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FOREWORD

This report, submitted in compliance with Article 3
of the contract, reports on technical activities of Project
ABLL during the time of 1 January 1968 throuygh 30 Junce 1262. A
brief overview of the project is presented first, followad
by a report sumnary. ‘The major sections of the report con-
cern {a) the statement of the rationale for grades 10, 11,
and 12, (b) the derivation of objectivcs for grades 10, 11,
and 12, and {c) the deveclopment of activities for grades
10 and 11.
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OVERVILW: ‘VbProjecci ABLE

A Joint Research Project of: Public Schools

Cuincy, Massachusctis
and Jnerican L

of
institutes for Rescarch
Title: DEVELODPMENT AND EVALUATION OF AN EXPLDRINMY

Rl tocivad SNTAL CORICUTLALM
FOR %'HE KNEW QUIRCY (MASS.) VOCATIONAL-TECH

IIC L SCHOOL,

Q_Jontvygm The prircipsl goal of the proJ"t is to demonstrate
increased effectivencss of instruction whose content is
explicitly derived from analy=is of desired behavior after
graduation, and which, in addition, attuempls to epply newly
developoed educational technoloyy to the design, ceonduct,
and evaluation of vocational cducation., Included in this
ncw technoloyy are methods of defining cducational objec-—
tives, deriving topical content for courscs, prevaration of
students in prorequisite knovledges and attitudes, inai-
vidualizing instruction, measuring student ackievement,
and establishing a system for cvaluating program results
in terms of outcomes following graduation,

Procedure: The procedure begins with the collection o vocational
informatior for representative jobs in eleven different vo-
cational arcas. ' Analysis will then be made of the perfor-
mances reguirecé for job executiosn, resulling in descriptions
of essential classes of performance which nced to be learncd.
On the basis of this information, a.parcl of cducational
and vocational schelars will develop rcecommended objectives
for a vocational curriculum which incorporates tha goals
of (1) vocational competence; (2) responsible citizenship;
and (3) individual self-fulfillment. A curriculum then
will be designed in topic form to provide for comprchan-
siveness, and also for flexibility of coverage, for each
of the vocational areas. Guidance programs and prereqgui-
site instruction to prepare junior high school studenty
also will be designed. Selection of instructional mater-
ials, methods, and aids, and design of materials when re-
guired, will also be undertaken. An important step will
b2 the development of performance measurces tied to the
objectives of instruction. DMethods of instruction will
be devised to make possible individualized student piogres-
sion and selection of alternative programs, and teacher-
training materials will be developed to accomplish inser-
vice teacher education of Quincy School Personncl. A plan
will be developed foir cenducting program cvaluation not
orly in terms of end-of-ycar cxaminations, but also iu
terms of continuing follow-up of “outcomes achr graduation.

ERIC | 5
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REPORT SUMMARY

This report descrikes the activities concerning the
Science Pregram of Project ABLE in the Quincy Vocational-
Technical Scheol,

L. In accordanrce with the principles and purposes of Project
ABLE, a Rationale was csrtablished, upon whieh the Science
Progran is based.

2. The next step was a statement of course ohjectives which
relate to the Science areas incorporated in the program.

3. After the scope and the content of the Program were estab-
lished in these two statements, a number of guidelines,
technigues and rules of educational apwlication had to ke
clarified for writing the curriculum. 7The use of audio-
visual media, the selcction of +“oxt and reference books,
and the incorporation of experiments constituted an in-
tegral part of the development.

4. The individual Learning Activiticz were structured, a

method of evaluation werked out and an instrument for

measurement devised.

At the beginning of the school year 1968/69, the implemcn-

(62}

tation of the first sets of developad material--Perception
and Biological science--was begun and continued through
the school year. Concurrently in 1966/6%, the writing of
the Physics curriculum was continued and made ready for
implementation.

6. Tasks remaining at the end of the reperting period were:
(a) the analysis of student and teacher cvaluations and its
application in the procedure of revisions, and (b} the
implementation of the remaining part of prepared curriculum

and its revisicn.
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RATIONALE FOR SCIENCE

Once of the purposes of the Quincy Prcject is to more ade-
quately prepare the student for the roles he vwill assune as a
rnecmber of a family, a membor of a comuwanity, and as a contri-
buting member of the ecenomic society. Among the funclions of
the schoul, the curriculum s an irportant part of the design
by which *his purpose is to be achiceved. Prior to writing the
curriculum, it was necessary to examine the student's present
and future nceds in the roles he is to assume, and decide what
information and skills will be of value to him., Specification
of learnable skills, desired knowloedge and behavior after grad-
uation had to be establishied.

Certain skills and information are of value to all students
and others are of use only in speciazl vocations. Froblen soiv-
ing, 1carning, and sclf-cevaluation arxce examples of skills or
prceesses that arce of value te all poople regardless of the
specific activities in which they are engaged. There are other
vrocesscs cownmon to all people, but it is theseo three that are
considercd in some detail.

The exact nature of the problem with which the individual
is faced differs from family to family, job to job, and comnu-
nity to community, but the basic nature of the problems is the
same, How many children shall we have? How can I get a raise
from my boss? Should I vote for increcascd schcol taxes? The
way in which the individual attempts to solve his problem is
a learned onc and so much a part of living that the individual
is seldom conscious of doing it. Much of an individual's suc-
cess in life depends on how well he has lcarned to solve his
problems.

There arc many problcecnm~-solving techniques. Most human
problems are sclved on an emotional level. Science uses a pro-

.cess called the “scientific method(s)" with grecat success. So-

cial sciences suggest still other ways in which man can facc

-2-
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and solve his problems., None of these methods are applicable
in all situations. The technigue sclected depends on the situ-
ation ard the person who is faced with the problem. The schocl
should provide the student with Information and practice in all
these methods and allow him to make the choice of a specific
technigue for a specific situation.

Science, and to a much greatcr extent the technolegy evol-
ved from science, pervades our socicty. It was logical, there-
fore, to study the procecess of the scientific method to helyp theo
student cope with Lis society, as wcll as te present to him an
opportunity to learn to use Lhis method as a way of problem
solving.

A sccond process in which all humans engage 3s the process
of learning. Schcools often take so much of the responzibility
for the individual's leavning, that the individual ncover examinos
the process and thinks tnat the lcarning process ends when lic
leaves school. The school should attempt to inform the student
about how he learns (simple lecarninyg theory), and help him to
develop processes by which he can conscicously continue his learn-
ing, as well as making him aware of his responsibility to con-
tinue his own learning.

A third process that the school should consider is the
process of self-evaluation. Socicty will judge the individual's
success, but the individual himself must cvaluate his own suc-
cesses and failures, so that he can take acktion to assume the
responsibility for setting his future coursc for fitting him-
self into his niche in society. The individual who has de-
veloped an objective evaluation of his own capabilities can sct
his own limits, be self-directed rather than other directzd,
and have a realistic self-image. The course provides the stu-
dent with criteria which he can use to evaluate his progress
in the course. He will gradually devnend on his own evaluation
rather than the tcacher's to make decisions abo-“~ his future
activities in the course,.

Specific skills will be more dependent on the exact nature

E 12:( of the individual's activities in life. The carpenter must be
Wi;ﬁﬁ -3~
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able to saw a board, end decide whether to use pine or birch

to make a cabinet. The housewife must be able to bake a cake,
and decide whather baking powder or baking soda should be used
in a recipe. Specific skills like sawing and haking require
sbecific information, and arc applicable in narrow arcas. ''he
job analysis used in selecting subject matter for the vocational
areas has provided that the students will learn thiose skills
specific to their vocational area. The science program at-
tempts to relate the science content to these vocational areas
where applicable, but emphasizes generalizations and theories
which the student will apply in his gpecific field. These
generalizations and theorics also constitute a core that will
facilitate a student's mobility within one job family and amnng
various job families,

The selccticn of specific subject mattexr in any science
course is an arbitrary one. The second portion of this paper
will attempt to rationalize the selection made for this science
program,

The science studies for the tenth and eleventh grades wero
written as a single unit, The topics to be studied in this
unit are selected from physics, chemistry, biology, und be-
havioral science. The selection was made on the basis of the
applicability of the factual information and conceptuval schone
of the topic to vocational arcas studied by the Quincy stu-
dent, and to problewms likely to be encountered in day-to-day
living. The study of each topic provides the student with the
basic vocabul«ry of that topic, and the laws, concepts, and
gencralizations that will make his vocational studies of the
technology of that area easier and more meaningful to him.

The workman who has this basic scientific information for the
technology in which he works will have tools at his disposal
for the continuation, on his own, of the development of skills

and continuvation of the learning process.,

Qo ' -4-
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The subject arcas selected also have applicability in the
lives of induviduals who are not actively cngayed in a vocation
to which that area is related. For example, the concept of mo-
mentum has genera. applicabklilty to anyone who drives. An un-
derstanding of the concept might make the difference between
life and death to the driver faced with the unfortunate choice
of hitting either 4 10-ton truck or a Volkswagen. It is not
assumed that the student will automatically be able to apply
such concepts to practical situations. The instruction provides
opportunities to make such applications.

Materials presented in the introductory unit in vhysics are
complete enough to serve as an introduction to the study of both
physics and chemnistry. There has been a coordination between
the math and science curricula so that the math curriculum in-
cludes units to teach the specific math skills that are necessary
for the study of science.

The material studicd in the first physics unit is useful
vocatidnally to boys studying areas like auto machanics. The
material to be studied in the first chemistry unit is largely
preliminary, in that its immediate applications to vocational
studies or daily living are limitecd. This material is naecessary
as a base for the studies in physics and chemistry that follow.

The study in behavioral science should be of special value
to those entering vocational areas where dealing with people
is especially important. For example, students of the health
services occupations, such as practical nurses, child nurses,
and dental hygienists should find these studies a useful intro-
duztion to the complexities and problems of studying and apply-~
ing generalizations to spcecific human behavior. The importance
of dealing with other humans and understanding oneself cannot
be over-emphasized no matter how the individual occupies himself.
The gencral applicability of such a study scems obvious.

The student is actively engaginyg in scientific processes,
As these studies progress, the student will be asked to answer
guestions about the processes in which he has engagcd. This

F i?:*prelimininary work provides thc material on which a study of

-5- 10
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the scientific method will bc based.

The second unit in chemistry provides material applicable
in vocational aicas where chemical mecans of producing electricity
are used, and in those areas where general information about
ceftain comron classes of chemical compounds is needed. This
unit also provides an introduction to the sccond unit in physics
which will concentrate on electricity. It is impossible for the
urban dweller to spend a day without coming into contact with
some electrical device. A knowledge of the general principles'

" electricity may not only be useful hut essential to the indi-
vidual's well being. The unit on mechanics intreoduces the basic
knowledge of the principles of functioning of nature and the
mechanical environment of man in civilization. It is, therefore,
a must in cducation.

The first unit in biology attempts to provide information
and allow the student to develop attitudes in preparation for
his role as a family member. It attempts to provide the stu-
dent with information concerning the anatomy and physiology of
human reprocduction, genetics, and evolution, so that he can
make intelligent decisicns concerning thase aspects of human
life. The unit touches on areas that many schools try to
avoid, such as contraception and venercal disease. That these
areas concern the student, and that the trend in sex educa-
ticn is toward examining attitudes on thesce subjects, is evi-
dent by the space that articles on this topic are commanding
in professional education journals and in popular megazines.
The unit is written so that the student can study the subject
matter at home with his parents or with another responsible
adult of his choice. The teacher is not responsible for atti-
tude developrent unless the student chooses to discuss the
problem with the teacher as the responsible adult. The material
can be easily withheld from the students. A letter might be
sent to parents giving them an invitation to come to the school
to preview the units, and telling parents who don't want the
unit studied by their children to simply write a statement to
that effect to the school. The unit can cause some minor

- 1
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admninistrative problems, but the importance is well worth the
troubl=.

The twelfth grade science program should be clective. For
the student who is interested or requires further prepacation
in physics, it can be a study of topics in physics not covered
by the first two units. For the student interested in chemistry
and laboratory technology, it can be a comprehensive study of
basic gualitative analysis and human physiology with emphasis
on function. A long-range objective might be to write a third
elective twelfth grade course which would examine topics in
sciences not covered in this course. For example, topics might
be selected from astronomy, geology, and history of science to
provide a general information course for those with a gencral

interest in science.
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COURSE OBJECTIVES

Tenth, Eleventh, Twelfth Grade Scicnce Program

When the student completes the eleventh grade science pro-

gram he will have increased his skille in the processes of prob-

lem solving, learning, and self-evaluation and will use these

skills with greater freguency and success in his day-to-day life.

In addition tc these skills, the student wi’l have increased

his factual knowledge in certain areas and will demonstrate in-

creased skill in applying this information to problems where it
g

is pertinent.

1.

The student, when confronted with a problem which is new
tc him, will be able to plan a strategy to solve the
problem using the scientific method as a basis.

The student, when given certain scientific informaticn,
can apply the information in suggesting solutions and
developing attitudes towards contemporary problems.

The student, when given certain laws, theories, and
generalizations of science, will be able to apply them
in solving problems that he e.acounters in the home and
on the job.

The student will demonsirate increased ability in find-
ing scientific information for which he has need, writ-
ten on a level which he can understand.

The student will demonstrate increased ability in eval-
vating his own . chievement and progress in his science

studies. .

The student will be able co analyze certain asperts of
his own learning process and relate his own learning
process to his successes and failures in learning sit-
uations in which he finds himself,

13



Course Cbiective Ona: The student, whoen confronted with a prolb-

the scientific method as a hasis.

After having completed the unit on the scientific methed;

a. The student will be able to select problems from daily

living which may be solved using the scientific method.

b. The student will be able to categorize problems accoxding
to whether they would be more suitable to secluticen using
the methods of the sciences, the social studies, or the be-
havioral sciences.

c. The student will be able to identify the factors in a prob-
lem which make the problem applicable to solution by one

of the three methods suygested above.

d. The student will be able to list the activities in which
scientists engage that make up the scientific method.

e. The student will be able to describe each of these activi-
ties, tell in what scientific arca ecach is emphasized, de-
scrike special (ifficulties the scientist encounters in
carrying out the activity, and tell how the scientiszt at-

tempts to overcome the difficulties.

rourse Objective Two: 7whe student, when yiven certain scientific

inforpation, car apply the information in suggesting solutions

and developing attitudes towards contemporary problems.

Afcer having completed the HNuman Reproduction, Genetics, and

Zwvolution Units; '

a. The student will be able t» describe the process of human
reproduction using gencrally acceptable terminology.

b. The student will be able to ¢ive the pame and function of
the portions cf the male and female anatomy which play a

role in the reproduction process.

¢. The student will examine his own attitudes toward the pur-
pose of the sexual act in texrms of its function as the means
of propagating the rac>, as a pleasurable activity , and

O
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as an expression of love towards a membier of the opposite
sex.
(The student will examine his attitudes by exchinging idcas
with his contemporaries, his fanily, and his religious
leaders and will then write a statement of his attitudes
whizh he can then have another individual read or not as
he wishes. If it is the student's desire, this document
can be destroyed immcdiately on completicon. The only re-
quirement is the discipline of having done the writing.)

d. The student will be able to discuss certain factual aspects
of the population explosion and to cite opposing opinions

on this problei.

e. The student will examine his own attitude toward birth con-
trol using the informution on reproduction and population.
The method of the examination and performance are as de-

scribed above.

f. The student will be able to list Mendel's Laws and to apply

them to simple genetic problems.

g. The student will be able to list and define or describe the
function of genetic facctors.

h. The student will be able to list and cescribe tests that can
be applied to determine if an individual is a carrier of

detrimental genes.

i, The student will be able to discuss and give examples of the

application of probability to genetics.
j. The student will be able to do simple statistical problems.

k. The student will examine by the method described above his
own attitvrdes towards an individual's having or not haviﬁg
children on th: basis of genetic and statistical probabil-
ities. (For example, should a woman who knows she carries
a gena for multiple sclerosis have children?)

1. The student will be able to write a simple description of
the evolutionary process giving examples of evidence that
barwin used in the formulation of the theory and describing
Q how Darwin used the evidence in the formulation of the thecory.

ERIC
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Using the information on genetics and evolution, the student
will be able to conwent on the theory propesed by scome bi-
ologists that we are committing race suicide by increasing
our pool of undesirahble genes, and express his own attitude
on how he would rcact if confronted with a situation where

a decision on a matter of this nature were facing himn.

Conurse Objectives Three: The student, when given certain laws,

theorics, and gencralizations of science, will be able to apply

them in solving prouiems that he encounteres in the home and

The student will be able to apply the laws of EMI to the
operation of certain specific types of moctors, generators,
and transforners.

The student will be able to give an acceptable theoretical
description of electromagnetic induction.

The student will Le able to define terms applicable to the
study of EMI and use the terms properly.

The student will be able to apply his kncwledge of the laws
and principles of EMI to some problems that are new to him

which he encounters in his home and on the job.

After having completad the chemistry unit:

a.

The student, when given the name (common or chemical) or
formula of one of o specified list of chemicals, will be

able to classify the chemical into one of several categorices,
list its important chemical and physical progperties, indicate
safety precautions to be considered in the usc of the chem-
ical, and suggest other chemicals that might be substituted
in specific cases in the event that the proper chemical is

w

not availabtle.

The student, when given the name and formula of a chemical
(of certain classificaticns) which is new to him, will be
able to classify the chemical into its proper chemical class-

ification and make gencralizations as to the physical and

_ll..
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chemical propertiecs of the now chemical, and suggust precau-
1

tions that he would follow in handling the new chemical.

¢. The student will be able to list the gencral properties of
certain classifications of chemicals and give socme simple
theoretical discussion of why certain compounds display
certain properties.

d. The student will be eble to write the chemical symbols for
a few specified eleinents and comnpounds.

e. The student will be able to explain how the notations for
simple chemical formulas are arrived at, why chemical for-

mulas and symbols are used, and why using proper nomenclature

is important to chemists and ithose who use chemical compounds.

Course Ohjective Four: The student will deronstrate increased

ability in finding scientific information for which he has need.

written on a level which he can understand.

a. The student will be able to give the names and general content
of certain technical handkocks, popular magazines of science,
and books and series of books about science that he can read,

understand, and use.

b. The student will demonstrete increased ability in finding

information in technical handbooks.

c. The student will be able to list criteria on which he decides:
(1) If scientific literature is written on a level which
he can understand.
(2) If the scientific literature is internally consistent.
{3) If certain scientific literature can be considered a

gcientific authority.

Course Objective Five: The student will deronstrate increased

ability in evaluating his own achievement and progress in his

science studies, .

During the course in eleventh grade General Science;
Q The student will be able to make a list of those areas

[ERJ!:( -12- 1»7
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of a topic on which he will bLe tested befere he sces thoe test.

The student will show increasing ability in the estimation

of his yrsde after a test.

The student will bLe able to list the eriteria on which the
teacher decides his ¢rade for the course and on which the
teacher decides whether or not he should pracced to the

next topic,

The student will more generally mike the same cstimate as
the teacher as to whether or not he has achiceved sufficient

in one unit to ¢go on to the neuxt.

The student will be better able to cstimate what portion of
the material with which he is presented, he ig capable of
learning,

Course Objective Six: The student will be able to analyze cer-

taln aspects of his own learning nroccess and relate his own learn-
e et e - —

iag process to his success or failure in learning situations in

which he rfinds himself.

After having studied visual perception;

a.

L.

ERIC
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The student will-have increasced his ability to visually per-
ceive accurately as demonstrated by a pre-test and a post-
test.

The student will be able to differentiate betwcen what is
"actually there," what he perceives, and inferences he makes

about what hg has seen.

The student will be able to operationally define "actually

there", perceptions, and infercnces.

The student will be able to discuss a specific class incident
or an incident in his own experiencec associated with percep-
tion,as an example of the extreme complexity of studying

human behavior.

The student will be able to provide oral or written examples

~-13-
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¢ ‘ncidents wheve the linmdtations of human werception:
vl 1rce important in day-to-day living,

(2) are critical in scientific investigation,

(3) strongly influence the student's ability to solve

problems.

After having studied tlhe learning process;

a.

The student will be able to write an analysis of his own
learning, including:
(1) those factors which have most influenced his own

learning,

(2) these factors which have most affected his own attitude
toward learning,

(3} how his increased knowledge of the learning process

has affectcd his own learning process,

The student will be able to give an cperational definition

of learning.

The student will ke able to list the variables on which
an assessment learning is based. (Example: amount, rate,

retention.) s

The student will be able to list the factors that affcct
the learning process and for certain factors ke able to

describe a specific example of how the importance of this
factor was made real to him. (Example: teacher lecture

versus inductive teaching.)

-14- | 19



GUIDELINES AND TECHNIQULS

After the maticr of "what to develop” was clarified as
stated in the Rationale and the Course Chjectives, many concerns
of "how to develop" the curriculum were taken into consideration.
The development of Project AZBLE malerial had tc cope with two
new conditions. '

The one condition lay in the characteristics of the student
body. It is constituted of vocation-bound and technical-minded
high school students. They are of normal distribution in the I¢
rating; not many are interested in academic studies.

The other condition is the method of individualized or self-
instruction. In lieu of oral presentation by the teacher the use
of multi-media instructional devices and indivyidual reading by
the student has to be depended on heavily. Reading, alas, is not
one of his preferred activities,

These conditions seem predestined to forestall success.

Even with employment of audio-visual aids and incorporation of
diversified student activities, the main source of intake still
remains the student's reading. This apparent obstacle must be
a constant warning to an alert curriculum developer.

Individualized instruction, while serving the students' dif-
ferent speeds in learning, presents another limiting aspect: the
reduction or elimination of group interaction. Discussion within
groups of co-working students provides stimulus. If the learning
activity is pursued together by a group, welcome discussion will
certainly take place. 1If the student works alone, however, the
exchange of thoughts among students will not occur automatically.
The value of group interaction is certainiy not doubted by any
educator in modern civilization. The developer of a science cur-
riculum suggests cooperation and discussions of groups of students,
wherever feasible. Discussion in larger groups ox activities or
demonstrations to the whole class cannot be preplanned by the
developer, but must be left to the classroom teacher's discretion,
since students work at individual speeds and can be "gathered”

only at some points of the procedure. Yet the intrinsic value of
O
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L stimulation from group work and group discussion should not be
overlooked, andis one of the responsihilities of the implementing
classroom teacher.

The curriculum developer has to bear in mind that he is not
writing another texthook, but that he is laying out a plan for a
rcad to follow on a map. The objectives are the learner's "des-
tination" on the map. In continuation of his education, they
form the core for objectives on a higher level, the destination
of his continued "trip".

A great number of researchers have assembled pertinent ad-
vice. M. P. Crawford1 states scven typical points.

1. Meaningfulness of material promotes learning.

2. The learner should be kept active in making responses.

3. Distributed practice tends to be more efficient than

massed practice.

4. Immediate knowledge of results should be provided.

5. Stimulus material should be varied.

6. Accurate records of the learner's progress should be

maintained.

7. Early guidance is useful.

The very conscientious awareness of these rules was a definite
help and guidance for the developer. At the beginning of the
course the student is expected to develop an understanding of
methods of learning. The first part of Behavioral Science,
preceding Biology, Physics, and Chemistry, makes the student
aware of the need of scientific methods and knowledge in order
to solve problems. Preceding the Physics curriculum is another
introduction for the student (see Appendix A},

| Frequently during the course a reminder, a rule, or a set
of hints are given to reinforce the student's work habits. 2Again,
printed words cannot substitute for the teacher. Individual ob-
servation and guidance are expected of him in the implementation.

L
lerawford, M. P. Concepts of training. 1In R. M. Gagné (Ld.),
O _ Ppsychological principles in system development. New York: Holt,
El{l(: Rinehart, & Winston, 1963.
F
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SOURCES

Tha proposed Science course is made up of five parts:

1. BRehavioral Science
2. Biological Science
3. Sex Lducation

4. Chemistry

5. Physics

The materials were selected pv the developer with regard for
thelr appropriateness for the student population and for
achievement of the course objectives.

Sources for Behavioral Scienqg

Materials were adapted from an “"Experimental Progran" de-
veloped for a high school honors psychology course by Carnegic-
Mellon University in Pititshurgh.

Reasons: The course is oriented toward laboratory ezperi-

ence; the generalization from laboratory experi-
ences has practical applications.

Sources for Biological Science

Patterns and Processes: Biological Sciences Curxiculum

s iudy
Reasons: The approach is an integration of laboratory
with text; the materials provide hasic informa-
tion necessary for sex education, well adapted
for the non-academically oriented student.

Sources for Sex Fducation

Julian and Jackson: Modern Sex Education

Reasons: The book offers frank discussion of problens
of immediat2 and future councern to high school
age students. It makes no attempt to moralize
or set standards for the student.

ERIC
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Sources for Chemistry

Cotton, F. A., & Lynch, L, D.,: Chenistry, An Investigigiyg

Approach
Reasons: The bc % uses text-laboratory integrated approach.
The topics that were selccted for this course were
especially well presenied in the text.
Sources for Phvsice
The search for basic texts, laboratory guides, films and

other equipment was begun in the summer of 1968,rather late in-
the projected duration of Project ABLZ development.

Of the many high school textboocks for general student use
two were selected as main source and reference guides. They are
the ones that are used in the Quincy high scheols: Paysics: A

Physics by Brinckerhoff, Cross and Lazarus.

Existing programmed instruction and packaged courses were
examined. Among these sources cne seemed especially outstanding
and partly applicable: Harverd Project Physics, which at that
time was still in the stage of development.

Harvard Project Physics (HPP)

"... in a period of rising total school enrollment, the
pexrcentage of high schocl students taking physics has been
dropping almost continuously since the 1890's, ... Betwecen
1958 and 1962, the sharzs of high schocl seniors taking
physics decreased further by about 20 percent. Thus, while
in 1958 apout one student in four ook physics, by 1962

the fraction vas down to one student in five.

"It is one of the aims of Harvarcd Project Physics... to
hely to increase the nationwide enrollment in higin school
physics courses." (Harvard Project Physics Newsletter,
#1, Fall 1964)

"Harverd Project Physics, combining the efforts of a group
of scientists, scholars and teachers from all parts of the
country, has developed and tested a set of instructional
materials for a new kind of introductory physics course.
Designed for secondary schcols and junior colleges, the
course is intended to appeal to a wide varicty of students,
from the science-oriented to the science-shy, and above

all to the growing majority of students who are ncow taking
no physics coursc at all. Financial support is being pro-
vided by the United States Office of Education, the National

o :
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Science Foundation, the Carnegie Corporation, the Ford
Foundation, the Alfred P, Slnan Foundation and Harvard
University." (Harvard Project Physics MNcwsletter, £6,
Fall 1837)

"The Project designed a course that permits and indeed
encourages variation..., allows a teacher to complament
his strengths and supploment his weaknesses, that makes
it possible for him to take int. account student differ-
ences, and that is workable wit...n a wide variety- of
school situations... The teacher (or his students, if
the teacher wishes) will be able to select significant
portion of the content of the physics course; he will
have available a large variety of integrated instruc-
tional materials from the various media; and he will be
able to adapt the course to his preferred mode of in-
struction even--especially--if his preference is for a
highly individualized, student-centered approach.

"The course is composed of some number of instructional
units joined together. Typically, each unit is made up
of a wide variety of printed, auvdio-visu. . and labora-

tory components. ... a student textbook, study guide,

laboratory guide, a physics reader, prograrmed instruc-
tion booklet, transparencies with overlays, cartridged

film loops, teacher guides and achievement tests.

"The primary objective of the programs is to teach cer-
tain skills and concepts. Thelr style is, however, de-
signed to assist the student tollearn how to learn."
(Rutherford, 1967, pp. 215-221)

These statements by Dr. F. James Rutherford, Professor of
the Harvard Graduate School of Education, Cambridge, Adminis-
trator of BPP, led the developer %to the study of the material,
which at that time was completed and available only in some
parts. HPP material is now available only to schools whose
implementing teachers have gone through the specific training
provided for them in special seminars.

Due to the kind permission granted by HPP through Dr. L. S.
Swenson, Project ABLE curriculum incorporates parts of text,
laboratory, and guidance matcrial from Unit I, "Concepts of
Motion" and Unit I1I, "The Triumph cf Mechanics" into its course.

1Flexibility and Variety in Physics: The Physics Tecacher, Vol,5,
Number 5, May 1967.
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A RATIORALL: TLACHING PHYSICS

The developer is we-1 aware of the fact that the great
majority of students who are of concern to Project ABLE cannot
be made into science investigators (although the possibility
should not be excluded, but rather hecped for).

It is the aim, however, of every course given in high
school, to further youny people's cognitive and affective de-
velopment, that is: +to teach them how to learn and how to do.

In physics they are to employ observation, develop skills
in experimenting and gain insight and knowledge into the de-~
veloped science, together with appiied logic and mathematics.
So equipped, the younyg people should be able to interpret many
of the natural pnenomena and much of the technology that con-
fronts them in life.

The elerments of teaching physics are clearly structured:

1. The starting point lies in experience. A high scrool
student may be credited with a fair amount of experi-
ence.  Laboratory work and reading will supplement it.

2., Communication must be clear and must avoid ambiguities.
Basic primitive terms must be contrasted with techni-
cal terms, undefined concépcs with detfined meanings.

3. Physics originates with some assumptions about the
nature of reality; many laws are postulates. The
difference between evidence and proof st e shown
clearly. The founders of physics: Galileo, Newton,
Maxwell, Einstein, and others clarified the basic
postulates.

4., Exercise of logic and mathematics enables us to deduce
consequences from thesc postulates, to prove state-
ments and establish theorems.

S. The last step is verification, explaining the experi-

ence and thereby closing the logical cycle.
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Physical ——3nf Mathenatical
Postulate

Experience
Creativity
[nduction

Theorem,
Then Law

Startfz

e

v, .
Neriricatie”

As stated in the objectives of the project, the coursc outline
would be task related. Such an outline is easier to follow in
the vocational and technical subjects than in the academic area.
Yet it would have been gladly attempted in the development of
the physics curriculum, had a statement of task objectives--
cognitive and skill related--been available toc the developer.

In the absence cf the statement of task objectives, a sone-
what conventional development of the sequence had tc be under-

taken, adapted to the level and interests of the students,.

ERIC ‘
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THE LEARNING UNIT

See Appendix B

A. Structure

The first statement of a learning unit is the behavioral
objective, telling the student which action, mental or physical,
he will ke able to perform at the successful completion of the
unit.

The following overview calls on the student’'s knowledge and
previous experience and cites a new situation or precblem, which
relates as closely as possible to the student's interest and
demonstrates his need for further knowledge.

The learning experience is best started with an experiment.

The observaticns, results and ccenputations are organized into a
sequence leading to the objective. Often a note to the student
(Appeﬁdix C) is attached to give special guidance; directions
and refercnces are given throughout the unit. Sometimes, unfor-
tunately, an actual experiment is not available; reading, film
and other aids are used as experiences. Occasionally, some pro-
granied instructicn is used. The student must f£ill in the pro-
vided spaces arnd is encouraged to check his answers with the
enclosed answer sheet.

A list of references and lcarning aids helps the student
to assemble his own materials.

A short summary serves as reinforcement.

The student cvaluation is a self test which is given to
the student af<tex completion of the learning unit. For this the
student is individually responsible;, not supplied with an answver
sheet, The test is to be checked by the teacher and individually
discussed with each student. If the tcacher finds it necessary,
he may refer the student back to repeat the learnihg experience.
B, Evaluation '

Each learning unit is followed up by a student evaluation
(Appendix D), which shows the student whether he achieved the
objective. In the study of physics the expected behavior is an

-12-
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explaration, a description,or a computation. In this coursc the
achicevement of knowledge, intellectual ability and skill, com-
prehension and application are desired as designaticed by B. S.
Bloom as categories 1, 2 and 3.1 ‘ o

Another self evaluation is provided after a group »f learn-
ing units to confirm the student's achievement of the concepts,
on a level higher than the knowledge of specifics, confirming
his comprehension of theories and structures. (Appendix E)

C. Measurement

To meacure the student's achievement of the behavioral ob-
jectives, an "Academic Achievement Record" (Appendix F) was con-
structed, which correlates to the "Performance-Behavior Checklist”
of the vocational area.

Measures of proficiency--pcrformance behavior or academic
achievement-~arxe “criterion referenced", as opposed to "norn
referencec“.2 Criterion does not refer to final achievement,
but is established at each level at any point in the individual's
learning procedure. The specific behavior implied by cach of
these levels can be identified and used to describe the specific

tasks a student must be capable of performing. (Appendix G)

The achievement code is stated in behavioral objectives as:
L for limited achievement
M for moderate achievement
S for satisfactory achievenent

lBloom, B. S., et al. Taxonomy of Educational Objeggives 1:
Coggigjve Domaig. Longmans, Green and Co.

2Glaser, R., & Klaus, D. J. Proficicency Measurenent: Assessing
Human Performance. In R. M. Gagné (Ed.), Psychclogical princi -

ples in system development. New YorkK: Holt, Rinehart and Win-
ston, 19¢2. ' :
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INITIAL TLESTING

Writing of curriculum was begun in 1967 by menbers of the
faculty of the Quincy High School. Du2 to newness of the con-
cept and difficulties in preparation,many problems arose and the
produced material was not used.

In 1968 the writing of a new set of science curricula was
initiated. Its tryout began in the fall of 1968. During the
summer of 1968 one of the teachers from Quincy, who participated
in the program, spent a week in Pittshburgh for the purpose of
guidance in curriculum writing.

Knowledge of the rationale and techniques of the program
and its implementation were to be explained and discussed with
the teachers in the program in a sequence cf seminar-type ses-
sions in Quincy. It is hoped that such sessions will take place
before the next tryout. In an analysis of research on instruc-
tional procedures in secondary school science1 Ramsey and Howe
state:

"The background and philosophy of the teacher is im-
pertent if a new course 1s bheing taught. Any given
student will achieve more in a traditicnal course

with a traditienally oriented teacher than he would
have if the traditional teacher had taught a new course.
Thus, new courses can only be successful if the teacher
is adeguately prepared and philesophically oriented to
teach the course.

Teacher characteristics seem more significant in de-

ciding outcormes than any imposed external arrangement..."

(Ramsey & llowe)

Twenty students from among those enrolled in the Project
ABLE vocational program were selected at randem to participate
in the first tryout of the science material. The material could
not be pretested because of time and other limitations.

lRamsey, G. A., & Howe, R. W. An Analysis of Research on In-

structional Procedures in Secondary School Science. In The Sci-
: ence Teacher, HMarch 1969, -
Q
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1o the selected students and elso to a control group thoe
"Stcp"2 pre—-test was given, supervised by the curriculum doevel-
opers. The planned use of the post test was cancelled by the
project administrators hecause of probleums in the implementation.

The implerentation was kegun with the Perception Unit and
continued through.a large part of Biology. At the time of this
report the students' work is being gathered. It should be scru-
tinized for indications of the results.

A first tryout of the material with a small group of stu-'
dents gives the developer the best opportunity to observe weak-
nesses of the curriculum which were not discovered in decvelop-
ment., It is the implenentor's role to discuss and suggest and
cooperate with the developer to decide on the best method of
revision. '

A continuced program of tryout of the science material will
be run in the school yecar 1969-70 with the physics curriculum.

A maznual for the implementing teacher: Information on the

Implementation and the denagement of the Physics Program (Appen-

dix H) is included in the course material.
The next steps, as planned, are outlined in the section of
recommendations: Scientific structure of a ¢ ° 2lopwmental pro-

gram.

ZCooperative Test Division: Seqguential Tests of Educational
_ Progress.
Q
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RECONMERDATIONS

At the time of this report the scicence program has achieved
only initial stages of its plan. This is due to several circum-
stances. The developrent of academic coursges in Project ABLL
was begun rather late, aftcer the vocational subjects had had
several ycars of a head start. Difficulties in the personnel
management, a turnover there and in tre field of technologists
caused time-consuming d=lays. When the curriculumn development
was now attempted for the second time, onl a part of it could
be tested. If two additional years were available to follow
the systemz approach through, the demonstration program would,
to a high degree of certainty, prove to be a success.

Following here is a recommended systems approach, which
has been successfully used in recent educational develop.ents.

Planners of a systems design for an educational program are
corcerned with effecting a change in students' learring behavior.
The model for an instructional systems design is iandependent of
content and media; it is a presentation form to be adapted to
specific education reguirements with the use of selected media.

It is important to examine all the steps leading to the
design of the operational system as outlined here:

Step 1: Establishment of genecral goals.

Step 2: Determination of specific behaviors to be estab-

lished.

Step 3

Step 4: Desgign of the presentation (behavior mocdification)

o

Determination of entering behavior ¢f the students.

including the Development of opzrational system
{variety of media).
Step 5: Implem-ntation
Step 6: Evaluation
Step 7: Validation
At the time of this report the last two steps are expected to
be effected in the future,and a review of the past can be summa-

rized here.
O
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Step 1: The general goals are established in the objecctives
of Project ABLE and the specific yoals for scicnce

' are outlined in the Course Objectives.

Ster 2: The specific behaviors are stated in the "Behav-
ioral Objectives" for each course in the sciences,

Step 3: The entry capabilities of the students are to bz
determined by a diagnostic test, for which the
instruments are to be constructed. As a tempcrary
alternative the post-test can be utilized as a
pre-test. _

Step 4: The design of the presentation is the entity of
procedures for student shaping. It is one of the
most important parts of the system. Various ap-
proaches have keen designed, one of which seemed
appropriate for use here. Stolurow1 states seven
components of a model for an instructicnal systam:

LIBRARY COMPARATOR K- rz(r;rAc:rg.(,\xgs

|

r J—vf‘lﬂ\(h
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I Lisvousation | A'-m‘:}lrm.j fr-

| | HEULTS
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{——~-——""~ e rﬁL‘SU&F}:-('L'T ot
D PLAYINLT ‘ ‘

L. - —

THARNLA

1Stolurow, Lawrence M., Systems Approach to Instruction, Tech-

@ nical Report #7, July 1965. Training Rescaich Laboratory, Uni-
[ERJ!:‘versity of Illinois, Urbana, 1llinois.
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The science courses in Prcject ARLE have attenpted to log-

ically follow a medel of this type. Information and Display &as

input are given by experiments, audio-visual aids and text to

be.read by students; the response outpul occurs during the lcarn-

ing e<perienco:

as either covert, selective, constructed, verbal,

S
mector or aficective responses by the student.

The Phases of Construction of Input:

Phase 1:

Phase 2:

(%)

Phase

W

Phase

Phase 5:

Phase 6:

Phase 7:

Phase 8:

Phase 9:

Orientation meetings with classroom teachers take place,
in which the Project is described, practical probleoms
discussed and the form in which the teachers' assis-
tance is to take place.

The first draft of the material is completed and teach-
ers are asked to review and edit it.

Preliminary trials outside the school with small stu-
dent groups are conducted. .

The test results of these trials are to be examined,

difficulties detected by the students. At this time

anbiguities are to be removed, gaps filled, redundan-
cies eliminated and errors corrected.

A sclection of portions for pilot experiments is to
be made.

Criterion measures arc developed for these experiments.

The pilot experiments are conducted with several small
groups.

Ancther evaluation of the material is made.

Criterion tests are prepared. Test itens from the
pilot studies are used. It is important in the con-
struction of the pre-test to eliminate items which
are riore indicative of aptitude rather than knowledgye.
The test items are to be reviecwed by judges and are
to be classified by level of educational objective
(factual, understanding, application).

Evaluation_of the criterion test is sucgested according
to Hammock!. The test items should be selected on the
basis of their ability to discriminate hetween students
who have and students who have no%t received the train-

lnammock,
Research.

Joseph: Criterion Measures: Instruction vs. Selection
Murray Hill, N. J. Bell Telecphone Lakoratories,

O September 1960.
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ing. This, rather than anonyg otedonia 11 of whom
have received training.

Phase 10: The main experiment is to ke conducted. The teacher's
role as the implementor is described in another part
of thiv report.
These phases constitute the main tasks in the construction of
the input materixt. Now the next step can be undertaken, which
is:
Step 5: The implementation.
The most important condition for the success of
the implementation is the irplementor’'s thorough
acguaintance with the system and with the material
that is to be used. Hié responsibility in the
process of implémentation is tvofold: one toward
the student and the second toward th.:  .;ram.
As far as the student is concerned, L. implementor
assumes the status of monitor and, in the beginning
stages, of tutor. He hes to examine the student's
exrrors, upeon which a decision of actiocn is nade:
répetition or alternate instruction. This respon-
sibility toward the program demands correct re-
cording the reappraisal of the material. This will
be most impnrtant for the materials rcvision, for
i selection of media, aids, etc.
Stap 6: Evaluation is to be undertaken, using the collected
data, for which instruments have to be constructed.
Step 7: Validation is to be expected after several steps.
The pilot program may be evaluated and the pre-
sentation form revised. Text as well as all aids
are to be reviewed. Then a demonstreiion progran
is to he set up and run, vhosc ouvtcome is to he
evaluvated and necasuvred with instrumonte devised

for this puipose.

O
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- INTRODUCLTION

Now you are going to learn physics.

You have been living with physics; you benefited from its
applications ({rachines of all kinds); you had to obey its laws
(for instance-~-gravity). Now you will proceccd to understand
and learn its basic laws.

It will be helpful to you to clarify in your mind the mean-
ing of "learning". Teachers and psychologiste have found prin-
ciples that will assure successful learning. Think about these
principles and you will find that they are applied in your Physics

Learning Activities.

Principle 1l: Learning must catisfy a nced.

The "Objective" and the "Overview" in cach Activity try to
relate your own personal real life experience and your

curiosity to a fact and theory of physics.

Principle 2: Learning should be active.

Every Activity contains experiments and calls for your ac-
tive participation (reading a text, writing answers to

guestionsg, computing mathcmatical problems, cte.).

Principle 3: Learning tasks should be arranged in a logical

seguence,
Each Learning Activity usces the knowledge you have acquircd
in preceding activities or uses some facts you are expectad

to know already.

Principle 4: Learning must be broken down into small steps.

Each Activity offers you one specific item of knowledge
to be taken in and mastercd by you, just as food is taken
in small bites and digested.

Principle 5: Learning should include repetition.

You know from experience that you understand and remrember
things better when you hear them repeated once or twice.
Have an open mind and do not be annoycd by repctition. You

ERIC | Tl
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ray think you remember everyLlhing

aftor one "gelting acyuain-

ted" session, but good learning regquives repetition.

Principle 6:

Learning should include knowledge of results.

The answers to the Learning Activitics are included so that

you can check your oOwn achievement., If_your cwn answot iz

wrong,

repcat the learning cxperiencc. Your hcnesty is

your onlv insurancc for success.

The Student Lvaluation, which follows cach aActivity, will"

show you whether you 1earned what you werc cxpected to learn.

if after honest efforts you casnnot answer the questions,

ask your teacher for help.
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SUBJECY +.7"Ay BINAVIORAL SCIENCE

Topic: t...ieption

Activity VI

OBJECTIVE: When you have cempleted this activity, yon will
be able to describe an activity which denonstrates how visual
clues affect your perception of weight and you will he able to
apply this generalization to a practical situvation.

OVIRVIINV: So far, you have concentrated your study on
visual perception. You know that it depends on previous experi-
ence and have 1investigated the question of how much of perception
is learned and how much is innate. You have also briefly studied
how one's perception in one situation is consistent with one's
perception in another situation. Today's activity will enable
you toc learn more about the relationships between reality and
YOur perceptions. ' '

LEARNING EAPEFIERCH:

Class Istimation

1. You will find two wooden blocks at the front of the room.
The weight of the larger block is about 300 grams. You are
to estimate the weight of the smaller block without actually
weighing the blocks.’ Record the estimated weight of the
smaller block below without conferring about its weight ox
the method of estimation with your classmates.
Estimate of weight of smaller block:

My method of estimation was:

2. When the whole class has finished estimating the weight,
record the class's data on the board with the koys in one

column and the girls in another.

Boys Girls J

Nare Estimate Name Estimate
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Aftcr the data have been recorded, weigh both blozks on a
balance or devise another means of comparing their weights

and discuss how closely your estimate agrees with the actual

weight of the smaller block.

Are there any signrificant differences in the estimates of
the boys and girls? What arve they if ther are any? Why
the difference?

Since the one block looks so much larger (in vulume)
than the other bleck, it is probkable that the visual apvear-
ance .s a factor in the error of estimation. Usually whown
we are confronted with two objects made of the same matexial,
the larger one is the heavier cne.

What two kinds of clucs do you use when estimating the size
of objects?

a.

b.

Which of these clues do you think has the greater inrluence

on estimations of weight?

You estimate the size of an object by looking at it, using
visual clues, or by feeling it, using tactile clues. Ve
get tactile clues by ___the object,

To test which of these has the greater influence in one's
perception of the weight of the object, you will neced scme
naive subjects. Naive subjects are those who s<now nothing
about the experiment. See if you can get some people from
a study hall to act as guinca pigs in a test for your class.
What two types of clues are you testing for their influence
in weight perception?

a.

b.
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You will hove to éc¢ two investinstions. In onc,
visual clues must be removed and in the seoond, bhoilh
visual and tactile clues wmaslt be remnoved,

How can vou prevent the block from being seen py the

vho is estimating its weight?

Lhe

the

supiject

How can you prevent the block's size from being felt

subject who 1is estimating the weight?
J g g

For the first investigation, you can blindfold the
subjects, present them with the larger block, tell tham its

approximzte weight, uvive them the smaller block and a

to estimate its weicht.
Do this and record your results below:

Investiyation I (No Visual Clues)

sk them

Boys Girls —"1
Name Egz;matc Hame Estimate
T
__




For the second investigation, the subjects nust again
be blindfolded and the vlocks suspended fvom strings. Give
the subject the string and tell a'm a block that weighs 300
grams is suspended from it. Then give him the sctring fron
which the second block is suspended and ask him to estimate
the weight of the second block using the weight of the fivrst
as a guide.

Invistigation II  (Nc Visual Clues, lNo Direct Tactile Clues)

—
Boys Girls

Rame Estimate Hame .&Estimqﬁg._i

1. Which group (cne or twe) gave the mest accurate estimate of

the weight of the block?
2. Which type of clues do individuals seem to rely on nore,

visual or tactile?
3. Are there any significant @differences between the estimates

of the boys and the girls? .
. Q
ERIC
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Remember the film, 2 VWoxld to Perceive, wiere the girl was

strongly influenced by visual clues. Do the girls in your
class and the girls tested secm 0 be wore generally influ-

enced by visual clues than the boys?

What have you learned in this demonstration that is of prac-
tical value when you want to estimate the weight of an ob-

ject?

Since seeing the object and feeling its size scem to
lead one into making bad estimates, closing one's eyes and
not feeling the sizc of the object may help one to make nore
accurate estimates.

-37-
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BENAVIORAL ECIZNCE
Student Lvaluation Perception V2 llame

1. Complete the following outline for the investications you

did.

(Class Estimation Section)

Purposc:

Fquipment:

Procedure:

Observations:

Conclusions:

ERIC 3
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(Invastigation I)

Purpose:

Eguipment:

Procedure:

Observations:
Conclusions:

O
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Aruitoxt provided by Eic:

-30-

q

i)



(Investic:zion 1)

Purpose:

Eguioment:

Procedure:

Obscrvations:
Conclusions: _ .

2. Of what practical uvsc is the generalization that our porcep-

g
tions of weight depend on visual and tactile clues?

O
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Physics Unit 42-5/7/69

QIS/ATR/ABLY Unit #42
SCIERCE
Date/Time Started

Pate/Tine Completed

Student

PUYSTCS: PRESSURE AND VELOCITY IN FLUIDS

Activity XLII: Bernouilli's Princivle

OBJECTIVI: After you have completed this activity, you will be
able to explain Bernouilli's Principle, on which many devices

we use are based.

OVERVIEW: 1In preceding activities you have studied the pressure
of fluids, comprising liguids and gasses, in stationary con~
dition, Now you will obscrve the relation between velocity
and pressure in fluids which are in motion. Why does the
vwing of an airplane lift up? What makes a ball fly a curved
path? How does a spray gun wovk? How does the carburetor

work? What creates a tornado?

LEARNING EXPERIINCE:

Do the following experiment: Iold a strip of paper, approx-
imately 3 inches wide and 10 inches long, below your lips and
blow over the top of the paper. Describe what happens and
explain it:

(1)

The moving of air decreased the pressure above the paper.

Now do experiment 15-21 on p. 201 in EXPLORING PHYSICS. De-
scribe and explain:

(2)
ERIC e
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42/5~7-69

If you attach two such strips of pawver al the ernd of a piccc of
wood or on a ruler, about 3 inches apurt from each other and
blow hard in between then, what do you obscerve?

(3)

The air pressure is lower on the inside, therefore, the papers

are pressed togethexr by the greater outer pressure.

In a tornado, a wind that ig created
by differences in air temperature
increascs its speed in a whirling
funnel. Through the increascd

speed of air in the funael the

pressurc igs (4}

rapidly and objeccts within the
tornado's funnel such as houses

may burst apart from the (5)

T T T
0N

A"""—-———“_

—_— side. What could onc do to les-
sen the cffect of an approaching
tornado? (6) L

et et

Read: EXPLORIXG PHYSICS, p. 197-198 . . . 15. Lift on the
upper surface. The spced in the
narrow part of the tube is (7)

than in the wide

part. 1If the spced is greater, the
pressure is {(higher or lower) (8)

This fact was observed and measurcd for the first time by Daniel
Bernouilli (ber-nod-lee) in the 18th century and is called “"Ber-

nouilli's Principle": The pressurc within a moving fluid is

grcater where it is moving slowly and less where it is wmoving

rapidly,

ERIC
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bo the following experiment:

{
"\\ Card-and~spool ixueriment. A pin
? is struck throuch tle middle of
e :5?"”“:\ a card apd is inserted in the hgle
?M“#L}_Nyf of a woo@on spocl to prevent side-
by ways nocion.  When you blow through
S L U8 O SRR the bottem hold, the card does not
}i: £ly off but presscs againest the
11y spool,
fond-lrimnas
e SN Explain:
.;.‘,%mm‘ ‘,“.“," .

If a large metal disk with central hole connected to a large com-
pressed air outlet oxr tank of carbon dioxide gas is used, a sim-
ilar disk is held to it with sufficient force to support a heavy

weight.

Give the name of the principle on which these effects are based:
(9) .

State Bernoulli's Principle: (10)

A spinning baseball follows a curved path. Why?

The ball, which is given & coun-

“’fffgxy terclockwise spin, drags the air
e around with it. At the top of
. [ e —— the ball this air current is
— :> rnoving forward, at the bottom

it is moving against the direcc-
~—— tion. The air at the top rioves

faster and the pressurce is (11)

' . The hall will,

therefore, fly ({(upward or downward) (l2)_ ___+ Lxplain

in your own words, why & spun ball will follow a curved path:

() i

O —_ ————
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How does a spray gun or an atomizor wouk?

Read p. 66 in PHYSICS, A BASIC SCIENCE. The Rernouilli prin-
cipis. Draw a sketch and cxplain in your own words how a spray
gun works:

(13)

With the help of Bernouilli's principle you will be able to
explain how the pilot contreols the 1ift of his plane.
Read p. 196 in EXFLORING PHBYSICS . . . . The Airplane.
Read carefully, so you will ke able to answer the guestions

which will follow. If you do nct know the answer, rcad again.

Make a diagram of the wing. HMark the angle of attack.
(14)

Explain the 1ift on the lower part of the wing: (15)

00
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Why 1is the upper svrface of the wing curved? (16)

What is the stalling angle? (17)

[o¥)
3
0

How do

)

tho pilol regulate the angle of attack? (18)

liow does & carburctor work?

Tre carburetor forms the explosive mixture of (19) __  and
gasoline. The tubzs throuyll which the air rushes into the carbu-
retor is narrowed down at the point of entry ond therefore creates
a (low, high) (20}  pressure. 9Tonls permits a more rapid

evaporation of the gasoline.
SUMHARY: You have studicd Borpouilli's principle, which statoe:
The pressure within a fluid is greater where 1t is moving

slowly, and less where it is poving rapidly.

REPERENCE:  EXPLORING PHYSICS
PHYSICS, A BASIC SCIENCL

LEARNING AIDS: Paper, rulcr, or bleck of wood

Spool, pin
i

O
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T el .
iSRS

1.
2.

3.
4,
5.
6.
7.
8.
9.
10.

11l.

12.
13.

14.

15,
16,

17.

18.

19,
240 .
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The paper will be blown upwaid, becausce the air pressure

on tep of the paper is decreascd Ly your blowing,

The pressurce below the paper is reducced by your hlowing and
the paper is pushed down by the higher =zir pressure on top.
The strips come clese tcegether.,

lowered V

inside

Open all windows and doors.

greater

lower

Bernouilli

The pressure within a moving fluid is greater where it is
moving slowly,and less where it is moving rapidily.
increased

upward

The stream of air blown across the opening of the upright
tube reduces the pressure and makes  the liquid rise from
the container to the top of ths tube where it is blown away

in a spray.

)
— .--—.—:.’.‘:‘.’......-.......3..... — —— e
angle of attack

The air which strikes the bottom of an inclined wing pushos
the plane uvpward under the proper angle of attack.

It acts as one side of a narrowing tube; specd of air is
increased and the pressure is lowered.

The stalling angle is that ancvle of attack at which air
breaks away from the upper surface of the wing and whirl-
pools of air cause a great loss of ﬁift.

Pulling the stick backwards increases the angle of attack
and pushing the stick forward 1owe£s the angle of attack.
air '_ .

low f

-46-
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42/5~17-G9

LSTURY IVILUATION

OPS/AIR/ALLE
SCIENCE: Physics: Pressure and Velecity in Fluids

Date/Tins Started

Studant L
Date/Time Completed L
1. How does the pressure exerted by a {lowing fluid vary with

ite speed?

What is the name of the principle that states this fact?

Name three applications of this principle:

cae?

n
]
—
[
gl
t
oy
O
~

How is an airplane wing desicned to increa

What is the purpose of the narrow air passage at the peint

where gasoline is mixed with air in a carburetor?

Why does a spinning baseball travel a curved path?



{ SUBJLCY AREA: BIOLOGY

Topic: Reproduction aznd Davelopmoent

Activity III

OBJLCTIIVE: When you have complcted this unit, you will Le
able to describe the experlicents and conclusions drawn by the

two biologists, Spallanzani and Pastcur, in thelr attempis to
disprove spontanecus generation.

OVLIWIEW: YXarly observers ol nature noticed the appearance
of any living things. They concluded that the living things had
heen spontaneocusly generated from the nonliving matter in which
they appeared. This explanation was not accepted by the Italian
scientist, Lazzaro Spallanzani (12th Century), or Louls Pasteur
(19th Cerntury), the famous French biouhemist.l In this activity,
you will sce the experiments like those werformed by these two
men, draw the conclusions from the experimental evidence as they
did,and study the criticisms of their experimental design.
LEARNTNG LXPYRIENCE: '

1. A. Turn to page 136 in Patterns and Processcs and look at

the Giagram of the experimenis of Spallanzani and Pastcur.

B. Read the descripticn (p. 144, Teacher's Handbook) of how

the flasks were prepared. 1f possikble, make up your own

set of flasks. You will put your data on the charts on
the followiny page.

C. After you have read how the flasks were prepared (or
actually prepared a set), £ill in the spaces on the
charts. Observe the appearance of flasks that were just
prepared and those that have been around for three weeks.
Fill in the apprcpriate spaces on your charts.

The liquid in the flasks is bouillon.2 Bouilleon is a
substance on which micro-organisms, bacteria, and others can
grow. The bouillon becormes cloudy as the bacteria grow in
it. This you must taxe on faith. All these assumptions can

- be demonstrated, but it would take too riuch time to do.

_ lone who studies the chemistry of living things
FRJC BuLlyes
" R . —40-
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II. &answer the following guestions and check your answvers w

the key @s you go along.

A. Spallanvani

r)! 1»»,\:\!4

I'lasks two and threc reprosent flacks like the ones
Spalianzani used to iLry to disprove Lthal spontancvous gencration

could occur. Spallanzani knew that bolling destroyed mostriicro-

OXganisms. To kill the micreoryanis:as in the flasks, the bouil-~
lon in the flasks wag (1) .+ One flask was left open
to a&ir. The other was closed. Sprallanzani believed that micro-

organisms were present in the air. By placing a stopper on one

flask, he was keeping the air and the (2)

away. Spallanzanl was testing the hygothesis that there would
be no evidence of the growth of microorganisms in the flask that

was lboiled and (3) __ o4

the flask should kill all the microorganisms thet were present
in it. Stoprering the flask should prevent any ncw microorga-
nisms from entering the flask. If evidence of growth of micro-
organisms had been observed in flask threc that was bhboliled and

(5) _ ¢ 3t would have been the raosult of sponta-

neous gencration becausze all the microorganisms had been destroyed
in flack threc by (6) nd no new nicroorganisas

could enter because the lask had been (7) .

Do your experimental results support the hypoth=sis that in
a flask of bouillon that is boilcd and stoppered, no evidence of
the growth of microorganisms should appear? If not, why not?
(See if you can find an answer below if your experiwent did not

"work".)

Objections to Svallanzani's Experiment: Critics of

Spallanzani's ecxperiments kelieved that there was no evidence of

life in flask three beccause no air could get into the flask

Q 3an organism too small to be seen with the naked cye

ERIC -50-
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These people believed that air wos necessacy for all life. Teoday,

we know thet cerxtain kirds of lifc, {for exumple, ocortaln microor-

ganisme, can live without an air supply. Louls Pastcur designed
an experiment which atlempted to satisfy the ceritice of Spallan-

zani's experimont.

(L) _destroys microorganisms, but many micro-

organisms produce $po: wnich are heat resistant and may nol be

i

by boiling. Autoclaving or heating under pressurae pro-

=

5

destroyed
duces tempcratures much higher than 212°%%.  Heating under BUeSEUre,

which is called (2) _yproduces temperatures higher than

(3) °F and will kill microorgoni

as well as their heat re-

stant spoures. Pasteur used the procoss of (4) ______which
produces higher temperatures than boiling so that both the micro-

organisms and their heoat resistant (5) would ke destroved,

Look at flasks five, six, and sevan. Which flasks allow air

to enter? (&) . Micreoorganisms "ride" around

in aix currente on dust particles. (You can sce these dust pov-

N

ticles when the sunlicht shines throueh a hole in a shade 7o a
dark room.) These dust particles "fall cul" of the alr as cvi-
denced by the dnst that Forms on Jurniture,

1

As flasks five and seven sat coxposcd to air, in which [lask

would dust particles rore easily fall?

Since flash five has a tube which is stiraight up aid down,
the falling dust particles would fall right into the bouillon.
What would happen if a dust particle fell into the cpen cnd

of the "S" shaped tube in flask secven?

The particle would fall and be trapped in the curve.

Is it likely that the particle would be roved along the
tube? Why?

4spz')—r a tiny one celled body, capable of producing a ncw organisn

~-Rl1-
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No, sinco dust pevticles are carricd on sir currents and
there is no way for curcents to davelop in the flask, unlcesgs the
tulbe is blown into ox shoken. Therefore, it is unlikely that a
dust particle would get beyond tihe first "U" shaped turn in the
tube.

In which flasks would you cupect evidence of the growth of

nicroorganisms?

Flasks four and five bkzcause both {lasks are exposced to the

(7) and are opened in such a way that falling Qust

particles with microorganisms on them ccould fall into the bouillon.

Flask =ix should not producs evidence of lifc because it has

been (8) ko ki1l microorganisms and their
(9) . ¢ and there is no way for nicroorzganisms to get

into the flask,. he {lask allows air to ygeot in, but falling
3

.
dust particles wit

ho () _ cannot get in the
flask becausc thay arce trappved in the "U" shaped curve of the
tube.,
Pasteur had thus shown that spontancous genreration would not
occur in a flask in which all (11) ___~ ~ and their
spores had been destroyed by (l2) and in which

no new microovganisms could be introduced by exrposure to falling
dust particles. By allowing the flask that had been {(13) o
and proteccted from falling dust particles to be exposed to the
air, he had demonstrated to Spallunzani's critics that the ab-

sence of air was not the reason that (14)

had not occurred in the flask that Spallanzani had boiled and

[

stoppered.

Controls
Flask one was not boiled or (15) . but
was (106) . to provent iis exposure to microorga-

nisms in the air. Flask one should show evidence of grovth,
This dermonstrated that unkoiled bouillon has (17)
in it which mast be destroyed by {18)  or autoclaving
1 in order to sheow that spontancousr dvencration doos not occur,
(S
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Look at flask four. 1Ts thore evidonce of L1ife in the flask?

If there is cvidence of Life in 1hn 115,‘, it denmonstratos

that the process of autcclaving docs not destroy the ability of
the bouillon to support nicroorganismic life.

Tha experiments of Spallanzani and Pastenr demonsirated
that microorganisrs or their sporcs must be present for more
microorganisms to peo produced, Since micrcorganisms arce cxam-
ples of living things, we cen genaralize and say that living
things must be present for nore living things to ke produced
or simply that life comes from life. This idea is basic to the

study of reproduction.

REFERENCE: Patterns and Procesties, Studeut and Teachers'
liandboolk (1:4).

LEARNING ATDS: Patierns and Trovcesses, Student and Teach-

ers’' landbook (144},

SUMMARY:  You have just carricd oul the experiments that
attempt to disprove the theory of spoatanceus deneration. The
disproving of the theory of spontancous gentration is important
because a basic assumption of the rewproductive process is that
life comes from living things in the present system of things.
This presented scientists who were trying to develop a theoory
of the very beginning of life on carth with a proklem. Decause
in the beginning there was no life, onc must assawee that the
beginnirg of life came from nonliving matter, but this is the

only presently accepted case of spontancous genoration.

RIC
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microorganisms
stoppered
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boiling
autoclaving
212
autoclaving
sSpores

five, seven
air

autoclaved
spores
microcrganisns
microcrganisms
autoclaving
autoclaved
spontaneous generaticn

‘avtoalaved

stoppaercd
microorganisns
boiling



BLOICCICA]L CCLELCE
Student Lvaluation Chctivity 111 Name

1. What is the basic as:iwuption of the reproductive process that
makes thz disproving of the thuecry of spontanecus cencration

so important? (5 pointg)

2. How did Spallanzani txy to disprove the theory of spontaneous

gernexation? (I points)

3. What factor in Spallanzani's experimental design did his

critics say rade his conclusion invralid? (5 points)

4. How did Pastg.r overcosne the criticism of Upallanzani'e

experiment? (5 points)

5. What do-you estimate your grade will be on this guiz? (2

points)

SUGGESLTIONS I'Gx FURTHIIR STUDRY: Rcad about the theory of the

origin of life by Cparin and the experiment of Miller in Biolocy,

John W, FKimble, Addison Wesley, 19267,

Notes_to the Teachor
Preparation for this activity must ke made three weeks in
advance of the activity. Sce page 144, Teachers' Handbouk--

Fatterns and Processcs.

O
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NOTE WO THD SIULLNY

In this activity you were asked to perform three experiments,
They are sinple and most likely confirm what you know already.
Yet they shiowed you the important steps in conducting an experi-
ment. .
.These steps anre:
1. Decide what facts or action you want to cbserve. Why?
You understand actions or happenings hetter
. when you cbserve them.
2. Assemnble the equipment. Why?
A good baker or carpenter has all his tools
ready when he starts on the actual job.
3. Praparce the table in which you will enter your obser-
vations. Why?
You want to record (write down) your obser-
vations as sovon as possible.
4, Periorm the experinent.
5. Read the measurencnts and enter them in the table. Why?
The results of your experiment will help you
understand the fact or the action you obhserved
and will also be used in tables and problem
solving.
6. Repeat the experiment at least three times. Why?
Judging from a single periyormance may lead to
a mistake in judgment. Threc or morc similar
results are reassuring. Researchers often
repeat an experiment even hundreds of times,
before they'acccpt its result.
7. Formulate and write down conclusions and answers to
questions. Why?
This is the actual profit you have {rom the ex-
periment.
8. Think for yoursclf: What did I learn from this exper-
Q iment? What would a practicél application be?
ERIC
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Student Fvaluation PHYSICS ¥EXIV Name

1. Mention threce exanples ol {he use of the wheel -and-axle:

2. Mention three examples of the use of gears:

3. HMention three examples of the use of pulleys:

4. One turn of the pedals of a bicycle causes the bhicycle to
move a great distance., Draw a diagran and explain:

5. Write both expressions for the mechanical advantage of
wheel-and-axle and pulley: ] o - e

*6. Calculate in the space below the missing information for the

following wheel-and-axle machincs and £3ill in the spaces:

. T Wecvanical | .. N R
Effort arm Resns?ance arem Advantage Resistance force | Effort force
20 in h In 15 1b
—————t
2 ft ' 7 28 b
ho cm 8 10 g

[:R:kzrom EXPLORING PHYSICS, page 87,

Aruitoxt provided by Eic:



APPLIDIX E

TEST

66



Test fer Units 21-30 3-11-69

QPS/AIR/ABLE Date/Time Started
SCILNCE ' .

8,

O
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Date/Tlime Completaed

PEYSICS: TLEST NUMBER THRER

Activities XXI ~ XXX

State Newton's Third Law:

What drives a rocket forward?

An object's travel on a circularx path is called

An object's turning around an axis iec a

An object in circulaxy motion ({(radius = 2 fect) has the fre-

quency of 3 per minute. What is the object's speed?

Is the friction betwsen extramely csinooth surfaces greater
or less than betveen noderately rouyh surfacues? L

Explain how rolling wheels (ball bearings) reduce friction:

How do you compute the gravitational force between two ob-

jects of mass ny and m, a distaence d apart from each cother?

State the law of conservation of mass. Give an example:



O
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10.

11.

12,

13.

14,

Test for Uniis 21-30  3-11-62

, ,
Which conversion does an avonmic bonb achiove?

You are thrown forward, when you are in a moving car which

stops suddenly. ¥xplain the cause in terms of physics.

State the law of conserxvation of momentuwn and explain an

exanple in your own words.

How is "work" defined in physics?

What work must a notor in & bottling machine perform in order

to 1lift a platiorm holding twelve 8-0z. bottles of soda 4

inches high?

What is an object's potential energy? What is its kinetic

energy?



( 15. Does velocity of a moving bhody influcnce its kinctic enerygy?

How?

16. State the principle of conservation of dechanical Energy.

(1
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ACADEMIC ACHILVEMENT RECORD

This acadenic achicverent record lists the specific okjec-
tives the student is expected to fulfill in the course and also
indicates the level of his achievasent of each objective. The
code explaining the levels of acbicvement is given below. The
student who receives this decument has the fundamental skills
and knowledge to advance in the subject area.

Key to_achievement Code

Limited Achievenment:

The student recognizes the terms, tools, skills, inforimation
sources, and pasic concepts necessary Lo minimum level tasks. He
performs minimua level tasks with dircction.

Moderate Achieverent:

The student applies his knowledge of terms, tools, skills,
and information sources to given tasks and problems. The student
can state the relationship of the tasks or problems Lo the con-
cepts of this course. In some situations he performs well on
his own; in others he nceds some assistance.

Satisfactory Achievement:

terms, tools, skills, and information sources tc unfamiliar tasks
and problems. He is able to explain the concepts of this course
and rzquires little assistance to complete assignments success-
fully.
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BEUAVIOREL ORJECTLIVES

After completion
of activity:

I. Behavior of Ma':ter:

IT. Speed:

III. Acceleration:

IV. CGalilco's First Law:

V. Galileo's Second Law:

VI. Acrelerated Motions:

VII. Mass & Vedight:

VIII. Weight in English
Metric System:

IX. Measurement in English
Metric System:

O

The student is able to:

Describe the action of dif-

ferent matter and of gif-
ferent nass, when a force
acts on them.

Describe and explain an
experiiment in which you
ohserve measure, graph
and compute the speed of
an object.

Explain the meaning of
acceleration and describe
Galileo's experiment on
the inclined plane.

Distinguish between terms
of velocity: compuie ve-
locity, time and distance
of accelerated motions
with the help of Galileo's
First Law.

Compute distances by ap-
plication of Calileo's
Law and the carth's grav-
itatioral force g.

Explain other kinds of
accelerated motion and
compute their path, tine,
velocity and acceleration.

Explain the difference
between an chject's mass
and weight.

State an object's weight
in the English and in the
Metric System.

State an object's size in
the English and Metric
System.
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xXI.
XIT.
XIII.
X1v.
xV.
XVI.

XVIT.

XVITI.
XIX.
XX.

XXI.

AX1I.

ERIC
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- Newrton's

System:

Archijedes' Principle:

Density and Gravity:

Force:
Vectors:
Equilibrium:

% 5 First Law of
Notion:

Newton's Second Law of

Motion:
Newton's Second Law of
Motion:

Mass, ¥eight, and
Gravitation:

The Concept of Momentum
and the Conservation
of Monmentum:

Newton's Third Law:

Circular Motion:

Convert weight and space
Teasurement fron the En-
glish to the Meitric Sys-~
tenm.

Deseribe the experinent
and explain the principle.

Compute the densivy of
ratter and explain the
rmeaning of specific
gravity.

Lxplain the meaning of
dynamics and force as the
cause of motion.

Express a force, a combi-
natien of forces or other
guantity as a vector.

State the condition under
which an object is in
egquilibriunm.

Explain Newton's First
Law of Motion or Law
of Inertia.

N
[ o

Derive and explain
Newten's Sccond law.

Pefine the wnits of
force and solve prob-
lems.

State the definition of
an object's weight and
an object's mass,

Use the Concept of Mo-
nentum in solving prob-
lems.

Explain how forces cause
motions such as propul-
sion of a bullet, a motor-
boat or 1 rocket.

Explain centrifugal and
centripetal forces.



XXI1IX. PRPir Resistance:

XXIV. Friction:

XXV. Universal Gravitation:

XXVI. <Lonservation of Mass:

XXVII. Conservation of
Momentum:

XAVIII., +Work and Encvrgy:
AXIX. Mechanical Energy,
potential and kinetic:

XXX. Conservation of HMechan-
ical Energy:

X¥XI. Watt's Steam Ingine and
Units of Power:

XXXII. Law of Conscrvation of
tlass and Energy:

XXXI11, The lever:

XXX1Vv. Wheel and Axle, Pulley:

O

Bxplain the effect of air
resiciance on motisn,

Explain friction betwecn
objects and compute the
coefficient of friction.

Explain and apply Hewton's
Law of Universal Gravita-
tion.

Describe conservation of
rmass in a closed system

and compare with the law
of conservation of mass-
energy.

Discover and explain the
law of conservation of
mementum; apply it to
solution of problems.

Define the physicist’'s
term of work and comnute
work in two kinds of
units.

Compute potential and
kinetic energy of an
object.

Explain the principle of
conservation of mechanical
energy and coumpute special
cases.

Explain Watt's steanm
engine and definc units
of power.

State and explain the Law
of Conservation of liass
and Encrqgy.

Express mechanical advan-
tage in figures, solve
problems in the use of
levers and distinguish
between three kinds of
levers.

Demonstrate the mechan-
ical advantaye of simple
machines.
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XX¥V. The Inclined Planc:
XX¥XVI. The Wedge, the Scrow,
and Coriined Machines:
XXXVII. Matcter and Pressure:

XXXVIIX. Baromaters, Manomelers:

Demenstrate and compute the

mechanical advantage of the

inelined pinne, the differ-
ence Letveen the ideal and
the actual rechanical advan-___

tage., L_]

Tuplain wedge and scoew,
compute their nechanical
advantage end efficiency.

Ixplain origin of pressure
in seclids, liguids and
gasses. Coupute value of
pressure.

Explain functioning of
arometers, mancmeters
and define the unit of [:]

atmosphere.

Explain th:z principle and
working of the hydraulic
press, comnute its me-~
chanical advantace.

Describe Robert Boyle's
experiment, distinguish
between absclute pressurc
and gauge pressure,and
solve problens,

Explain the Rinetic tolec-
ular Theory of Gasser.

Explain Bernouilli's
Principle.

Explain heat and tempesr-
ature, temperature scales,
thermometers. Define heat
units and specific heat.

Cxplain Brownian Mction;
state and usc Charles' Law
and the General Gas Law,

Distinguish among three

kinds of transportation;
explain change of state

by molecvlar thcory, ex-
plain cencepts of fusion, -
vaporization, condensation;
use the law of heat exchange.

XXXIX. Pascal's law and the
Hydraulic Press:
XL. Boyle's Law for gasses:
XLI. Kinetic Molecular
Theory of Gasses
XLII. Bernouilli's Principle:
XLIII. Temperature and Volume:
! » 1}
XLIV. Brownian !Hotion,
Charles' Law, General
Gas Law:
XLV. Transportation of leat,
Change of State of
Matter:
Q
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PREPARATION

Individueally proscribed Learning Activities imply not only
the prescription to the student to learn alone, but also to the
teacher to teach individually.

The teacher is freed of the work of outlining a curriculunm,
researching for learning aids, devising a timetable, and vre-
paring a lesson plan. He must use his preparation time to study
the Activities and their perusal. In this time, he is to recad
all the included and referenced material and must check that a
fair number of copies of this matecial are available in the
classroom.

He is responsible for assembling and resdying the learning
aids, needed suvplies, and equipment for experiments. He must

ascertain that all is in working order.

O
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ACTIVITY

The teacher removes the Evaluation Test from the Activity,

hands the Activity to the student, and retains the Lvaluation

Test. At the very heginning of the program, the following pro-

cedure is suggested:

First: 1Invita the students to Jeaf througn the Activity for

a few minutes. Acgk them Lo remove the answer sheet
from the back of the Activity and place it beside

the hctivity.

Then: Explain to the studeints the meaning of:

ERIC
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1. Objective
2. Overview
3. Learning Exporience
4. Surmary
5. Learning Aids _
The Objective is the yoal of your student's learning. It
is stated in "behavioral terms", which means his performance

at the end of the Activity will be obscrved and measured.

The Objective states the "what" he lcarns.

The Overiview explains the student's need for this knowledge
aund also rccalls experience and information he is expected
to have.

The Overview states the "why" he learns. ‘

The Learnind Experience gives the step-by-step procedure to
be followed by the student.

r&‘he Learning Experience states the “"how" he learns.

\ — ————

Exhort the student not to leave any guestion unanswered;

tell him thah every line prepared for him must be filled.

But answers like: "I don't know"; "I don't understand";

and "I forgot" are not acccptable. In this case, the stu-

dent must return to the beginning,or turn to the reference
w12




source for information and at the very last turn io the
teacher for help.

At this point the teacher's function is crucial.

He leads the student back to the last point of under-

standing and uses his judgment in giving tutorial

help. Only the teacher who is honestly convinced of

the advantages of individual learning will perform a

good jnk. If, after answering the same quescion from

different students several times, he thinks "Why can

I not explain this thing to the whole class at one

time?" he has two alternatives: either to gather the

class, if the majority is working on that activity,

and discuss the point in question; or, if this is not

feasible, make a notation for revision of the material.

The student is tc check each of his responses immedi-
ately with the answer sheet. Exhcrt the student that use of
the given answver instcad of preducing an answer himself will

only do him harm, because there will be no answers supplied
for his Evaluation Test.

During the students' work, the teacher is to circulate
about the rcom and give them the assurance that he is avail-
able.

The Summary serves the student as reinforcement.

The Learning Aids are to be prepared before the start of the
Activity and returned after their use.

When the student has completed the Activity, he hands it

back to the teacher and receives the Evaluation Test which, un-

less stated oincrwise, is to be used without Learning Aids.

O
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EVALUATION

The teacher checks the Evaluation Test. 1In its present
form, it places the judgment of the level of achievement--L for
limited, M for moderate, S for satisfactory--—-at the tezcher's
discretion. These levels are the basis of the teacher's
report on the "Academic Achievement Record." (See Appendis F)

There is a possibility envisioned for the future that this
and other tests can be restrvuctured for the use cf a device
similar to the "Traziner-Tester Responsc Card" used in non-
academic areas. fThis device, however, would not leave any room
for open-~ended answers and for judgment of the student's think-
ing procedure. Therefore, the recommendation is to structure
evaluations which provide for immediate feedback, few oppor-
tunities for cheating, and not demanding of the teacher's time
to the point wiere it interferes with his tutorial role.

After the teacher has checked the Evaluation Test and
finds it acceptable, he signs the student's Activity and retains
it in a file. This file should be accessible to the student at
any time, if he has to refer back.

After a series of Activities, a test (e.g. Test 1, Activi-
ties I-X) is given to show the student's knowledge: test re-
sults to be integrated into the Academic Achievement Record.
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ADDITYONAL REMRRKS ON THE USE OF THE MATERIAL

The preceding crientation is a weak substitute for an inten-
sive oral demonstreticon-orientation program. The implement-
ing teacher's dedicaticn and good will bear fruit in the
program's success. Therefore, a systematic, critical con-
tributién from the teacher, in form of marginalia, personal
chservations, and suggestions is highly desirable.
It should be pointed out herc that the Activity can very
well be used by two or more students as a group if they
work together successfully., Thic will give an opportunity
for discussion and cooperation, which is of additional
value. The art of communication and the effect of learning
can only be strengthened by oral use of proper terms and
is of great value in the stimulation of motivation.
In order o strengthen the Science teacher's judgment in
the curriculum's relevance, he is reminded of the National
Objectives of Teaching Science, as stated in the "National
Assessiient Program" developed in 1969 for Science:

1. ZXnow fundamental facts and principles of science.

2. Possess the abilities and skills needed to engage
in the processes of science.

3. Understand the investigative nature of science.

4. Have attitudes about the appreciations of scien-
tists, science, anéd the consequences of science
that stem from adequate understandings."
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