgiugi",gnt interest, ’fheatgdent is asked to consider these implica~+

tions -and write about them,

-

The claim that each child ié;g‘ivenlm,efhods and-skills for attack-
: 7 atta
ing. questions !'that tug at'him or her':is-adequately-justified. The -

\)7 i -;"5 . .
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early lessons, which *each skills of obscr’vatipn, measurement, and
-classification, are carefully-sequenced. The goals of informed- atti-
tude-toward, and-eventually commitment-to, inquiry and the abxhty to
carry outqnqmnes are carefully attended. to at each level, as the hier-
-archies-show. The de\{elppers anticipate that'by Level'C, some stu-
dents will:go'beyond strictly scientific inquiry and begin-to.develop.a
-commitment-to-induiry as a general way-of thought. The'developers
r‘{tﬁpareiftl’yfeipgct an "Aha!"effect,. since in-the affective domain.the
1S-levelsfrom-Cto E progress relatively rapidly, from-A.1 to A. 3 on-
'thg’—%ffecti\{g—tggogorﬁy (see Exhibit 1, page 42). Once students-become
aware-of:the-processes of-inquiry--asking a question, seéking‘».é’-w»a'y'toA
answer -it, p:x‘bpbs’ing,a'lte:native procedures, and-extrapolating from

experiences-in.dealing with one problem to a- similar problem=--they-

-are-expected :to-make.progress-in their ability to carry-out-inquiries.
This.progress-can be investigated.by examining student-performance
in-the-independent activities.

Again, attention to these program aims-has led the developers

“to-solve-other cixrriculum‘giesig'n,';Sroblemg,in trie process:

1.. To-maintain children's interest-and motivation to
Iearn, ‘the. lessons address themselves to.children's .
concerns about their own bodies and answer-many
of: the-kinds of- twhy ? 1 and” thow ? 1! questions.children
haturally ask abolt themselves and their environment,

Many of:the explorations-are written in puzzle form
‘to_make-them especially appealing:to children. For
example, the story of -Archimedes' search for a way.
‘to €ind the volume:of the King's érown introduces-a
MinEx. which -asks the student to -solve the same prob-
‘lem. After solving it, the student is encouraged to
* ‘find-an alternate way of making the same.measure-
-~ ment, Another MinEx asks students how to use a ;
-plastic bag to raise a small book off a table- w'thout )
v touching "the book or lifting the bag. A third asks-
the-student to predict. whether a-paper towel will get
‘wet if it is pushed into the bottom of a-vial:which is
‘then pushed- open end down into some water.
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2. ‘Tohelp the teacher who does.not know the science
content, the- teacher's manual provides an overview-
.of the-content and .a. ratxonale for its use. In addi-
tion, there are:notes-to-the-teacher on-things-that-
pose special difficulty for students. Themes-empha=
sized in-the:filmstrips are listed. ’l"he teachér is
-given suggestions-on questions-to-ask and whyto
-ask them, and-references-are-made to learm.ng
:theqry .sources for teachers who want to learn-more
about how-children-acquire concepts.

Possible Further Claims.

There are additional-elements in IS-which might -well have
-elicited_claims by—the—de‘velo’;‘agrs,* but did not. For example, IS:is
adaptive tg*thé\lbcai,l'séi)boi:situ?.tidn:és ;well'a}é'thé individual student.
Two-different classroom models are possible: regularly scheduled at

90 minutes-per week, -and flexible, involving large blocks of tirne.

lt—iS"péssible, because of the very carefully:speci_ﬁqdAstr,ucmre_‘
-of sg:';encg‘—content. on_which ,theAprograxh,is'Baisied,,‘to use a.computer
to generate tests. Whatever, category of behavior-or kpowlédge?ghe
teacher, evaluator, or product-purchaser is interested’in knowing
about_can.be tested, because each objective is carefully. coded to the

stfucture of science-as defined by the developers.

Finally, the,program.makes no claim about interpersonal.skill
training. -‘However, the care-wit1 which instruction is designed for
‘the sharing and proper handling of materials indicates that this is an
inigrreq'objectiye. ’I'h.e diversity 6f»instruétioné.l situations-also )
-encourages gocial - interaction by:@roviding_tl\)e,student an oppor.tunity

5 to.work-with different individuals- or.-different groups of children.

Theoretical Basis and Instrustioral Strategies

The.developers of IS call their program eclectic because they

borrow from a variety of theoretical bases:-for the research underlying

*
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their -instruction. They refer-explicitly to-Gagné, Bruner; Piaget,
A}xﬁsub‘él,’ and.Glaser (Champag‘ne:& Klopfer, Note 2). They could have
vrgferx‘egl?t‘qtl?eybey, Skinner,. Klausmeier, Schwab, Bloom; and Krath=
wohl, -amorig- others. Instructional-strategies used,throqghoﬁtvlew;eis

—?re-.cieé.riy influenced by each_of these theoreticians-and researchers.

-One element that characterizes the IS curriculum and stands_out
as-its-greatest strength-is-the-care with which it follows the fundamen-
tal: s’tx‘uctui'e;ofi‘scienc'e. This:gives it-its consistency and-makes feagi‘-
-ble-the. integrated:pursuit of goals. It facilitates the building-of the
‘concepts-of systems, energy, ,kinetic—mpleéular theory,. and:biological
-adaptation:as récurring. themes, built and: stréngthened unit oy unit.
This element of-structure, which owes much to Schwab (1964) and-
Bx;uq,er'(l%()), is the-element-and -the strength that comes-across.most

-¢léarly:in-the ‘scientific literacy hierarchies,

The-ideas of Piaget are.réflected in-the- way-the lessons.attend
-to: the chxld‘s development in abstraction, -attention span; and concept
"learmng. ‘At the early levels, when the child might:be expected to be
at-the -state.of. concrete operations, the learning experiences are con-
crete and-short. The-later lessons become longér and more abstract.
The level @@‘ab}tracti,dn*is another program-aspect clearly illustrated

‘by-the hierarchies.

The:sequencihg of instruction.in IY *'ows the influence.of other
theorists also. The tdxonomic-levels of Bloom (1956), somewhat-modi-
fied by the developers, and of Krathwohl, Bloom, and Masia (1964)

i;e'clegrly apparent in the defining and sequerncing of objectives. The

v

‘building from concepts to 'p'rinciples_t,orgeneraliza_tiqns.sh(;ws,the‘tnﬂ,u-‘
;enfceeof'GagnAé (1965):and, -again, of ‘Schwab (1964),and‘*§funer—(l960).
The progress-from single-to combined skills sterns from-Dewey-(1933)
and .Piaget (1969). The—,progre ssion from instances with few irxje‘levant
attributes-to those with many can be-traced to-Brunér, Go‘odf;'éw, and

.Austin (1962), Glaser (1968), and Klausmeier and:Ilooper (1974)..




These writers undoubtedly would support the building of.the concepts

of energy-and Systems, as revealed.by the hierarchies, as-examples

of-their-insttuctional theories at work.

Gla}s‘_ex‘"sﬁesigdmgc}gl is-cleéarly apparent-in the structured:cur-
riculum:=model: testing procedures (integrated.into the curriculum),
. discrete materials for teaching each-objective, and.procedures for
:individ(xél;_pio'gi’ession through the program. f

. ,A&'vax;ce organizers (Ausubel, Note 6) were used throughout-the
curriculurn; -both in the-form of overviews- of-what is-to come (Du'ected, :
-Group:Activities) and in the-form-of fundamental organizing concepts,, .
‘taught early-and, built-upon. _ Thefe is évidence that students' }?arn}ng
‘gpwd—:fgtgntioxi:ig'better with such-assistance (Bloom, 1971; Gagné, 1965;

—Kléusrp;i_gi- & Harris,- 1966; Ausubel, Note 6), . i

To=d:émohstratgfatt@iqmenbét— t,he: level of-practical application,

which is defired in IS as an element in the definition oi"'@hdérsté:{ié; "

‘the Blgpm:'(l956),critefiqh of "usgé in a_novel sit}xati.on'; is employed, . ) -

The ‘theories-of Skinner and—cthei:.behé.v‘,ox‘istsra'nd the pi-‘ograimi'ning‘ ‘
work-of-Glaser and colleagues (Taber, Glaser, & Schaefer, l9é5)'

T a;;p_eq.f‘— in:the use of such techniques-as-cues, prompts, and successive
Aagp’réfxim?.tiox;s‘oi desired-terminal-behaviors: (Solomon & ‘Holland,.

‘Note 7). v

e

Questions for Further Research

As has been suggested, many questions arise:for further evalua-
! tive .reséarch as a by-produict-of the hie;érchy—sonstruétion -process,
- Sqme,of—thieséiqu'estions follow: Are theihehaviors shown in:the self-
.ﬂ—-:nma?ﬁd“éb*ev;luéﬁon.hig_x;gfg:_ﬁxg{'s the essential components
V,Qf-_self-directe'd, self-evaluative learning? Are theseé the optimal
sequerces for attaining:it? Are these elem.'nts the appropriate ones :
for the develqpx’r_)ental?level of the students? .For-example, is it-appro-

priate, at Level D (about fourth grade), to if itiate student responsibility

» = . %
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_for:arranging.an-interactive mode of learning in 2-seminar-and carry-
-ing-out a_role in.it? Should-other objectives for using human resources-

for:lea ihing;pggéedg ‘the seminar- pbjectiv’e; at Level-D?

,f)orltqdernt_s'who have completed IS Level A demonstrate the-
ability-to-carry out the.following behaviors in-other classes which do-
-not te,\ch -self- management, ¢.g., getting:their own materisls and
returmng them- to- the proper places and following wri\‘ten or-verbal

;di;ecnog'wh!ch@hey can-read and/or understand? Do students who
—Ehjwieit’)g'e»_h;‘l'n’tvﬁi!,prog;l;n through-Level D demonstrate greater deci-
-siveness in-othur- él;'saea (quicker, reasoned decisions) when given a

_-choice-between severalalternative learning-activities than do-students-
who-have not had this learning experience? Shp_uﬁldit’heréfbe specific
‘lessons-to teach-students to analyze in addition to the student and

_ teacher-management props-which facilitate -such-analyses?

7 -‘Do-students who have studied IS use.the inquiry processes.
ileix‘ne'&iih,;@i:pcg in investigations in other -school subjects outside
oj’;-qie’nc‘é?A -Is there-a iqlatiogah’ip'bgtvgeen‘tlie»ziug)bereof additional:
‘related-resources-a:student elects to use and-his or her achievement.
in—,a_'c‘i‘eiicei; -How do students-who have compieted-all levels of IS com-
:ﬁgre'ivit?,o,the,r science students in level of l.gig;xtific,litqracy'al these

term.s are defined specifically by the developers of 1S?

The-1S-Model: . Toward-:ax;,—Adiptive Environment

Lindvall and Cox (1969) have.defined a structured curriculum
model, which has been the basis for individualizing instruction from

‘the-Winnetka Plan to IPI, as having the following five elements:

I. Sequences of instructional objectives to-define the
curriculum,

. 2. Iastructional-materials to teat;h each objective. .

3. An evaluatica procedure-for-placing each pupil at the
.appropriate peint in the curriculum.

33 .
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4. A planfor developing individualized-programs-of
study. .
5. A procedure’for evaluating and monitoring individual .
progress. (p. 161)

. The-interim report on-the.goals.and-scope-of Individualized
Sciencé (Klopfer, Note 5)-listed three requisite conditions for indi-
B ‘vidualizeéd programs with Civerse ‘goals:

1. Al students need not have thé:same lcarnmg -experi-

ences and a student does not need.to work.on all -units
' and-activities,

2. There must be-a common-core -in which every-student
-is expected-to achieve mastery.

3. There must-be-a rich'variety of alternative resources
whxch facilitate-self-direction and co:evaluation,

-

Analysis of IS points up three other-elements that appear to:-be

essential to the flexibility of an individualized:curriculum.model:

-1. -A-process concept of:mastery which accommodates
attitude, process, and-achievement expectations-to
-individual differences,

2. Identification of the.underlying structure of the disci-
- ‘Pline-to establish appropriate categories within which-
instructional.activities.can-be developed. This makes
a-range of experiences feasible, and'éhallenges are
always-available to the student (see Appendix A,
Exhibits 2-and 3, pages 43-45).

P

3. Explicit attention to-providing self -management-oppor-
-tunities in the instructional management system.,

Adding-the elerfients identifiéd by the analysis of IS to the st.ruc-
tured curriculum:model Jdefined by Lindvall-and Cox‘(l969)';-esﬁitssig
a more"corppl‘eteflist of the eieme;)ts that define an adaptive-environ-
ment:

1. 5Seq1;en’ceé of instructional-objectives based on the
structure of the discipline,
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2. Instructional-materials which px-orvide:
L]
a. a-common-core mwhich -every student is expected
-to achieve “mastery.

b. arich- vanety of alternative resources, making-
feasible individualized progrun- of- study.

3. A management- procedure permittmg ‘students to partici-
-pate in:

-2,  selecting appropriate units and-activities in.which
to work,

b, monitoring:-their own progre-s and evaluating their
-own work,

“4. A process concept-of mastery, accommodating expec-
tations for-attitude, skill,, and concept attainment to-
-individual differences.

Conclusion-

“This-paper:has described how the PIC Model was employed to
analyze ‘Individualized Science. The purpose of the-analysis-was to
-assess the extent to which the curriculum materials attend to-those

aspects-of ‘instruction its:developers claim it-addresses and-to

‘describe-by what procecures they are addressed.

On:the basis of a careful examination of the IS curriculum

‘materials during the process of constructing-hierarchies and-an

examination of the hierarchies'themselves,‘ these conclusions are
drawn: The goals of IS are supported in the quantity and range of the-
materials-offered. ‘Many of the problems of adaptive instructional
dq-;gn,yave been solved and-an adaptive design odel-may be inferred

from the product, The-instructjonal s'tx‘ategigs’ employed are sup-

-ported-by-research and are appropriately used.

-One of the dévelopers,suggehtéd that; "Perhaps what an elemen-

-tary school science program really can accomplish is to make the




- chilq"t world appear less contradictory to him, so he may feel-safe
in it" (Klopfer. 1971b, p. 27). The present analysis indicates that
the {ndividugliz_ed:'Scier;ée program has produced.a variety of instruc=
—tioixaitmgteriil; and a carefully integrated management.system.which
prp;videé lhszhecesséry curricular elements for accomplishment of

this aim..
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CHART 1

Curriculum Analysis of Indwidualized Science.

Overview df the Goals

- :niulb&etiucdmum
3 “sciennt

[
Goal ¢

ic literacy

of s

B

' I’ —

, E—

> - -

1 -

The student describes”
_observations and
- | experiences with terms
“jdrawn from his batic -

.~} vocabulaly of semsife-

jc words {Content:

. Biological; 2, Phys|

3.:General; Behavior:
:{ AD2, A11, Knowledge
: .ndmm!-uonof terme-
inology: B02, Descrip+
7 -| tions of observations
=| using appropriste fan-

“feoncepts,-principles and

“JA03.011 Knowledge,

The student understands -
some of the important
Concaptual schemes of
science {Content 1,
Biologicat Science, 2.
Physical Science, 3
Geoeral; Behaviors

F01.03 Aophuuoni

Subgoﬂ 12

bios! 11

The student understands

it ideas related
16 social aspects of sci
ence {Content 3020,
|behavior} @

The student understands
lngmhcam ideas related
1o the nature of fcien
uhic inquiry lfon(enx
3010, behaviort ®

\'qrmmal Goal JV

The student displays _

hu study of science, and

1 4 Sub 13

ifi¢ inquiry and an
infoimed attitude to-
ward the scienufic enter-
ptise.

]

— .

Subgoat 13

Subgoal 14

»  Terrmond Goat v
hinctudes 2-Subgoatsi©

“The s

inqdiries.

sskitlful in
using the processés of
scientific inquiry and
is able 10 carry oyt

R —

“{In investigating netura!
phenomena andlor solv:
zling problems if' science,
the student selects and

_fuses snproptiate process
= |8 of scientificinquiry

-JiObserving and messur~

" |ing; 801-BOS5: seqing 2

_|oroblem and seeking
={ways 1o solve 11,C0}-
CO4; interpreting dats
and formulating general|
izations, D01-D06 and
- Testing and revising a
-{theoratical model £01-

In investigating protiems
outside of science, the
student selects and uses
0010000t processes of
scienthc inquiry.  IFO3)

Given any probiem,
-either recognized by-
himself of set'for him,
the student formulnm
aplan of inquiry into
_the problem, designs
“procedures 10 1mple-
ment the plan,cartiss
oul the indicated pro-
-Cedures; processes data_
and observations, and-
evaluates the results of =
the inquity in relation

.:L B
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[**1 The student.enjoys his 1

sCIence learning expers-
cences in schoot  (H04)

~y

"| The student ehooses 1o

pursue his own sciente
CUVINES Of sCence-

“Jre)ated actmties outside |

of school (HOS)

tos. 051, -

Tne student values sciench
for its contnbutjons 1o
man’s intellectual gf wth
and 1o socety,  {K01,

Whin he conducts in
quiries or confronts
problems, the student

“adopts the attitudes
-which scientists ;deallv

disptay when they are

daing science (Honesty,

ooen-mmdedneﬂ, sus-
pended judgment, self-

“eriticism, commitirants
-10_ securacyl.

{HO3})”

lom pwp ?\‘83’/\ -

~

{

The student accepts the -
processes of scientific
inquiry a3 a vafid way
1o conduct his thinking

{H02)
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d, would be

e and T

_major role in svaluating |
-the quality, extent, and
repldity of hh lnmlng

= |f— T

.
- 1 R
e ,,[4,,,,_,:, - - N
| "The student views the* - The student plays »
- 5 _learning process a6 pri« .
- Terminal Goat marity seif-dicscred and |- Terminal Goal*ii
- B nll-mlumd. B
The student setects end PN Sre
uthizes ¢ suitable learn- |- (et — :—"T:fc‘:‘t.udom}lo.?‘ c':l;ofrla i
mm"ﬂ“ The student specifies snd . —m.,myc:;nf '“'?"'\9
hat will best 1eed him- follows's lengtermplen *{.  &————* task ond he recognizes -
 towerd desired knowt: forhis ownlserning.  °|° |- when he has atusined
: thmcrlmu.
R -Siibgos! 2 . : e :
.77 -Subgosl I|l 1
* - .
b .
~

-Note. The goals are from “Goals and Scope of IPI Science' by L. E K|opfor unpublished paper.University of Pittsburgh,
~anlng Rouarch and Dovclopmcnt Centor 1970
*1n IS, the word “understand” is used s L] shorthand expression in mtlng terminal behaviors end means that'ths student
hu knowlodoo about and can apply his knowlodw lbout an ldu, pnnclplo. process, or mmtution
Thu wu pomm attitcdes” in Klopfor 5(1970) sonrct; beumo "lnformid" in the commarcial version. Posmvo mms
appropriste for one set of subooals, informed for motheus !.‘uy are oxprnsod by the developers. E|uMme, howovor, Goat
Wis wordcd asin the commucil! version, “informed.”

"Tho compononts of the aﬁcctwc inquiry goals inc!udo out-of- school us well a3 in- school attitudes and behaviors which it

is expocted but cannot bc

md by the currlculuf. These two' gonls are, thmfon,

furthér broken down into school-related subooals m uparate ovomom on pms 71and 78.

¥
.

— 1. ..

I'The nuﬁommhh -

“1.approech if necessery,
_1-1f needed.

progress on ¢ learning- -

.task 88 he procesds, He
ianalyzes difficulties he

sncounters, revises his

Zand seeks out sasistance |

T Sabgost 12
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; CHART 2
. \ N
e » * —_— — - - .
. « Testninal . TM uudm::n:m the Iummg p(”‘,“ N
Goal |1 - primarily cted and st initiated .
. o L - > i N v _ »
N L . i IS j NS ..
‘Studen roporui- |- |- The student setects and utitizes | - Sdert soacif "1 1 tn Consultation with his instrue- -
' :ubl. for o e i -] susbleinstructional materials The student soecifies and fol tor, the Wudent s wiling to .
i ty for airenging and perticis to fead him/Mer to the desired -] | fows a (relativety) fong term ™Mt .
I ") peting in intersction in pursit-| f” knowledge, ntight, or- Pian for huiMer own lsarning, revise his plans in the light of -
T o[ oof iwtructional gosist | | ECCRE _ . . _ | .| eraence thatisaporopriste.
- = i T T T Suogowfln Swgoaitiz "] -
- ‘L , Gcm the opportunity 10 reed through - N
R . 1- Tost, the student decides wheth
: | ornothe wilf sttompt the tést, If the decic .-
B P -] #ion is not 1o teke the test, he or she informs - . -3
I LewlE . ~ the teacher of thit decision and includes . . . -
- - " learning sctivities from ail the unit toe:cs in [ M R
X - his or Mt individuslized leetning plan. . * :
: . N I L ) o7 o r
. T - Al (4 -
R 'I'hc mmm ukn the rmb.my loc {1 z
R % the  for hold- ' ) Ve
M g e nmmov umuhﬂon and prapecss for his- R
z “or her part in it, The student perticipates -1 R
- - etfectvely.in the seminer timulation end . ) .
eoniu out his Of her own reipGnubilities o8 . N . -
‘e umlm member 8¢ well a¢ lmhmmq the |- . . g -~ :
- mmpmon of omm( - B :
o | ——— ——— — —. R B
: [ -For sech intation to explors {ITE) setect. Ubon completion of sn individustized lesrne |-
: Level © ) |- sdtorstudy'in an Alternstive Pathway unit, * ing plan for gn Alternative Pathwey unit, the -
. 8 7| -the student seiects the actinities he or she - student discusses the plen with the tescher
- wiil complete and records his or her chowkes : | and makes any necemary moditications in e |:
H |z rnthe Planning Bookier, R -]_plen tha [fosuited from the conterance,
-t 1 TM stident doc»du Mkh mv-mlm}{ 1 Upon complation of the Unit Ovrview for
N - “| -exolors (ITE'S) 1n a4 Alternative Pothwey- - |° -| 98 Alternative Pothway unit, the stublent
[ unit he or she will reed and records his or |- c] decides whe it not he or she witl work in
: ‘her choices in the,Manning Booklet, E - that unit end 2ot the ressont for the
E - oLl N - dacition in @ Student-Teacher Cont
. ) r |- Given hlllhov fﬂdMMkﬁ ld“'“c"d .
: , . - ~InmIn¢ plan, the student mekes 7 Y necess- -
N B “|- %V modifications in the Plan sfter discum-
N -1 = -ingi(vnlh thclndm N
%, R S — — ] o
f - Given snoutling of a unii’s tivities orouped | bv top»c atter obummq ths re.ults of . _
B Mlllm Placement Tests for.the unit, the student identities those topics hisher 1 N
R ” Test resuits ind muubuwdwd and those topics for which the Mace-: |- v
oo maent Test results indicats @ choice - On the bam ‘of this enetyss und Nis/her ‘interest;- d
the develops en individuslized I 9 plan for the unjt.2 R H T
o . r-;"'r‘f'";"-""«"fl— ol ng B
o . Ie o L - 1 =
* N - “Chert 2 contirued on fu:n Pege. ; -
- A - , - H
7 [P A | . 'L‘__l.;..:_‘:...;..__.r -
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Chart 2:(Contfd).

Given the list of Ministurs Explorations -
- (MinExs}: availsbie in e unit and having
examined the MinEx which he would-

Given the hist of Readings in Science {RIS's)

_associated with particular MinExs, indnd-

ual lessons or other_fexning resources in
unit, the student selects the RIS which he

Tike to do, the nudom ncords his-

ey

wents to do next and reads it at lhe wpvo-

in the Pta

_priste time,

Level C

Level A

nc oD

'Omecnm adgdan 10 those
|dmnlled by dovo!ooeu.

Given an,outline of required activities Ina- -
- unit'and after obtaining the results ol his
Plncmm Test for that unit; the student:

" mastered and

: mamrv of (hc n‘nod concoml.

iifies the science he het dlrsedy
concepts not mestered, and
ndicetes in his Planning Booklet or Plenning.
_*Sheet those required ‘activities he may choou
to o {since he has mastery of ‘the reisted-

concom) and those he must do {due to non-

N

Upon his complnion of oach dav s activie
-ties in sciencs, the student writes the date

in the sppropriste spaces on his Planning
Booklet or Plenning Sheet for Planning
Sheet for sach activity s » record of
mn hc dtd mn day -

“Given » munion in whi
scribed aclmtv of dn whic prescribed
actinity cannot be donn, ‘the nudem w

those’ svailable ~snd fecords on the-
-Ptanning Booklet of Phnmng Shest the-
code for tha activity ind the date-on
Much he does h.

into the plnvu_ puu on ihe player, starts-

and stops the tape, adjusts the volume, R
turns off timplayer, ind extracts the- &
cossette from the pllyu. -

B Usmq s Pllnmng Bookiet of

9
Sheet, the nudom identifies the activi-

-ties he is’ lo do’snd obtains the desigr

dad-

nated 1l bpon |
the iCﬂV“Y he nlums the materials fo
lheu couocl nougc Dlun. -

wm gmn the opponunilv to work in
u:nncn_ tha student obisins his own
“folder and proceeds to work according to
the information iA his folder,

s obiective rewoeded

69

4

Y




CHART 3

-Curriculum Analysis nganMQQ_QIi;!d Science: Hi

T . Terminal | Thestudent pisys a major role in n;.!}]a_tlv;; Il
v « 1. the quality, extent, and rapidity of his leerning. A
/ Goal Il e A Y, IXTONL, B0 b paliniods B .
B . L == — T — E— s
. N LI o I - ~ e 1 - ~
7 Thonud.a: oﬁxdvzu‘hlg testand muing:'ﬁi:: - e The student discusses his instr ! reahire R
: . | prowress, selecting sppropriste instructional |- " ments with his teacher, cooperstes In svalus - :
. - - h.c.t;'v.i:uro (':e::lp r.r:’n;\,lo‘un concepts or skills tion of his present attamments and future neags ¥ - o
N : T After completing and correcting ¢ unit mutery | “Upon complstion of the anstysis of a unit me ¢
- . " test and given a Jist that relates questions on - . tery tost, the student uses activities rclated to ° H
Level E -| ~the test to topics considered in the unit, the the topics not learned sstisfectorily to designa | .
. “| ~student identifies those topics he or shehas not | remedial learning plan and discusses this plen- s
- =lesrned satisfectorily.. o : -withthetescher, o .
o - - [ _ - - PR
. . - P T -
N - -|” As a part of partici inan Al i R *
- _ , -1~ Pathwey unit, the student in a Student-Teacher N
Level D ~ Conterence assesees his or her accomplishments K
- - i in the unit and suggests ways in which his or -
2t - _} hef work'in'the unit might have been improved.” X
.- ., = — —— "l’ — — e - "
. . —— -— e . :
i 1 . - ‘| ‘Attercorrecting chackup he Fiss taken oo | H
-/ ; - :y fter obtaining the results of a unit mastery  -|-
M - test or activity, the student identilies those R E -
- : - - topics he has not Isarned satisfectorily and- :
-, -1 participates with the teacher in making a de- EE
- . cision about wt sther or not remedial instruc. i
- - tion is necessary and, if so, what form of reme-. |-
diat instruction he wiil take, - i - B
" Ina unit where 8 mastery test or ectivity is, - - N
. i . e student partici with the -1 ®
-tascher in making a decision about when he is. |:
I " - BE _|i ready to attempt the test or sctivity. -
Level C -1 s ——— L —
el S s S N S
- Atter completing a checkup and obtaining s key Ip_wnhwithono?vmpulmm’inugch}':kupc . -
X “forbt, v s b leted" : ie,a kup which ties tog the nt |-
, | el e e e | oSl st
‘- - ":“"'f'!':'“:“' and caiculates his tots! points - ~.in making a decition sbout when he Is roedy %o |- .
2| for thecheckup, - e E work onz checkup. ~_ .~ - .
R PR SO £ EREE H
P 1 ) = -
7| After completinga Piscement Test and ottain B s
. == Ing & key for it, the student compares hisan. -
~| -swers with the key, assigns point values to :
-} correct answers, and celculates his totsl points- |. -
== «for_the Placement Test. ~ I .
3 N * St e = l .- - - :
N .| Wniie taking a Placement Test (faken befors™ ™ | :
- . _ beginning study In a'unlt), ths student elects. | .
s . toanswer any question for which he knows. - -
N “J the anewer or omits eny quastion for which he.- : ®
: -|_does not know the answer, o -
Level B- “The student corrects his work on seleéied” |- b
ove bookistpsgee usingekdy. : . .
N . “|F After completing a seifcheck pege {identified - B N
. -| by a key sround page number) in u lesson- -} - H
lavel A - -'boaklat, the stud his with H
- *1- those.on a model pege which is completed - N
N - o A . - cjocorectly, 7 o Tt .
*Objectives added 10 those identified by developers. — S :
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.- . 5 -
oo " Curriculum Analysis of Individualized.Science:-Subqgoals of 1he'i}ffecxive Goal- - .

-, . s “|- The student displays posmve atti- |- » .
B , : -tides toward his study of science - .
. and srientific inquiry and an in- |-
i . -formed attitude toward the o
! T . |scientific enterprise. T i
x Terminal B 7
. Goal IV L S ‘

N - | 0], N f4.3"

- When questioned about science -Whien Questioned about his learn- =When he is being observed in the-

- i i - i ng |-
:l‘hcn oburv;: in the chssr:or;: and séientisis, the student dem. ' . :;;9 ag;;‘:':‘t;:; ﬁ::f:o‘:; b;: eg \ classroom or questioned about

ithe student demonstrates that he- | onstrates that he is ‘developin: ; ) " his ideas, the student'demon- -
“enjoys his learning experiences in_ 3. student demonstrates that he s

Tan mformed attitude toward

- strates that he is developing a-
=science, . scnence and scientists. o

= developing an mformed attitude--|. : e © i -
- toward scientific. inquiry. 1- commitment to inquiry as a way.

-of thought.

Subgoal IV-1- T subgoalivi2- "7 subgoal vz © Subgoal IV4- -
Attitude Toward- Attitude Toward- “Attitude Toward- Attitude Toward :
- Science Learning Science & Scientists Scientific Inquiry, Inquiry as a Way

Experiences - of Thought-
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CHART 5

Curriculum Annlym of individuslized Séience: Hierarchy of the Atfective Subgoal IV-1—

Attitude Towsrd Science Leatning Experiences

When beserved In the ciesesom, the student

dlmwmm that he enjoys his iesrning

. nnmmm ln a:l«m.

—T

B R VL—”

Subgost V-1 _

1

iy tnh dmh unmm con.
b in_

18 and reports on Science or science 1o
Imu lnh'mﬂon or mnd!in he hes

mw

Tokes pside in the un with which ha
carrist out his science lessons and sctinties
.t oach IS levet 2

Dnplays satisfaction in comom:n. tcionco
“lestons and finds plouuu n uuvlng out-

| ootionst inmﬂpnm. inis?

- T

- ~Vdunmlynmwmmorm« R

- Mudents concerning science or sclence-

- Ammmﬁuhmmum

- vvum-w conaiders Guestions and pro- -

_|: - blemain - "some things to think sbout™ "

Mmdl.nd € MinEx’s, ~

,wluoo“‘ i
= sctivities (such as MinExs, SAs; RISs,

128l1Ae, mmmmqnm

- %0 werk'0n an ol ternetive unit,

=

| Firds plessuia in corrying out semeil !nvmi- :

Fons, 3¢ represented by the “Suggetions -
1or other Explieations™ Sections of Level €
MinExs and imﬁmlom in ITtl.

S

7| science lomons and activities.

Takes peiCa in doing Careful work on his

Jsa

Exhidits personal setistection whenhe. |
-completss his sience levons.- )

| Tokes Pluwn in cmying out uull lnvmo-
-| 9etions as representsd by Level O MinExs.

- -dmcc lomons md ocxbvmn

Tolu peide in dolngwm.l wovk onhis -}

Em*bm personal mmmlon whenhe ~
complnn hu xem fossone. B

{Crart § continued on next pege)
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‘Chazt:5-(Cont'd).

LawiD P

oL vdmmnumum -
- 7 o] edent soncerning sciemes or science-

mmnmm-m

-1- veb "ﬁ'...u - P ‘m . - -
|- 1eme in “seme things 1o Wink s | . ¢
L otiem et Lawi D ntxy.
- Velurtarily werks on sdditionst siective | o ) ST
2| sxvivitios loweh s MinEsm, SAG, RiSe, :
-$11As, tnd roeding acienss Bevka) of.
|7 _eheeee 1o wark on on alternative unit.
————— N . A _
: . - - - Yok pivesurs incaryingeutemell. |- :
- ¥ . mgm!-m‘wwc 1 -
B - [y MinEm, ) .

e
I
r

- ' m-msnummwumnh _ -Exhibl ol eon when he -

e e . - scionce lemons end ectivities,” mmmm : :
g —l N - = — - -Je3 S .
i vmmvmnﬁmwto

- WY Studonts -

Kienos or
. mmmmm ) - RE
" of heord shout ond scunes or stionce-
; rolosed activitios he hes soen of dene,

Ju2 T

v v soaks acigitionsl electi
activities such s MiAExs, SAs, STIAL, . :
“RISE, SLGe of resdng scionco books. |- ) <

B - e -

: Yumpdahddumwkwhh T | e pironsl wtistuction whenre | :
. © sclence lemons and activities, e | -compleres his scienss lemene. -
: — - cdeal - o — _Je3
Lovel o A A Tt T = T T R B N

;:‘A;‘.i. - o0oks ol o tive activith . 1. ) .
gl.-nllwum NSIIM«
m‘utlonabooh

e - o - S e . - A -

LewiA

Voluntmlv soshs wctive activitios (slu : L
ond SIIM) to work on,

= SRNESENESSE | 1

1 S00jectise added 10 those Ideniitied by deveiopen: :
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: Curriculum Analysis of Individualized Science: Hisraechy of the Affective Subgosl 1V':2— N
[ . When questioned sbout science snd acien: )
i mu.mnm:m:mmtmn ~
ituges tovard N
M o ;umg«ﬂmmq. h
§ . » - 7 Subgost IV:2 <
. LewlE — - 4 a——— 1 -
- - - . . ) 'moummmwdn«mhdu B
H HE . entists s indrvidusls end In what they: B
study. ° -
The student i sentitive to the importance |-
- ot thestudy of the Aetwrel wordd s the  |* ‘
P'Mnﬁmymum -
~ —_ i:li — A3 -
“The studernt stcepts the lesming of si- - H
m-w-cummmu - : v
- B ) V- - :
T — = = - .
B c— — - ~ —— ) :
B 34 The student 16 slect 10 diffarences In scien- - =
z - mnuhdmduolnmlnmtmnm
- - J - -~ A“
e - = -
3 — .
s o= 'lhcmodommumtgwpnmuy—
- -], -estivity in sclence is the'study of the R
atural world, _ A2 . _ 3 . )
D ) 32 The student is awece that there it an inivr.”
- : “Gependence of science tchnology snd . -
T LewtD - s0cuty. B :
NS L S R 5 W - :
N I — — — — 1 - -
il . 1 A s
mmammnamlndvmmu the 4 -§ The swdentls incressingly swery thet aci-~
~pnmuy nuvhvmunnu isttudy of the- - N 1= entists differ i ividual characteristios
demw. E -|- ondt in ‘what they study. 1 -
LewiC - 32 “The student it Eanme. - 1 of some inter
- -relationships betweenscince end 1o
|- sociaty, e
i SR - S ' W
- — 3 oo T EES
i 29— [ - BRI s 1 - -
S ‘mixﬁo&'xno@é‘v;@iﬁimnhm 341 e studen ossingly swers thatacl- ] -
: " primery sctinty in science is study ohho 2| -entists difiRe T, m“'mu charscoerieties | -
z 2 maturel world. . ‘ mdlnmn’wnuw <
. : e A L . —_— AN
- Lewet 8 — ——— S —— - — -
L agpe———d — T A/ :
E | ™hestudent rocogzes that the primery | “| ~The student dnpteys ewerscem of some f-
B actinty of scence it the study of the- - | ortforences smong scientists s individuels” |~
- - neturel mld( B W - and mm! they Jtudy.
' A — s
- LA - - .
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CHART

Cumculum ‘Analysis of Individuatized Science: Hierarchy of the Atfsctive Subqoal V-3 -

Almude Towud Scientific Inquity

When quastioned sbout
his tearning activities in
Kcience of being - -
observed in the class.
" | room, the student der
onstrates that he/she i [LEN
developing an mlomod t
attitude toward -
| scientificinguir

[ R s
. Comol-n with sugges.
“tions 20 make carefut
_| obeervations when he s

{ working in science.  §-

1 Roslizes thatone lunc-
-1 ton of sciantitic theo- -
_| r¥ ix to explain obulw-
ﬂonl. -

Al

4.1

i shent lolmlumnon
of observations-end deta "

obtained in an experi-
ment a8 8 test of the
hypothesis which en-
Pmdered the experis
ment,

N -1

aaf;

- um o0 deseribing ob-
: umnom when he

s ‘ncuumgly slert o’
the accuracy of words
nnd numbers ha/she-

in wog!ung in science,

- 1o make Careful massure.

- « bpoal IV.3

z f‘,

-} of observations snd dats
obtained n nponmmu .
< when smkedtogo s0.
=481
[%} =
- Cofrplm with suggestions -

ments when he/sne is-
working in science:
’ : S T )

Realizes that scientific

42 _ - N
Recognizas that

,Cumulmw,

scientific knowdedge 15 -

- knowdedge s mafi-mede °
‘a0 that the Idess wh»ch -

make up wcientific knowd-
edge

)

[ ———

~—— T

.1
!
I
i
!
o

T~
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Looks for i mmpmn- -
tions o! his Mer coser-
vations and of data

{obtained in experiments | 5o . .
44T st o the s sccurscy [4.9] 15 snpitive 13 the im- N
I ":":":“': the "’"‘:"l" = ot words snd numbers - pottance of making
ing carefu - htlshl uses for describing] careful messurements
observetions when he/she S
- obdrvmonl when - when hafshess
is working in science. corkiho, i -
.. Jaslwor k-mm science. A3] . woiking in science. A3
I
43[Accepts that the obeerva] - }
tions and dats obtsined
- In an expefiment serve
* % sient i the hygath- |
N s which sngandered
the experiment. -JA2
s _ . .. N 42
Reslizes that one func-
.

» I

P-cogmul Ihnl scienut-
© knowlcdge is cumula. .
In!',

dge is man-made
-and that the 1deas”
which make up scien.
-tific knowhdoc »”e
ulmys lub)tcl to
revision. D ..

mul at menhﬁc -

-|vetions and of des cb- |,

3 willing to make inter. -
pretetsons of his obser-

Is willing to make care-

fus obmv-uom mon
1) wo«kmg in seience.

tainedin experiments. .
L- [T .Y
P , R . -

. dmnbmg obunm-om
.| #hen workingin science,

.
woros and numb.u for

Is wnllmg 10 maks care:
fut’ measurements when-
wo«kmg n lcunce

LevilA T

B ST oo JA2 - - A2
LeveiC- " .7 - 77 T o h A )
T T4 deslizes that the obiafva.
N hom and dau obtained ™
in tn llp'nm'nl serve
-]ss3"test ot the hypoth-
s wmch mqtndlnd,
- the. npmmonh _ At .
- :4.1' [ cormous ol the fact A
- in ulcpcg gsro ten
o - lengthy, tedious an,
Level B- ,,3?,5:, ' ? B
B - e - At
af B8 Bowl 8's 141 7 4
by omc urml Vr
Is conscious of lhc im- ] jty m"::mq sccurate i Recognrzes thatstas
portance of m-}mc | woras and numbecs des- ;mbomnl 10 make Sare-
. careful obrervetions: enbing observations ful meaturements when
“jwhaen woclunq in manco. - whm working in scrence, wprkmq N sience.
. _ A - - At
1 J
3 T
Tt * '} Reahizes that measure-

i choomm thatitisim« ment provides a way of
portant 1o make observe: . omnumg observations
:;OMC’:“M WO"""O"" With greater exactnéss

ience,
e B At than wovds At

o

P




T Curriculum Analys:s of Individualized Science: Hieraichy of the Affective Suggoal W-4- -
- PR L Attltude Toward Inqulry as a Way of - Thought B )
. 7/
- M - _:A '_7 — : +
' , L “When he iz berng observed in the
* - dassroom or questroned about
' _his ideas, the stident demonstrates
. |thatheis _developing a commitment-|_ e
. - 1o rnqulry. .
. . . L N BB Subgoa! lV4 . ) L
- Ll o - | T T o T T . L _ . . T ST T T . J——
4.3 B R -] 43f ST 431 g 143 - :
' The student i I; sen;ctnv‘e‘}to the - .| Thestudentisalert to findingan | I:ﬁ::;f:{:;;‘;‘::;’::::::;::" .
importance of making decisions ! - 3
The student Joohs for questions to . b°p° h 1 g ‘alternative procedire for. invest- iences in rnvesttgatmq one Drob
ask s a means of initiating nquiry. . about the means of answering _I” gating 8 problem yn science asa |, ;
.| -posed questions in order for ’| posible contribution to the pro- - leminicience to planpingan -
Jd ) induiry to propeod s gress of inquiry. 4t . L’:\‘:‘;x;;‘;’:' similar-yet ditfer-
~ Level £ - i - — — I ~ A737 _ - N PR
- _ { = — - 1 - = - —
43 T 4.3 = - -
* The student is disposed o aska The student i is wr!lmg to decide-
question as a way_of initiating. upon some means for answering “for mvestlglttng a problem in - b
posed questions in order-for = .
. inquiry. inquiry to proceed: . & science as’s possitle contribu, | A2 B R
1 : T P tIon to- tho proqress ol |nqu|ry R _ L - L
o o A2 L A2 _ 43
Level D* N . RS s : The student is. conscnous ofithe
B . ’ ,posslbthty :of extrapolatmgA
* < - -1 from his experiences |n mvestr-
. - . |: -gatingone porblem in scuence R
- . - - 4 | toplanning an inquiry intora 1
M - * . similar kind of problem, A
. - . e o R AL
43fF S - T} A3 - - N ) g - S o « R
’ e i’he studentealizes thatsome | |- The ‘student récognizes that :
:he “:df,n,t,r: alizes tghat fs"‘mg means of.answering questions * proposing an alternative pro- N ;
mques [ way of initiating must be declded upon for in« cedure for i mvestngatrng a prob-
uiry-_ -quiry to proceed. fem in.science may contribute = ;
¥ ' - -to the § progress of inquiry, . - B
. e Ay — A - A . )
Q (.ve ql‘? .
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Curricutum Analysis of Individualizid Scierice. Subaoals of the Inguiry Goal
&®

-

-

|- The.student is skillful-in using- |-

the processes of scientific-in-
| auiry.and is-able_to"carry_out
“J -inquities.

Terminal
Goal'v

Z|-When-working-on science lessons:|.
-|zor-activities (for Levels D and E),
| the student uses appropriate-
-|-processes of :scientific inquiry.

., ‘Subgoal V-1
e =Processes of
Scientific,

-Inquiry

“The student demonstrates that.
he is progressing in developing- |
his ability 1o tarfy. out’inquities.. -

-

Subgoal V-2°
Ability-to-
Cari'f,Ou'l—
Inquiries
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> . ' R Wnen working on scignce lessans of 1B -
R . - 7 | ctintiei tor Levals O and €}, the < R |
B - > | student usessppropriate processes .
- N . of schnuhcmqu(vy o). »
: - . T ]——,‘ —— e, ,, E
: ! A e W - ;
- "~ -Explains observations of - B h
duﬂuuon in terms of the )
N — — — — - A: — 1 ove t of molecul .
L N p— [ = - —_— S 'l — - -Be mom (dlontlon) -
- N Um abseevations of the vibra. . | Rocognlxes the energy con- - 1 - - - -,
-tions of & clamped backsaw vunom that'teke place when |.1°
blade to recognize tha refetion : - . B}
R ol sound energy to kinatic * -
-1 Joule (ensrgy) |’ - N N =
v — L R e " -
- BB o 1 i .
0" BN i -] - 3: | 1 ) :
. ¥ ‘ E N fCalcuims the. heat armgv add: . :
e . B 1 7 - -ed to & given mass of_water - -J- .
- L T BE .| bested by an electric_cutrent |- - } .
. 1. - « N . ] otbya bummq hul. soutez| .
- - N - - - > Dg N - ’l R - - . ]
o PR — = - e o p— = s -1. Ea— e ot =y
B -{- |- Messures the amount of - ' Mcuum nmpomuu change : =
: ¥ |- #tectric current procduced by a | 1" |- of a samplo of water hestes |- "‘::::I'::,:“:l':"c‘; ':’;:" fn, 7| Use acatorimeter to dewer- }
. Level-E o, .|.oile containing varying . -by & Nichrome wiré In which - . plouln minerals, VitC,and | I -mioe the heet ensrgy of a - , s
o R :1 | numbers of penny-paperzinc * || an elactric current is flowing. 4 wewsr, Vc}h’(nuumér‘x) <.}, ~feod. veit |-
BH | | oises. -7 Jouts -1, -Joule o 4 I N
: ' e T A ] ;s
. - . : B o’ ’ — - P - - .
ﬂococd obiérvetions on the - |- 4 :Dncnbos obumllom ol 0. . -
- i *|- atteciv of plicking varying | ‘ | '"m‘:m:m;’n‘;";";':;:'. somin *Reads Information shown on | : :
- R N . H L N 3 . - -
- 3 ngthi-of a clampcd hack- °, - pumhblo membrans, |-# nutrition chatt. Vait . .
- . Joute ~ _ ) . 5 5 Bowmonl ~ ., S ) N T
- - =802 - 4. -~ 802, s . L :
. 1 Observei the effect on paper - L,“ _— . ) :
NS | clipsofan elecuomsgnﬂ Y . - - -
::::':'":"::L‘:Zd":’:;l 1 1] when electriccuirentis and | different tastes at various B . Observes thy diffusion o¢ - :
; < [ |2l s ot tiowing in it -J. | -sites on theiangua, 1 | smmoniagas. Besumont E
Joule - - 9 = " 1
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B Gy e
. 1§ observations. ol 4
-|; -#xperiments 10 demmme e
rwruch ¢as In lh' sicds nece .
. :
o . H als if ‘they :
. ‘ - - a
N |- Observesthai thie gases an o h
|- adimat pmmn out is diifer -
M Z| -ent from7he sic breaihed in. zf W
q )jlnldn’m:i 1
- — - -__pot ~
‘ Obselvcs xhu ammals necd N
- B T} aicin onder ‘to stay alive, Ab-
ME : Hataane B
L S, e - 801 = -
.- — -~ — - . - -- -~ 5 -
.= E— - Form the ion
- Um lh' kin'nc-moiecuhl . . R “ihat a candlle is a fuel and that
| theory to explain the tuble-  ~ ~fuels tunctign in the same way
“{ mation of naphuaiens.” 1 -J; ss s candte {ie., needs oxygen, |
N . Oaltan 5 . - produces water, catbon dioxide, |-
N B “E03 B md en"w, tzavolsler_{burning) |*
. thn molecules sce smallpucer that oxvoems necesmy fora- 7§
* of matter foo tittle 10 be seen, |- - !uel to burn. Lavolsar
»abo!lon', ; - L - -
T 0% i = - - o
N lmerpms obs:mﬂom of I- lmmmu the events observed |
dugar solutions by | * when s candle Burns ina: .
fsulmg that moloculu of sugar, . - closed | syuom Lavaisier |-
-|® atthough too smait to be seen, - 1 ) . . B
$till have tha qualities (e.g., ) — — o0

wnmm)olsugau Oaiton |

*
#

003-

Chart 10 continued on next page.
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. L § . s m}(nb« what happens we | .
B E (- -botningcandtain aclosed- ], .
“Level D f: ;] system, &Ll\lollllf -
B € P B Sl e —_—
N - e L . — _ soz'
T M R - . i N e I ‘|‘ - -
= | Ouserves that sugar - . . Observes that water, carbon 3
Z|- ent, sithough Tnvmbh,in s} - dloxide,lnd energy e B
J . wsumuon lolunon‘ -Oettan -1° - telosied when 8 candie
- - S e—— . )
- Observes that water evaporates- ) x
B mors quickly when hested. |- Otmrm del!u.lon ofe cgl?nd :
slton = siton
T - . -80 +
. Tl - - ~ /
R R -1 ﬁ;ﬁ;n]vori!:\;oﬁ ufqnco]mom or- ‘ H
. (=] s . a:tivities {for Level'C), the student uses-
hodl J
- * N -
N s B e =
Interprets tharesutsofan L0 T I 1 .
" interaction of & chamleal sub+ : Interprats observed expari; .- _ . Lo
¢ = stance with an Indicator to tal resuits a5 evidence thatan |- |- Intaiprets observed changesin |-
) . [ determine whatherthe |- |- Intersction het occurrsd ine- 8 system as Interactions of its-
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< - - N T -- 003 T EEE— l,i — . — = ,Po:l
B Level C - g . S
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|zindeator. " Btack ). | chemicafsystem, i SN By ~Vesaflus oid Black- |-
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Level B-

N s s aasen moroam e e [P ————

RN TR

- . X e
- (_' A;
. N / B
| obiject, uting the matric systent - - Messuies the tmpératuré of Mocwm the s of & Bbject- |- ;| Mestures the valume of an _ ' :
_{. units of meter,centimeter, = -]  enobject using degress ;|- vsing the metric units of . %] obiect uslng the matric system |-
* and- mittimeter, ) 4 Ac.mm' Ligrange I “09""‘ mdgvam, anm o E units of hiter and m-!hhm. 3
B Lnum(mnﬂcmuuumom) d R '“ oL "”""9' 1. .
- 3 : -
. .
Whm wovking on ¢
. uies o Level. B, the student uses’ a:» :
. ° x « E
- = s I a— - = P i
— - - e ~ . » g
.| Uses kinstic-moleculer theory.to explain §: * v
1 the pvooemel of shape and compruub'ln - M : ~ N
ity unique 1o sofids or Jiquids or gates, " |° - , . ' -
-4 N _taris (physical states) |2 -
= BN G 1 1) . .. o
. Domibn the physical properties com- * .
| mon 10 al matter and unique to solids - ‘|- e c o
-lor llquuh or gas Cuvlo ‘ -
| to'att matter snd uniaue to solidsor . - . ! . ’
- . Ilquidlocgnm. _ Cutle- | - B -
ieic B T ‘-
- - o+
s - ~ . )
‘ “Hooke's Law, that springs and other efas - - R
"} 1ic bodies extend proportlonally to the~ |- X Ut L
- | forceexerted on.them. "Hooke {forces) . « - — = — h
e Exmpolageg pevmd aclual - B
- -]- -obsetvations and in(emolnm . .
- Extrapotates beyand actust oburvnlom between observations on e Bar -
and interpolates between observations on | \ . graph depiction growthofa-
alength'vs, foree Dar graph foraspring 6 o . pl;g(. Burbank (clmlmng)— - .
.| which obeys Hookes® Law. b Hooxe|- WA — :
. 1 - 4 B
' -~ . T
2 i}
- ‘ -~

Chett 10 continued on next pags,
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Level B

Level-A-

. :  deor -
o|-fnterprats o lengthi vi. force bar grwh for_ 3 bar 9"" .
] as0ring which Ob.Vl Hooket' Law, |- the chmgelr\lcng(h of agraen -}=
z - plant over time. ;
- _ .. _._Burbenk (clnulfylng) B X “
. B o - - ] --D0J *
- P
. " Recorgs the fength of 8 green”
* lant a3 8 function of time,
- - Buvbnnk N
Muwm tha chmgu in the length, ol - . ""Measures thie chinges ln{tnqth
*| soting Mwn forces of vwoofmogn!tudu of 2 green plant over time, ~ .
: Hooke. ) 1. o _ Burbank .
803 S+ - 803
H . . . B
- __Hooke -{* i
- N N :eo‘ - 80‘ -
: Obnvm tht chnnqn that occur.whan . o :
H serves (M gross muctum -
1orc. is apphcd to e spring o ors balancc‘ - “iof , green pisnt; -Burbank
R - . _. -Hooke - e Lo T
- T 1 501 S -BO
+ Y — — —_— s - —— Z - - =
3 P [ #Sorts oissti on bnsh -flstage clasification by-
o « | besis of mode o' res of ocologlul niche. [- - limaking the foltowing=* *
. - pfoduc(loh surmnk I A
e G so: e -~
. N - i i
h | hestudent uses sopropriste proceises .
: ific lnqu!rv for Level Aoctlmiu
. T - I B - - - I’_, o 4
“Orders objects on'the basis of N “Messures tength,voluma or
. | ssetected oroperty or chaiac. i1 M""":: o timg interval, tnad temperature of an object, ’
* teristics - Gallleo (oburvnlon) H - —'_‘ff'l"i_“",'f""“' el Micheison
- ..tz - .. 803 ~ B N - BO3°
* =Descrives his obumﬂons usmg -
. acoropmulanouage. -] Records obmvaﬁonl and
-Galilso -§- . s |. measurements. |
; ......_.._v..L_._..;.:E‘ZZ oo o Michelion. f
- PR = I ""sn2 :

-




, Chart"10-{Cont'd)

2 selected property of

Orders objects on the basisof ™ °|.

- Ducnbn obmvmom

using aoplopmu Ianguaqe.
Slmmon

éom objects intc sets on the
bam of 8 selected property.

or charscteristic, SImnw

Obmves an ob)ocl s colov.
> shape, relative size, odor,
“1aste, sound, magnetic _
rpropenv(.nd dmmv. Slmmon

T T




CHART 11?

Curriculum Analysis of Individualized Science* Hierarchy of the tnquiry Subgoal VA2-
Developmg Abmty to Carry Out anumes
. .

| Tho student demonstrates that he is pro- |
gm)nq in deveioping his ability to carry
ouﬂnquhm.

L ) T T L Tre srdent poses srobtems which canbe. | |-
8 |- ] -solved with given proe.dum.ndlol oo 1 Thntudomoropous pe'octdum for ine
°}; materiels tnd PIOpONes mmodl for thdr , vestigating probloml

“} bean presented to him and that canbe
invmignod using » :pecmc st of matérisls
of the type used in_ the MinExs; fLs snd
ITEI o' tm Lovd E unm.

from htl * in inmxi-
gltmgnpocmc pvoblorn toworkona- |
“| si-jar” yot chifersit problem punmod in |
|Suggesticns tor other Explorstions”

I ucﬂo« af ] MinEx o' the uvﬂ E units.

The nu:hm poset s problem or s question -

that hu Aot been prascntad tohimsnd

“that can be investigated using A specific set-

"] of materishs of the type used in ths MinExs
30d ILs of the Lavolisier. Defton and __

| Hatdane unln.

’Tho nudmt oxlupolum 'vom hls oxpwl- P .
-| ences In investiget] to |-
| working on asimilar Idnd of ploblom pre«
-|_sented in the *“Things to Think About™
section of 8 MinEx of the Lavoisier, Dalton
| or Haldane' unm.

Do4"

“his own'choosing to  Investigete s particulsr |-
problem posed in a MinEx of the LJvouwr
o “oldlno unlu. -

series of procedures fo finding an answer
1o 8 question which hes occurred to him,

~Thé student atks a Gumtion thet Qn ocr
cutrad to him st a result of relating R
. periefices in ons {Level D) taarning activity .|
_{IL; MinEx, RIS, SA)yﬂh his experigces -
ln one or mou otmr lnmmg Aclivﬂm. -

1) PR -

,r-—_.__-__——.-__ -

- . -

TmInLdoioioog T

. f - !
b

. Thart 11 continued on raxt page
85 - -
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-Chart 11 {Cont'd) V! -
-} The Student describes 3 p otlemand a- - b :
. siny! thod for its sotution by f .i ~ .
mauremomi of langth, volume, massor |- |
.| temoeratura, The student designs a novel - - ;
_ptocedure for recording  simole setof* HE .
B o] data.
“Level C B - = R
T - . €4 | Tne stadent proposes sn steenative method |
. o of mmxig.nngo tpocdnc problem of the-
- ,rvp' nrmn d in the MmExs.
) T T 1C03
’ - L L ST
" ., *| T stddent poses 3 problem or question
* | thathas ot been presented to him and thet -
. | canbei i using 3 specitied setof
materials of the type used in the MmExmd
. lmom o! [ unhs.
- - - = - - R

The nudenl ulu aquestion thak hes oc- R
curred to him as 3 result of nmmg his ex- N -
.} periencet in one {Level Cllearning activity
- f(leuon. MmEx.. RIS, or SA) 10 his experl- _ ’
_ences in one or more learning activities.

v
M
.
.
.
. .
f
N
N
A
- -
- " -
z .
: U
- -

6 .
O - < B
B -
e * =

L st e e s Y .- -, - _ - o . N -
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:CHART :12

Curriculum Analysis of Individualized Scienca: Subgoals of the Scientitic Literacy Goal

+ Terminal-

Goal-I~ 2scientific literacy.

3 The student acquires a foundation of |

e

The student descnbes obnrvmom )

| -with terms drawn (mm his basic
- Avocabullry of scnenuhc words

“The student undermnds some of the )
-} important concepts, principles and-
-] conceptua) schemes of science;

. The studenl undemands sngmf‘ cml

i iClbﬂCC ol

idess related fo social aspects of

The student understands ngmhcant
ideas related to sclentmc inquiry.

+

Subgonl 11

Subgoat -2

Subgoal 1-3:

" Subgoal 14




. CHART 13-

-~ Cumculum Analvm oi Indwlduahud Science: lllustrative Hierafchy of Sc:entmc Termmoloqv Subgoal 1=

Mnsu ument Termmo!ogv R .

.nd experisnces utmq woropuna - _
- unm ol muwu. -1

|7 Thestudent istes that the only cortain

way to dﬂormmo whlch oneof s pah of |- R for ten

energy, mass, force and work,
Jouu {energy)

~student uses appropriate unitsof - |-
ure; hoat

ment I3 by messurement.  * : :
e i . Vcll(nulmlon)v -

_ ey 4 ,] -7 - T
“} "Given questions on amounts of | The studen guishes betiween the con - .
-futrients Tn foods and a simpli. - 7nunium for a person o* 3 cept of temperature and the concept of hest
fied nutrition chart, the nudtm . Siven mass, the student responds_|. b snergy snd stetes that mnpmnun is mea-
“Uses ADPIODriats units of messure | ‘using sppropriste units of N sured in degrees Celsius and that heat energy
e X Volt ;mnsuu‘,L Volt -1~ is mcasund in luloc\lonas Jou].r
@ = —_— — —— — — —
x i = —_ —_— J ) | —_— I — l anna deu‘honon fwritten .nd
a — - —_— — — - U] d)of thcbe-gms of
R “The student -dtmlhn the lood - Given » description {writien  -}° G«ven data on a samole of seveeal objécts o equnl o
3 “Level E " calorie a3 the standard unit - andillustrated) of s tempers- | water of mass m lin Klograms) “gifferant masses, the student
uwd to meesure the energy . turechangsina » beaker of - at tempersture t and told that “setects the objects that cando -
_ content of 160d°"and indicates |- water; the student calculates -heet enargy is added until the the most, the leatt 61 equdl work-
ta food ulomh the same lhtchangcmhmoﬂlluuin temperature is ot t,, lh! when dropped andlor the
Vol : Wm Catsius, Joule -studant determines the quan. zobjects which have the most, the,
X = = - E B m'v of ';mmw':ns: ol feast ot equal gravitational’
csloim sdded o thesamle, |- goeig. sou
N N lA B ——T -
- . . } I L — 1

-} “The student detines the Recom
“|-mended Daily Allowence of a

nutrient as that amount of the
~notrient needed sach day to
~keep the quv h!nlthv. Veit

| of fuel, the student identities

B *lusmg energy,

- Given s description {written

* and illustrated) of a situation

- where several energy converting
* systems have different amounts

Joule |

ad

Given 2 detcnphon fwritten and
lustrated) of two watsr samples
of unequal mass in which the.s
“ste equal increases in tempera
ture the student identifies the

| creases in temperaturs, the

_| student fdenufies the sample to
R wmch more hest' nergy was
l:ldod o= Joul.

"l

" Given » description {wnitten

<] ondslustrated) of & situstsan
v\mu two or more cbjects of
equat mass are Iifted unequat
distances; the student selects

Given a désciption twatten
and iltustrated) of a situation :
wheie two of moré objects of -
unequal mass are hited equat
ditances, lhe student selects

=l 68

) — 4 - the system which can release umplo to which more heat wat H the obect on which more work the object on which moe E
4 * the grestest amount of energy “sdded Given a description of twvo | was done, Joute work was ione, Joule- -
and orders the systems sccord: water_samples of equal mass in [ ERtaaint; _ - A -
“jAig to their capability for re- -| which there are unequat in- R L 1

—-—'——_’—’—:-;rl




. . . .

. - Chart 13-(Cont'd)- n . . N
’ i oie ssmples of - -
equal vol at different
N . alnudu.\he student udem.hes the sample that has
N . _ s * “the greatest mass andfor the sample that hias the b v
: Teast mass. _ Haldang [bru\nlng)

- - -

<

. | Given xequcnuat bar graphs which show changes é
’ ovef time in the_volumes of two or more gases, the-

student interprets the information sfiown on the b "
- . T grephs, . . Hatdane . .
-

CINTYo

“The uudem Indicates the relative quammes ol - K .
A nmoqen oxvgen  and carbon dioxide in the airand |

« thauhev are present in "the same proportions in N

“ - . onv umple of air ngard!eu o! when itis ccﬂlecled. , i

= *
Gmn the chemical symbol ol ] moleculo, B *

s _ -1 the student telis how many stoms end how. -
. 3 meny atoms of each element ate contained - -

tug tifies “The stuécnl identifies s . _
diasubstancethor |- compound as 3 substancs that * . -

2 - R conulns only onc Kind of- N . containg two of more dn"eum

ki'nds of atoms.._ Distron_

s phanomenan that can be. N v . . e
odbwhcconcom that matter is N B ~L - o - —1
made up of very tiny particles called S = - T — - -
- - -Given jers ﬂmd with #ir end contalning R .
" moléculas thst 818100 small 1o be seen c.naulg the student estimates which jar m student messires the Vjngth of time
w.cnymh s m_ucrosco?o,'lhn student uses . Conulmmon oxygen whanons candle “{- scandle burns in dnﬂcnm-smd closed-
. -this 801 10 explain the phonar is U'ghted and the othaer is not: -1 svslems. Levolster: 7|:
¥ . - Olaler= _

B T Er B >

- expesiences in science, the uudenl,um
correct chemicat symbols and writes
“which describ
- B _;aopiopriately. He/she mixes accurate
<. - ampunu of chemicals at the tempera. ™ P
-LevelC * ture in degrees Celstus indicated in the

inte
.. undemandmg of measurement term- .
- - inology.D  ~ Back {chemical systam) Chart 13 continued on next page.

: . S e s { - ~ T Bl B 4 . )
z B . In working thraugh his or her learning . - -

i

1

}

i
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2« L.
H “ - -
2 ) . - M R
. .~ .. . . -
) . - N
.
| . -
- o%m m unordered set of chemical word - ’ . * N
- - equations dncnblng various intaroctions |’
- | -of Black’s limestons cvcle, the student - *
L . vidnnuﬂcun o.;uauonlhnl describies the. I,
01D, icklime or the for ions.
- - |- of tlimes H .
. : .
. = " %
-t . Given a list of common names of three . ’ -
. or more chamical lubsllm:os with their H - R o -
- . N . *| . corresponding chemica! ‘namesand ' * The studant messures a sub:ymm
- - moleculer formulas.and given a'desérip- || * (“whm,) of his body sy’stems and
+| ~tion of an interaction Invaving these ds 1o questions about
) -|. chemical sibstances, the "'"d'"“"' » -size and capacities of ‘other subsystems-
N £ . quatios Intera - _|_ lintesunes 'stomach} using appropriste .
: T e . - E Awln_g the'chemical names or " scientific terminology for- messurament,

. P -“formules, A _ > N _ . ‘V“l"ul (systems} .
- : = - — L . - |- A
. V) - T e SRS -

o - !ha student desciibes bis observationiand— |- 1
T - - mrsurements of fength; mass, voluma and 1 B B o
D R - 4 tempersture in appromlule malncmeu:umnenl - -
N - . lermlnology andrecords hu measurements using *
. - { the appropriats notation. '
- I T ¢ _Lagrenge (matric messursment) |~ .
T . - M S -
o B Given lists of metricunits, the student identifics =
: - units of lenglh mass, volume apd temperature,
- Level C - . - K Lagrange : .
- ~ S l“"‘ S et St o ot o . G
- “The student measures Ilneur : The student demonsirates that | “The student measures and
< s d:mensions and records. them "| mass of an objectand *hé gravi- records temperature in degrees
. using the appropriate metric tational force of atiroction bet Celsius, : Lagrange
- . measurement teeminofogy and - twean the object and the earth — = — *
= . . ootation.? Lagrange > ate directly refated and thatdif. ot
— 'ere nt lubﬂu m:a ¢€an occupy .
meoo“
— — - = A
 r— N 1 "
e ,],., — - ‘ .
] - < -|The student identifiescom. .
s ~[parative. relal.omhnm between, B
- -[diffétent metrjc measures *
‘ . fof volume® Lagrange: }
¥ = - i
* ]
- ’ - ! -
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Chart 13 (Cont'd)r R . R
. S
- . ¢ B B : i :
tnas ~o. _ [ — ) L . - B TR
Using 3 meter stick, the student . _ s e Given contsiners of various . The studenl identifies the R
-messures £ny specifisd diman- x‘é':g‘;é“:“"":‘:a;?;'m“g:m sizes whote volume doés not- freezing and boiing Donts 6f
$100 10 the nearestcentime sion 16 IM':‘V”:’”L"M" and exceed 30 mitaliters, and -water on the Celsius scale.
-and recordi his answet using :recovds his answer.usingthe | . mﬂh'l“l cubes and discs, the - _Logrange _
~ the uniis for meters (ml and unit meter Lagrange the vol T N
centimiters [cm) . o . - of the comame :d records
- _ ... Lagrenge v i c h his snswer usm; unit t .
- — - Legrange N
- - + - el B
o _ ‘L . . - R . N _ N . S e e
{ g |- Given a 3lane figura alt of Given an object whose mass 1s Given a'graduated cylinder “Tha étident Uses’s thermometer .|
+}-whoie dimensions are tess than whose d-menuons are fess than “betwsen 1 and 800 grams (g} and{. marked in millimeters and any vath a Celsius scale 10 measure. ©
-18 oenumeleu ‘the stutent 15 ccmumel( 15, tha student -whose mass can ve delum| ned specified container hlled with the temperature of a given :
xmeasuln sny specmad dimen- -measures any specified dumen by using no ,ﬂo,, thsn 3 stan water; the' sludenl detérmines substance 10 the nea(oﬂ degvee
|| -5100 10 the nearust centimater 510n 10 the nearest mullnmem dard masses (rom theset {tg, the votume 10 the nearest and records his answer using the
and!gcpg(}s his answer using and records his answer using they 29, 29,59,10g; 109, 203, 50, muliliter of that contairier by -Junit degrees Cetsius {'C), Lograng
_the unit centimater | Lagrange « | unit mutfinfeter tmm) cagrenge 100g, 200g, 500g}, the student -pouring the water into the . — —
B | — 1 uses 5 balance to'detarmine the giaduated cylmder and records .
= obxecl s mass and records his his answer using the unit .
0 - snsvier using the unit gram (g). L mittitizee {en). Legrange
s . ' . - = _ Legrenge B T . -
- S N | s N — = —
R '!hq ;luAdenl dmmbes md comparoﬂhe _ -
- .| physical rooemes of matterin’ the solid, liquid,
- . and gaseous statesd Curlofphvucel tates) :
- . - o - l - - - N »
'nlu sludlm snles lhahMun sugar is dmolwd In - -
w - " wete ‘\heu i no change i in 1018t mass but there i u
- “Ci
. - 4 A R -
* - -
avel iThe, sludenl uses #n squst arm batance 10 showahat ~ o
Lovel B d N +all three states of matter (solid, liquid, gas) have X
“mass, - Curle
- .~ ‘ - Al — - e E—
. - - - The student describes his messurements
S « 0 mass and force u?lng the terms “mass- .
unit snd * “force unit * * Hooke (torces) .
r > - i - LT P
] I.,-_--_-J_..._..__ R e T T
- . ¢ v e [ -
- . i v - : P 11 1
- > 1 Chart-13 continued on next page. o 11 {
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A
t
»

-
r - . g
" The student uses his know!edgo The student uses an'equal arm |

* of force Felationships to dets -balance to determine the mass -
¥ of an object in'mass umu

- {an acbitrary standard with a-
i} he hi
- to ba lna‘;vnld o:‘:‘:c ond ¢ ‘| mass of 5g) ed records his
arm balance, _ Hooke '“”’“""""‘ fncludmg “‘"
B B - R unit “mass unisS
T B 5

The sxudcm usesaseetaw o - * The student utes an equal arm * .
comoare the lmcos exeucd by balarke to compave the maues
two obiecu, Mgokc -
T -
The uudenx states, in-hisown woras,
Hoqkqs Law, . Mookn
— [ -
Thc zludem makes a bar gmph showmg
the f s Tength-
-ofa spnné and amount o! fofce exerted
“on 1 hills jn missing ¢ observation ofat
least lour obmvauom of vanauon in
i longxh  of g}prlng unger verying amounts
-of stress and identifies a bar guph that
Hlustiates -Hooke's Law. ~Hodke
R —
Tm swdem uses a sbung scale to dolort
mine the farce exerted by an ob;ecx to
the nearest force unit (3% ounces, 1009}
and records his answer using theunit- -
”lmceynh.

iy hy

i

-
The student states that fojces have |-
different magnitudes, ste direc.
— R uoinl and actin panu’lhal!ovces~
The student measuzes ¢nd cannot be seen but may be felt;
" 1ecords data which he uses 1o - and that n ob;ec( atrest does not |
consiruct s bar graph. The _[statt to move when two forces of-
. student answers questions re- _Jequat maqmludc e exeged on
qu[rmg anafysis of bsr oraph’. , itiin opposite directions.
Bummk . Hooke

JENSUSUU SR
ENa - '

-Chart 13 continued on next page:




- . . — . -
e . “}* Tha student responds to . ' " The student indicatés the * |-
* } -qwulom which require him ‘ ~cirection In which an object at- .
- E ~ - “ rest will stert to move wh n
- ,on his ba guoh 4 . two umqual forces st gxemd B
0 8urbank {claslfying) on i( etan lngle of 180", Hooke -
P . - ) . - e -7
* | growth of & been uodi(ng over B " The student draws arrows to * < X
S _time and records his mesture~ indicate th relative sizes-
. - - - mants Tn the form of # bar- {magnitides) and directions*
* -1 oraoh, . o' wecnf‘md forces.  Hooke
7 — = - M e B — :
- Tho nudcm  describes his N ¢
R - -{. experiences in Level Ausir , -
N -sdyectives and units of me hed
- ~°— ° * s i B - * ' -
- = _ - - R - PP
h . = — A | L .
: - un‘;:“m:::;‘;"::;‘::; - - : | e stusent states inae the
- N E events or how lon yl( tak o " Volumeof b coniginar will be
s . . : 71rom e e m:nhmg? R the s3me no matter what sub-
o Level A begins unti! it stops. Michatsont |- _|."standard units of messurement- | - stance fyused to "":"": the
- — ~ - - 4* {fength) ara useful and/or - i , L= «  Michsls
o = l e o r' | -ecet yend lsins why In |- R
3 ,m‘;o ot "'“'mmh'"'“' [F_eschome, . . Michel H || “Tbe itudent statesthat the
B - -1 -of an event with the time ™ B oo - R =) o = .| volume of acontainer iss” L
: - lnmvcl mestured by the ﬂmor. "~ | Trestudentitatesthatenineh T|. | TThe nudem makes end records |  ° mnln:u of how much the 3 1 .
- - o 2 PMichehon - - ), | eron rular i equat to an ipch -#0ccazsiye températurs 1 holds,  Michalion . -
o - : E i ‘ "I -on any other device for- . lmmno'nviﬂominwhlch the © — = = .
- | memuringlafgth, Michetnon | temparsturs it changing.- . .Tha student datermines the'
L —— — :l —=" - -|.volume of a’container (12° .
~ —— - — = - vouncnorlm) using n sthi- 1 R
. B - ) The stident detsrmines wnh *n - |-trery_anit of volume end :
, “sccuracy of 21 inch the Ilncu - +|records his sniwer Jusing the "’ X
‘ " dimension of an obwc( ora . g uniouhce, Michslson * R
B - > picture using s pumary ru!er = | of a'specified substance or phce i P . =
E <{ -calibtétad in‘inches and_records °| using a Fshrenheit therr , . .o« fr.
: his aniwer mcludmg The- [T Michelson ~Given two containers of - tz
T B . m“,u,mg um( cmhon A B B 2 different volumes, the ‘student | ol
: 3 R |donu'm the container of : -
3 SN . ~oreater volume of the container E
B *The student An object’s fangth is longer- -of festef volumis.  Mich
> then its width, __ Simpson (sorting) £
- e i e A ——— " B .
: o ' - T 7770 Chart 13 continued on next page. i :
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* Z Giv:n four ob]octs of the nma :hapa, d."mng in - )
+ |-width and lerigth; the. nodem dm'lbes the widests |

17 oblects of (hsumo :hapo du"cung in
heighnnd width; the stude tdﬂcnbes the talfestand |
‘shortest objects Using the t um "raliest” and

Level A- k4
“shortest"* and orders by height.> Simp100 -|.

Given three different sized oblecn “of the same shape -1-
and ol either_the same color or differentcolors, the-

. nudem descnbm tm obxecu u:lnu the terms *Targest;’.

B . - * and “medium-4i and orders by tized’
- c N T Simpson

-~ - _
z Prerequisites: | shape as basis of sort!

¢ Simpson

Somnqon shape, co‘or andjdennlymg color and

S

“*objettive added to developers” objectives
E fb&o‘«lonﬁeu‘ objective reworded or two of more Combiried-

P
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Curuculum Analysns of Ind:vrdualnzed Science:, ||lustranve Hnerarchv of Scmnu Coneepts Subgoal 1- 2-

. . e -Cor cept of. Enerqy

“[~The stud: wqulmm d . A in understandins Y "7
tudent lcqunu an undemandmg
-of how snergy.is used by the body.b- . - 1 : P
snumom (digestion) Von (nuulxlon) . ' ot different ""‘d’ of '""W > Joule (-rmavh l °' ""W convnmom. h Joulo

= S - L S P E L PPy

| The nudml mlu that energy nloand‘duvmg couular R

mpuanon is uud by the body to keeo the body- ~

“‘warm, to’ mow the parts of the body and for cellular
Buumom

o o orf— -

N = - ~Tha studenit demanitrates | The nudom descnbas the procest of
TThe wudent iteres that the “anly ertainway o1 g:,','.‘:':,‘,’gf,’",:,"&':‘."?n',:"pfm,c',',,T,:'." © | reellular tespiration and indicates shat
determing which ono ofa pmr of mdwidull‘ hll -brane from en ares of grester concentre-

m. wmu calom require i bv “ticn to an ares of lessar concentration. i o ,ml,.“o(. b -|-
-Level E- _. _vot | ; -_Besumons_ . i

ooy ! Bnumon! =)

.1 The uudom ndomlﬁn . Tho nudom nlm any mr” o ﬂ'ho nudammrgrg |y?o or more’™,
fiver a5 an important subsystem -| | dipest ities the | - 1ts of v |u|cn
of the body and describes two | | digestive substance of which each | - [;: the small iniesting;
~meter a5 when tha metabolite - digestive and moubollc func- | snzyme is o component, deicribes | ~_|Ihelr sites of production and-
from that nutrignt i mm.cu . nom of ihe "“,. 1 fne chemical interaction In which*l« © .dw.'nbn the function of ooch
with oxvonm scoil.’ vont | - =3 | eachanzyme takes pert, snd { (5ile;
% indicates the subsystem of the-
: —lem s dncﬂpﬂon ofs munlon*— :ﬁm:o':::::":}:: :'h:‘"'"v
“f‘"." oxygen and another ’ “Jamytise, pepvin, lipsie; typiin, - " “The lludam deicribes gestric.
“student distinguishes among ::: : pancmnc smyieie) Lo umont |- w'“ s m‘v’""“ of chemical
_processes of burning; mpnmfon S B - =
nd oxidation by ulminq‘the -smount of water, . ~Beaumont
I monmmmnunbc - - E - -
correctly applied: - -
3 = - [:‘ - .
1~The ,nudom‘lbdrcim'vml:'h'i\}po of Tndhvidual i
h' uveul given pairs might be expectad 1o use
. gumr numbcr ol calorln[n adsy. velx

“of c-lodn is relessed when ¢
=nutrient is oxidized in a calori-

SRR PN oo

«

'uquonco "of, phyiicat cl nges -
-thet lood undoroon as it

T Moves lhrouw esch lutil"m
ol the dlomivo system. -8°

S

JT - e - — —— s w— — —— ——

- ¥
t i

|
I
1
!
H

Chart 14 continued on next pags.
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Level E

EMC AT

Aruitoxt provided by Eic:

%

7The s!uh;nl ;ses achart to
dummme his daily. calorze
requuemen\. Volt

ludem uses achart of
= Recommended Dmly Allowances
“for a nutrient to answer ques-
~1igns on Be&binmended Daity
Alfowance !ob boys oF girls of
=3 given mass.

The student indicates that a

» glwn mass of fat seleases more
energy when mmacung with
oxygen (ha an equwa!en(
rmass of either proteins or
g:ar'bohydrgles( Voit

“Fhe_swdent demonsmxes.
-with a physnca\ analogue how (he
Tength, folds and villi of the
small intestine faciitate the
ebsorpuon of matabolstes into

“the blood. -Beaumont-
e Pt anlineiys

ES

— 1

7

The s(udenl defines the
nmended Dally Al
oh ‘nut ent 33 that amount of -
“the nutrient needed each day io
“keep the body heallhv and
—mdvcam that futrients from alt

v

The student 'denulm the food.
~calorie as the'stendard umt ¢ used"
to measure the energy content

- of loods end indicates thata

food ¢ Calone Is the same as 3
kitocalorie. Voit

-five nutnent groum are
for maintaining good héalth ble(

= i A

The'student uses 8 simplitied
numuon chart'to answer Gues:
11085 about the iocauon of foods
onthe chan amounts of putti

"lentsina given food, to compare

hutrient content of (60ds, to
calcutate the total nuttjent con-
tent of a meslsto ‘denuly the:*
bcsl souice of a nutrient, or to
ndenunyoods that cohtain equi
valent amounts of a given

nutuent. Volit

-.‘._J

The student describes the route
by wmcn metabolites 1each the
body ceIlBhom the smalf

m(es(me. R Buumom

The student descnbes lhe
functions of - ammo acids

The student describes xhe

Q ‘ofch
by slarches and pro(ems as mey
changa ‘from starch molecules to
simple sugars and from protein
molecules to amino acid mole
cules “and loca(es each change 1n
the subsymm of the digestive
system where "t takes p!ace
Shefhe descnbes the chemncat
changes that double sugan and

10 s:mple sugau and fatty 3cids
_and gyccrol mpecxivuly and
Iocam lhé change i (he smatl

“fats yndergo as they ace changed,

The student distinguishies
_ between physical and chemica)
changes, Buumom B

» -

The nudenl dcscnbes one or
moré functions of amino cid
.and of waterin the bgdy and
the function of a specific
mineral and #'soecific vitamin
10 the body. voht

The student explains why foods -
néh in catbohydrzte of fat are
~called “energy foods *  Voit

the_esophagus.

The student identifies the five subsystems-
of the digestive system; ndemmes the
subsystems of the mouth and xhe .
dugeshve (uncnons of ﬂach' und demon-
Strates with 2 physncal analogue how food
18 moveéd by mgscle coniractions along

Buumonl'

I

[

Thé student identifies metab
ofites a5 the simple chemical

— T

bstances that are the end:

u in the

“The student identifiés simple
-sugars, fetty acids, and glycerof
as the metsbolites that interact
in the process of respiration in
* the_body’s Cells 1o release

~enargy.

Vot

The student descnbes two or
mare uses of energy in'the
body. \7

products of dig
- smalt intestine and that interact
-in the ¥ells of the body to
-release energy and supply
maxedals for the growth and
‘replacemen: of celis and the
itding of new cells  Beaumont

T

————— _,.l.., PRSI |

-

The sludgnt indicates that a-
speculic enzyme s peeded to

increase the rate of every
chem:cal mma.uon in




. ies enzymes”
in the d-gmm syst
: ical sub
that result from the |- —eac = - -|by oland:. that intersct with
“The nudom names the five - doomon of each of (hreo qroum - Th. nudom |denmm storches, |:° proteins, sugars; starches, fats:
- wamples of e pacific nutrient |- |- nltrieat groups ang dentifies. |- | of nitrients. simple sugers from || double Sugers, fats and proteing | and that increass the rate of -
_-that mustbe broken down Into |- | each Group on the basis of its ~ - ctrbohydu fat 1 | as kinds of chericat ' X :umu fats,
r mcnbolim before the body : - rchemncal.chanc(erlmcs ot its ; “found in food that are digested 1

- by (he body acau;ngnt

Leve! €

Tha student defines nutilents . R
‘1% s the chemical substances in . sihe simple chamical substances |-
1o_9d that are tsed by the body - .| thatresult from the' dmmlon of food into simpm chem
--for growth, ropmr of body : cm‘im nutrients in’ food - . u:al :ubuancos, which can be utilized
msuo and . .| some instances, ore pres: :
- = —————= | food), thatinteractin . Mis - “the rowth ond repair of tissues -
of the body to release emrw . ~and for (ho gromh and uplaco-
_and thatare the building blocks - mem of ce!
of cells, tissues snd varlous ~ ~ )
>} chemical substences in the body. *| -
- ) “Voit

(éh'm 14 Lejel E continued 9n next page.)
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_| The student scquires an unchmando
| -of how snergy 15 used by the body 8
N Buumoml Vbll _

“The Studint scquires an understanding.
t kinds of energy.®  _Joule |

. would belike wmloul thesun’s
* Joule

|- his life would be diferent if #l1 the cost
-and petroleum on sarth were used up.Joule:

facts sbout energy hom the sun: keeps ~
© all the water in the oceens from lrn:?ng, -|-

* ‘mekes the wind blow, is stored in'petro-
* Jeum anc cosl; is converted Inta sugers -
~8nd starches by green plants, moves water’,
" from plsce taplace on the sarth liurhco,
- the studént stetes that the sun is

most -mpomm souf ol mucv. , -Joule

using t
in context, why &
- candlo oon out when the wax'is used up.

 of
of heat’ .rmw and states that tempera
“lis degrees Celsius and that®

. _{hest e ormw Is messured in kilocatories, Joule

Givm deta on e sampls ol weter ol mass
-|_m (in kilogrems) at tempsrature t, snd

Joule - told thet heat energy is added until the

86,

- . - B isetty,

detarmines
-the quantity of hest energy (in kilocatories).

- edded to the ump'o. _ “Joule

| ofa temperature change in 8 beaksr of
-|-water, the student caiculates the change
temperature in dewm “Calsius. -

Joute=

-
4

TTheTtedent adomdm the magmtudc of the |
fort
Iifted as the two factors that determine the

‘Gmn 8 description (wvimn and illustrated)

.of a situation where severs) energy-converting |-

-systems hm different amounts of fuet, the-
ifies the system which cen

exerted and the distance an object is -|-

amoum of wovk dcm onan ob[acl Jou'l
- - I

{release the greatest smount of energy and *

| Givena dncvlmlon (wvlmn and jitustrated) |-

of the heights of severe! objects of equal or:
;| ditferant messes, the student sefacts the'

objects that can do the most, the least, or-

“{ squal work when dropped; and/or which
have the most, the fsest, or squat ~
| gravitational omvw. s

“|-orders the systems according to their

‘Given descriptions (written and illustrated):
of two water samplas of equal mass in R
which there are uribqual increases in temper- -
_ ature and of two samples of unequal mass
“inwhich” there are equal incresses in
“temperature, the student identifies the,,
‘capecity for releasing snergy. Joule . ] sample to 'which moreheat was added.
Joul.

]

2 substance that Inmocu with oxygen to.

f,Gﬁnn o description (written or ilfustrated)-

_| of s situstion where two or more objects

of unequal mass Sre lifted equsl distances
=|"end one where two or more objects uf equal -
.|.moess are lifted ,the.

releata stored energy. 7 Joute |-

‘—,Thc student idommn thesource ol

_identities 6“' obncl on which more work
‘| weidone,” .

Jouw -

snergy for 8 famitisr system {animal,

plent, car; etectric applisnce) and describes
~30me of the énefgy conversions that take |-
pueﬂn oach system, ™ _ Jouls

Lhoa o

~




) -‘ (;A’i e, k«‘ «ni j \ . - e : - - ~ e - s — :, — e R —— - - e ~ ~ “
‘\Chart 14-(Cont'd)- ° .
1 : . . . . .
+ .
¥ g" mfmi!c':‘:::lz.&:;w:ﬁgg:.;r:g me- . The student uses obiervations of. changes- .
| tome of which'do not 'ondgf:iwn several "|-1n @ system a3 evidenc that energy has ~
’ | ilusteated situations, some of which . N been edded to the system or_that an energy M
: ” -depict » force exerted and some of which ~conversion has takenplsce in the system,
s T . I g0 not; the stident identitrs thore i “end identifies the form of the energy .- :
"~ < In which work is being done and 8 force -} eddud or converted st kirtetic, sound, [
it bing exerted resp tivwly.> Jouls N ) ;yl-cmvcol'or ct",’“'““"f"f" o Joule
. ‘ S ] B I ‘l L B *
: - _ - . I[ﬂ - = ) 3 . R LT — -f- .- L
T Thestudent identifies the , = The student associates kinetié The student gives examples from
« enargy stored in e stretched |- -energy with things that 'j' ' his Own experience of heat . .
. rubt;-r‘?;:g ot :t\n mors d moving. - ouls onargtv and light ensrgy ch:ngl'nq, P :
- | or stret spring & olostic N ) “|asystem, © - . T Jouls e -
N . "  enargy and explains.thet to store - —_——
Level E . -|- lsaric energy in o rubber band :
* of 3 spring he must exert force . ' B - ~
- 'and stretch the rubber band . N . .
. _,mo§p of compress the:™ ~ - .
_ ) N ‘ |Fsering 2” Joule
0 . . - 1; L ~ -
K2 . FY o —— REPT, _ _ - _ —-
) « R L o The student identifies haet, light, 5061 - , -
N & 1. i 9 . -,
. . ; ‘m;;".'d,'f' "7'".'—'.',:::;"7“"!"';"' Stored + electrical, kinetic and chemical snergy 1.
P PR O b " Joule | -{- some forms of energy. Joule
» I T . :
‘| Given several pictures the stugent
- . e identlfies objects that have grevitational %‘
. = wnergy. ... Joule | \\.
o + i Z T | = R - — - — TN .
L e e = ";l R = A ~
. : :| “Tha student identifies the following sttribistes of - -
) -f- -$nergyiienergy can change thinge: energy edded to N
* - . ‘ -{- "8 system changes the system; energy has different s
z . forms; energy Can be converted from one form to- R B o
E L ~ B -|- - another, - c T .
‘s - o ] - T N PEEE | T = t’
;o S RSTEEE) S : o ‘
- H i . o t ., .
+ 1 -Level O continued on pext pege- 1' - -
S N ' ‘ \
l.;..—_..—-...-- e Ty -——— _——___: “ v i »
7 ) B . Chart 14 continued on next page,
- ' .
Y ) . . <
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L [~ : L d
_] 10 Level D the student is introdiiced o the concept ut
~ ] energy by observing the interactionof oxygen wum * -
- N chemical substances Under dilfering conditions an Enter-
‘ . ~ action which ploduces ca‘;bon dioxide and water vapor R N
. &ad refeases energy 3 _Lavolsler (burning) ~ . .
bl + ] “Hatdane (breathing)=Daltos Tatoms and molecules)
. - .
] - t Tt | S RS

T Thestudent indicates three ways in which the
_processes of bummg and respiratiof are  similarand- -

ot

’

T W

®

BT e

ot Level D .

x N N | :When asked o give 80 ¢ qxplane(.on of (hq plocess of » .

PR y ~fespiration {Or to seféci the best'explanation from - R

R . ¢ | *among { three or mofe suggeited explanitions); the - ?

: Y ~student states (or selects the one suggested explana- .
* | -tionwMich states) that during the p'oceu ot .

e - . ‘oxygen interacts with ch -
- - lmm(hcloodanammalemmdmuenugy(heal E

= and motion) is released and carbon dioxide snd water | .

I [ srepioduced, B Haldane |
- - . M I D S

i © “Thestudent writes an’ equation descnbmg the - s
T process of mpimmn,

) . ) )¢_ N .

. |-The stugent applies in povel situation the concept: -
: - lhaloxvgen nnecumtv tom lam ammal tfe. Haldane .

or heniion of the
B - chem:cat svmbols N for muoqen "3, 02 for oxygen

E 0 ga}r,rarnd €0;. for carbon dioxide gas by transiating . .

explmmm inwords to lhe couespondmg uxpmsmns i . .
- - - in chem:cal svmbols. > Maldane - - .

l ,




8 5ustance burng {or,to select tha best-
-mnon from -moog these o m
~suggeited axplanstions), the stadent stated -
{or se)3cts the one suggestsd explsnation
which states) that when 8 substance buins
itintsreacts with oxygen and it relesses

“When seked 10 exglsin what hapgens when |

TAaeted on"..u"' A
physicat and chemical chi
in physical :mnon, uunq«mnn 01

i molrcum are altered; but in chemical

olecules that meke up »
l;ngphlu

: *»Gmn s histot vmom substances md
-diked to ufoct om thie 1ist those sub-
tancet w Nich are formed when 8 fuel-
relesses energy, the itudent selects both
“carbon dioxide™ and “water vapor.”
__. . .Lavolsler

-|-Given oqumons that use chemical wmboh

nnd thu upmcm vither physical o7
gei; the student fdentifies
thoss equitions that are sta of
* physical :lunpn lnd thou lhﬂ ae-
: 0 ‘Lavohlu:

—

S

“Givens ) fist ol verious subste d

- -seked 10 select from 1 the listtheone ~» -
{7 substance whkh is Foeded 10¢ 8 fusl to

- felsaee its anefgy, the student selects

) “oxygen B Lavolsler

[ - l"— —

. Given 8 Tist of verious subitincss and-
* stked to select sl the listed lubcuneu
which ars fuels, the student .locn s
many of the 1o||owlng #5 ore on the list:
hay, suger w?od -lcohol Lwomu

Gwon three oc mocs wmlod dcﬂnhlom -
g seked to select the o1 8 Dest definition
R tol the word “fuels,” the ‘Jtudent selects
the dmnmon. substances tut interaet-

B ’Mm  oxygen to ulouo oner

-Given s lm ol various wbsunm and -
avecdous kinds of anergy sngd esied to
elect 3l the listed Kinds of energy, the.
nudom selocti s many of the' 1ouowlog

I

“Given ) tist of various lubﬂ.nm lnd -
aked 10 select | from the st the one :
substance whgch Vit nndod for wax t.

b

The nudan\ uses the concept that the —-
nrotecules which maké Lp matter move
-faiter | wfnn hast h added to the mmu
0
- malting, duuollmg, or lub"mﬂerﬂ.
s _ S Lnohhr

I

"k -Given'the statement thet hesting matter

* -makes tho molecules which make up

- ‘matter mova fastef, the student gives-
evidence from her own experience to-

T tupport this’ lutmnt. Lavolster _

|- thatcan be explalned by the conceot

that the molecules (atoms) which meke

*|- -Upmatter areln constant  motion, the

—mdom uses this concept to L3

nm on |ho|!n~ hut tight; u:_uno. i B

|_Given » phenom thst can be explal
by the ‘concept that matter is made  up of

very tiny perticles called molecules that-

re 160 small to be seen dven with »

¢, the st dent uses this




=

. - N Gmn ] lul o! words doscnbmqvuiom )
= kinds of energy and ukod to select from
- Level © - = the list the two kinds of enargy relassed”
= fs0m the butning of wex snd the- - .
bomlng of sicohol, the student setects - - * B _
_ both"hest*” and "hohl." T Lavolsler | .

"

Trthe physical state of the waxine- - *
bumlng candig from solid wex te, fHiquid

= the student states or writes thacis is
< -heat, T , l..vchkl .

N

h L T- - - .

4 Thes It introduced to the cor f
. -}, atLavet Cby considering heat in chemicat systems-

« < and idnnmving :hanqes that }ako place by the-

sddufon of temoval of hmmmk (ehcmlul wuom:)

201

>
-

“Bobiective added 10 developers’ objective > -
N bobgccuvv gbbuvmed Of two of mors - E
ob,«:uvn combmcd -

o ] ', . i - [
- "ERIC , , - 3
o v B . - .




. T T Cumculum Analysis of Individuatized nenwm‘u tive Hiergrhiv of Sgisnce ancepteSubonat +2=—

-
¥ . -
i - . r I The student undaestands 1he contedt of systems , -
- l . ; i :
Gwena descupuion twitten and n“u;luled) ofs - The student idenuties two Sp-fore of the foflowing
. situation where sevml energyConver tin syilems forms of mugy released in cellutet fesprranion -
: <have different gmoun(s of {ael, the student identities - heat energy; energy f0f moving the parts of the
- the system which can release the oreuesiamoum body, energy lorbulldmgoromm utitazed for
- «olrenugv and otdeu the umm: accovdmg 10 their cellutar growth and m;ﬂacemml.anumon( (d:onnan *
N - qaoacnv for releasing energy. Joule (m-zgw - L B )
¢ - N - - = l - * ) ’ A
- “The siident identities the 7,,, student describes . R R
: source of energy for a the progess of ceuum / . '
- N famitia systém and “respiration apd i _
.,,,.,d";hww, ;"3:" | M T | P e | FR e opmpmmps
T ' - k. 2 unction of 3 specific unction of a shecific of F10r¢ functions o
. ;C:m;x'vz’ng;y:::n” take place 1n “C" “,{1::::: .:O' tfummg. B%lumont attuno ““’:‘:‘: ':“::?S:m Tnera) in the body voit [ vitamus in she body. volr | Iwater 1n the body, Vot
enaegy and fight energy}, B T
- 2 boy doing work. fcheh- % ; . L.
. ) Teal energy 10 kineuz - L3 g :
R - fi{eriv) Joute Rk B
: S———r ) : ;
R | B . i |
) Tm sludm; uses obsarvations of specifyc ™ A student identit.es the fver a5 2n The student idenafies umple sugan‘ fatty
- 1 cmngenn 2 systemn as evidence that eng gy ) “ithportant subsystem of the body.and scids, and glycerol 4 the maubomb that
- Fas been 2dded 1o the syitem, or that an describes two or more of thy digestive Dteractin the p of ¢ in the - -
: - - onevgv conveision has taken siace i the and mnabohc funttions of the fiver body’s cells 16 releass edisrgy. - o b i
) -system, and identifse the £5em of the - = Beeumant ,/l M
T Sty energy added or converted as kinetic, sound, - ! . -
B electricat orchom-ctl anergy.] Joute — L - 1 "
L —— T The student nImes two or The student ncmos an§
- — - s : more components of thiee digestive enzymes .
) “The uudml gmn :::’::'ﬁ:; mc;?::u e dupesnvz Juics in the smali (sahvary mwlne, ropsin, Tha student tames #ach -
. LevelE  |-fromi Bis G exgerience of chemicl fubstences, intestine, names theirsires mme. tryaein pank tatic of the metabolites that
. . .| -of heatenergy and hight 1nciucing enzymes; bydeo- ! prod tion and describ ).c wfies (ne result from the digestioh
- energy changinga ehloric acid, and a large the luncuonbol sach dngemve v Seeof of each of three roups of -
E | system, Joule N}"Ounl of wam a 0anant Qe wﬁ:ch exh enzvme 52 nutrients  simpfe sugars .
D i | - i . hd = describes the fro utbohydmes"lalr/ .
: = ¥ -] chemicat mmacuon in acids and glycelol from e
. The s1iident identifies the Sollowing 3 o which each enzyme takes 1815, arno’acids from e
; |bum of energy. #nergy can change o 3 -| part: and indicates the proteins Yoit -
R onuw mded 10 & system changn SO Y subsvmm of the digestive i R * -
5o - system; enuw has mmm\: forms, - system wheré the sateraction I - . -
: nergy can be converted from one férm -takes placi, Besumong i ——— %
“10 another form. - Joule | H L
I - - i i i { - P
: ! Chart 15 continued on next pigs, N ! -
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Chart 15 {Conttd)

)
LU e v e ey i

H - f — — T — The student names the five nutrient
: = = = = groups lcarbohydrales, (au. pro(ems
Thie student dee s the ;'::“::;‘:'g; desuribes the The "“"':; gescnbes the The student describes the | | The student describas the | | “ferals, vitamins) and identifies each
- uence of physial 4 ¥ A \ h “ghange that chemrcal change that fats group on the baws of extbier 113 chesical
: ifg,,w ,h,":?éd under |JThanges that starches changes that proteins Ldouble sugars “‘“’:’90 as uncergd as they are changed | fcharacienstcs or 1ts wse in thebody. vort
231 moves through undergo as they are changed | | undergo ss they are changed  they are ahanged from from fat molecules 10
- . 9"’; . o from starch molecules to 1} | from protein motecutes to | | double sugarmoteculesto 11 0 L of fatty berds R | -
B ::;'es::e :';::::’ the motecules of simple sugars, {] motecules of amuno acuds, "g?“"(:’:;'m:ﬁ’“ﬁa" a0 The student gives two or
- - Beaumant | | 200 iocates eachcnange n || andiocates eachchangen |1 ’m, m(e:h‘l:\e 9037 11 hé cha g 16 the small = more examples of a specifiz
= * = the subsystem of e 41 the subsyuem of the Goaumont | | intesrine Besumont . autnent that must be.
. - - d<9cshve system whese .5 drgeshve system whele it - — = — broken down into metad
- - takes plsce Basumont ‘ takes place Boeumont olites before the body caa
- B - T , . - used . vou | -
B Level E - - I = .
. . _The student sdentifies the i 1 of . *
- each subsystem of the moum Basumont . -
- . l - - - = -
. The stuisént identjlies the mouth, L The student dentifies the tongue. { | The student defines nutnients | ! The student defines matabolites
N esophagus, stomach, small intes: t\i" testh, and the sahbdry glands 35 chamicat substances 1o food | | as the simple cremical subs*ynces
o- ) une, 3nd large inteshine as five 33 subdystéms of the mouth that are usep by the body for | | that result from the diaestipd of
K 1ubsystems of the d-grnwe Beaqumont growth, repair of body ussue, certain ¢ autrients 10 food for, L]
svs(em. Beaumant o T T and energy. - Voit &oé\émuantes ate present i
! - = 1o0d); thatintéac 1n the cells
E £ . of lhe body Jo release enetgy;
2 - - and are the buddmg blocks of
- i * - . célls, tissues, und various chem:
. 7 - . 13l substances in the body, Vit
N = ]} )
: - I .
B = . = 1
) . LeveiD i”g::";g“;‘;n'g':g:‘:‘bg’f‘;‘:?:‘;x":’n‘:‘;&"‘d . - * The'student denufres the subsystems of the b
: . Lavoisier tburningl N ‘breahiag system and describes how they interadt. R N
, . 1 S |
T | Whenasked to gxplan whaxhaopens when 3 B - . The student identifies the-funcuons of
. - substance buny tor 1o select the besl explacaton ) the 1onowmg anu')mvcal parts m.me B - N
- . _trom.amaong thiree or more suggested explanationst _ processes of breatung andespirauon
. “the studfent states lor telects the one suggested . [ nnse and mouth, trachea, bronchist tubes, . . .
- )e!p'anallonmwh statzs} that when s substance i . \_'f " Tunge, slveol), blood vessels, biood, and
- burns it interacty wuh oxygen and 1t releates - celfs of the borly Holdaro {brestning)
f energy Layoister .- . = — ,‘l - -
] : . .
[KC-_---_--L_-__--- — -_,.J___.--,.-_.- LTRSSV RSPRTR USRS PR SRE E
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- <Chart-15 (Cont'dy

Gnnn s Iul of various :ubumcn and

nked to select from the list those sub-

| stances which ‘ars formed when ¢ fuet

relesses energy. the student’ salects both
“carbon’ (ﬁoxldc” and “water vaoor.”

- __ Lavohisr

B > wguence in which oxygen from the

Gmn shstora dhgmm of amldmscal

parts, incluthing the trechea, the bronchul
alveoli, the blood

snd the collx the student md‘calos the

LévalD.

1o2 ,‘
Lavoliler

-Given a 115t of verious :ubmncu .
#cked10 solect from the list the'one

lln of wofd: descrif ing variou:

the list the two Idnds of soergy refessed

“trom the burning’ of wax and the buring.
if-of c'cohol the student selacty both :
.. V.avolsier

R ysical
‘|- wexsnd wked to select tho state of  the
bumlng wax Tn ’ undu the uudcm

- Whien ssked what produces tha changes
7 “In the physjcai state of the wax in s
- bumlng candle trom sofid wex to liquid-
|, wax end from liquld wax to gessous
.,mx, the studnm states or writes that it
« s heat, L]  Levalsier

S R
a - 1
Y 4 o
-

) r

Inds of anergy’ ‘and asked 1o velect from :]°

»

. Dmu through lhom N(ldlno

Gmn alstors d-agum oLanalomlcal
parts; mcludmg the trachea, the bronchna.
“tubes, the lungs, the stvdoli, the blood,
~and the collx the uudtnl mdccam the
‘.pquq\co in wmch alrbon dioxide pro-
duud in mmunon puut through
~them. Haldens

1

Given's dtléﬂm of anatomica! parts’
lrvolwd in bresthing and rnpluﬂon in
the humtn body;, the student |dnnnlm
oach partand labels it with its name.MHeidsne

-

Thn student 6ndlcmx lhne ways in wmch
tha processes of bummg and rnplullon .t
nn umllan ~

The uudanl lndncuun Teast one mv .in -

processes of  burning and

Hnlaonl' R A

g nroducod..

\M’un nknd to gm an explanstion of the
procou of respiration {or to sefect the best
-oxpllnmon from upong three or more

iich states) that Curing the proom “of
sespiration oxygen Intsracts with Ehemical
iubstences from the food sn animaleats
and that onorqy "(heet'and motlon) is
=releesed ond carbon dioxide and water

'nu uud'm applm in & now! xhunlon
_the concept thet oxyyen is nocmary to

. mllnnln ‘snims! llh. Haldene

" | :the concept thet snimati contume oxygen

and producs carbon dioxide end vmter-
Tvepar, Haldand

I

Wl vl 4 kg e
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solid mx, hqund wax, Qamwswnx.
| unburned wick, burned wick; glowng
J-wick, blue part of tiame, clear part of-

w1

- “Hame;yellowDeart of flame:  Gavolet ‘ . - . - .
Rt L L * * = -
_ - - n —= Y = . -
LeveiC I . . ] — oo
. I e RN | _ . . —
i Gmn u im of the common namer o! The student identifies the formation of Fria The student describes the i ion in
' three o+ more chemical substances with -3 gas, or the formation of a precipitate, "6 student describes a oF yaical system, 8 system which has soms subsystems -
their correspunding chemical names and of & color change; of 8 change of state, achemical system. and a brotogicet thatare notin direct phyncal contact by
Slaf forr or the production of heat, or the absorp -6ystem Vesallus i+ ystems) ing the exi t isib
midlecular foimulas and given » descrip- tion uf heat as evidence of interaction_ @ the 2 0fani -
uon ol un fnm.cdon invoMng these -having taken piace in 8 cremical syitem wb:yuem . “Vossllus |-
B _ . Bleck - L S ]} o
T - - I - - -
- Givenin example of & change in state- } l — M ] - —
[ondl beought about bv lhe addition or The student | gum the function, names the-
non tked 1o ¢
jg removal ol reat; the uudem indicates subsystems, and dcscnbu how the sub- ‘v:::::vuemﬂn::a::';i;g‘i?::’r?;rr: or
- -that IM feverse procw tan be effectad by -systems of the dnpemve.heumg. movmg, T §
Yo . unctron the stugent names the nervoys,
vanou: the remova! or addition of heat Black or breathing systems 1nterwt to carfy out . nd skeletal sy Vesslius '
/ of qupn Black” nmm(om cycle the .~ 1 = N the fuiction gf that system Vessiius l ¥ N R
su:dam identifies 3n uallgn'(fv.n After obierving a chemical syitem that ’! T - T —
N of or hai ¢hangad or after reading 2 description - I P -
“the slaking of qunckhme,or the prepars ofachangeins chemicat system, the
tion of hrnmam, or the tormation of studant desctibes the chanye as either 'l'hg lludeul anaogﬂ the mbsvuem: of (ho dnguuve;
limestone. : 8hack reversible or not reversple. Bleck “hearing, breathing, and 93 ih thiir '
e 7 " . T - funcuonal order” . Vesutivg-
. -~ -
. N Given a descrintion of » chemicalsystem, . - - T,
Cevel C - the student identifiés the subsyriems of - N L
that w:(gm, Black ) « . w N
- - > * -
N .
- 1 : I 1 ~ -
. B ~ 3 R —
: Grven drawiigs o the names of certain || BIveh Sramangs or the names of certain Given drawings or.the names o ceftaln
- - | body parts, the student idantities tha nose. v PALls, the student identifies the body parts, the student ‘dentifies the
niouth, traches, ungs, ribs; and disphracm mouth, teeth, e100h7gus, stomach smalt bones, museles, and nerves &< subsy .
i ' 25 Subsystems of the breathing system iBtesuae, and large intesune o3 subtystems { ;: "n:‘o‘fri:.“. :“;:“ s VV“lelm’
Vesallus of the dlgcmve system. Vedalius oft 9 syste Mt
. : . — § I I
- - . am S W —— — Wt e )
- . R . i, E . .
Q - . - o 1€, . Chart'15 conunued on next page. i
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“-Chart 15"(Cont'd)*

£y

Given & list of '\umm body parts, the nudenl
“identifles sach partes @ wbtvnom of sither tho
‘damiw bry ammg,

- function of the nerves; muscles, ~ fufiction of the hedring sysiem;

~ The student ldonmln lho
#nd bones w“km’ m'h"' 10- lo Bick up, th vibrations of the -

'uncllon of lha‘dgmiw
_ Systen: to change food thstis |
_esten. . Vnilluyl

l : '"W”“"""'ﬂh' e mmmnm:mmha

. Vetallus

Given two'of more pictu !
. iysiem at c'mmm llmn, or. aftu
|- «tfme intorvals, tw student Indlcstes > |-

. whether or 110t there Is evidence that the-.
- sublystems have intersctod, Vesatius

) pk:n o dop!ctlng tha same

- ob)oct In shree Caferent relationships, the-
-Level C -student identifiess_tha pictire showing [
R ‘the o!g}oct Y :ymm. m plcturs - ki B

showlnn the ‘obisct a3 e subtystem of &
“system; end mo picturs xhowlnq subsystems |
“of the object, o v Adlm

“The student uses the term “subsystem”* |-
in mmp'ma conmm to ducrlbc L] pm

" Givena p&cwra of e system and p'cwm
' of objects, somo of Mﬂch are sublysteris -
-_of the'systern end $0n Of which ste not;
tho “studeat ident!fles those objects which
ue wbmmm o' the lymm v.unu- R

- l .
. J'hq nudom usey tho term :\mom" in
_sppropelats contexts to delimit the Mcton,
Inctuding materisl objects snd efie:gy, -
>that must be contidered to w!w eproblem_
o to cary on e function: =~ _Vesalivs

_ Otirctive added 1o cirlogers” sbiwzvives. -
bOb{mim abbnvinufo' two Ot indre
obi-cmm combmod -




