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"what,/;kecis21y, is "thinking?" When at. th
impressions, memory pictures emérge, this ig not-yet "thinking." -
And when such pictures form Ferlesl'each member of which calls
“forth another, this too is qot vyet "thinkifhg." When, however,
a8 certain picture turns' up 4in many such sdédries, then--precisely
through, K su¢h return--it becomes an .orderifg element for such -
series, in that it connecys series which/in themsélves are

A unconnécted. Such an ‘element becomes a ingtrument, a concept.?
I think that the transition from free afsociation or "dreaming"
to thlnkang,ls charactérized by the moye or less dominating role ,
which the "concept" plays in it. It 1 by no’ means pecessary .
"that a concept must be connected with 7a sensorlly cognizable and

-reproduc1ble sign (word), but when thfs is the case thinking
becomes by means of vhat fact communycable " . .
.-
\ .

reception of sense-

<

coL -rAlbert Einstein
" // ! quoted 4n Einstein by
- P / Jéremy Berpnstein. New York:

, .The Viking Press, 1973, . o
. . //p, 172, . LT
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Recognition of the need for a highly structured, seduentially or-
gan.zed K-6 science program grew out of a three-day conference
on elementary school science conducted by New® York Uni@ersity

scientists,.psychoiogistsr and educators_ in 1962. As a result’
of this conference, Morris H. ShamogsRrofessor of Physics, and
J. Darrell Barnard, Professor of ng;;EE}Education, developed a
plan to produce a conceptually oriented program in elementary
science (COPES). With the admlnlstratlve support of Dean Daniel

-+ E. Griffiths, of the School of Education, and Dean George
- Winchester Stone, Jr.,, of the Graduate School of Arts and Sci-

ente, the plan was accepted as an all-University project The
Advxsory Committee and Consultants to the project' lnclude the
féllowing members: 1 :
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- ~ADVISORY COMMITTEE. , o RN
. N
/ , \
Lad ' " M g
* '
J. Myron Atkin, Dean, School of Education, University of Illi- . ,
nois-, Urhana L e , . ) . T g

. ¢ @«
Margaret ! Dordick, Pr;kgépal,'Kensington-Johneon School, Great .
Neck, Ney York . -

Glen Heathers, Professor of Educatlonal Researchs\unlverSLty o
Pittsbukgh ¢

L o

M.Sl Kopas, Professor of Biology, New York Univereity . .
} . :

. N . o
. @

Ser%e A. Korff, Professor of Physics, New” York University .

% g0

Roper F..Larsen, Superintendent of Schooie,»Bethpage, Néw York *

v a .

Ernest ngel,_Professor Emerltus«of Phllosophy, Columbia Unlver- ﬁ'

sity, New York o :.
- '

v

' ' < . ° . o
Charles G. Overberger, Professor of, Chemistry, University of
Michigan, Ann Arbor ’ ¢ .- f N SN

* ¢ ’ . -

.Leo Schubert, Professor of Chemistgy, American University’,

?
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Washington,.D.C.‘ : / .
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Mark Zemansky, Professor Emeritus of Physics, City University of
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Seywmour 'S, Brody., Ptofessor of Biology, New York University
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Public Schools ) .
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Arnold A. Strassenburg, Professor of Physics, State University
of New -York at Stony Brook T .
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A two—yeaf pilot study to test the femsibility of a conceptual ‘ .f
sc¢hemes approach was funded by the Un;ked States Office of Edunca-

tilon. The success of the pilot study, dealing with one conceg
tulal scheme—-the conservatlon of energy--led to ,the prqductloﬁ

of' an elementary- school sc1ence
ceptqal schemes outlined in the -
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\
/

The ‘COPES Staff is cited below,
have contributed to the Grade 6
:

a

b o ) J .




. ~ e

THE COPES

~

™orris H.
. Director

J. Darrell Barnard -
Associate Director

13
Shamos -.
9 4

3a%ice A. Cutler

k AssistaQt Director
\ ] -

~ Philip R.

Heed

Merrifield =,
Evaluatlon Team

] . .

.

*PREVIOUS -M.f:MBERs OF THE STAFF

AFF

~ .
Lois Arnold -
Editor . '

" Elizabeth Lagerman
Secretary " . , .

’Diane Leber
Technician

- .‘\ .

Janet Spanko |
Administrative Aide

o

¢

ASSOCIATED WITH THE DEVELOPMENT OF COPES GRADE é MATERIALS

- N

NN . ."?
- Joan Alexander
. Teaching Assistant >

Elementary School Teacher
' f . - [4 .
' Dean R. Casperson ) .
v 'Science Educator . -
.~ Vihcent S. Darnowski ‘ *
* Science Educator
. '17 \
7 +'Xatherine E. Hill
Evatuation and Elementary
j$c1ence Specialist

[ * s

Kit Irvine S—

v

- LY .
f « . . . . 3
, .
¢

Ronald Caruéo ‘ ‘ /[ .

: "L;ELementary Science Specialist
Dorothy M, LYnch1 . ‘ .
. . Admlnlstratlve A551stant o

a

<

“w 7 N .
Joseph H. Rubinstein
Biologist

Anne Saenger
Elementary Science Consultant

“Rashid ’Shah
Evaldation Specialist
Stanley ,Simmons

Sc¢ience: Teacher .-

Jane H. éteury
Elementary '‘School Teacher
*
Denver Ulery
Science” Teacher
Bobby‘J. Wogdruff ;.
» Science Educator . - .

B - -

Many teachers and staff meﬁbers have been actlvely involved in

v testing and teaching the COPES materials. A laboratory school
: \ .at  the Unlver51ty, as well as regular‘classrooms of cooperating
. steachers, tested the 1n1t1a1 Grade 6 materlals. . . .
T — - . g
. - ' . ) .
} . ) g .
- A

ERIC -

s o e : . o
[}

P




P s v

’
-

-
.

M&ny other teachers, .scientists,
communities have contributed and sti
program. Acknowledgment must also b

science educators,

‘and school
1 are contributing to the
extended to those. many .

children who have worked with COPES materlals and who have pra-
vided us. with lmmedlate and invaluable» critigues of the ACthl-

Lawrence Truplano,_

ties. L < ’
Finally, we w13h to acknowledge, the assistante of the Pﬁbllca-
tions Bureau of N.Y.(. and of David Prestone,
an ames 9er1bello of the Fat'Cax %tud&o, who did the illustra-
tlonszs .
/ ! ' ~ 7
. -

. 4 \ . s
« R i * \. - 0
< ‘4 " . . '
- .. ‘ *
f . - =
ELEMENTARY SCHQ®L PRINCIPALS ‘AND TEACHESS
R INVOLVED IN TRIALS®OF THE GRADE 6 MATERIALS
. 3 " N .,
Gracel Chuyrch .School Public School 41
New York, New York . . New YPrk,-New York

Henry O. Milliken, Jr. Irving Kreitzberg .

Headmaster Principal . ’ ., ’
Kensington-Janson School ‘ Locust Valley Intermediate- School ‘
Great Neck, New York : Locust Valley, New York

Margaret B..Dordick, Principal Ann MapArthur, Principal

"Elvira D. Usher, teacher . Leuis Dranow, teacher

oy * ) .
Parkville School Jogce Road School ‘-,
Gleat Neck, New York Plainview, New York

uEéhard F. Stone, Principal Marvin Witte, Principal

Marron C. Hicks, teacher ; Leonard Storz, teacher '%

; . - Robert Krapp, teacher. \ :

Theodore Roosevelt School .- . Schwarting S )
Oyster Bay, dew,York ) Plaineddge, New York :
. (4
Daniel F., Stevens, . Pat Meringolo), Principal Ay ?
Former Principal i Hilda Smutny” teacher . ' . ’”__;_w

Warren Reichert, ' . e »

Science Consultant . ’ ’
\ ; ) .

* . o ) < .
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assessments for that sequence to use for the gtudy, part of hlS
doctoral program at - New York University. . .
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An Intr,odUction.tc' COPES

P ' #‘ -~ .

2 - - -
COPES (Conceptually Oriented Program in Elementary SClence) is
a Science: curriculum centered- on gome of the- ‘major conceptual
schemgs in science. We accept the premise that general educa-
tion in sclence is a necessary part of theé educatlonal struc-
ture, pot so much for whateveér practical valués it may -af ford
as for its, pure intellectual stimulation. There~1s also a
groying awareness among .the general public of the 1ncreas1ng
impact of science andg technclogy on modern c1w111zatlon. Yet,
paradoxically, our .soctety is very poorly, 1nformed in science.
Whlle many believe that science belongs with those dlsc1p11nes.
that tradltlonally have been\regarded as essential to man's '
cultural enrichment, the average person fails to see it in this
light. Whatever the reason, cleapmly &ur educatidnal system is
at fault. It is probable that past efforts to minimize the
intellectual challenge -in sc1énce ¢turricula have succeeded
malnLy in dlstortlng the nature 'of the enterprlse in' the minds
of most schaol children. By the time these children reach high
school, the1r natural curiosity and interest }n science appear
to be greatly diminished. Of thosé that enter, college, a great
many are actually repelled by\sc1ence. ™
Elementary school children, as a whole, are probably the most
receptive, the most curlous, the most imaginative, and thge npost:
cboperative 'non science" students Qne can find in our educa-
tional system. Today, it is apparent that much more can ‘be
accompllshed at this.level than was believed possible in .the .
past. In these formative Years, wheh minds are so receptive to.
new ideas and befare children's patterns of thinking become\tbo
crystallized, we think 1t possible ' to develop a foundatign in
/science ¢hat' will remain a permanent part of the1F 1ntellectu‘ﬁf~“"‘
life. ta . .

.

?

“

[ L
Y

What is the best way to help young chlldren attain a level of
'understandlng and appreciation of’science that will serve them
through their adult lives? Rather than fill ¢their minds with
unrelated facts and details, the COPES approach is to focus
their attention on Gertain o f~tife "big ideas" in science-~-the °
-broad, inclusive, oonceptual schemes ,in terms _.of which the
scientifi'c community seeks to account‘for the fam111ar facts Gf
"nature. These central ideas are stressed throughout .the pro--
gram; whérever possible, everythlng in  the curriculum.is re-
1ateq.to these conceptual schémes. We,belleve that long after
he or she has forgotten the fad®s of science, a chlld exposed~
to such .a curriculum may retain sdhe understanding of.what is
trd*(ﬁjmportant. It should make it glear that science is more

’
*

¢
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LN ) than a collectlon of isolated facts and provxde the child with ‘
. a solid framework on which to construct a personal view of the,

- world of nature. We also believe that having .such definite ob-
jectives, in the form of conceptuaL schemes, adds to the peda-’
gogical strength of the cur'riculum becduse it prDV1des teachers

‘ ,and students with cledrly defined goals, as well as a” cohesive
picture of scjénce.’ - . ’

' v 2 .

. : N ~“ . ; . ) v
A o . THE CONCEPTUAL SCHEMES : . g

V.

.Civilized man has always prlzed bold ideas, whether ln art,
o 11terature, polltlcs--or science. Throughout h1story, the o
' great 1deas stand=out as .focal points for new systems of “phi-
1osophy, new religions, new modes-of thought, even new soci-
‘eties. _Their counterparts in the sciences play a similar role.

* The big deas in science are man's response to the challenge
of“natur , his way of trying to accoung for famlllaf\facts in
terms of a,relatlvely few basic "schemes which help tojunify -
brod kanges of experience. Thus science is not simply a ma?-
ter of  accurate .and detailed descriptions of things and events,
or of extending our senses by the use of instruments. These . 4
are -mgmrely.steps to a much larger objective: the invention of ‘
models (theories) that form the bases for all explapation in
. science, Such unifying ideas as the kinetic-molécular theory-

the statistigal'view of the universe, the conservation princi-
bles, the quantum theqry, the ‘gene theory of heredity, etc..,
. are the kinds of fundaméntal schemes to which scientdsts in- ‘
stﬂnctlvely tprn when ‘faced with new problems. hey represent
‘. the p&nnacle of explanation in science;, the produtt of man's
creative imagination--and should be classed -among the greatest

]

of "his intellectual achievements. - - . -
- - ' .
N . . <y
While they may differ greatly in subject matter w1th1n the . \

broad field of science, these conceptual :schemes have in common ;
that they are not susceptible to direct experimenhtal verifica-

tion. Thus, the'assumption that matter is composed of small,

. ‘dlscrete partlcles-—atoms or molecules-—whlch is basic to the ,

> kinetic-molecular theory_ﬂls obviously not subJect to proof of %

the kind ‘that m1ght be considered "direct. The same is true
of all major conceptual schemes, ‘to scientists they are essen-
tially "articles of faith. Our confidence. in them rests upon
‘the degree tq{hhlch they help us to account for our. experiences
with nature 1n an 1nte1Lec€ua11y satlsfylng fashion.' And th&
wider thelrurangexof appllcatloﬁ, the stronger is our belief : ,
in their validity. «This is nmot to say that conceptual schemes ,

are 1nfa1y1b1e, they are, after all, subject to almost the same R
uncertainties as any other of man's ideas. But those that per- -
sist after being subjected to the test of time, including re-
peated challenges and ref1nements by competent CrlthS, become

’ the foundations of science. . . <
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Pive such concéptual schemes form the nucleus of the COPES cur-
riculum: 1, he Structural Units of the Universe; 2. “Inter- .

- actipn and Change; 3.° The Conservation of Enérgy; 4. The )
rDegradation of Energy; * 5. The Statistical View of Naturé. ,h These
schemes were selected because they include most of whafd is funda-
mental 1n science and because they prov1de the basis for 4 log-
' * ical, sequential development of skills and cdoncepts through the
elementary grades.. It may be noted that the last- three schemes .
are new té the elementary school. They haVe been taught, if ;i'
all, onky ip the secondary schools ahnd oolleges¢ Nevertheless,
because of.their great. 1mportance in contemporary sciende, and
a conviction that even. such seeimingly sophisticated topics can »
be made meaningful to elementary school children, they are in-

. cluded in COPES. ~, .

\ .

-
-

Yo ) .

. ) Following are brief, descriptioné_of each of the conceptual
.schemes from a sc1ent1f1d point of view. How COPES deals- with
 them is described 1n greater detall in 1ntroduct1qns to eacn

grade leyel and sequence of Act1v1t1es. .

\ . AN N '
. . N
, . L \ - .
1. The Structural Units of the’ Universe”

’
. . ‘!

\
3

( The' notlon that the unlverse Ls made up of various k@nﬁs é%
* discrete units’ of matter is central to the formal pursuit of
sc1ence Whether they be the .smallest subnuclear partlcles or
the largest stars, whether a’slngle living cell or a complex
organism, it is the discreténess bf matter that-makes it feas1-
' . ble to - study ‘natuhe--to classify its structural unlts and es-
tablish a hidrarchy’ among them. Atoms,‘moiecules, crystals,
.+ cells, organisms, plants, animals,, planets, stars, etc.--these s
° are the‘structural forms in whlch matter "is found. The ‘more
complex forms, or higher levels ofi organizatdion, exhibit grop- -
' _erties that are generally more than the simple sum of their - =
parts. The structural units with whlgh students havF any di- x
rect experience, that i%, large-scale matteér, are composed of s
smaller units, and these, in turn, of still smaller units."As
* " for the fundamental "bulldlng blocks"/of matter, for the pur-
pose of the COPES program these,are taken to bé atoms or, as
more commonly:‘enéduntered in natufen molecules. ;. - .

. 4 — ' . hd
While the.idea. that matter is made up Of *discrete parts is "ob- .
viously an important one,. a corollary is perhaps equakﬁy im=- K
portant: This holds that nature is essentlally simple-~that in
spite of the great dlvefslty we observe, “the number of truly
different "building blocks" is reasonably small. The number of
different molecules (compounds) is. huge, but all are made of |
o \comblnatlons of . twd .or ‘more atoms There are only .about one b
hundred different klnd@ of atoms (elements)’found in nature,
. but even these exhibit certain s1mllar1t1es that permit group~
. . *kng them into Stlll fewer major categorlesf(e g. ‘the eight s -
| dlfferent~ {families™” of the Periodic .Table)., It is thid- sin-
}‘ pllclty that permits us to seek out the order in ndture and— .

\
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".understand it. Think how impossible this task would be were
,not for the fact that we are able  to redute our observations
relatively few totally different experlences Correspondlng
order ‘is found in'the life.scjences. The ‘basic reason for

" classifying thlngs——for seeking similarities among apparently
diverse plants and animals--is‘'to reduce the total’ number of*”
different living things to manag%able proportlons Think how
difficult the life sciences 'wduld be if no two plantsy or no,

two animals, had slmllar‘characterletlcs

.

. . . - , ' ;
—N\\\§\J< ) 2. $nteraition and Thange

: T . 7 .

- ~ . i

Taken as a whole,‘the universe- &s constantly changlng This” is
ev1dent at most Xevels of organlzatlon stars, planets, geo-
1og1cal formations, living thlngs,Jetc., all change with time
in perceptlble way% Some changes are readily observabile,
which means that: they occur 1ﬁhrelat;#@ly short per%%%&%%f%&y
tlme . Certain chem;cal angd nqﬁfear regctions are example of
rapid changes OtherSe such .as most d%olutlonary or geoiogical
changes 1nvolvgg§Lé -(” perlodé;ef time, are not as ewident
[ indirect evidence rather than from
dlrect observatldn_%%‘Fhué the rate at 'which a given change
occur's 1s a crltlcal faet r in detectimg this change and as-

>,
arrangement of thewumm%c ay”  be altered géInteractlons among

units of matter ta%éwgﬁape through fiel of"force, of which
several basically different types can be dlstlngulshed Only

" two of these, .gravity and ele tromagnetlsm (electric and mag-
netic forces), are rigrmally experienced by the average indi-
v1duaf In fact, the electric \force alene is sufficient h&ﬁ%@
account for most of our experie ces,°1nclud1ng practically all
qhemical and biological ‘changes. The wWeakest ‘force (gravita-,
tional) and the strongegt (ndcleXr) play particularly interest-
"ihg roles in effectlng changes in tHhe universe. The former is,
significant o6nly for-the largest stluctu al unlts--planets,
stars, etc. --whlle the latter appll offly to the émallest,
subnuclear partlcles. .

No change occurs _without, an interaction--either besween units

. of matter or bet een matter and energy. Thus the concept of
force as the agent" of change plays-a central role in science
and in understan?1ng the evolving yniverse.

dhg, -

3. The Conservation of Energy
As one contemplates the.concept of a changing universe, it is
‘¢tomforting to find some properties of the universe that. appear
to be invariant. Such invariant properties are said to be

. N N
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conserved, and the statements describing them are geneqally

réferred to as "conservation laws." : .

The most fundam;ntal of these laws are conservation of electric
—Tha .and consérvation Gf energy. The latter \is of special
1ntekest because it is, so Basic to.all of sc1en$h\\b1n fact,
the ‘céncept Qf energy itself became central to all “of scienceh -,
largely because of the conservatlon idea. Conservation of mat- .~
ter, 1f thought of as conservatlon of mass, wh11e a useful con-
‘cept in. ordlnary, low~-energy: phenomena, is not valid for high-
energy interactions.' Instead, the principle of conservation of
energy has been brpadened, to include mass as a form of energy,
-leading to the conservation of matter-energy.
The notlon that the total amount of matter  and energy 1n the
unlverse remains constant is obv1qusly a powerful conceptual
1dea, perhaps the most useful guiding principle in all-of
science. ' The more limited idea of consqrvatlon .0f energy
alone, while .not, so inclusive, is found to hold so-well for the
low-energy %@teractibns normally encountered by children (e.g.,
- in energy conyersions) as to consfitute a highly significant
conceptual sch me at theZlevel to which the COPES program is
addressed. ‘ .
. B

&
» . -

. . ‘~'_’ . 4. The Degradation of Enerdy . —

One cannot fully develop the idea of energy conservation in a Ny
meanlngful way without also cdlling attentlon to the' direction
of energy changes, as embodied. in the»corollary conceptual

schemé, degragatlon of energy. e ‘ \\§’ \\(,x/

v
.

‘Natural events Qend to have a un1d1rect10nal character. That
is, changes occur in, suéh a way as to brlng the universe cl;ser
to a flnalistate in whioch it w1ll have lost the ability to do
any useful work; mhus,*ln the converslon of energy .from ome”
form to another; while the pr1nc1ple of energy ‘conservation

Applies, .part” df the enerygy appears in-a form that cannot be "tﬁl

* fully harnessed to do mechan1ca1 work. This'form is heat

energy, by whHich is meant the k1net1c energy of, the assumea\m'
random motion of particles of matter. - i

.
o
- —

The idea of partlcles mov1ng at random is central to theakinet-
ic-molecular theory, which has proved' to be an effective -model
for understanding gases, as well as the concepts of heat, tem-
perature, and the states of matter. 1In this sense degradation
of. energy means that every change in the universe occurs in
‘'such a way'as to result in greater randomness--that is, matter
tends to spread out or become lessvorganlzed .an'd energy tends
to’ d1str1bute itself more w1dely. . . | s

s
.

In more formal terms,_the idea that changes .eccur in this
x fashion is expressed das the secqnd law of thermodynamics. ‘
I ! {/\ ' 5
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Thus, heat-:flows from a warmer to a colder body, but the re-
verse is not observed unless energy is supplied from an -exter-
nal source. Similarly, it 1s easy to fill a large contalner
with gas ‘(molecu}es) by releaslng a small amount of  gas into
it~-the gas "e«preads out" to fill the econtainer. "The reverse
‘is notrso easy. Compressing gas from a large container idto a’
smaller one requires that extef¥nal ‘work-be done on it. The . .
" same genera 1dea applies to all changes that appeat’ to result
in higher states of organlzat;on, even to those in living sys-
tems. While ‘the organism itself may becdme more ordered, it
does so only at the expense of its: env1ronment, which becomes
more disordered. The net. result is an ‘overall trénd toward
disorder, meaning that the total energy is. degraded.

e
- . I

. .
» « . \ - .
. 1 - \,
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5. The Statistical View of Nature "

- . . 1 .

- ' < . . /'

The modern view is that natural events can be predict;& only on
a statistical basis. Most of our ekge;iences.with nature in-
volve large numbers, with the regsult that, on the whoile, nature
appears/regular and predictable. Even the smallest;sample of
matter with which one normally comes ,into contact contains huge
. numbers of atoms or molecules, so large that one can readily .
predlct the avérage behavior of the sample.u This is somewhat
analagous to a game of chance where,, given a large number of’
eyents,i}%e overall out’come can‘be reliably predlcted--even
though ‘the¥ result of a single event cannot be forecast. ‘In
fact, the 'same méthematlcal laws - of .probability that apply to
games of chance appear to be shccessful in helplng one predict
thé statistical behavior of natural phenomena.
4 ~ . -~
When one studies individual or small numbers oﬁkevents, the
random character of natural pPhenomena becomes e ident Radio-
activity ‘is one such phenomenon. where behavior tan be predict-
ed only on a statlstlcal basis: "Another examples is .the trans-
mission-of genetic characterlstlcs to successive genergtions
of 11v1ng thlngs,\@s descrlbed by thHe Mendelian laWS é S£ill
another 1s the Brownian motion of small, m1croscop1c articles,
whi ch have an exratic, unpredictable motion. Examples are
limited because randomness 1§Japparent onky whenz&eallng with
smaldl numbers, whrch one does not often encounter in nature. 5

' ' . - = \ L
-

Yet the 1dea thét on a SubmlcrOSCOplC level all phenomena are*: -

random, and that nature is predictable only by the play: of, 8
iarge numbers, is obv1busly a bas1c and 1mportant conceptual ‘
scheme. ’ The challenge is to convince childrfen that one can

reasonablm generalize to thls conclusion from the few concrete
examples that are available--to convince them, for.instance,"® <
that while tHe motion of individual molecules pf a'“gas is per-
fectly random, the overall behavior of a.large cgollection of
mblecules, Iike at 1nvolved in the diffusion of cooking
odors through a house, is ent;rely predictable.

15 - Q.;
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. THE HODOLOGY OF SCIENCE NG
. ) ‘
Such are’ the "big- ideas" with which COPEé is concerned. There
is more to them than appears here, of course, and elaborations
of each of the schemes will bé found at various points through-
out the .curriculum. There is also more to the "gonduct"” of ) .

, science than may be apparent in this approach. What might be-
called the methodology of science, by which we wmpean'both
scientific .procedure and the attitudes one must brfng to it,

"is ah essential part of scientiffig Enquiryx\ -

There is a popular miseconception that in.the ractice of.
Science one'procegds in an orderly, systematic, presciibed
fashion. The term "#cientific method" is oftlen used Yo des-
cribe this, as though al}] that is needed for scientific dis-
covery is ‘to follow a particular set of. Yules. The term is

Janfortunate because it implies a fixed routine that one tarely,
if ever, finds in practice. There is no ong "scientific meth-

40d." Instead, - there are certain processes fthat one can ridenm-

tify as being common to a11°scienqific inquiry. Thgse incdude
such steps as observatign,<measur%ment,, eriment,/ formulation
of laws, and the creation of théorijcs. T

\ ,
Since™one can hardly expect‘studenzg to formulate pasic laws
and theories, science process takes on a somewhat /[different
connotation in the classroom. Herg, the emphasis|/is generally ’
placed upon careful observation.and easurement, the formuja-
tion of "gypothéses" by therstudenﬂg? and the desiign of experi-
ments to test their hypotheses. The latter migh be .thought of
as "aéudent theories."® : . N -

s , . - \
Learning to "observe," rather than merely to "sge," to make
.careful measurements, ahd to report results accurately a:& con-
‘cisely are skills that should stand one in good stead in all
walks of life! So, too,- should the habit of logical thought,,
‘the value of which is very ewident in science and mathematics. ~ -
Ag for expefiment, asking the proper questions of, nature is
both ap art and a skill--a¥d, in the final analysis, is the
bnly way of testing the wvalidity of ideas about nature.

N 4

. .

All these considerations, plus a fundamental belief that nature
is orderly and that its behavior can be understod&’%hrough
scientific .study, comprise .the methodology of science.

. !
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Using the COPES Teacher’s Guide
» GJ f . . . . .
- .” \ M °

. -
COPES is a spirally constructed elementary scienqe curriculum
that prqceeds from Kindergarten through Grade 6, by a progres-
sively sophisticated series of learning experiences, to an un- 3
derstanding of the five major conceptual schemes outlined in
the. Introduction. In the COPES Teacher's Guides, the learning
experiences to -be developed are presented as sequences of
teaching Activities, ’ )

« ¥

' * 'THE MINIBEQUENCES ‘ ’

\ .

3 !

The pre-sequence of COPéé\Activities is designed for young
children and is presented- in two volumes--the Kindergarten-
Grade, One and Grade Two Teacher's Guides, The main sequence

of teaching Activities for Grades 3 through 6 is dfvided into

a series of shorter quences, each Xf which is called a Mini-
sequence. The teaching Activities *in a Minisequence focus upen
a set of closely related concepts supporting one'or more of Ehe
conceptual schemes. Activities have been serially arranged, as

¢ hive the Minisequences within each grade. . .

s . s s . &,
"Sequence 1s preceded by an introduction which summarizes its

‘ - £

The titles &f the Miniseque‘s and teachir'xg ActiVities for -=

which this final Teacher's Guide has been‘preparedVQre listed

each Mini-

in the-Contents on pages vii and viii., . In the Guide,

relevant features and conceptual development, You can obtain .
a' good overview of the Activities in this Guide by reading the
introductions to the various. Minisequences. : . '

. - . " ~ ) - - (
Assessment materials have been preparked for each Minisequence

to assess: the concepts presumed to be developéd and tp taid A
children in ittaining mastery of them. The asseéssments for ‘the .

sequences in

.
«
. . .
e . .

v

IS

’ ' THE ACTIVITIES _ | X - kY

Withih each Minisequence, Activities a

eraﬁgéd and mumbered
in the'order in which they should He taught-

ltheugh the .

,title of eath Activity indicates Something Of its nature, the

Q
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Grade 6 appear in a separate Assessmenfi Xit booklet.' .
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1ntroductory paragraph which follows states its obJectlveé and
‘. describes briefly what it 1ncludes. Each introduction may also
explain how the Activity is related to othexs in the Minise- .
o~ quende. As you will note, the 1ntroductory statement is fol- - - .
lowed by & list of materlals and equipment, suggestions about
o how o prepare to teach the Act1v1ty, and an 1nd1catlon of the ..
approximate amount of time that will be, needed to complete the,
- “Activity. P ' ’

kL .
4 . . s "

. Suggestions for step- by steé teachlhg procedures, including
quéstions that mlght be. raised with -the children, are presented
. .i:‘ 1ﬁ\t§§~ma1n body of the Activity in the left-hand columns en-
hs .. title TEACHING SEQUENCE -Practlcal hints, explanations of the
. 'science: content, and alternative teaching suggestions are in-
.cluded in the right-han8 columns entitled COMMENTARY. The
vteachlng suggest;ons are somewhat detailed. During your first
time through the Activities, you may.wish to follow the sug-
gestions - rather closely. After that you may prefer to modify .
- . the procedures in ways that are-moreg ‘in keeplng with your own
. ' teaching stylke. L~ .
< . . i - . ;
At the end of some Acti 1t1es, therxe is a final section called
EXTENDED EXPERIENCES. hese ‘sections suggest LWays in which
the chlldran cah obtaln further practice with.the skills or:
ideas in" the Act1v1ty or,ways in which thelir understanding of
the’ -underlying concepts -can be enriched. The Extended Experi=-
ences are meant’ to provide opportunfties for particular chil-
dren to go beypnd the speclflc activities out 1ned in the
Teachlng»Sequence.

- : ; INVOLVEMENT ' OF CHIL,D%mN -

A fuJ&amental ‘commitment underlylng he development of all

COPES teachlng materials is .that.th chlldren must become ;//
1ntellectually 1nvolged in each learnlng activity. These
materials w1ll "help you to encourage such 1nvolvement,by creat-
ing learnlng sgtuations that;,. from the child'sgpoint of view,

are incomplete. You will then 'ledad the child to produce an

. idea that tends to complete the situation. In’ psychological ”.
‘terms, you w1ll be helping the" child £o create a meanlngful
entity, a gestalt, from the observatlons he or she makes dur-.
ing each Ac 1v1ty. ,To the extent that the child contributes - ‘
.to this crédation’y by frndlng neCessary data or by evolvlpg an

- explanator 1deaé the gestalt becomes his or her concept” to
: ‘Label,'to emember, and to use in. further explorations.

- “ , . N

! ' In a COPES Aot1v1ty, there are objects and ideas about the ob-
gects. Both ijects and ideas may. be arranged in various ways.
; * + You and the chlLd may.evajluate the implications of d1fferent

arrangements w:.th rega\d ¢o(how comple'ti each appears to be.
, £ .
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The children's interest in explaining their ohservations of

different arrangements can be used to encourage them to arrange
their knowledge systematically and to search for information

.that appears to be lacking.

The Activities presented in each Minisequence are examples of
how specific parts of the environment can be arranged. The
Activities lead the children to develop new contepts in order

"to explain what they observe. In the overall COPES program,

the concepts evolving from the Minisequences at successive
grade levels are gradually blended into more widely applicable

.concepts. That colleetion of concepts, .in turn, is part of

what is called "Science."” y

To be successful in teaching science, it is desirable to help
children develop the point of view that science is a coopera-
tive venture. You should attempt to use whatever techniques
seem appropriate to get children directly involved and working
together 1in planning each Activity, in assembling materials

and equipment, in éollectlng, organizing, and interpreting
data,,and, finally, in arr1v1ng at whatever concluslons appear
to be reasonable. . g

To assist the children in performing these tasks, Worksheets

are included whenever appropriate. These must be duplicated

in sufficient quantltles for each child to have his or, her

own. Worksheets are used in recording data and.in applylng

the mathematical: skills required to 1nterpret the data. Through
experience, the children should see that putting information

on paper makes it unnecessary for them to remember numbers when -
they want to compare one result with another and that the
systematic arrangement of .data makes explaining the results
easier. 1In short, the -Horksheets provide a place to store
information and facilitate its imterpretation.

.

Worksheets are bound into the .Guide at the places where- they
are to be used. In this condition they cannot be easily

"reproduced. Therefore a separate section con‘taining duplicate

copies of all Worksheets is included at the end of the Guide.
These . single copies are to be torn out aleng the blndlng of

the Guide, as needed, and used for reproducing multiple copies
for-the children- Thus it is essential that'you have facilities
for reproducing copies of these materials. - ‘

s
°

The materlals 'used by the children, for the mbst' part, are
familiar. some equipment, such as.test tubes, magnifiers, and
thermometers, méy,be-ney to them. If so, allow the children
time to play with such items before they begin to use them.

If this ig not done, their attention will be divided between
their d%flre P> explore the new equlpment and becomlhq\lnvolved
in using 1t in the Activity. You will notice that the\ mate-
rials and equlpment to be used by the children in particular
Activity afe not s1mp1y handed out at the begjnning. Instead

10‘/. 19
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they are dlstrlbuted when the chlldren percelve a need for them,
often ds a result of dlscu331ons where problems or questlons
are ralsed requiring the equlpment to investigate them.

A +

From tlme tO ‘time, materlals and equipment with which the chll—
dren have been work4ng may be left in a place where théy~¢Ean
contlnue to work with them durlng their free time. This oppor-
tunity helps not only to Qustaln interest but to reinforce '
skills, wherever additional practice would be useful. Finally,
it is destrable to use materials at home and out-of-doors when-
ever possible. Children should ,not have their conception of
science restricted to what happens during the "science period"
in the classroom. . X -

In order to get as many children as possible directly involved,
«in each Activity, it .is suggested that they work individually
where distribution of materials and ‘supervigion are not too
-difficult.. In those Activities where teamw is not ofily -
feasible but desirable, it is suggesteq‘tha:‘fhg§ work in smali
groups of two to five children. 1In only very few Activities,.
where the techfiiques are too difficult and/or possibly danger=
.ous fgr the children to manage, will the. teacher demonsgraﬁe. )

. ¢

Suggestions are given for initiating each Activity. This‘is
generally done by suggesting ways in which the new Activity v
builds upon the previous one(s). Regardless of how it is’ done,
children should be helped to 'recognize the reasons -for getting
involved.  You should not feel constrained to limit your ap-
proaches to -those suggested--you knoWw the children and the
kinds of approaches that will have the greatest appeal ;o them.

~ .

s N T <§
' PREPARATION OF MATERIALS AND BQUIPMENT

< y
~ ~ s

.

The teacher helds the key to the success of ‘any science program,
and COPES is no exception in this reg rd If anythlng, the
teacher must assume a more critical role then in many elementary
science programs.- There are no textbooks for the ch\ldren. ‘All
learning Activities must be teacher- 1n1t1ated and,judid%ouély
directed.’ ‘

-
.-~

From a child's point of view, COPES is essentially a "do-it-

. yourself" science-program: This ﬁeane that the materi&ls and
equipment must be available, or there will be no science learn-
ing. If there is more than ‘one teacher for edch grade in, your
school, the task of collecting materials cdn be shared. This |,
will considerably reduce the preparatioh time required by any

* one of you. Children andsparaprofessionals may also -assist you
in bringing the materials together. (Whenever some advance
preparation must be made, it is detalled for, the teacher.)
Getting organized for science. teachj g takes tlme, however, it

™~
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~.is one of the imperatives.of effective teachfng in‘qo?ES.
-

One of the advantages of COPES is that it is no rnecgssary to
obtain complidated--and expensxve--laboratory khts in orde; to
‘teach the program. As you will observe frdm an examination..of
i the ‘Activities, and the cumulative ﬂ.lstlng at the
end Of this Guide, the materials and equipment requlred are
<re1at1ve1y simple and, for .,the most part, are refdily ava?lable
* locally. Some of thé equipment, such as children's scissors, .
may already be avallable in your ‘schood ; a..few items may have
gé ordered from one of_ the sc1ent1f1c supply -companies.
Insofar as possmble, the spme materials and equipment are used
4epeatedly throughout each Guide and from grade to grade. This

is done to reduce the need fof a w1de variety of, materials apd

equipment. For_  convVvenience,” the quantity of ltemS\lndlcated in
the list with each Activity is hased on .the assumption tha‘ﬁ/
there aYe 30 students in the class. You will need to‘obtai

only ‘enough for the’ actual number of chlldten in your group.
Quantxtatlve spec;flcations of materials '‘are given in both the

-English and Metric systems. ' However the Metric system is used
with the children throuwghout the COPES curriculum, whenever
measurements are made. ' \ . ) A

: o x
- * ® /

- . ; . '

The .recommended number of hou)}\that the children will need to
complete the work is given for each Act1v1ty The time to be
,allocated is given in hours, rather than class sessions, be-
cause the duration of the latter -varies so much from school to
school, and even from class to class'. It is wasually repoqteh_
as a range of, hours rather than a specific number. You may Hind
that some Activities will be completed 1n less time than~rey§
mended, ,whereas others may take longer. . Avoid rushing the chil-
dren; on the other hand, avoid extending work beyond- the time’

2 &

T - TEACHIré_VT'IME » ‘

that is obvmgusly suittable. You must be the judge regarding S
the optlmum time to allocate for. each Act;ylty .
. < s “ ‘

Most Activities take between half an hour and two Rours. Y .Phe’
chlldren s -attention span must be taken into account in deter-
thlng how .the longer Activities will be proken up.’ heglcal .-
breakihg points are at the end of the numbered Sectlons in the
TEACHING SEQUENCE for each Act1v1ty. . ,

-

PRODUCTIVE DIschssIoNs .
Q‘ ‘ . . »

. . N * ) ' ‘-" ﬂ“ » ' a”
Discussions of children's observations are frequently dsed in
leading them to the idea or concept for which the obsexvations

N
12 . 3 o 21 ? ) .
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were planned. However, as you know the best- lntentlongd distus-
! sions do not always ®turn éut as planned. When this hapﬂens,
. teachers often resort to asklnq clue questions to help children -
o guess the ttacher--desired response. Such.a technlque, born out
L cf desperatlon, usually results in a ‘tridl-and-error guess1ng =)
game rather than in an lntelfectual experlence -

’

)

~ >

‘6\7

In order to initiate and sustain effect ve dlscuss10ns among the

children, it is necessary to ask pro&ucglve questlons ch

questions stimplate the intellectual procesgses of chlldreq ‘and ““*(

assist them in using their observations. to rrlve at the con-

ceptual goals. In the TEACHING SEQUENCE, qluestions are sug- L

A gested that may help you direct dlscussaons‘toward these ends. -~
The chlldren should be given adequate time: to handle "thHE - ques-

"tions. There is often as much s11ent“?ime in an effective dis-
cussion, as there 1s talkxng tifie. . =
~ ’ 4

' . N ' ’ . T - ‘ ‘
. ' : - e, . ¢ : ﬁé'%ﬁﬁ
REVIEW AND REUSE OF SKI&LS AND:CGNCEPTS

¢ . .
’

* }l. s * /"4;#) . - L
cannog be assumed that a concept or a skill is learned the i
first tigle it is introduced. For 1ns;an8e, the concept of ~
magreti

force as the push or pull~nf on'e magnet on.another is
one that is learned by repeated observation of the Behaviot of

magnets in a number of different situnations. $kill in using a .,

A _ thermometer comes after repeatéd‘%xperlences inr using thermon-
eters to measure the temperature of a variety of substances v
- ‘Concepts such as propert:es, and skills such as classlfylnq,

are intgoduced in the kindergarten teachlng'materlqls and re~
- 1ntroduced'1n practlcallyfevery subsequent grade level.. Through-

out the COPES Jprogram there is constant rev1ew and reuse of im- P
portant skills and COHCEptS : L ’

.2
[N . .
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. . - ’
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S - The Grade 6,-_/As§éssments

- . ’ ' . \

Thé prlmaryntheme of the CQEES currlcuiumjls that experlence
with th illeas underlying common’ pheHDmena can lead the child ~
to ca eptuallge the fundamental and pervasive schemes of modern
science. Throughout the Activities, emphasis is placed on con-
cepts end lamlonihlgs rather than Sn sgec1ffc phenomena, or
"facts,” and'so it"is in the éssessments, which are available
in .2 separate ‘Grade 6 Assessment Bpoklet. . The Assessments have
been prepared-.at two levels:. Screenlng Assessments, . deslgned
for group administration to‘ascertal whlch children have at-,
tained mastery of a given concept and’rndividual Assessments,
designed for administratf on, to a single child or small group,
In the Booklet, Screenipg Assessments areeﬁéiiinted for each.
Mlnlsequence while the Indrv1dua1 Assessmn SNare included in
the Scorlng Guide settion. The Individual Assessments have
been constructed to help the feacher f£ocus instruction on those

areas 1n which children. need addltlenal help. ,
"t .

%
-
v

‘USING THE ASSESSMENT RESULTS

\ \ ’
It is our ntent that the Assessmants not be used to dlffere7
tiate one Chlld from another, e.g.,-as a basis for gradlng.
Two -major uses ig»the Assessment responses are-intended: First,

the teacher may gse quantification of the respopfes as evidence
for a decision ré&garding the mastery of concepfgfﬁy the group
as a whole. JThe teacher must be the major decision-maker in
this context.~ Second, the Assessments should be used as com-
ponents’ in the esSential feedback you provide the chlld as he
or she strives for mastery of the concepts. )




v - Mlnlsequencel T

Interact;ons of Living Thmgs with the Eriwfbnment
A

L1v1ng things interact in many ways Wlth other 11v1ng thrngs and "’
with thé non-living, physgcal components -of thelr environment. . ~
N - o .
$ In a, speclflc population of ;1v1ng thrngs, 1ndlm%duals interact T .t
w1th otber individuals and with the population as a whdle. fn“
‘a wider community of living things, one population interacts
(, . with another population and with the ‘cqmmunity as a whole. :In 4
turn, 'ofié eommunlty of 11v1ng th'ings may interact with anothex,
community as well as with the’ larger, more complex global
communlty. The various levels at which (living things interact
with other living things are determined by the parts and wholes <.
ef which they are composed. .

~

-

The interaction of 11v1ng things with the phys;cal .components
of their environment are inherent within llfe,pfocesses.‘ Liv-
\ ing things must interagt with air, water, and other forms of . o
matter in order to sustain and propagate themselves. Green
plants, the ultimate food producers fo%t al%~11v1ng things,
interact with light energy in order to obtain the energy to’
i carry on food- synthe51z1ng processes.

At any one time living things are interacting with more than
.one component of their physical environment, Fox exampPle,
green plant not only interacts, with light butﬁﬁlmultaneously
with water, heat energy, air, and different kinds of matter in
the substrate within which it is growing. In fact it is diffi-,
‘cult to ‘isolate any one part of the total environment f a liv- - -
ing thing to study its effect upon the development of that liv--
ing thlng.f However, through tontrolled experimentation, much
. has been learned "about the effect of gpegific components of the
physical environment and how each may becqme a limiting factor
/ in the development of 11v1ng“th1ngs.
§
,When it is stated that living things interact with their envi- ‘
,ronment, it is implied that the environment actsgupon them and
. they, in turn, act upon the environment. *In other words both s
+ they and the environment are changed as a result of the inters=
. action. For example, most 11v1ng things must have free oxygen
to carry on essential life processes. They. obtain .the oxygen
from air or water. As oxygen is used by living things, they, in
turn, give off carbon dioxide to the air or the water surround- ‘
- ing them. * Thus the.environment "is changed by the removal of ~
some of the oxygen and the production of more carbon dioxide.
If this process wére to contlnue, it would not be lqrig before
there would be 1nsuff1c1ent free oxygen to sustain life. How- )
ever, another 1nte.’aacti’\ 1's taking place at the same time which ©

: ’ '. ' 2‘1 . . 15
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prevents such a, cagastrophe. tn certain phases of the food-
makiyig processes, §reen plants’ take.up carbon dloxlde and use .

it to make compounds called carbohydrates.  In this process oxy-

N gen is gitven off as a by-Product. ,Unless other conditions, such
as_fuel-burning‘p;ocesses increase excessively the concentra-
tion of carbon dioxide in "the atmosphere, the interaction of

. green plants. with the’ environmemt maintajns a balance between
free oxygen~and- carbon droxlde that ,is optimal for 11v1ngrthlggs. '

'The nitrogen-cycle 4is another %gample qfha\reclprooal relation-, .
‘ship begtween "living thlngs and their environment,. Nitrogen ;s

4 neededy to build life- sustalnrng s?bstances called proteins. - .
, Ultlmately living things obtain nltrogen from green plants that,
é .in turn, have obtained it from,compounds in the sOll or water

called nitrdes. If the pggcess of bltrogen -use continued in

— . oné dlrection only, i.e. £frém soil. to living thingS, eventually

! . the nltrogen supply in soil and water would become too Iow to
. sustain life.'" However, again this does not happen because waste
materials containing nitrogen compounds are given off living
things. Furthermore,, when they “die, the pitrogen compouynds in
their bodies-.axe returned to soil or water. In soil and water

& the nitrogen compounds again become available to plants for re-

. cycling through other 1liyvin things.

™~ In numerous cycles of interaction such as those- just descrlbed,
living things obtain*life-sustaining materials from their-en-
< vironment. However, after the materials are used they are
eventually returned to the env1rooment where they are again
- made availadbe for recycllng. \

.

~ . This Mlnlsequenc "has been prepared to giwe children classroom ; :
’ experiences with 1 eracfions such as those referred to ‘above
and to suggest a varlety of out-of-door ;nvestrgatlons as ex-
tended examples of #irem. It is introduced with an 1nvestlga-
tion of soil in Actlvity 1. The investigation includes con-
slderatlon of the interaction processes by which soil is. )
formed, the complexity and variability of its composition, o .
¢ ohe of the ways it interacts with water, and the'comparatlve_
- plant-growth-producing gqualities of two different types. of
soils. In the next two Activities it is demonstrated that one
way in which plants and animals, change their environmgnt is to
release carbon dioxide into it. Howevergygreen plant¥®, during
their food-making periods, remove some .the carbon oxide
and replace it.with aqxygen. It is then shown that plants also
change their environment by addlng water vapor to it. However,
such changes, in turn, have an- effect upon plants, Finally,
samples of. woodland litter are examlned for:evidence of inter-.
actions between a population of small animals and other compo-
nents of the lltter environment.

In,phenomena s complex,as the interactions of living things
with their environment, all five conceptual schemes apply. How=—
ever, The Structural U;}ii of the Unlverse, and Interaction'and
Change are*basic, and therefore 'more readlly demonstrated. ~

El{lCm K o5
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The concepts being developed i1n this Minisequence are: P
1, Soil is formed by .the interaction of rocks wlth both. 11v1ng\\
and nonlxvxmg components of the envrronment -
; - . v ’ ’ . . )
2, As a consequence of theirx 9omp051tlon, topsoil and subsoil.
. exhibit different lnteractlon propertles with'.water and
growing plants., ) . v -
S B Lo . . »
3. One way 1n which organisms may 1nteract~w1th thler envirdn-
+ .ment lS to release carban dlqggdéﬁ&ﬁﬁ s’ g . . :
. * \ w&g«- O L o 7
4. There are a- number of factors that’ affect the rate at which
plants release water a*ar to their environment.
3 . 03 - . :‘. i * > ‘ !
- 5. . Living things react to Nges in their envirgnment.
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_great’ guantities of food are available in the ocean.

2 <
~

i,

.*n )
MINISEQJENCE I/Activity 1
L. : ‘ ' )

-

2

Activity, 1 Interactions Between Plants and Soil

A

Living things ultimatglfy'depend upon green plants fér}feisus-
taining food.' Greexgfplants, in turn, are.dependent u r.a - -water
environment or a soil edvironment for many of “the raw materials
needed to maintain themselves and their food-making processes.
Because of the great abundance of green plants in oceaﬁ\water
and the large amount af the earth's surface which oceans™ over
Howev
people have not yet begun to,use the ocean, as they’ have the
land, to supply themselves with food. We are presently highly
dependent upon the’ so1l for many of the essential materials that
go into the production of.our food. Soil is an-extremely com-
plicated system with a number of interacting components..

The idea that soil i% not.a single substance, but made up of
many parts of different sizes; shapes, and kinds was introduced
in Grade 3, Minisequen 1, Activity 2.. In the present Activity-
the understanding of soil is extendedqyto include the idea that
there are different types of soils, as determined by where they
are found and the properties which they exhibit. In addition,
soil varies in its growth-producing péfentiala

>
-

[y

MATSﬁIALS AND EQUIPMENT:

16

) coffee cans, 1 pound size, with plastic covers

8 ,quarts (liters) of topsoil.

-

8 quarts'(literi) of subsoil \
‘ 1 potted plant, such as a'ééYanium ) i .
1-8 bal%n;es,Pe.g., Qhaus student Balance Model No. ¥200, '
(one for each group would be ‘desirable) ' .
' ‘
1-8 sprinkler'buibs, such as those used in sbrinkliné clothes
1 pkg corn §eeds, l-o0z ‘ ,” .
« 3 thermometers, -20°C to 50°C ) ’

Kl

supply of paper towgls

L )

%brﬁeach gyoué of 4 children:
'l sheet of newspaper, at least 2 pages

e ot

N

i

.

< — v
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.o ' MINISEQUENCE I/Activit¥ 1.

. .
LS - \'
'

'Q. " .
3 cups, polyfoam, 8-0z (240-ml) . v o

.

1 _cup, plastic or ‘waxed paper, l-oz (30-ml), unit measpyre

4 Vmagn;%yin%'glaSSes o p
1 screen, 18-in, mesh, 6-in. by 6-in; (15 cm by 15 cm),
obtainable fr?m hardware stores . ) . . .
. 1 scregn, 10«in.. mesh, 6-in. by 6-in; (15 c¢m by 15 :cm)
1 screén, 4-iﬁ.'mesh, 6-in., By 6-in. (15 cm by 15 Em)‘ ol

8 shegts of plain white paper

1 +tall, narrow, glass jar or bottle, with 1id, for
instance, an olive jar . :

.

— ’

* 2 aluminum pans, 4-in. (10-cm) in didmeter

s IS . <, .

-1 pair of scissors . .
l. i ~
: . . |
1 Worksheet I-1 ( S0 ° ot
F - . . ) P et :
kY O ahal

pREPARRTION FOR TEACHING : : : z

~ <l '{ s ' ™~
Most soils are produced\ from rocky materials; at the surface of . .
the earth.  Exposed rocks are continually, but slowly, being »

broken up by wind, rain, heat, and crustlike ‘plants that grow. &
upon them. As rocks are slowly crumbled 1nto*sﬁ§l er particles,
other kinds of.plants can grow 1n the developlng spil. Eventu-
ally many kinds of animals find this material a suitable place
to live also. When thqse plants and animals, die, their remains
become mixed w1th’the rocky mater1a£/ In this wdy, organic .
material is added to the developing~s0il. -As the process goes
bn over thousands of years, the uppermost sdil becomes the most . *\‘
fertile. It is called topsoil. . P

-~

By the prodesses de-
scribed ébove, it takes -
about 1000 years to pro-
"duce _one 1nch of good
\topsoll ".As" shown in the
diagram, the layer of
'soil beneétﬁ’thé—tapsoil

is called Subsoil. Sub-
soil is yoynger ang le§§ *
i fertile than topsoil.

About the only place

where original topsoil

€an be found today is on -

land that -has ‘not been -
markedly disturbed ‘by

natural forces such as . .
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" the corn-growing experlment in Part C will take at least 3

“ o MINISEQUENCE -I/Activity 1

) . .
. .-
.

-

earthquakes, floodg, and glaciers or- by human activities such *
.as. farming, mining, and different kinds af conetructionz

In this- Activity the properties of topsoil and subsoil are to

be compared. It is therefore necessary 'that Ssamples of each of
the two types of soil be obtained. The best phaces to find them
are where a deeg‘hole has recently been dug 1n£§\&£§ earth to v
construct the foundation for a burldlng or places 1ere wide
cuts in hills have recently been dug for, a new highway. Along
the banks of such placed it is usually possible to locate the
different layers of i%il shown in the- diagram.,

After locatingléuch %’place,-obtain permission, if hecessary, to
remove some of the soil from each layer. At a time when the
soil is relatively moist from recent rains, take a group of at
least four children to the location. It would be preferable to
*take all the children, with each group of four collecting a
sample of topsoil and subsoil. Have .the children remove eight
samples of topsoil and eight samples of subsoil from correspond-
ing layers. Each sample should include at least one guart of

soil. All samples should be put into coffee cans and labeled
as elther topsoil or subsoil. The label should also carry the
location® from which it was obtained. -

‘Ask several chlldren to help you turn up the edges on al# of the’
screensg to prevent the soil from falling off while sieving.

. -~ . .

Arrange the Materlals and Equipment at convenient ple up *
stations in the room so that the children ¢an help themselves.

— - . - .
You may want to plant séveral corn-s;eggxkgna pot of‘eoil before
beginning this Activity. (See Commentary p. 27.).- v ¢

"ALLOCATION OF TIME: < l . g

‘

.
° ot °

L} . . - .
This Activity will take about 4 hours of . class time; however, -

1

v

weeks of periodic, observatlon and record keeplng. ‘

/\ b 4.' o
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‘questions:

“of 4.

PART A

TEACHING SEQUENCE

~

1. Introduce this Activity
with a discussion of soils
based upon the following

.

€

¢ From what do most soils
originate?

N\ ) i ’
¢ How would you expect topsoil
and subsoil to-be -alike?

’ EY

¢ How would you expect tops01l
and subs01l to be dlfferent’\

¢ . v

< 2

Divide the class into groups
Give each group a full
double-page sheet of newspaper
and ask them to spread it over
their work area. Have each

“ﬁroug obtain:the\follow1ng

mater1§1s~ Tr )

]
1 8-0z pPolyfoam cup
1 1l-0z cup
1 magnifying glass fqr
each child "

o

‘ 2 :
L \ '.“‘14
- MINISEQUENCE I/Activity 1
t .
: ' Coow
s -COMMENTARY | .

\ ? .

In this Part of the Agtivity
«children will compare their
samples of topsoil and subsoll
-with respect to: components,
‘as they can be determined visu-
‘ally, and relative amounts of
particles of different sizes,

.‘as determifed by sieving and

sedimentation.

&he children shodld Ybe encour-
aged to u¥e the observations
made and. conversations held
-durlng their sample- colledtlng
trlp as background for this
discussion.

‘Rocky material. ) °

Both are made of particles of

" rocky materlals-—crumbly .mix-

ture,-

brown in color, etc.

[ Ehe children may suggest that

subsoil will have more large
particles,
Because it has more/organic

material in it, top501l would

"probably be a dlfferent dolor.

However, the children may not
realize that topsoil has%more
Organic material in it. -Lat
them freely suggest possible
dlfferences >

Groups of 4 /work well in ths

) Activity. .

—a

21

“eh
O

such as large rocks..

AR
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of ‘ew@spaper.

-.soil.

?

i
TEACHING SEQUENCE

1 'set of 3 screens
1 container of topsoil
1 container of subsoil
" /
Ask the children to. base all

of their observations  upon a
one-~cup (8-0z) sample of each
Suggest that they keep
this in mind when taking_soil
to use.. They should try not
to waste it.

'Popr a orre-cup sample of each
type of soil onto the sheet

°

-~o Are the two types of soil

the same color? ‘
J

<

A
Ask the children to put tHeir
noses directly over each sam-
ple and sniff’'it.
+

* How do their odors differ?

"Sﬁggest thatntheQ examine their

.

ERIC *?

2 S
Full Tt Provided by ERIC.

soil samples for organic mate-
riai._ L )

> O

‘e What are organic materials?
: N )

Ask them to spread. out each*
sample of soil and plck out the
organic material from each

-

‘'material--an

Organic material includes both

" ticks.

4
¢

MINISEQUENCE' I/Activity 1

t ) -

COMMENTARY t

¢

&*

- . |
The remalnlng soil ln\each
original sample is to be used -
in subsegquent parts of this
Activity. ’,

The two samplles should be 4r-
ranged on the newspaper so, fﬁat
‘they are clearly separated from
each other.

¢
[y

No,
in color. The soil will vary
from light yellpw to dark brown,
but regardless, the topsoil and
subsoil will differ in color.
This 1is raccounted for by the
presence of more decomposed
plant and animal materlal in

the topsoil.® »

. ‘\,
. \

The topsoil should have more
the odor of decomposed organic
"earthy"” smell.

prant‘and animal material,'
whether  1iving or dead. Plant
material may consist of pieces
of roots, stems, and leaves. °*
Animals may consist of insects,
worms, spiders, mites, and

)

. 8

One- half of each group should
work on the tdpsdil and the
other half on the subsoil.

the topsoil should be darker

P
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MINISEQUEN

v TEACHING SEQUENCE S COMMENTARY
cs ! -
g ‘ - 1. o ’ ,

separately. Encpurage them to - %3 .

use their magnifying glasses s .

to locate small bitg of it and +— - ) —_—
’ then compare the amount’ and o1 ‘ 3 -

: (RN

variety of organic ma¢er1al in 4
the twoe samples.

.
.

After they have plcked out the
organic materidl, remlnd the
children that each group was
examining a sample’ (1 .cup)
from a sample,(l quart) of
SOll taken from a large area.
Therefo;e, it would, be qulte

‘proper for all of the graups
to ¢ombine their collections,
of ofganic material from top-
301l_and comblne thelr collec-.
tions of organlc material from
the subsoil in order to compare
the total amount of orggnic
material from as many cups of

‘each soil as were examined.

1 ! \ . . - ~ v
'Have them combine
material found in
soil-and estimaté
by using the l-o0z

* cup.

Y

.

the organic
each’ type of
its vo

i ume
‘unit madasyre

.
-~ '
e ‘ '
. H

Ay

i NS
' " Now vae{them compare the
' amount of organic material in
topsoil with t&at #n subsoil’)

2. Next, have the children
compare the size of particles
in the remainder of each of
their samples of soil.- First
call their attention to the
thréee screens and have them
note how«the meshes of the
screens are different.

¥ L

.¢ How could ybu use the
screens to ‘compare the sizes
of particles in the two
types of soii?

s ~

7

Q

ERIC

T - ,

A

3

&

It is suggested ;hat this be
done in order to emphasize the"
contept that samples are parts
of the total population and
that the larger the sample,
more sure one can be that ix
is representative of the total \
population, )

the

The amount of ofganic material
from each one-“cup sample will
be relatively small. However,
by putting it todether, it will
be possible to make a reason-:
able estimate of its amount.

-

-

They should find somewhat more
organic material in topsoil.

You may want to label the
screens in a graﬁuated way .,
such as 1 (largest mesh), 2,
and 3{ The label can be taped
on a furned up edge.

-

is may be done by first pass-
ing each sample of soil through
the screen with the largest
mesh. The particles that
remain on the screen ‘should
then 'be’ set aside on a piece




After the children have di-
vided the samples of each type’
of soil into four parts based
upon the-relative sizes of

particles which it cont ins,
ask them to use a magni ing
g{i§s to examine some of the

particlés of soil that passed
through the screen with the
smallest mesh. /

L ey

e Are the particles all the
same size?’

e How can this part of the
sample be further divided
into portions with parti-

s . . -
c%es of ut the shme size?

S$ince no screens having a

smaller mesh are available,

suggest a sedimentation or
,Gettllng technique. Show them
of water and ask how it

l,

MINISEQUENCE I/Activity 1

\ COMMENTARY

Y

»
P <

L 4

N

of paper in order to compare

K}

later the relative amount of
large particles in each type

of soil. The portion of the
sample that passes through the,
large-mesh screen should be -~
sieved through the screen with
the next smaller mesh. The
same procedure as above should
be followed for setting aside
the particles that did not pass
thr'ough’ the second screen. The
remaining soil®* should be sieved
through the screen with the
smallest mesh and the particles
from each sample that do not go
through it, should again be set
aside fo later comparison.
This procedure will result in
the separation of four differs
ent size particles for each -
type of soil:

1. larger than mesh holes
in scréen 1 ‘

2. larger than mesh holes
in screen 2

3. larger than mesh* holes

in screen 3

smaller than mesh holes

) in screen 3 |

The amounts of each size may be
compared by«welght or by using
the 1l-oz cups (unit méasure) '
to determine their relative '
volumes..

No, they are not.

€
2

Someone may sSuggest that
smaller mesh screens be used.:

/‘ \
- \
-
|
e
; -
i
i
§
3
|
)\
4
1
4
S
A
.~
‘-
o
3
- !
v
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‘top of the 'sediment.

~ 7 -

TEACHING SEQUENCE

Y
[

r

ight be. used to bring- about

further separation. Then
. distribute narrow glass jar
and 1id to ch group. The

children shopld put’ the soil

that plssed”through even the
fines en intd .the jar, -
add watk fasten the 1id,
shake it Xigorously, and then

et it aside for a day or two.

asTw ch water in the j
as there’ lS 'soil.

They should use at least thr;i

¢

¢

——
.

nAsk them to note,the differ-

ences in sizes of soil par-
ticles from the bottom' to the
ey can
examine the sizes of the par-
ticles with a magnifying glass
through the transparént sides

of the bottle. ..

’ - s

AN

To summarize their comparison
of subsoil and topsoil, based
upon particle size, you.m3y
want to suggest representing
the range of sizes fromMBlar-
gest to smallest‘by drawing
sets of circles.
of each set of circles they
might indicate, in unit mea-
sures,
of each size.

To the riggt

the amount of particles

-~

ples.

MINISEQUENCE I/Activity 1°

v
>
fe

)

o COMMENTARY .

.

Let the children dlscg;s their '
1deas before You proceed

‘Wi®hin one day. most Of the soil

will have setfled to the bottom
of the jar. The largest par-
ticles)will settlé out first

an@ the smaller ones' last. )
After/ two days, all of the 3

-material may still not_have

settled out of’ the.water. Some,
fine organic material may be

left floating on top. Also, 4
the water may be cloudy, in--

"dicating that there were some

particles ip the-soil so small
that they remajn suspended in « -
ihe_water.

¢

- . .

Ig should be quite evident that
the. sediment is made up of two
or more layers of small partl- -
cles of recognizably dlfferent
31zes. . &

e

\_/l

An example is given here using’
data collected from two san-

A
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~ . °

~

- * Subsoil
¥ (unit measures)

AN } T
Topsoil . [
(unit measures)

Size of Particles

3/4

1/2

-

{(larger than’1/4:in.)
. a

e
.

A £ 1-1/4 . . 1
& | © L

. . *
.| (largér than 1/10 in.
" but smaller than, 1/4

@,'/\ ]

A . ) in.) q
C1/2 ?1-2*2 | (larger than 1/18 in.
R ’ but smaller than 1/10
’ in.) ’ "
5-1y/2 5

(smaller than 1/18
in.)E}

-

“ \
Summarize Part A .by disgussing
questions such as*' these:,

* Why would it be proper to
call soil a mixture?

* What kinds of things "ate
found in soil? -

3 .

* How big are the,particles of
material that make up the
soil? ~

S~

* In what )jways do topsoil and
subsoil "appear to he differ-
ent? ’

«
. . -

‘
-

.

PART B -

%,

1. Introduce this Part of the

"Actiyity by showing the class.

a potted plant.

‘

35

N

It is made up of different .
.things. . “

Li¥ing thgngs,'things that
were once alive, and rogk i
materials. . iy
There "is no one answer to this
question since the particles .
vary in size from .those that
are so small they remain sus-
pended in water to relatively
large piec f rock. “

" [

‘'The color,\oder, and amount of
organic material they contaip

are different.

. -

In this Part of ;he Activity
children will cofmpare the
water-holding ‘capacity of sam-

ples of tgpsoil and subsoil.
.

I\

-

.
.
,
-
) .

»r
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- -

e What is the plant growing

in?
»
e Why 1is s011 important to the
plant? ' - . 5
e’ ’ -
‘ IF\\_
) \
)
* //
- N 7
. .

"
Continue the discussion By
asking such questions as
these:
L d

e What happens to a plant when

its roots cannoq get water

from the soil?

.

-

s
'

. when soil is watered, either
by rain or by people, what
happens to the water that
soaks in? i

-
....

’

*

» -

' CQMMENTARY._

- v

Their - responses may,incdyde

such statements as:¥ The soil
hodds the plant. The plapt

gets water from the soil. The
plant: .gets minerals from the
soil.  All of these are‘sxcorrect;
however, emphasize the fact that'-
plants cannot grow without water
and the main source of water for
plants that grow in ‘soil igs the
“soil “iLtself. *

4

First‘the.plant will wilt. If
water is' not supplied, ‘it wild
then ‘dry out and die. JIf Somes
children have not seen this
haPpen, plant-geveral corn
.seeds in—-a pot of soil- ahead
of tlme Water well until the
plants are about 6- cm tall.
This Wlll take about 10 days.
Soak the .s0il and then add no
more water. ® Observe the.,daily
changes that take place. Thaen
lengtm of time it will. fake Yfor
the corn planits to w11t and die
will .depend upgon %Lo important
factors the amount of waterv
held by ¢the soll at the time
it was* soaked and how much, of
zﬁzf\water it will eventually
elease to the.plant. Both of
these factors vary with the . .
type of. soil. The humidity of
-the surroundlng air is also a
factor..-: .

All water that falls on the
soil does not necessarily soak
into it. Some. may run off;
some evaporates into the alr
befqre-it soaks into‘the soil.
Some water continues to perco-
late deep into the earth. The

' . 27
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I/ t

3
~

e where must-the water that
enters the soil be located
if it is to be available to:
plants? .

¢ What property of soil,
therefore, is important to
keeping water available for
plants? ~

Z

v

Tell. the class that they can
compare the water-holding
capaeiiy of the topsoil and
subsoil. One.new cup of soil
from the topsoil sample and
ome new cup from the subsoil
sample should be spread O U B
on separate sheets Sf news-
raper. Lf there are large
- lunips 1in. elthgr sample .they
.should be crumbled. The soil
should be left exposed to the
aix for at legst 3 days to dry:
out.

Pl

“r Ask for suggestlons regardind

how the watervholdlng capacity

37 N\

4 #
-

MINISEQUENCE I/Activity 1

/.

A

- COMMENTARY

-

fact that water soaks or per-
colates through soil can be
demonstrated easily by over-
watering a potted plant. The
water that is ,not held by the
soil will pe?colate through 1
and run into the dish or tray
under tbe pot.
The water must be  held by the
soil surrounding the roots.

The water which passes deeper
through the soil |does the plant

little or no goo
. A

14 »
The property has to do with the

.amount of.water soil can hold

against the grav1tatlonaf'force
that pulls it downward. Water-

.holding capacity may _bg defined

as the percentage of water held
when the soil is completely
filled with water. For example,
let's assume that a sample of
air-dried soil weighed 100 grams
and after being saturated with

. water it weighed 125 grams.*

The sample, of soii absorbed and
held 25 grams of water. Since
25 grams is 25% of 100 grams,

t could be said that the
water-holding cadpacity of the
iOil sample was 25%. .

‘ v

If-yog,wiéhﬁpb dry out the

soil in an oven, pans of it\

should ‘be left at 200°F for

at least 3 hours. . )
. ' <>

There are several’ways in which

this might be done. One would

v ?

.2
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of soils migﬁt be determined.

“

A

.

In addition to the materials
and equipment used in Part A,
each group should obtain:
~/ f balance .
2 polyfoam cups ) .
1 paper towel: |
2, 4-in., aluminum pans
1 pair of scissors )
First they should use a pencil
point to punch about 25 holes
in the bottom of -eac¢h polyfoam
cup. The _.holes should be . 7. .
evenly spaced over the bottom
of the cup.
cut one round piece of pépe?
towel (one-layer thick) to
fit into the bgttom of each
perforated ‘paper cup. Fit the
disc of towel intgp the bottom

of the cup so that all holes
are covered.
“topsoil“
soil."

Label one cup

and the other "sub-

Then they should -

[

-

s

MINISEQUENCE I/Activit{\l

. . COMMENTARY

be to place equal volum:s of
each of two samples in cans .
with perforated bottoms. A
measured amount of water could
then be poured inteo each can
and the runoff collected. If
the volume of the runoff water
is subtracted from the volume
of water poured into the can

of soil, the difference would
be the volume of water held by,
the soil. .Another interesting.
way of doing it is presented
here, based on "before and .
after" weight determinations.

The children can again- work

in groups of 4. They should
divide the things to~25,/fr.
done among themselves, taking s
turns where necessary. If an .
insufficient number of balances

are available for each group to

have one, they. can take turns

/MitR them. . ) ‘;

The holes
enter the
placed in

-

will allow water to
paper cup when it is
a pan pof water.

2

You might suggest that the
children measure for the disc
on the bottom of one cup. When
the disc of paper towel is
placed in the bottom of the
cup, it wildl prevent soil from
falling through the holes.

[N

- . 3




TEACHING SEQUENCE

Next, discuss and demonstrate
the following technique:.
Gently fill each cup about
1/4 full of watefr as it is,
held over a pan. Allow most
of the zgtér to xun out of
the bottfHm of the cup. The ,
remaining water should then
be poured out.

The children should weigh the
cups while‘they are still
moist on the inside and record
the weight of each.

At this pofnt, if you have not:
already done so, discuss with
the children the, ¥ationale be-
hind the procedures in this
experiment as a whole. It
might be helpful for them to
set up a kind of Worksheet-
organizer .for their weight
data before they begin:

AN

o -

MINISEQUENCE I/Activity -1
- rd ‘

-
-
-

»
- WOMMENTARY

7
This is done before weighing
the cups to include in the
total cup weight water that
eventually may be absorbed by
the paper towel disc and the
ssides and bottom of the cup.

]

.
-

Have at least two children
weigh eagh cup to check on the
results obtained and to refresh
their skil-ls, "~ (In COPES, chil-
dren were introduced to the .
standard type of equal arm bal-
ance, and the gram system of
weights in Minisequence I of
Grade 4.) . '

b )

Topsoil

Subsoil

Weight Jf moist
empty cudp

-

[Weight of clip after

dry soil is added

Weight of cup .
and wet-soil -

They should also be given the
following specific directions:
. . v

‘Into one moist cup put
exactly 100 grams of air-
dried topsoil. Into the
other, put exactly 100 grams
of air-dried subsoil. Again,

This can be done by setting the
cup on "the balance and.slowly
adding so0il until 100 grams 1is
added. 1If, as in one example,
the moist cup and disc of papeg *

»

N

P
/
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TEACHING SEQUENCE

8 '
record the weights.

, ¢ : A -
A / -
Set each cup into an alumi-
num pan. Then pour 2-1/2 ,,(
unit-measure cups of water
into 'the bottom of each pan
as the bottom of the per-
forated cup is held down .
against. the bottom of -the
paf{. When you are certain
that the cup will not tip
over, it is nd longer,
necessary to hol@ it.

Observe the top of each soilé;
sample for evidence $hat
water has reached it.

.

. N |
~ AY

- R .
— -2

) oA A1
<
After the entire surface of
the 5011 in each sample has
become” wet, leave the’ cup of
soil in the pan of water for
‘at least another 10 minutes.
Then pour the water out of
“\\i qh pan and allow the wet ‘N
1 to drain for about 5 : o
miRutes before weighing ,;

agaln. LR A

the children should
"«’\

Finally,

“the liquid itself.

MINISEQUENCE I(Activity- 1

- .
\
COMMENTARY. »
towel weighed 3.1 grams, .the
cup with dry soil should now
weigh 103.1 grams. ) %

Water will rise in the ,soil
(against the pull of the grav-
itational force of the earth)
by @ process known as capillar-
ity. Iq:this ¢ase capillarity

is brought about by the attrac—

. tive forces befween water mole-
cules and patYticles of soil.

The attraction of.the llquld to -
the solid surfaces is greater
than the-internal cohesion of
Wetness at
the top of the soll sample will =
become evident by the soil be-
‘coming a darker color. The

first evidence of .this may

appear as a small, dark spot

within 30 seconde after’ the

cups of soil are’ placed in.

.water. It may take from. 3-5 .
minutes for the entire soil B

face -to bEcome wet. ™ ‘;%/»-.

If the water in the pans J4rops
below 1/2 cm, pour an addition-
al small cup (1 .,0z) of water

into each pan. '

L}




TEACHING SEQUENCE

. weigh the samples of wet
sotl and record the .weights.
Then, if they subtract -the
dry—s01l plus-moist-cup ,

¢ Wweight from the wet-soil-
plus-moist-clUp weight for
‘each sample, ‘the difference
will be the weight of water
absorbed and held by each '
l100-gram gample of tops01l
and ‘subsoil.

After the -children have com-
pleted tRis procedure, ask
them to compare the water-
holding capacity of their sam-
ples of topsoil with that of

 theiyx samples of subsoil, ¢

Since you mady get as. many
gquantities for the weight of .
"water by each type of soil as
.there ares ups conducting-
the invms,/ﬁl?s)will
provide an excellent opportu-
nity to apply a method of
averaging to arrive at weights
bf water held by the different
samples of soil that would be
more nearly representative of
the larger samples of topsoil
ahd "subsoil. < -

.

a

~

Summarize this Part of the
Act1v1ty by asking such ques-
tlons as ‘these: ,
o‘If water-holding capacity
were the only factor ghat
determined how well plants

~

A
-

S ¥

"

‘MINISEQUENCE I/Activity 1

&
COMMENFARY

a

&
In one example, the wet topsafié
plus cup weighed 141. S-Qrams
The dry topsoil plus moist cup
weighed 105.1 grams. The dify’
ference was 36.4 grams. The
wet subsoil plus cup weighed
134.1 grams. The dry subsoil
"plus moist cup weighed 105.2 .
grams. The difference was 289
grams..

.

In ®the abojz example, I00 grams
of topsoil held 36.4 grams of
water whereas 100 grams of sub-
soil held only 28.9 grams of
water. The’topsoil had greater
water-holding capacity. If one
wished to express this as ‘a
percentage, it could be said
that the water-holding capacity
of this sample of topsoil, was
36.4% wheread for this sample
of subsoil it was only 28.9%.
The data can be easily converted
to percentages Pecause the sam-
ple siz'e was 100. .

A

E \
[

}n earlier grades of COPES.,
children have averaged by
"evening off" bar graphs and
by "piling-in" ,squares onh a
histogram. It may also be
done conventionally, by adding
the weights and dividing by )
the/number of different ones.™

~
[T

. N

The "if" in this question is
very important-because there
l7re other factors, such as the

/
-

r v o,
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would grow in a 5011“ which

g” 501L_wou1d be most suitable’

for growing plants?
, N

.

e How could you determine
which of the two types of
soil was really better for
growing plants?

1. Introduce Part C by re-
viewing what was covered in
Parts A-and B. Then ask‘:the
following question:

In which soil would you
expect plants 40 grow
bet ter, *topsoil or :sub-_.*
soid?

§

o

Encourage them to give rea-

sons for their expectations.

A4
]

Ask them to plan an experi-
ment, using the remainder of
their two soil samples, to
find out ip which soil plants
grow better. iy

In. their specific planning,
encourage them to consider
the following factors that
should be controlled:

a) size of pot

~

42

MINISEQUENCE I/Activity 1

COMMENTARY

\
availability of -essential .
minerals, that must be con-
sidered. )

In comparing the soils for
which data are reported above,
the topsoil, with a water-hold-
ing capacity of 36.4 grams of
water per 100 grams of soil
would be-better than the sub-
soil, which held only 28,9
grams. .

Dfscussion of this question
should lead into Part C of this
Activity, in which an exper;-
ment will be conducted to de~-
termine which soll has better
growth-producing\potentials.

L

Children will probably answer
"topsoil."

\ fy
It contains more ogganic mate-
rial and holds water better.

It is quite likely‘fhat they
will suggest 'that seeds be
planted in each of two pots
of 5011, one of top5011, the
other of sub501l

Pots should not be so large
that you cannot £fill them with
the remaining soil.

¢
¥




"TEACHING SEQUENCE

. . .
b) amount of s?il in each

pot
c¢) kind and dumber of
seeds
- . * '
d) depth, of planting
¢ .
e) amount of water each is

given

f) temperatur®

-

light N

-~ .

g)

~

After the experiment has been
planned, each working group
should be responsible for
planting 3 seeds in one pot
of each type of soil.

<5,

If the experiment is’ carried
out as suggested abovéy each
group will ‘need the follow-
ing: .
2 perforated cups from
Part B to use ag flower
pots
4-in, aluminum pans,
into which the flower
pots may be set

kernels of seed corn
3

. -

L4 .

MINISEQUENCE I/Activity 1

¥

COMMENTARY

Soil going into each pot should
be approximately the same
‘weight.

It is suggested that three corn
seeds be planted in' each pot

to be sure ‘that at least one
will germinate.

The seeés should be planted
about 2-1/2 cm deeph :

Sufficient water should be
added daily to keep the soil
moist., Each pot should have
holes im the_ bottom through
which excess water can. drain
off. Before soil is put into
the pot the holes should be
lobsely covered to keep the
50il from being washéd out of
the pot.
This is controlled by keeping
them in the same place and can
be checked with thermometers.
!
All pots should be placed on
a window sill 6r where they
can get direct outdoor light.
The eastJand south sides of
the building are best.

e
’ . ~
1

.':...56

The Eups should have discs of
paper toweling in the bottoms,
as before,

s
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Sprlnkrer bulb with spray
head

1

z

’ PN
L]
i~
AN N . ¥

Aftér all pots have been pre-
pared ‘and planted,- they should
. be arranged in a place where
they can get -direct 1light
from outdoors. They shopld
.then he watered thoroughly.
Arrangements should b€ made
for them to be watered daily
for the duration of ,the exper.-
iment. ’

<

r

e ]

&

Arrangements should also be
mdde to check the ‘tempeérature
of the air around the plants:
in, the morning, at noon, angd .
J1n the afternooni _ Record the
temperature on WOrksheet I 1.

-

‘;

h

. .MINISEQUENCE I/Activity 1

Q~
COMMENTANSSE .

~
3

*The sprinkler bulbs can be
_shared among thé,groups, if
ecesgssary. ‘ :

The t¥ree seeds should be
"planted near the center -of
-the pPE of soil. *
. ) 1
ateriny should be done gently
’/&iﬁh a sprinkler bulb. The
sprinkler distributes the
.water over the soil and pre-’
vents it from being washed off
t seeds. The soil should be
'sprinkled until water appears
“in ‘the dish beneath the pot.
"Most sprinkLef bulbs contain
,about a half cup of wate
"is estimated that afteri?he
-first soaking; half a Sp¥inklex
‘bulb of water per pot each day
will be sufflc%gnt. With pracs
tlce, one sgugeze on the sprin-
*kler bulb will force out one
half of the water it contains.
:Thus the amount of water given
‘each plant can ‘be convenlently
<ontrolled.

.

It

To keep water éﬁpplied to the
plants over the weekend when
-school is closed, it is sug-
gested that the soil in each
pot be soaked Friday evening,
‘The pan in which'the pot is/ set
should also be filled with
'water. i 4;

If possible the th{ee thermom-
. eferb should be suspended by
string directly above the
Plants for the .duration of the
expériment. They s%ould he
arranged in pjlaces that will

sample the temperature of the
air surrounding all plants.

You might want to acquaint the

9

cuwstodian of the building with

]

35
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~ A
2., After the squs have
- gerhinated and theé plants
have frown to a height of 5
or 6 cm, remove all but one
plant’ in each pot. -

d

e How will you be able to tell

' which typé of soil produces
better growth of the plants?
What could you tbserve or
neasure? '

: e

at

From here on, it is important’
"that, in dddition. to tehpera—
ture, such items as the fol-=
lowing should be observed and
daily records maintained for
‘each plant:: e

a) height in centimeters

+ b) number of lreaves
c) .color of‘'leaves T
P ] E
/ .

evidence of '‘wilting

-

) | d)

sresults obtained frgq periodic

IToxt Provided by ERI

. N ° (
,—-/—\CQMMENTARY

- days.

In your discussion of the d

'

MINISEQUENCE I/Activity 1
v P

the experiment and the care
with which it is being con-
ducted. You will need the
custodian's cooperation to
prevent unanticipated accidents’
to the plants. . ' ’
The little corn plants should ’ .
begin to appear in about 4
Care should be exer-
cised in thinning the plants
to avoid disturbing the roots
of the one you wish to leave.
The plants to be left in the .
pots should all be about the g

.

same height, .

The children may suggest that
they should watch for differ-
ences in the "height of the

ptants growing-in the topsoil
and in the subsoil. They may
also suggest using the number

and color of leaves as a
criterion. . . % .

"

‘' One-of the first indications -¢ -
that a plant is not doing well
is a change in the color of the
leaves frog dark green-td light
green. Eveltually the leaf
may become y®ellow, after which
it m&y die.

This is anogherdindication
that all is'Tot well with the .
plant, especially if wilting
occurs when the plan% is being
properly watered. '

The various observations can b

be recordeélon Worksheet I-1.

»
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observatibn of the plants,
give .attention of such gques-
tions as these: °

e Are the plants grow1nq
straight?

'a
e Which leaves should .be mea-

sured fn determining the .
height of the.plant? -

s

e Should more water be 'given
to one of the plants if it
,shows signs of wilting?

e Does it affect the experi-
ment for plants to be in
draftﬁ?

IS

. s

eIs it possible that on sdme
days all plants may requare
more water? . s ‘

e What should be done if. one
or more plants are destroyed
by insects or rodents? .

-
3. Continue observations and
record-keeping for at 'least
You may want to
47

\ :

'
.

MINISEQUENCE I/Activity 1 °

‘COMMENTARY .

When young, the plants will
bend toward the light. They
can be straightened by merely~
turning the pot.
. N ' %
The leaves of the corn plant
are long and narrow. The
longest leaf in each plant
%k}d be measured each time .,

All plants should‘be given B
the same amoumt of w er. None
,should ‘be glven extr water.ﬁ

<«
Not unless the current of air - o
.is urusually strong or un- = .
usually warm. However, 4if“, ?
some of the’plants are in -
even a mild draft-whereas the "'t
othersi-aren't, the experiment
would be affected. °‘Plants in
the draft would regyire more
water to sustain themielve§.
If for some reason the élace
in which the plants 'are lo~
caté€ad should become unusually
warm, the* water allotment for
that day should be increased..
Howevex, all plants should
still receive the game amount '
of water. .
This may happen. If the de-;
struction results in fewer
than two healthy plants re-.
maining for each type of soil,
the experiment should-‘-be
stérted agaln and precautions
taken to- protect the plants,
Such unfavorable events are
fHot ‘uncommon 19 sc1entuf1cL
experlmentatlonr
OnlYy a few minutes eacly day
are necessary for thesd obser- -
vations. %he children can go




¢ TEACHING SEQUENCE
[

distribute another copy of
Worksheet I-1 to each group.

Then compare the records for ,

.plants grown in each type of

soil,

e

. each of topsoil and subsoil:

.

MINISEQUENCE I/Activity’ 1

. COMMENTARY

on to Activity 2, if you wish.

Si{pvte you will probably have

at least 4 pots of each type

of soil, quédntitative observa-
tions 'such as height and number
of leaves should be averaged
for each type of soil. Dates’
upon which other changes were
observed should be compared.
For example, here are the corn
growth records for two pots

?

Three corn seeds were plahted

in each of four pots on Sep-
tember 4. Each pot contained
1000 grams of soil. Pots No. 1
and No. *2 contained subsoil,
Pots No. 3 and Npo. éﬁcontained
topsoil. ' The é@ds"were planted
at a depth of 2-1/2 ¢h in each
pot. The soil was then watered
with sprinkleér bulbs until it
was soaked thrgugh. Each pot
was watered daily with the s#Ame
amount Of*water. The pots wer
kept in a warm, well-<lighted
place. Plants appeared in

two pots- (one subsoil and one
topsoil) within 4 days. Plants
were above the soil surface of
all pots within 5 days. “On %he.

.10th day all plants but ‘one

were removed from each pot.
The height records dn page’ 40
begin on. the 10th day and,
af;pr the 11th day, continue
for alternate days through the
25th day. *

There was no observable differ-

" ence between the two types of *

soils in the time that it took

for the seeds to germinate and
for plants to appear. However,

on the 10th day there was a
difference in the average height *
of the corn plants in favor of
the topsoil. The average height
of plants in the subsoil on the

[
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¢ In which so;l do plants
grow better--topsoil or
subspil? ,

EXTENbED EXPERIBNCES :
- 7

’

-~
-
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l10th day was.7.7 cm, whereas
the average height of plant
in topsoil was 11.3 cm, The
difference in\gverage height
persisted throygh 25 days.
the 25th day, lpaves on subsoil
plants were sh win%;larger

.areas,of brownihg and drying

than. they did on the topsoil
plants. ‘At the termination of
this experiment on the 25th
day, the "two subsoil corn
plants had only three leaves
whereas the top501l plants

had four. .

on’

Height of Corn Plants

in cm
- ‘ '
Day | Na. 1] No. 2 Q'No. 3| No. 4
el
10 8:5 7??5 14.0 8.5
11} 11.5 8.5 18.0 12.0
8. ‘
13.] 19.0 10.0 | '23.5 §F.o
14
15 | 24.0 .| 1370 26.0 23.0
17 | 25.5 | 1%:5 t;éfo 27.0
19} 27.0 14.0 31.5 31.0
21 ]| 26.5 14.5 34.0 33.0
23 ] 28.57|'15.0 37.0 36.0
25 |°32.6 16.0° | 40.04 | 39.0
N " ’
Clearly, topsoil is conducive

to_better growth than sub-
soil.

l. Planning a field trip to one or more of the places listed

on Ppage 41,
erosion,

Sy R

where children can observe the effects of soil
would be highly de51rable

' 49
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,a.//Flelds where gullles have been cut by unchecked run-
off water; . < §

.
-

Sidewalks next to bare soil where runoff water from
rain has washed soil onto sthe sidewalki

c. Small muddy streams after a fain caused by runoff £
water carrying soil into the“stream. (Bottles of the.
muddy water should be taken back” to the classroom and
allowed to stand until the soil part1c1es have' settled
out as sediment.); -

d. New highw}y embankments, before grass has grown on the
them, wherg there are gullies formed by runoff, rai *
water; ' ‘ » : é )

rd

*

. . ; . ; . )

e.. New building proYects where €opsoil has'‘been scraped
away to construct foundations for houses and where
runoff water has washed' away §bme of the soil; -

S
- ©
s e
f. WMnplanted fields where wind has blown away bits of

, soil and deposited them near wipd breaks. R

v - v
2. A field trip to g wopded: area in which there are rocks, “to
obsegrve the soll~formlng ptocess, willd serve as an ‘excéllent
sup ment t0: the:. discussion.in Part on formation of s01l. '

The” p'lace shgyld <be an- area‘%here Lfghens and moss are grow-
1ng\on expose@ rocks.c If the ‘lichens or moss are removeh the

rock beneath w111 be crumbled hore thah the rock surround-
‘ing the plan This - 1s&broughtdabou¢ by a weak acid that is
formed from carbon dfoxide glven off;by lichéns and moss: The

0 » . . - .
mble. . Te ¥ LBy PR
I K o 57 p

.acid dissolves pﬁrt of the ropk material which causes other

paxts of it to

Ix may\be possible to collect. a, samplé of Ilchens and mo§§> -

'grow1n§ oh a. small rock, and take thgm ba®k to the classrodm.

If this is done, the samples can,benkegi in an unused aquarium
tank. The samples should be sprlnkléa ith water "petrieodically.
Between sprinklings the tank should be képt covered‘wlth.plastlc
wrap to prevent excessive evaporation of Waters ‘v

3. In a vacaht&&;} that has not been used for several yearé:).
have ‘children fin¥ three or four Aiffe ent low-ﬁrow1ng *plédnts.
With a spade, carefully dig amound each! 1ant and rémove it rand
its roots from the soil. Shake or wash the s01l free. Lay the

plants_with roots attfached on a newspaper and %ompare‘the ex-

tensiveness of theif\ root systems. If there were a sﬁortage of

water, which plant {wduld be best able todsurv1ve° If thése
: plants were growing as weeds'in a garden, why would it.-be de-

sirable to remove them? \ { .

" .
s @ . " ~

P . -
4. Conduct investigations to determin:égéw the temperature of
the soil at different depths varies. ure” the temperature

) 5 . .
) A ~ J '/
' S0 50 - ® ' e ‘4]..
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of the soil at the surface. Do this by "ever-so-gently" stick-
ing the bulb of a thermgmemer into the soil. Leave it theren~
for at least 2 minutes before you regd the temp%nature,* Use a
spade or hand towel iAo dig a hole 6 'inches deep. Use the same
procedure as descrlbed above to measure the emperature of the
soil at & inches. Now dig.down ,12 incheg and then :18 incheas -
and measure the .soil temperature at each depth. ‘How can the
differences be accounted for? i

5. By using the basic experimental dedign described in Part c, .

v .

investigations. may be ‘conducted to detkrmine if the growths
produc1ng quallty of subsgil can be improved by adding d1ffer1
ent substances to }t - o

Decompoied”plant material, suqh as fouﬁd near .the
. . N W
surface' of thq-s01l in wooded areas, is supposed tg;
improve the qualify of soil. Does it?

5
- "l v
. .

. N ]

It has been said that ashes from burned ‘wood are good
for the soil. Are‘phey’

There are several organic fertiflzers processed from
the remains 'of plants and animals or the mat%rials
they have produced. Most nurseries or :garden stores
sgll them. Do the-garden shops or nurseries'in your®
community sell them?. If so, would they add to the
growth-prodQ€ing qdality of subsoil? ~(They should be
added to the soil in the amounts recommended by “the
processor. This will be given on the container in
the instructions for use.) There are many so-called
commercial fertilizers that are supposed to improve
the growth-producing gquality of soil. Which of
‘several brands does this best wgfn properly dpplied
to subsoil? .

- .

v

4
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duces the froth in the- 1nteractlon of yeast with tpe sugar ~
solutlon. . v ’ S —_ -
' & . - S S
’ ¥ ) v T
MATERTALS AND EQUIPMENT:
4B —
sugar, granulated, 1 1b (453 g) /
/ -
20 packages of "active dry" yeast, 1/4 oz (7 gqg) .
. f_/ )
10" cups, plastic or waxed paper, 1 oz (3Q¢3£L \
. 8 teaspoons i;' rett - '
- 16 paper towels . t .
. - - . ' + ’ :
16 stlrrlng rods, such as pops;cle sticks -, .
J .o '
'8 plastlc bags,-11-1/2 in. by 13-in. (29 ch by 32 cm),
A 9. (3.7 liters) capacity.
’V';‘ ‘ b’ . \ . -

3~

. MINISEQUENCE I/Activity 2

,
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" Activity2  YeastPlants Interact with a giq'ujd Environment

¥+

1 *
In this Act1v1ty the children are giwyen two "unknown liquids,"
to find ‘odt what happgns when yeast plants are put Ainte them.
After they discover that yeast plants interaét and produce a
froth in one of the liquids but not in the other, they are
challenged ‘to specufate about the nature of the two.liquids.
They find that the liquids are water and a sugar solution.
The childrea sthen view yeast cells under the microscope and
learn that yeast plants.are one-celled nongreen plants. Bé-
cause they cédnnot manufacture their own food, in pfder_to grow

by a process called budding, -yeast cells must be in an environ-

ment in which there is a foQd--sugar.  .With this information
children bypothesize regarding the difference in the two
"unknéwn liquids." They then test the hypothesis that one of

the liquids was a'sugar solution. Finally, thex/gre %ncouragea\\d

to spé late further' regarding ‘the nature of the gas that pro-

s pt ]ax, (6’5‘11ters) ) ,

-

%
1 oltcﬁfﬁg&approx;mately-&*pt (0 5 14ters)

16 baby fabd jars or their equlvalent : " ., ' .
} g » . -7 e
1 or more compound mlcroscopes with 100x lensed ‘and higher-
if possible , ) v
- / - il . . ‘ . ‘ ‘
microscope slides, cover slips, and medicine droppers.
. ’ P ¢ .
. - —— . . -

A . H ’ ol 43
S . 52 _




MINISEQUENCE I/Activity 2

N

~

The number of each will bé determined by the number of

i , microgcopes available, -

-

S
PREPARATION FOR TEACHING: -

Prepare_a shgar solution by mixing 8 teaspogons of sugar {nto one
pint of water. Put 1/2 teaspoon of yemst plants into ea?ﬁ of
8 1-oz cups. Arrange the 16. baby-food jars into 8 pairs. 1Into
one jar in each pair put 1 oz of sugar solution. 1Into the other
jar in each pair put 1 oz of water.
. . ~
Yeast cells are so small it is
* impossible to see them with a’
40x microscope. With-a 100x
microscope they appegyr as shown
at the right; with a 450x
f/ microscope they appear as
shown at the right below.® .as
you will observe, very little
detail can be sean with<100x
" magnification. However with
450x magnification,«<buds can
be seen forming on some cells.
It will also be observed that
cells may appear singly or in
bunches.

x

~

It is extfémely important that
~ children- have the oppértunity
of actbally seeing yeast cells.
Therefore, every effort should
be made to obtain one or more
mdgroscopes with at least 10Q0x
magnification. A culture of
yeast cells for observation
“should be prepared by thorough-
7 "ly mixing just a pinch of pack-.
aged yeast cells with 1 oz of
sugar solution. . The culture
will be ready to examine within
about 20 minutes. With a - .
medicine dropper, put one or
two drops on a microscope
slide. Place a cover slip over
the drops. TIf a microscope
with both 100x and 450x magni-.
fication is being used, observe
the cells with 100x first. .
While the microscope_ is, still
q S, ’
~ set for® ¥00x observation;~ .- t
" gently turn the objective that
produces 450% magnification ] .
into place. Onlyqs}ight ‘5:3 . . L
) : : . . . .
Eﬂc 44 ' . s ! —-‘;X' ’ o .
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further adjustment should be required to brlng the cells 1nto ~
sharp focus.

Ed

]

If you have never used a microscope to observe yeast cells,® it .
is important that you practice the technique before you begin
‘this activity in class. A section on the Use of the Mi roscope
was presented in the Grade 5 Teacher's Gui@e. 7 :

.-

- -‘~‘ i - a
ALLOCATION OF TIME: - i .

- . l -

Observations may be made perlodlcally over a Q@riod of several )
hours; however,.- actual work w1li take about One and a half
hours. - 4 . p -

.
I d

TEACHING SEQUENCE -~ COMMENTABY
1. Divide the class into Groups of no more than 4 chil-
working groups. Without tell- dren are ideal for t€his " Activ- _‘3

ing theém what it is, give cawigpA4ty.
group one of the ‘1-o0z cups of
yeast cells. Explain to them
that this is the material \
with which they will be work-
ing in this Activity. Ask .
them if they can tell what In the'ir efforts
the material is. ‘ what it is, engfurage them not

’ ‘ ) only to look At it, bhteto

feel it and /smell it as well? ..
Some may ke able to tell #hat -
it is by the smell, ° . .

figure out

-

If they cannot identify it, _Yeast was first int:pduceé in ‘ -2
show them the package and Agtivity 3 of Minisequence IV
write “dry vyeast" on the of Grade 5.°'If it seems de-
cha&kbaatd € Encourage them - sirable to keep a record of . /]
to' tell whatﬂthey may know .| some of the things they say '
about this material. | about the dry yeast, make notes
— ' . ‘ 'on the chalkboard. The chil-
> dren will probably suggest _ .

that yeast makes bread rise;
" hence it is ysed in baxang
Gigye each working group a o . 2
pair of the jars containing
sugar .solution and water. -
Tell them that these are two . , .
"unknown liquids," and that
the problem is to find out ’ -
what the "unknown liquids" ; . ~ ’
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are. Have them review some of
the methods they have used in

-other Grades to find out what

various materials are.

”

P

Ask the children if they 'have
ever found out what somethlng

"was by seeing how it inter~

cacted with something else.

Suggest that they mix dry
yeast with each of the unknown
Thquids to find out if an iHA-
teraction takes place. Askr
them. to place each container,
of liquid on a paper towel. .
Give each group two stirring
rods. - Have them mix dry

yeast from one of the cups

"with each of the unknown.lig-

uids and stir each Mmixture

thoroughly, using-‘separate

stirring rods. /

e What happens to the mix-
tures? Describe any °’
changes:

vy
Be sure the children saw
clearly that. thére was a-

1 .-

*
5

O

]

~

~——
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JRemind them that a material -is
igentified by describing its
properties. Its, propertges
may include such things as what
it looks like, how it smells,
how it feel¥s’,and how heavy it
seems. (Caution them aboft
tasting any unknown material,)

In Grade 4 of COPES red cabbage
extract was used to identify
vinegar (an acid) .and-ammonia
(a base). When vinegar inter-
acts with purple cabbage_.ex-
tract, the solutiop_ turns red;
.when ammohia ‘interactts with

the extract, it tu%ns green.,
Later in this sequence red cab-
bage extract will be used again
as an indicator. .

The igdihe test for starch’has

also been used on ‘several oc-

casions. Iodine solutiop in-
. teracts with starch to produce

a blue-=black colgf.
s .
= : N

Within 5 to 10 minutes,
‘will begin to form in the sugar
solution. Later a brown froth
will form and may run down the
sides of the sugar solution
containers. There will be
relatively little action in °
the container with water.

bubMles

)

N\
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rather marked interactign be-
tween the dry, yeast and
qf the unknown ligquids.
If at all possible give them If it is not poss%ple to use
an opportunity to observe the microscope for this pur-
yeast cells under the micro- pose, draw ont the chalkboard
scope. v the yeast cells as shown
. ) ) .| earlier. :

-

Give the chlldren thls addl—
tional 1nformat1qn

a. Yeasts gpe single-celled,
nongreen plantse«

b, They cannot manufacture
their own food as green
plants do.

c. They must be in” an envi-.
ronment where there is
food, water, and a suit-
able‘temperaﬁﬁre in order
to grow and produce more
yeast cells. oA
They produce more cells Draw a seduence of sketches,
by a-process cakled bud- sich,as these, on the chlalk-
ding. When condition's board to illustrate budding
?ge sultable, small buds and growth of yeast cells.

orm on yeast cells. The + .

buds increase in size and
soon become fullgrowh
yeast cells, Food and
water must be available
before this can happen.
Sugar is the only fooed’
that’ yeast cells can use.

Now, ask the children to use
this information about yeast
dells