DOCUBENT RESUME

ED 055 788 SE 011 185

TITLE The Improvement of Science Instruction in Oklahoma.
Grades 7-12.

INSTITUTION Oklahoma State Dept. of Educatioan, Dklahoma City.

PUB DATE 790

NOTE 113p.

DESCRIPTORS Curriculum; Curriculum Development; *Curriculum

Guides; *Inquiry Training; Science Education;
*Sacondary School Science; *State Curriculum
Guides

ABSTRACT

This publication has been prepared as a leadership
guide for science teachers, seccondary school administrators, and
teacher educators who desire to produce competent science teachers.
Science taught as inquiry is the central theme, and the "processes of
science" are recommended as the proper content for all courses. The
guide is organized into these chapters: Science and Scientific
Inquiry, An Overview of Science Taught As Process, Recommended
Science Program--Grades 7-12, Organizing a Science Program in Your
School, Recommendations Concerning the Preparation of Secondary
Science Teachers, iInquiry Program Model Lessons, ard Inquiry Progran
Bibliography. More than half of the publication is devoted to the
chapter on model lessons in which nine representative lessons taken
frem the recommended curriculum programs are presented. The
recommended science programs include the curriculum projects
developed during the last decade through federal government
sponsorship. (Author/PR)







U.S. DEPARTMENT OF HEALYTH.,
EDUCATION & VWELFARE
OFFICE OF EDUCATION

THIS DOCUMENT HAS BEEN REPRO-
DUCED EXACTLY AS RECEIVED FROM
THE PERSON OR ORGAMNIZATION ORIG
INATING IT. POINTS OF VIEW OR OFIN-
IONS STATED DO NOT NECESSARILY
REPRESENT OFFICIAL OFFICE OF EDU-
CATION POSITION OR POLICY.




R e b T Santa el

The Improvemen? of Science Imstruction

Oklahoma

Grades 7-12

Recommendations of the State Science Committee
Earl A. Raynolds, Chairman
of

OMA CURRI(ZULUM IMPRC}VEMENT
' CQMMLSSIC‘)N

Wﬂham D. Carr, C hairma;; A
Cllffﬁrd erght E}iecutlve ‘gecretary

Kaenneth Culve;g Ass:.stant Se cretary

Mary Ann Wned Assrstgnt Seeretary




FOREWORD

With the explosion of the discoveries in new areas of scientific know-
ledge and the rapidity of progress in recent materials and innovative teach-
ing methods employing diversified techniques, the State Science Committee
felt an imperative need to publish a Science Guide 7-12. The success of the
recent Oklahoma Science Guide K-6 provided the emphasis for the secondary
guide to aid in coordinating the science program K-12. ' '

The Oklahoma Curriculum Improvement Commission under the auspices
of the State Department of Education has been instrumental in encouraging
~the publication of these modern gunides. The commission, the members of the
steering and editing committee, and the hundreds of teachers who contributed
- and participated in the preparation.of the guide are to bg _commended. -

- . It is hoped that teachers will find the guide useful in providing the
. Lkind of science program that will be most beneficial for the young people
“in' Oklahoma. . 0 7 <0 LT i T e

' State Superintendent of

' Public Instruction
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INTRODUCTION

This gunide is a departure from the traditional publications resulting from state cur-
riculum committee studies, The science teachers in the State of Oklahoma, long recog-
nized as somewhat avant-garde, have sought to tell-it-like-it-is or better, like-it-should-hel

There are no tried listings in this guide of “topics to be covered in typical science
courses.” Instead, this publication has been prepared as a leadership guide for ih
science teacher, the secondary school administrator, and for colleges who desire to trai

competent science teachers.
Science, taught as inquiry,

is the central theme and in this guide there is no com-

promise to this approach, The “process of science” are recommended as the proper con-
i Only those courses using the laboratory as the point of

tent for all science courses,
emphasis are considerad as courses containing science content,
The synthesis of content and method, long time antagonists, has been regarded as
complete. The teachess of Uklahoma have demanded this synthesis.
i Oklahomasa’s teachers dc not feel this guide is shead of its time. They want to set
the goals of science education in proper perspeciive now. Many science teachers present-
i i i itles : therefore, with the availability
ience program can he implemented
ecently, State adopted textbooks
g out of CHEM-Study, IPS, PSSsC,

Among many dari
© is better. to
- based on the
: : 0 become convinced that they are of
‘less worth as a person and, finally, accept their disadvantages as g “proper lot-inlife’!
g catio ellence in science at all levels and for all young Oklahomans is within
seaéhiﬁ'qllawing-;the realistic' guidelines in this publication, i
- Scheduled ‘Mmeetings were held with teachers at central locations throughout the
-State of Oklahoma. The names of these teachers appear in this guide. The guide’s con-
teats were. discussed: in detail with them. At these meetings every teacher was asked to
- present his ideas in writing for inclusion in the guide. Certainly, every teacher will not
- agree with the final draft,. Bt every teacher will agree with the final writing com-
i s orients tion -to - contemporary program that is academically, socio-
' r ' ed for young people in today’s society... :
rain teachers who will possess both an- appropriate back- -
ience téaching. Some teachers have pointed out that the-
o-difficult for the students” is often an incorrect state.
e was lack of . brofessionalism in: providing a proper
om. 'a_shortage. in teacher skill but often “from the

€ ‘cannot-be learned -without a Trealistic environ.
“guai ri . ‘be vontroversial for those
iscipline rather.than inter.
evelopeéd experimental pro=—
ies > ese national programs are
than are the -traditional ‘text o iented: programs,
. -the' “processes of science”, mot its products,
et * -nationally recogriized experimental  programs
of ‘ the taxpayers’ dollars ‘are; presently. - the best vehicle to . ex-
1y - commercially: available -materials -

Importance; that t
’ I'tjsihéa_;ﬂd7be:»nate'd__tha'§ mi
more -will“be in-thé future. - -
Oresents a conserisus “viewpoint. It is. wi tten:

as-the compasite voice of -
contributed to” the guide’s
ad ng:committee. -
e guide know it will -
other guides  have been

. ‘al rs who:p
-+ 'contents.  Only the 'fi
il Is this a-guaide
. be out-of-date somed,
forgotten, - PR
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CHAPTER I
SCIENCE AND SCIENTIFIC INQUIRY

BASIC PHILOSOPHY We, the Secondary Science Teachers of Okla-
FOR A SECONDARY homa, were asked to explain how we view
SCHOOL SCIENCE science and scientific inguiry. Also, we were
PROGRAM asked how. those topics influence our teach-

N ing and how the topics should affect the sec-
condary school science program in Oklahoma. Here are the principal ideas
we expressed . . . . ' .

. .. .the heart of all science is inquiry and inquiry is a process by which
an individual explores the unknown.
. ...the principal purpose of education is to teach students to think.

.science, if taught by inquiry, is perhaps one of the best vehicles to
use in leading students to develop the ability to think.

. . .teaching science through inquiry, then, not only leads the student
to understand the structure of the discipline and develop scientific
literacy but also leads him to achieve the central purpose of the
school. o

. ...students must be involved in inquiry to develop an understanding
of it. :

. ...involvement means observing, performing experiments, collecting
and interpreting data, and drawing conclusions.

.. ..emphasis must shift from using the laboratory as a place to verify
an answer to an opportunity te find first-hand information to de-
termine an answer. ) : ) ‘ 7

. .. .answers found by students in the laboratory must be accepted by

- the teacher for discussion.. o ' S .

. .. .experiencing the processes by which learning takes place is at least

" “as important a learning outcome to the individual as what he

U learms.. L  whas R
. .. .the goal of teaching the student to think should govern the teacher’s
. choice of curriculum.”: : R R :

. . . .the word, science, should suggest an activity or a ‘“happening.”
" ...the modern science teacher is a ‘“‘stage setter,” provider of materi-
. als, motivator, giver of clues -and not the central figure in the class-.
““.room' who: professes: to know all the answers “and gives the con-
.the objectives: of - scierice -education must be consistent at'the ele-

mentary and junior ‘and senior high school. levels. -

student ‘evaluation must move away from just giving formal pencil

ment . for a’ continuous sciénce program. - .

low use the foregoing ideas to .
for the secondary schools of Okla- . ..
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2 The improvement of Science Instruction in Oklahicma

TEACHTN G THE Science, man’s attempt to explain natural phe-
STRUCTURE OF nomena, has a dual nature. It is, on the one
SCIENCE hand, those explanations of natural phenom-

ena (fac_:ts, laws, theories, etc., called the pro-
ducts of science), and on the other hand, it is the ways of thinking and skills
used by scientists to produce the eiplanatlﬁns. Science teaching which helps
the learner grasp the structurc of science must include both the product and
process aspects of the sub]a;t but it should focus on the processes by which
the scientist ““finds out” about or explain his environment. For the heart or
essence of all science is the search for understanding of natural phenomena
using logical strategies of inquiry.

In all science, regardless of the aspect of the environment being ex-
plored, the scientist makes his own observations, asks his own questions, per-
forms his own experlments and draws fhis own conclusions. This approach
(rational inquiry) remains the basic siﬂ‘nlflcant charactenstm of all science,
not the body of facts or explanations obtained. However, it is through such
an approach that the accumulation of knnwledge (products of Sclence) in
each area of science is achieved.

THE NATURE The term “inquiry” can be most succinctly
OF INQUIRY , defined as a search for information and un-

' ’ _derstanding. This, of course, implies that the
person conducting the search has. a general notion of the problem he is at-

tempting to solve. There are many instances in the history of science, how-
ever, where the scicatist had no more than a general notion of what he was

" searching for 'and, as a result; all the data gathered were Qarefully evaluated
‘before the speclfn: problem belnn' investigated was solved, or, in many cases,
~even defined. Pasteur, for example, began his scientific career as i chemlst

- and, as-the result of attempting to solve the problem: of beer and wine fer-

_mentation, 'was_launched on an inquiry which led to the develﬁpment of a
- new field. of A]:actenﬂlngy The nature. ﬂf the prﬂcesses of inquiry . demands

nf ermatu}n evaluateﬂ

: "rrrjpred;etlons
~ (the i



Science and Scientific Inguiry 3

3. Search for data and their meaning.
4. Demand for verification.
5. Respect for logic.
6. Consideration of premises.
7. Consideration of counsequences.’
One of our colleagues wrote, “Individual involvement is essential in the
learning of scientific concepts.”” One can readily see that individual involve-
ment, (collecting, organizing, and interpreting information) is also essential
to the development of the spirit of science and the ability to inquire rationally.
Science, taught through inquiry, can contribute to the intellectual de-
velopment of the junior and senior high school student in two very important
ways. First, it can provide the student with the opportunity to use his ra-
tional powers,2 (recalling, imagining, classifying, generalizing, comparing,

: evaluating, analyzing, synthesizing, deducing, and inferring), which are es-
sential to logical thinking. It is only through use of the rational powers that
they can develop and that a very important goal of education, the ability to
use logical thought processes, can be accomplished. _ o

The second way in which science taughi through inquiry can contribute
to the intellectual development of the junior and senior high school student
"isin_the area of cognitive development as described by the Swiss psycho-
logist. Jean Piaget. According to Piaget, most students entering the seventh
grade will be in a'state of transition between two stages of cognitive develop-
mez:t labeled “concrete operational” and “formal operational.” = = '

" 'The concrete operational learner can use simple logic in the collection,
‘organization and interpretation. of information. He, the concrete operational
learner, has great-difficulty in structuring information into abstract models,
"such: as the atom, for the purpose of information storage or retrieval. He -
finds it practically :(if not actually) .impossible to reason.from.one abstract.
.model to another. He has great trouble for example in relating atomic. struc-
ture to energy of reaction between atoms: This inability to-deal with the hy-
pothetical or highly abstract model places severe limitations on the junior
high school learmer. not only:in science but in other areas as well. -

‘Much of the 7-12 ‘curriculum in' all areas requires the student. if he is

. to learn ‘satisfactorily, to be. capable of reasoning with abstract or -hypothe-
i . tical ideas, i.e.; to use formal -logic or be'formal-operational. The formal
" operational stage of deévelopmént does not occur spontaneously nor does it

“occur, without effort. It must be nurtured! In order to nurture the ability of

the learner ‘to use formallogic:which provides him ‘with very powerful in-

_tellectual . tools: that ‘enable-him to : cture “information for inierpretation,

- for efficient.retriéval, and to search for meaningful relationships among ab- ~

stract ideas, the learner must be provided certain kinds of" experiences. These

nces;’ in. genier are’ those .which' all o - collect . infor-
“to search for patterns or regulariti “and.to drat
-d tions or-conclusions:based served.3 S
taught through: inquiry, nurture ¢
tional : st of develc

PAFulToxt Provided by ERI
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ogic can continue to develop even into adult life, the junior and senior high
h@ 1 science programs must focus on this aspect of intellectual development
order to facilitate adult development.

»u:-n ‘W o

THE NEED FOR A Thz development of the spirit of science and
CONTINUOUS K-12 the modes of inquiry will be well underway
PROGRAM by the time students enter the seventh grade

: if the inquiry-program outlined in the K-G
guide have been implemented. Much that has been gained in the elementary
science program will be lost if the student encounters a fact-centered program
in junior high school where science is only ‘‘talked about.” It is, therefe;e,
imperative that the junior high school program continue the develapment ol
both the spirit of science and the strategies of rational inquiry. If the ele-
mentary program has not begun these developments, the junior high school
must initiate them both for the purpose of developing these aspects of science
and for continuity in intellectual development.

Students entering the senior high school program who have been in an
Inquiry science program in junior hlgh school will be in a position to inter-
relate the abstract concepts of science within and across artificial discipline

- boundaries and truly grasp the structure Qf science within the framework of

broad canceptual schemes.

OBJECTIVES OF THE Secondary school science programs must re-
SCIENCE EDUCATION flect the objectives of education in general
PRGGRAM : - and the specific contributions that science

: “education can make toward the accomplish-
ment Of thDSE Qb]echves Therefore, the objectives of science education must
be stdted relative-to educational - goals rather than npecific content goals.

The nbgactlves of the science program. in grades 7-9 must include the
fnllaw;ng as guiding principles:

1. To provide many opportunities to use and develop the rational
- powers, i.e., the ability to think. :

2. To allow the student to actxvely engage in the collection of infor-

" mation, the development of generalizations based on his organi-

-~ zation Qf the information, the formulation of deductions from these

) generahzatlons and the testing of these deductions thrcugh actual

'Jexpemmentatn:n In so.doing, the student will actuate and enhance
“his -ability to ‘use hypothetical reasoning. :

3. To! ¢continue to develop and . refine straiegies of inquiry.

4-,TQ contlnue lihe develﬂpment of sclentlflc hteracy and the spirit of
rational i quir}f (the spirii- Df scmnce) .

-The {'}I)JE tives. of - science education in. grades 10—12 must - 1nc1ude ‘those

of grades 7-9. In addition, due to the broad general hackground of scientific
knnwledge .gaine

-in- previous_science courses, and to the increased ability
:senior - high . school "student sto -use hvputhetmal reasoning (assunung
ctuated in. previous science programs), the 10-12 student
ional inquiry, interrelate the simple Iaws of nature into ab-

: stracf cempreh nslve theenes or. canceptual schemes.



T el e

LR et

RO (i ext provided by ric K Sl

Science and Scientific Inguiry 5

ROLE OF THE TEACHER In preparing this guide we did not intend to

IN THE MODERMN - recogmnize any of our colleagues for the con-
SCIENCE PROGRAM tributions they made. However, when reading

_ ) ~what the Oklahoina science teachers believed
their roiz in teaching is, we came upon the contribution made by Naomi
Pederson of Tulsa Edison. She not only summarized this entire section with
her statement but these statements reflscted in detail the feelings of our col-
ieagues. Her statement follows: : : '

7 “The teacher in a modern science program 1o longer dispenses
knowledge, as a mother spoon-feeds her children, to be regurgitated

- later on tests. He does not profess to know all the answers, but
serves as a guide and consultant to his students heilping them find
answers through research and experimentation . . . Instead of tel-
ling how seeds grow, he provides seeds and leis the student discover
from first hand cbservations . . . He encourages the student to in-

“quire znd not to expect ‘pat’ answers.” '

ROLE OF THE STUDENT The role of the student is that of an investi-

IN THE MODERN gator. As an investigator (or inquirer), he
SCIENCE PROGRAM - musi be an active participant both mentally

, o and physically. It is unlikely that any two
students will investigate a particular problem in exactly the same manner.
One student might choose to begin with exploratory experimentation, another
might begin with a review of the literature, and another might choose to
simply sit and ponder for a time. Qur secondary school science programs
must be flexible enough to allow for such individual differences in students.

"THE PLACE OF ' The laboratory is a place in which a science
THE LABORATORY student (or scientist) observes, explores, col-
. o lects information, and experiments to verify

or reject hypotheses. The laboratory can be a room formally designated with

that title, but it can also be the classroom, the home, or in many cases, the

out-of-doors. -

° Information which is collected in the laboratory should provide the
basis for student-student. and studeni-teacher discussions in the classroom.

.The generalizations made by the students from the information collected in

the laboratory and the inferences or deductions drawn from those generali-

- zations should provide the -guidelines ioxr. both classroom discussion and

subsequent laboratory experiences. -

Py 3



et 2
e e AT TS T

. Stéizé:

' '.'_'Teczch.gij, -

G The Improvement of Science Instruction in Oklahoma
CHAPTER I1 7
AN OVERVIEW OF SCIENQE TAUGHT AS PROCESS

A LEARINING : In ﬂrder to teach any curriculum or to apply

SITUATIOIN any pedagogical method, one must understand
' the philosophy on which-it is based. The fol-

lowing science learning situation will exemplify some of the’ characteristics

of the process approach to teaching and learning science, and the philosophy

on which it is based.

Teacher: “Can we discuss your insect callect;nns which you have developed? :

I believe you decided to collect only those insects which are most

commonly called bugs. Does anyune want to share any interesting
features of their collection?”

Jill- “/A couple of my insects are fierce looking. One has a horn grow-
ing from its head.” )

Mark: “All of mine have a hard body covering.”’

John: “Some of mine have different colors.”

Jill: “wa of mine look like they could bite.”

Teacher: “Why do you think that, Jill?*

Jili: “The sides of their head around their mouths are jagged-looking.
They can move these in and out. It would be just like pinching
something.”

Carl: _““One of mine is quite large and is white with black SthS-

Jill: . *I have several June bugs, but thgy aren’t the same color.’

Teacher: -““Can you-group your insects?””

The students proceed to group (classify) their insects according to some
property or -attribute which they select. The teacher moves from student to
student, observing the various schemes and asking individual questions.

Teacher: “Carl, on what basis did- you grcmp yours?”

Carl:  “I used antenna lengths with one group less than one centimeter,

another group. between one. and one- half centlmeter, and armther
- _group over ona and one-half centimeters.’

Teacher: “Jill; what characteristic ‘did you use?” - -

Jitl: - I used body color.-Look, I ve dlscnvered all ]une bug5 dml t have
S A vvt}lﬁ same body color.” . . :

“I ‘also have several _Tuné bu%s and they aren’t all the same size.
en’t 71they all- the same?” . .

*"June'“bug‘? Goad,b Check are’ they all the

‘same sme’?”—"
‘The" teachers ‘question’ abau

Slz =

,1tlates canaderable student student

E ,,',’71ntgrar_:t1cm as;the" compare ]unehugs The _Jnteractlcnn leads to the u:rn(,,lus
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An Overview of Science Taught as Process 7

Jill: “Shouldn’t we include all three; weight, length, and width?”

Mark:  “I believe all should be included.”’

“All right, if everyone agrees, how much does the typical June bug

weigh and how long and wide is it? How about determining these

for the June bugs you have and recording them on the board.”
Each student measures and weighs his own June bug and records the

dimensions on the board.

Teacher: “Now that these observations have been recorded, can you say

what the size of the typical bug is?” .

Teacher:

Mark: “Maybe we can if we average all the dimensions.”

Jill: “We could rearrange the dimensions in either increasing or de-
creasing order.’

Carl: “Why couldn’ we make a histogram of the data?”

After a discussion, the class dec:..es that the histogram is the best
method for ordering their data. Each student then constructs his
own graph.

Teacher: “Now from your hlSIGf’TamS, w}lat is the size r_xf the typical June
bug‘?§§ .

Jill - - “I think it is one and one-half certlmeters lcrng- three-fourths cen-
timeters wide, and weighs fourteen grams.’ .

Teacher: “Does everyone agree with Jlll s observation?”’

(Rl o it

Carl: ~ “I don’t. I think the typical June bug weighs 12 grams.”
Jill: .~ “Oh, yes, 1 made. a mistake. It does. weigh - iwélve grams.”

: . Illustrated here is a s;gnlflcant tactlc employed by the teacher. Note
i that the teacher_posed a question which Jill answered but appeérently incor- .
‘rectly. The. teacher did not reject her respounse. However, Jill was corrected

by Carl. This partlcular move by -the teacher is another attempt to remove
the “authﬂrltanan characteristic com:inon to the conventional teacher role. .
Inquiry teachers must not be lcmked upDn as classrc:t}m authorjtjes if inquiry
learnlng is to be sut;c;e;s,ful ’ : BT : - :

, UItlmﬂtElY; the sczentlst is c::mfrente«i w;th the necessﬂ:y for des;grung

Can. cnperatlan which will permit him to attenipi-‘a logical solution to a’ prob- - .

Iem. Th:s k;nd nf opergtmn ‘has appropriately been called’ an-experiment.
ation is fundamantal to the success of the scccndary'

3 * ' [ “students ‘must have experience in deszgnlng expermlentss-; S
1 s : “cGak—baak” labt)ratary apprcaf;h will not suffice for this ex-: - -




8 T'he Improvement of Science I,iistr’uezi@n tn Oklahorma

Teacher: “Is there some way you can determine whether heat or light will
accelerate the growth rate?”’

-In the ensuing discussion, the class decides that this problem can be
solved through experimentation. Each student is to collect some larvae and
to design and conduct an experiment in an attempt to answer the question.

A week later the teacher opens the dlSGUSSlOn based on the student de-
signed experiments.

Teacher: “What did you determine? Will heai or light accelerate growth
rate in the June bug larvae?”

Jill: “Yes.”
Teacher: “Jill, will you tell us hgw you determined this?”
Jill: “I placed all my larvae in a jar and placed them close to the hot

water tank’s burner. Also, I suspended a light bulb over the jar.
Each larvae was measured each day for the seven days. All larvae
increased in size.’

‘Carl: - “I don’t believe Jill’s experiment is very ga@ds She doesn’t have
a control.” _ _ _ _

Teacher: “Carl, will you tell us how you designed your experiment?”’

Carl: el placed some larvae in a jar, put a lid on it and placed it on
my. desk at home. In another jar which I painted black, larvae
were placed and a lid was put on it. This jar was placea close to
.the burner on the hot water tank. Larvae were placed in another
jar which was not painted. This jar was lighted- at all times but
not heated. Another jar with larvae wasn’t painted black hut was
placed clclse to the burner of the hot ‘water tank.” :

LA reccnrd “was-kept of the: da]]y grgwth As the result of. my

experlment I believe heat causes the larvae to grow faster; but

- light &uin t 1nf1uence the é‘rowth rai:e. I used two ccntI‘Dls to assure
“accuracy.” : S : : :

"T'hé"'experimental deslgn Qf Cari’s is rnuch superlcr to JIIFS desagn
: ,JlIl’s conclusion was based -on too -many uncontrolled -variables. In' contrast,
-Carl designed ‘into his experiment a’ control which was the  jar. placed on

his desk - arui Ieft. untouched. - The- larvae in this jar represented the fnc:rmal -

_:grgwth rate.
f,t;me, wh’ h.

Likewise,  Carl .constructed, the: variable “situations, ..
: po: fluence the outcome of the experiment. Thus
nt will have “a". ¢ontrol. anc

varlahles wﬂl }33
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An Overview of Science Taught as Process 9

stated simply what he had seen or understood relative to the insects collected.
It is not necessary that a series of observations be related. Observation is a
means to gather data.
Inference — Jill based her belief that two of her insects could bite on her
observation of the mouth parts of these insects. This was an inference. In-
ferences are made through logical reasoning based on observations or ex-
. periences. -
Classification — Each student had collected a number of insects. However,
until a collection is ordered, it is of little value to the collector. It is signi-
ficant that the teacher gave no predetermined basis for the student classi-
fications. Classified; abs&rvatlgns are ordered observations. ,

Data Inzgrpretauan — Data can be loglcally interpretated” cpnly after they :
- have been .ordered. In the pre ceding activity, the data were meaningless until i
- the students ordered them in a histogram. Dnly then could the data ‘y;elcz the 1
- dimensions of the typical June bug.

anc:eptual Invention — Inqulry-centered science teachlng differs from the
conventivnal approach in the manner by which a student is confronted with
a new concept. In inquiry learning, the student is involved in activities de-
signed to provide experiences normal to the’ develnpment of 'a specific ;
acience C()ncept. Of course, these activities are based on science processes. :
It is only after these miitial activities have provided a strictural compre-
hension for the ant‘;uptual relationships that the concept is isolated and
identified by the teacher; in essence, this is ‘the conceptual invention; an
illustration will be helpful. Suppﬁsg a student has had many experiences
~relating to the concept . of .photosynthesis. However, all these combined ex-
periences will never allow the student to say, “Ah, this is photosynthesis.”
The teacher has to do this. This. is the actual invention of the . cﬂncept which. .
was developed through. a’ series of experiences.

. Contrasted - to this is. the ‘conventional dPPIQSGh where the concept is

- first defined and then, maybe, an activity is provided in suppart of this de-
- finition in_an attempt Lo develop comprehension, The dl{fEIEDEE is quite dls- ;
‘it]ﬁgﬂishable ‘as lllustrated hy the following:.. .~ = = B R N

leads to . leads to . :
Eg S 2 Cnmprehen51ﬂn Ac;tJVItyﬁ;f__S}(:Qn-_

£ At e, Ui i

: 7 < Irzgzurgr Learnzng‘ F&rmﬂt
-~ ~ceptual I!’SVEEI‘]I:IDI‘I AR

Al

leads té

'»Canve' 'Hr_}tuzl Lea rung Format

Full Tt Provided by ERIC.
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i The teacher permitted the students to develop the direction of the class
prﬂceedlnﬂrs‘ In essence, the student activities were student deagned with key
moves by the teacher. These key moves consisted of questions and (lESlgns
which sustained the emphasis on process and still kept the integrity of
‘science within the framework of the activity.

] A question often asked is, “How are inguiry situations developed in the
s quest quiry P

classroom?” The following discussion will provide assistance in answering
that quesuan.

TEACHING METHODS IN THE CLASSRDDM?

There are two roles in any classroom — the teacher and the learner.
In an inquiry-centered classroom each of these roles must have an active
participant because the actions of one will be greatly influenced by the
actions of the other. In the d]SEuSﬁ]DH which follows the assumptlon is made
that lsarniers are free to inveastigate. : : :

IﬁQUIRf—EENTERED TEACHING AND LEARNING RESPDNSIBILITIES

; TEACHER — ’ LEARNER :
» 1. If the learners do not have a 1. The learner does the investi-
: : ‘topic to investigate, the first re- - gation; in other words he de-
sponsibility of the teacher is . signs the procedures necessary
? to prc:wxde: a toplc to 1nvest1gate- ' for the . investigation and col-
S L e O e e Tects lnformatien. :
"2, "The 'téé_cher'”"ésks the learnals T 20 The" yﬁﬁné inveétiﬁétni—s de-
N - " for the information collected =~ = scribe what has been found.
- < ‘ frcim the 1nvest1gatlﬂn- : :
- 3. :Thls taac:hgr responabﬂﬁy can-; ... 3. The learner searches the in-
' not 'be ‘stressed too strongly: . - formation for some type of a
the teacher accepits- the findings - . .. paitern ‘and, usually under the
o which the learner: deséribes: In .. . guidance ﬁf the teacher, finds
-.-addition, the teacher urges the - - a pattern.. Do not expect ‘all the

: learner - to:search: for a.pattern. - .
it he lh_ft;nrmatlnn ‘collected.
VUsualIy ‘the. Iearners w:ll need

- learners to find the. same pat-
“ternsi if several 1nterpretatlnns '
: af the information -are *made,
- nterp etatlcms -are

eT._i5. NoOwW. led t{z ge—
hze frc:m the 1nter;:1retatlg*1'

'posatlon o f;jrm a‘new: ccnc&pt;i N
hlmself_—far ‘the -teacher. can .-
invent - the cﬂnc:ept' that o



An QOuverview of S

invent! an new concept.

Science Taught as Process

1

1

invention, however, must be
based upon the information
‘collected.

ahcut the relancmshlp Qf the
new concept just formed to con-
cepts which were based upon
previous investigations. The in-

) qulryfcentersd teacher will raise

the questions and allow the
learners to discover such rela-
tionships by exchanging idess,
not by telling them what that
IEIatlQIlShlp (if any) is. These
questions should always be
asked and not only when a re-
lationship exists.

o

,Qp]ng the
‘led to the invention c:i; the con-

The learners are now, by using
the process of inquiry, accom-
plishing something that every.
teacher wants his studenis to
accomplish, i.e., they are broaci-
ening their understanding of «
scientific principle. This broad-
ened understanding, however, is
possible because the learners .
have been involved in devel-
information which

cept. They are not “‘broaden-
ing” their understanding by
simply being told that this new
concept applies in many dif-

-ferent situations.

F or a tear:her who truly believes
in “inquiry - and who also be-
lieves that any new idea must
be subjected to the arena of
disproof, this phase of inquiry

teaching - is the most stimula-

ting and pedagogically worth-

- while. The teacher raises ques—

tions -about value, meaning

 which has.been developed. The

- - teacher . must  keep - firmly _in

mind that he must- accept - the

- and /or validity of the concept -

-pro and con student - arguments S

relative to the concept’s value,

meanlng and/’ur valldlty,

The learners now must defend
not only the concept which has

‘been developed but also their.

procedures and thinking pro-
cesses. which .were used in" ar-
riving at the concept. They are

having to apply the inquiry
process to the results of an in-
quiry process. As understanding

of an idea deepens through in-

- . quiry, oneis truly learning how
- .to learn as he clinically inspects
" and evaluates the results of his
- own thinking. The learners are:
now in the position of suggest- . . -
ing_ other investigations which"
will either confirm-or deny the

exactness of the concept. 1f they

- “are_in’ need ' of -assistance, “the
- teacher has one adﬂltlgnal Te-
ispan51b1hty- B

{AFulToxt Provided by ERI
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MATHEMATICS, Just as the hammer is a basic tool for the
ESSENTIAL TO A carpenter, mathematics is a necessary and vi-
SCIENCE PRGGRAM tal tool used by the scientist. One would not

expect the carpenter’s work to progress far
without the aid of the hammer. Likewise, scientific activity would be severly
restricted without the aid of mathematics. At best, scientific observations
could only be of a qualitative nature. The atilization of mathematics permits
the ;nvestzgatﬂr to quantitate his observations.

The secondary science curriculum must refiect this mathematical em-
phasls if the course structure is to parallel the work of the scientist. Far too
often, the secondary science program suffers when mathematics is ‘omitted.

‘This has resulted in descrlptlve science courses. There is no reason why the

artificial boundaries can’t be removed so that secundaxy science and sec-
ondary mathematies can be fused ]‘)y the learner. A science program can only
be valid in its processes if it is supported by an adequate usage of mathe-
matics.

RELATIONSHIP OF THE An inquiry-oriented science curriculum is

SCIENTIFIC PROCESS TO based on the development of the processes of
SCIENTIFIC PRODUCTS  science. The processes are those things which
' ) ' - 'the scientist does in attempting to solve prob-
lems and these successes lead to the development of our understanding of
tjatural phenamena. : , ,

In contrast, a science curriculum emphasizing the scientific product is

- concerned only ‘with attaining the knowledge which is known about natural
-phenomena. At the secondary level, this emphasis has resulted in curricula

being: centered in knowledg&-fﬂled texthcaks, sometimes accompanied by a
laboratory consisting of ““cook-book™ attempts at_process. These types of cur- .
ricula should not actually be referred to as “science” since the pedagogical

~method employed with it is basically readlng. There is no actual involve-
‘ment of the learner in the kind of activity -which the scientist experienced in

developing -the. knewledge of . science. - These - traditional - approaches must

- change ‘if the spirit of science 15 to -be captured in ‘the teach;ng and leai‘rnng
‘of this CIISC‘IPllilE‘.V T - L :

The pro Jucts . af SEJEHGE can be used in the prucess-centerad approach ]
11:1‘11313 facﬁqal content of science will serve as the vehicle for
In this manner, the- prﬁducts beccma the means to

-One of, the mast frequent questlnns asked- hy' o
ducatcirs relatlve to process. apprnach is
“is .*Since the process -
caching,  it.is logical  that
'Qlutu)n to! the prablem af

wil valuate progresg tﬂward them.l There
1. evaluation ;- ‘Dr.:-John W-_ Renner, BicE a’nﬂ
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EVALUATION WITHOUT TESTS:=2
Planning Ways to Evaluate Progress

The Nineteenth-Century German chemist Justus von Liebig de-
scribed the keginning of a new field of science as *“. . . nothing
more than a series of observations and experiments which had no
obvious connection with one another.”

Prgfessar von Laelng was also describing how science expands, :
progresses, and forces man to use and develop his intellectual ca-
pabilities. Ile was clearly stating that two of the activities which
comprise science are observing and experimenting. In addition to
these, messurement, data interpretation, and prediction are also part
of the fabric of science.

These five basic activities of science are all behavior oriented.
If, then, a learner is provided experiences with these five activities
: and is evaluated in terms of how well he functions with them,
4 : teachers will have clearly demonstrated that their primary objective
~ ~ in teaching science is changing the learner’s behavior. Behavioral
chanﬁe is a prlmary purpfjse of all educatlﬂnal Expenence.

Let’s Agree
How does one evaluate how well a student has learned to ob-
serve, measure, ‘experiment, interpret, and predict? Before answer-

 ing that question, there are three points about teaching, learning,
and evaluatlng which must be agreed- upnrl. "They are:-

1. Teaching is ‘not teilzng E};c:lusnze ‘use of the Iecture repre- _
sents ineffective teaching. - ~ :

2. ‘Memorization'is not learning. Asklng sl:udents to memﬁrlze
mater rial is Prohably not develaplng ‘their ablllty to 1earn-1. oo

: -3, Be‘. ng-able to repeat is not evzdence of undgrstandzng Re-
'call test items prabably— measure: very Ilttle behavioral change. ;_'

: Slnce “tell’em-show’em-ask’em”’ prq::cedures do not ‘make use

Cif the five basic- E!EthltlES of - science in teach;ng, such procedures
~will not: ‘allnw you to determine. if the" activities have changed the

: >learner s havupr- Therefﬁre “what= fallaws assumes’ that sclence =

ERI
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“vations and™ lnterp;etal;u:rns r_xf ‘other _e
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or on the work of others have been carefully made. Recording the
results of an sxperiment (and not what the learner thought the re-
sults should be) is evidence of careful observation. Direct experi-
ences in observing must be provided the learner, but the teacher

must evaluate irdirectly if t}lB student has learned how to Ghserve
The same situation exists with the cher four basic acnvules-

“What is beu]g evaluated in axperlmentatlcn is whether or not

‘a learner is willing to put together all the information he has and

take a step into' the uzlknown. How do you evaluate this type of
behavioral change? A paper and pencil test, essay or objective, will
not do it because there the learner need only talk about experi-
mentation; he need not demonstrate his willingness to behave in
a specific mapner. What the learner does when meeting an experi-

‘ment determines lf the :3Xpeneﬂces Pravnﬂed have changed his be-

hav;nr.

Spgg!fu: Cj;-nterla o

The fDllBWlng flVE questlcns can be used as. criteria to de-
termine if the five acnvﬁ;eg of science have chanued student ]:ne-
ha iﬂr. : .

1. Does the student siate t;hé‘ prablem being znvestlgzzt;ed clear-
‘experiment for 11:3"’ -

from his - statement of the: problem, ke -has made careful obser-

‘ ”'grlrmenl;s “or lllfi;lln:’iatltbn o

3
3
]
3
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In addition to being evidence of a true behavior change, an
affirmative answer here is evidence that the learner has internalized
the meaning of prediction. He has evidenced faith in his findings
by being willing to base future actions upon them.

Practical Suggestions

How do you use the foregoing criteria? How much of a stu-
dent’s grade should be based on them? These questions deserve
practical answers.

You need to keep records, so prepare a sheet (use the ditio
machine) for each student which lists the five questions, and put
the sheets together in a. looseleaf notebook. Record evidences on
‘ each student as they occur. Some weeks you may have several items
! to enter, other weeks nething will appear. Remember you are look-
ing for evidences of true behavioral change or lack of it.

Is this procedure subjective? Certainly. So are other evalu-
ation procedures. Any pencil-and-paper test is based on the teach-
er’s subjective opinion on which questions to ask. In this new sit-
uation you must rely on your day-by-day experiences with students
for information on which to make judgments. = ) : o

Does this procedure require additional work? Probably. But
keeping the records suggested is simply keeping an expanded grade-
book. When the time to prepare the final grades arrives, the in-
formation you have on each student will makec: the effort worth-
_ while.. ‘ 7 : )

: How much weight should your records on behavioral progress
" have in computing the student’s final grade? Ideally, this infor-
‘mation should determine that grade. However, in most communities,

to use fact-centered examinations and teacliers to use numbers (not
logic) in determining. final grades. ' :

, ~ be applied during investigations. Since the laboratory is nmormally
eI . an integral part.of science, fifty per cent of the final grade coming

©... ° . nificant portion of their grades. .
Le i In Sumimary

" The evaluation of student progress in science can be done in

_of evaluation, the teacher must be sure of his purpose at the: be-
- ginning of the year and select.that content and: those teaching pro-

hose -pu

used as the basis for student evaluation. -

the public is not ready for such a move — parents expect schools

You will note that thé five evaluative criteria suggested must

- from the five criteria séems reasonable. Be sure to ‘inform, the stu-
‘dents of the criteria ‘you are going to use in determining this sig-

many ways besides paper-and-pencil-tests.- To-utilize cother methods

. cedures .which will _allow: the :learners:to work toward the achieve- = .
“-ment . of  those “purposes.:-The five basic -activities - of “science have . ..
been suggested - as constituting behavioral - ebjectives that can  be

15
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As you teach toward changing student behavior through the
activities of science, you will nced to examine your teaching ap-
proach.

The following questions are referred to as checkpoints by the author.

Do you listen to students?

Listen to what students have to say about an investigation or
problem and utilize their contributions in carrying forward the
classroom activities. This does more than establish rapport; it tells
the students that they, as well as you, have a responsibility in
carrying out the learning activities. A teacher who listens tells the
learners that what they have to say is a valuable part of the in-
vestigation being conducted. Be a good listener.

Do you accept the results which the students get in an in-
vestigation?

Too many times teachers will accept only experimental results
that constitute the “right’’> answers. When a learner has honestly
done an experiment. you have the responsibility to accept his re-
sults.

What do you do if the results are unacceptable to science?
Suggest other investigations which represent different ways of
solving the same problem. The second investigation will probably
produce results contradictory. to the first. Now the student must
decide which set of results to accept, and ire will see that one of
the investigations (perhaps both) must be done again. If you re-
ject his first set of results, he will put his future investigative
efforts into guessing what results you will accept. Be an acceptor.

Do you ask questions which focus the student’s aitention on
specific points in the investigation?

- Ask many questions to find out what the students are thinking;

few of the “can-you-guess-what-I’m-thinking” type. When the

iearner gives you an honest reply, accepi ii; and if that response is

one which could lead him astray, ask him another question which

will demand and/or allow him to refocus his attention. Ask gues-
Are you a guide for students during an investigation?

_Ask questions, provide cues to those frustrated and/or on

" dead center; recommend - other investigations to perform, suggest

mw U

alternate ways of thinking about a problem, challenge results, and
~ provide materials needed:. Be a guide, but do not lead by the hand.

. For a year’s work, are you more concerned with the i{yg& and

quality of investigations™ than with the nuniber completed?

.+ The “we-must-finish-the-book” attitude has no place in a class-

. room which is concerned with changing student behavior through

“utilizing. the. five basic experiences of science (sic; observation,
- experimentation, measurements, dais interpretation, and prediction.

23
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: CHAPTER III
RECOMMENDED SCIENCE PROGRAM GRADES 7-12

) “Seijence is a basic and important aspect of man’s intellectual endeavor.
It is also the basis underlying our technology as well as our increasingly
frequent biological manipulations. Tducation in science cannot, therfore, be
apart from the social and cultural turbulences which seem certain to be the
characieristics of the next few decades. Accomodations with these forces and
the continuing self-development of science programs will demand new de-
signs for progress in science education.”?

.~ We, the science teachers of Oklahoma, have indicated our acceptance
of the philosophy of inquiry in both the K-6 science curriculum guide and
in the suggestions received for this guide. It would seem reasonable thait any

science program for grades 7-12 would seek to make use of the gxpeﬁenq&;"x

skills, and knowledge gained by the students in grades K-6. The purposz of
the grades 7-12 science program should then be to continue the development
and refinement of the rational powers and the continued devsiopment of
scientifiec literacy. ,

During the period of elementary school learning, the student has de-
veloped the concept of the ““verb” nature of science, inquiry. e should have
been exposed thoroughly to the interrelatedness of all branches of science.
Secondary school ‘is not a place to destroy ihis concept concerning the com-
mon elements by reverting to our contrived system of compartmentalization
of subject matter. Scientific inquiry is the heart of biology, chemistry and
physics in the same way that matter and energy are thz underlying theme

of all three.

Although schools will offer courses in biology, chemistry and physies,
we, the teachers, see our role as something more than describing these
branches of science to the student. We will constantly strive to accomplish
these two goals: 7 , , '

1. To cause the student to experience science as a practitioner

of the discipline. s

2. To constantly stress the common threads (concepts) which

iink all science. : , , '

THE NATURE . The learner entering grade seven is probably
OF THE LEARNER “between. eleven and ome-half and thirteen
o ' - L " ‘years_ old. This age range is significant in

that it represents a period of transition from one stage of intelletual develop-

“ment to another. Piaget indicates that during this time the learner is pro-

gressing from what he calls. the concrete _operational stage of intellectual
development to that which he calls the formal operational stage.® =~ = =
‘The concrete operational stage of development is, as the name implies,

‘characterized by the: childs’ tendency to reason . in the realm of the concrete. .

His thoughts are, to a very large degree, controlled by his actual experiences
with the physical objects in his environment. : - '

1 ‘Natioaal Science Teachers Assocdiation) Designs E’afoéégress In Science 'Eéuﬁaﬁén,

'VWashingtan, D.C., 1969, Introduction, p. XI

— 2 Phillips, John L. The Origins of Intellect: Piaget’s Theory, (W. H. Freeman and
Company, San . Francisco, 1962). ) E : ) : ' S ) )
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_The formal operational child, on the other hand, is developing the
ability to desl in thoughts and concepts that are in the reslm of the abstract.
He is not tozally limited by his experiences and environment but can create a
mental world of ideas to complement his environmental world of phenomena.

These stages can probably be best understood by sharing an example
from a book by Inhelder and Piaget.® The experiment makes use of a bil-
liard table type device. (See illustration) Balls are propelled from a spring
loaded tubular “gun® that can be pivoted around a fixed point. The ball re-
bounds from a wall into the interior of the table where a movable target is
located. Sukjects are asked to try to hit the target with the ball and after-

wards asked to report their observations.

——————— — —
257

o

The child to about age six has a distorted concept of the trajectory of
the ball. “He succeeds occasicnally but describes the trajectories with his
finger only in the form of curves not touching the walls of the apparatus;
he considers only the goal as if there were no rebounds.”+

_ As older subjects are used they will begin to see the trajectory of the
ball as two straight lines with a rebound joining them but are still, even at
age 9-12, unable to develop the concept of equal angles. “Thus we see that

. the subjects succeed in isolating all the elements needed to discover the law
-~ of the equality of the angles of incidence and reflection, and vet thsy can
neither construct the law e fortiori nor formulate it verbally. They proceed

with simple conecrete operations of serial ordering and correspondences be-

. -tween the inclinations of two trajectory . segments (before and after the re-
"bound); but they do not look for the reasons for the telationships they have

discovered. And they do not consider the segmeénts except from the standpoint

- of the directions taken; thus the idea of dividing the total angle made up of

the two segments into two equal angles  (incidence and reflection) fails to

. occur ‘to them.”s |

'3 Inhélder, Barbel and Piaget, Jean. The Growth of Logical Thinking from Childhaod

" to ‘Adoléscencs, Basic - Books, Ine.,, Publishers, 1958.

© .4 Ibid.,, pp. 5-6.
© 5. Ebid., p. 8 .
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An older child, in the formal operational stage, can take the observed
paths and from these observations formulate the law of reflection even taking
into consideration imperfections in the ball or reflecting surface. The learner
at this stage of development can take the observations and transform them

into a satisfactory mental generahgatlnn‘

As has been sziated earlier, in this glnde the transition from concrete to
formal operations is not spontaneous. It is caused and must be nurtured.
Certain experiences may even cause acceleration of this transition.

Since some evidence% has been gathered, in Oklahoma, to indicate that
the development of formal operations may occur scmewhat laier than age
13, we, the science teachers of Oklahoma strongly recommend that durlng
grades 7- 9, the child receive inquiry expericnces which will aid in his transi-
tion from concrete to formal operations. We also recommend, since many
learners in grades 10-12 are formal operational, that these students receive
those inquiry experiences which will refine their rational powers. and further
develop their ability to deal with ideas in the abstract framework.

Since science, as much as any body of subject matter, provides such

a vask reservoir of materials with which to develop the rational powers we

further recommend that every child in the public schools of Oklahoma ex-
perience programs of inquiry in science in each of the grades 7 through 12.

RECOMMENDED "The recommended science curricula for the

SCIENCE CURRICULUM secondary schools of Oklahoma are given in
figure 1. It should be noted that the programs

listed represent, what we fegl are good Examples of inquiry science. Other
good programs are available "and shol_ld be cons;dered within the scope of
these recommendations. = : o

The programs’ recémrnended for Example I and Example II, represent
the programs which will ap;‘-ly to the majority of students. Example 1 re-

_presents programs with an annual division along subject matter lines while

Example I represents an Inter515c1piinary or integrated program. The local
school. systems choice of Example I or Example 1T would be determined by
the backgraund of the teachers avallablﬁ»‘, the space and equipment provided,
the total phll«msaphy of. the system and the ‘needs and desires of the students.

"Example III programs represeni inguiry. science for that portion of the

‘ stucjents who have had limited success and for’ expgrlerlce.s';u science. . VEltl-
“cal mobility ‘is indgcated in .the. recommendanans in that the Example-

and /or.  Example II programs fr_ir grades 7=9 may beeome I:hg Example IIIr'
pragram for grades 10-12. - -
.'No speciﬂc grade level reccﬁﬁmendatlgns have been made fc-r the pro-

‘grams at grades . 10-12. We feel that the grade at which these courses. are

offered - will ‘depend -upon the mathematical level and degree of level of

‘' scientific literacy that eacli student has. One g:t:cu%) of . students might be
" ‘ready, for example, for chemistry at grade 10 _whi
- :!‘lnt be,ﬂ f

e another group might
from: chemlstry until gracie 12. These deelslans can only’ be made.

‘Friot,” University High. School, “College of Edu-
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7 should bring tears to the eyes of the modern

“the blanks are filled in and
- The student sees the laboratory not. as ‘a place t
© ups.”? He never realizes

- of  questions uncovered a
never experiences-the des
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. acceptable:to you? This student-really doesn’t

~wrong with his course or his. students. Budding youn

;,sefasone'dicidx'végéfans?mast{’vrealizé}?'th : is , ,
w avenues of " investigation. .He should.

20 The Improvement of Science Instruction in Oklahoma

we have recommended experiences in inguiry science in each

Since
grade, 7-12, a much broader range of courses has been listed than currently
exists in most secondary schools. We feel that these offerings are essential

in order to meet the needs and future goals for every student in the school

Ssystermn.
THE LABORATORY . IiN
HIGH SCHOOL SCIENCE
Néw York said: _ A
: “It seems to me absolutely

In an article dated July 7, 1962, in the Satur-
day Review of Literature, Dr. Warren Weaver,
Vice President of the Sloan Foundation in

essential that the student do something
more than listen to lectures, look at demonstration experiments,
study a texthook, and recite lessons. All these things are good,
but they are not encugh. In addition the students simply must do
something on their own, with their own minds and with their own
hands. They must have a ‘scientific experience’ even if it is so
simple as swinging a bunch of keys hanging on a string and timing
this pendulum with their pulse.” : K '

Any science course that the student has without the benefit of concur-
rent laboratory experiences is not science but is simply about science.

‘The experiences that the students have in the laboratory should be in-
quiry oriented. They should aid development of the rational powers. The
trend today is toward open-ende! activities. This type activity is not de-
signed to verify but instead to léad the student to new avenues of investi-
gation. The student not only gains understanding of natural -laws, - i. e.,
F—MA, V=—=IR, etc., but sees these natural laws not as final results but
simply bits of data which will lead to further inquiry and further science
competlencies. , ) :

Two statements' made regularly by students in a science laboratory
1 d F 7 science teacher. They are:

1. “I’ve done the lab.”’ o C . '

’ = 2. “Did this do what it was supposed to?”

. The first. statement is usually heard at the end of a laboratory period
and the translation means “I have followed the lab -manual step by step. All
a the percent of error is within the —59% which
you will accept. I would like to turn in my paper now . .. and take a nap.”
which he must do"a prescribed number of ) T
that an investigation can be judged: by the number
s well as by the number answered. This . student
ire to continue:after the last blank is filled in. .

eXercise room in-

“The_second statement  is “often-he

:tdrry' period. Translated it means, have he blank
real : ink -that: a: pendulum bob,
a strip of litmus:paper, or {a'-pigkled:?pétch:»catﬁ'«;Iq;ot!;er—than'{Whatr it is.

‘Either' statement should tell ith
at’ the *“lab’ 'is never done. Any ex-

periment ‘worth' its salt will open -ne

o. explore but rather as an .
“science -push-

heard’ during the last half of the labora- .
“Here is what T have in the blanks. Is itoc o
ly wants to know, before committing himself, if

alert-scienice teachér that something is
g scientists as well as.

T,
N

b o
. W
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know that his instruments may lack precision, hiz measure.nents may be in
error, and his observations biased, but nonetheless he continues. Conclusions
must be completed, but the vehicle of inquiry which carried this experiment,
like ole man river just keeps rolling alcng.

One of the best-examples of the “open-ended’ experiment is one which
has been christened the “black box™ experiment. This particular activity is
excellent for use early in the school year. Each student is given a sealed
box containing some object (pill boxes obtained from the drug store are
exccllent). The studenis are asked to first obliain ss much information as
possible about the object without opening or damaging the box. The students
can shake the box and gain information about the object’s size, hardness,
shape, mass, and possible texture. After a sufficient time, the student is
asked to ““describe and /or name the object in the box.”” No time deadline is
given for this assignment and no student may damage or open the box. This
experiment may last a week or a month or several months, but almost all
students will give a very good description of their object and a very high
percentage of the students will correctly identify.the object. The significance
of this experiment, aside from the use of rational powers, is that all systems
in-science were originally or are still black boxes. A modern example is the
atom; we must describe the atom without “seeing” it. Other examples are:
gravity, magnetism, electricity, and even life. Currently, all of the recom-

mended programs make extensive use of the “open-ended” experiments.

SR S M T, G
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CHAPTER 1V

ORGANIZING A SCIENCE PROGRAM
IN YOUR SCHOCIL.

We, the Secondary School Science Teachers. of Oklahoma, have been
asked to express our views on the organization of a science program. We
feel the following areas should be considered in preparing for such program:

1. IL.eadership responsibilities.

2. Planning for change. - .

3. Role of administrators, classroom teachers, the community,
and outside consultants.

4. Articulation and sequence of sciénc’ program.

5. Adoption of nationally developed science curviculum materials
adapted to local situation.

6. In-service training.

7. Implementation and evaluation

8. Meeting needs of all students in science.

‘9. Facilities, equipment, and supplies for science.
7 10. Time allﬁtment for science teachers to teach and plan.
We alzo believe that in order to initiate a local action program some-

one in the local situation must first recognize that improvement is desirable.
The adm;nlstratar, the classroom teacher or even an interested patron may

o]

Tecognize the need for improvement and seek assistance in assessing an ap-

propriate course of action. Unless this is done, it is entirely possible that
others will fail to see the problems or needs in the same perspective. Once
interest is aroused, and the need. for a local action program is recognized,
there must be develf;)ped an organized plan to assure effective curriculum
change. The formalization of a plan of action requires the combined effort

lurn superv:s s, and apprﬂprlate cansultan'ts- '

. THE ' SR ;In order to faclhtate plannlng, ,we cannot’
'PI.ANNING e - . . over emphasize the need for “one” individual
e RS .. "to . assume the responsibility for providing

ST : leadership in coordinating the organization .
and pla rung of a Iq:n::al “action group to bring about change. We strongly’
omimend ‘the fc-llawn'lg activities-be campleted during the planning phase:

1 “The local situation. must ' he studied to decide what achan should
bertal{en to design an- apprapnate science program.
(a) Appralse tha schools™ ﬁxxstlgg educatlonal phllQSQ,h

Qb_] ectlves and purp(ﬁes

L {(b)f . n ,": schgols existing - ‘science
SR currieunlum. tol 1dent1fy strengths and weaknesses and-to -
TH,"sharply define areas of concern.’

- (e) . Seek out relevant 1nfc}rmat.1cln from ofhers th;) Iiavc had
sunllar problems or- need o :
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(d) Determine the characteristics and needs of the local com-
munity and the trends of the large society in which the
present population will live.

(e) Recognire the cultural, economie, and sociological dif-

ferences. 7
(f) Determine requirements for proposed change, i.e., money,

facilities, personnel, etc.
(g) Develop some type of model or pattern to demonstrate
just how the proposed change will operate. ' '
in science education and curriculom de-

2. Study the current trends
velopments. _
(a) Using laboratory-centered approaches as opposed to the
textbook-centered approach.
(b) Teaching for behavioral change.
(c) Emphasizing the conceptual schewmes and processes of
science rather than the products of science and topic to
topic coverage.: S
(d) Recognizing the teacher as the key to an effective pro-
(e) ~Utilizing materials to meet stated. educational objectives.
(f)  Developing a sequential, well-articulated science pro-
o opposed to - adopting several scierice programs
develcped independently and oriented to a one-grade and
-one-discipline approach.
program for all involved in the science pro-

]
]

|
|
|

3. Provide an in-service
gram. o , :
(a) Education of teachers in the philosophy, rationale, and
' content of current science curriculums. .
(b) Special educaticnal “experiences, usually with consultant,
o in teaching the “inquiry approach.”” ' '
(¢) = Consultant visitation. : =
- (d) . Special training in writing behavioral objectives. and
- evaluation. . . 008 el o o
(e) . Examination. of current materials. - . -
f) Fsmi_liérizaticihf;if.atéét:hérs—withi the use and maintenance
.. of laboratory equipment. . : S
“(g) . Safety in the. science Program.
~(h) - Special: lraining in’ working
... 8roups, and large groups. . . . . : ,
(i) Special: training in  methods of" meeting individuals dif-
RIS fgxences,;:é:id;fpr(_)ifiding’iﬁdividualized, instruction.: :
(j) -.Special training for teachers in ‘preparing evaluative in-
S s -struments” that-evaluate the results of “inquiry teaching™
s Y T T and of facts or memorization.
‘4. As in the elementary school, the formulation of 'a .total action pro-
.- gram is necessary’ to effect science 'c'i,;rriculuij;_ ,c:hrangejin‘théséc@n_

with individuals, small

-and not simple recall

PArunText provided by enic [l
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dary schoel. This plegr.im will be developmental and cyeheal in
nature and will censist of:

{a) design, (b) trial, (c) evaluation, (d) revision,

(e) trial, (f) evaluation, and (g) revision.

In an attempt to assist educators to plan for change, week- Iong training
sessions have been held for representatives from the State Departments of
Education, institutions of higher learning and loeal school systems. The
model, lllustlated below, shows the cungepts prezented at these meetings and
is included in this trulde to aid educators concerned with planning and ef-
fecting eduecational change-

o . o _ R Plan.ing - Implementation
Analysis — aiid < an
Dasign Evaluation
[ il Detarmine
y]  [Mentity w]|  Probiame & -] Tairne - Satutron” »e]| Strateoy J
Froblem : Sat Goals : " | - Strategy Strategy §":§;‘g"a‘

The basic phases of planning from the initial problem identification to
the implementation and evaluation of the selected strategy. Upper: A sim-
pllfied flow-chart of the process. Lower: A more detailed breakdown of

The process illustrated is usually referred to as the system approach to

planning. The system approach is merely one technique of technology to

help insure good planning. This approach is helpful to define, identify, or
isolate prohiems sand will lead to feasible streteglee to br;ng about solutions
to the problems. Notice that both include provision for continuous feedback,

‘or Drder that medifieatlens be made as necessary throughout the process.

It is important that the local action group explore-several alternatives
in order to be better prepsared to make knowledgeable decisions relating to

of the experimental programs listed in this guide, a local group will need
to clarify local objectives concerning science education and select and im-
plement those materials which most nearly meet their: Pparticular leectlves- :

‘the adoption and implementation of their science program. In studying some

“They must decide either to ‘accept:a nationally developed program as it is,

or develop the materials into a sequential arficulated program designed spe-

elfu::ally for the local situation. Progress has been -real and 51gn1f1cant at the .

instructional ‘level in curriculum development. A relationship must be estab-

lished among these effortsg gaps must he uient]fled anq‘] clesed aﬁd frag—
"',»meijfatlen avolded. SR

, A lecal action. greup can help to accemphsb thls by chsldEIIng such
problems as" sequence-and content of courses, grade. placement, program for

.. learner. of varying-levels of" ab;hty, different teaching styles, and relation- -
f’:shlps hetween science- and -other subject areas. As stated earlier, thére is an- -
irlnereaang need to ad}ust"natlenally developed pre]ecte to filI local needs,

1 Davui i .An Ahswer to Educat;enal Dllerﬁma?" - ‘The

'J‘essen “Sy ste
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and to develop a local K-12 science program based on basxc Pri ciples and
‘concepls organized into a sequential, well articulated, format.

. THE ROLE . We, the classroom. teachers more than any-
OF THE one else, realize that we are the key to the
TEACHER success of any program.’ Rea]lzvﬂg this, we

: must continually experiment with new ma-
terial and approaches and desire to do so. We should inndvate and modify
materials to fit our own teachlng situation. We should seek in-service training
sesnions that stress inguiry, concepts, phllasophy and rationale of the new
science prcgrams- and we want to partlbnpa‘tt: in discussion groups with
others engaged in similar experimmentation. :

We must maintain the spirit and approach of inquiry, the splrlt of dis-
covery, and abové all provide for student -involvernent. A commiitment io
developing the student’s ability to inquire will force the teacher to get out
of the way in order to give stndents room to explore ideas. Then, we must
remember that the *‘‘finish-the-book’ attitude has no place in a classroom

concerned with developing a student’s ability to inquire.

We, the classrocom teachers, must create a classroom environment con-
ducive to 1nqu1ry learning. The materials we provide plus our attitude toward
: - the materials is a' central- “force in ‘shaping the classroom environment. Teach-
; _ - &#rs - who accept all honest. rephes and leave the decision to reject an idea or
& - theory to the'students will aid in establishing the proper environment. It will
| 7 be a place where students can express ideas and try them out on each other,
. without fear of failure or embarrassment.

‘As stated earher the teacher must also assume a new role in the lab—
oratory, one of “director of research.” Students are viewed as the primary
investigators, and we, the teachers, are there only to help challenge, . and
oversee, We ‘believe the primary. respgnslblhty of the teacher is to ask lead-
ing guestions that reqijlre students t(! exert thelr own 1n1tlat1ve to selve

problems. : : : : . - , :
THE RQLE OF. THE <. The’ admlnlstrator may be the superlntendent
ADMINISTRATGR . _'the .principal; ‘or: the scienice supervisor, de-

pendlng on the school system. In anycase,

tha adn‘uﬁlstratcr must be the curriculum leader for effective change and
_ :gnus*t ‘accept this responsibility from the start. The prl!]!:lpal must not vacate
his leadership. role with the rationale that he isn’t a science major, but must:
-involve. himself: dunng ‘all the: phases ‘of the action prngrarn for change. A -
- vital-function- of the “adix inistirator is” ‘to” ask “‘searching” quéstions that call’
fq:r reappraisal of the present proﬂram. ‘He: mdy do th]S in- many ways., (1) .
~of the faculty: ‘meeting '
fllms, consultants, and other pr
mot: readily’ accessﬂ;]e elsew eré

,of the latest . Nogth
: facultv dlscussann
lation to what

:
=
-
|
i.
.
B

: ce p jgrams in otherr
_ ge’ att ndance at- -professional .
atlanal by 'prcﬁnding fina al” _355151:3111:3 an& re-
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The science program in a school is largely the reflection of what the
administrator believes, encourages or neglects. To obtain desired goals, the
administrator must ereate and maintain a fa rorable climate for teaching and
learning. The administrator who permits curriculum to be governed by con-
venience or expedlence defeats the ﬁoals of a good currlculum, Pohtzles and
TooImn. A teacher in the classroem may lnncvatef }Jut the ad’rﬂlnlgtl‘ator s Te-
action will limit zhe effectiveness if he opposes change. Administrators may
stimmulate the development of a quality science program by the changes he
makes in scheduling, facilities, evaluation, and other instructional matters.

WE, THE SECONDARY STCHOOL SCIENCE TEACHERS OF OKLA-
HOMA, CANNOT OVER EMPHASIZE THE IMPORTANCE OF ADMIN-
ISTRATORS IN PROVIDING THE PSYCHOLOGICAL, PROFESSIONAL
AND MONETARY SUPFPORT SO NECESSARY IN UPGRADING AND
IMPROVING 4 SCIENCE PROGRAM.

Effective open lines of communication involving teachers, supervisors,
and the public must be established and used by the administrator to insure
a conltinuocus study and revision of the science curriculum.

Balance in the school curriculum must be maintained by the admin-
St rator to ensure that science is not over or under emphasized but forms arn

tegral part of the students total educational experiences.

Above all, the school administrator must play the role of a facilitator,
one who makes it possible for every teacher to achieve the goals for which

the curriculum is designed.

THE ROLE OF THE Science consultants from within and from
SCIENCE CONSULTANT without the school should be contacted to aid

the local action group. Science educators from
the State Department of Education, universities and colleges may be con-
tacted to secure consultive help.* Cansultantsa if they are to be effective, will
work with administrators and teachers in determining means that provide
for school needs as these. needs are 1dt:nt1fled by the local school district and

A consultant does not dictate the approach nor the curriculum, but

works closely with interested professional personnel to develop a program
that is current and above all, meets the need of the local school district.
Consultants may provide services within the framework of conferences, work-

- shops, in-service institutes and classroom visitations, they can pIQVIdE cur=

rent material on science curriculum develﬁpment counsel on. the accuracy
of curriculum materials, conduct demonstration inquiry teaching, and pre-
sent the latest research findings on lgarnlng and evaluation, etc. The con-
sultant’s role is thal; of a cu=work¢ar in curriculum pjannlng and in-service

education.

ansultant service,
of time in order to provide for follﬁw~up and
sions on prcblems that develop.

~ # Names and addresses of consultants available in the atate may be obtained hy writing
or calling Dr. CQlifford Wright, Director of Cirriculum Division, State Department of Edu-
cation, Oklahoma City, Oklahoma 73105, lelu_phgng 521-3341.

34

to be of value, must be available over a long per;od
rov1de for adequate discus-
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THE , , New materials should be used experimentally

IMPLEMENTATICN on a limited L.sis, to provide an opportunity

PHASE tc iry a variety of materials and approaches
in situations where they will be used. This

will assist detection of any “bugs” in the program, and give teachers an
active part in the selection of techniques and procedvres to be retained.
 An adequate science rocom should provide for the learning areas which
will accommodate each of the different types of learning activilies ihe
selected program requires. Each area should contain the equipment, sup-
plies, and facilities necessary to support the science program. The objectives
of the program should be used to formulate the learning activities, which in
turn will serve to define the science facilities essential to the realization of
the objectives. The construction of adequate science facilities and the intelli-
gent purchase of material and laboratory apparatus are dependent upon
clearly conceived and clearly stated objectives. '
portance of science to the total curriculum and its re-
ubjects, should be considered at all stages of planning
and implementation. Many subject disciplines are inextricably related to
science in actual practice, but have been arbitrarily separated in the school
curriculum. The many relationships that do exist should be explored and
strengthened so that students will be familiar with the relationship of science

to other aspects of life.

The relative im
lationship to other s

Follow-up has its value in establishing lines

FOLLOW-UP,
EVALUATION of communication between teacher, admin-
AND istrator, and consultants. The sharing of ex-
REVISIOIN perience and the interchange of ideas encour-
ages and gives the teacher a feeling of secur-

ity in working with the new material and the inquiry method of teaching.
Evaluation is continuous. It must begin with the initial phase of the
program. Individual student achievement, implementation of the science
program within the school, and the effectiveness of the program on a system-
wide basis are three major levels to be considered in evaluation. The criteria
for evaluation should be based on the objectives of the science curriculum.
Emphasis for evaluation should be placed on_ (1) conceptual learning,
(2) behavioral change, (3) ability to sée interrelationships and (4) ability
to apply knowledge to new situztions. This type of evaluation is more
difficult than objective testing of factual recall; nevertheless, teachers
must continually strive to develop instruments that evaluate the previous
four points. Objectives stated as behavioral patterns. (1) emphasize that
teaching should lead to desirable changes in the learners behavior in social
and scientific skills, (2) provide guides as to what the behavior should be,
and (3) give a basis for evaluating the effectiveness of the teaching and
Magers book Preparing Instructional Objectives,

for further information on this subject.) -

continuous. Evaluative feedback is used to help in the
in the selection of science materials current and per-

of the science program.

Revision must be
teaching methods and
tinent to the objective
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NATIONAL SCIENCE The following excerpts are reproduced from
CURRICULUM THEORY INTO ACTION .. . IN SCIENCE
ORIENTATION CURRICULUM DEVELOPMENT, National

3 Science Teachers Association, Washington,
D.C., 1964.

“The National Science Teachers Association takes the position that to

be fully adequate the sciiool science program:

1. Must start as early as kindergarten or first grade;

2. Must be articulated from one level to the next through grade twelve
or higher.

3. Must encompass a full range of the contemporary knowledge and
ideas which scientists employ;

4. Must result in understanding the nature of the scientific enterprise
through direct student involvement in the processes of scientific
inguiry;

3. Must involve the best that is known about child growth and develop-
ment and the psychology of learning; and

6. Must be supported by first-rate staff, facilities, and instructional ma-
terials. o

. “With regard to evaluation . . . This process should be closely tied to
the stated objectives of a given curriculum . . . where the evaluation of a
given set of goals turns out to be difficult, this should not be taken as
indicating a weakness in the goals, but rather as a weakness in our know-
ledge of evaluation . . . No single program can or should be designed for
use in all or even a majority of the school districts of the nation. Multiple
efforts in curricului~ development should be encouraged which involves
creative and diverse approaches.”
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CHAPTER V
RECOMMENDATIONS
CONCERNING THE PREPARATION OF SECONDARY

SCIENCE TEACHERS

We feel there is a definite need for college and university teachers to
a critical look at the instructional procedures within their courses as

take ]
If secondary teachers are

well as the total course organization and content.

to be expected to teach science by the method of inquiry with any real under-

standing, they must experience inquiry in the science courses they take in
their professional science training in college; it is impossible to accomplish
this point of view in a methods course alone.

_The processes of scientific inquiry are of the same order of importance
as the conceptual information desired. Ability to use inquiry can only be
developed by experiencing satisfaction with it. This process includes: in-
vestigating, observing and reporting resulls of investigations, isolating and
testing variables, stating hypotheses, designing and conducting investigations,
using various measuring devices, classifying materials, organizing and inter-
preting data, and making generalizations.

The education of secondary science teachers must be viewed as a con-
tinuous process — both pre-service and in-service. The preparation needed,
in most instances, differs in both scope and emphasis from that typicaliy
available in most introductory college courses.

The scope must be much broader with emphasis on the underlying con-
cepts, scientific principles, and the nature of scientific inguiry. The elements
must be obtained by providing:

i 1. Learning experiences which lead to increased understandi

! ledge, and skills in science and mathematics.

i 2. Qp]})agrtunities to increase understanding of science and mathematics

problem solving, critical thinking, and methods of inquiry.

3. Learning experiences which lexad to understanding the relationships
between branches of science and mathematics and between these
areas and other branches of learning.

4. Opportunity for the study of the historical development and philo-
sophy of science.

ng, know-

of the expansion of knowledge and

5. Awareness and appreciation
: changing emphasis in science and mathematics.
' 6. Awareness on contemporary scientific developments.
7. Experiences of many kinds, in working with children, especially

laboratory and field experiences, which illustrate the methods of
science. ' -

Science courses pursued by the secondary teacher in college must be
organized and taught using the philosophy of inquiry with emphasis on: the
nature of evidence, the process of measurement and instrumentation, the in-
terrelationship of all areas of science and mathematics, and the ability to
understand abstract relationships. These courses must be taught by pro-
fessors who are interested in and understand the philosophy of inquiry and
who are provided time to plan and prepare for the classroom.

!
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In developing courses for sscondary teachers, consideration should be

given to the notion that they need not be organized according to traditional
disciplines. The inquiry approach to ieaching science is not concerned with
science as a distinct discipline but as a composite unit. The nature of the
science programs advocated in this guide requires that colleges and univer-
sities develop interdisciplinary courses in order to provide the teacher with
the experiences necessary to deal with the philosophy of the courses advo-
cated. This will require ncw courses designed to meet the special needs of
the new curricula. '
7 Separating the various scientific disciplines and to separate the sciences
from their soccial implications is becoming increasingly difficult. There
should be provision for individual and group laboratory experiments. Dem-
onstrations performed by the instructor are not adequate substitutes for
ztudents’ laboratory work; they can and should be utilized for illustrative
techniques and stimulative scientific thought. Opportunities, however, maust
also be provided for students to develop their ability to inquire through de-
signing and conducting their own laboratory investigations.

During the pre-service preparation for secondary teachers, in addition
to the required science course, there should be a laboratory ccurse in ex-
perimental procedures and scientific techniques as they apply in the pre-
sentation of science to the secondary school child. The preparation program
should emphasize the teaching of science processes through inquiry, '

There should be provision for gradual induction into teaching through
a planned sequence of experiences including observation of secondary school
programs in science culminating in a period of full time supervised student
teaching. This entire experience should be accomplished sver a period of
three or four semesters and not just for a few weeks during one semester.
The professional courses specifically designed to develop skill in science
teaching for the secondary schools should include:

1. Systematic consideration of purposes, methods, materials, and evalu-

ation procedures appropriate to the teaching of science.
2. Attention to the identification and development of teaching pro-
cedures appropriate to the abilities of the individual.

3. 5Study of a number of different approaches to teaching science, re-
search in science, and current trends and developments.

4. Provision of opportunities for the development of individual cre-
ativity in conducting experiments, planning other types of learning
activities, developing teaching resources and procedures.

5. Study of the psychological characteristics of learner.

6. Experiences in analysis, study, and development of curricula.

In addition to the pre-serviece preparation program in science for the
secondary teacher, serious thought must be given to the teacher already on
the job who needs help. ' : : : ‘ ,

In-service programs designed to facilitate the implementation of an in-
quiry-centered science program at the local school level must be provided
by the State Department of Education, colleges and universities, and local

administration units. These programs must be so planned that scientists,

science educatrors, supervisors, and others work as a team to help the teachers
understand the nature of the inquivy approach; develop the needed mater-

38
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ials; secure suggestions for program development and implementation: a-
dapt to local needs; and provide procedures for evaluation.

It is recognized that improvement in science instruction in the Okla-
homa schools inevitably requires improvement in the preparation of the
teachers of science. This is the responsibility of the colleges and universities;
however, the teacher education programs in the colléges and universities
are greatly influenced by the certification requirements established and en.
forced by the State Department of Education.

e g T O TP e e

The committee makes the following recommendations:

1. All teachers of courses designated as science courses in the secondary
schools, should have a Natural Science Teaching Certificate. This
would include teachers of 7th and 8th grade science courses.
Before receiving the highest level of professional certification, the
committee recommends that teachers be required to have a master’s
degree with specialization in science.

N
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Inguiry Program Model Lessons

CHAPTER VI

INQUIRY PROGRAM MODEL LESSSONS
~ Inguiry science programs supported by carefully prepared curricula
and materials have received strong acceptance throughout the United States
and some foreign nations. Support for most of the programs is obtained
from government agencies and private organizations interested in the im-
provement of science instruction in the junior and senior high schools.

The National Science Foundation has supported the major part of these

program developmentis.

ETT.

The model lessons contained in this section emphasize inquiry and dis-
covery learning through laboratory investigations. The materials have as a
common goal “doing” science to increase the students awareness and under-
standing of his environment through development of his rational powers. It
is strongly recommended that teachers use these model lessons with their
classes. If a teacher is to implement an inquiry program, he must indeed
discover inquiry himself. For additional information concerning materials
and programs refer to the bibliography.

WANT TO SAVE YOURSELF SOME WORK?
Model Lesson — Junior High School
INTERMEDIATE SCIENCE CURRICULUM STUDY

Introduction

The Intermediate Science Curriculum Study (ISCS) materials are de-
signed for individual study. The student in using the test does an experiment,
answers questions, and under guidance from the teacher asks questions of
the materials. In essence, the student inguires on an individual basis. The
activities are designed so that they build upon one another. The tex:, in one
way, may be compared to a programmed text. Yet, the student requires guid-

ance from the teacher and a discussion of the question asked is necessary.

The student is asked to securec his equipment, provided by the teacher,
work through the exercise at his own rate. The teacher is not to lecture, but
rather move around the classroom giving assistance as needed. The teacher
should make the materials readily available to the student so that he may
proceed at his own rate. : : '

Accompanying the test are “Excursions.” These activities are extensions.

oi the text lesson and the student is enccuraged to do an excursion. whenever

he would like or whenever he feels the need to do so. The teacher may also

. .want to suggest the student do an “Excursion” exercise.

Q

work to under-

ever, the teacher is encouraged to have students extend th
stand the concept of “‘work.” :

excursions, how-
ir

The activity used here does not include one of these
e e

- &f
7

RIS ey
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Student Activity

Do you want to save yourself some work? People save it all the time.
They save work in various ways and use it later in some other place. For
example, when you wind a watch you are doing work that is then saved fo1
you and given back slowly. Similarly, you get back part of the work that

you do climbing a hill. when you ski or slide back down. /
Of course, you can’t get something for nothing. The only way you can
: save work is by storing it. To get work out, someone must put work in.

©® 1-1. List two other things that store work. (Toys often contain ways to
store work.) : !
§ Every car has something that stores work — the bhattery. You can build
your own battery with a few simple materials. After it is built, you can find
out how much work it can store.
k The parts you will need to start are:
' 1 plastic cup about 2 inches in diameter with cover
sheets of lead, each 16 inches long by 1% inches wide
strips of lead, each 3 inches long by 1! inches wide
pieces of cardboard, each 18 inches long by 2 inches wide
large rubber band

Place everything on the table in front of you. Then put the two long
lr:ad sheets on a piece of paper. Because each sheet should be wrinkle free,
smooth them with your hands until they are flat. Set them aside for the
moment. Spread out the two smaller strips of lead, flatten them, too, and
go “head as shown in the activity frames on the following pages.

L MAKING THE TABS

W BOODND DO

Fold one of the small
lead strips down the
middle as shown (steps
1 and 2). Fold the
same strip again, leav-
ing it open (step 3).
This is your tab. Do {
the same thing with the ;
other small strip.

Activity

Activity Frame 1-2 l

Next, place one end of
a long lead sheet a-
gainst the back of a i
tab. Fold the tab down
over the end of the
long lead sheet.

Repeat with the other
_tab and sheet.

ERIC

Aruitoxt provided by Eic:
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m— _ FOLD TAEB

Run yvour pencil along
one tab to smooth it.
Push the lead sheet in-
to the tab as far as you
can. Iold the tab once
more and smooth it a-
gain.

Repeat this with the
other tab and sheet.

Activity Frame 1-4 ]

Place a long lead sheet
on one of the pieces of
cardboard. Be sure the
lead is in the cenfer of
the cardboard. The tab
will be near one end

ing ocut along the side.

Cover the lead with the
second piece of card-

. board to form a lead
: \ CARDEQOARD “sandwich.”
i/ - ) -
: 1
/ i\ ‘P
BE.  SURE LEAD IS IN CENTER . TAB {
- ] ‘; 7 7 7
LEAD l Actlflty Frame 1-6 3 Place the other long
lead sheet on top of

\ .

\

TAE
: ’ T CARDEOARD

the sandwich. Be. sure
the cardboard keeps
the fwo sheets of lead
from touching. Notice
where the tabs are.

Q

ERIC

Aruntoxt provided by Eic
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Activity Frame 1-7

CENTER
TAB ’

TIGHTLY

Roll the sandwich up
into a tight roll. When
you are through, the
roll should be small
enncugh to fit in the
plastic cup. One tab
should stick out from
the center of the roll.
The other tab should
be on the edge.

RUEEBER BAND

lAc:tivi‘Ly Frame 1-8

THIS END UE

Wrap a rubber band
tightly around the roll,
and place it in the
plastic cup. The two
tabs should point up.

Activity Frame l—Q—l

RUBBER
SYRINGE
OR PLASTIC
BOTTLE
DISPENSER

BAND

! roll should be barely

You will find a bottle
of “sodium_ sulfate™
solution on the supply
table. Use some of this
to almost (fill your
cup. Sgueeze out just
enough of the solution
to cover the roll. The
cardboard may soak
up a little liquid. If
it does, add more. The

covered with liquid at
all times. '

y
?
4
y

ERIC

R A v 7ex: Provided by ERIC

Sodium sulfate is dangerous when ,sxvailqweé. It is a good

idea to think of all chemicals as being harmful if not used prop-
. erly. (Lead is poisonous. Babies have died from eating lead paint
on their cribs.) /Never taste eny chermical, and avoid getting them
on yourself. Alweays wipe up spills immediately. Wash yourself
quickly if any chemical spills on you.

v : When you use chemicals,
be neat and keep your work area clean.

[ ——
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Activity Frame 1%l0| Punch two holes in the
EanahihiehtAhalchahthaiaiiehal B cap, one in the center,
— HOLES IN cap CLEAR the other near the

edge. Put the cap on
the cup. The folded
strips should stick out
through the holes in
the cap. Cover the o-
pen part of the outside
hole with clear tape.
You want the top to
be fairly airtight to cut

down evaporation.

 What you have built is a chemical cell or baitery. The next problem is:
“Does your battery work?’ On the supply table you will find testing ma-
terials. Pick up the following items and connect them as shown in Activity

Frame 1-11:

t small light bulk
1 =mocket for bhilb (bulb may be in socket alreadsy)
2 test leads (wires with clips on the ends) cLiPsS

&F I Activity Frame 1-11

CLIF ATTACHED TO
Z0CKET TAB

@ 1-3. List all the reasons you can think of for what you have just ob-
served. (Consider your materials, your methods, your own work.)

‘conclusion.

If you had trouble, several things may be to blame. Let’s try getting

.rid of them one at a time.

® 1-4. How can you use a flashlight battery to test whether or not the test
leads and light bulb work? Describe your method, try it, and write your

LN

Perhaps you didn’t follow directions cérefully while building your bat-

tery. As you can ige, it is very important that you understand what you.read
and that you follow all directions carefully. You will have a lot of freedem

‘ . ' Lol - : )

i
i
b

i
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but freedom ‘neans responsibility, If something you read
confuses you, read it again. If something you make wen't wori, check the
nelp from a

steps you fcllowed in making it. If you are still confused, gel i
classiiate or your teacher. Go on with your werk once you understand what

You are doing.
Your classmates hav
look like Yours, but the batteries
® 1-5 Do you have any evidence that your battery doesn’t work because
of some mistake that only you have made? Why do you think so?
made a mistake that

in this course,

e been bui ding batteries also. Their batteries may
may not be exactly the same.

R,

Of course, in building your b: ftery you may have 1
Remember, though, that the battery you have built is sup-
in jit?

Have you stored anything
somewhere in the room. Notice that
battery, and two wires

no one else made.
Posed to be a storage battery.
You will find a “charging system?™
it contains a “charger” pPlugged into the wall, a car
{the charger harness) .
Fi 1. Be

attached to a piece of wood
Connect your battery to the charger harness as shown in Figure 1. E
careful about overloading the charger. It can cha 1; six batteries
at one time. ready charged your battery, you goofed. You
i Keer .our own pacze.

RED Lrgug

- WARNING:
CLIPS SHOULD
HoT Touci
EACH oTHER

!
g -
P : . — 1 e f =
e - e {
€ surr 6 BATTERIES e ) i
g e e ' Fi'gure 1-',]..::\,{-,-:' _ , : i
Watéhr'rt'heliq’uid in-your baﬁei—y’" as it chuiges,
® 1-6, What do you see happening? (If you don’t see anything, ask your
_teacher for help before you give an answer.) o J
3 : minutes, uithok it. Now

When your battery: 2as charged for about four
test your battery with a light bualb.

e g,

@ 1.7. Does the bulb 'Iighuhis time? - , ,
- If vour answer was ““no,” something is wrong. Find out what it is. Some
‘possibilities are: Ycu built the Dattery incorrectly ; You connected it to the
charger 'incgrr’ectly; Or, you connected it to the bulbh incorrectly, Do not =20

~on until you ecan light a bulh with your battery. - :

. @ 1-8. For how. many ‘seconds can your battery keep the bulb lighted ? :

- ——— seconds, ¢~ 7. - o , E '




ERI!

o e R L A T T S R T

Inguiry Program Model Lessons 39

Your battery will work betler each time you charge and discharge it
When it will keep the bulb burning for at least 60 seconds, you are ready
to go on. If it is not charged encugh, put it back in the charging system
another two minutes and then try again. Keep recharging until you get the
bull to burn for 60 seconds or more.

B+ now you should be getting a feel for how this course will work. The
bogl: will guide you through the things that you will do. For the most part,
vou will work on your own and at whatever speed is best for vou. Your
teacher will help you when you get stuck, but try hard toe solve problems
vourself before asking yvour teacher or classmates for help.

Remember these points when znswering questions:

1) The questions help you see whal is happening.

2) Tt is important to answer ¢sch question as you come to it.

3) Give complete answers. You may need the information later. =

4) You may repeat your activity hefore answering.

53 You may look back at other answers.

6) Anszwer all questions before you go on.

Can you get any work out of your battery? Of course, it lights the bulb,
but you ean also make it lift things. You will need help for the next part.
Find someone near you who is at about the same place in the book as you
are. Work with him or her for the next few minutes. One of you should

|

collect the following equipment from the supply area: -
1 electric motor 2 ‘sinkers
1 motor support 1 pirce of thread about a meter long
1 motor pulley 2 test leads
1 pegboard stand 1 paper clip
~ When you have all the equipment, inclﬁding the battery you made your-
self, you are ready to go ahead with the following activity frames. ‘
Place the pegboard
: LAetivity Frame 1-12 stand so that its solid
\ — — base is flat on the table
< c and nearest you, as
shown in  Aectivity
Frame 1-14. The side
Pl with the holes should
. be upright. Bolt the
= ¢ 4 SECOND HOLE motor support to the
HMOTOR SUPPORT ¢ CORNER clamp the motor in
: place.
Q
lC [ L,
__ _ _ _ e ]




-

T —— s e s,

41

&
)

“ERIC

part.

ou may neced to tape
the end of the thread
Lo the wooden Ppart of
the pulley if it slips.

LActivity Frame 1-14 ) i1 e
' - - —¢ stand to the edge of

SINKERS

SINKERS 3
SHOULD - FLOOR
ALMOST

TOUCH FLOGH s

Connect ihe clip of one
lead to one tab of the
motor. Attach the other
end to a tab on your|
freshly charged bat-
lery. Attach one clip
of the other lead to the
rimaining motor tab.
Touch the icose clip
to the other tab of the

MOTOR. !l . Al
P clip into g haoki T
. s

Activity Frame 1--15 l

/ TEST LEAD
. TERMINALS . )

Repeat the same sieps
with your classmate’s

baiﬁgr}';

o
|
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I WORKS! At least, if you did everything right, your battery and
motor ought to do work. If not, check everything carefully to see what °
wrong. Perhaps one of the connections is not tight, or the battery was no
properly charged.

=l

At the beginning of this chapter, you staited oul to save some work.
Appareatly you have done so.

@® 1- 9. What work did your apparatus (battery and motor)

® 1-10. Where was the work stored?

@® 1-11. Where did the work come from in the first place? .-
@ 1-72. Finally, here is a tough question, partly because it looks easy. We
have talked about doing work and about saving work — but what is work?

It the next chapter, you will do some more work in order to find out
more about work. Many chapters later, we will ask again for a definition of .
At that time, you will need to think about your answer again to :
Question 1-12. Mayhe by then you will have changed your mind. ‘-

The above material came from Probing the Material Woarld, Vol. I, 1968.
Intarmediate Science Curriculum Study, Florida State anars:ty, Tallahassee, Florida.,
Repiinted. by permission, copyright 1968 by Ernest Burkman, Director, Intermediate Science

Study-.
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WHAT IS POLLUTION?
Model Lesson — Junior High School
EDUCATION RESEARCH COUNCIL

The assumption behind the design of this problem is that although
students have had vicarious exposure to the idea that man pollutes his en-
vironment, they do not have a feeling that they are a part of this polluting
populatlon. The student activities are desxgned to provide these kinds of ex-
periences. The goals are not to frighten children by ihkis realization, but
rather to evoke an awareness and respon%lhlhty for the character of their
deeds. Carryine out one or more of the recommended activities and sharing
in the results of other students should result in the student ﬂerﬂonstratlnﬂ'
a nrore cautious attitude when he is asked to evaluate the effectiveness of a
hypeothetical program for controlling nuisance plaints in a city park.

Guidelines for the Problem

In this problem, the student is asked to investigate the efferts of com-
mon household products on living things. These should be products that
eventually find their way into our water supplies. The list provided in the
Student Investigations is only meant as a beginning. Since there is such a
wide array of these produecis, perhaps a short class discussion listing per-
sonal suggestions on the blackboard would be a stimulating way to begin
the problem.

It is assumed that by this stage of the course, the individual, or at least
groups, will be able to perceive at least a skeleton outline of a problem
design. But it is also probable that teacher guidance will be necessary for
working out the details of the investigation. To promote the maximum im-
pact, as many separate investigations should be encouraged as the storage
space of the room will permit. The possibility of conducting sc.me of these
investigations at home should be encouraged wherever the design fits the
facilities that are available there. :

The fcllnmrlng chart, (Suggestion for Investigating the Efiects of House-
hold Products), is repr;nted from the Student Investigations. This chart sug-
gests a variety of possible experimental orgnnisms, sources where they may
be obtained and appropriate areas to study with each organism. In addition,
the chart, Common Household Products, which also is in the student ma- i
terial, suggests some household products whose effects on living things might

L ol o e

be tcstad.
Detergents Window cleaner
Auto Polish Insect poison
Soap Water from septic tank
Water soluble paint . Disinfectants
Fertilizer Tooihpaste
Crab grass Liller - Hair spray
Slug kiiisr . .

. .49
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Common Household Products.

it may not be possible to ensure that each problem investigated is
equally meaningful. There are obvious differences in students’ abilities to
design and carry out investigations. However, by carefully playing your
role as a consultant, you can increase the probability of each student having
a meaningful experience.

When each individual or group has decided on the organism, the pro-
duct and the effect they wish to test, they should be required to explain to
vou their experimental procedure. The following list represents a minimal
group of requirements which should be present in most of these plans:

1. The design should include some way of comparing the experimental

organisms with normal organisms.

2. The gquantity of the material used should be specified. For example,

if a serial dilution technique is suggested, the method for doing this
should be clearly stated.
Where measuring dimensions or rate of activity is required, the
method of messiurement and recording the measurement should be
specified by the student. When the lite history of the organism tb be
used is not well understood by the student, perhaps he should be
asked to do a brief library study of the organism =o that he can
work with it effectively. )

4. If the student is to acquire his organisins from some part of his en-
‘vironment, such as a lake or a pond, you should bhe reasonably
certain it is available. (Frogs are difficult to collect in the winter.)

5. When phenomena such as growth rate require observations over a
period of time, a reasonable estimate of the time required should
be obtained before the student begins the investigation.

P;‘

Materials

There are no lists of materials for these problems. Since such a wide
variety of options is open to students, trying to collect all of the organisms
beforehand might result in a waste of time. The greatest demand will prob-
ably be for a supply of conditioned water. That is, tap water which has been
allowed to sit for several days so that the chlorine will escape. If unpolluted
pond water is available, this might be used for many investigations that
might not be influenced by the presence of some micro-organisms. Since the
organisms with which many children will be working will be relatively un-
known to them, two or three class days at the beginning of the problemm may
be necessary for them to become familiar with their beasts. This time could

also be used for procuring the test pollutants and experimental organisms.

'The following references would be helpful in enabling the students to
do the necessary background work for their experiments: , .
Berrill, Jacqueline. Weonders of the Fields and Ponds at Night. Dodd Mead

. Co}mpany, 432 Park Ave., South, New:.York, N.Y. 10022; 1962. (80 pp.).
Buck, Margaret W. In Woods and Fields. Abingdon Press, 201 8th Ave.,

South, Nashville, Tennessee 37202; 1950, (96 pp., paperbound).

Q
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Buck, Mar§aret W. In Ponds and Streams. Abingdon Press; 1%35. (72 pp.,
paper

Hillcourt, William. Field Book of Nature Activities and Conservation. G. P.
Putnam and Sons: 1961 (432 pp.-),

Hylander, Clarence J. Sea and Shore, The Macmillan Co., 60 Fifth Ave.,
New York, N.Y. 10018; 1950. (242 pp.).

Klots, Elsie B. Fle New Field Book of Fresh Water Life. G. P. Putnam zand
Sons, 200 Madlsorj Avenue, New York, N.Y. 10016;: 1966.

\/Ialkus Alida. Meadows in the Sea. World Puhllshlng Co.. 119 W. 57th St.,
New York, N.Y. 10019; 1960. (71 pp.)-

Needham, P. G. and P. R. Needham. 4 Guide to the Study of Fresh Water
Biology. Holden-Day, San Francisco; 1962.

Pels, Gertrude. The Care of Water Pets. T. Y. Crowell Company, 201 Park
Avenue, New York, N.Y. 10003; 1955.

Reid, G. K. Pond Life. The Golden Press, affiliated Publishers, One West
Sch Street, New York, N,Y. 10018; 1967. (160 pp.)

Selsam, Millicent E. Underwater Zoos. William Morrew and Coempany, Inc.,
425 Park Avenuc, South; New York, N.Y. 10016; 1961.

Checkpoint

In the city parks in Plainville, Ohio, there is a small attractive lake
which supports populations of frogs, turiles and birds, The hills around the
lake have areas which are shaded by trees and also a large amount of grassy
picnic area.

The park is heavily used in the summer as a picnic and recreation area.
The chart, Plainville Park and Lake, shows the relationship of the lake to
the land area in the park.

One of - the most common complaints of the - pecple uslné the park is
that the grassy spots around the lake contain large numbers of broad-leaved

-plants like dandelions and knotweeds. These plants are not as aitractive

. ol
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as grass. They also seem Lo do best where there is bare earth around them.

These kinds of plants make the picnic areas much less desirable.

A survey was made to determine what should be done to improve the
problem caused by these plants. From this survey, any of the following
plans seems possible. Pick one of the three and state your reasons for your
1. Apply a cheap very efficient broad-leaved plant killer that will

destroy all of the undesirable plants in one year. This would allow
the more desirable grasses to fill the spots occupied by the broad-
lecaved plants. This plan would take the least time and best satisfy
the requests of the people using the park. ,

2. Get the large numbers of young people, such as the Boy Scouts and
Girl Scouts, to dig up the plants and plant more grass in the bare
spots. This would be less expensive than the weed killer and allow
young people to participate in a worthwhile activity. This process
would have to be repeated every year or two.

3. Leave the area pretty much as it is. There may be a reason for the
broad-leaved plants among the grasses that is not understood; re-
moving these plants by either method could have effects that would
be more serious than the weeds themselves.

There iz an obvious hierarchy of replies to this checkpoint. Plan 1

should cause the most hesitiation on the part of the students, Plan 2 the next,

and then Plan 3.

A recommendes procedure for using this checkpsint would be to have
each student choose a plan, then wrile a defense for his selection. If a ma-
jorty of the responses show an awareness of the possible effects of a poison
in a park or of widespread but ineffective digging program, then the goals
of the problem have been achieved. ' )

Do large populations of p=ople tend to pollute their water supply?
Does that include you? Are you partly responsible for the “No Swimming®
sign at the lakeside beach? Do you add to the mess that destroys living
things and makes ‘“bad smelling” svater?

7 In this problem you will be able to test these guestions for yourself.
You will be able to test directly the effects of some of the things that you
personally add to your own water supply. Think about some of the common
activities that occur in your house over a period of time, such as, doing the
laundry, washing the car, painling the house (inside or outside), taking a
bath, washing the dishes, showering, biushing your teeth, salting the side-
walks, fertilizing your lawn or garden, killing insects, or even cleaning win-
dows. Most of these activities require water plus some other kind of product
which is eventually put down a sewer. -These materials, in some form or
‘another, end up in a river, in a lake or an ocean. What effect do these com-

‘mon, everyday, household products have on the living things in that lake or
river? You may not be able to answer these questions directly, but you can

get data on a similar one. o o )
" The chart, Common Household Products, shows a list of products that
are commonly used in your community and then flushed down your drains.

" ERIC ,,
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You may be able to think of others. The chart, Suggestions for Investigation
the Effects of Household Products, shows a list of living things, where they
can be found, and some features or functions of the living things that might
be affected by one of the common household products. Either by yourself
or in a group, whichever is suggested by your teacher, find a product you
would try on one of the organizsms listed and the effect you would like to
study. You may choose to use some other organismn, but check with your
teacher first.

Write a brief outline of your idea, then discuss it with your teacher.

If you are not well informed about how your test organism looks and
acts, try to find this information in the library. You should learn something
about the place where this organism lives, the kind of food it eats, something
about its normal behavior, and perhaps, if necessarv, how you can catch or
obtain some. Then, when you are familiar with your experimental animal
or plant, try to write out how you will ask your questions. For example, if
you are going to test the effect of fertilizer on the growth rate of tadpoles,
how much fertilizer should you use? How would you tell if the growth rate
is faster or slower than if you had not added the fertilizer? How will you
keep the tadpole during the experiment? In a large container? In a small
container? With deep water or shallow water? What will you feed it? How
often wiii v~u feed it? These may seem like simple questions, but they will
require your attention if you wish to carry your experiment to the end.
If it seeins that vour investigation will require special measuring instru-
ments, such as thermometers or a balance, let your teacher know so she can
prepare for theése needs.

While the individual and group investigations on pollution are being
carried out, ask your classmates or the group next to you what they are
doing. Find out what questions they are asking. See if you think their ex-
periments are really a;{,(ing the questions. they are asking.

In preparing the final report of your investigation, be as thorough and
complete ar possible. Include all the data you have gathered, not just in-
formation you think is important. If you gather data or growth or breathing
rate, what iz the best way to organize it? Would a graph make it more
meaningful to those who read it? )

. The ébay:,matcgiai canie from Man’s Effect on the Eﬁvirnnment, Topic. IV, Instructional
g:;iélega?lfiegct;)(; Elac’jlgf!metztat Edition 1967-68, Educational Research Council of Ameriea, Cleve-

MEASUREMENT AND PURPOSE
Model Lesson — Junior High School
SECDNDAR? SCHDDL SCJENCE PRDJECT

Indirect Measurement . . _
_Instruments have proven to be invaluable to the students in the conduct
of their jinvestigations. With the balance and the calibrateéd wial they have
- been able to measure precisely the mass and volume of m 11y objects _and
with these measurements to study properties such as the density of various
substances. However, many objects casinot be brought into the laboratory
to be compared directly with standards. For instance, the cslibrated vial and
the balance-are of little use in measuring the size and the mass of very large
ohiects. In these instances, indirect methods of measurement must be used.

ERIC ,
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 Students should remember from Phase II that direct measurements are
made by a simple comparison with some standard unit. Indirect measure-
ment, however, frequently requires comparing the apparent size of the ob-
ject with a standard wvnit and then adjusting for the reduction in actual size
due to the object’s distance from the observer. This was true of the photo-
graph, “The House and The Signpost”, where the apparent height of the
white shingled house on the left side of the picture is less than the height of
the signpost in the foreground. From their experience, however, studenls
knew that the actual height of the house is certainly greater than that of
the signpost. It appears to be smaller than the signpost because it is farther
away. How can the actual height of the house be determined? It could be
calculated if the distance to ihe house were known, but this information
cannot be found in the picture. Perhaps some fzature of known size on the
house could be used as a unit of mea-urement. One such feature is the height
of an exposed shingle.

If the exposed section of a shingle in the photograph is
measured carefully, its apparent height will be found to be close to
1.5 mm; the apparent height of the house measures approximately

: 70
70 mm. The house is then 1.5 or nearly 47 times the height of a
shingle.

The actual height of the exposed section of a shingle on a
house such as this is close to 7 inches. If the house is 47 times as
high as a shingle, the house would be 47x7/12 feet, or about 27
feet tall.

Q
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In an estimate such as this, the precision with which the resultr are
known depends largely upon how precisely the value of the unit bein_, used
for comparison can he established. Sometimes the dimensions of such a unilt
are known witn a great deal of precision. At other times this may not be so,
and the calculated results may involve considerable uncertainty. Even so,
estimating the dimensions of an object in this way may be the only available
procedure in some circumstances, Estimating from photographs the size of
the huge sandstone blocks and the circular area they surround at Stonehenge
provides an example.

Estimations of Stonehenge

Stonehenge, which is located on Salisbury Plain in southern England,
consists of a group of large monoliths set in a cireular pallern. An aerial
view appears on the back cover of Investigation Book 5. A closer view may
be found on the front eover. Archeological evidence suggests that Stonehenge
was built between 1900 and 1600 B.C. The stones are believed to have been
organized so that various astronomical phenomena could be observed. A
number of recent books and articles discass the probable uses of this strue-
%IITE- One such book is Stonehenge -Decoded by Gerald Hawkins and John

hite.

What is the height of Stonehenge blocks such as the one at the extreme
left in the photograph on the front cover? What is the diameter of the
circle in which they are placed? There is no standard unit of length that
can be used for comparison. However, it may be suggested that the height
of the woman in the front-cover picture could be used to find the height of
the block in the same way the shingle was used in estimating the height of
the house. No one knows how tall the woman is, but observation and ex-
perience permit a reasonable estimate of her height.

STUDENTS CAN ESTIMATE THE HEIGHT OF THE BOULDER
TO THE LEFT BY COMPARING IT TO THE PROBABLE HEIGHT
: OF THE WOMAN

The woman appears to -be short; she is only about a head
taller than the’boy standing nearby. In estimating her height, there
is littie doubt that she is less than 6 feet and more than 4 feet tall.

I
:
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In fact, it would be reasonable to assume that she is aboit 5 feet
tall with an uncertainty in this estimate of 1% foot to either side.

The apparent ht:lﬁht of the woman in this photograph, meas-
ured with the ruler, is 3.0 cm. The height of the large boulder to
the extreme left, which is about the same distance from the camera
as the woman, measures 7.2 cm. In other words, it is about 2.4 times
as tall as the woman. If the height of the woman is assumed to be
5 feet, the boulder would be 12 feet high (2.4 x 5 ft = 12 feet).
The lower and upper limits of its helght established on the basis
of the uncertainty in estimating the height of the woman, worild be
11 feet and 13 feet respectlvely. (24 x 4.5 ft = 11 ft, and 2.4 x

5.5 ft = 13 ft). The height of the boulder is then reported as
12 ft —|=— 1 ft. If the class knew the height of the woman more pre-
t;lsely, heir estimate of the height of the block could also be more
prec1se.

It is now possible to estimate the size of the Stonehenge circle
from the photograph on the back cover of the Investigation Book,
using the height of the block on the front cover as a unit of meas-
urement. Tf students open their Investigation Books and place them
on the iable with both covers facing up, they should be able to
identify this block in the circle. (See Figure 31.) Even without this
ldentlfll:atlon, however, it can easily be seen that all of the blocks :
in the perimeter of the circle measure about 1 cm in height on the
photograph. The diameter of the circle measures about 8 cm, that - ;
is, about 8 times as wide as the blocks are tall. If the blocks are
approximately 12 feet high, the circle must be nearly 100 feet in
diameter.

. Obviously, considerable uncertainty is involved in making such esti-
mates. For example, if it were possible to measure the diameter of the Stone-
henge circle dlrectly by placing a series of standard lengths across the circle, ;
a more precise value would have been obtained. Neverthele._s, such an esti- y
mate is adequate for many purposes.

Precision and Purpose

The precision with which an investigator makes measurements is in-
fluenced by the purpose for which the measurement is to be used. The
relationship betiween precision and purpose can best be seen in a practical
problem. Any number of problems could be used, but students mlght con-
.sider the preblem facing a warehouse supervisor about to receive a large
shipment of one million dictionaries. His responsibility is to arrange for the
storage of these bools in a building whose rooms are similar in size to
typical classrooms. How many rooms "should be set aside for the storage of

these books?
The prol:ic -

1
3
3
i
2

22-handled in a number of wsa;s. The most direct
approach is to " :ignv. ine volume of the room and divide it by the volume
f a single dictics.« ~ ‘his will provide an estimate of the number of books
hat will {it into such a room. The number of rooms required to store the
ntire shipment can then be easily calculated. In calculating the volume of

a room: and of a dictionary, their respective lengths, heights, and widths
must first be measured.

: .. 56
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The dimensions of a classrcom can be measured with yard-
sticks. Students will usually try to measure the dimensions to the
nearest inch. The dimensions of one classroom were found to be:

Length == 42 ft, 8 inches — 42.7 fr,
Width 28 ft, O inches — 28.0 ft
Height 8 ft, 0 inches — 8.0 £t

The dimensions of a standard dictionary can be measured with
a ruler. Students normally measure the dimensions of an object
of this size to the nearest eighth of an inch. The dimensions of a
dictionary were found to be:

Length — 9 7/8 inches — 9.9 inches = 0.82 ft
Width — 7 inches — 7.0 inches — 0.58 ft
Height = 1 6/8 inches — 1.75 inches — 0.15 ft

The volume of the room divided by the volume of the die-
tionary produced the following estimate of the number of hooks
that would fill the room: i

N — 2.7 ft x28.0 ftx 8.0 ft
- 0.82 fix0.58 ftx0.15 ft
N = 134,000 or 1.3 x 105 books/room

This would be a good time to introduce powers of ten (stan-
dard) notation: Ten to the zero power (10°) is equal to one; ten
to the first power (10') is equal to ten: ten to the second power
(10%2) is equal to one hundred; ten to the third power (103) is
equal to one thousand; and =o on. The exponent records the number
of zeros which follow 1. Similarly, 0.1 is written as 10~1 and 0.01
as 102, and so on. Negative exponents are also used to represent

I

the reciprocal of the corresponding positive power. Thus 10 can bhe
1

represenied as 10-1, and 105 as 10-5.
When numbers in exponential nctation are multiplied, their ™
exponents are added. For example: 100 x 10 x 10 == 102 x 10 x
10t = 10%. When such numbers are divided, their exponents are
subiracted. For example:
10,000 101 ) 102 1
1,000 — 1os — 10" and y5i5 = jga =i — 107
Most numbers, of course, contain digits other than 1 and zero. -
According to convention, any number may be represented in a form
in which the significant figures appear as a number between 1 and
10 multiplied by the appropriale power of 10. For example:
290,000 may be written as 2 x 105; 2,120,000 as 2.12 x 106; and
-00236 as 2.36 x 10-#. When multiplying or dividing numbers in
this form, the operation is first carried out with the significant fig-
ures and then with the exponents. For instance, in the calculaiion
400,000 x 200, the two significant figures are multiplied — 4 x
2 = 8 — and the exponents of their powers of ten are then added
— 105 x 102 — 107. Thus (4 x 105) (2 x 102) = (4. x 2) (105
x 102) — gx 10%. A similar procedure is followed in division:
05 4 . . . o
Q ( 2x fos ~— 3 (10% x 10-%) =2 x 10%.
ERIC
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If the class works through a few calculations in full wsing power-
of-len notation, they will recognize tha! such a procedura can often
simplify their calculations.

HOW MANY DICTIONARIES WOULD FIT INTO A ROOM THE
SIZE OF AN ORDINARY CLASSROOM?

If there are 10% books and each room will hﬂld 1.3 x 105 books,
rooms will be required for their storage. (Since the last figure used 1n
reporting any measurement is uncertain to some degree, the estimated num-
ber of rooms would actually fz2il within a range of from 7.0 to 7.9 rooms.)
Estimating the number of rooms beyond the nearest 0.1 room may seem
absurd even though it is possible to measure the dimensions of both the room
and the dictionary with more precision.

Some may insist that even a precision to 0.1 of a room is unwarranted.
They may poiut out the existence of irregularities such as electrical outlets
or lighting fixtures in the room, floor, or walls. Furthermore, it is unhkely
that such a room could be filled cornpletely to the ceiling. In these circum-
stances it miglit be" necessary to reserve an additional room — nct just an

'ad{htlnnal 0.1"of a room.

If an additional room should be reserved was tl'se precision involved
in thammg the estimate of 7.7 rooms warranted? Is it neces sary to attain
such a degree of precision in measuring the- quantities used in makmg these
calculations? What sort of estimates could be made in this situation if all the

..dimensions were known to only one: significant figure? Estimates of this -

" ..sort are frequer‘tly‘ made to provide an approximate =olutmn to a given

Q

“ERiC
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problem. The ‘previous measurements can be used to make such an estimate

‘1f all quantltles in the caJculation are rounded off to one significant figure:

4-21ftx280ftx80 ft
082 ft x 0.58 ftr015 ft
S (4:x°10v) (3 x 10!) x 8
(3 x 10*1) (6 x 1071) {2 x 10-1)
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N 12 x 10®
' 12 x 10-® or 1 x 105 books/room.

The estimate that 1x105 books can be stored in one room is not as pre-
cise as the previous one which called for 1.3x105 books for each room. The
estitnate of 1x105 books requires that 10 rooms rather than 7.7 rooms be
set aside to store the million dictionaries. The difierence in these estimates
is due to the use of but a single significant figure in each quantity appearing
in the second calculation. Since each significant figure could also vary to
either side of the one used in the calculation, the number ef bcoks that will
(35 x 25 x 7.5 )

fit into a room could aciually range from 4.8x10+ (.85 x.65 x .25) to
(45 x 35 x8.5 )

2.2x105 (.75 x .55 x .15.) With such a range the number of rooms re-

(1 x 108) ' (1L x 10¢8)

quired could vary from about 5 rooms (2.2 x 10%) to 20 rooms (5 x 102)

This estimate is not nearly so precise as the previous one, which in-

dicated that 7.7 rooms (7.0-7.9 rooms) were required for storing the dic-

tionaries. The use of one significant figure in the calculation produced an
estimate which is quite clearly not precise enough for the purpose. On the
other hand, improving the precision of measurement so that students can
predict the number of rooms to better than the nearest 0.1 of a room seems
unprofitable. In this instance quantities measured to two significant figures
produced an estimate which was appropriate after all. The precision sought
for any series of measurements is determined by the purpose of the in-

vestigator and by the difficulty of making the measurements.
An Order of Magnitude Estimate

It is not always possible to measure a particular quantity very pre-
cisely. In some instances students will not be able to measure a quantity
even to one significant figure. The attempt to measure the thickness of mica
flakes with a millimeter ruler provided an example of this. In such a case
students are not entitled to raaintain even a single significant figure”in the
final estimate. It is possible to make only what is called an order-of-magni-
tude estimate. o : T f : ' ,
. In making calculations involving quantities whose value to even: one
significant figure is uncertain, a single figure should nonetheless be main-
tained throughout the calculation. The final result can then be rounded off

of ten alone, represents a numerical first approximation. ..
_ “Thete is no hard and fast rule about the dividing line between
‘one - order-of-magnitude category "and the fiext. As an operating
. procedure, if the digit is 5 or ovsr, the order of magnitude is con-
_sidered to be in the next highest category. (3.2 is sometimes used as
" the rounding-off  point when multiplying or dividing by powers
.of ten, although 5 will be used throughout this Folio.) Thus, the
" category. of .100%s ‘will include any nomber between 50 and 499;
the number 680, which the class may at first think is in the ca-
. ‘tegory of*100’s is reaily closer to~1000 than to 100 and is of the
" ¢rder-of-magnitude of 1000’s. e ’
" Qrder-of-magnitude calculations are frequently used to make estimstes
T ily’ and quickly made and provide the investigator with a

‘to the nearest ordér of magnitude. The nearest order of magnitude or power




RIC

)

Inguiry Program Model Lessons 5

problem. This provides
or not a particular so-

THE VOLUME OF THE WASHINGTON MONUMENT CAN BE
CALCULATED BY USING THE HEIGHT OF THE PECPLE AT
ITS BASE AS A UNIT OF MEASURE.

Qo
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lution should be pursued any further and, if so, whether more precise
measurements should be made.

The students may have some initial difficulty with order-of-magnitude
calculations, and they should be encour:iged to work through a few prob-
lems. Material for calculations can be found throughout the Investigation
Books.

From the picture on the fold-out on page 5 of Investigation Book 4, for
example, the volume of the Washington Monument can be calculated to an
order of magnitude by using the heltrht of the people at the hase of the
monument as a unit for comparison, ('The taper at the top of the monument
would not influence this calculation enough Lo change it by an order of
magnitude.)

The height of the people is approximately 5 feet and the
monument is applmnmﬂtely 100 times as high. It is about 10 times

as wide as a person is tall, Since the hase is square, each side has

the same dimension. Thus, multiplying the area of the monument’s

base by its height and lmldmg one significant figure, the calcu-

lation for the volume is:
V=(1x10tx5ft)2 (1 x102 x5 ft)
V=25x5x102% x 102 '
V=125 x 10+ {13
V=100 x 10+ fi*
V=1 x 108 i3 or, expressed to an order of maﬂ‘mtuﬂe,
1096 fi3

Students may be interested in comparing this approximation with

that obtained by using the dimensions for the monument given in

the Science Reading Series book, How Big is 1:? In that book the

height of the monument is given as 555 ft and the length of a side

of the square base as 55 ft. Thus the volume can he calculated to

be 1.7x 109 f{t3.

Another interesting calculation can be made from the eaxher demon-

' =tratmn involving drops of india ink in containers of water. A¢ before, 3 or

4 drops of india ink should be added to a tumbler of water. Then, 3 or 4

. drops of this liquid should be added to a second tumbler of water. The prob-

lem is to estlmate to an or der of magnltude the dilution of-ink 'in the second

tumbler. '

' Students fcund earlier, hy measurmg wnh their calibrated
vials, ‘that 20 dr@ps of" hquid have a volume of approximately one
cubic centimeter. Four vials of water, or 200 cc, equal 3/4 of one

. tumbler. If one ce is equal to 20 drops (2x101), a tumbler 3 /4 full

" will ‘contain (2x10) (2x102) ‘or 4x 103 drops - of -water. When

-4 drops of ink are added to ii.is’ quantity, of water, the dilution is
equal to " 4 . In other words, for eﬂch drop of lndla ink - in this
: 4x108. BN
mixture there are 1000 Dl‘r, 03 drops Df y ter._‘ ‘

. When 3 or:4 drops of this liquid are added to.a second tuml)ler
oféclear’ water, no change can be observed in its color. This is not

_surprising — the dark. liquid, which contains one drop of india ink

for every 1000 (103) drops of ‘water, has been diluted by a factor -

- ‘011083 ‘again, For every" drop.- of ink ‘in’ the second gnntamer there -

' .,are IOG draps of water, to an or der of magﬂjtude. T
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When they learn that tliere .ive one mlih()n drops of water for every
drop: of ink, the members of the class may understand why the ink scems to
disappear in the water in the second container and why, at this level of ob-
servalion, they could not detect the presence of the ink in the water at all.

A number of other order- of—magnltude calculations may be made by
the students until they have gained some familiarity with the use of the
technique, which will be used from time to time during this course. In many
instances the results of such a calculation are Sausfaclary If such rougzh
approxirzations are found to be inadequate for the purpose at hand, more
precise measurements must be sought. Of course, it may turn out that the
uncertainties involved in the measurements cannot be reduced and that only
an order-of-magnitude estimate can be made.

The Mass of.a Stenehenge Block
Students should consider one additional order-of-magnitude calculation
which summarizes many of the problems of measurement “that they have en-
countered in their work. This calculation concerns the large block at Stone-
hlengei; whase h&zght was previously estimated. What is the mass of this
bleck
waousiyg such-a massive object cannot be placed on a balance. But L
there is a way that students can make a rough calculation of its mass from
the information they alveady have about it and from the techniques and pro- 2
cedures they have learne’. Thay know that the densﬂ,y of any object is re-
lated directly to its velume and mass and that any one of thes+ can be de-
termined if the other two are known. Therefore, the mass of the block can
be calculated if its velume and density are known. The volume of the block
can ke determined by wmultiplying its height by ils length and width; the
density of the block cerid be determined if a representahve speclman of the
material were available.
THIS IS5 A DIAGRAM OF THE PICTURE OF THE STONEHENGE
BOULDERS ON THE BACK COVER OF INVESTIGATION BOCK -
© 5. THE ARROW IDENTIFIES THE BLOCK WHOSE HEIGHT
o STUI}ENTS ESTIMATED.
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The class can estimate the length and the width of the boulder
! from the photographs on the front and back covers of Investigation
Book 5. The width and thickness of the rock compared with its
height can be estimated from the picture on the back cover. Earlier,
by estimating the height of the woman in the picture on the front
cover and comparing it to the height of the boulder, the class found
that the block was approximately 12 feet tall. Students will find
that, on the average, the stones in the outer ring, including this
specific one, are about half as wide as they are high and that their
thickness is about 14 of their height. Thus the volume of the rock
can be expressed in the following manner: (12 x 12/2 x 12/4) =
12 x 6 x 3=216 ft3. This figure may be rounded off to 2.2x102 {i3.
What is the density of the rock material of which the block
is composed ? There appears to be no way in which a sample of the
material can be obtained for density measurements. In view of
these circumstances what estimate of its density can be made?
Someone in the class may remember from their earlier work that
most common rock materials have a density close to 3 gm/cm3. It
is reasonable to assume that the blocks at Stonehenge are similar
in composition to the type of material generally found on the sur-
face of the earth. However, this assumption together with the un-
certainty in the measurement of volume provide the reason for
making this calculation only to an order of magnitude. A better
estimate would be possible if the density and volume could be de-
termined with greater precision.
The next step in the calculation is to convert the units for both
| volume and density to the same system. The figure for density is
] expressed in grams per cubic centimeter; thus the figure for the
’ volume of the block must be expressed in cubic centimeters. Using
the simple conversion that 12 inches on the ruler are equivalent
to approximately 30 centimeters, the volume of the block would be:
V = (2.2 x 102 ft3) (30 cm/ft)3
V= (22x102 ft3) ( 3 x 10 cm/ft) (3 x 10l em/ft) (3 x
. 101 em/ft) ‘
V = (2.2 x 10%) (33 x 103)
S V == 59 x.10% cm?¥ = 5.9 x 10% cm3
- ‘ The mass of the rock will then be equal to its volume multi-
plied by the value for average density:
M = (5.9 x 108 cm?®) ( gm/cm?2)
M = 2 x 107 gm
‘Te an order-of-magnitude, the mass of the block is 107 grams.
Since 1 metric ton is about 109 grams, the mass of the block is
equivalent to approximately 10 metric tons.
- With: the mass of this block estimated to be 107 grams, students should
recognize that this implies the mass lies between 5 x 108 grams and 5 x 107
: grams, or between 5,000,000 grams and 50,000,000 grams.
. The class .is now in a position to take part in the scholarly attempt to
unravel the puzzle of - Stonehenge. Schelars believe that the blocks were
:brought to the site of Stonehenge from quarries many miles away. What
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kind of vehicle was used to stand them upright? S, dente should be able
to make some suggestions on the basis of their calculations of the size and
mass of these blocks.

Questions and Suggestions

. . . How could the height of the white : lin led house on the left be
determined? On what does the precisi n of your estimate depend?
Look at the picture (sic) Stonehenge . . . How could you determine
the height of the Stonehenge block tc the extreme left?

Estimate the diameter of the Stonehenge circle shown on the back

cover. Is th> degree of precision to which this can be determined

adequate? Explain.

Suppose you had a job of arranging for the storage of a milli

dictionaries in rooms the size of a typical elassregm

a) How would you determine how many such rcoms would be
needed ?

b) To what degree of precision did you determine the number of
rooms needed? Would greater precision be possible? Would
graater precision be desirable? Explain.

c¢) Find the number of rooms needed, using only one ewnlfmunt
figure in the calculations. Compare the usefulness of this
answer with that obtained previously.

How is increased precision indicated numerically, using power-of-

ten notation? ' '

What is an order-of-magnitude estimate? What would repre*nEﬂt a

reasonable *“dividing hne between the orders of magnitude?

Under what circumstances might an order-of- man‘mtude estimate be

useful to an investigator? Under what circumstances might it be

the only estiniate justified?

Make an order-o f-megmtude estimate of the vnlume of the Washmb-

ton Monument.

-+« Quantitative approach to the india ink demenetlatmn

a) How many drops are there in a tumbler of water 3/4 full?

b) . To an order-of-magnitude, what is-the prnportmn (:nf 1nk to
water in the first tumbler? ‘

¢) ' To an order-of-magnitude,. what is the proportion of Ink;: to

, - water in_ the second tumbler? ;

;. - Given ‘a large specimén whose density. is km:,uWn, how could ynu E ;

_find its mass without using a balance?

. How could you determine the volume of the huge Stonehenge block
- whose height was. estimated earlier? To: what degree of preclsinn—
~can ‘its volume be determined? - . , L E
" What is your estimate of the average deneﬂiy of Stenehena'e ck ; 3

" material 7. What assumptions are involved in’ this estimate? '

. -What is" the mass of the Stonehenge block, tdé-an order-o f-matrm- 3
_tuﬂe? Recnrd the calculatlon in: your Recnrd Book. : ;

%
3
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* mission of the publisher from TIME, SPACE, AND MATTER- DIMENSIDNS AND MOTIONS

OF THE EARTH, TEACHER FOLIO, INVESTIGATION 5 by Secondary School Science

Project. — Copyright 1366 by PrthEtDn Unlverslty, Published by Webster DllelQﬂj McGraw;
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FREEZING AND MELTING
Model Lesson — Junior High School (Physical Science)
INTRODUCTORY PHYSICAL SCIENCE

The freezing point of a substance is identified as the temperature at
which a plateau occurs on the cooling curve when a substance changes from
a liquid to a solid. To show that the freezing point does not depend on the
amount of substances present and is, therefcre, a characteristic vroperty,
have each group determine the freezing point of a different amount of
material.

The usefulness of the freezing point as an identifying characteristic
property is illustrated by giving the class two different substances and al-
lowing them to discover that the substances are different because they have
different freezing points.

Typical graphs are shown in graphs A and B. Both ﬁraphs show slight
dip just before the substance starts freezing. Many substances exhibit this
effect. The liquid cools off below its freezing point; then, as soon as crystals
begin to form, the temperature rises a htt;le and remains constant until all
the liquid has solidified. The dip in the graph is not always observed in
doing this experiment and therefore may not appear on the graphs your
students plot. Do not make a great point of it. It is not important in this
experiment. .

We are not concerned here with the question of why the temperature
remains constant while the substance freezes. It is sufficient that students
realize that the plateau does give the freezmg (or melting) point, and that
the substance does. SDlldl’FY durlng the pe od when the temperature remains
at a cnnstanL level.” o . IR -

" Nowhere in the text (except on the cover) is there a cooling and freez-
mg curve showing a plateau. Do not tell 5tuﬁents what the curve should look
like. Let them fl:lcl out for’ thgmsalves ‘

By plottmg the umlmg curve ctf both the water bath and the substance’
~ under investigation, students will see that the plateau is characteristic of the
- freezing substance and not: Qf the water in the watel hath as it ccmls to room

temperature. e

Do not hother about . explalmng wh y the two curves have the shapea
- they do.-This experiment -is concerned .only with the identification of freez-

-ing pomt as a charactenstm property, not. with the rate at which substances
cuol : e

':'[mc
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GRAPH B
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The Experiment

Sli co rL stoppers supporting the thermometers make the whole tem-
per ,; scale visible. They are made by boring a hole Iengthwise through
he topper and then cutting out a wedge-shaped section. The thermometer
sh d be fixed in the melted liquid sc that the bulb is clear of the bottom

d centered in the test tube,

To determine the extent of the variation in callbratmn of the thermo-
metcrs, they can all be checked together in a smgle large beaker of bmhnnf
water..

Give half the class varying amounts. of mnth flakes (naphthalene) and
the other half moth nuggets (paradichlorobenzene) without telling them that
they are different substances. At this time point out to the students that they
do not all have the same amount of material. -

In order to get the experiment completed in a snlgle class period, youl'

may have to have the apparatus set up and hot water in the water bath be-

fore the class period begins. Use two burners to speed up the melting of the

‘material. A tube containing more than 10 g of paradichiorobenzene or-a
beaker larger than 250 cru? for the water bath will extend the experlment

beyond a class period. To speed up the. coalmg, see that the water in the

beaker comes just abuve the level of the material in the test tube and remmd

‘your students to stir the water during the cooling....
Be sure that-all the material is molten when readlngs are starfed, The :

students shuulci take readlngs unti ﬁle temperature has again started to fall
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after remaining constant during the freezing. It is not worthwhile to make
thermometer readings to better than 0.5° C.

Caution: When the experiment is finished, be sure that students melt
the material in the test tube before extraciing the thermometer, so that they
will not break it. This can be done directly over the burner flame, but care
must be taken not to heat the material beyond the range of the thermometer.
After the thermometer has been withdrawn, the material in the test tube can
be allowed to freeze and the test tube of solid can be stored for use another
tiine. The material should not be disposed of in the sink. The thermometers
and test tubes can be cleaned with alcohol, which dissolves both moth flakes 4
and moth nuggets. :

The student should use the same thermometer for Expts. 3.11 and 3.12
to avoid apparent differences in melting point due to small differences in :
thermometer calibration. It is a good practice to label each thermometer with :
a number on tape or tag. ' :

Plotting the graph will take quite a long time; if your students are not
proficient in drawing graphs, you can make this a home assignment.

~ The studznts may need help in choosing a range for the temperature !
scale. The scale need not have zero at the origin. 7

To sum:narize the results effectively, list on the chalkboard mass of :
material us:d and the plateau temperatures found by your students. Make
a histogram of the plateau temperatures.

Answers to Questions

All graphs have flat sections.

All the flat sections of the graphs occur at two temperatures. These do
not depend on the amount used. =~ =~ = - o o

The fact that all graphs show a temperature close to either 80° C or
53° C for the flat section indicates that two different substances were in-
vestigated although other properties such as color and smell were the same.
‘Since the readings of two thermometers may differ slightly from each other,
there will be some difference in the recorded melting points for each sub-
stance. The histogram will make it clear that thermometer differences are
‘small compared with the differences in the melting points of the two sub-
stances. o SR *

et e oAt e
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I Apparatus and Materials
Pegboard 10 g moth flakes (naphthalene)
2 Burners or 10 g moth nuggets (paradi-
Burner stand chlorobenzene) small enough
Test tube (20 x 150 mm) to fit in test tube
2 Clamps Matches
2 Slit cork stoppers Water
Beaker (250 cm?#) - Paper towel
2 Thermometers ' Stirring rod

e [P YRS e

Student Activity

Experiment: Freezing and Melting

If you live in a part of the country where it snows in the winter, you
know that a big pile of snow takes longer to melt than a small one. Does
this mean that the big pile melts at a higher temperature? To see whether
the termperature at which a sample of a substance mells or freezes is really
a characteristic property of the substance, we shall mcasure the freezing
! - temperatures of some substances, using samples of different mass. For con.
i venience we shall use substances that freeze above room temperature.

. Fill a test tube one-third te one-half full of moth flakes or nuggets,

and immerse it in a water bath. Heat the water until the solid in the test

tube is completely melted. Insert a thermometer into the liquid. Make sure

that no solid remains in the ltest tube efore removing the burner.. For com.-

parison it may be interesting aiso to measure the temperature of the water
with a second thermometer. While the liquid cools, ‘measure and record both
' temperatures every half minute. Stirring the water will ensure that the tem-
j perature wili be the same throughout the water when you read it.

... Record the temperature of the molten substance when it begins to so-
lidify, and continue to take data for about 5 min. after it has all solidified.
On the same graph plot the temperatures as a function of time, and compare
‘section? Does-the temperature of ‘the flat section depend upon the mass of
.cooling material? Do you think that all the samples used in the ciass were

-~ of the same material?. T o : . : ‘

- .- In this experiment you identified the freezing point of a substance by

- the plateau in the ¢ool :

easily recognizablé tha

with

ecognizable tha

mperature. at’ which it changes from

T hich' it changes fi

ERIC

B A ruiToxt Provided by ERIC

your: graph with those -of -yorr classmates; Do all the graphs have a flat

ing curve.  With: some substances, the plateau is moie
with: others.: Some cooling’ curves," however, may not

e, curve is flat means that candle wax has

ntinuing to’.cool ‘down during the process.
of candle wax in your hand, it becomes softer -




g p gz

Inquiry Program Model Lessons 63

the melting point of a solid by heating it until it meits, we find that we get
a curve with the flat .portion at exac.tly the freezing temperature. A solid
melts at the same temperature as its liquid freezes.

" The above material eame from Introductory Physical Secience, pp. 43-45 and Itachcl &
Guide pp. 65-69. Reprinted by permission of the Education Developiment Center, IPhysical

Seisnee Group.
INVESTIGATING CHANGE
Model Lesson — Junior and Senior High School
(Earth Science)
EARTH SCIENCE CURRICULUM PROJECT

" This invesiigation enables the student to recognize and to investigate
the variety of changes a single substance can undergo and to relate some
of the processes pmducmﬂr these changes to natural earth changes

SEQUEI\ICE OF ACTIVITIES

stcuss Iu)mewcnrk assignment and hand out halite samples.

Lab .
~ Student takes sample home and chanffes it in at leust three ways.

Post-lab 15-20 minutes
- Student reports on changes he produced in the sample and relates
these changes to the natural environment.

PREPARATION
Time One-half period ‘
Student grouping Individual

- Materials per group

Piece of halite (réck salt), ABI‘!JEI thsn 1 crn-5 lf Poss;hle

Advance preparation: Prepare thl—" hallte so that it can be dlstnbuted to the

students qu;ckly and w1th a mlmmum c:f tmuble SR

Pitfalls and Cautions - :
: -1. Do not tell the student whal: the matenal is; let h;ﬂn dlscnver for }nmself
PR 2 Du nnt Pass ;cmt the hahte samples until the end of the class period.
:3.- Caution : i énmmon safel:y prgcedures when he -

i S i e
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Before dlstrlbuhﬂg the halite, tell the student that he is to try to change
this earth material in as many (at least three) ways as he can devise. Leave
the methods of change completely up to him. The student will probably ask
for suggestions on how to change the sample Do not give him any specific
answer, but encourage him to be imaginative in the ways he attempts to
alter the material.

Ask the student to submit a report at the beginning of the next class
period on his treatment of the material and on his results. You can ask that

this report be either oral or written.

Hints on procedure Leave the procedure entirely up to the student.

Range of results Treatments will cover a relatively wide range and may in-
clude dlssglvmg in water, freezing, heating, crushing, or treating with various
liquids (at various temperatures), including lubricating oil, alcohol, and
soft ¢:.nks. Some students may even taste their sample. They will change the
surface texture slightly by helding it in their fingers or breathing on it.
Some students may want to use a microscepe or hand lens to examine the
material before and after attempting to change it in order to detect changes

not noticeable to the unaided eye.

ANALYSIS

Treatment of data Each student will submit a report for class discussion.

Post-lab At the beginning of the class, ask the student to report on his ef-
forts. Use the board to record methods and results. Keep a tally' to find the
'most common changes made. Attempt to relate changes made in the halite

to actual changes that occur above, on, and within the. earth. For example, -

if a student placed the sample under running water, the edges became
rounded. Ask if there are situations in nature that produce similar changes
in earth materials. Making the student aware that many of the changes he

produced also occur naturally on the earth is an 1mportant objective of this

* investigation.

Recognition of changg is a v1tal aspect of earth science. Have the stu-
dent develop criteria for recognizing that change occurs. In trying to change
the halite he should have obser-ed ‘what ‘occurred - and iried to' determine

“what changes were prnduced ‘Recognizing evidence of change requires ob-
serving dlfferences in‘the material beiare and after -the changﬂ. The student
should be able todescribe what aspect 'of - the ‘material is different after
the treatment.;Thls ‘part’ of the mvestlgatmn can be related tg Investlwatlcm

. P-1, which- tested the student’s powers “of observation. .

';Evaluatmn SIL gestmns A criterion for evaluation is the degree nf mgenulty,

- thought, ‘and- effart that .went ‘into ‘changing the: ‘Thalite.: Some students may .
. perform-a.large variety of rather routine treatments. ‘Those whose - efforts -

fewer but more unusual should be, given equal or greater credit.

s in 'this invi " Y 1 earth proeesses._

Other skllls"'tc: look: for are t}ie abll Y ‘to: s;ght evidence of change énd |

g bt Rt
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: ,canhg uration of this. graph w1th the shape of the normal curve c:f variation.

4, If. graphed both variations would prahably canform to the bell shaped

5.+ The everage for girls and hoys‘ may be almast identical or quite different,
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safety measures. This extension of the investigation can provide a basis for
discussing the relative resistance to different kinds of change in certain earth
materials.

The above material came from Teacher’'s Guide, Part I, INVESTIGATING THE EARTH,
@ 1967 American Geclogical Instituts. Reprinted by permission of Houghton Mifflin Company.

VAR(ATIONM IN LIVING THINGS
Model Lesson — High School (Biclogy)

BIOLOGICAL SCIENCE CURRICULUM STUDY

The main purpose of this exercise is to have students become familiar
with and, understand the normal range of variation in organisms. Students
should also appreciate the fact that some varlatmns have obvious survival
value while others have mo apparent survival value. Last, students should
gain furiher experience in collecting data in an orgsmzed manner, in making

‘graphs, and in interpreting data.

If the specimens suggested for the exercise are not readily available,
other specimens may be substituted. Beans inay be used instead of peas, for
example.
After completion of Investigations 1 and 3 graphing should present
little dlffmulty It may bo helpful however, to prepare a new graph — a :
histogram — from the height data of Invesugatmn 1 and to compare the :

Discussion:
1. The largest.
2. Weight or volume.

3. The larger the seed, the greater the fDDd reserve for the embryo in case
of a diverse conditions.

e Db S o

curve .of ¢ ngrmal * variation.

‘depandmg on age. Population -statistics- show 13-14-year olds of both - !
sexes to' be about'the same height. On the other -hand 17 -or 18-year-old :
males are 5-10% .taller than females of the same age. (Your classes are
likely to be in the period of rapid change so it'is lmi‘::ossﬂnle to predict
how large the differences wﬂl be.) . ,

computation .of - separate averages far glrls and far boye will be
ially helpful in-the interpretation of: ‘bimodal or flat- tapped curves.
rages should ‘indicate whether the shape of the curve-is due to-

.(This can be-a very mterestmg .dlscussmn queshan. If the specles are . -
, smnlar there w_ﬂl un&aubtedly b= some’ Qverlappmg of ‘measurements. If
-the. species afe ‘truly different, there must be. some. quantitative way. of
tellmg them apart: If no such: ‘quantitative- separation can be found, it

an indication that - the : ‘two groups are- not - Ieally se;:nrate :

AL arge ample, VIore . work " is: mvurlved in. ‘btalmng such a sample .
parhculr ly in nsunng ﬂlat_th, sampl_, 15‘:truly random. Vi T

L
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Student Activity

Variation in Living Things
Background: .

No two huinans are exactly alike. Even identical twins can usually be told
~apart by parents and close relatives. Yet, if a Martian were to suddenly
appear in your classroom, he would undoubtedly wonder how your teacher
can distinguish one pupil from another. And you might be faced with the
same difficulty as the Martian if you were asked to distinc -ish between
individuals in a large group of robins, cocker spaniels, or P-4pods.

) The differences by which similar organisms are distinguished are
known as variations. It is possible to describe these differences in pictures,
words, or measurements; probably the most significant description is made
in terms of measurements. An appreciation of the range of variation in
organisms will add to your understanding of evolution.
Materials: . '
Peas in pods Graph paper ‘ Millimeter rule
Grasshoppers Petri dish halves
Procedure: .

Open each pod carefully; observe the size and position of the neas in
the pod. Remove the peas and place them in a petri dish. Your tescher will
show you how to divide the pea in half. Place the flat surface of a half pea
on the ruler and measure LFIIDE longest dimension to the nearest millimeter.

- Place the used peas in a second petri dish. Keep your area clean. Summarize
your data by recording on a charl or table -the number of peas of each

~ length. Combine your resul's with those of your classmates. -
-Prepare a bar graph plotting lsngth in millimeters on the horizental
‘axis and number of peas of eachi Jength on the vertical axis, Starting with
the bar on the left, draw a line connceting the top of each bar with the top

of the next bar. = , Lo ,
4 Calculate the average lengtl: (to the nearest 0.1 mm) of the peas. (Re-
smernber':

hat an"average is obtained by dividing the sum of all the measure-

~/menishy. the  total number - of measurements.) Find the position of the
alue along the horizontal zxis of your. graph. Then draw a veriical _

ndicate the position of the average length. - ; : o

xamine_ the: graph you prepared in' Investigation T to show the
ts of ‘ﬂje_,class"lmiambé:s. Calculate the- average. height and indicate its
_position on the graph. If yours is a mixed class, calculate the .average height
of girls  and’ the av rage ‘height. of “boys and’ draw 'lines :to indicate .these
' : ral grasshoppers of the same species
There may hgivari,ajtions—izi"célor,:': or some individuals
2. There also will. be differences in: the total length,
paris like legs or wings. Try to ‘devise ‘a.quanti-

surements. you used

each grasshopper from ‘all -the. rest. Make sketches -

et
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2. What kind of measurement other than length would gwe you a better
answer to Question 17

3. In what way is large seed size advantageous in the survival of peas?

4. How does the variation in the lengths of peas compare with the variation
in the heights of people?

5. Are the separate height averages for girls and boys the same as the
average for the class as a whole?

6. Does the computation of these averages help you to uunderstand your
graph of heights? Explain.

7. Do you thmk it would be possible to devise a system based on measure-

~ ment to separate closely related species of animals? Explain.

8. Your own measurement of a few peas represent a small sample of all
the possible measurements; the combined results of the whole class make
up a larger sample. Which is preferable, a small sample or a large
sample, for describing natural variation? What difficulties would be
involved in a sample of this size?

Th& “above material came from Biological Science — Moelecules to Man, pp. L17-T.18 and
Teacher's Guide pp. 197-198. Reprinted by permission of Houghton Milflin Cu 1943,

IV[ASS RELATI@NSHIPS ACCDMPANYING
CHEMIEAL CHANGE
Mcdel L.esscm — High Schaol (Chemlstry)

CHEMICAL EDUCATIDN MATERIAL STUDY

EXPERIMENT 8—MASS RELATIONSHIPS ACCOMPANYING
,CHEMTCAL CHANGES ' ,

PURPOSE. . To-allow the student to “‘discover” the law of conservation of
mass; to further the establishment of molar relations.in order that this

. may later serve as a basis for- bqlancmg equatmns aﬂd to develop some
-comimon lagnratclry technlques v

PRELAB DI SCUSSIDN “Students wﬂl move dlféctly into thls fram Expt.

ion” ‘and “equation,” but these occur early in Chapter 3. Emphasize

- 7, which rgqulres little - dlSGHSSIDn ‘As ‘yet, they do not know the terms :

: dvt{: learn the laboratory techniques presented, and avoid- discussion -
EXPEEtE‘d," as expenmental results Dlscuss the dark colar Df_

Lxp 7.15 flmshed Imlllédlately;:'i. o
: 7 in order that the" Slﬂw e
the: reactmn 15 nﬂt reccxm-_ S

ntC.hapter 3 may ])e_' = g
; hmﬂd precede the Sk

Lk e
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beaker may he used) graduate (10 to 25 ml)
stirring rod arrangement for drying (see lab
wash bottle hint 1)
filter paper 10 ml 6M nitric acid {354 ml conc.
funnel and support reagent HNO3/liter)
2-2.5 g sodium chloride (solid) (:~e
lab hint 6)
TIME REQUIRED. This should take 112 peiieds.
First day (at end of Expt. 7): 10:15 minutes, Part 1. (Add 6 M HNOa,
and set aside to react and evaporate.)
Second day: full period; Part IT (a-1).
Third day: final weighing; 15-20 minutes.

PRECAUTIONS. See the precaution about silver nitrate, indicated in Expt.
7. Use care with 6 m acid; flood spills or spatters with water. Avoid
inhaling fumes in 1(b). Use special precautions if sand baths are used.

LABORATORY HINTS

1. The product in Part I must not be dried in an oven, since the fumes
will cause severe corrosion. Two or three infraved lamps in the fume
hood make the most satisfactory arrangement. In some climates, over-
night evaporation near an open window is sufficient. 1f necessary,
sand baths may be used, but the room must have forced ventilation.
The product in Part 11 may be dried in an oven. A sand bath is not
recommended for this drying. step, because AgCl will spatter violently
if dried too rapidly. If no other means is available, tell the students
to minimize spattering by putting a watch glass over the beaker and
by removing the beaker frequently to break up the AgCl clumps with
_a_stirring rod.. Sometimes excessive heating gives a dark product which
‘does not interfere with the quantitative results. '

2. In I(b) there may be a slight blue color, indicating that some copper

remained mixed with' the silver from Expt. 7. It will not precipilate

“in TI(f), thus it will introduce a slight error in the final calculations,
but the-error willprobably -be less than other errors, and not enough
 “tobe noticeable. o o
3. In II(g) heating the mixture is very:important. in’ coagulation' of the
precipitate.. On the other hand, students must be cautioned to heat

.‘the mixture gently to aveid bumping, ~ = =~ . . ... - .

- Make. a remark about_the: darkening of the AgCl on ‘exposure to

“out that although'the change is quite visible, no weight
be: measurable with the balances used. - . . -

55°C) —it will do. so. only if the sand, bath

0 (sodium’ ‘thiés_uli':gtE) “in

ick- to the beakers. It ‘may o
n”" beaker. provided.. (See .
may: be dissolved by leaving a’

e spatin, s A g 7 o i+ + % vt e,
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. . the equ: t10n for t]:ns reactmn and to’ calculate' i:he males of NaCl actually

i WJII insure . that everyone -unde; »
:. " For: rev:ew, .discuss’ the  molar Ielatlonshlp of= the “silver. ccmpcunds
»_—_f,measure in Expts 7 and 8. Make sure - ‘the ‘student knﬂws why the moles -
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is doubt about its purity, washing with warm water will remove traces

of Na+ and NO;—. It is (lL.EStlQﬂEblE whether many teachers will
want to bother with reclaiming silver nitrate, but for the sake of
those who do, the following pruredure is included. It is a modification
of a system usgd by the University of California stockreom, and is
presented as a “recipe” with no attempt at explanation. If silver wastes
from other sources are included, the AgCl should be allowed to stand
overnight in 6 M NaOH or KOH and then be filtered and washed.

Suspend (or resuspend) the AgCl in 6 M NaOH (for 100 grams
of Ag, use about 500 ml of NaC)H) and boil it for 3% hour, during

which time add sucrose (about 250 grams or 1 cup for 100 grams of
Ag) in small amounts at frequent mtervals Stirring is not necessary,
only occasional swirling. At first there is considerable frothing, and
then the solution becomes dark brown. Finally a heavy, gray pre-
cipitate forms.

Filter and wash this precipitate, and dissolve it in as little nitric
acid as possible. For about 100 grams of Ag, use 60-70 ml of con-
centrated (15-16 M) HNQj. Filter and pour the filtrate into 2 M MaOH
to precipitate brown Ag20. (For 100 grams of Ag, use about 500 ml
of 2 M NaOH).

Filter, wash, dry, and store the Ags0. It can be dissolved in HNO;
when AgNO; solution is needed.

6. It is hoped that by this time the student will have gained sufficient

~facility to welght a specified amount of solid easily. Some discussion -

of this may be necessary, especially on why one pours oul an approxi-

mate quantity from the stock bottle. It is wise to have a container with

the correct approximation fastened to or near the stock bottle. Smooth

paper should be available and the reason given for using a smooth
surface paper rather than a piece of paper towel or filter paper.

POSTLAB DISCUSSION. Collect data from all students in. order that

‘the sum- of the weights of the AgNO; and NaCl may be compared to the

sum of the weights of the ‘AgCl and NaNO; with excess NaCl- (called

“residue’ in beaker 7£2). This comparison (answer to question 2) is the

basis for Sec. 3-1. % which should be assagned after the ‘experiment. Pre-

k'pare a class graph- to show the comparison in order that all may see
~the central ‘tendency. Since some students’ results” will not be gcu:ui “this
ands ‘the experiment.. L

,.and AgCl are the same. Later

- used.
SAMPLE DATA

256

aHHHHsf

Weight of: s;lver fmm Expt. ;,’_, e . DDZg_

: ' A -',,f;:4()5‘ 0,02 g
72,60 001 g -

- 7667 == 001 g

cises - 9. and 10 to: bring ‘out.
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beaker 1, filter paper, . 76.55

=+ 0.01 g
and solid AgCl
beaker #2 5148 + 001 g
beaker #2 and NaCl . 53.74 + 001 g
piece of filter paper 0.56 4= 0.01 g
beaker #2 and solid residue 54.38 « 0.01 ¢
CALCULATIONS

Weight (g)  Number of moles

Ag (from Expt 7) 2,56 4+ 0.02 2.37 }{ 102
Aﬂ'NOg (used in Expt 7 4.05 + 0.02 —_
AgNO; (produced in Expt. 8) 4.07 =- 0.02 2.39 x 10-2
NaCl (added) 2.26 + 0.02 3.86 x 10-2
AgCl (in beaker #1) 3.39 «+- 0.02 2.35 X 10-2
Residue (in beaker #2) 290 -+ 0.02 —_

ANSWERS TO QUESTIONS
1. How does the weight of AgNO; produced in this experiment compare
{5 the weight used in Expt. 72 How do you account for any similarity
or difference?
Answer: These should agree quite well unless Ag was lost in Expt. 7,
and in such a case, the ratio of Ag to Cu would give a clue.
Since this is early in the course, errors in wmghmﬁ technique
.are often discovered at this time.

2. Compare the sum of the weights of the- AgNO; and NaCl used with

‘the sum of the weights of the AgCl and the residue. in beaker #2.

Your conclusions will be. more meanmgful if they are hased on class

data cnmplled by your teacher. What is the s;gmftcance of these
results? -~

Answer: See the pcstlab discussion. This is the most lmportant part

‘of this experiment. Make sure-all students understand that

S these weights are equal for this and- all other reactions.
3. _,Compare your results for the number. of moles of silver used, of silver
nitrate produced -in Part:I, and of silver chloride produced in Part IT

by computing the ratio -between the moles of silver and each of the ..

_ other: substances, ‘AgNO3 and: AgCl ‘Use the nearest whole number to~

‘express your result. What can you’ ‘conclude about the numba ‘of moles -

. .-involved-in this series of chemical changes? = - o
N ",.{Answe Expressed o thernearebst whole number, ,the ratms locer- . -
Ceer /1..Th lmuld g up a: dlsx:ussmn A to. why_i!*-r :
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ADDITIONAL INVESTIGATION—to be undertaken as an extracurricu- -
lar experiment. Consult your teacher before proceeding.
Devise an experiment to determine the composition of the residue in
beaker #2. Study Exercises 3-9 and 3-10 as a preliminary step to this
investigation. :

The student may see two kinds of crystals and guess that two sub-
stances are present. He may think to add AgNOs solution to see if there
is more chloride. The most valuable extension is to collect qualitative data
to show that the NaCl which reacts (in the main experiment) is related
to the AgNQ; in the simple 1/1 mole ratio. '

STUDENT ACTIVITY

In this experiment you will use the silver you produced in Experiment
7 to form a water solution of silver nitrate, AgNOs, by allowing the silver
to react with nitric acid, HNOa. You will next prepare a water solution of
sodium chloride, NaCl, add it to the silver nitrate solution and weigh the
products formed.

You will review and learn many techniques: careful weighing, decant-
ing, filtering, washing, and drying. Carry them out well, for it will be
assumed in future work that you are able to use these techniques.

Record your data carefully and neatly. Take special care to show the
units used in your measurements. Include the uncertainty in each measure-
ment. Before you come to the lab to do an experiment, you should have

- planned what you are to do. This preparation will free your mind from
mechanical details and allow you to concentrate on making the required
observations in the allotted time.

PROCEDURE

. PART I. PREPARATION OF SOLID SILVER NITRATE
FROM METALLIC SILVER

a. Refer back to Experiment 7 and record the weight of the beaker used

(label this #1), the weight of the silver nitrate used, and the weight
‘of the silver produced.- : : :

h. To the beaker containing the silver; add 10 ml. of nitric acid, labeled
6 M* HNOs. ‘Avoid inhaling any of the poisonous reddish-brown - fumes
- .of ‘nitrogen - dioxide, NOa2, which form as the silver dissolves. Identify -
. - your beaker with your name or locker number and leave it in the fume.
~ . ‘hood or near’an open.window overnight to be:evaporated to dryness.. -

When it ‘is dry, ‘weigh the beaker which now- contains  AgNOs. Remem-
1 sriment 7 concerning the handling of silver

ber:the caution given in' Ex)
EEFECT OF ADDING A SOLUTION OF SODIUM
‘A SOLUTION. OF SILVER NITRATE.

ed in Chapter 5

~distilled tertutheAgNDslnbeaker -:#'li;rff‘Stir;‘f_‘ L

- 1 it: off - your akin:: Ry
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paper," but try to keep rrmst ui lt in the heaker where it can’ be washed'
- morg, readlly. o ' ‘
i_';Wash the preclp:ltate'm he BT W =
L7 stirring ‘with_a’glass rod to ald ‘the washmg Decant the wash water intcn '

_,the furme
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Remove from the stock bottle about 2-21% grams (approximately 14
teaspoonful) of sodium chloride, NaCl

Gently rotate the bottle back and forth to pour cut the approximate
amount needed on a piece of clean paper.
Label a clean, dry 100 ml beaker as #2 and weigh it to the nearest
0.01 g.
Adjust your balance so it reads somewhere between 2 and 2.5 grams
greater than the weight of beaker #2, and add carefully enough table
salt, NaCl, from the paper to make the balance pan drop. Discard any
salt remaining on the paper, then determine the weight of the NaCl and
beaker to the nearest 0.01 g.
Add about 15 ml of distilled water to the solid NaCl. Stir until no more

Whlle brlskly stnrmg the AgNO; solution in beaker 1, slowly add
the NaCl solution. Note the result. The white solid produced is the
compound silver chloride, AgCl. Rinse the empty beaker, #2, with about
5 ml of distilled water from the wash bottle by directing the water around
the inside of the beaker. Add the rinse water to the mixture in heaker
#1. Rinse beaker #2 again with distilled water and this time discard
the rinse water. The clean beaker will be used again in step 1.

Heat the resulting precipitate (the solid which settles out) and the
solution to boiling for about 2 minutes or untll the -solution becomes

reasonsbly clear as the precipitate settles. Place a stirring rod in the

beaker tc help prevent unsteady boiling. (bumping).
Fit filter paper into a funnel.-and moisten the paper with some distilled
water from a wash bottle. Set up the funnel for filtering.

" Place beaker #2 under the funnel. The tip of the funnel should touch
‘the beaker so a steady stream can run down the side. Decant the clear

liquid from. beaker. #1 into the funnel, pouring it into the funnel along
a glass rod. ‘A small ‘amount of the precipitate may. transfer to the filter

Repeat - the - Washmg ‘procedure - with annther 15 ml of water.
h:wate -the funnel 3 , .
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Weight of beaker #1 and solid AgNOj -
Weight of beaker F#1, filter papE and solid AgCl
Weight of beaker #2
Weight of beaker #2 and solid NaCl

- Weight of a piece of filter paper
Weight of beaker #2 and solid residue

, Wéight Number
in grams of moles i
Ag (from Experiment 7) 2.56 0 2.37 X 10-3 :
AgNO; (used in Experiment 7) , - 4.05 "~ No entry
AgNO; (produced in Experiment 8) — ' —_
NaCl (added) S —
AgCl (in beaker 1) ( Remember to — —
subtract “weight of filter paper) - _ 7 :
Remdue (m beaker #2) ' 7 o —— no entry
QUESTIGNS AND EXERCISES ; o ]

1. How daes the weight of AgNOs produced in this experlment ‘compare
- with the weight used in E}LPEl'lmEﬂt 7?7 How do you account for-any -

~ similarity or difference?

2. . Compare the sum of the wglghts of the AgNDa -and - NaCl used W1t11 the
sum . of .the weights of the AgCl and the residue. in beaker #2. Your
conclusions will 'be more meanmgfnl if - they are based on class data

~ - compiled by yc:ur teacher. What is the significance of these results?

- 3. Compare your results for: the number of moles of silver. used, of silver
- nitrate- prndueed in Part 1, and of silver chloride prnduced in Part 11
- by’ computing- the ‘ratio . between the: moles of silver ‘and -each of the

‘ cher substances AgND; and AgCl Use the ‘nearest . whule number . to’
: Df moles e e

4. Pm‘e sﬂver mtrate 15 a /Whlte sahd E How dco you  account fmj ‘any’ color
‘W : ple he -samples prepared hy Dther :

tent to: determine .the. composition of the residue in -

3 of - the - Textbook.

N EXPERIMENTAL:
5 .- C, Pimental,’

FullToxt Provided by ERIC.
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ACCELERATED MOTION
Model Lesson — High School (Physics)
HARVARD PROJECT PHYSICS

The Harvard Project Physics uses the history of science as a basis to
introduce the student to physics ideas and concepts through the processes of
science. The experiments in this guide are an example “of Galileo’s ideas
concerning accelerated motion, and Experiment 6 places this in a contem-
porary setting.

The teacher should plnwde for student investigation and discussion.

* The teacher will note that at the end of i:he experlment questions are pro-
vided for discussion. These questions are “open-ended” and may also pro-
vide a source for the identification of new problems to be investigated. This
experiment is related to chapter two in the Project Physics Text,

&
|2
E

In chapter 2 you have been reading about Galileo’s interest in aec-
celerated motion. Scientists are still interested in accelerated motion today.
In the following experiments you will try to find, as Galileo did, whether
d/t2 is a constant for motion down an inclined plane

The remaining experiments are measurements of the value of the ac-
celeration of gravity, ag — the value that 2d/t2 would approach as an in-
- clined plane is made more and more nearly -vertical. Perhaps you would

like to try one of them

" EXPERIMENT 5 4 Severniteerith- Cen,i,u.ry Expenment

; This experlment is similar to the one: discussed in the Two New
_Sciences by Galileo. It will give you first-hand experience in working with
tools similar to those of a: seventeenth-century scientist. You will make
' quantitative measurements of the motion of a ball rolling down an incline,

.- as_described ‘by Galileo.. From these measurements you should arrive at a
. suitable definition of acceleration — the ‘major purpose of the exercise. It
'is_also possible to. calculate: the value of ag (accelemtmn due to grawty),
~which you should try-to do. . . S ,

V~The ‘Reasoning behind the Expenment

7w.'You have read 'n"Eec: 2.6 how Galileo chscussed hls hehef that the

_ _speed of free-falling objects increases in ‘proportion to the time.of fall —
' that is, that they have uniform acceleration. But since free fall was much too -
o : :

InAth ay. as an object: m free fall dnes, anly more‘

d

ball were the same - frnm pulnt tur
ced’ but “of instantaneoils speed
‘rlnw mclme snli mgved too

h Spged has beenr
led by the ‘ball. Both these"
. 2.7 in"which this &envatmn; :

Ilmg ab]ects and rollmg balls :nnce tutal‘_

measure; he assumed.- that - the ‘speed of ‘a ball rolling down an in- -

true, this™ rﬁ‘at_mnshlg
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distance and total time are not difficult to measure, seventeenth-century
scientists now had a secondary hypothesis they could test by experiment.
And so have you. Section 2.8 of the text discusses much of this.
Apparatus '
The apparatus which you will use is shown. It is similar to that dis-

cussed by Calileo. ’ :

Clock operated by

opening and closing

. the top of the tube

with your finger. P

To get channel
straight, sight
along channel ' 4
and adjust ’ . 1
support stands.

starting block

stopping block

overflow [|J
can b

, \ tape down end

You -will -let :a-ball ‘roll various -distances down..a.channel about six

feet long and time the motion with a water . clock.

Some early water clocks are illustrated on page 56 of -your text book.

The way ycurs works is very simple.

Since the volume of water flowing intothe cylinder is proportional to
the time of flow you can measure time in miilimeters of water, Start and

" stop the flow with your finger over the upper end of the tube inside the
- funnel. Be sure to refill the “clock” to about the same point for each trial, -

-asurem es” on’ before you start -+
ften:save:you  an-ho of - around checking ‘in- ..~

with’ friends to set
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peat- eech descent four times, and average your results. Beet results are found
for very small angles of inclination (the high end of the channel raised less
than about 30 ern) At greater inclinations the ball tends to slide as well as
to roll. With these data you can check the Ccnetqney of d/t2.

Then if you have time, go on to see if Galileo or Aristotle was right
about the acceleration of objects of various sizes. Measure d/t2 for several
different sizes of balls, all rolling the same distance down a plane of the
same inclination.

If you iry to find the acceleration of an object in free fall, ag, you
should measure the time a ball takes to descend the full length of the plane
at various carefully measured angles. Use angles uy: to the Sfeegest for which
you can measure the times of descent. From these data you can extrapolate
tc free fall (90°). You mlght want to use a stopwatck here instead ef a
water clock.

From data to calculations .
Galileo’s definition of unlfurm acceleration {text, page 49) was “‘equal

- increases in speed in equai times.” Galileo expected that if an object aetually

moved in this. way the total distance of travel should be dlreetly preportmnel
to the square of the total times of fall. '

Q1 Why does this follow from his defmltlen? (See Sec. 2. 7 in the text if
you' cannot answer this.) ‘

When you have collected enough data, plot a graph of the distances

rolled (vertical axis) against the squared times for each inclination.

Q2 - What must your crreph look like if it is to- euppert Gahke hypetheeis? -

@3 Does your graph support the hypothesis?

You have been using a water clock to time this expenmem; because that
was the best timing, device available in Galileo’s ‘time. How accurate is it?
Check: it against a stopwatch ‘or, better yet, repeat =everel trials ef “your

- experiment using.-a stopwatch for timing.
Q4  How many secende is one mllhhter ef tlme'? ‘

EXTENSIDN e ‘
Review Sec. 2.7 There you Iearned tha!: e' 24, s’t2

Uee this" relatlen to. ealeulete the aetual aeceleratmn of the ball in ene' N

Df ‘your runs.

, If you have time yeu mlght alse try to ealeulate ag frem yuur Iesults’
T]us is-a reei challenge. Your teeeher mayneed te glve yeu some help
©oson: this,. - : » R ,
oy ;ﬂADDITIDNAL QUESTIONS_. o : :
i 5@5 __Does the aeeeleretmn depend upon the size. ef the ball‘? In what way

"‘efute or: support Anstetles ldeas on. felllng hodles'?

1 'e]:l]eet tenﬂs 7te accelerate for as long

:ulzlea 5 Expenment
of - the limltatmns of

ect - in free fall weuld‘

i g P S
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Ir: the modern version with improved clocks and planes you can get
more Pprecise results, but remember that the idea behind the improved ex-
; periment is still Galileo’s idea. More precise measurements do not always
lead to more significant conclusions.

The apparatus and its use

For an inclined plane use the air track. For timing the air track glider
use a stopwatch instead of the water clock.

Otherwise the procedure is the same as that used in the first version
! above. As you go to higher inclinations you should stop the glider by hand
. before it hits the stopping block and is damaged.
: Instead of a stopwatch your teacher may have you use the Polaroid
camera to make a strobe photo of the glider as it descends. A piece of white
tape on the glider will show up well in the photograph. Or you can attach
: “a small light source to the glider. You can use a magnifier with a scale at-
: tached to measure the glider’s motion recorded on the , hotograph. Here the

in an arbitrary unit, the “blink™ of the stroboscope.
: ~ Plot your data as before on a graph of t®-vs. d.

 Compare your plotted lines with graphs of the preceding cruder seven-
_teenth-century experiment, if they are available. Explain the differences

between them.

Q1 Is d/t? constant for an air-track glider?

E . Q2 What is the significance of your answer to the above question?
§ - As a further challenge you should, if time permits, predict the value
of ag, which the glider approaches as the air track becomes vertical. To do
-this, of course, you must express d and t in familiar units such as meters or
_feet, and seconds. The accepted value of ag is 9.8 m/sec? or 32 ft/sec.

‘cent is your error-of the accepted value?
“Percentage’ error == e o

' "rarc'c:ep{e;d value - measured value 1; 160’ o

. “accepted value .

: scthatlf ,ypu;_valﬁé of ag is 30 ft/ééég
. percentage error.=. . ... PRI

32 ft/sec® -

.U Notice that you.cannot. carry, this 6ut to 6.25% because you only know
_the 2 in the fraction 2/32 to one digit..

“in"the answer (6%) until you know the

require a’third digit in:the measurements-

of 30 and 32.° -

Q4" What are some of the sources of your error?

o t; Rinehart and Winston, ‘Ine,, 1968-:69, New York, pp. 21-25..- -

FullText Provided by enic JIFRRS

L values of d will be millimeter on the photograph and t will be measured .

Q3 What is the percentage error in your méasurement? That is, what per-

git. “You. cannot know the second digit
digit following the 2. This would-

- vsies, Concepts in Motion, Howard . -

b R o i e 05 sl A S
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THE CASE HISTORY OF A LAKE
Model Lesson — Junjor High School
EDUCATIONAL RESEARCH COUNCIL OF AMERICA

In Problem 33, the student is presented with a very brief history of
Lake Erie. The problem considers some of the cultural and industrial de.
velopments that have occurred around the shores of Lake Erie, as well as
some of the effects of this development. The student js asked to look over
this information and make an evaluation of the severity of the problem
that exists. vai()uslyg any in-depth or definitive answer is not possible, but
the design of Problem 33 is to have the individual student face the immensity

TR e e e

I

is not anticipated that:even. the cumulative efforts of the class will really

The. teacher’s role in. developing student insight in the problem is a
very sensitive one. On the one hand, it is essential that attention be focused
upon the imminent disaster brought about by man’s polluting his environ-
S ment. On the other hand, it is equally essential that siudents are led to under-
stand ‘that man will, as long as he survives, continue to produce waste pro-
ducts which will eventually be deposited on the environment. The outcome,
therefore, that seems most desirable is a conviction on the part of the stu-
dents ‘that man must control the quality of his wastes and be aware of the
. effects of .each of-his wastes ‘on the environment. ‘Another equally important
dimension of the total problem is a realization that rollution .problems are
directly related to population density. No possible solution could have long-

earth. o o o

GUIDELINES TO.THE PROBLEM -

Mtztéi‘igzls ) R e - - .
o NQ"«pgrﬁ_ﬂular,matEriSIS'"arE' needed to implement this problem. It is

recommended, however, that you have students research newspapers, maga-
. zines, as -well as consulting with- their. parents for materials on the subject

of wat;‘e_lj_i_jpaﬂtitiqn;'Stlﬁdgnbdééighédf:gjisfplé'j’rs; either in the classroom or
‘ ~thmughout-théschrqu; are most appropriate and-certain to stimulate interest
- in the whole of Tcpic,IV;an;thgz other hand, if the teacher prepares a bul-

.board; she generates, :largely .teacherinterest. Since" pollution ‘is of
st in_almost all ‘com ities, student tiated * d ' ’
~ 7 me uld ‘well ‘beithe

~discussion" on- polluf
+be invited. to participate.
- ‘cern -and their in i

- the. stix

organization of: a ‘community-centered
ime, . local authorities ‘on polfution could
if the- students counld see that their con-
in_community. acfion,  this ‘might be

commended_reading, plus
re_designed to provide a -
he: kground “materials -are not
ut’ rather: te provi the - teacher
‘the classroom act; B ‘
5,"have been’ expose »
osure has resulted in a gen-

of the problem of trying to save just one lake in our total environment. It.

lasting effects with the prospecis of an unlimited number of people on the .

itiated " discussions: and experi- -
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‘'or movements near inlets or outlets.
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uine commitment to change what we see. It wnuld seem that just knowing
what is happening is not enough to promote an active concern. It is predict-
able that if the problems in Tcrplc IV are covered as just another recital of
the demise of our ccuntrySIde, significant changes in student behavior will
not occur.

In order to understand the ways in which man changes his fresh water
envi=onments, students must first understand something of the unchanged
environment and what happens in it. Some of the biological generalities that
were emphasized in Topic III are applicable in Topic 1V. The idea of food

chain, for example, is applicable to biological relationships in aquatic en-

Vlronments In addltmn, some understandlng Qf the physical and chemlcali

Because of the SIgmfcant dlffEI‘EI]CE in theu physmal and biological
chardcterlstlcs, fresh water environments are considered to have two major
categorlesi : .

1. Running-water environments,

2. Stanﬂlng water environments.

The former would include all forms of inland waters in which the entire

- body of water moves continuously in a definite direction, such as a brook,

creek or a river. The latter category is described as one where the water
motion is not that of a continuous flow 'in a definite direction. In lakes,

- swamps- or ponds, water is considered to be standing, although a certain

amount of water movement may occur; such as wave actmn, mternal currents

Topic IV limits its consideration of fresh water lo sl:anc]m':!r water. In

“fact, the ccnmderatmn is even more narrow since it considers cmly one of
- the standing water ‘series, the lake. However, it is hoped that if the students’
" interests in a particular area come to focus on a local environment that can

be readily studied, the teacher would capitalize on this ‘opportunity. The

literature cited at the ‘end’ of the ‘Instructional Guide suggests a variety of .
'references ‘some, of whlch apply to research on runmng—water environments,

a lake from a pond? Since in many. cases, ponds

‘evolve from lakes, it is. appamnt that many mtergraﬂes apoear between the
; ion must be an arbitrary ‘one.:
e a lake as a reasunably large.

1y def

2 may find. -‘éc:ted aqr.iatlc ‘plants in- the shallower

»but where thg water; in’ the cenlral Iakt; basm is:.

i
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3. Craters of extinct voleanoes. .

4. Various activities of rivers, such as change of channel which pro-

duces an oxbow lake, obstructions at the mouths of tributaries

~ forming lakes above them and drift jams which obstruct streams.

Lake Erie, which is the focal point for Problem 33, along with the rest

of the Great Lakes, is of glacial origin. As the last continental icecap re-

treated, ponds of melted water formed along its southern edge, damned by

the ice front. These ponds grew larger with the disappearance of the .ice,

eventually spreading over a combined area larger than that of the present

Great Lakes. As the glacial lakes grew and land levels changed, outlets

formed in several directions. These outlets provided water routes for mi-
grations of new organisms into the drainage system of the new lakes,

The chart Life Zones in a Lake, shows a convenient v:ay of looking

at the life zones in a lake. As you can see, that region of the lake which

LIFE ZONES IN A LAKE

b Limngtic zone mmssssmasssmnn.

Zone of )
tight -
penetration -
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zone. Some of the more conspicuous inhabitants of the littoral zone are many
kinds of fish, beetles, watersnakes, turtles, salamanders and frogs.

The region of open water in a lake between the zones of emergent plants
is called the limnetic zone. The limnetic zone extends vertically from the
surface to the bottom of the lake. It can, on the basis of its populations and
some physical characteristics, be considered to be two different areas. The
upper zone normally corresponds to the lighted portion of the lake and
- serves as an environment for a community of microscopic photosynthetic
plants and an anmal community that lives on these planis. The lower zone,
which may not exist in all lakes, is characterized by the presence of many
bacteria and generally limited numbers of other kinds of organisms.

When lakes are first formed, especially those of glacial origin, they are
most likely to be at their lowest level of praductlvuy. The reason for this
is immediately apparent if one looks at the chart, Organic-debris Based FFood
Chain. As you can see, the living things within a lake basin are dependent
on the amount of dissolved organic material which will supply the raw
materials for the producers. A lake in the carly stages of its evolution is
likely to be very low in these kinds of materials. During the course of time,
there  will always be a surplus of organic sediments ~accruing in the lake
as its tributaries empty into it and as organisms within its basin decay.
This gradual aging, more ‘ipEGlflESlly described as eutrophication, al-
though it SlgnlflES an_increase in productivity, also signifies a decrease
in the amount of time that the lake has yet to survive. At an accelerated
rate, debris gradually fills the basin, reducing the volume of the lake. At the
same time, most lakes are also filling inh along their edges,

- The numbers, kinds, and distribution of. living things in the lake often
is a meanmgful index as to the state of euthrophication. .

: QRGANIC’-DEBRTS BASED FOOD CHAIN
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There are both horizontal and vertical components to the distribution
of organisms in a lake. This distribution is influenced by many factors, such
as solar energy, temperature and prevailing winds. Since distinct areas of
the lake often have unique assemblages of organvisms, it is profitable to
examine them independently, even though it is an arstificial classification.

There is an interesting community associated with the surface film of
the lake. The undersurface of the waler film serves as a substrate for some
snails and flatworms and during particular times of the year as a habitat
for the larva and pupa of insects, such as mosquitoes. On the surface, one
can find plants, such as duckweed, adults of the whirligig beetles, many of
the true bugs, and a number of adult insects which light on the plants which
are associated with the surface film. '

The kinds of animals that inhabit the lower portion of the limnetic
zone are typically those adapted to low-oxygen conditions. The primary
food supply for most of the species in the lower limnetic zone are largely
of two general types: the large free-swimming animals, such as fish, and
the essentially microscopic to sub-microscopic plants and animals, plankion.

The plant members of the plankton community in any zone are re-
presented by diatoms, blue-green algae, green algae and photosynthetic
flagellates. l.,l"hg numbers and kinds of plant plankton communities vary
widely from one body of water to another so that a truly typical community
does not exist. The animal plankton community can claim membership most-

often found in this assemblage. . B
The photosynthetic plant plankiton is restricted by its light requirements io
‘the area where adequate light is available. Since:the animal planktor are
directly or indirectly dependent on the plants, the animals are also found
in greatest abundance where the plant plankton are found. Other faciors,
such as temperature, water movement and nutrient supply, would also affect
the distribution of plankton in a-lake. -~ . . . .

" The communities ‘of plants- and “animals which  occupy the bottom of

~bers. Because environmental itions ic
depths of the lake ‘and often consist of & number of different kinds of sub-
‘trates, the bottcm. contains a variety 'of environments for occupancy.

oo Among: the factors. that

ce occupancy. Fo

lies--an

a é,,ltrma;jnfr-']jv"

Tt

ly from rotifers and microcrustaceans, although Protists- and insects are

The plankion of a-lake are not uniformly distributed within thé lake..

‘the lake, the benthic communities, exhibit a -wide variety. of kinds-and num.:-
conditions change so rapidly from. shore to-the |

‘affect’.the “kinds. and  distributions - of -bottom:

15 temperature,: water -transparency, the
vailability of-food and ‘competition. The ma- -~
1 = 0ce or_example, a typical
e-inhabited by sponges, snails and . -
overed ‘with mud, ‘silt-or organic de- .
lams, the nymphs or mayflies,

in deep_open :water would, of course, .=
-deep; or the water turbid, light. = -
k ‘necessary.
ng generélities: about the exchanges = -
is’quite Teasonable’to <
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assume that your students have not given serious ccmsaderatmn to the effect
that living in water has on an organism. For example, the Daily Temperature
Changes in Water and in Air chart shows the diurnal temperature range in
air as compared to that of ‘a deep lake. The wide daily range of air tem-
peratures in temperate climates does not occur in the water in the same
areas. Consequently, plants and animals in most lakes are not usually sub-
jected to sudden changes in temperature.

DAILY TEMPERATURE CHANGES IN WATER AND IN AIR

Water
temperature

=t

TEMPERATURE

%‘sf'

Alr :
_temperature

e B b+ el e ) S ot s

e s T8 &

- TIME IN HDUES

7 Ty 1mportant in canadelmg tha
. ,_effec:ts of pollutants is that essential nutrients for planis.and animals such as
. phosphates and chlorides and other mineral- salts are dissolved m-water and L
- ‘are:widely ‘available fo aquatic’ organisms. ' - T i
: On the: cther handj :gasessuch -as. oxygen and carlmn dmxlde, whmh B
\ I' e-in” sphere .in relatively large quantltles ‘are’ available
' “Most ‘of the avallab e dissolved: oxy:

“also importan
to forn:
solvel §
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winds, - circulation “and’ mixing of water

" brisk spring winds; subside."
"m'very rapldly, ‘expand and become much llghter than the lower waters. Al-
d ! : to-blow, its: ibution_ to mixing is. signi- o

3 =aAvier W ’resmt rmxlng w1th
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SDLUEILITY CURVE FDR DXYGEN

Temperature, °C - | (_12 ppm |

o | 14.62

5 12,80

10 11.33

15 10.15

20 - 1 9.17
25 8.38

30 '7.63

The ehert Seesenel Temperature Varletmna in a Lake, illustrates one

* of the most uutstamﬂmg and biologically significant phenemena of lakes, that

is, its seasonal variations in temperature, As you can see, during the winter

thie. temperatures’ of the water”in. moderately. deep to’ deep. lakes is relatively '
uniform frc
“layerlies:

'surfai:e to - bettnrn. If- there:is an ice cover; the colder
top of the 'un‘derlyijn‘g “wate

f fesult in a uniform" ‘temperature
from surface to bottom. As:summer approaches; the weather warms and the
Under these conditions the surface waters: warm

ce to mmlng is’ greater
i mal - tratlfr- SN

In-spring;” under ‘the influence of -
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SEASONAL TEMPERATURE VARIATIONS IN A LAKE
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THERMAL STRATIFICATION

T i W
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DISSOLVED OXYGEN CONCENTRATION
IN A STRATII‘ IED LAKE
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~/° oxygen.
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. .. Now: that-we have the dlmEDSlDDS of a lake more clearly defined, how
2 rf-_can one’ tell that:it-is pﬂlluted‘? ‘Webster’s- Collegiate - Dictionary describes

~. - “to pollute’ as- follows: “To:make unclean, xmpure, corrupt to desecrate,
: :'ifta deflle, to eontanii' te; to’ dirty.”
e ‘of the:lakes we know quallfy, but what makes the prnh-, :

y- tosee and dlfflcult to. dEal wﬂ:h is that averybody :
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The facts of Problem 33 are simple. Lake Erie is undergoing very rapid
eutrophication. Man is not going to move away from the Great Lakes. In
fact, all of the evidence indicates that just the opposite trend is the most
likely one. .

What can be done to try to “Save Lake Erie”? Certain paths seem to be
open and possible. Available evidence indicates that pollution of all kinds
is affecting the lake, generally for the worse. It is the most polluted of the
Great Lakes. There is increasing evidence of oxygen depletion in the bottom
waters, the disappearance of the mayfly larvae from the western end of the
lake and the spectacular growth of floating algae are all signs of advanced
eutrophication. ,

These are the major sources of pollution in Lake Erie:

1. The grossly polluted Detroit Riveris a major source. Cities and
industries along the Detroit River add 1.6 billion gallons of
waste to the river daily.

2. Of all Great Lakes, pollution is particularly serious in Lake
Erie because of its relatively small volume.

Over the past 50 years, concentrations of the major contami-

nanis have increased sharply. == : _

4.» Many -industrial wastes, such as phenols and ammonia, act as
poisons to fish and other living things in the lake.

5. Sewsge wastes and farm fertilizers and large amounts of nitro-
gen and phosphorus are added to the lake and are largely re-

- -sponsible for the huge algae blooms:
6. The algae, which thrive in polluted water, contribute to the
" depletion of oxygen when they die and decay.

7. The .excessive numbers of bacteria from human wastes con-
stitute a serious health hazard to the people around the lake.
This, in addition, seriously restricts the recreational utility of
the lake. - ' . o ’

At this present point in time, we still know far too little about the com-
plex processes we have set in motion. Certainly, we do not have adequate

~ information to insure the preservation of Lake Erie as well as the rest of

of the Great Lakes. , AR R
Another interesting area not specifically covered in this problem is the

effect on the introduction of new organisms into the St. Lawrence River.

All' natural drainage of glacial times from ‘the Great Lakes into the Missis-
sippi and the Atlantic Ocean has ceased to exist. Man, however, has restored

these connections with the construction of numerous canals. The effect of-
- these canals - has been to introduce into the original post-glacial fauna new

- organisms which have profoundly disturbed the ecological balance.

 Student Activities

[EM THIRTY-THREE — THE CASE HISTORY OF A LAKE

(8]

- How do modern living: standards-and large numbers of people- affect -
man’s supply of fresh water? Let’s take a_close look at the largest supply of .
“fresh_water on the surface o: I
.. Compared to ‘other physical features of our country, such as the Rocky
- -Mountains, the:Great Lakes are quite young. The present shape of the Great.
. Lakes was caused by -the the last' continental glacier. Before the glaciers,

of -the ‘earth, the Great Lakes of North America.

T




~North’ America; such as Champlain a 1§ ed o :
of water with the large populations’ of animals with great admiration. The

ERIC

PAruntext provided oy enic [l
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the lakes were only river valleys. As the glaciers moved southward they
deepened and enlarged these valleys. When the glaciers began to melt, these
scooped-out basins filled with water from melted ice and snow. Ten thousand
years ago the last melting of the ice sheet left the Great Lakes in approxi-
mately their present form.

The map of the Great Lakes Drainage Basin shows some things that are
important in understanding the Great Lakes. First, the heavy line that sur-
rounds the Great Lake Basin shows you the amount of land that supplies
water to the Great Lakes. As you can see, the area of the Great Lakes is
about one-half as large as the land area that drains into it. A second im-
portant feature to notice is that the water finally flows out to the ocean
through the St. Lawrence River. Find Buffalo on your map! You will find
it at the eastern end of Lake Erie. Now, look for Niagara Falls! Did_you
know that Niagara Falls prevents animals from swimming up the St. Law-
rence River and Lake Ontario into the rest of the Great Lakes? Can you ex-
plain why?

MAP OF GREAT LAKES DRAINAGE BASIN

wlam ar Laks Efl

Lake Eriz asin Committen, Lasgue of Woran Voters. 186

" Before largenumbersufpeuplecame tothe area, the Great Lakes at-

" tracted many wild fowl and fur-bearing animals. ‘Throughout much of the

year these animals lived on the “shores.” The -early European explorers of
and LaSalle, looked on these huge bodies

Great Lakes were also used: by.Europeans to explore deep into the continent
before there were natural roads. The earliest settlements of Western man

‘along the Great Lakes were: usually situated. at points of ‘military importance. -
2. In 1848 a purely scientific expedition was launched on. Lake Superior
by Professor Louis -Agassiz-and 15 fellow scie
‘was one large Mackinaw

tists. Their. only equipment

boat and two: canoes. The observations- of this group.
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have been very important in determining the changes that have occurred
within the Great Lakes. Professor Agassﬂz kept good records of the fishes
and insects that were observed by his pariy.

The Great Lakes have become a center of industry for many areas. A-
mong the most important are the location of certain natural resources nearby.

Large supplies of iron ore were discovered at the western end of Lake
Supermr near Duluth. Just southeast of Lake Erie there was a large supply
of coal. Lake Erie was connected to the coal mines by canals between 1825
and 1850. Then, another canal that made boat travel possible between Lake
Superior and Lake Huron was created. Now it was possible to easily ship
both coal and iron to places on the Great Lakes. Follow the route iron would
take from Duluth to Cleveland. A third canal, the Erie Canal, opened up a
route for immigration up the Hudson River from Albany, New York to
Buffalo on the Great Lakes. Now, with ore, coal and lake it was possible for
large industrial centers to be located on the Great Lakes. Buffalo soon be-
came the center of the flour ‘and milling industry. The Cleveland skyline was

- illuminated by the tall chimneys of the iron and steel mills. Cleveland soon

led in the production of iron and petroleum products. In Detroit there grew
a thriving carriage industry which was to turn to the production of automo-
bllEE in the next century. :

At the same time that the pnpulatm engaged in industry was growing

7 algng the edges of Lake Erie, large numbers of people were making their

CQMMERCIAL FISH CATCH IN LAKE ERIE SINCE 1963

20,000 ——ee e e
' ~~ Blue Pike

15,000 [—

Walleye

10,000 |-

) "“'-’ax‘_ﬁ vargké frbu

383 1956 71957 T1959 191 . 1963 1965
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living as fisherman. Apparently unlimited supplies of blue pike, walleyed
pike, white fish, chubs, and cisco were available for anyone who wished to
tish for them. As late as 1955 the commercial catch of blue pike in Lake
Erie was almost 20,000 tons per year and the rate of walleyed pike was
5,000 tons per year. The chart, Commercial Fish Caich, shows data on the
number of fish taken from Lake Erie in the last 18 years. .

At the present time about 13.5% of the United States population and
about 33.9% of the Canadian population now live in the drainage area of
the Great Lakes. Stretching from the Canadian city of Quebec on the east,
all the way to Milwaukee on the west, is an almost continuous chain of cities.
The welfare of this large population of people is largely dependent on the
GCreat Lakes for a continued supply of clean usable water.

What is the effect of such a large number of people on the water in

the Greai Lakes? Since a thorough look at all of the Great Lakes would be

a tremendous task, let’s just focus on one: Lake Erie.

~~ _As you can see from the chart, Some Dimensions of the Great Lakes,
Lake Erie is the shallowest of all the Great Lakes. It has an average depth
of abont 58 feet. You can also see in the chart, Lake Erie Drainage Basin,
that two peninsulas extend from the northern shore of Lake Erie, one at the
western end and one toward the eastern end. These peninsulas serve to divide

- the lake into regions. The shallow western basin, which receives water from

the Detroit River, has an average depth of only 54 feet. The larger central
basin has an average depth of between 60 and 78 feet, and the eastern basin
has a maximum depth of 210 feet. ’ :

SOME DIMENSIONS OF THE GREAT LAKES

- o " "Maximum . ° - Msan - ' '\Vﬂater' Drainage

B - " Length. = Breadth .- depth depth surface - basin -
- Lake’ c T (mi) {mi) C o (f) (fy “(mi 2) (mi g
‘SUPERIOR 350 160 1,333 487 31,820 80,000
. MICHIGAN - 307 - 118 - 83 276 22,400 -~ 67.880
HURON ° = 206° . °- 188 - 7" 760 - :-- 195 23.010 72.620
ERIE - - 281 .. BT . 210 s8 9,930 - 32,490
ONTARIO - =~ 193 .. 53 802 283 . 7.520 - 34,800

 Where does the,watérvin'Lgke& Erie come from? Look at the ,fﬁlltpwing_

" chart. This shows most of the rivers flowing into Lake Erie from the United
Stalem. e ho oo e e _

g i
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LAKE ERIE DRAINAGE BASIN

ORT WAYNE <=

J"

Leke Erie Raguiem or Raprieva, Lake Erle Basin ﬁaﬁmlnna iesgue of Women Voters. 19688,

'The Maumee River which empties into the western end of Lake Erie at
Toledo is the largest tributary. However, about 80% of the water that comes
into Lake Erle comes’ from the other Great Lakes by way of the Detroit River.

Presently there are 8 528, 000 peaple living ‘on the Amerlcan side of the
Lake Erie basin. When you are 40 years old, if our population continues to
grow at the same rate, theere will be about 17 million péople living in the

same area. If we continue to use automatic washers, dishwashers, lawn

sprinklers, air - ‘conditioners, and swimming pools, our demands for water

. from the Great Lakes will- be ‘hard to meet. City guvernments estn‘nate that _
_Teday tﬁey must prncess a}Jnut 140 gallons of water for every person in the

community to meet present day needs. If we require more automobiles, or

“more blcycles or other conveniences which  require metal, our - industrial
- -needs ‘will -increase more rapidly than our- personal needs. It requires ap-
- pnjmmately 50,000 gallcms of water to make 1 ton' ‘of steel; 600,000 gallons

are needed for Productlon of 1 ton cf synthetm rubber; 320,000 gallons for

1 tonof . alummum Perhaps what is even more impressive is that the elec-
—trlclty neede& to- llght homes ‘and. to \operate factories and businesses quulres
" more wate' ' thsn any Df the mdust ies prevmusly mentmned ‘ '




92 The Improvement of Science Instruction in Oklahoma

INCREASE IN DISSOLVED SOLIDS IN THE GREAT LAKES

o

o ' =

LAKE SUPERICR

|
i
]

LAKE HURON

LAKE ERIE

7»W°hlch lake do yml thmk would have the cleare;t water'? ‘
* Which lake would you least want ‘to’ swim m‘? o
'Around whzch lakes ‘would you expeet to find the fewest people‘?

ite 'materlals anlude disease-causing bacte.rla and viruses. ThlS

.~ means that;
C..-ina lake, the waters of the lake are no longer available:for recreation. Some"
" cities and towns treat. their human wastes. adequately, so-that when they are .
‘discharges from treatment plants. there  is no health  hazard. Other cities,
~.. smaller’ towns, and rural areas do 'not provide” ‘adcguate ' treatment ' and
daﬁgerous health conditions in. Lake Erie are a result. For example, in the
water of the Detrcnt Rlver:'the numbers of “bacteria piit “into” the water with
human i ' plentlful than they'were in-1913. '

‘ t)uld jmu prefer to .

, ‘the:growing 1ndustnal plants along the shores of Lake :
ot “a health 1azard : ;. serious: problem in

: i | “wastes, such ‘as phen 1 and ammonia, act as
-and . other animal: life. Solid- materials. settle to the bottom
r-living thing: ng there. In addltmn, 'some of these_ solid ma-
“terials' on'the béttom rot, usmg oxygen ’W}uch is then not: avallable to. flShES -
and ‘other living thing: he ch

Lake Ene, shows the: data

A ruiText provided by enic [EEIN

‘large numbers of disease-causing microorganisms are Ppresent - . -
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‘ CHANGES IN BOTTOM ORGANISM IM WESTERN LAKE ERIE :

Hi {“‘HIRES ANIMALS PER 50. METER !
DiCE OF BOTTOM :
KIND OF ORGANISA q“GEN . ITTOM | :

IN WATER 1929 1330 1958

Leeches (Hirudinia) NO [-] 4 a7
Small Woayms (Oligochaetas) NO (1 3
E mayfly Larvas {(Haxagina) YES 3z 515
. Midgs Fiylarvas (Tendipidae) NO a1 22
Snailz (Gastropode) YES 12 24
Fingernail Clams (Mellusca) NG 16 a
Caddis Fly Larvaa {Tricoptera) YES 20 1

49 H
257 . |

B5

: " Microcscopic green plants such as algae, on the other hand, thrive in :
. polluted water because sewage contains considerable amounts of elements !
that are necessary’ for their growth. Large amounts of algae give the lake
water disagreeable tastes, smells, and make it very difficult to purify the
water for drinking. The following chart shows data on the changes in the
numbers of floating microscopic plants in western Lake Erie in the ‘last
thirty-five years. S L ' -

' COMPARISON OF ALGAE CONCENTRATIONS
- "IN WESTERN LAKE ERIE

NUMBER PER LITER ‘ . ;

1938-42* - ) N 1964 *
260,000 - S 828,000 : : i
L : 366,000 . 726.000

T 1,500 - ' - 215,000
"Nonereported - . - 210,000
~ None reported " - 0 7 -. 210,000
o 31,800 . . 415,000
.~ Myxophyceae . ST YT 400,000 . C B 2,750,000
CoTetal L o who i om0 ‘871,000 o .- . 3,500,000

i dlecial ozt

- A Bhvioplenkion Blsem In wa Lake Erid. Victor L. Caspar, U,5: Public Hoalth Service.

R Sclentlsts : .ir\fhéi;hrévév _léqrviéed."at j:;th_é.:prvé];}lsm “of mcreased numbers - of
= " algae’in the lake have concluded that probably the chief cause is the increase T
.= "= _.in the amount of phosphorus in-the-lake.-The chart-below shows some recent -
‘} .7 .data on from-where the phosphorus: comes. These same scientists suggest
S that the best way to control the algae is to control the phosphorus input.

g E

e

ERIC.



ERI

R S

19407

~“hundreds . of thousands ‘many ,
- Erie. The exact amount ‘of human waste thal is emptied into” the lake from
~this source .is_difficult to estimate but cert

oncerned with no ‘real reason?:
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SOURCES OF PHOSPHORUS IN LAKE ERIE

' ?l}éphnrug
‘ ) PO, -P)
Source ) Lbs/day

Lake Huron

20,000

Ruwral tand runoff 20,000

Murnticipat .
Deatergents 70,000
Human excreta : 30,000
Urban tand runoff . 6.000

Industrial (direct discharge) 6.000

TOTAL . 152,000

Lake Erie Enforcemant Corference. Technical Gammities, March 1967.
According to the chart, Comparison of Algae Concentrations in Weslern

IL.ake Erie, are there rmiore or fewer algae in Lake FErie.than there were in.

Using the data in the chart, Sources of Phosphorus in Lake Erie, what

seems to be the major reason for the increase in numbers of algae? ‘
Extensive farming along the shores also contributes to the pollution of
Lake Erie. The water running int¢ rivers from farmlands carries with it large

"amounts of soil which not only muddies the water but eventually is de-

posited in the lake and contributes to filling the lake more rapidly than it

- would if the land were not“disturbed by agriculture. In addition, the ferti-

lizers that were intended to aid.ihe growth of planis on land are carried into
streams ‘and lakes. There they nourish the growth of algae and other unde-
sirable water plants. The poisonous chemicals used to contrel insects or plant

- diseases are also- carried . into the water ‘with sometimes disastrous effects on
"the living things in the streams an : ' : -

7 ean d lakes. L L
nother. increasing” health hazard. is the pollution' contributed by the
s of pleasure”boats, many of which are used in’Lake

inly must-be large. ... =
ntly ‘considerng a” law: that would forbid pleasure boats
LW nto lakes,- -~ - o
be'a ‘good law? Why? ' = =
ltge ore boats, the grain boats,
port.as often as pleasure

‘Ohio ‘is |

f-introducing plants, or- animals, or
mally be found in the Great Lakes.

would’ not*

v:serious is the' problem

nvironment,  Second ® Experimental
cvela d;—'Qh_ic:, PR, 19-34,0 -

rt.as e boats, fre-
eating. serions’ nuisance conditions. .-
n through the St. Lawrence Sea:

Is ’ﬂiéfé'féallj} a PrﬁblEm,Dr ‘are we

o
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' CHAPTER VIi
INQUIRY PROGRAM — BIBLIOGRAFPHY

In- this section a representative number of the nationally recognized
secondary science experimental programs are summarized in regard to the
purposes and objectives of the programs and a description of the materials
and guides available. This information will be helpful in selecting or de-
veloping an inquiry program in science.
ports of the International Clearinghouse on Science and Mathematics Cur-
ricular Developments.” The International Clearing House was established
at the University of Maryland’s Science Teaching Center in the fall of 1962.
Financial support comes mainly from the National Science Foundation and
the University of Maryland. :

EDUCATIONAL RESEARCH COUNCIL OF AMERICA (ERC)
- Purposes and Objectives:

Develop an interdisciplinary, sequential science curriculum for all
educable students from kindergarten through grade twelve. :
Address of the Project: '
Dr. Ted R. Andrews
Director of Science
#312 Rockefeller Buailding
- 614 Weost Superior  Avenue .
. - Cleveland, Ohio 44113 _ :
Specific Subject, Grade, and Age Level: -
: " Science; Grades K-12 = ‘
Description of Materials Available: o
‘1. ERC Life Science, Second Experimental Edition (for grade seven.)
.+ The program is man-centered, stressing inquiry approach in lab-
‘. oratory. investigations of problems concerning man-ar:d his environ-

N ‘ment.’ Student Investigations, in four volumes, . . -

- physics and.chemistry;:the materials. are: organized-in. three phases:
. 'Phase 1, Heartbeat Problems are.teacher-directed; Phase II, Pen-
. dulum_Problems, are transitional;
¢ . ‘designed for self-pacing,-indivi

- 3. ERC Science News, a

The information contained here was obtained from the “Annual Re-

et

2. ERC Science . Problems " First Experimental  Edition . (for grades
7 11-12.) Planned to meet the needs of students who do mnot take

"Phase  III; Probléem Areas, are .
4l -investigation by the. students. -
léwﬂétté_pukbliéhéd bifﬁiqnthly_:frifjvat;to]:p;ei?- R

roblems Prospectus;» ERC- . -
‘the Council participating: . . .
:, and ‘sample copies "~
‘available

A
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upon request. Direct all requests for information and materizls to the
director of Science, Educational Research Council of America, Rocke-
feller Building, Cleveland, Ohio 44113.
Materials for Purchase:

Item 1, ERC Life Science: Student Investigations, four volumes, $16.00;
Instructional Guide, four volumes, $5.00. These mate-ials are available
only in complete sets of four volumes. The Student Investigations ma-
terials are interleaved throughout the Instructional Guide, in- addition
to being bound separately for the student. F ly TFacts, per copy, $0.60.
Item 2, ERC Science Problems materials are available on a limited
basis: Sample Set, $25.00; Classroom Set (for 30 students) $385.00.
TItem 3, ERC Science News, subscription for one year (five issues)
- $2.25. Direct all requests for information and materials to the Lirector
of Science, Educational Research Council of .America, Rockefeller
Building, Cleveland, Ohio 44113.

e

MICHIGAN SCIENCE CURRICULUM COMMITTEE

~JUNIOR HIGH SCHOOL PROJECT (MSCC-JTHSP)
Purpose and Objectives: e , ' :

* To develop and test open-ended liboratory experiences which are di-
rected toward interdisciplinary ideas; to develop a means of evaluating
the extent of students’ understanding of these ideas as a result of open-
ended laboratory experiences. The project is centered on inquiry. The
Process .of inquiry is taken to.mean the approach to an idea by students

- questions asked at various levels of difficulty. As a basis for evaluaticn,

the ivestigators -helieve that -the questions students ask furnish a- better
‘indication of the extent and the quality of their thinking in_relation

- lo.an idea than any answers ‘they may give to questions asked of them.

. Address of the Projecs: - . 0T TR EREC O |
o o Dr. W€ Van Deventer, Project Director, MSCC-JHSP, State of Michi-
Depaitment of Education, Lansing, Michigan 48902. . "

."l?g/s;fzp of M

ng wit