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ABSIT.ACT

The purlpose of this study was to design and evaluate a fornrat

for w-riting objectives, The format must be forlowed easily by any

science teacher who wants to create activities that wil1 teach p¡e-

scribed concepts" Variables found to i¡fluence learnilg of object-

ives were investigated a¡rd the concepts thor:ght to be most relevant

lære organizedu condensed and arranged on one sheet referred to as

the rtActivity Sheet Fomatrr (A"S,F"),

Teachers who taught 9O students and 120 students each respect-

iveþ were asked. to teach the control groups and. two teachers r,¡ho

taught rL5 students and 130 students each respectively frorn a

neighboring school in the sane d:ivision were asked. to teach the sa¡ne

chapter to the experÍmental groups using the A"s.F. to analyse each

lessono A pre-test/post-test design v¡as used to i¡rvestÍgate the

differences i¡¡ cognitive gains. Criterion-referenced. tests were pre-

pared by a certified teacher who had no lcrcrs¡ledge of the methods to

be used by the teachers of either groupo The test period was iden-

tical for both groups€

Exanination of statistical trends and nixed analysis of

variance, a statistical procedure developed a¡rd written by Dr. Chebib

for stat-Paku uere erryloyed to investigate the two ird.ependent

variables for greater cognitive gainsu The two independent variables

?tere adrnj-nistraticn and preparation/administration of A"S.F, anal-

ysis"

students taught by teachers usi¡g pre-anaþsed lesson prans

accordi:rg to the A"S"F" were found to achieve greater cognitive gains

1v



than the students who were taught by teachers using published curricu-

lurn cbjecLives. Stucients Lau¿;Ìrt by a teacher rnho studied Lhe philoso-

phy and appÌicalion and prepared his own resson pra¡s according to

the A.S.F" achieved even greater cognitive gai-ns tha¡ students taughL

by a teacher using lesson plans pre-anarysed. according to the A"s"F.

A greater number of students in the combined e;çerimentar groups

were forrnd to have e>çressed appreciation for the science malerial

in the content âreå.o

F"
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CH.APTM I

Ï}ITRODIJCTION

The objectives of some texLs are not stated oçricitry. The

irT'lied objectives nust be learned indirectly by reading information

and forlowing instructions r,rritten in such a terçb. rn spite of the

fact that the objectives are subtly injected. j¡ the contex¡, teachers

are able to construct tests a¡¡d students are able to pass themu flow-

ever, related activities are often onritted, the stud.ent is often
required to memorize facts and the learning process is ma-intained at
the leve1 of si-u¡ple recallu l"fany ti-mes physical activities prescribed

by the texb are observed to be taking place r,rithout the menüaI pro-

cesses necessary to learn the inF]-ied conceptu For exaryle, one

activity prescribed by the 4srlorj¡re Science lüfule tex! is: rrBend

a piece of coat hanger in a hoop about a foot acrosso Toss the hoop

arqnuhere on the rdentify the weeds growing ldthiJ¡ the area

covered by the hoop,rr I rhe stud.ent learns ho¡¡ to throw and. bend a

hoop" He also learns hor^¡ to cor¡nt weeds but, strangely enough, the

reviem¡ questions about random sa:npri-ng go unansweredo Richard

Feyrunan 2 cites a similar situation with respect to aÍ-rplanes bìrilt
by South Sea Islanders wtrich are the same as the ones they see jJ¡ the

foreignergr airfields around them" strangely enough, their wood

planes do not flyu Perhaps teachers do not forrrulate comprehensive

obJectives because the tools required to do so are soì.plexe numerous

In Thurber, l'I'Ao and Kilburn, Robert Eo" E>rplori¡s science
Ni¡e, Altyn & Bacon, Lncue L966"2u Feynñfr Richard p., vIhát is éciencer'ihá Fhysics Teacher",
Sep, 1969,
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and dÍffuse,

Teachers cannot be e>çected to research method.s for formulat-
ing objectives every time the need. arises, They must, however, rnake

their ovrn objectives 5J they are to meet the needs of their stud.ents.
A terb can l-Íst materiars the students are requÍred to Iearn, but
the teacher mtæt analyse the needs of his students and prescribe the
appropriate representatj-onaI system for themn The three representat-
ional systems listed by Bnner 3 ."" ilactive, iconic and synrbolic"
Jerorne Bruner states:

The new models are forrred in j¡creasingly
po*erful representational s¡rstens, rt is this"tfiatreads me to thirik that the ireart ãt tn" ed,ucaÈiona'process consists of providing aid.s and. rlial0¿;; -
(nodels ) for translaiing 

"ry;ri;;;e into morepowerful systerns of notãtion a¡rd order:ng;-4-
I'Jhen one representational systera is presented by the texb and the
teacher la:ows from e:çerience that his students w.jJL learn more effi_c-
iently by another syst'em, then charrge is i¡ onìer; eg", if the repres_
entational systero reco¡a'nended by the texL is s¡mbolic and the stud.ents
are lanown to learn more efficientry with an i¡ractive representation,
the teacher can use that system onry if the objectives of that partic_
ular section are realized" To get on with the task of fo:mulatirrg the
representationar systems, the rrheart of the educationar processrr, the
teacher m'st !¡row exacùly r^¡hat he wants to teach - his objectives,

trn constnrcting objectives the teacher rm¡st consi-der not only
the needs of his students but the need.s of the school as werl.
Benjamin Bloon states that:

3o Bruner, Jerome !,0 Tollaf..d a Tleory of lnstru"Ëo.rr,
Cambridge, l.'.ass. Uu ersity,L966" p. iou u"

4. lbid,¡ po 21o
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f-t il iruporbant that the maJor objectivesof the schoor nnrst be id.entified if ti¡re a¡rd. effort

are not to be wasted on less importa't things andif the work of the school i-s to be guided. u! some
Plan. 5

Because educational irurovations are conti¡uarly occurri.:ng, the role
of the teacher must be dynarnic, He must fonnul-ate his own objectives
if he is to consider the r,ajor goals of the schoor and incorporate

each valid innovation into his 1esson pIan.

hrblished objectives tend to be static, They reftect the

goars of the author, provid.e orre method. of presentation ar¡d are

sufficiently subtle to be j¡rflexibre. I¡Iithout a meaff¡ of anarysing

the contexb to separate then only these static objectives are Iikely
to be taught"

THE IDENTTT'TCATTON OF THE PROBLHq

the author believes that nrany teachers can be helped to con_

stmct thei¡ ov¡n i¡rstructional objectives if some toor is provided

to reduce the conplexity of the situation" rfl response to this
belief he has developed and evaluated a¡r rrActivity Sheet Fornê,tr¡.

(Appendix rrdrr)o The problem for this research thus becomes - Do Grade

D( science students taught by teachers who use the rrActivity sheet

Forrnattt achieve significantly differently froro students who are

taught by teachers wtro use the pubrished curicu}:¡r objectives?

Q1IESTIONS TO BE CONSIÐMM

This thesis w1rl consider the forlowi4g questions r

lu rs the achievement of students taught by teachers using

5u Bloom, Benjarnin s", Handbook l: cognitive Domai¡r, David
Mc'ay Co" Inc,, Nerv york, N,m
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the lrActivity Sheet Fo¡matrt significa.ntly increased when the teacher

is given extensive training i¡ the philosophy and application of the

¡¡Activity Sheet Formattt?

2" Is the achievement of students significantly i-ncreased

rvhen the teacher is given a page by page analysis of the chapter

accordilg to the trActivity Sheet Formatrt as prepared by a teacher

havilg exbensive trainilg in its philosophy and application?

I{TPOTHESBS

1, The nuII hypothesis asserts thaù no difference exists

betu¡een the achievement of students taught by teachers usirrg published

curriculum objectives and students taqght by teacher-s using the

¡rActivity Sheet For"mat¡¡ rvhen the teacher is given exbensive training

in the philosophy and application of the ttActivity Sheet For.matrl"

2o The nuLL hypothesis asserts that no difference exists

between ihe achievement of students taught by teachers usi.:rg pub-

lished cuniculum objectives and students taught by teachers using

the rtActivity Sheet Formatr¡ when the teacher is given a page by page

analysis of the chapter according to the ttActivity Sheet Formatr¡ as

prepared by a teacher havi¡g exbensive training in its philosophy

and applicationn

THE ACTIVTTY SHEE"T FORI"IA,T

DEF'INITION

The ¡¡Acti-vity Sheet Foruatt¡ is a ftmctional procedure to be

used by scj-ence teachers for establishing i¡rstructional objectives

which can be integrated with activities providirig meaningful learnirlg
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experience for their students, According to Jerrord Kemp;

IæarnÍr¡q requires active effort by the
learner" Thus, aÌl objectives rnust be stated
in terms of activities that wiII best permit
student learnirrg u ô

T?re ¡¡Activity Sheet Formatr¡ i-s consistent rrrith the afore-
mentioned philosophy. The rsActivity Sheet Fo¡matn wiII hereafter be

referred to as the A.SoF.

APPLIC¡Tr0N

The ttdiscovery approachrr is an integral parb of science

instmction and its use is recorrnended. strongly by the Department of
Education in I'fanitoba. The student must parbicipate in some actÍvity
if he is to rìiscover, According to Bloon ?, a direct rerati-onship

between the activity and the objective of the lesson ¡mrst exist or
ti-ne and effort are wasted on ress Í-ryortant thi^ngs. Blooro aÌso

states:

The fi¡a1 selection and ordering of the
objectives become a natter of rnaking use of the
learning theory and philosophy of eãucation
which the faculty accepts, B

'The ttActivity sheet Forrnatrr has been d.eveloped to supplement regular
group instruction and incorporate major learning theories with the

basic philosophies outli¡ed i¡ the I'fanitoba Science curriculum grades

7-9,

DESCRIPTION

The fomrat of the A.s,F, (Appendix rAr) is organized. accordÍ¡g

ón Kemp, Jerrold. E", rnÞlructionaÌ Desi¡rn". pearon pr.rbrish-
ers, Be1nont, California. p" 19o

7. Bloom, oÞ.cit" o p" 26u
8o Ibiq" u p. 26o
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to the following headi¡gs" A descriptj-on and rationale for each of
these headings is as foJ-lows:

A' Defi¡rition. A defi-rrition provides the vocabuJ-ary to be used, or

associated lçith the activity" This w"il-I 1ead. to a proronged retent-
ion arrd an i¡rtuitive notion of the word" It is desirable, according

to George I'fallinson, rrto keep the essential vocabulary at ùhe approp-

riate 1"n"1orr 9 consideration of each new v¡ord. to be used i¡r the

activity ensures that it will be used. w'isely rather than the unfortu-
nate case rvhere it becomes the basÍs of exercises in which science

terns a¡rd their meanittgs are me¡norized., MaLU¡rson goes on to sr¡mra¡-

åze the need for defj¡ritions by saying,

eøo rl€êpþ everyone recognizes that the
laboratory nr:st be nore thar¡ an environ_
ment for the e>çenditure of calories
through the nanipr¡l_ation of hardware and
preoccÌpation with isolated e>çeriences.
ït nust provide opportunity for d.eveloping
meanings and perceptions of the e>çerièncõs
offereã. 1o

B@ Obiectives. trlf you are not interested i¡ de¡nonstratÍng achieve-

ment of yor:r objectives ycu have just fini-shed. read.ing this 66o¡11 11,

is the finâl sentence of the preface of Albert l,fager?s book, prg&lri¡f,.

Ï:nstructiolra-I Ob.iectil'eso ft is Ímportant that each objective begins

ïrith - trAfter conpletirg this activity the stud.ent should be able

to ',.;t 
J2 r¡r his firìal sumnary }{ager e>plains that one must know

e:ect1y ldrat the learner rril-l be doing r^¡hen clemonstrating his achieve-

9. M,alrinson, George G", gcience ræarni¡g .and tbe problen
Reader. po Z,

10. Ibid" s pu 5o
11" Mager, Robert. F"r_ Frepalin¡r hstructi.onal Oþiectives,

Fearon hrblishers, Educ" Di¿@efacec
)2, _Ibid", Preface,
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ment; thr¡s it is necessarxr to define criteria, givens and/or

restrictions, A separate statement is r¡rritten for each objective to
ensure clarity" what should be includ.ed i¡r objectives? R" If" Gagne

Ínfers that task analysed. i¡rtellectual skil-Ls or capabilities specj-fi-

ed j¡ operational ten¡s should be our objective, objectives should

be stated in behaviorar te::ns since psychorogy has been successful

in suggesting ue.ys of teachÍ-rg only when objectives have been oper-

atiornlly crearn Brrrner berieves objectives should be strategies

wttich would produce superj-or problem-solving capabilities. Ausubel

rejects strategiese processes a¡rd. skills - advocates masteri-ng weIL

organ:ized bodies of subject ¡natter knor+led,ge. E, R" Hiþard. concurs

that tteach theory of learn:ing accounts for some phenomena very r^rerl

but it is less adeqr:ate in accor¡:rting for others"r¡ 13 The Activity
sheet Format is an attenpt to incl-ude rnajor theories of learning in
an attelryt. t.o be adegrl¿t-.s in accormtjng for phenonena" The page

fYo¡n the texb or curriculun to be chosen as suggested under the sr:b-

heading tContentt on the A"S,Fø €nsrrr€s that well organized bod.ies of
lanowledge will be taught" Irte]-lectual ski]-ls and. problem-solvi-ng

capabilities will be learned j-f the processes are injected appropri-

ately i¡to each lesson prann The A"s,F" provi.des the opportunity for
each teacher to a¡aIyse each situation and erphasize the theory he

feels is most appropriate and at the

of the other theories in each lesson"

sane tj¡ae i:rcorporate any or a1l

To facilitate the fornrulation of objectives r.^rithin the fra¡re-

work of Bloomrs taxono:qi, a table of verbs has been j¡cluded w?rich is
]3. Hilgardo E. R' rþeo-rles of Learni¡r, 2rd ed", New york,

N.T" Appleto@i6"
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amanged in a sequence from sÍ-nple to complexo Each verb has been

selected to be directly applicable to science"

The content in the introduction of most chapters is mainly

defj¡r-itions. lf this content is used. to teach si:uple processes and

11 sinFle verbs are used to word these objectives, then very precise

basic objectives can be constructed" Tor.¡ards the end of each chapter

i-:rtegrated processes and complex verbs can be Íncluded. more frequently

to ensu¡e that higher mental processes will be utj-lized, Againe

accordi-ng to Bloom, Itan overall plan nmst be follcrwed. if, tjme and

efforb are not to be wasted on less irnportant thÍngs, rr J4

c' Ifaterialg: Ilateri¿ls are listed separately so they can be organ-

ized ahead of time. This prevents 5ntemuption of thorrght processes

as the student perforus the activity and elimirrates the necessity of

of teacher wastí:rg time deciding which tools are required each time

the activity is assignedu

D" Activit-'¡: The activity section is a set of i¡stmctions to be

gÍven to the students. A reminder in the form of the statement rrbhat

the verbs and processes from the charts above can be used. to l¡ord

activity instructionstr perrnits activitj-es to be directly related to
the objectives" rt can be assigned verbally, reprod.uced on trans-

parenci-es or charkboard or dupu-cated. on rwork sheets 1o lf the

activity requires a tengthy description, it is typed. on a separate

pa8e¡ referred to as a rwork sheetr to facilitate reproduction. If
the reading Ieve1 of the objective is such that the stud.ents would.

not be confused, then they could be given the whole ractivity sheetîn

U. B1oom, oÞu Sit, p" 26,



-9
E. Dis.cussion: fire Ediscussion? is a vital parL of the discovery

approach since all students w-ilI not rearn all concepts just by rdoing

the activitvr"

Fo Ratipna-le: The rationa-le is included to promote a revier¡ of the

coryleted analysisn rt is hoped that, if an atterçt is made to
justify the i¡clusion of each objective, Kernprs conditions will be

satisfied a¡rd activities wil-l be stated in terms of objectives,

Albert Canfield 15 says that rationale is need.ed. for each activity.
IIe says it can be an even nore powerful toor i_f it j¡cludes a state-
¡rent as to why the student is bei-ng asked to perforrn j¡r this ¡nânn€r'o

The analysis of a page of a texb accordirrg to the A.s.F" Ís
a¡l activity for the teacher to perforn so that he r^rill know exactly

wtrat objectives are to be taught by a specific activity" An overarl
philosophy of this paper is that any explanation of an activity to
be used as a Iea¡nÍ:rg ercperience should. jnclude each of the topics

from Appendjrc ltAtto Those steps have been forlor,¡ed. in preparing the

A.S'F. as an activity for teachers to use for preparation of a lesson,

Careful analysis of each aspect of this chapter rriIl reveal that an

atterpt lras made to includ.e each A'S.F. topic"

15' Car,field, Albert 4., A Rationate for pertonnance
Objgglives, Audio ,p. 128,



CHAPTBN, II

ruñ/INI OF RBLATND LITHIATURN

I}TTRODUCTION

The prevalent attitude during the gatherÍ:rg of backgror:nd

information for this i¡rvestigation was that a basic philosophy

should be established that ivould provid.e a for:¡rdation for changj-ng

instruction. Once the imporbance of objectives was reatized it
became apparent that the co::plexity of writirg comprehensive object-

ivss ì"night deter teachers froro atteryting to use thern; hence a need

for an organized concise procedure for constnrctilg objectives was

deemed necessary' A search for a logical seguence and topics ensued.

to deterrnÍne some major concepts that rnight provide a basic outli¡re

and sone clear, precise terminology.

Ït was decided that to be meani-rrgful the i¡fo¡uation should.

be available for discussion and interpretation, rt is for this
reeson that opposing as l¡eIL as supportjr¡g articles are j¡cIuded and

the authorts opinion Ís interjected occasionally, The related. Iiter-
atr:¡e has been organized r¡rder a series of .topics, Bach represents

an area related to the investigation. The topics ares

1. The discovery approach

2. Topics for the A.S.F.

3, Establishi:rg a need for the A"S.F"

h, Applicatíons of the A.S,F,

5' Limitations of the A,S,F"
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TIIE DTSCOVERY APFR,OAC}I

pEFÏJlrrotrs

The A"S.Fø w8.s designed. to supplement regular group j¡rstrr,rct-

ion, The A.s'F. presupposes the use of the discovery approach if the

recormlend¿tions of the Ìfa¡ritoba Department of Education are to be

fol-Lowed" This necessitated an inquiry i¡to the defi¡rition of the
?discovery approachrn The d-iscovery approach is based. on nthe

student learning rather than on the teacher teachirg,rr I rhe dis_
covery approach provides guidance and irspiration to develop scientific
thinkj¡g in studentso 2

To promote student learnirg the teacher ¡rust provid.e some

inspiration and gui-d.anceo This can be achieved onJry iJ the teacher

u¡lderstands the objectives of his studentsr activities" The basic
philosophy of this study vras, therefore, established with the corrbijî-

atíon of these two defi¡ritions and. the major goal of the d_iscovery

approach as stated by the l'lan:itoba Deparbment of Bd.ucation, rr4 major

goal of the discovery approach is the developnent of i:rterlectual
irrdepend.et 

"s"tt 
3

RATTO}JATE

si¡lce the fi¡¡a1 topic of the A.s"Fn requests the teacher to
provide a rationale for the inclusion of each objectj-veu the author
fert obliged to justify the use of the discovery approach even though

ln Gagne, R. I'1. and-Browne L, T, rrsome Factors in progranm-ing
of Conceptual- Learning''l^ 1]omu 62, Ag6I, pp. ll3-i2L -----

?" Department of ilducation, op" cit. p" 3o3" þ¡{.u pu 1"
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it is the procedure reco¡¡n¡ended. for regular group j¡st¡uction" Gagne

and Brown su¡1gest that ¡¡rn¡hat is learned is less jmporbant than how

it is reannedurr 4 This is one outcome of a study to determine the

effects of including the strategies of i¡quiry on problem-solving

abiIities, Gagne and. Brol¡n further suggest that trlearnilg performance

is higher when guided discovery is used,rl 5 Chester Raun a¡rd David

Butts studi-ed the cognitive and affective behavior change d.ue to
Ínquiry and involvement d.esi-gned cr:¡riculumn They state that

evidence seems to sr:ggest that the
opportunity to be a¡r active parbicipant
in learnÍng activities, rathér than a
passive recipient, to be i¡volved in
experience oppor-bunities j¡ which the
teaeher guides rather than tells" Iead.s
to i¡creased student i¡terest. 6'

trl his arbicle, ttÏ,earni:rg for Masteryno Benjanin Bloo¡n states that
if school-learnÍng is regarded. as frustrati:.rg
a¡d even i.rryossible by a sizeable proportiori
of studenis, then Iittle car¡ be ¿one ãt later
levels to kindle a genuíne interest i¡ fi:rther
learning" 7

I:f active parti-cipation can i¡crease stud.ent jnterest and. therefore
reduce the frustration of stud.ents, it ¡mrst have some effect on

future achievement,

student learn:Jng through active participation requires

thorough organization by the teacher to prowide guid.ed discovery, rf
the discovery is to be guid.ed the teacher must laror^¡ hov¡ to guide his

l+" Gagne and Browne oÞ" cit o, p" J2L"5" Ibid. s p" 3!7n
6" Râuno chester. E"^3rd. Butts, David. pu rrrhe Rerationship

Between the strategies of rnquiry i¡ science and
student cognitive tr Affective Behavioral changerr

o5a2o7 (rgðZ-ee)p' 2O7"
7, Bloom, Benja:rdn S, rrleannirg for Masteryrr@

ation ConnrentrVol.l,No,2rMays 1963. g p;f--
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students throqgh activities that w'ill cause them to learn the material

specified in the objectives" A systematic and cor,rprete guide is
necessary if lhis is to be accomplished.

TOPTCS FOR 1]IB ACTIVITY SHTDf, FOIìI,IAT

The j-ntent of this paper is not to d.ebate the ¡nerits of arl
learniJg theorieso The pwpose is to summarize a¡d organize some of
them so as to construct a concise, handy but efficient sheet to be

used i¡ formulating objectives" There are må.n)¡ topics and sub-

topics that may have been i¡clud.ed. The follovring topics are considered

to be most releva¡rt for this study.

DEF'T},ITTTOIVS

careful consideratj-on must be gj_ven to each word that nay be

nen¡ to the student i¡ each activity, George G" I..,atlinsonrs study

r¡¡as i¡tended to investiEate the relationship betrreen the studentrs

readi-ng ability and his achievement i¡ science. I'{alli:rson Lists a

nrmber of tecl'¡riques that wiLL i¡crease student achievement in science

through the proper use of scientific vocabulary, He suggested. that:

vocabulary load was not the sole criterion
of the l-evel of readi:rg or learning difficulty
of materials" ,An even more importa¡rt criteriãn
of difficulty seens to be the matrjx of non_
technical vocabularX, and the r^rritÍ¡g style,i:r
ruhich the scientific vocabulary 

"ppãouä. 
I

He arso states that trreaciirrg has been closely rerated. to the attain-
ment of the objectj-ves of science teaching,rr 9

Bu I'fal-linson, George G", science Learnjrrg a¡rd the problenr
Reader (see Âppxo rrFrr for e>ç]a'aIion of incomplete
footnote )

9. .Iþid, e po 7 o
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Mallinson sqggests it is necessarr¡ to consider technical

vocabulary as r.rer1 sj-nce ttthe laboratory must provide opportunity

for developing mearljrgs and. perceptions of the e.-çeriences offere,l.,, 10

Ttris considerati-on of each nerv word. is to ensure that it rrill be

used r'risely rather than the unfortunate case v¡here it becomes the

basis of exercises j¡r v¡hich science terrns arrd their nearrings are

nenorized. 11

OBJBCTIVTS

A need for obiec_tives. rt is necessary to estabrish a need

for objectives since this study is based upon the supposition that

there are basic concepts, processes a¡rd content each student must

leamo Some authors r.û-to have studied educatione*l objectives are

Tyrero Bloon, Gagne, Graser, Popham, pophan, a¡rd Baker and synd and.

Picard. Bryarrt, lr¡ho studied. the relationship of instructi¡g student

teachers to use and construct performance objectives and.their

effectiveness in the classroom states thatg

the results of the study shov¡ that trajning
teachers to use perfornrance objectives had a
signif_iqant effect on student cognitive achieve-
ment, D

rf student cognitive achievement is j¡rcreased through the use of

objectives then there is a need for thern"

Validitv. The nu¡^rber of studies cited. to dete::mine a need for
behavioral objectives have been researched by persons r.¡ho ma¡r have

overlooked some of the drav,backs in their deterrn:ination to achieve

10, fbid, e p. 2u
11' fbid" p, 10,
72.. Bryarrt, Napoleon Jru, ard Andersonu l{ans 4", rrEffects

of Perfor:¡ance 0bjectives on /tchievementrr, Journal o!
Res. i¡l_Science Te_achinr, Vo1,!rNo"l+, p" 369"
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their or+n objectives, These authors night have ne¿;Iecled to sl,udy

the negative aspects of objectives. Some auiltors ]:eve opposed the
trriting of objectives stated. i¡r terms of measurable learner behaviors.
Pophan exa¡¡ines eleven reasons for opposilg behavioral objectives,
'rhis work wouLd be j¡teresting reading for teacher.s rvho use behavioral
objec'r,ives or ieachers i,;ho oppose their use" popha.ur states:

t'trhile these 11 reasons are not
e>rhaustive, the¡, represent most arguments
used to resist the i.rpleraentation õf precisioni¡rstructionar objectiles. The objections
agai¡st behaviorally stated So"1"'are notstrong enough. To secure a ãra¡atic increasein i¡structiona_l effectiveness, r^¡e nn:st
abandon our custornary practiceé of soal__stati¡p
ar¡d turn to a franework of precisioñ. lS-

For authors r+ho have studied objectives to delve deepþ i¡to the
rationale for each aspect of specific objectives l¡ourd only confuse

the readerrs understaldfurg of basic prÍnciples, Rather tha¡r d.iscuss
the pros a¡d cons of each objection, James popharn e>çIains hor+ each

objection is a nisccnception or w:rong application of objectives,
He e4plains that a framer,¡orlc of precision j¡rcreases the effectiveness

:f t teacher because students a¡rd teacher reallze more specifically
wirere they are going. The idea that precision jmplies li¡n-itations is
reaaized to be a nisconception.

wo-rdirvr of Obiectives. By d.efinition a behavioral objective
requires that a stud.ent shourd be abre to d.emonstrate the achievement
of his objectives, Each objective should therefore begin with nAfter

completing this activity¡ the student should be able to nn",rr Id ït
is necessary to rcrov¡ e;<actry v¡hat the learner w1rl be d.oi4g when

Preface, pu i,
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demonstrating his achievernent; thus it, is necessaq¡ to ttdefine criteria,
givens and/or restrictions.rr IJ A major objection to fu1I implementa-

tion of Ìía¡errs schenie is that it na,v stifle inquiry by preventing

divergent questions" These statements from }lagerrs suûnary provide

a framev¡ork of precision around which the teacher måJ¡ formul-aLe

objectives. The teacher and student both lmow how well the sLudent

is to perform. The teacher la:ov¡s what materials or info¡mation must

be given the student and the student understa¡rd.s v'rhat he wilI receive"

Both realize perforrnance is to be demonstrated under certain con-

ditions" This mutual r¡ndersta¡rding ensures that no confusion will
exist for either parF- Precise statements ca.n provi-de a basis for

divergent lessons sj:rce the end result r,rill be firmly established j¡r

the mind of the teacher and the studento

Orderin.q o! 0b.i_ectives. The order in whi-ch material is
presented is as important as the content itself. According to Bloom,

rra¡r overall plan must be followed if time a¡rd efforts are not to be

wasted on less i:nportan+. things"* 16 Bloon?s taxonony suggests a pres-

entation of objectives frcm simple to corrplex. (see verb Tab1e i¡r

Appendj-x ttArr ) e

The trntellectual Development stages of piaget interpreted. by

Ânderson and presented by chittendon, give the read.er an overall

look at the relationship between general age range ar¡d the character-

j-stics of that stage perbai-n-ing to problem solvi:rg activities" This

article causes the reader to become aw'are that if teachers r¡teach

them [the students] somethi:ng too quickly, we keep them from reinvent-

15" fbid", Final SummarT'"
16, Bloom, op, cit, p" 26"
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ing it themselvesurr u Any atterpt to consider these stages of

development is beyond the scope of the rrActirrity Sheet Fo¡rnat¡r but a

very good list of tasks that ca¡ be performed. by rJ-year olds is
given in National Assessment of Bducational progress - science

Objectives, 18 consj-deration shourd be given to the sequence of

presentation and the A"s.F, has been constructed. to ensure order

through the chart of verbs arrang;ed frorn si-r..iple to conrplex, Consider-

ation of the TntellectuaL Development Stages could. not be acconçIished

without a more coruplex lengthy forrnat sheet 
"

C:"t:4_q! Objectives, The content of any lesson should not

consist of a list of facts to be memorized. Harry trtrorrg states:

There are three level-s of learning
i¡ the IIS progran - concepts, processes
and values. The three levels of learnÍng
do not take place in isolationo Attitudès,
cognitive processes a¡d concepts must be
learned as a total-ity of hum¿n e>çerience. 19

The A"S.F' is i¡ttended to serve as a rerninder that there is more to
be considered than the factuar i¡¡fornation in a text,

Five hundred America¡r scientists and teachers contributed.

to the developnental process of ¡rscience - A process Approachrr, over

a period of nine yearso Each time a major change uras made the revised

edition was tested j¡ a variety of schools across the u"s"A" The

processes were to be taught rrithj¡ the framework of prescribed

17" Chi_ttend_enr^Edvrard Ao, *piagetrr, Science and Childre4.
Dec" 1970. p" 1e2o

18" co¡nnrittee on Assessi¡g the progress of Ed.ucation,
onal Assessment of Educational TESS - Science

gbigct¿yË, 1969, t'Jationat nssèsFroent orGÇ
Full-er Rd., Ânn Ârbor, I.iichigan.

Itrong, Harry K,, and Solmotz, l,lelvj¡r Sn, Ideas and
Invgstiqa.tion i¡ .Science, Prentice-llan fnc,,
Inglerrrood Cliffs, New Jersey, L)JI", p. lJ,

Lg,

222
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subject matters and novel thought was to be i:rjected uherever possible,

ït rejects the ttconùenL approachn j.dea"
ït substitures a notion of having chirdren rearn
¿seneralizab1e process skil1s, bul r^drich carry the
pronrise of broad .r,ransferability across marìy
subjecl natters. rt rejects the notion of iri-gtrty
generalizable ttcreative abilityrr as a unitarytrait' rt adopts the idea that novel thoughi can
be encour4;edr_,,in relation to each of the pio""""u"
of sciencêo 4v

The A.s'F. prorrides the opportr:nity for each teacher to anal;,se each

situation and erryhasize 'uhe process he feels is most appropriate and

at the same time encourages novel thought in each lesson.

oBÆaIIVE oRIntrrrD ACTMIIES

Activities perforned by students ma¡r be good. exerciseo some

activities r€y even deverop coordination, a healthy mind or a better
appreciation for the studentrs abilities a¡rd sunoundings" rf
specific science objecti-ves are to be taught through activities,
some scheme nust be follol¡ed" Â need for such a scheme is recognized

by several authors, J, s, Bruner, il his boolc Thu pr_ocess of_Edy"atim,
suggests that perforr!.ance by the student is necessary ix order to
lcnow rrùat he has understood, 21 piaget agrees that learning is
provoked by situations and nust invorve active assj:nilaLíon" zZ

Kenp goes one step fwther v¡hen he points out that, rral1 objectives

must be stated i¡ terms of activities that w-it1 best permit student

learning.tr 23 A method that might arr6s a teacher to describe acti-
20" Scþnce process Âpryþ, Xerox Corp. U.S.A., Appx. p,
2I" Educe!.ion, Randcm House,

Ì,ler+York, 19-
22, Pia¡;et, J. rrDevelopment and Learni_ng., .Ig-Urna1 of Res"in ScigJrgg Teachirn 2ig]rgs' TFachirn 2. (t961*) p" 126-18Z);
23. Kenp,e op, ci-L-, -p, l%
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vities j¡ terms of the objectives he e>çects his stud.ents Lo achieve

is stated in the A,S"F, uncler the head,ing rcActivityrru The method is
to try to use the sa:ne verbs, processes a¡d content rdren rrrriti:1g out

the description of the activity that were used in wording the
ttobjectives,lt

¿UêTIFTCATIO¡I ry-T1lrì åDCTION ÏIEADÐ,RATrOltAT.Eil

Canfield agrees r.rith Ì'lager?s three elements of a behavioral

objective (task, concitions and criterj.a) in a¡r articre entitled
ttA Rationale for Perforr¡a¡rce Objectives' but he says:

One nodi-fication need.ed i¡ state-
nents of behavioral objectives is the
i¡clusion of a statement of rationale orjustification statins ïrhy the 1earner should.
achieve the objective,

I¡ihile a behavioral objective specifyi:rg
tasks, conditions and criterion can prãvi¿e- a¡r-objective basi-s for i¡struction a¡rd its evaluation,it does not provide any i¡herent motivati-on forthe learner. The conventional statenent of
objectives clarifies r,¡hat the learner is being
asked to doe but it ca¡ be an even more pow"riultool if it i¡c]-udes a statenent as to r.¡lrï he is
being asked to perfo::n j¡ this lna¡u,r"r. 2L

A I'IBED FOR TTJE Î'ACTIVITI SHELT FORT,|AT,I

I'farry occasj-ons arise r^¡here the teacher is required to forrnu-

late his oun objectives and./or prepare activities. Kenrp agrees that
the only r'lay to convi¡ce teachers to use behavioraJ- objectives is for
each teacher to try formulating his own objectives"

It is not until the value of objecl,ivesto an instructional program become important that
the teacher rriJ*l be willing to put sj¡cere effort

2l+" Carrfield, oÞ.o cito, pu 12Bn
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i-nto preparÍry1 themn Then the cìiffieulties and
fruslrat,ions are taken in sLricie ancl the
Índividu:l ¡raduall¡' cievelops a habiL and paltern
for describing the desirecl outcome for student
learning in specific ura¡,rbiguous ten:rs" 25

Perhaps the ttActivii";,' Shee" Fornattr will provicle a pattern that will-
reduce difficulties suffj-cientl¡r.to inspire teachers to put a sincere

effort into preparing them"

John lioran, Earl lÍontague a¡d. Gene tlall agree ',.hat i.r:parli¡C

knotrredge to teachers of the theory a¡d functionar application of
behavioral objectives rri]-l provide the teacher rrj-th additional i¡for-
mation rrith r+hich he can ¡.uke more effective decisions. 26

Gü{M,A], APPLTCATTO}J

I'firrdock Macdonald says :

ï:: solving the problem which 'uhe student
considers releva¡rt for hir.r, he learns to e>çlore,
to collect data from aJ.1 soìtrces, make choiLes,
consj_der alternatives and reach his orrn con_
clusions, These processes tþen lrouJ.d. seem more
i:rpor',,ant ihan'r,hê con¡enL. 27

rf the teacher is to i:lclude these processes, he nust have a schene

that r{ill i-ncorporate then j¡rto the general objectives he must teach.

¡r. r.l!-¡t\l oT^l tôI¡À1rr{ùaUliL)

-;" 
duties of the teacher are becomirrg more denanding due

to high speed inforr¡aiion novernento The teacher nust exLend hi-s

objectives io j¡rclude relevant topics.

25. Kenrpn or:" citor p. 19u
26. Kora¡rffiT,-ú", IÍontague, Earl L., and, Ha1I Gene 8",ttl{ow to use Behavioral ObjecLives i¡ Íicience rnstruc-

{ortt: _lla-t-iorlal. Science'Ieachers Âssocijlt.ion, Ig69 rp"2,27" I'facdonald, llurclock lt., ftlffiative
Societvtt¡ 46th Conv, of C"EoÂ., The Caladlan Education
As_soco Toronto 5, Sep, Ig6go p; 

-
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Itfacdonald in The I,fer,r School s4ys:

Our o1d i¡rfo¡mation system is no loqqer
adequate - and if education is vier^¡ed as the
transnission of conlenl from te;cl booi<s, it t^ri1l
l?t !u - 

accepted by young people r,¡ho havå alrvayslived j:r a r.¡or1d of higtr-épeãA j¡rformation move_ment. I,.rhat rve used to cal-l facts do not always
represent the truth to them and certajnl), ¡ranyof these facis are_lopelessly out of datä before
they are pri¡ted, 28

ft r.¡or:ld seem that principals a¡d teachers
have to set ai¡rs a:rd objectives an¿ ilren herp oranthe envirorments i¡ which these ca¡ be ca*iä¿ ouL" 29

The t¡Activity Sheet Forn¿tn is
tate the writi:rg of these aj¡¡s

an attetpt to provide a tool to facili-
and objectiveso

Existing innovations such as the issue_centered cuniculum

and the inquirî'method nust be incorporated j:rto the teacher?s 1esson

plan' I'üchael Andrerrr agrees that the processes shorrld be included in
lesson p1ans, His reason is that

a ski1l such as infemir:g or pred.ictirrg
has a wide appricabirity i,' many ùisciprines aiacould serve as the major enphasis for cross_discipline cu.r.ricuh:ra planning. r:rter-cisciplinary,
issue-cen'uered curricurum offérs a¡r alternative,sociarly releva¡:t issues are presen'br-y treaied. i¡r
curriculi::ir in partÍal, incor:pIe!ç a.nd. often
rnisleadi4g or irreleva¡lt forn. 30

The role of the teacher is dyna¡ic sj¡lce issues and the needs of his
students are constantly charrgjJ€. If a teacher is to incorporate

issues i¡ his 1esson a¡rd at the sa¡re tj.¡ne meet the needs of his
students at arry point i¡ ti:¡e he must formulate his ov¡n objectives"

Ìiacdorrald, oÞ" cit", po 26,
.ïbid., p. JOu
Andrew, Ilichael

Integrated,
l,larch, 1969,

Du, fssue Centered Science
Interdisciplinary Approach to

28"
29,
30" ttAn

Curri-culumtt,
Þu 3o
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The A"S"Fø cêrr be used to ensure that sociall'r¡ relevant issues are

treated in an organized relevant forrn.

According to Ändrelu¡ ttif the issues are of global and endur-

ing nature and if they reflect prevaÌent social concern, then the

issue centered curriculu.r rrill carry i¡rherent justification as havirg

educational value.rr J1 If i-ssues are to be i¡corporated i¡ lesson

plans the onl¡' person r./no car relate íssues to the needs of his

students and fornrul-ate appropriate objectives is the classroom

'Leacher, Andrew also siates that trdiscovery learnilg is a¡rother

eduçational ruse i¡r r^¡hich their discoveries are predetenn:ined and

prejudged. Issues may provide the authentj-city rvhich j¡rvited real

involve¡nepln. 32

John Ren¡ter and Donald Stafford i¡ their article, ttÏnquiry,

Children a¡ld Teacherstr have found that

T:rqr:-iry-educated teachers erploy rvhat
they have learned about inquirl'. They encourage
prrpils to becone involved in e:perience and fi¡d
their ol¡n arrsh€rs to problens " Pupils lea:.n horv
to do this s;rstematically a¡d scientifically if
they are given the cha¡tce. Inquiry-educated
teachers qr-lestion rnore a¡rC tel3. less. 33

An inquiry'-criented lesson will undoubtedþ j¡-itiate divergent quest-

ionsu T'l-re teacher must have each objective of his lesson precisely

analysed if he is to achieve his goals, especia'l'ly when divergent

questions may cause hi¡r to m,ea.r¡der" Precise arralysis can be accomplished

through the use of the A"S.F"

ltesista4ce j¡r acceptfu\q new ideasu In his article ttNon-Graded-

3l-" fbid", pu 3u
32. fbid. t p, 3.
33. llenner, John Il,

Children a¡rd
1970, p, 56"

a¡rd Stafford, Dona-ld G., ttInq.uiry,
Teachersrtt" The S.cieryce. Teacher, Apro
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nessrrr Bob F" Steere 3& uI*u" lack of acceptance a¡rd enthusiasm on

fail-ure to provj de evidence of the aciv¿n¿¿¿,ss j_n incorporating non_

gradedness" Perhaps many innovati-ons are not accepted because of a

lack of tools vrith tvhich they can be implemented" To rrindividualize

educationt¡ one must have verr¡ specific goals. To have very specific
goals one must have a workable method to formulate objectives. The

A"S"P" is a¡ altempt to provi{e such a workable tool.

APPLICATIOI{ OF THE ''ACTTVITY SHEIT FOR}I.AT,,

GEI\IEN,AT, APPLIC ATTON

Even rnaterÍal i¡ texts should be analysed. by teachers. TexLs

such as E:qgloring Science Nine provid.e students with infonnation that
wilJ- a1low them to ttunderstand the methods and philosophies of science

so that they can carry out Ínvestigations with a mi¡rj¡num of d.irect

guidarrce by teacherson 35 But R. Irl. Gagne suggests that rrit seems

reasonable to consider that strategies are mediating principles r,rì-rich

do not appear in the performance of the task 1¡""1¡,tr 3ó Teachers must

understand the ttmediating principles' if they are to be sure their
students are utilizing the proper mental processes necessary to rearn

the concepts represented by the objectives. The teacher must fornrulate

his own objectives so that he ca¡ provide some guidance for his students,

One of the five variables for Mastery læarnilg Strategies is rthe ability

3l+' Steere, Bob F,, rrNon4rad.edness., ÇurriculuL Bulletin,
Ma¡ritoba Dept. of Education, vo@i,

35. Thurber & Kilburn, op" cit., preface.
36" Gagne, RoMn¡ The Ànãffiof rnstructiqul ob,iectives fort]" n""i¡rn of
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to understand instructi-on"¡r 37 Broom defines the rrabirity Lo under-

sta¡d instruction as 1,he ability of the rearner to understand the nar,re

of the task he is to learn and the proced.ures he is to follow in lea¡.n-

ing the f¿5]ç.rr l8 rf the teacher has not analysed and understood lhe

material i¡ the text, it vri}l be very difficult to transnút the nature

of the task to the learner"

ÐCIH\TSI0N

the application of the A'S"F" ca¡ be exbended to defining teacher

roles i¡ the adn_inistration of innovationsn

Three statements are nrade by Roy Ederfelt i¡r his article,
ttDifferentiated Staffing - trühere are We?rr

(1) Involve teachers and plan in terms of educational purf)oseo(2) hlill teachers be able to participate effectivery in pran-
ning?

ß) They would have to perforr these new ro1es.39

ftlenfelt sayg ttroles couldnrt be pred.icted and they couldnrt be devised.

lrithout considering the purposes and settings in rrrhich they rr.ere to
þs ussd.rr 40 Tools such as the rrActivity Sheet Formatn might be devel-

oped by teachers who assume an active role i¡r educational plarur.Íng"

The A"s"Fo câj1 provide a stable format so that teachers w-iIl have a

framework lhat will provide confidence through uniforaity,

37 ' Bloom, Hastings and I'iodaus, For-mative a¡d su¡mnative
EValuation of Student Lea shersffi

38. Ibid", p. 18n
39. Ederfelt, Roy 4", tiDifferentiated staffing - where Are l.je?rr

The I'fanito4Teacher, May, Ig72, p" 6ri"
t+O. -fbiã., p" ?.
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INÍITATIONS OF THE A"S.FN

The ttÂctivit¡r 5¡""'; Forrnaltt is by no neans lhe final worci in

preparing objectives, but it may alleviate the rrder;anding mental effort
required that causes many teachers to shy awa¡' from stating precise

objective5rr l¡r until a thabit or patterne is developed" Further

rationale, application and content of objectives ca¡ be pursued. once

sorne confidence has been achieved through the use of the A"S.F" The

fo]-lotring is a sug;gested sequence and acconpanyi::g rationale to stud.y

if the reader r,rishes to irprove his proficienc]' in for:m:_lating object-

ives n

The lessons i¡r Science - A Process Aqpro+,h E pto.r" to be

very usefú i¡ providiag exanqlles of the use of each process" I{any

i-nplications of a process ca.n be derived by readJ-ng lhe exercise associ-

ated with it. Behavioral objectives for each process are listed as a¡r

introduction to each e;<erciseo Teachers can not onJ-y obtain a¡l idea

of verbs a¡rd direct objects that can be used, they ca¡ use many

objectives verbati:n

The Sunrnrary Description of Grade Nine Science 0bjectives a¡¡d

Test rtems 43 *" helpfr:-l in prorrid.i:rg ideas for this work since the

groups j¡r the study were grade ni¡re students. I'la¡ly authors have

attenpted to i¡ject Bloomrs taxonomy into sci-ence or general object-

ives " This article v¡as found to be very herpfi:l si:rce rrrhe purpose

4I" Kemp" op._ cito¡ p, 19"
L2" Science - Â I'rocegs Apploach, Xerox Corporatiol. U,S"A"e

Appx. p. 29312981299.
l+3 " The }ligh School Iùrtrance Exa¡nination Board, Department of

Education, lilnonton, A1ta. 1965. S.uryr.ar:¡ Description
of. Grade lJine science ob,iecLives_@,8d" )
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paper is to si:nplify ald adapt Bloom?s taxonor,ry to Grade Nine

anci ilrustrate it vrith objectives and items fron Grade llj-ne

" 
l*lt

Flaftirnì Rnr-rlìri':LIlns T0 .r:Fl0VE rHI FOI¿Ì:j[,43JOI{ OF OBJECTIVEq

A nunber of variations i¡ wordirig and content are recommended

by different authors" sone exalçles of the t;"¡pe of materiar thaL can

be included to construct more effective objectives is found i:'r Behavioral

Obieclives aJrd fnstructio4. 45 T:r this book Robert Kibler, Larry Bar.ker

a¡td David lt'Liles rtfacilitate the fo¡mr:lation of statements of specific

behavj-orar objectives withj¡ the fra¡nework of Bloomîs tæcononry by

¡neanb of a table r^ftich includes infj.:ritives [similar to the rrActivity

Sheet Fo:rnatrr verbs] a¡rd direct objects.n [6

c0r\Ictus.r0N

;-"i: has been .r:i'.¡.-rjr-:ied from this ilvestigai;ion that a texb c4r¡

provide a useful guide for the teacher a¡d some i¡-formation for the

student, but there are many aspects of education that ca¡r-rot be

found in a text" i'iany of the new theories that carurot be prilted in
a text wirl improve instruction if they are applied i:r an organized

nârmero This is not ¡rrean+, to imply that a teacher should jump on the

barrdwagon each.tjme a new theory is deveroped but that he should con-

sider the advanta¡¡es of each innovation and decide if it suits his

situation" To appry a new theory appropriately the teacher must j¡-
!' j. o Ibid., p" :ì.
h.r" Kib1er, iìoi:crt J., Parker, Larry L. and Ì.ii-Ies, Davicl T",

Behorio""l Obj""tit"" .nd Inst , Allyn a¡rd Bacon

l+6. Iòid", Âppendix"
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coryorate i-t into his lesson pIan" The nr:rnber of items necessary to

construcl a¡ efficient lesson p1-an v¡hich incl-udes a netr theory are so

n¡.nnerous that a teacher shoulci not be e>çecteci to nenorize all of

then" Ì.iuch of the j¡doruaiion required to construct a comprehensive

lesson plarr has been or¿;an-ized arrd condensed fron the reviernr of litera-
ture' This info:rnaticn r^¡as valuable i¡ the constnr.ction of the ttActivitr,'

Sheet For¡nå,tr. (AppenCL\ ItÂtt )
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EXPUì]IiMiTAI DESIGN

Thls sludy i-s concerned wiNh the influence of the e>çerimenial

factor, the trActivity Sheel Formatrr, on the dependenL variable, studenl

achievemenl. Afler due cleliberation, statistical manipulaLion was

considered lhe mosl efficient methocl of studyin¿ the effects of two

meihods of teaching on nr.:¡il learni.ng. It was then necessary lo

recruit t;eachers to teach accord.ing lo each nelhod. and to select llie

student population. Criterion-referenced tests were adnrinistered to

control and e4perimental- groups before and after treatment. The differ-
ence between each pre-test and post-test was analysed. to fj¡d out if

a significant difference at the .05 1evel exists between the erperi-_

mentar and control groups" Ány significant change in a positive di-

rection was interpreted to indicate a moee efficient method of in-
struction,

SELECTIOI\I OF SAT.{PLES

SH,ECTION OF TEACHM,S

There are 18 Grade I'Jine science teachers in St"James-Assiniboia"

The coordinator of the science section of the April St,James-Assiniboia

in-service allotted the last half hour of ùhe session to the recruitnent

of participants for the testi:rg of the A.s.F" (see Appe¡dj;ç rÇrr)" Two

teachers r"/no taught 90 and 120 students respectively, volunteered. to

participaLe as control group teachersn Two teachers frorn a Junior }{igh

Schoo1 6 blocks av¡ay wlìo taught 115 and lJO studenLs respectively

volunteered to teach their stuclents using the e>iperj¡ental methocl.

r
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REPLÏC.4TIO}J

To ¡n-ini¡j.ze a¡)¡ differences between trr¡o subjects, a multi-

conparison of a large nunber of cases of the control ancl e>çeri¡enta1

group was made ldthin the same e>çeri-rnento This was accomplished

because a1l participatirg teachers taught at least 90 stud.ents. Two

control a¡rd two e>çeri.mental groups were conbined within the fra:ne-

v¡ork of the e>çeri¡tent in orcler to replicate the teacher variable r.*rich

is not replicated when onl.y two troups are comparedu

.cp rqBp l: . ç.i e.l iP*s

The control group lvas nade up of 210 stud.ents from a Jwúc-¡r"

High School j¡r St. Ja¡nes-Assiniboia" Each of two teachers used his

own methods of instruction to teach his students using published cur-

ricu}un ob jectives " Random determination of lrhich teachers would.

teach the e>perimenta]. and rdrich teachers v¡ould teach the control

group r'¡as not possible since the two control group teachers agreed

to participate only if they could use their own methods, This is
considered to be advantageous to the control groups because higher
'Leacher motivaLion is retained by allowing them to use method.s they

uant to use. (See Appe¡dj;ç nBn)

BXPMI]I.ßi,TÂI GROUPS

One e>çerimental group teacher r,utro taught 115 students pre_

pared his lesson plans according to the A,S"F. The activities result_

ing from these lesson plans were al-so administered by that teacher"

This group of 115 students will hereafter be lcrol¡n as Drperimental

Group //1' fn order to deterrnine if the A"S.F" would be of alry assist-
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ance to a teacher who had no e>perience in teaching the chapter,

anotherLeacher r.¡as askecl to participale in the e;rperinenL, She

agreed on the condition that the chapter were analysed according to

the A.S"F. (Appenclix ttBrr) an¿ her responsibilit;. r.¡oul-d lie in +,he

ad¡d-nistration cf the activities onl¡r. She was accepted in or,'der

to investi¿¡ate lhe possibility of finding oul if the Â.S,Fo r¡râs

effective r^Ìren actj-vities r.¡ere orga-nized according to the A"soF.

by another teacher. This laiter group of 130 students l^riII be referred

to as F;çerimental Group il2"

TESTING

TEST CH.APTH'¿

Some chapters jn the D<pl-oring Science Series tex+,, receive

no mention i¡r the curriculun r¿?riIe others are toption¿ltu uT.ife

in the Pasttt r¡as chosen to be the test chapter (see Appe¡¿¡. 116rr)

because:

(1) It is designaiecl b;r the l.Ía:ritoba Department

of Fducation as one of ten trecorunendedt chapters,

(APPendix rrgrr 11)

(2) The decision to conduct the tests r.ras nncle

in l'Íarch of L973 and ttlife in lhe Pasttt

was the chapter most teachers had postponed

until the end of the yearo
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TEST PIÌEPÁnA3ION

Since a prime objective of our schools is student achievement,

this factor,^ras used to deLermine the validity of the A"S"F, A pre-

test/post-test cìesign was chosen to determine if the e>çerimental group

lrrould achieve at a significantly higher level tha¡ the control groupo

The pre-test was a prior lmowledge test constructed by an e>çerienced.

certified teacher who had no lcror+ledge of the teaching nethods to be

used by the e:çerimental or control groups" He rr¡as supplied with a
copy of the curriculum (Appendixrrçil ii), the prescribed text (Appendlx

t'ri¡it)u the -v¡o::kboc,,i.: published to be used in conjunction rrith the texi
(see Appendix tt0tt i), a'll test iten,s applicable to the chapter from

all sta¡rdardized science tests available from the Mani-toba Texb Book

Br:reau (Appendix rç[ 1ii) a¡rd. all test itens received from four teach-

ers who subnritted them in response to a request made at the previously

mentioned in-service. He nas requested to subtract from or add to the

test items as he saw fit. He constructed the post-test from the same

material. Two requests l¡ere made concerning test construction:

(1) that items considered more general and easier be

at, the begi-nning of the pre-test, and

(Z) thate if similar items were used, on both tests,

they were to be assigned the same nu¡nber"

To be as objective as possible he was asked to construct two tests

fifty multiple choj-ce questionsn Five choices v¿ere to be a't'lotted

each questi-on"

TEST ADI.ÍTN]STRATION

of

to

The procedure outlined in the previous paragraph was forlowed
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because t,ìre aulhor part,ici-pated in the study. A further precaution lo
prevent arÐ'' eteachinl; for the t,estsî was to ìravc lhe fesLs prepar.eci,

duplicated, counted and stored three months before they rr,ere to be

adn-lnistereC. The tesl was deU-vereci to each teacher noi more Lhar one

da¡' prior to lhe date it 'rrras adlúnistered. To rninjy,dze the maturit.v

factor, all participants l¡ere requesled to cornplele the e_rçerjnent

between Ìiqv L0 and June 2j. This scheciule r¡as acilrerecr to b;r all
participants.

The pre-t,est r¡as l-abelled General- Science Test (Appendix rr¡rr1)n

All general easy quesi-:i.L;, ;:; -r.r'e'€ :¡;_i'iiten at the begfuning and supcr-,

visors were instructed to tel1 their studenrus 't hat rrthis is a test to
deternine how much general Ìceowledge you have of science,rr rhe pur-
pose of this procedure was to prevent rscaring offr stud.ents so the

students would continue io ansr.¡er all questions to the best of their
ability. The posl-iest (.{ppendix ÌrDtt ii) r*" labelled and. admínistered

as a norrraJ- chapter test. This testing procedure r.¡as follov¡ed to
reduce lhe possibility of ihe Harvlhorn effect 1 irrfl.r"ncing students

to be nore dili-gent or j¡rdifferent than normaln

TMT V,/1IJDMY

To assure that each test wilr be as val_id as possible, the

follor^ring procedures l.rere follor^æd :

(a) All test items r,ære chosen by a qualifiecl science Leacher.

l" Krech, David;_CrutchfieJ_drRicharci; Dallachay, Egerl,on L;
Individual i_n Society, I,tcGraw-l{i11 Eook Co. Inc"W



-33

(b ) All tesi ite¡rs were chosen from materia-ls associaLed

r¡rith the text reconmended by Lhe lianitoba Deparlmcnt of

Education (see Âppendix rrBrtr ttçtrii s1¿ rrçrtiii)"

(") A poin'u biserial correlation was calculaled for the conlrol

group and e>çerinental groups to deter::úne j f each j_feii

is subs L.antia11;' correlated with the criteriono

DIü,pirTÂTr0iJS

This study is designed to deterrnj-ne if ihe ttActivity Sheet

Jiç1-¡l¡.lrF .i.í, :,-,t-ì:i ¡rid tha'r. j r effective to i¡-rr:reasing the achievenlr.:l:'',, r,.i

students v¡ho are enrolled i¡r Grade liine science j¡ St, Ja¡nes-Assinil-,oia

for the chapter trlife in the Pastrr.

t.N,lITA.TTO]'IS

The

(a)

(" )

(b)

scope of this study is Ii¡¿ited because:

I'ieither the pre nor post test was tested for

reliabilitJ' or vaÌidity'

Sone questions on the pre-test r^rere slightly different

i-n wordirg and content fro¡n questions i¡. the post-test.

Randon sanpling procedures were no'r, used to select

e>çeri-nental a:rd control groups.

The onl¡' chapter tested v¡as trlife i:r the Pasttt from

the ttDcplorin¡ Scienc.e_ N+Igtt texL"

Two schools i¡ the St. Janes-Assiniboia area

constituted the sample for the study,

(d)

(")
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COLLIICTIOI.I AIÐ TREÂT]IE}IT OF I].I\TA

qRE-q9sr rLSq coliP1rRrs0ll

h'e-test a:rd posi-t,est scores r{ere oblaj-ne<Ì for E>çeri,nental

Group /ll-, F,:çerj¡,renla1 Group #2 and, for lhe control Group. l,lixed

6¡a'li'sis of variance (nnr.anix) was used. to treat,r,his d.ata in
accorda¡ce wiih the foll_or.rin¡ desígn

\/

l'iixecl anal;rsis of varia:rce allorvs ihe i::vestigator to d.eternine:

l-. If there is a significa¡t increase betr.¡een pre a¡cl posi test

scores for. all groupso

2" ilhether or not the significant increase in pre/post-test results

luas significantly different between groupso

Each group r.¡as compared r,¡iih every other group sj¡rultaneously and

a significant F ratio ruas obtained onl;r if arl differences r,¡ere

significant .

.A].JÂLYSIS OT PRE/POST-T]ËT ]TDÍS

Â poinL biseria-l- correration was adrninisLerecl separatel¡r ¡e¡
each group in each Lest to deterrnine if each question r.ras equarly

valid for each groupo

"2E-

F.¡
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sTUD-qn' 0PTNIONS 
i

rn orcer to deferr,rine if there r^¡as a charyie i.n stuc-rent

attitude tor'¡ard chapter content, items from the pre anci post-Lest

dealing with student attitude rvere compared." This data rras represented

as percent,ages of students rvho ans.r^¡ered each question"

Lr,ÂcflLü_cOuì,ÍINIS

conments rvere soricii;ed frori each participaling teacher.

These comlents were treated as clescriptive d.ata.



CIIÂPTM¿ IV

AI.J.¡úYSÏS OF T}IE DAT1l,

A review of the basic design and proceclures of this study is

presented before proceedil5 r^¡ith descriplive statistical trendsn

The major purpose of this stud¡' was to develop a fonnat sheel,

that i+ould enable a teacher io l¡rile conrprehensive objeclive-oriented

activi*uies a¡d evaltrate i'"s effectiveness in terrns of student achieve-

mentn Variables found to j¡fluence learni¡g b;' o'rher researchers

r.ære s-l,udied arrC tl¡e j,n{or¡na'r"ion condensed and arrarrged on a si-:rgl c,

sheei to pronote teacher use through convenience, ease of comprehension

and completeness,

The hypotheses to be statistically analyzed are

In This nul-J. h¡'pothesis asserts that no significant difference

exists betr+een the achieveneni of students taught b;' teachers using

published curriculur o'ojec',,ives and those s+"udenis taught by teachers

usirrg the ttActivit;' 5¡uui Formattt rvhen the teacher is given exbensive

trai¡ing j¡ the philosoph}¡ a:rd application of the ttAciivity Sheet

Folrnatlt "

2" This nul.I h;pothesis asserts tha+- no significant differ-

ence exists between the achievement of students taughi by teachers

using published curricufum objectives a¡rd those siucìents taught by

teachers using the ttActiviiy Sheet Forr,rattt l,¡hen the teacher is given

a pa.le by page analysis of lhe chapter accordi:rg to the ttActivity Sheet

Forznatrt as prepared by a teacher having extensive training i:r its

phil.osophy and applicati-on,

To test these h¡,potheses objectively, tv,ro fifty-<¿uestion nultj--
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choice criterÍon referenced tests with five choices per question were

constructed b;'a certified leacher who was not ar{are of teaching

nei,liorÌs to be usecl bv the control or e>çeri::en'ca1 groups.

The criterion-referenced test scores of 210 students ùaught by

truo control group teachers lvere ob+,ained frorn lests ad.,:únisterecl

before and after the;,- rvere taught concepts fron published curriculur

objec'"ives. The same tests l..'ere administered Lo 2tt5 e_"perir,iental

group students before and af-ber the¡, lrrs¡s taught by ieachers usi¡g

the A"S'F. F-rperimental Groqp ill teacher analyzed a¡rd presented the

concepts of tl-re ¿r,est chapter ttT*ife j-n the pastrr¡ accorcilg to the

AosoF' Þrperimenial Group lí2 Leaeher presented. on].y concepts fnich

had been pre-analyzed i¡ accordance w'ith the A,S.F. The two control

groups came from a Jr:nior lligh school j¡r st, James-Assi-:eiboia, the

experimental groups lære fron a Jr:nior High school six blocks avray

in the same school di_vision"

The daia r^¡as accr¡nulated from four sources:

1' Data r'¡as obtai¡ecl Íron rrlxed analysis of variance of pre/post-test

scores. This anal;'sis yields an F ratio to detenrine if a significa¡rl,

difference in achievemen'L e,.cists between the control group, e>perirnen-

taJ- group #1 a¡rd e:peri-nenial group /12"

2u rten a:ra-l¡'sis of each test yields the val-idity of each item in
the forr'¡ of a point biseriar correlation (r ¡i" ) a:rd percentage of

sÞudents ansrverin¡1 each choice. This arralysis rrras considered neces-

sa.r? to deternrine if the tests are equally v¡l i d for the control a¡d

e:perimental groups.

3" student opinions r+ere determined ild.irectly by a comparison of

the percentage of students answeri:rg questions about their sttitude
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concerning interest in subjecl matter.

l+' Descriptive conïllenrs abour a,cvantqes ancì crisadvani.ages of the
A"S"F. as stated b¡,'teachers rrdro have used il,. These results are
used as a fcrmative eva.r-uat,ion to cieterndne c)-ranges that might, be

r¡ade to promote nore frequent and effective use of the sheet"

DETHI],:Ï,N'|IOJ.] OF DIFFMùüJCE TTù ACHI.ET/ÐMI?

rtfüucational scien:ists lcror,¡ that studies of the effects oÍ
pedagogi-ca1 methods and' techniques [such as the A.S.FJ on educational
outcomes [such as co¿nli.j-le achieveiäen{ is i¡ part a firnction of jìu_i}.U

variables.tr I Factoriar arralysis of variance was chosen i:r ord.er to
allorr the i¡vestigator to study'the si¡rultaneous lrorking of two in:
dependent variables so that a description of 'r,he differential effect
ca¡r be found.. Factorial anar),sis of variance, b¡r d.efinitions is rrthe

siatis'¿isai ¡;rethocÌ that anal;lses the indepencient and i_nteractive
effects of tt¡o or nore i:rcÌepenclent variables on a depend.ent variabl_e"rr2

This design was selectecl because the teacher o.f eiçerinental group /¡rI

ruas required to anar)'ze arrd present lessons accorcli_n6 to the Aos.F.
ulrereas the teacher of e>çerinent,al group ilT tms required to present
on1y sheets prepared b;r the e;çeri¡rental group fll teacher. These

variables obviously d.o not act inclependent;ry, Rather, they act in
concert o

l,lixed analysis of varia.nce, a special case of factorial analy_
sis of variance, was requir.ecl to analyse the data sj:rce the control

I' Kerlinger,
Ho1t,

2" Ibid,, pu

Fred lI., Founclat
Iìinehar.t 6¡ l/inston rnc _ ffi r

2r3"
p" 2I)"
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and e>çerjmental groups were not paired." This situation causecl a

clifferent nlinì:er of sLuclents lo appear j-n each 5roup. To deal rv-j1.lr

d.iffereni nìåtbers of subjects in each group, Dr" Clifford 3 clevelopecl

a statistical procedure he called nrj:ced analysis of l'ariance rvhich is

a further refinenent of the split-plot analysis. The nu.'nber of

studen'bs j¡r the cher''s r.¿11 differ from the o::iginal population

because no furlher refi¡tenenis could be found ihai coul-d r^¡ork rv-ith

subjects if the;r did not r.nite both pre and. posi-iesis" Any student

ldio did not r,rrite both tests had his scores rejected.

Data fron the ir::al¡'sis of Variance, Tab1e I ind,icate that

1, All three groups conùined achieved. significantly higher in
the post-tesl than the three groups conbined achieved on the pre-test.

2n Each group qchieved significari'r,Iy higher on the post-test

tÌ:an on the pre-test.

Da'r,a from the l.iea¡s Table If indicate that

1. The pre/posi-test, ciifference i¡ each group is significantly

different from the pre/post-test difference i¡ each other group.

2o The dÍfference jn the e4perirnental group /12 pre-Lest/post-

test n',ean is significa::t,1-v greater than the control group difference.

3, The difference in the e>çerÍrnental- group lI pre-testr/post-

test mea¡ is si¿nifica:rtly greater than the experimental group /lz neatt

difference 
"

DETITIÌIII{,I1TIO}J OF TNST VAI,IDTTY ÂI'ID STUD]ìÌJT OPTITO}]S OF A.S.F"

The tests were ¡narked and iten anal;'sis r,ras perforrned by üre

r*

3" Clifford, Dr.rPs.ycholo¡,y Journal, Vol" 69o 1968" p. 39g"
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TAILE ].

V.¡rlliÂjiCli 0F ÌIìÂllS ÌllÏi1,Tili

GROUPS

Group Fre-tesl/pos.t --r,est llear lJ Df F

E

Dz

27 "38L zt+t+ )
)
)29.351 16S ) -- 2 11.166
)

26.167 lso ì

Conbined 27.633 592

The obtai::ed F rat,io has been compared rrith the

appropriat,e tabl_ecl entri' at the .05 level_ and fourcl

to be significant. Tnis inclicates th¿t ever:,1 group

nust have achieved significantly greater co¡nitive

Eai¡rs on the post-'best tharr the;r achievecl on the

pre-test" If the F ratio had been snaller tÌia¡r the

tabled enùry at, the "05 leve1 then at Ieasl, one of the

differences r¡ou1ci noN be si¿:nificant.
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'.t'rulI,ll i.I

VÂRLAIICE Ilr ITì/UI Dll¡|läìü¡CE Blll"r'Ililll G]ì"OLTPS

Group Pre-tes1;
ì,iearr

Post-tes+; i,can
llearr Ðifference Df

25,549

2t+"976

22.3U+

29,2L3

)J" (¿Õ

29"989
-r'

"2

ÂLL three
conrbined

n1

2l+.29O 30.976

J uÔb

ó 17Ë
Oø I )

7.65

clla¡+ 11.1óó

6 "67 296 1 277.737

)
)
)
)-2
)
)
)9o

The difference beiryeen pre and post-tes l,s have been

compared sj:nulta¡reousl¡' and the resulting F ratio

of 11"166 is signiíica¡t at the "05 level. Ti.ris

confiryrs lhat each group is signiÍicantl¡' dj-fferen+,

fron every oi,her grou.Ðo Deterurj¡ation of r.¡hich group

is significantly greaier is then accorrplished by

exa¡rination of the differences of the neans" E1 mear

difference of 8"75, is significant'l;' ¡reater i;Ìra.n n2 near

difference of J.(>J. EZ nean difference of 7"65, is signif-

icantly greater than C, mea-n difference of ),6/c"
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cornpuler. TÌie print-out contained a point biserial correlation,

perccnt, rcsponditt¡, corrcc';I;' i;o caclr questioli ¡urci perccn'c selectìrr¡¡

each cltcice" it sur.rrar;' of itc¡rls cÌlosr:n for ll :eir direct rela[ionship

to slucj.ent preference ancì interesL relating to objectives of the

A'S.F" i.,as selected a¡rci entered in Table III" T'he r bis prinl,-outs

are jxcluded in Appendlx ttiït"

Qll s-L,¡r,v.{TI_0}js E ASED 0ÌJ JTn ; ÂlrAtysIs

1, Observations based on surrnary of selected items, Table IfI:
{a) fn eacir of the ques',,ions relaied +r,o studen+, prefer-

ence, i¡r'r,eresi anci. courses in r.ftich he will- contilue,

the percentage of students i¡ the e>çerimental group

respond.ilg positivel;r increased; ruhereas the per-

centage of control group stucients rer.rained the sa¡re

or decreasedo

(b ) In Questi on iilçZs rnore stuclen"r,s iJr the e-.çerimental

groups than in *r,he control group preferred activi'Lies

after thev had taken the chapter.

(") fn Question il39 more students j¡ the e>çerj¡rental

group than in the control group r.¡ere able to select

the correct process,

2, The point, biserial correlal,:_on for each item i-s s:'_rnilar on

the pre-test and post-lest. For tabJ-es, see compuier Print-outs,

AppendÍx ttryt 
"

DEf,EÙiIÌ]ATIO]i OF TE¡,CIIEII ÂTTITIJ]]I TOI.IÄJÐ TTIE Â.S.F.

Since the /\,Solrn has to be used by teachers if il is to be



TABLE TII.

NNSPOIiSE SL]ÌîITTRY OI¡ SIil,DCTEDJ: TIST ITD.TS

Post Test f;
responciirq; to
each choiss -)ni

_h3

Í of each ûroup
selecti-rg corrcct

gþ6iss -)í-)í-)i

Control_ h?ttI Control F,yDtel

-
íl3l+" T'Ìre science course I prefer

(o) physics
(¡) Georogy
(") Cher:ristry
(d) Biolosy

/;37, At university I plan to major(") Errglish
(¡) Science
(" ) I,Íatherîatics
(¿) Historv

part of the past i:r rdrich
ïesterda"v
Hundreds of years 4o
Thousands of ;-ears ago
Ilil-lions of years ago

2I

most interested is:

right

L9
20
10
46 41 3L t3

is a clamtt if made by

chapter, ttlife i¡ the Pasttt

is:
1B
20
20
5o

tq)Q

T5
t.)
2L
l+O

25
3l+
Z+
12

3o

)4

50

ttr,35

hl+

)o
l+o
10
1.0

10
18
3o
39

Il¡.

2l+
25
20
23

fam
3o
2C
10
)4

30 .)i
)t-i

lil+7 the
(a)
(b)
(")
(o)

/i39 The statenent, nThe fcssil_ a+" the
an e>çert, would be:
(.) observation 25
(b ) inference t-6
(") hypothesis 1g(d) specuJ_ation g

ílhZ, The most interestÍ::g aspect of the
ruas the ¡
{") infonrution 27
(b ) fossils I e_.<a¡rined 23(") activities 9(¿) lcnor.ùecìge I gained. 4l

about the past

l+6

36

)'- /l3l+t 37 and t+7 are all of the quesLions related to stuclent preference,i:rterest anC cor¡rses in uhich he w.ill conl,inueu
-)í-xc {J} questions list,ed here are identical in contenl, a¡d wordirrg on thepre and post tests"
-)í-)í-)i ps¡ssnt correct are r¡rri'Lten beside the a¡rsr"¡ers thaL !¡ere consicered tobe correct by the teaciler vdro preparecr the test.
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effective, the author fe1t, obli¡lated to request and arralyse leacheres

comlnenLs.

1o ttThe activit¡r s¡s.ts prepared according to the A,S.Fø âre

easy to use and help preseni the material in a¡r organized. .w-aj¡"tr

Teacher of e>çerir,rental group ll2 cortnenL, see Appendi-\ nBno

2o ttr used the A"s"F. to prepare my first six l-essons and

found it very efficient bui I for.¡nd it v¡as too much workotr Teacher of
e>çerimental group /12 conr,rent, see Appendi x nþrro

3o ttSome headi:rgs ruere applicable to my situation but others

ï¡êr€rrltrt¡ as stated in Appendìx rgn by a teacher uiro used. the A.S.F"

to prepar€ ê cor:-trs€s

l+o itRelevant actívities related to issues are difficult to

recal-I or find.tt Teacher of e>çeri.¡nenta]_ group /11 conunent"



CHAPTNR V

CO}]CJ,USIOIiS

The statements i¡l this chapLer shoul-d be interpreted r+ith con-

sideralion to the lli¡r_itations? of the study"

RESLS.TS FROI.Í ANALYSTS OF VAIì.TAI{CE

Data frora the ve¡iance in mean difference between group

inciicates that

lo All three groups combir¡ed achieved higher in the posÍ,--Lesl,

tha¡ the three groups conùined achieved. in the pre-test"

2. The pre/post-test difference in each group is significantly
different from the pre/post-test difference in each other groupo

Data from the varia¡rce of means between groups ind.icate that

lo The difference in the e>çerimentar group f,2 pre-test/post-

test ¡nean is great.er than the control group d.ifference.

2. The difference in the e>çerimental group lr pre-test/post-

test ¡nea¡ is greater thar the e:çeri¡¡ental group /i2 meæ differenceu

COI{CLUSIONS B.ASED ON ÏIE ANAITSIS OF VARTAI.JCE RESULTS

From the above stated observations the nu1I hypotheses of no

difference betrn'een the mearrs is rejecLed at the .05 1eve1 of signifi-
cance" euestions to be considered by this thesis are

1" fs the achievement of students tarrght by teachers using the

rtÂctivj Ly Sheet Forrn¿1rr significanLly increased v¡hen the teacher is
given extensive training in the philosophy ancì application of the Â.S.F.?
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2" Is the achievement of students significantly increased rdren

the teacher is given a pa{e b¡' page analysis ol Lhe chapt,er accortJ.in¡;

to the ttActivity Sheel Form¿¡'t as prepared by a teacher havin¿; e.tll,el:si,ve

training in its philosoph)' and application?

Since lhe null Ìrlpotheses has bcen rejected these questions

car now be arsr"ereti as fcllows:

Studenls r^¡'it,hin lìris stucì;' achieved greater cognitive gains

vûren taught by -

1o Teachers usi.n¿; the A.S"F" tha¡ sludents taught by teachers

using publisheci curriculun objectives.

2u A teacher using the A"S.F. when the teacher had exbensive

training in the philosophy alìd application lhan students taught by a

teacher given a page by page analysis of the chapter according to the

A,S"Fo as prepared by a teacher having extensive trai-rri-ng in its phil*

osophy and application.

COI'JCLUSIO}IS BASÐ Oi! INFOFì]"IATION OBTAI}.]Ð FROI.Í THE TIB"I A}JAIYSIS

1n The point biserial correlation was performed on the pre-test

and post-test for e>çerinental and control groups separately. The tests,

although slightly different in r.¡ording and content, are equally valid

for control and erçeri.rnental groups since each ilem is a¡l accurate

discri¡rinator of the criteria to be evaluated. (Appendix ttEtt)

2, Control and e>çerj,nental groups received a sj-'nilar point

biserial correlation but a different percentage of siucl.ents indicated.

ecorrect? ansv¡ers on a number of queslj-ons. Table II i¡dicates thal

in the pre-lest fewer cxperimental studenLs chose the tcorrecti answer

bul, a lar¿1er percenta¿e of e:çeri¡rental sLudents chose the tcorrecLl
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answer in the post-test for the follo*ing questions:

Question l/ 3l+. This inrlicates thaL more students have Iearned

to appreci¿le geology afler the¡r have been t¿ughl, by teachers using the

A"SoF";

Question /l 37 " Interest in Science has increased. in a greater

percentage of studenLs t¿ught by the A"S"F. meLhod¡

Question ll 47 " Paleontology is the aspect of geology that is
preferred by more e>qperimental_ than control group students after being

taught by the AoS"F,, method,

.4, major objecti_r'e of the Grade IX Science course as stated b¡,

the I'{anitoba Depa¡'Lment of Bducation is that the student should demon_

strate a developing interest in science. The A.S"F. achieves this
objective in a greater percenta8e,of students" AII questions referring

to higher j:rterest (#31r, #37, /lt+7 ) initiated more frequent posi-tive re-

sponses f)'6¡ the e>çerÍnental group"

Question # 39 " To enswer this question coryectly the student

must be tau5ht the rprocessr of observation" Perhaps the deliberate

inclusion of processes in objectives has caused. the e_xperirnental group

to perform better on this question,

Question ll l+2" Activities were found to be nost interesting by

more students in the e;çeri-lrental groupc perhaps that is because the

activities were more highry organized. according to the Aos.F,

CONCLUSIOI.JS TTIAT ARTSE FROI.Í TEACHEIì COI.,T.MNTS

activity sheets prepared accorcling to the A.soF" are easy

help present Lhe material in an orgalized way,

1, The

use ancl
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2" The activity sheets require too much ti¡ne for one teacher to prepare

for each lesson.

3. The rvork required lo pre¡:are aclivily sheets causes l,eacher.s to use

only part,s of the format or discontinue using it entirely"
l+" Activities related to the stated objectives are difficull to recall
or find when only one teacher is required to anaryse a whore uniL.

SUGGESTIOIJS TO A],I.ÐVIATE PROBI.!].{S ENCOUNTMIÐ T}J PREPÀAIIiG ACTTVITY
SHETX'S

lu l'Íany teachers frorn cne area might cooperate so that each might con-

tribute a portion of the r'rork and/or i_deas for releva¡rt activitiesn
2n In-servi-ce sessions might provide a conmon meetilg place for a hom-

ogenous 8roup. Along r'rith providing a practical and useful exercise

for the in-service session arid a set of useful aclivity sheets, the

A.S"F. nr-ight facilitate the defi:rition of roles for teachers attendir4l
the in-service" socia-l pressures might promote an attempt by each

teacher to 'nrrite at leasi one ac.l,iviLy sheet.

SUGGESTIOIJS FOR FI.aÏJE-I, RESEARCH

I

Can significantl;,' greater cognitive gains be achieved by

students if the Activity Sheet Format is used

(a) in a study of b'oad.er scope utirizi:rg a greater number

of rarrdomly selected teachers?

(¡) in areas other than st. Ja¡res-Assinil¡oia wher.e differenL

ãEet sex, ruQ.¡ socioeconomic and other characteristics

are prevalent?
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(c ) in science texts oilrer thar D.prol-ir{q science Nine

that utilize lhe phirosophy of t)re criscovery approacrr?

(¿) in a-¡r' science te-.:Ls independenr of üre prrilosophy?

(") in subjects other than science?

IÏ"

a different rnode of j¡struction? This study r.¡as based. on a method

designed to supplenent regular group instructionu An atlenpt will be

¡tace to describe a texb arrcl teacherrs guide which v¡ould i¡rclude iconic,
enactive and syrùolic representation, The auihor feels that this could.

be accomplished through the use of (r) a content-ori-ented text that
r+iIL present material s¡':nbolica-11y to students r'¡ho 1ea¡n more efficiently
with this representation a¡rd (2) an enacti_ve teacherrs guide that
describes objective-orientecl activities to be assigned to al-l students.

This rvould allow s¡rr:bolic-or.iented students ihe opportunity to learn
nore efficiently by readirg the texb and stud.ents who prefer iconic or
enactive representation a more efficient method. of learni:rg by observ-
i¡U a¡d/or participatirrg in suggested activitiesu

, The opportunity
to inject some iconic a¡d further enactive representations into lesson
plarrs niight be proraoted if the ¡rActivity Sheet Fornatn was used to r,¡-rite
ench lesson in the teacherrs guide. This would hopefully give the

teacher an e>pertise necessary to make up his orvn activities concerning

issues" Â fer'¡ extra copies of the Â,snF, acconpe¡yirrg the teacherrs

guide, along rrith a preface e:çlailing how the guide is orgarrized ancl

that the Â.S.F,T.t€re usecl to write each lesson might promote its use

Iì-(TEIJDIIJG TJii ¡'PPLIC¡.TIO1'I QF TrE-_4¡Ë.gIsTg_¿llQII{ül l,iODE 0F I}]STRUCT

trtrould the A.S.Fo oper¿te r¡ore efficientl;; i:r conjrurction r.¡ith
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if only through avaiJabil.i-ty,

some objectives nuÙ' be skinmecl or r-ejecteci. because the rnalerial
j-s not knorvrr r'rel-I enough to appreciale the value in teaching it" Sone

texts are so c¡uestion-oriented that the ansl.¡ers ca¡urot be found or

exramples given are so faI removed that a lack of interest would rnake

learning impossible" For these reasons i"i, is necessaï]' to i¡cl_ude

e.rplicit nethods, aids and j¡structions in the teacherrs guide" Sone

exafi-oLes are 3

1" Films - Good films ma¡r not be used because lhe teacher

nay not lcrow (a) the aid centre from r^¡hich it is to be

ordered; (¡) its relevance or avajlabilit¡,; or (c) ttre
cost of the fil¡n" (A1so, each time the fil¡n is shov¡n much

time is required to preview the film and prepare j:rtroductÍon,

conclusions and tes'rs). some pages in the guide nright be per-

forated, sel-f-adclressed postcarCs; other pages nLight contain a¡l

Íntroduction, conclusion and tests to be used w'ith the fib¿.

rt is hoped that such pages rnight afreviate some of these

problems and pronote greater use of fi.lms" These pages

would have to be restocked each year by the aid centre

responsible u

2. Relevant Aids - Items such as cowîs heart could and woi:_1d

be ordered and used if their sources v¿ere knov¡n and procedures

of use made availabl-eu rnstructions j¡cluded should e>prai.:r

exactly r^¡here the best, place to cut the heart is and rvhat to

watch for, cards of the punch-out variety, addressed to the

appropriate neat paclcing plant along with cost and pick-up
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instructions coul-d be once again incruded." The more avail-
able a¡d easier to use these perisha'b1c itens become the more

often the¡- are to l-.e usecln

3" Photographs - Chapt,ers si¡ril-ar to ¡rÌlan ancl llis Drviron-

menttt fro:",r ]ì'mlori¡rr I'iine science te>rL that i¡rclude concepts

such as charges in corrnunities would beco¡ne r,rucrr more

releva¡t if charrSes in ihe student?s or.¡n su-rrounùings could

be vierued" Our charging environment v¡ould also be much

easi-er to e:çIaill if fanúIiar exaryrles could be shcr^¡n. Aerial
photographs are taken of all parts of canada at equar inter-
vals. Photos of a¡ry section are avai'lable from the air photo

lab in the goverrr¡nent offices. rf the cost of having them

reproduced by a prcfessicnal stud.io is too high or the quality
of Xerox copies is not adequate, then the nearest technical

school nay be rrilirE to print copieso The adva:rtage of
having pictures copied at a technical school is that they

tui1I prini, pr.arch hol-es anci cut the pictures to In x lOn or

even 8-]rr x llrr to fit ¿ J-rj::g binder at a nonrinal costu The

teacher?s guide would becorne a portable resource centre or
ttmail-a:r-aidttu

The teacherrs guid.e consj-stint of g-)n x 1}r three-hole sheets

and a binder sinilar to a parts catalogue woulcr alrow removaf a¡rd ad-

d:ition of objectives" The teacher lrrould. be given the objective, ar
idea of hov¡ it could be presented and aids that cou1d be used.. Each

teacher v¡ould choose to use Nhe given presentation a¡rcl aicls or make up

his own, All objectives, aids and tests r.¡ould be basecl on some texb so
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that each student coulcl have a cop)¡o

Tlie orcler in t^drj-cÌr objectives are Lo l¡e plesen'Lcd is cnc r.Jrj-r\,

'¿hat can be left to';alJ-¡' to Lhe discrelion of the teacher. Flexibilii;¡.-
j¡ this respect is retained tirrough the use of renovabl-e shee'bs.

Further flexibÍIit)' r,right be achieved by leavj-ng large b1a¡rlcs betr.¡een

headin¡;s of guide activities, These blanks r¡ould accornnod.ate exbra

notes the teacher nright lil<e io add"

Thele âre fianr¡ reasons for encouraging i;he classroom teacher to

lrite his or.¡n lesson pla¡so One reason is .,,ìlai e>iperts often reject

material because it seems redundarrt a¡d over-simplified, not reatizing

these facts are necessary 'r,o present the i¡forma't ion to someone r^¡ho is
less fa¡¡iIiar ruith the material. There is even some merit in havÍng

the classroon teacher rer^¡riie a¡ activity alread;,' writ',,en up in the

guide. Þ<perÍments such as cuiting up a covris heart (see Relevan't, Aids)

¡right be Ínproved by a classroom teacher r.¡ho has tried the professional

procedure, especia'lly if he has perused an*,¡ers to questions he forurd

that rtere not a¡srvered sufficiently v¡eII for a lq,nnan io uederstand,

Tire naterial could be checked for English ard scient,ific accru.acy by

e>perbs in the field on requestu units or even pages could. be tr¿ded.,

bought or sord accordirg to the needs of each teacher, board, bra¡rch

or corrntry.

ilI A pOinnlü) I'PPL-I.CI1TI9ÌI 0FjÌ11p Â.S,F,

that

be5¡g

could each of the applications mentioned above be moctified so

the nerv rnode of j¡struction could be integrated into a prograrn

presently used?

The author has alvra¡rs felt that radical cha4ges where if is
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necessar)¡ to throw out the oId to adopt the new can be disastrous" If
a systen is r.rorking, i', is better to v¡ork l^rithin bhal, fra¡newor¡ at

least until- ir,rprovements cr nelr¡ nethods have been developed to tal<e

ov€Io ït seens that, the Depa.r'r,ment of Bducation in j,'lanitoba macle a

n-istalte vùen the¡¡ threlv out the o1d science course before it coul-cl be

replaced by a¡r adequ¿te general. science texb.

The only general science texb available at the tj¡ne r¡ras üie

D'rolorin¡ Science lling series rr{rich l{as so question-oriented ihat the

teachers even found it hard. to fo1low, Inforr,ra'r,ion/activily oriented

texLs t^¡ere introduced to suppler¿ent the Explo1fuH l,Iixe series, Accord.-

i4g to B1IL Soprovich, rEince no single suiteble general science texL

r^¡as avai]ab1e, five different texbs were brought i¡ a¡d referred to as

the rnultitext appro¿çþ? n, 1

Theoreticall;', a teacher can find out rvhat he is to teach by

checkinE trecoiru"nenCed chapters? und.er the headÍ¡g l0ourse Contentr i¡r a

bookJet printed b.r,' the Departrnent of Education, The next step rr'ou1d be

to exa¡rine the appropriate Dcplorj¡:¡ åerj-es science texL and associated

teacherts manual and v¡orl<boolc, ff the naterial found. j¡ those rwrite_

upsr is not suiiable or if the teacher wishes to elaborate on that topic
he can refer to the rscheme for bross-referencirgr 5e"1ion of ar¡other

booldet print,ed by the Departr,rent of Education naned rselected Approaches

to P1aruti:1ß and Teachingmu The author feels that this is a confusing

and disorganized approach that could be inproved by using the A"S"F.

rt is suggestecl ürai the Departnent of lH.ucation pri¡t one

ttJs¿shs¡1s Guidett as clescribecl in Question II above, General objeclives

1o Soproviche lli]-l, Curricufun Consut'l,a¡t, l.lanitoba Department,
of liducationras stated in telephone conversation, JanuaÐ,I5s ISTI¡"
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would be stated and sub-dj-vided accordi¡\q to the A,S,F. irtlo sug¡;estecl

specific objecl,ivcs a-ncl ac"r,ivities. One of lhe înåteria]_sr lisiccl

could be one or riore of fj.ve bool,ls now in use or a eReferencer he¿d.in¡

r'¡oul-d be adcled to the ¡,"S'Ìr. to accorÌ!"ûodate this nerv schenien Teachers

all over ilanitoba could con',,ribute to this guide, by maiI, if necessar¡,.

By requestint 'r,hat each teacher r.rishinS ,,o ad.d a¡r activit¡,,
fol-lorv the Â,SoF. every teacher who uses that Activity Sheet should be

able to appl)'it easily, The author would'titce to ¡nal<e one additional

reconÏnendation at this pointo If narry good activit;r sheels that r¡il-l-
teach a set of concep'rs related to a particular objective are received.,

they should e.11 be j¡rcluded in the Teacher?s Guideu Each teacher can

accept or discard sheets at his oÌm discretÍon" To fo]-low ihis schene

the Depa.r'r,ment of Ld.ucaiion woul_d have to act as the central agency for
distribut,ing and receiving the A.s.F. sJrd a description of its use,

Aciivit;,' Sheets, perforated taidsl postcards and general i-nforrnation,

rvu c¡{ THE 
^.S.F" 

.IT,9_EU¡ ItI Cl.tAliGE-Ð?

As stated in pr-evious chapters, the 
^.SuF. 

is not the final
word i-n r,rriting objectives. Sj¡rce the A"S"F, wâs d.eveloped to promote

flexibility in lesson plans by providing a for:nat for the classroo¡r

teacher to follow in r'rz'itfug his or¡n lesson plans in ter:irs of organized

activities then bl.' defi¡:-i-tion the A.S"F, itself must be f1exible. In
fact, the,¡i,"s.F" might be thought of as a sample fo:'¡'rat a teacher night

exaraine to construct his ot'm Â.S"F. The Â.S.Fcl.¡oüld. not be arr efficient
r,rethocl of ins"r,ruction for sone teachers without reorcÌerì.4g, deletions

or additions of headin¡sn For example, social- stuclies woul-d require a

clifferenl, lprocesses c'hart? and the teacher night prefer- to label this



clrart ? sl<j-l1-s s , Ilather.ral j-cs teachers núgh.b

as a sur.r-lleaclinl of rÂc'"ir,:LLiesr a¡rd D-rglislr

the tlialerialsr headini: a1J all"
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lt€,rrt to i¡c1ude de-firrilions

't,eaclret.s nighl noL rcqtr.ire
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ACTTVTTY SHT]ET FORì'14.7

PLEASE VAITE OUT ACTIVITffi THE FOLLC\.¡TNG FOF.}4ÅT.

A-l.efinitfons-Oive a foundation on which a student can base his discor¡erieso
B;OlleS!19çs-Define criteriau givens or restrictions and word t,he objeci.ives

tlruss Âfter cmpleting this activity the student shouLd. be abl-e to:
1.",)
2,..)To ccrropleLe this sentence use a different sLatenent for each obJective.
3o.. )
For each slatemenÈ choose COI'ITÐ'IT, PROCESSES and ltrP3S fron the folJ.or+-ing:
poìùfEl{T-Choose a page from the text or the curricu.Lur¡.
Bg_ESSiiS-Choose one or npre frore the folJ_owlng charL.

Slrnole Processes lnt eq¡.ated P¡ocesses
L.0bserv5.ng
2.Classifying
J.Using ntmbers
f "Spaee-ti-ne relationships
S.Cownunicating
5.lfeasuring
T.fnferring
S- hedi cti nø

9.FormuLating hypothesis
I0.Defining operationa1_ly
lI. ControLling variable s
12.Ðata interpreLaLion
13.Use of ¡rodels
1/¡.õcperi-uenting

VERBS-Choose fro¡a the folJ-orv:ing table for each st¿.lenent.
lgrbs fron these columns cons¿ruct
¡b.lectlves useful as inùrcduct:cnso

Ri¡lrt-hand colrrans consr¡r¡ct obJec+.ive s
-*-hich reouire hieher nenta'1. Þrccessesc

itecal1
Define
Coty, Menoriee
Explain, TeLI
Llst reasons
State
Repeat', ïnltate
Duplicate

(clutrol'l:
If you find you
are usJ.ng UANT
obJectlves of
bbts type¡ you
should re-examirre
your intenticns. )

Flnd, Ifake, Use
Describe, Do
Gather data
Investigate
Comp:.te
Ifeasure
Prepare
Manipulate

apparatus
Recognize
Exa.nine
Identlfy
Recognize & cite

evidence for
Classify
iLltrstrate

I']lot a Eraplr
State a problen
fdentify variabl-es
Organize data
Estimate rÀnalYzeApÊy, Inter ret
Devise a method
Contrast, Compe:'e
Su¡qgest, Rel-a"e
Specify l-i¡nitations

and assunotions
Differenùiate
Di scrirni nate
Reformulate, Frove
Just ify, Co:rtrasL
Dist,inrn:ieh betr+een

Fo¡arlare hypctireses
Discuss criiicall.'¡
Discove4, Reerganì.ze
Frçpose reasons ancì
oefend then, Infer
Ge¡ler¿1i.ze frcm ia';s
Pre dict, Iniegra',e
DeCuce, Syn"hesì-ze
llanip.rlate ideas

(tictE:t'his is the
ì¡ore sophisticated
tfpe of behaviouro
Create opportunities
for this in j¡our
1e s son nle-nnins. )

Sinpl-e Cc.'ipiex
ft¿ ¿¿f l* Como¡chen si on- A n¡] I cat i on* A nal ysi s* Sr,'ntì: e si s* Evalua'"i on
lJherever possì.b1e the follo'.¡-ing shouÌd be Íncl"udeC in your objectives:
student partlcipation, scientific method, expression of divergent

. pofnts of vlew and conceptso

C-!4aterlal-s-ïnclude sources and addressese
D-Äctivitv-Al1ow the student to discovero I¡O¡IE that the verbs above ca¡r bc used

E-;J 
" 
;; i qhs itgðt 

"tJ"e 
ll''ðT iåtï€ 

"' 
% ¡3 åìJåF u' i f nr 

Lr"Ë Bi'""i o t r t r i e s .
F-Ratlo¡ale-GLve reasons for lncluding the above" (e"g"The dlscussion can be

cut off and the remainder can be dupllcated as a handout or transparencyo

N(ITE IIIAT TIIE VERBS A¡OVE CAIJ AI.SO BE USID TO VORD Î3STS

Cofyrig)ft @ t?73) Gan,y Q.c, ßojers



ÂPPH,IDIX ilì-ìrt

1o Sarnpl-e chapter, rtlife in the Pasttt

(") Sanple chapter fron Ìtblploriqç Science IXrt *,e>:i;"

(b) q anal¡,5is accordirg to the nActivity Sheet* 
Forr:at.

2" Ð¿ letter of 
- 
confir.¡¡ation, e>çlanation and

applicationn

3' Control group letters of procedure and confirmaliono

4u Letter of pernission to reprili the chapterItÏ-ife i-n the Pastrtn
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CLUES TC THE PAST

Complcte remairts oÍ long clcatl pllnts anrl nnir¡r¡rls îre vcry sc¡ìrce,
Usu:rll.r', orrly boncs, shells, rvood, or otlrcr hurd parts arc prescrvcd.
such fussils pro'irlc irrcorrr¡rlctc:rl<l rrnccrt¡¡i. cltrcs as to thc n¡rtrrre of
lncicnl !iíc.

Ceologirîs col:ìp:rrc f¿lssi!s *'itlr livirrg orglrrísrns in orcler to rnukc
gues-\cs. or irlcrcrrccs, nbot¡t tlrc nirturc anrl lr:¡l¡íts of cxti^ct ¡rlir.ts a'd
a¡ri¡';rls. 

- 
\\'ir.t tvpc of tr:rirrirrg slrorrkl a gcologist h^ve ft¡r nr:rking

trult\\ ortlrv infelclrcc.s?

:¿ to)-'-lt./'t..-,t'.,J,i: ' sl

''): 
'1./ l , ..i'.'''Ii':,",)-;r; l:i : ì. i 'o',." '

;:.-.itrl ,7r'ut.','.,,-,'.;'¡j-..; i, l, .i,]", ,1.. 
.,

,,/.tt / ;''.':.- j:,,1:'í, ;¿L i.ì :,i i."\\if.:.*
,/ '.',/-, !'.t ...--t'.-.;J.,.' j ]'" "\.', i

't.."' .1., fl::'\ r:'\" . '

74,'. i .:::!,,:,',:i:ìi:.¡,': iiì,,:,,.1 .:':.-:¡; j.
f ./ _. : 

r: 
: :.. u,, ¡t ;',.1î-i, iy.iJ ;) l' I -i ; iis¿i*i:*>*-, i

Trac'!¡s as CIrres. 1'lrc ¡rictrrle
al¡ove sl¡,lrr s tìrirt ¡rr ¡.rní¡rrirl clc'ssttd
a sÌìo\\'-cô\crt'cì liclcl. Pcoplt rvho
h:rrc strrtlic'tl conrinon auinl.rls cnn
tc'li u')rrrt arrinrrrl niatlc Ilrc tr ¡tks
¿rlrd rr lri<ìt rr':rv it rvtrs g.tiri{. TIrcy
c¡n rl:o ltiirkc tlrrsIs rlltlrt' in[ì,r'r,rrccs
:rl;.lrrt spe,ltl tlicì size of tì¡c anilnlrl.

E\:¡rlìirrt: tlrr: ¡rìrçtgg¡ap|. \\/hich
prints uele r¡rirrle ìr.r' thc hind fctlt
artd r., lrir'h \\'(,t (i lrìiìdLì bt tlrc f ront
fc-et? \\'hich \\'A\'\\'as il¡c nrrinrrrl

trtl.
rr{: _ -

ß.:';'
,;.1.
f,j, ":

f,¡t'

goirrg? \Vhat gait rvirs it trsing?
CIrelk yotrr infcrenccs rvitlr those
givt'n lltcr irr this c.hrrpter'.

'l'rvo otìlr:r scts of tr'lrcks l¡rc sllorvn
above. f'he nlidrìle sct is reccrrt;
thc othcr rvas forrrr<l irr a slrrb of
arrcit.rrt siulrlstone. \\,lnrt infcr.cllct,s
ctrì ),ou lnrrkc al.¡orrt tllcse tlacks?
\\'lrich infcrclrccs are llrolral>l¡, rnore
tlrrstu,urtlry? \\'lr,v? Clreck yotrr
inferc¡lccs u,ith tllose givt:n latcr irr
tlris clr:rptcr'.

'! rã

* Usíng E.vperÍnrental Evirlclcc.
l)urnpen clay soil untii it shorrs actcar ¡tr.írrt.rvlrcn ¡,otr stcp orr it.
Àlcl$ur.e thc Ccptlr of tlic ¡rr irrt.Ilrwk ofl a sìrcct o[ pa¡rcr witlionc-
uìctr .s(luaì.cs, eut it to tlre sizt: o[ tl¡e
plirrt, and clctcrrninc tllc ar.ca.

_ 
\\!it]r wlrat íorcc rlírì .r,orr stel) orì

the_soil? \\/lnt rvas tt,"'pr,rrr,,.'" o,.r
cach sclrralc irrclr of soil?

Ask a cl¡iltl un<l arr ¿rtltrlt to rnlke
pr'írrts írr tllc s¿rnre soil. Use nrcirs_
urcntcrì.t.s oI clcrpth ancl rrre¿t to esl.i-matc tlrc rvcíglrt of crrch p"rro,r.
rr()w closc ar.c youl cstirnutcs? IIorv
mrgltt ¡,rrrr irrrltrove tlrcrrr?

- Estirnirtc tl¡c iì¡.t::t rrrrcl dcptlr oftllc 
_dir¡osirur. t¡.ack irr tìre pl,rt',r_graplr. .Ass¡r¡rrc tlrrt tlrc åninral

stc¡rpcd in soil like that uscrì i,, ¡,o,,,e_xpcr.irucrrt. ]n[er tllc rvcíght oi thc
dlrrosiì¡rr. \.1/lrat rr,<itrld lr. ü," ¿in",,
encc if' the arri¡nal rvalkcrl o,, ,r*

178

,"g_t,:r forrr legs? \1'lr.rt assum¡rtions
mrglrt niake vour c¿lculation too

:t^1.,,. .\\'lrat assrrrrrprions miglrt
makc it too snlall?

¡79
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.{ fossil is arr,r'trrcc ilr:rt a ¡llirnt or nnillrl h.rs lir.cd sonrervhcre in thc
tlist;:r:t pirs!. .\ ¡ritcc of rvo'>d,:r shcll, or ¡r bo¡rc is ¿r fossil. So too, is
nn rrrim¡l tr:rcl< or t!re brrrrorr' of a lorrg-dclcl rr.or.m.

Vcr-'.'fcrr':tcttrll renl:rirrs of ¡tl:rrrts:rrr<l ¡¡rir¡l¡ls ure ¡lresc¡,ctl as fos-
sils. (lllcrrric:rl clr.rrrgcs usrrrll.r' t:rkc ¡ll:rcc irlrrl tlrc otigirrnl nllteri:rl is
rc¡rlrrcc<! rritlr :rcrv srrbst:ulccs. solnctinlcs t!:e origirr:rl r¡llrtcrinl <lis-
s(rlvc;:trvitv corrr¡llt'tcl.r', lc:rrirtg orrh ¡lrirrts ill tlrc sctlirrrcrrts tir:¡t strr-
rolultlcd tlrc rcrn;rirrs.

)\forrÌds of slrclis, |r'irrt:- of sllclls slr.i's u g.oorv'e \\,ììcre r shcll llas a
antl 5o¡rcs arc crllc<l lrou¡r1s. A li<lgc, arr<ì a lidgc rvhcr.c a slrcll llas
rnotrld of a slrell lrrrs tlre slltpc of a {roovc.
tlrc sl¡cll ir) r('\'e'rsc'; tlrrrt is, :t riror.rkl \lirlicir cllru sirell rnorrlcl irr 1l[rstcr

iIO\,^/ FOSSILS ARE FCP.MED

of Prrris. Prcpare a thick nií¡iti.¡rc of
the ¡:lastcr rrnrl \r,atcr. press tlre
ci¿ur: sLell into thc nrixturc until it
is lcvci rvith tìrc surfacc. Lct thci
Pllstt'r l¡rir.rìr.r¡. TIrc.l¡ cr¡lt tltc rrlas-
tcl rvjtlr \.irsclilrc .uì(l l)orlr iruJtlrer
ll.1'cr' ..rf Ilrrst,:r or¡ tr)l). Oll tllc fol_
lou'irlt: {!ar,, ..ç1;¿¡¡¡"^tlrc litr crs r.rrcl
I'cìììo\'(. tlrc slrcll. C.,,,¡í,,,." tlrcr
nr¿rlkir':'js cìrì [ììo n,oL,lcl rvìth tl,oscl
<.¡rr tl:,.'slrcll.

J'lrc' nrorrlrl of tlrc orrtsir,ìc of a slr,,ll
is r-'1¡ll¡'11 irrr (..\/(,r,1(1/ tttotlì. ,[1r,3

tno'rl<l oI tìre ¡,.tt;1¡" 9f a shcll js crrllccl
an i¡tlt:ntr¡l t,tr,tl:!. .l.hc 

plrolog,.¡rpÌr
r¡¡¡ il¡,.' ,¡¡'¡',,.:i<, 

1::r11. rl,rrì,,., lr,ì'1, i,,-
tcrt¿rl lulrl t,rIe ¡.lllr! r:rorlcl.s. .t alll /J
a¡ c lroilr lrrr,r,kls of ,.lrc srr¡nc slrcll.
\\'llich is ¿rn c_ttc¡l¡,rì ,r,<rr,ì,1 ,,,,J
rvlric'lr is urr intcr.uul rrroulcl? \\,lrr¡t
is (li D irrr<l ,lÌ irrc llso nlorrlrls of
tlrt, sru¡rc sl¡trll. \\,llicll is irrtcr.nul
alltl rvluclr is crtr.r.lrillJ

C¿r:;is ,.¡f Sl¡clls. Cr.orrrrd rvltcr
scc¡tirr.q tlrrou'{lr a rock ¡lrav <lissolvc
ar.,rr,r' slrclls rvitlrir¡ tlrc r.ocÉ. Ernpt¡,
sl)iìccs iu () ìr'[t lrclrvccn tlrc rnorrl,-1s1.
lìit to,Jctlrcr tìre ¡lllstt.r. rrrorrl<ls ;.orrI¡¿rr'c ¡¡r;itlr,. I)t.s<.r.ilrt, tlrc spirc.r, r.t,_
rrrlirrirrg ltctrvccrr tlrc llrc¡rrlrls. \Vlr¿rt
rvrlrrlrl ¡,orr sct: if ,r,orr nlrrrlc a brclk

r'l) )

/',,í!i)
Rubl¡cr bonrlr

182

Auger rhcil

acloss tlre nrorrlds.) E.r1;lain the
sp:rcc lrctu'ct,n F arrcl C in t^lre plroto_
grl¡rlr orr tlre opposiic ¡raqc.

r\f tt'r' glorrrrrl rr 11,..¡ i¡xl' rlissolverl
íì\\'rr.\' ir slrcll, it rrr:rr. rl¡pL¡sjI s¡l¡c¡
llrinr.r'lls irr tlrt,s¡l.rcc. Tlre nr.l',,
nrítlt'¡trls Iorr¡¡., 

",r,. Ilr rr.l¡.rt rr.lys
is.rr crrst Iikc tìrc or.i,¡irrrl s!rcll? i,,
ullrtI tr';rvs ís it tlilit.rr.lrt?
. 

'l'lrc fossíl irt..l i\.i r,.rrsi. .Erplain
l¡txr' ít rrriqlrt lr:rrr. irccr¡ forlnecl.
\\'l¡irt is ll? I Ir,,rv nril:,i it lr;tr e lrce¡l
follrrcrl?

i.83
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The bodies of irìsects are forrnd in
marì)' pieces of the mÍneral callcd
anrlrcr. Ccologists bclicve that :rnr-
bel *'as or'ìc.c a qunì givclr ofl bv
\\'outì(ls ili tllc l¡irr.k of conc-ltcirrirrg
tl'ccs" lirplnirr horv irrsccts lniglrl
becornr: lrnrir.'d irr tlrís grrrn. Ilãrr,
cnll tllc, grrrn pr.t:r cnt rlc,crrr,?

\\:l¡1 1¡"¡. àrigirral rcrì;rins lilie
thesc cspecilllv rrscfrrl io gcolouistsp

C:rlbo¡rizuticn. Pla:rts ulrcl lrri-
rnitls lrtr:ir:cl r¡rricklv in t.lirr. or siìtìrl
nurt rot tlcclir if' o\\,gcrì ar.,cl lne-
tcrirr alc lrJrs,:lrt. I-1rt...c.,'cr., otlrcr.
tr'¡lcs of clrcrniclrl clra:rgcs u:;rrall.y
tirkc ¡llircc, prc<lrrcing nltrrrll gls
an,.l oil, brrt leuvirrg pirrt oI tlrc cìtr-
br.ln. Coirl is for.llccl irr tlris nlirrrrrt)r.

'I'hc ctrllorr t)rlt r.crnai:rs irl tltc
rocks .sontc.tinrcs slrorvs clt:arlt, thc
rratrrrc oI tlrc lltrr.icrl plrrnts urrcl l,ri-
nì:tls. Sonrcti¡ltcs evcrr itrtcr.rul or.-

I{:tr¡s ciln l¡c sccn. \\'lllt tl,r tlrc clrr.-
lrorrizcd Lc.rnuins in thc 1>lrotogrirltlrs
l¡cil,,rv slrorv -r,orr?

.t

Originr! Iìenrnins. Tlre photo-
gr;r¡ìi holorv slrorvs the r.e:n:ìi;s of a
¡cl.r'.ise of elt.irlrenis founcl in fr.ozcn
arr tic' s,ril. \r,te tliirt -skrn, hlir, und
Íì.,s]¡ rcnlrrírl r)rì n;tr ts oI tìrc ltodr,.
\\'lrv rlirl tìrc.r' not <lec.lr ? Ikri*
r:ri,;Ìrt llrc anirnrrl lr"r cj lrc,.,l,,lc
brrri,:rl ì,cfor.. clcc.nling or ìrcing
e:ti('ll:

,t
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Petrifiention. Petrifv rreans turn
tc¡ sî.o¡rc. 1'lrc proccss of petrifica-
tion is llot u'cll un<lclstood.

To the ltest o[ our knorvlc<lge,
grorrrrd rv:rtcr sonrct ilncs clissolves
rnrttcrirrls of rvlricjt arr orgirrrisrrr is

nladc, rcpllcirrg rrìolccnlcs u'ith
cr¡rral u¡rrorrnts of s<>nlc rniut.rû1.
'I'lrrrs tlrc fossil is;rlnrost crlrctlv likc
tlle oligir:rl orgurrisrrr, c*.c,l r*,1.,c'r

vicrvr:cl throrrgh ir rrricr.oscopc.

fi'
q

Slrells, bones, tceth, and rr.ood are
tìrc pirrts most o[tcn petrificd. The
pictrrrcs on tlris prgc slro.r. ¡lctrificd
trc'e trrrnks. Thc rçoocl h.is bcen re-
plrrcc'd bv silic¡r. \oticc ho*. rçell
tlre ap1:r.er iurcc oI tlrc trunks lras
bccrr plt,:clvcrl. Ifvt ¡r thc qrorr.th
rirrgs cltrr lrc scc¡r. Tl¡c cells tl,lt
trrncle rr¡l tlle rvc¡rtd c¿rrì tls(i Irc secn
cL'ru lv rvitlr tlrc rirl oI rr nricro-
s( ol)L'.
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INTERPRETING FOSSILS

- rlany enim:rls of thc ¡r:rst hlvc lcft r-¡nl,r,tlrcir hlrrtl, orrtcr coverings ¡s
fo.ssíls. lto ont' Ìi¡rtlrys cr:rctlv rçl¡ut tlrcic lrrirrr:rls s.crc liÌ¡e. S¿ttiîfuc-
tor' inferenccs rborrt forsils .rc ¡r'rsiblc '.ly if tlrerc nrc liui,r! .llr-
tivcs. The c!oscr tlrc relltionshill. tlrc r¡lorc likcly thrt trrrstiorthv
lnfcrcnces crrr bc nr:rtlc.

Fossìls shorv tllrt rel:rtivcs of cl:uns lr¿rvc llccn nrrrììcrous for nlillir¡ns
of Ie:trs. Thct'c['r., ¡t klto*Icrlgc of Ii'iug cl.r's is'crv hclpftrl i* trn-
dcrst.rnrling so,rrc of tlrc nrr:st c,.¡,rr,r.,o,, f,,.ìils,

.{ cl:r¡:r's IjrÍcrior. l)r o¡r ;r c.l,trrr of crch shcll. Tlri,s nrcnllrrrrnc ís
into rvrrr::l l'¡.tt-r trlrtil its shclls oPcrr. c¿r]letl tlttlnatúIe .

Pr:slr rr clril: of lock lrctr'cerr tlrc 'l'lre oltlest prrt of a.shell i.s thc
sl:,'lls to lccl) tìro:ìr or)(,rì. ¡roirrt rrcar. thc. hirrge. .I'lrc slrclì

Look ft,r tìrc torrgìr ligrr:nrrrt that -qr.o\\.s, 
iìs gllrrrls 

"1,,,ìi t],,, cclgc.s of
ser\ c: rìs a ìrin{t. frtr tlrc sÌlclls. ihc, rrr,rntlcr givc ofl' cìl,.iuni 

"i,1,n,.r-Tl,is-ìig;rrncnt elso lcts as n s¡rrirrg irtc rrrtl otllõ.chr,rnicrrls. Npte tìl:rt
u'l:iclr_ollt rrs tirc sìrt,lls. a sllcll <lot,s not grorv crlrritll;, in lrll

I-ook lrr'ts'ccrr tlrr. slrclls for a tlrirr tlirt'ction:-. In i.lricl, àir,,áticlr is
mcrrll)li'rc tll:tt ccrlllcs to the crlte qro*.th trrost rapid?

Ridgcs orr a shell also shorv that
grorvth is not r.egrrlirr. Eaclr rirlge
ri'lìs folrncd rlurirrg a pcriod -of

skrrv gr orvtlr. Large ririgcs prol'l_
alrl¡, r't.¡lr.cscrri l<¡rt¡"llcr.iorìs <¡f littlc
glou iìr, )-rrclì ¿ts dtrlirrg rvirrtcr.s. Tlre
agt: of a sl,r:ll clrr lrc r-,stirn:rtt,cì frorrr
tlrt'si: lalg<r rirlgcs.

Intcrirrr of a Cl¿rrn. Slíp a tlrin
kní[c Irlrrdc bctrvccn tl¡c slrt:lls,
licc¡lirrg it ck-rsc to onc.sllcll. Ctrt
tlrc rirrrs<'lcs tlrat lrold thc slrr:lls to_
gctlr('r'.

Iirlrl lrrr,k tlrc nr¿rrrtle fronr tlrc
l;od,y oI tlrc clarrr. Iìi¡rcl tlrc nìuscu-
llrr f<¡ot rvl¡iclr is tlrrrrst oL¡t lrctrr.ec¡r
tìrc slrclls rvllcrr tJrc cl;rur crit*.1s.

Notice tlr¿rt tlrc r¡n¡tlg is j6irrecl
at tlre rr:ar. of tlrc clarn to for.rir trvo
trrllcs cnllctì si/r/rr;rr.s. \\rltcr is
drirrvrr ílr tlrrorrglr tlrc Iorvcr sillhorr,
r)lrì9ilì9. irr_()xvgcn :rrrcl tirry pnrti_
clt's oI fr¡o<ì. \\rutcr.is fo¡.cerl ,rt,t
thlorrglr tlrc trlt¡rcr. siplron, car.r¡,ing
a\va,\' wnstcs.

lìcr¡lovc tirc lroclv c¡f tlrc cìrr¡lr fr.orrr
tlrtr sìrt'll. Notice Ilorv tlrc rnr¡sclcs
'u'lricìr clt¡sc tlre sl¡clls rvcr.e irttaclrcrl.
Noticc also rr.hcr.c tlrc nralrtlc rvrrs
atttcirccl to tlrc slrcll.

Iloil tllc trvo slrclls f<.¡r a fes, mi¡r-
,¡tcs and rerìì()\,e all thc tissrrcs.

t:Lir

TÙíT..; ,

Str¡ch, tlrc ntarkings on tl¡e ínterior
of tlrc slrclls. \\'lriclr scnrs slrorv
rvlrt.r'e ¡lrtrsclcs \\,ere attrchccl?
\\'lriclr slrorv rvl¡cre tìle mantlc rvas
attlclrccl? l)cscríìrc tlle scur u,here
tlrc si¡rltons rvcrc Ir>catccl.

Irit tlre trvo slrt'lls toqr_,tl¡".. 1t'U",
kcc¡ls tlre slrt,lls fro:¡r ircirrg tw.isted
orrt of linc ivitlr t.aclr r,tlrcr?-

Sl¡clls r¡f Iìclrtcrl Aninrals. Stud¡.
slrclls r.rf ¿rrrilnrrl; rclrrtcd to chnrí;
inclrrrlirrg ovstr:r:, scirll,r¡ls, nlusscls,
arlrl fossils like tl¡osc lr,rj,rr*,. Com_
¡rurc crrclr rr.itll .r'orrr c,l.rrn sllclls.

Tr.r. trr irnlgint. tìrr, ¿uri¡n:rls in tlleir
slrt:lls. \\'lrrrt u'us tlrc n.rtrrrll posi-
tion oI tlrc lr¡í¡¡rirls? IIor,.. 1l¡¿ i¡'r"r,
¡novc ¿rl¡orrt, o¡rt.,rr äntl clrlsc tl¡cir
slrt'lls, rrrrrl olrt;ri¡r foocì? Erpllin as
Iultn,\.of tlrc urrrrkirrgs on tlre shclls
as )'ou cíttì.
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Ifollusks. Clems l>elong to a

{:or¡;) of :rrrinlirls callcrl nro//r¡sl;s.
\f ost nrolltr;ks have .shells.

O:rc Civision of tlie nrollr¡s'lls in-
clrrr-lt's cÌrtr¡ls, ovsters. nrrrsscls, lnd
s('rr'lÌoi)s. Tllcsc anirnrrls lrc cirllecl

1tL'ltct¡pod'; (¡rr:lccr7-ìiltchct, arrd

7ror.¡-foot ) b.'c:'.rrsr. tlrr¡ foot of sor:te
slter.ics lt.nl irrcìs lrioìo.¡ists of nr ¡cicrrt
ìr¡itl.'rtrcs.

Clrstrr-'rlorls. r\lrotlrt r li'",isiorr <lf
lrloll'ltks irtcl'rtlt's ..,tr:tils. J'lrcsc :rrii-
l:¡.rlt c¡ltrvl or¡ rr ì,:,rrrl fclot lrs slro* n

¡lr,rve. 'l'l;c.r' u¡ c crrllr.<l gaslro¡ror/s
l r¡rriro-str'rnrrc'h, ¿rrrtl ¡rorl-fool ).
\\-)rr' ¡lo .,.orr 1l¡;r'¡- tlris rL,r¡ltc rvrrs
girctr to tìlcsc rtrririr.rlsl

Ger¡,-'r':,llr', q:rsir o¡;rl<ls llrvc r¡ne
I¿rrgt'. cr,ilctl sÌrcll. 'l lrt' slrcll is lnnrlr
ttl) clri¿'fh' oI crtlt írrrrt ca¡lro¡rrtc

Smoll :hcil-
\.r

¿-- ,--

Foot

i,orgc rhell

/

givcn off l-ry glands in the mnntle.
Olrc siclc of thc ln¡rrtle gro\\'s nìuclì
fastc'r tlra:l the othcr. IIo.,v rlocs tlris
affcct tlrc sh:rpc of the shcll?

Tlrc .qrrstro¡tocl in thc tlirglirrrr lurs
a sccorrcl slrcll. \\'lrcrc is tlris scco^lcì
sll,.'ìl rr'ìrcn tllc aniulul is clnrvling?
\\'lrerc is it rvlicrr tlrc aninttl is in-
sicle its shcll?

\\'i¡tch ¡r snuil cllrvl rrp tlrc gìls.s
sitlc of itl) rrrlrrirrirrru. Nr¡tr' tlrc
tìrr)\'ct¡lent of tllc fttot.' lìir:rl tlrc
tnorrtìr, fcclt,rs, nlrtl t'.r'<:s. I)ocs ;'cltrr
s¡l<'c irrt,:rr lutvc iì sccon<l sìrcll?
l)trcs ii ll¡tvc ¡r si¡rl¡¡¡¡¡? \\'Iut Iirp-
¡lcrrs iI r'orr cìistrrrlr tìrt. nnirnrrl?

l)r'o¡r i¡ snail irrttr lroílir rg rvtrtcl to
kill it. Sirrr' <lpcn tlre slrcll rvitìr a

fino lrì:itlc. l)ocs thc srrril's lrody
go to tlìc cu(l o[ tlrc slrcll? l¡'irr<l the
¡r¡rsr'ìt's tìrat llrrll tlre lrotlv i¡rsitlc.

Ccrrlrllo¡;ocls. -{ tlrirrl f{roup of
rn,rllr,sks inclrrr.ìt:s octopuscs nn(l
s<1rritls. TIrcsc arrirnuls u " clìlt:d
ccplr:rlo¡rt-.tls (cc¡rlrakr-lrcarl, ancl

¡rorl-foot) lrccarrsc tìrcy nrovc nìrrtrrt
by lrrcnrrs of te¡lt¿rclcs attacllc<ì t<r

tllcil lrcirds.
Livirrg ce¡rlraìo¡;otìs hnvc u.cll dc-

r.eìopcd c¡es arrrl [cntrck:s. IIou,
cìocs an octopus use its tr:ntacìc.s?
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[¡v¡ng noul¡lu¡

Judging from the nntìle, how matì)r

tentrclcs cìoes it h:rve?

Orrlv <-,rrt, lir.iut{ sPecies of ccphl-
lopocì luts a shull. 'I'lris is the t¡¡tr-
tilrrs sllor','rr :rìlovc.

Â ¡lirtrtilrrs slrcll is divide(l i'ìto
¡nluv clrlurrlx)r's l)tlt tlle allirtrirl's

botl.r' occrrpit's orllv tìtc ottttlr cllltnr-
bc,r'. ìiirc'lr oI tlrc otlrcr clrarnlrcrs
F('l)l oscrìls a hrc lttiotl c¡[ tllc anill-ral's

b,rtlv u lrt'rr tlrc Il¿rrrtilrts \vits sllìilìlct.
'l'lrc' nitutil,rs 1lt'o<lttc'cs a ttcrv lrltrti-
tior¡ c¿tc:ll tirrrc it rnovt's its lrotìr'

fiutlrc,r'torr'¿tlrì tlrc r'rltl trf tlrc slrr:ll.

Ilorv rrrirrrl' tirìrcs (ìi(l tlrc rrnrrtiltrs

rnovc irì nìirkirìÍ{ thc sht'll ¿s irr /ll
l¡ossil ct'l¡'!l,rl,rl,otls cittt bc: i<lclr-

tilìctl b¡' tlrt ¡lrtltitiorrs ¿ìrì(l clì¿t;rì-

bcls c,f tlrcil r;lrclls as in A. liorv clsc

arc tlì(ì slrclls tlillcrcrtt frorn tl¡osc of
otlrc¡'rnollt¡sks?

Tlrc rcstollttiolìs nt C and /) shorv

sr;,rur. ccpl,rrloptrtls tlrat livcd scVeral

nlilliurr )'ciìrs rtgo. Note tlr¿rt o¡re

ty'pt' hrrs it strrriqlrt slrcll ¿rncì orlc ìrrts

a croilt,cl slrcll. \\'lritlr parts of tlrt'sr:

nrorlt'ls al'c prclrrrl,ly c()rre'ct?

\1/lriclr l)irtt$ ¿rrc lrrrsetì trirott irtfcr-
errct's? llorv rrriglrt tlre ntotlcls ll¿tve

irpl)('irie(ì if tltc¡' rr'.'tc l.:,itst'<ì ttllott
<ì if [t.rt:nt i¡lfelcrrccs?
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Er¡ch-ionods. Brachiopods (pro_
nounc.crì brack-t-o-podi) .i"rc
a.n'io:ìg lÌtc nro:;t conì:lìolì animlls jn
nt:'.trr' :rnciclrt scas, Sonlc rocks
arc rn¡rlc rr¡> lrl:rrost ccrrnplctclv of
lr.,,.l',,'ìro,l rl,"ll,. Brirclri,,¡rorli ar.c
nt,t ltr';r: lr' :ts tìrrnì(.rotìs toclirv as
tlrr,_'. rr'.'rc ilr tlrc 1l;rsl.

lìrrr.lr;o¡orls are r)ot closclv rc-
l:lied ttr c!.rnls cr.err t)rorrglr botlr
t.rircs of rnínt;rls lrlve trr.à slrcll.s.
'l-lrc tli.r.gr.rrnrs b..l,rrv sllorv trvo inl-
por trli tlillcrclccs llcts.eclt tlrc
sh,.!ls: ( I ) tlrc tuo slrc,lls of Íì r)rìlec_
r'1,tr.l,rrc ¡ìnrclt aliÌ.c lrrrt tlrosc <lf a
Ìrr:rclriorrocl ilre rrrrliltc; (2) a br.rrc.lri-
opritl slrcll grorr.s c,r¡rr:rll1. orr lrtltlr
sirlcs of:r ccrrtrc li;rt' !lrrt ,i¡r"lc.,r.¡rorl

slrell doc.s nct. Try tç idcntif¡,
brlcìriopocl ancl pelccypocl shellr^ íír
a collcction of fmsils. 

'

. Tirc lllrotogrirl)h orì the nc.xt prrgc
shous tlrt: nrrtr¡r.:rl positíorr uf n lñ,_
irrg lr:;rt ìritrpotl. Tlris lrraclrÍopocl is
¿tttrrr.lrr.cl to rr rock lr1, a flcslrr; strrlk
rvlric.lr ¡rlsscs tlrrorr[lr a hc,lr.,,r.,,rr
tlrc lrirrgc Iiuc of tlrc slrclls. Conr-
¡rrrrc thc 1>ositiorr of tllis br.lclrit,potl
rr'ítlr tlrc lr¡trrrrrl lrositiorr ,,f a r.lìrru.

.\ lrlac.lrioporl hls trvo ann-likc or._
g¿ìns \\,itlrítì tìrtt slrt.lls as slrorvlr in
the rli;rgr':rrn on thc llcr..t l)uflc. lliol_
ogists orrcc thotrglrt tìurt tlrcst: or._
g:rr,s .ervt:tl for llrrlr ing llrorrt llrrI sc¡

tlr(..\' git\ c tllu aninl¡ls tl¡cir. uir¡lrc
(1,,rrrclrio-irrnr, arrcl p<td_ftnt).

iiou'ever, brachiopods .rernain fixed
in cne place most o[ tìieir iives.

Tire irrm-likc olgirns of a braclrio-
pod scrve for obtirirring fo,td ancì

oxvgcn. 'l'hcv alc covclr.'(l with
mír'r'osco¡ríc fingcrs callccì cilia,
rvìricìr rvavc' a crrrl'ent of rvitter illto
tirc sirclls. Oxì'gcrr arrd food prrti-
clcs are carricd in u'itlr tlrc s'atcr.

A lrlirclrioporl opcrrs arrtl closes its
slr<:llr lrv ntc,nns oI rlrusclt,'s. OIrc
sct of t¡trrsc'lcs ol)r'rrs tlrc sìrclls; an-

otlrcl sct closcs tl¡c't n. Sciu s on
enìpl.t' sìrclls slrorv rr'!rtre Intrscl<:s

rvr:r'r: attltcllctl.
l'ossiI brrrc]rio¡rods are fotrrl<i irt

rnlrr,r' slurlrcs rurrl sizes. Er:u¡linc as

nrarr), kirìds as ),orr can. Ilolrì a

spccinrcr) irl . its nltulai position.
Fiucl tlrc lrirrgc lirrc. Look for tlre
holc tlrrorrqìr rr'ì¡iclr tl¡c stirlk passed.
If tlrr:¡c is rro ]rolc', tlris spt'cics lrn¡
l¡rvc ccnlcntt'cl itsr:lI f¡st to u rock.

Noticc tlrc l'irlgr:s orì tlrc orrtsidc
of thc slrt.lls. Thcsc ridgcs slrorv
cl.rtrrgcs in .spccd of grorvtlr. \\'hcrc
is tlrc oltlcst prrrt of tlrc slrcll?

ì{oticc ulso tlrc lllgc litlgcs lncì
gror)\'cs orì s()nìc s¡tt:cirrrcrrs. TIrcsc
slrclls fll'e strorrgcr thln snìootl)
shcìls irrrrl it is lrt:licvetl tlrlt tlre ani-
nrirls corrlcl livc in rorrglr rvatel irlong
u,ri\'()-s\\'cl)t coirst s.
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l-ook f<ir n.lrrsclc sctrs on tlre in-
tcriols of brrclrir.rpod slrclìs or thcir
intr'r'rral nlr¡rrltls. \\'cll-preserved
sl)(.('iurcrìs nlt.r' lrlso slrorr' supllolts
[or tll,r :rrrlrs.
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Iloclcrn corals are found in col-
onics lrrade r:p of a great nraiirv tirry
aninrals. In tlre prrst, thcrc ir,ere
botlr coloni¿rl corals an<l solit:rr¡.
conrls.

It is bclit'r'ed tlrat the solitrrry
conrìs of tlre past rvcre sornc.,,,ll,rt
likc tllc seiì 1ìtì(,r'norìe slrorr.rr irt tllc
top Icit. A scir irllcrllorre is a suc-líkt:
¿urinrnl, opr-'n ¿ìt the top. Ar.orrn.l tìris
opcnirrg, rvllich scrvcs as a morrtlr,
¿rr'(,rìrrrì\' slrrull tcntlclcs. Tlrr,sc tcn-
tirclt's cir¡r grlsp srrraìl iurilnlls, siinq
tlrt.rn, urrd pllc<'tlrcrr.r irr tllc r¡rotrtli.
Brrt rrnlrkc cor':rls, s(.¿! urìcnìorìcs
Ilrtvr' ¡rr¡ lr;llrl plrts.

Fossils shou' tll¡tt a solit¿u.r. r.orrll
ìlrrilt a c,orlc of cirlciurìr carll¡o.¡iatc
aloLrrril its botl,t. Thc conc ryirs
strt.ngtllcrrcd insi<lc w'itlr lllittcr- nrrr-
trirr,; rrll r:ld clrtr',.1r. .,\s tìlc a¡lilnll
trcrr', it ad,ìt:cl to tlrr: conc lt tlre top.
li.xplrrirr tlrc sha¡le r)f tlrtr cor.ll shos,n
at tlrc lcft.

As tì¡c corìc gtcw taìlcr', tlrc ¿rrri-
nrll Ilrrcl to prrll itsclf rrpu.ar.cl occ¿r-
sjonrrll.r'. Iìrrch tinre it rlicl so, it pr.o-
tlrrcr-<l a srrp¡loltirrg fìt,or rulrlerl its

ì.*i.-z--'

Corals. Corirls rvcrc ûs inìportiìrìt
i¡r nrl:i-r'¿rnc.i<.lrt scas íts thcr.atc to-
dil Thev ofic¡r frlrrìc(l hrr,1c rccfs
v.'lrich :nrr.r' hlrr.c bcconle islllltls,
likr. ce¡t,rirr P.Lcific islrncìs toduv.

{

1

bod.r,. The dirrgrarn at the bottorn of
the oppositc pa1¡c slrorvs tlie locltiorr
of sonre t¡f thcse floors. if possilllc,'lrrcak 

o¡rcrr solnc solítury coìirls a¡rrl
ffrrd thc plrts dcscrilrt,tl.

'I'lrlcr. spccirrlt.ns oI coloriirl cor.:rls
arc sl¡orln lle'r'<'. 'l lrc t.r.pc tl¡rrt is
slro*,rr in tl¡c first ¡rlrotogì.rrplr livcs
torlir.r,; tìrc tr'¡lcs shorvn irr tlré scr_.ond
arrrl tlrild ¡rlrr,to{r'u¡rlrs lrc cxtinct.
Iìotlr spr'cit's l,¿rvc. ¡nltlc largc ret.fs.

'I'lr<' ¡rirrts slrorvn lrcrt, arc nlrcìe
rrp oI crrlcirrrn curlrr>n:tte. The llolcs
oll tlrc snlfuc.' ¿rrc tllt'collr.s rvitl¡irr
u'lrit'lr thc' ¡rìru¡\, tinv corrrl lninurls
orrcc livc'cl.'l.lr<''grori.tlr t¡[ tlre corrt,s
can lrc tnrccd rvìrt.rr a s¡lccintt,rr ís
brokcrr opt'rr.

f'llc lcstor¿riir_¡n slrorvs a nunìlrcr
of extinct anirnrrls tlrat nright lravc
Ií! ('(l t()g(f thr,r ilr nr¡ ¿rrrcicnt sel.
U|orr rvlrlt cvitlcncc ryorrkl strch ¡rr
ilr[ert,¡rct' lrc lruscrl?

Wlriclr r¡rotlcls arc of solitar.! cor-
als? \Vlriclr;rrc of q¡)11)¡¡¡ul cor¿rls?
\\/lrirt otì¡cr ¿ulinlrris carr vorr iclcn-
tif¡'? \\'lrir:lr l)irrts iu.c pr,ílr,rl,l.r, ,rc-
ctrrltt,? \\'l¡iclr ck¡rrlrtIr¡l?

Flerhy teôtoclet

Mouth

Restorotion of Solitory Corol
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Crinoitìs. Thesc animals look so
much Iike plants thrrt thcy lrrrve becn
nrrnrccì crittoids (crirro-lilv, and oi¿l

-likc). 'I'hcy rvclc r¡ncc nltrclr ¡nore
rìurììer'()rrs tìritrr todl;'.

r\, clinoitl's lrodv is at tlrc top of
:r strrlk. ils nroutli is srrr'¡'orurtìcil l;r'
scvclrtì urrrts l;crri: rg cilirr. Thc cíllrr
\\'¿rvc lr crrlrcr¡t t>f rr'¿ticl lrlortg
gloovcs i:l tlle arnls tou urcl tltc
m,¡trtì1. Plrticlcs of food ale srvcpt
r.long rvith tlrr: u'ltcr.

Tìrt: lrocl,y oI u clinoicl is srrrlorrnd-
c<l rvitll plltcs of clrlciunt crrlltou-
rtc. 'I'lrc stllk is rnltclc rrp of cìiscs

of tlrc .surnc nrutcrial. 'I-lrcsc rìis<:s

arrtì ¡rlrttc's trsrralll, f:rll irllalt rvlrcrr
tlrt: soft Pirlts clccu\,. Tlrclcfolc,
cttnrlrlc'tc lossil clinoicls alc ralcly
forrrrrl.
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Trilol-¡itcs. TIlese animals rvcre
givcn tlrcír rrarnes bccause tlreir bocl-
ies huvc tlrlec lcrrgtìrr','isc divisíons
cirllccl lolrcs (tri-tlirce, arr<l /o/-¡os-
lol>c). 1'¡'ilolritcs wcrc oncc co¡rì-
nlon l¡trt i.tìc no\v cxtinct.

.4. trilolritc' l¡:rrl :rrr cxtcr¡r¿rl :;kclc-
ton divirlccl írrto ntunl'scgnrt'nts likc
tìrosc t-¡[ cr¿r,r'fis]r, (i(ìr,til)(:(l(.s, ruld i¡l-
scct¡-. It is l-tclicvcrl tlrrrt tr.ilolritcs
slrltl tll<'ir skc'lctr¡r¡s scr.cr.al tinrcs
wlrilc grox irrg, jrrst ¿rs insr.cts <lo.
Tlrcse skcl<:to:rs rrsrurllr, fell Lrpnrt
¡tnd lrlr: trot oltc:r forrntl co:rt¡tl<.tc.

,\ fr:"v fossil trilolritr:s sliorl'li¡rrlrs
u lriclr cotrltl lur'..,-r lrr:crr rrscrì for
rvirlking. ,\ fc.,r,shorl li¡ulrs tllrrt
corrlcl llavc lrt:t'rr trst,cl [or srvinrrrrirrq.
ì\lost trilobitcs hird cvcs; tlrc c.r,cs of
sornc sllccics wcrc conì[)orrncl likc
tlrc c,vcs oI c<:rt¿rilr in.sccts. \lirrr¡,
tlilobitcs lr¿rcl fcclr:rs on tlte hcacl
ancl a lcrv lrrrcl fr.c,lcr.s orr tlre r.ciìr irs
rvcll.

Tl¡c lcstoruti<¡rr sl¡rrrvs tn.o kirrcìs
ol tliL¡lritcs. \\'lurt arrinrtl is cap-
trrling l tlil.olritc? \\:hlt otlrcr ani-
¡rurls c¿rr you irlclrti[,r.'/
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RECONSTRUCTING ANCIENT ANIMALS

Rr¡nes of ln:lnllroilrs l¡lrvc !¡ccr¡ forrrrrr in ¡ììiì¡r), I)lrts of trrc Nortrrcrn
he:rrisIlrcrc. \f.rrrr' ¡>cr¡rlc < rnirrcrr t!rirt trrc1, ri,eie trrc skcrcto.s .f i.
nrrrs. s,me Pe.¡rlc tlrorrqlrt trlc'¡ ro rrc rl.nes of rrtrqc,r,ol", b"",,,T,.
t'lrr'r'rïcre alluls for¡nrl lrr¡rie<r in soil. Elrrl,r,rttcri¡lts to usscrrr¡lc
skcictolls ¡rrorl,,cctl sornc ir:rì:rzir¡g (,r('rturcs, cs¡lccilril,v rvrrc¡ trlc r¡¡¡cs
of trço ¿urinl:rls rrcrc lrrirt.rì.

- Fi:r.¡ìl_v. ¡ f(,\\.(.r)rìrl)lclc skclctolrs rr.cr.¿_, tlíscr¡r,,crcrl i¡lrrl rccogrrizq<l :rs
bc!',rr."i¡.. t() u r:rcc of clc¡rlr:rrrts. Sllccilrrcrrs fotrril 1a,rr",.,'ir¡ ,:r.ctic
50il grrrs iIlÍol¡tl.rtion rtl¡r¡rrt tllc Il,rii ¡rll<l skin. 'flrc ¡.ccon:;trtrcti.lr
slro\\'n lì('rc i'; ¡rrtrlrrrlrlr':rccrrrirtc, Irrrt ¡rs l;¡tc:rs lg00 tllc t¡s¡s rçcrc
shor|n ¡'o¡¡r¡i¡:( or:t\\ itr(1. Nc\\, (li:,covct.ics r¡r¡t.t, nr:rl¡c otlrcr ctrlu:ge-s
IìCCC 5S:t f\'.

The SLc!rtorr. 'l Ir,-' rcconstrrrctio¡l Irrtctl irrrinilrls, a¡rd nrrrkes ilrfclt,rrces
o[ an nnirrr.r! .rf tt'rr lrc.girrs u itìr a Pitc allotrt tlrc siz.r:s ¿rrr<l shirpr,s oi tlrc
of lxlr,.s. .;\ tit,trloqist lrlrrst fir.st ior.t nìis5-i¡ì{ l)otrcs.
o.t 

.r!Ì( 
sc lr.rrt's, kcePirrg-orl,\, tlrose 'flrrJ gcol.gist tlle' 

'r.rrlts errch
of tlrc ¿¡rir.,rl i''r*1,ícìr lrc is irtcr- r¡o'c iri.rvlr,ñ hc lr.lie'es to bc its
c'stc'd. Jf sr,rrrc lror,,'s sccnr trl llc ntttrrr.rrl ¡tosiLiorr. \Vlr,v is ¿r knorvl-
rrrissing, irc strrdics skt.lctons of rc- cclgc ol'iívi,rg rcl,rtivt:s oI tlrc ¿.r¡irr¡lrl
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a ¡jrc¿ìt Lelp at tlris firne? !Vh¡,rìoes
a gcologist nrnlic rcc.orrls of tile ar_
rtngcnrt:rrt of tlre boncs l.lc[<_¡rc rc-
nro"'ing tlrcnr frorn tlre rocks?

f-l¡c Flcslrv I'¡rrts. Â gcologist
nrust ntiìlic rnlrr¡, irrfcr.cncãr rvl]ile
recolrstructing tlrc rrrtrsclcs irr¡cl otlrcr
soIt ¡rrrrts. ][ lrc crrrr rlccitlc [r.<lrrr
tl¡c skr.'k'torr l lrctlrc¡' tlrc alri'¡¿rl
flcrv, srlarrr, lro¡rpccl, rrrr, or rr.¡rrì-
,,llctl, l¡c c.irrr rlct.icle rvlrich lut¡sr.lr:s
llrt,l t,r llc l,r¡'tjc. Scll.s orr tlrc Ir¡rr,:s
sìtr¡r,' ..r'lr,.r'e tlrc rl¡'sc.lr,s \\'c'c at-
trrcirr:d. 

. 
Krror'. lt,rlqc oI livintI aní-

t¡ritls is of slerrt lrcl¡r at tlris tirìle.
¡\ Lr-.c,or¡st¡ t¡r:tiorr is rrot ltrlrrlc ot¡

tlrc oliqirral skclct,ru. Ilrsic:rrl, lr
flar¡rcrvolk ttI r.,,tls lrrcl rr.irc is rrsccl
to srr¡t¡llt 

.clrry or. otlrcr rnodclling
nrltr:r'irtls u'lric'h cal¡ Irc cnr.r.etì to tlrãtorÈ-q r¡ i.#Jd{ ìe i4..¡.¡
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<Jcsilcrl slrir¡rc.
sc.lcs, IIair',.r¡rl lrc'tlrcrs. .A gc- rvhcthcr to co'cr it *,ítrr rrair, sc¡rres,ol.qist t:ittr ottl,t' 1¡ttcss lìt tlrc corãr- or feirtìrcrs. 

'c 
r.lr.oscs r,. hate'erirrg t, ¡rrrt oa nlirl\' ¡'t'c<lrrstltrctio's. cor.rrrs st:crt re:ts.¡rlrrrre.r\ lt:rr' ¡rÌirrts rlf ft'ltlrc'¡s 

-lrrrcl 
sciil¡' 'l'lrc rcstorrrtir)as 5acn írì l.rrscL¡r¡lssl.i. lrrr'r: lrcc' rli.sc.r'c'r'cl. Å rittre arc l*.rr^rl 1l.r'tr' orr r",l,r'",',,i p.r,l-"lllír' !rls hct.lr [orulrl irr crn,es :rncl or.ì iufc¡.crrccs.- \\.]lcn IuufJ,rS otfrozclr soil. (ìcrrcrrrllt,, a qco.loqist tlrcsc rcstor,,iiu,,r,'rr."rl,ä"ia l."prrrrrst rl.?crrtl trporr hi-s krxrrr)i".r.q.ì'uf i,, rr,ir,rr * r,i,:r, lru,-tiu," .,ì'iììtr.r,rr.ìi'irg rrri¡r.ls rçllcn dcciclirrg rviictrr-. Ír.crrr.rrtc ,r.cr r'rricrr p", i,å"i'iì,,r,t'r to givc ìlis nrorlcl a lr,rrc sl;ill or. not lrc ¡.tc(.urrtc.
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Obtaining Skeletons. Skín a small
alritnlrl, strch as a cat, a¡,-l re¡ìo\.e
tl¡c i¡'tc'rn,rl o:-rq;uls. Cook the ani-
nlt¡ul)trj il.e rìl(,itt is soft (:r l)!.essure
co'.-r.ker,s¡rccCs tl,c, ¡troct,ssl) å,'r,1 r"p_
:rr:ttc tllc.L,,ng5 f¡6,1, tìle r¡t.¡t. l)i,
tì'le lrrr,in fr.tlln tl:c s\ull u.itìr I stilïrvirc. iJr;rl tlrc. lrc:r,,,s Orrcc rnorc, tìris
tinlt, i¡l stìr)n.{ soll), to rt.rnove tllc
gr(.û_\c.

If 1r65.¡l;t¡, r,Ltrrilr skclctons fr.onl
scvcrrrl kinCs of lurirrrrrls. lt is rvcll
to lll:rrk tlrc borrcs of cuclr n:rinl¿ri
r.,itlr ctrjorr¡r,tl P:rj¡rt tri lrt,lp irr s,lrtilrq
tl¡cln if tlre.r'lrt.cor¡lc nìir",l r".i_
<lc':ltrillr'.
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. Âsscnrbliug a Sliclctorr. It is Ilclt¡-tul to assen)ble a skclcto,., y,uurr"lf
to bctter rrnclcrstarrd lluru ,í g;;i;-
gist rvorks. I¡irst st-rrt out thc"loo-se
llone.s, pr:ttirrg sinlílur ¡nn"r-'- tolgetlìcr. Tlrcrr pll<.c tlrc llr¡rres ín
wluìt srJcnì)- tt¡ b¿r titcir.pt.ol)r,r posi-
tions,in tlrc s.kt:lct<.¡rr, firtlrrq'tl¡cilt ls
c.lost'l¡, togctlrcr. as ¡ossilrÈ. I Iorv_
evcr,-do rrot try.to l¡rorrrrt tlrrr 5t¡1,1c_
ton; lrr¡, tìre lr<.llcs lìrrt :rs slrrlrr,¡r lrc_
Iorv. .If ,w)u cirrìnot fi,,,J pl,r.c:; for
sonle l-roncs, ¡lllcc lltt.rn irt or¡c sidcr.

.Aftcr. ¡ ou hrrve asst:lrrlrlccì a skclc_
ton, lrrltice Irorv nl¿rrrv loor-c l¡tlres
)ou crtn irlclrtifi,.
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Infcrcnces f¡om Roncs. Scars on
boncs sltrlrv rvl¡cre nrrrsclcs \r'cle At-
taclrc<ì. Ccncr¿ll.v, tlrc lrrrgcr tlrc
nrtrsclc, tlrer lalgcr tlic scnr. Notc
tlrt: sciu's olr tlrc lt:g lronc nlrovc.
'I'lris rrrri¡n¡rl lrltl lirlgc crtlI nrrrsclcs.
\Vlrrrt t,vpt: of ruri¡rntì rrt.'trtls lirlg<: c'ulI
rlrrrsclr:s? \\¡lrlrt t.r'pr: <locs ¡rt¡t ncccl
l¿ut]c cirlf nrrrsclcs?

Strrrl¡'tlrr: pic'trrre of tlrc lrrcast
llrlut: aritl conrl)¿rrc tllis rvitlr.votrr
orln lrcrLsI llollc. ì,ltr',¡tt cltcst ltirrs-
clcs rvclc irttirclrr,tl to lroth sirlcs of
tlrc ccritlr,ìi.ccl. \\/lrrrt t1,pt'oI irni-
rural rtccrls lirr'gc clrcst nrtrsclcs?

Thr: lirrgc,r lrr.rrrcs oI rrnlrl' auirnuls
¿rrc Itollo,.v. \ltlr:rt is tltc urlr,:rrrtirgc
of a lrollos' bc'nc? \\/hrrt typcs of
anirn¡ls rníght rrr:crl lrrtllorv llorrcs?

Àlost of tlrc lrr¡rrr:s o[ the ncck,
back, anrl tiril lrrrvc s¡rirrcs ancl othcr
projcctions. Ifusclcs are lttnclrccl
to tlrcsc projcctiorìs. Trvo scts oI
t¿ril Ironcs ¿uc slro\vrì. \Vlriclr bc-
longcd to iì st¡onfL mrrscrrlrrr tiril?
\Vhiclr \\'c¡c piìr't of a rvcak tiril?
Ilorv nrigìrt an anir¡ral usc it sttl)ug
tlil? \\¡lrut ¿r¡riurrls lr¿tvt: ncrccl [o¡'
srrclr tlils?

\\¡l¡crr: lì'c tlro c¡,c sockt:ts in tlrc
skt¡ll sìrorvn ìlclc? In rvlrlt positiorl
rvotrld _yorr cxpt'ct tlris lnirull to l¡rild
its Irotl¡' nrost of tlrc tirrrc? \1/hrrt
arc sonrc anir¡rirls cornrnonly scerr in
tlris position?

Cornpare ),our il¡fcrcnces rvith
tìrose given lrrtcr irr tlris clrrpter.

lrlirkc a strrd-1, 6f borrcs oI diffcrent
aniluals. Notc tlrt'sizc iutrI arr:ìnge-
mcnt of fr¡ot arrcl lcq lr,trrcs, then
nl.lkc inf!'rcrcr-'s ulrr¡rrt tllc lr¡Lit.s of
tl¡csc:tr¡irnuìs.
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Earlr' ..\rnphibians. This skclc-
to:r beìonqcrl to :rn anrpirillilrr u,lrich
h.rs 5ee¡¡ er:,.!n'..t for llllrll... lnil-
lio:rs of .r'elrs. )iote ilre sÌr,rpc of
tlre skrrli .rrrrl tlre tr¡lc.s of Icrls.
\\'li.rt ilrfcrc¡ir-.cs clìn r.,i, 1,.,"k,, {r,ì,,1
tl,c:c lror,cs?

Corril;:rre tl¡c rjlls, lrrrckbollc, lrr<l
t.til ìro:rt's rçitlr i.lrosc crf a crrt. \\'lt;rt
init.r,:l¡c.cs ciul _\.ou lllnkc tlrorrt tllc
airt¡rìrilriirrr fronr lr,¡rlcs?

The photograph bclorv shows a
restoration basecl on oue geologist's
infercnces. \\¡het parts of theìni-
maì arc prohrbl¡, corrcct? Whnt
parts nlay br: illaccrrratc?

\\'ìlat in[cr-crìccs cltì yorr nrirke
alrr¡r¡t thc hrbits of tllis ancicnt
rrrrrlllrilrirrn? Brrsc lotrr thirrkirrg on
l¡r¡tlr thc skelctori ancl on !n,,.
knr-'rvlcclge of tìrc hrl>its of livirrg
arn¡llr ibilrns.

ìrr.
ì¡
..ô
( . ì,
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, trl
'ì ì :ltr 1:+..

TIle Ilariiest Knoryn llird. This
ft¡ssil of a ltircl is tllc ear.licst one tlrut
is krrorvn to gcologists. IIorv rlo tlrc;,
knorv tlllt tlris pr.t,lristor.ic i¡nirrl,il
rvas t lrír'rl?

I¡r *,lrirt wuvs itrc thc [r.ont lcgs
of tlris l'ossil likc tlrc f r orrt lcls
(rvinus) oI a livirrg l,irrl? Irr rr.llãt
\.\,¿r.\'s ¿ìrc llrc,y rlillcrc¡rt? Cìorri¡lare
tlre trril of tlrc fr¡ssil rvith thrrt of ¿r

living bir cl. \\/hrrt infcrcnccs c¿ìrì

Eryops
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f
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,v_r-ru r¡lirkc aborrt tlre lì¡.irrg abilit¡, of
tllís arrcicrrt bir.rl?

Notc tlrc tcetlr in the skull oI this
fossil. \\'lr¿tt livirrg bircìs h¡r.e
tcc tlr?

J'hc restorttior¡ shorvs an arrírn¿tl
tllirt looks uror.c ìrlic a reptile rr.ith
fcrrt.lr<'rs thrr¡r likc a ìirìrrg bir<ì.
Gcologists lrclicre th¿rt tlris 

-ancient

ltird rvls clttrclv rt.latcd to certnirr
rcptiles.
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Which type of tecth in the s!:ull
at. .{ are most higlìly developed?
\\¡hich teetli are so small as tò be
alrnost r;selcss? Dcscribc tÌre rno-
lars. Þ-or rvhrt purpose rní{:lrt tJ¡e
rnclrrrs l-rc rrsccl? \\'hut infcr cnccs
ci.uì )'crr makc about thc foor'l of tlris
an ! nr liî

'l'l,c skrrll ¿ri IJ li:cks e¡ro +y.pe of
totrtìr. \\ilricll is ltekinq? \\,hiclr
t\ pc is vci,v higìrl.v cìc,"'t.ìo¡rcrl?
IIorv rrriglrt tlris t.r.¡re of tooth lle
trs,.'cl? I)csclil>c tlrc niolar.s. \\/lrlt
is ilrc aclvr'.ntrrqc of tllis t,r,pe of rno-
lirll' \\'lrlt Íottrl clecs tlris lninral

-Æ¡-..L-Na l:,.,,-* ,.- . .-- 
^-_;i

Infere::ccs from Teetil, O:_rr o.,r'lr
jarvs co:rtrrirr fotrr t.r'pcs of tccth:
(l)crrtt:r:g teellr 1i:rcisttrs), (2,t t""t-
ir:q tt,ctÌr (<.:rrrirrt,s), (3) crr:shinq
tectìr (ìricr:sl>irls i, ¡11{ (.1) grirrrlirrq
ieclìr (ni..ìrrr's ). Tlrt'sc t,\'lx,s ru.(,
¿tlrorrt c<rrurll.r' tlcvt'lo1.;..tÌ. \\'c corrltì
¡lr',il,ul>lv clrt a nlir<'tl r.t'gctrrlrle irrrtl
¡:'rcrrt <lit't if rr.t' rr.t,rc rçilcl ¡uri-
rn:t Is.
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¡rroìrtl:ìr'ciri?
St',rcìr' tlrc sktrll bclorr. antì the

cli:r.¡r'irrrr oÍ olrc of its llrolar.s. IIorv
nriglrt tlris rrnirrr:rl usc its fr.ont tc,c.tlr?
l¡or rvltrrt ivpc of foocl ar.e its ntc;lurs
rvcll fittccl? \Vlrat iu[cr.crìccs cr.11
vou nrrrke ulrorrt tlrc foocì of this ani-
nlal?

Infcrcnccs lbor¡t foocl llnlrits ar.c
¡tot llu :r_r,s rlcpcrrtlrrlllc u'lrerr l;¿rsr.d
orr tt't:tlr irlt>nc. l.-iurtc úortrc aninlltls
thirt !trrve tcctlr fittc<l [or eat irrg
nrcrrt lrrrt u'llicll clt as lr,rrcìi ¡tl:rni
¡nrttr,'r'i:rl as l.nc.rt[. Can ¡,orr rrltrrte
soruc ¿rrrinirrls rvith tectlr fittcd lìrr
eirtirrE plrrrt rrrrtcri¡rl lxrt rvlriclr cat
¡nclrt?

What typc of foocl is probablv
caten bv the fish rvlrosc skull is
:.ìrou'n lttrre? IIorv lnar. thc fish use
thcse tccth?

Cornprrrc thc bills of the bird
:,ktrìls slror',n hc.rc, \\'ìrlt arc sonlc
'tlossibkr rlil[crcnccs in the food of
t lrcst. l¡ir.,ls'l 

J/:
cr I ltc K I ^\-c i \ Ft,tn t,l )icES

?irlcLr rÌs (,'ir¿cs; (1) Tlrc l;rrgcr

¡rtírtts lt t)rr: !r..ft of crri| qro¡p \\,()re
¡n¿rrìr, lry tìrc ìrir¡tì ft'ct. Thc anintal u.rs
travcllíng to tlrc lc[t. It rvls ho¡rpinq.
,i2)'l'irc trlclir ilt tl:r slorv u.c¡¡_, 1¡ll<lc
lrv l rlitlkinq lriltl. 'l'hc fossil tnrcks
rvcrc tnrt<lr: ìrv u r1,1'1il1. tlllrt rr.ir)kc.d ol,
t\r.o lcgs.

Inlcrctrc't:s lrortt Ittctsttt¡ictc Rcnnins:
ril) r\ ';irrrrt auilnll livcrl iu tlrc ¡c-
1¡iorr rvlrt'rc thcsc boltcs rvcrc furr¡lcl.
í2) 1'lris f,rssil slrorvs tlrirt fcrns ]ivcrl at
st)rn(: tirrlr.in tllt: P:rst. (3) lirnpiv snriì
iutrl <lu¡r slrr.lls rvt.rt. prolr.tlrll, rvirslrr.,<l
ínto ;r ¡tlrrcc r,r.l¡t,r.r tlrt'v s't.r't' lirtt,r c.or'-
t:t'c<l lr1,sr.tlirnt.nts. (.1 ancl 4rr) Tlrc
st'grnt,ntt.<l lro<ìics srrggt.st tlri¡t tllt,sr:
¿uri¡nlls rvcrc rcl¿tti',,cs of insccts ir¡rcl ./
t:rityfislr. (5) 1-lrcrc irrtr fossil rt,ptilc /
c.qgs. Rr¡r'¡t.s oI rr¡rl¡ltclrcrl rìinosuurs
Iritve l¡ct:n forrrr<l i¡l st¡¡rrc of tllcnr.
(6) '['lrcsr: krok likc rl,orrn lrtrrrorvs ln¡clc
in rnrr<l tlrlI lrt,cl¡¡rrr ror,k lt>rr.q lqo. If
llrt'y rvt.rc rrtitrìr: lr¡, \r'onns, lr<l tr,rcc of
tlrcir so[t lrorlics l¡rs l¡r'cn fotrnrl.
(7) ()orrrrt tlrr,lcgs. It 1.>r'olrrrlrl¡,rvrs a
::¡ri<lcr. (S) 1'lris ccrtrrinll lot-¡ks ìikc
lrr¡rrt'.\'r'o¡rrl¡ lrrrt gt'olo¡iists lrt.lír,r'r, tlrirt
it rvits a lrit oI rr¡r'irl. (0) Yt,s, it is a

st¿rrfisll. St¡trlislr lrirvtr lrr.cn nlnrì('rous
lb¡ rrrillions of ¡,curs. (10) 'l'lris spt'ci-
ulcrì \\'tìs orrcc lirl¡elled as tlrc skrrll of a

¡n:ur tllorvnctl i¡r tlrc Crcrrt Floorl. 'l'o-
<Lry, it is l¡clit'r.crì to lnvc l¡ccn tìlc skrrll
of a gitrrrt slrllrnl¡rnclt,r.
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Infe,crrct's Iron I]ottcs: (l) Ànímaìs
tlrat rvirlk rn<l run need mtrch largcr
cirlI musclt's thrr¡r cLr arrilnrrls tlr.rt s*.i¡n.
fly, or crirrvl. This is tlrc lcg bone o[ a

,lug (9) ,\nirrrals tlrlt fll rr,,,,.d strong
cl¡cst r¡rtrsck,s l¡Lrt tÌ¡is is tlrc brcastborre
of a clritLc'rr rvtlicir <locs ¡rot fl'; rr.tll. In-
fcrcrrccs curr bc u rorrg- ( 3 ) 1-lrc riglrt
sct of t¡¡il lrorrcs ìrcìorrgr.rl to a¡r allig;rtor
rvhiclr trsccl its t;ril [or srvirnnring. Tlre
sct of lro¡rcs nt lt,ft lrc)orrgecì trr a cat.
(J) 'l'he c¡cs of tl¡is arrírnel \\(,rù et tlìe
top of its hcad. I)robablv it kept its
lrclrrl lorv and íts botlt, ilr a crt-rtrclrirrg
or crarr'ìirrg positirrn. It is tlre'skull
of t fr,rg.
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Ilal¡its of l)inosnurs. This rcsto-
ratiolt suggests that diffcrcrrt dino-
saurs ha,l diffc.rcnt fecdirrg lral-rits.
l-lrc' skulls sìrorvrr hcrt: prrivide the
cvirlcnce for tiris infcrcncc.

- Strrcì,r' tìrc skrrlls. Whirt tr.,pe of
foorl clo ¡'otr tlrink elclr anirrrli atc?
\\'hv do ;orr tlrirrk so? Iirplliri rvhy
¡'otn' irr[c'r'crrcc rììiglrt Itc u,r.ong.

Notc tlre positiorr of thc dirrosntrrs
ín the rcs,.or.iìtí()rì. \\,1r1, is it trrr-
líkr..l¡'tlrrit tlrc sktlctons rr,¿:r.c in tlris
positiorr rvìrcn [orrrrcl? \\¡hrtt t.v¡re of
e','itlcllcc Iììrr¡, l¡o1's sug{r:stcil tlrirt
tìrt.' rrniuritls stootl <lifl-cr.crrtl¡.?

Tlrc lrrlgc clir¡oslul. i¡l tlrc for-c-
glorirrrl, crrIlctl 1'¡'rarrrrt_lslultrs rcx, is
slr:r¡rcrl sorucu'lrrrt likc ir kar,grrr<_ro.
\\'lr.l' dr¡ )'ou \uPl)os(, it is slrorr.ir r trlr-
nirig lirtìrcr' Iltluì lroppil(? Notr: tìrc
u'n¡' tlris clirrosrrtrr. holcls its t:ril. Ex-
plirirr tlris ¡rositiorr in tcrm.s of a díno-
sirur s ccrìtlc of rveight aud its bal-

l'i';.- -'¡ i;" u ,i',.-.¡ii..::4
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Ilestorations of Plants. This res-
tol'ation shorvs the t,v1le of forcst tlrat
prodrrccd thc glerrt bccl,- of coal in
Pcurrs¡,lvlrriir. Fossil.^ likc tlrosc
scen herc sllorv tlrut thc for.cst rvrs
m:rtle rrp oI qiartt ft:r.rrs togtrtlrcr. rvitlr
ccrt¡rin of tìrt:ír r.cllrtir.cs, such as
clrrlr lrr-rss,'s rrnrl lror..sr.tirils.

Ât u lrttr:r tinrr,, tlrt.girrrrt ft,r.rrs
st:cnr to ll¿rrr. lrt'r.rr cr.orvtlr.d out lly
corrt.-lrerrlirrl¡ tr.r:t's lrrrtl L,r, tr.ct.s lr¡r,k-
irrg Iikc pir,scnt-rlirv it,rl,rr tr.ct.s.
\fr¡clr lirtt'¡, llorvt'rirrq tlr.t,s lrr.,culuc
plcrrtilrrl, srrclr as rrr,rpl,:s, clrlrs, itrrcl
orrks.

- 
Sttrd¡, tllc lcstor.¿rtiorrs tlrr.<lrglrorrt

tLis clrirptt:r'. \\'lriclr slrorls ¡ilirrrtslikr: thosc alrovt,? \\,lrich ihorvs
Itlolc trlotlt'ln lrlokirrg tr.t'r.s? \\/l¡iclr
sccuc lel)rcsr.'llts ¿r¡r olrlr.r pr.r.io<l irr
tlrc cir¡ tlr's Iristor'¡'?

\\'l¡rrt ilr[t'r'crrc{,:r (.iur lrc rriltlc [¡.or.¡r
tlre lcstolrrtion slrt¡rr,rr on tlrc o¡r-

.llrlsitc ¡rr{t,?
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l. Rcconstnrct thc skelcton of some anilnal,
sticlr as a rrrbbit. Tlrrcatl thc l¡ackbo:re on
a hcar",' rvirc and bcritl it to tlre propcr
cun'c.s. Drill tiny holes at tlrc joints and
f¡tstt'rr tht: boncs togctlrr.r u,ith firrc rvirc.
Drill thc tot.s lcrrgtlrs'isc nncl tlrr.eird thcrn on
still s'irc. Attach lhc ribs s,ith qtrick-scttirrg
ccDlcD t.

2. \fakr: ¡r <.ollccti<¡¡r of fossils, Prt.prrc a label
fr>r cuclt, givirrq tlre na¡nc of tlrò grotrp to
rvlritlr it lrclorrgs, rvl¡crc it u'ns forrntl, rrnrì
nnt, irrfcrcrrct:s !ou ciln rrritke fror¡r tlrc spcci-
nìc!) or rock in rllrich it rr,¿rs forrncì.

3. Collt-c't r<'col¡stn¡ctitrn pictrrrcs <¡f rrncicnt Iife
a¡¡d use tlrcrrr for ¿r lrtrlìctir¡ l¡r¡¿rnì cslriìlit.

4. I)isscct thc lcg of a clrickcn or r.nlrbit nnd
locatc' tllc rrrrrsclcs, tcnrlons, anrl lig:rnrcnts.
Fincl tltc sclrrs shorr,í;rg s'lrerc tl¡esc rvcrc at-
tncherl to thc boncs.

5. Collt'ct fcrns, cltrb mossr.s, and horsctrils like
tlro.sc slrorvrr lrcrc. Usc tltcnt to constnrct A

nrínintrrrc coal-rgc forcst scc¡le. I)o not adcl
nlotìcls of ullillllrls rrnlcss 1'ou irrc strrc tlrlt
tlrr.r'livctl in tlris t¡,¡rr: of frrr.cst.

6. lìcrrrl alror¡t tlrrl fossil cvitlc.ncc rr¡rorr ulrich
r'(.stl¡¡¡li6¡¡5 oI early nralr ¿¡rc besccÌ. l)c-
scr'ílrt' tìlis cvi<lc¡rcc ttr ye¡¡¡ cllss ancl ex¡rhirr
tlrc inf<'rcnccs tltat har.c l¡ccrr matlc fronl it.

7. Px'parc ari crlribit slur*.irrg <liffcrent rv:iys
plurrts arrrl urri¡rrirls lravc l¡ccn fossilizcr].

Experirncntal
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Otlrcr Invc.stigrrtions and projccts

l. Itrcplrrc lt dir.¡rlrrr:r slrorving a rcconstructíon
of ¡ur,.'iclrt lifc in lnirriirttrrc. L'st: ;r cartllrrtltrtl
Irot opt'rr rrt tlrr' fllrt [or tl¡c cirsc. pirint rr

lxrc.kgrorrnrì crn a strip of r.artìlrolr.cl rviricil
curvcs flctoss tllt: back. \fakc vcgct;rtion
fr<-¡rr¡ stit.Ls, rr irc, irn<l co!oulctl .,..pJ u,,p,.r.
(ìorrsïrrrct rnotlr:l rurirnrrls Iro¡,1 cllrr.. i,, à,.,"
<li,¡¡¡¡,,,,, sllrrv o¡,lv sPt,r.it.s tlr:rI lii.crì ut tlrc
srtrlt. tir¡rc.

2. l\lrrke a resIrrrntior¡ of or¡c of tlrc fossils r.ou
huvc c<¡!lcctccl, trsírrg cllv, ¡rirpcr, an.ì oí1,".
nr;rtr-,r'ills ts ncctlcrl.

3. Iì<'ird alrr¡r¡t tlrr: rlillcn:rrt kin<ls of [ossil horscs
tlr¿rt lr:rvc lrt'r.¡r foullcl ¿rr¡<l u.rite ¿r rcl)ort on
tlrcrn, illr¡struting tlrc rc¡tort rvitlt pìctrrrcs,
tìilrgrrrms, arrcl rnlps.

4. Iìt'ltrl ¿ilrc¡r¡t tl¡c fanrorrs Rl¡rcllr¡ La lJrca tar
pits in Los r\trgclcs. Rr.lrrrrt ttt ¡,orrr class on
tl¡r:.¡nnny t,l,¡rcs of aninlrrls tlrlt rvc.rc trappcd
irr tllc tar.

5. 'ì'¿rkc l tlill hr u mr¡seunì to scc fossils nnrl re-
constluctior))- of ancicnt Iife cshil¡itcd there.
Rr.¡rort orr 1,orrr visit.

6. Sttr<ly tl¡c fossils a¡r,.ì rocks of yotrr rcgirirr antl
nr:r kt' ir r [r:rcr rccs nlrorrt co¡lcl i t i<,ns t hai cx istcrl

_ <lrrrilr( tlrc pcriorìs r¡f ti¡ne rcprcscritt,<1.
7. I'r'cpirrc a cl¡¡r¡.t listirrg tlrc rnrrjor pcriorìs of

gcr,hrgic'rl ìristrrry. I,as^tc on tiris ì.lr:rrt pic-
tLrrr.s ¿lI tlrr. cr>rrlrrorr t1,1lcs <lf or.qalris,rts
rvlrich livctl tìrrrirrg crrclr <_,f tlrc ¡rcrio,is.
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0RIct¡:^I. lr.'1.f1 TN.s l\CTIVITy Sllt,.äT

U;i'rNIllCì]!: operaLional definit.icn of original rc¡nains is discovered. Food& decay.OliJi';ü'i'lV:,1Íi: The sLudcnt shou_ld bc: able to:l-: 
:iïlili::i.liÏ" tht: obscrvable prop*Lies that can be used ro classiry

2z Hcco¿pi zc and repeaL the five t.ypcs of original rc¡¡urins3¿ consrru<:t an operarional definiiìon oi ";i;ì;;i rc¡rains

Uq!-Sfi-êþr. To be found by sLudents

Activit'v: Ilost food is not useci iruirediatel-y after preparation so it must be sto¡ed.Various ncLhods are uscd to prevenl the iooä from rrspoj.Iingrr.

List 20 foods. Each ¡iust bc founci in a different container or stora¿;e place.ì4ake a. 5 col-r:rur charl, and divide thesc iiems j.nto J groups according to the reason j.t ispre served 
"

i^lhat xas the nost i:nportant single idee that enabl-ed. ycu to group thcse items?lihat 5 facts ¡nust be kno''n about i.hat iJee tõ subdivide the itenrs into J groups?
Na¡ne 5 different situations that could cause food to be preserverJ naturally.Any dead plant or ani¡nal is food. ir iile. remains of a plant or ani¡nl are prescrved insuch a l'av as to terr us anybhing abouù the originai ;"ã;;i;-*" cau it a fossir-. Hhatfraction of the p:'ehis'uo.ic-animãl.s have been p""u""""à?-"--"'

llhat fossil evidence of our generation wiIt be found a ur-iltion years fron novr?

What is the ¡nost, i_rnporlant, sinqle Ídea that anjrnal s have in conunon? VJhat, isthe r''ost' sirplc aninal ¡'ou knor,i? l',hai j.s.Lüe m<¡sl "orprical"i ani¡r¡r you know? llhatfactor has simplified ciassification of flants and animals?

DTSCUSSIOI,I:

RATIO}IÂ ],0:

The idea thaL food is spoiled by a living thing (bacteria)
and. all living i.hjn¿;s require: (r) tnç iiitial".livins bacieli.at,o.begin the popr,ì_ation as vell as (¿) uro""tf,-(j) ;; (;j-;;;(5) ¡noistu¡e (6) space an¡ (Z) 

"ona:.iío"à un<Ìer vrhich bacteriacan live shoul-d bc er-plainecr for the sake of the sLridents whodicl not rtdi5ç61'¡;¡rr these i.cieas.

This would be atr awful_ lrupy worJ.d if al.l the dcad cowboys,Indians and buffalo u,o¡u 
"iill_ lying arãuna.

Evcn at the Grade 9 l-eve1 st,udenl,s do ¡rot rcalize r,*lere deaclorganisms 6o.

This.activity rcvicrvs thc idca that bacteria actually n¿¿¡rr
rer¡¡ins arrd re:novcs cic.l>t abc,ut cxis.vetrce of fo¡;cil.s createdby tlre dogna that aì.ì. cor.pses tt,ìisappcarri.

This activj.ty can bc userl to introduce Lhe chapier,on as suggcsted by the author o-f the text.
;;; 

I
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l"take a 5-col-urnn cirarf ¿:nd wriLe eacii oL'20 foocj j.l,ems in a col-uÌnll accc,r'ct-
to Lìte nlethod rrserl lo ¡rrevent, spoilin¡1. 'uJrite fhe meLhod of preserrvaLi_on
at t,he fop of eacÌ¡ <.:ol-uml-ìo

I{haL is tJie most import¿nt singJ-e idea that enabled you to subdiviie lhese
itenrs into the 5 groups above?

If you thin< of the reason foods spoil you will have the answer. (you only
need to remove ore of Lhe five life-supporting esse¡rtial-s to prevent spoil-
Lng. +)

Name five different situations that woufd cause food to be preserved by
nature. (N.8. Any dead plant or anirnal- is food)

What' fraction of dead planl,s or animals do you think ¡¡ou1d be pneserr¡ed
by nature?

idhat happens to ùhe rest?

If thre remains of a plant or animal is preserved in such a v,ay as to tell
us anything about the original organisn v¡e cal-l- a fossil, what wi1l be
the condition of fossils we fird? lrlhy? Have fossils of all- ancient forms
of' l-j-fe been uncovered? (See p, 172)

lrlhat dead plants or aninal,s of our generation wil-l- be ¡reserved for people
ùo study rnillions of years from rrov¡ ?

(
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D:-lt-Û-!i-o¡: Fossil - any j nrpri nL or actual- orq¿rnism naturally prcser.ved Lhatcnables uii. to Lcarn mc.¡re ¿rbout prehisLori c li fe.
QþjSSt-l-"r¡- ';ihen you hltve connpleLecl Lhis exercise you shoul-d be able to:

1. List rnat"erials i¡r rvhich imprinLs can be nade.2. Ir,take an inrprint
). List char¿rc¿er¡ sti cs of moì-ding material- thaL affect Lhedetail of the rno.ìd.
/*. List nlaLerial-s found in nature suitable for imprinbs.

U¿tp¡jals: To be found by students.

Actlvjtv: 1. ll"t o a footprjnt, of ar'y animal in any materiaL2. on a pi<:ce of roosclcaî r¿;riLe out J ädvant,ages of using
Lhe nateri.al you chose.

3. [3el-or^,', list j disa<]vanLaqes.
4. LisL and underl-ine lu rnateriaLs found in naLure that coulclbe iinprintecì ancl rvould retailr the shape for years. Besicìe

each material- v¡rite one advantage or äisadvañtage in usinqthaL materiaI 
"

Ïn one sentence te11 whaL you think happens to most imprints.
i\fter tlie assi¡¡u¡e¡lt has been exnl-ai.ned tlre students can spend the rcst of theperiod rna!:ing noLes f¡cri ¡;ges rgz & 1s3. The information on these pages herpst,hem urrderstand the essignrcnt a little better.
The assi6'-'rent cg:: bc dcn¿ In cÌle evening îoi. ho¡er¡oi=i.ancì ha¡r.ìud irl ùhe nextday for corrcclion. l,hile the molds & caãts are being corrected the studentscen bc-assigr;ed riotcs p" r8r & l6c to prepare them fär making inferences onpeges 1f8 & 179"

p!sc¡p-sj-qn: shrinl<ing, cracking., firling in, coarse texture,even risinqif nade of dourlÌr, nake for j nterest,i nc discus.sioá aJ.orr4 vri t hmateriaÌs th¿rù wontt harden sircìr as pÌasticine.
Names arc checked off as mc¡l-cìs are hanclcd in anC observationsmarked later'. The resiuÌts can be userl t,o dctermine horv much more discuss-ion j.s required 

"

eat-i-o-:la]-g:ttsimpl-e ob,jectivcs listing simple proccssìes anC conLent provirìes
bas;ic -k[o-!'{þ-tì,glì requirerì to al]-or¿- Lhe sLuclcnt 1.o cliscc¡ver."Discussion i-s-îc'quii:¡i t;-.ro*t,inn lincìin[s Àr-ol r stuclents an¿ stinr,].ate

d i scussicn 
"

P^llrrcrPi\TrOil and l,lxPiìÌìssTOf't of I)IViìrrOEr',r'i' noi¡rLs o f
rnosL e f'f'ecLive r.'Iien r.elaLi orrships ¡rre discovcre d .

BO

E
sLudent

arnin4 is
OURAGIì
w. Lc
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II4PRINT ASSIGNI,IENT I,JORK SHTET

Acti vi ty:
l. l,lake a footprÍnt of any animaì in any material .

2. 0n a pjece of looseleaf write out three advantages of using the
materiaì you chose.

3" Below,'list three disadvantages.
4" List and underline four materials found-in nature that could be

imprinted and would retain the shape for years. Beside each materialwrite one advantage or disadvantage in using that material.

In one sentence tell what you th'ink happens to most imprints.

Make a mold of some object. Remove the object and fill the mold you have
made with a substance that will harden. w¡ite the word "moldi.on- the
mold and the rvord "cast" on the cast.
Place the footprint, mold and cast in one container with your name and
room number on it and hand in.
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Ii'JFtrRril,_w
lefinj!,Lonsj 1. An inferenr'e ls an expranatlon of an obsen¡stlon.2" An ol,scrvatio¡i is an experlence that is obtainod ührou4h onc of the
senses.
gLiqs-Liyns, Thc student should be able t,o:
1. Icientify observations that support an inference.
2. Construct inf'erences fro:n a sôt of observations.
1. Idenüify reptile footprj,nts.
Materials: Text open to P.I78
Açti.vi1;y: f . i{ake a list ofJobservations about the footprlnts fn gaghpicture across the top of P.1?8.
2. -M"ake glh inferences àbout thc directi-on, kind, speed and size of each
anlmal
3. Llst the observabions Lhat subst,antiate. each inferenceo

*. ., ..:¡.f

"- 
J.;. L::i.j).,,2i.c.:. - Þ-* .**.-e-i-; !z r'i¡:i.s ¡'.-r;

D.i.Sgu!.-qi-o-..n:- The studentts ot1'rr observa.tions and inferenees are mol:e
irnportant Lhan the tlcorrectrt anljvrer from P.2OJ. Inferences ]-isted onP"2o3 under the heading, rtrrac:ks as crues', aré: l) The larger prints aLthe left of each group v¡ere made by the hincì feet, rt. was iíopping,2) Tracks Ín rhe snov¡'were macìe by'a walki;¿ bi;ã: tj A-;";ríí" ñalt<ing
9It tlvq legs-made the fossil tracks" Ident,ifyi.ng ciraracterilstics a.roundthe edge and on_ the boLton of the pr:lnt are úseã to verify tracks of
some animals. Pol.ice use this technique,

Knowing the d j fference betvreen an observat,i.on and an infer-a sLudent clistinguisi: specul_ation frcm fact.

\:- -^
')

=Tt:'ð
l

I

:

-l
1

!ì
l'.

5.
.-..ç ;-ià

At tÍmcs marks are rcquire.J to pr-ovÍde incentive and to allov¡ bot.hteacher anC student to real-ize hovt rnuch rr'as acLually under.stood. Thfsactlvit,y is-supervised so no incentive is required änd the dfscussion
aIIor'JS irLÎediate evaluation.
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ü.5[;rVAT lCi, ¡ Hii,] lliFERti'ICES lii0RK SH:IT
Each i tem h,el oyr real I V reou i res two ohser-vations f or each inf erence, CNt f rorn thepicture anc'Ci\]t from a simílar animal you
ohserved, stucri ecf or I earneC ahouf hefôre.

iulake three charts s im i lar to the a!:ove and
f i11 in one for each picture across the top
of Page Lle.

Nil . An inference is only as gooo' as the
flumber and kinds of observations on yrhich
it is basecf . lThich pícture did you f indeasiest? From which picture did you makethe worst inf erences? I|iHY?

L ist the two 'nost important th ings vrle shoul d
do if y/e expect to write better inferences.
That is: (1) ilhat can lroe Cq to prepare
oursel ves to make better i ñlerences? AND(2) ïihat can '//e q.gl to prepare ourselves to
make better inferences?

servaT ton
D irect ign

rl) '. .
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USTNG I'fUl'IBENS ACTTVITY SIIENT.

Definjtion: Pounds per square inch = area

Qb.iectlvcs: The student should be able to:
1" CompuÈe the weight of an animal from the area and
_ depth of the foor print.
2o Recall. t''.e approxinate ',reight of a dinosaur.
3 " Recognize weaknesses and necessity of assumptions

used.

weight

Activitv. A. From the ruler whÍch shows the average depth of thefoot prinõ to be about half an inch, anã the praster castbeside it, divided into square inchés, calcul-ate the weighLof the man if he was sLanding on (r) óne teg, (e) tvro légs.

r{¡ì "t'c¿¿{?,^ -{Æo

¿¡%

8.. From the boy sittinq in the dinosaur track, vrhlch
shov¡s the. average depr,h to be about 6',, decíde'on the widthand length and calcul_ate the dinosaur?é rveÍght.

Discussj.on: 4.. 2O]-bs/sq. in. Ís requireci to make a track rin. deep,therefore, ^thg mants fooc nust have.applied 1ol_bs/sq. iri.The area of Lfre track is 20 sq.in. (oi.'Zf sq.in) '
l-0 1bs. x 20 sq.in" : 2o01bd if the nan is standing on

sq. in.
one leg, 10 _l_þ_q. x d0 sq"in. : 4OO lbs. if he is

sq. rn
standing on tr+o J-egs.

B. Fronn the shale in v¡hjch the dÍnosalrr print is found ithas been infer¡'cd LhaL t,lre mucl in which it stennerl was
, - soft enough to sink I inch for each 2Olbs/sq.iå. pressure
Isame as above). Since the track is 6 inc]res deep their iãOt¡s7so.in nusthave been apnlied. I'he area of _the tracr is ãòln. x l_5 in. = Joo sq.ins.12orbs/sc1rii..* 300 sq.inu.--=-jo,öoo"iüãl ii äìr his weighr v¡as on onef9or. r2Olbs/sq.in.x_-óoo !a.ins'. = 72,ooo iu--if bipeããI.-r¿rlooo rbs. or72 t'ons 1f quadripedar. students musú understan¿ näcesã:.ty-ãna weak-nes;ses of tl¡c assu,lptions aborrL Eype ancl condition of soil-s'anct the [ait,of the anirnal. ni\iro lirll,¿ sonre stude¡rts .àq"i.ru review of cal-curatj.ç;t

and meaning of area and pressrtre.

/J'-,



-85

I'IE"f COT1IOSTTIO'] ÁCTTVTTY SIiAF T.

lSff¡f!¿gqi Osrnosis - The nixin.q of tr¡o liquids or,qases of differentthickness rvhen senaret,ed by a ¡iorous rnembrane.Obicctive I lft"f . co¡nrrleting this activítv illà'student should be able to:(1) Ðistinquish betv.'een Ð.rili nal rcmains, an organis.,n that hasbeen che'nicaì.ry^cltange,ì, ancl a fossil inat, rras hact it. aãtjv"¡,f" óãri" --
replaced, (z)-nescri'be'the processes that change an orqanisn to a non-decayable state.
llaterials- Ilunsen burner, piece of wood, tesÈ tube, stonner, short glasstube, e{gr vineqar and a beakerActivitr': Place a píece oí rvood in the test tube and nluq it with a one-hole sLopper that hqs a__short piece of qlasà trininq insertect init (or do the experinent, Þ.lIS). Heat ifrã-r¿ooa on a bunsen burner,. rrhat
escapes throuqh ttre _t_ubjnq? '.'Ihy can 02 not enter the test Èube? l{il1 thees-caping ea.s burn? I,vhat is the nerv color of the *ooãf -ivfryã- lfill thesolids left ín the rest tube burn?. Do you inini. it nÍght äecay? IthtãHow Ís this pr"ocess simirar ro caruonizári";"?"ä"-;.Igdï. -""'
Soak an -e$g in vineqar overni.qht and, change the vineqar in the morninq.Repeat this nrocedure unrir rhe shell is íernovea. Leave t,rrã áqä"i;-ä;;thin liquid. ilhy does. the eqg increase in size? place the-eqg in sugaror, sal-t"_ l'lhy does ir beco.ne'énarrer? :Jhar mighr hãf"èn t; ;ùu celrs ofa--tree that has fall-en into a mineral solutioni wrrai ãrgãni"*" are mostofben petrified f"^çu-p.IÊ5)? \'[hy? Wfrat-frãpoens to nost orqanisms beforethey can be petrified?
!f.sSl¿ÞSlo!: Fartial distillation takes place ¡,hen wood is hea.ted i-n a testtube if 02 cannot get in to supcorb combustion. l{etháie i;---boiled off leavinr, H2 ancl C ("ria""ããfi-il"r-ããnnot decay. ff sufficientwood is in the container and heat is adrjed lóng enouqh fo drive out theair the rnet,hane (narurar Bas) can be idi¿eã.'-"rñïã;;;;-p;;äåss tooLplace vrhen a forest v¡as búried years ago. The earth, si1t, ãù". preventedp? from reachin.g i*"-anC spontaneous combusLion provided the heat. Thisimpervious laver had a pocket Ín rvhich tÀã iiqu:-ds and gases vrere trapDed"2o'3o ft of dåacl tree bàcame tit or coal. ItoJt of this tool( pì-ace durineone tÍrne v¡hen dense forest,s of ferns, etc. cãverea the earth tilãõ¡jBecause of this carbonization it is referred to as thc,. carboniferousperiod,
A discussion of the r¡rinute a"nou;:ts of sand, iron, etc. that can bedissolved. by -'."ater mighü gÍve the stuclents'a-úàtúe" u¡rderstancìing of thetlme required to replace the cytoplasn in eãch cell- with mÍneral_s " TheporosiLy of the woocì alror+s thä preserving chemicaì.s tó 

-p""ãi"nt" 
itwhlle petrification takes nfacé.

Rationale: Fossil- fuels are in the nervs and are a nerfect examnle of a. non-renel'Iabl-e resource since it takes nlilLions of years tomake more (p.jI8-32I).
The most comnon rock in Lhe a.'rate nj.ts arounrì Íiolrris, iranitoba is neùrifiedv¡ood. I'ail_s fuJI can be ¡:lckecl up in minuies.



1. Speculalion - unsrrnÞorLecÌ st,af,ernents?-. Probable - surìDort,ed b;, st,ro;rq evirlence3" Facl, - thal, which is kllovm for cert,ad,n

Ob-þ-c-t,'ives: A stuclent shoulcl rre arrf e to: (l ) reco.gnize and cit,e ev_jclence LhaLprobal'ls sneculaLive or faclual i.nfor¡nation is j.nchuìed in alr r.¡rit,ten work (2) dì.slìnqui s:het,v¡een facL. snecular.j,.-e and probar.rle sLatemeri.; ati-à.duce lhat furt,her st.url.y of hasi.cfaci's and definilions enables åne to e¡¡al-uat.e i.nfor¡naïion nore accurately.
IÞlsrial-s.i sheet's provided (or sone nore recenL ari.icre from a ma*azjnc or paner)
!g!rvi!¡1 The student is directect to make a(n):(f) if he thinks ilrs faci

(p) if he thinks itrs probabJ_e(") if he thinl<s iLrs speculationto the l-eft, of each paragraph as he reads

!1^qc-u-9.!-1"-L Qrrestions asked l'y sturlenr-s should be rrhow can vre tell_ ho,¡ accurate eachart'icle is?tr One answer is thal we must rely on the source. rf the integrity anci researci,of the auihor is reliabre then the malerial is well fornded. Bias and inãonplete datacan be discussecì i_n terms of t.he scienLific method.

The advanta.ges of som-e basic kno-øledge of r,he subJcct ca;r be pointed out and .t,ire chaplei,ttlife in lhe Pastrr. int.oduced by staiing thal the ne:cb chaoter r¡jll gi,re us some ideås ofthe kind anc arnou¡t of research that is required t. pit'an article tite this together.
Rationqfe: Recent,-interesting and well- done ar*,ic-l-es are used to deverop an interest
il gï::åå;" 'lh" c'¡¡:'ic';l-urn statãs one outcome is ro nDernonsrrare a devel-oping i.nrerest

rf rrore relatecì, interesting or contern¡orar¡'articles are used the activitvcan be improved consi,derably. --"-""'r 'i (¡¡ 11 dr u¿çrub are us(

Hffi ."tii"illåi ;:i;:::;"ris introduced i¡r the di scussion but a separare acriviry sheet

!e_A!_&ens:

Âcconìing to l,ia.ger rtff ;rou gir" a
rnuch elsert.

The teacher shc¡u1d deciclr.¡ whal

c R.IT rcÂ L _tì'lJ_r-i,\!]¡.1 
^ 

c.i tv tTy SI{IÌRT

l-earner a copl/, of your 6ì..jecLives 
-yoìt 

rnay noL have

norLion of this sheel the st,r.rdent uil.l. recelve"

Defj ni t,i qr.;
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T'esËeaå
CHUñCHILL, IIan. (CP) - A

team of scientists has been
rrolking alound the clock jn the
bunhers and labolator.ies of the
Naiional Reseal'ch Council loc-
Iet ran¡e i¡ noltlern ìlauitol¡a
aitempiirrg to mea-<ure cosnric
bachsround radiãr¡i'-- -Urt¡S a" *trìcrt. scientific
"tlermometer" inlbcdded i n
the nose cone o[ a Black Brant
rocket, the scientists have col-
lcctcd dar¡ tirat riìil-taF-e lEver-
a-T-inoñthl io-aìãllãe ìît the
¡esults, u'hen complete, could
go a long \ray to either proving
or disproving one theory about
borv the uni.r'erse began.

CRÏTÏCAL EVALUATTON I,JORK SHEET

According to the theoty. u'hen
this ball of energt' cxnlodcd. it
ffinro
nr atter alìd lol.¡ncd ilre stats
a[_Fe-p[i"{-s---ì n Tãtcr. l,eá rtthe theory \\'as fulthel ad-

Dr'. Herbert Gush, head of the
scieniific team, said the theory
of s¡ient ifi c lenesis ui-fo-F-anal-
¡-sr5ìi the' bìs-ban g " rhi-orr'.

D¡. Gu..h. a professor. of phys-

vanced by a scicntist at prince-
ton Lnivcrsity tvho suggested
that if f he theor.y ryas cor.r'ect,
de-e¡ space should be a sea of
;idiäii;,r ã1T-l*iíÌürî-i--õItãi ir
fp_.rbE¡r_o_rE(¡Lr_{l', -t

Dr'. Gush explained that u,hen

ic.s at the L'nir.crsit¡' of Br.itish j

Columbia, and co-rlor.kers lronr I

1}e L nivelsit¡' of Sashatche- i
\ran'S_ sp-ace-_en3ineering tlivi- i

sion. have been exper.inrenliìrg j

tlirecìly s,ith one offshoot of I

tlte first comnrunications satel-
lites u ent up lhe.v r.eccived
s tr a n sEìgn-áIs-fiõñ' deep
space and that this ãppear.ed to
s u pp o rt the sea-of.l'acliation
theory.

Dr. Gush and his team har-
nessed a delicate appar.atus to
f h e nos-ã-õoiE-of-ã-lBl a c li-Bra n t
¡'ocket irìdTñät-i[ ãfñ-tes skv-
\t'et'o.

He said the colrect title is
cosrnic background. r'adiation.
Using generalities, the seicntist
Itlge{_¡fÅ_Sxperi m ent tq_pl a c-
ing a hand in front of a hot

thís scientiÍic theol.j'. I'
In a telephone inteñiierv Ifon- lt

day from the nortbern Ifani- li
loba rocket ranse on the shores Jl
o f Hudson Ba!', Dr. Gush lr
s4d the t-heor'¡' that the univcrse i

rras -tlcatörl - 
eôns- alõ--ñ-ã i

Þ¡'lnìe\ ål llrcl¡all rr as ìar.rclv l

uìsirbsìaltiaii,t uìrirtìe c cntr¡.i 
- j

stove.
"You feel something. . . . The

stove is ladiating tou'ald the
hand. It has a highel tempet.a-

"\\te knorv nou'that the appa-
I'a t us TõrF: i-ãñ-d nñ-i.e--ceirled
sonr e <ìãa.;i-a iä-Drì Gusñ.

se îãjdEdìtã- 3ãihelect
n o v musl be analyzed, a
process that could take ser.clal
lnonths. Then -le- said, if - all

tule than the hand."
In Dr. Gush's exper.imentithe

tqcke! rtas the "hanrl" and'the
tureasur'.ing equipment in the
¡rose corìe sas-TepT--ãf- one
deglce abor,ê-ãbsõl uTe 7e rõì¡' a
li q ir id-Iãiìifi-bã t hì-

rhe rãdìãtiõn-E-cÏn g m ca sured

ffimm-dHm ffiTms.Hngtrffå

goel lell, the scientific team I

rvill repeat the experiment. j

Asked rvhether his equipment i

rvas anything like a cornplicat- |

ed geiger counter, Dr. Gush I

explained thqlgg13le¡Lis not 
I

ruclear racüa-ãIon. tt rîõuItrTã I

lalr to cC,¡ìlpal'e hlS Cqtttpment I:..-........-to a thermorñeltiE..-..-_.l

i s cha r aî't-er i7e-d-b!-a tõñrjera-

ffim'æHHR ffi'ffiæ6Þffirå6p

tttt'e ol thlce rleÃr'ees above
absol uG-lãiõ.-TrT-GrìsE s aid
scientisTilñrc knou'n for some
time thatThãTãrliation is-there
but itf-lñTãnli lfiììd-lñectru m

SÁN DIUGO (Special.'l'PNS)

- Tbe solal syslern once con-
tained a great rnanv bodies the
size of the moon lhat rvel'e
su'ept togcther 1o form the
ea¡'{h and of hcr ¡llarrels, accord-
ing to ltâr'olrl llre¡r, llnive¡sitv
of California ât San Diero
ch e rnis t.'

at.e nlostly ultRllo\\'n.
l{e said the l'ocket is neces-

saly because the ealth's atmo-
sphel'e js opaque and the ladia.
tþ¡_{qes uo[ get thlough. 'l'he
intensity of the raTìãTì-on now
has apparently been measured
but Dr. Gush said it may take
s o m e lnonths to {i¡d out
r,hether the cxpelirnent actual-
1y rvorked.

Depcnding on the results of
tìtis and future exper.iments,

WINNIPEC FRÉE PFESS.

]Ie sairl lhe ca¡'lh i{sclf nrav
haçe fo¡'rnocl f¡'om lhe ¡r'r,r.otion
of 80 o¡' nlol e of sr¡t.h ¡rroon-
sizerl hnrlies.

Dr. lll p]', a Nohel l¡rtr'¡a{e in
chemislr'¡', sairl fhore is ¡vi-
dence lhè solar s)'slem onr.e
eonsisted nf Iots of lhe'sc hiÃ
moolìs. 'l'het'e et'e seven of
them left - .Irrpiter has four.
and Neptune, Saturn and earth
one apiece. Other nroons, such
as l\fars' ttvo, are too little to
be ù:cluded by Dr. Urey in this
class. They are jLrst brokcn

Dr. Gush said the

@'ì'he s¡stern he¡an as a
huge mass of gas. .\s this mass
hcgan to contract the sr¡n start-
ed to folm aÍ lhe cenll.e.

@ \\'hen the sun hari ( Õn-
trar:fed to the sizo no\\.en(.om-
passcd bl the orhit nf \eplrrne,
it hogan to thl'orv nl,f ¡re¿t ¡oh-
l)ets of gas anrl solrrls fl.om ils
er¡ttalorial logion rrher.e the
t ontr'ìfrr¡al folt.e rlas ¡r.eatest.
'l his <onlinr¡r.d unlil lhe sun hed
.ittsl ahnut I earhed ils pr.esont
s ize.

@ \\'hiie the sun \\'âr (,Õn,
lrat'ling the snlicls encl ie¡
thlown off ar.r:rrmul¡fed ln e
flat rlisk-like hancl or nphrrla,
alorurd it.

llleolv of the univer.se could ei-
lhct' be substantialìy strength-
ened or rveakened.

I

jl

pieces of moons.
He said it is possible that 

I

Pluto, the outermost planet of I

the sun, is actually a moon that I

"escaped" flom Neptune. j

ìn Dr. lJrey's reconstrrrction 
I

of the evolrrtion the solar svr- |

tem lhese sleps occulred: j

@'l'he plocess of planetary
e v o I u t i o n began as smaller
lumps of solids bumped into
each other and joined to form a
c o u n t I e s s number of larier
bodies about the size of the
earth's moon.

@ These continuecl to collide
to form the present planets. .4.

ferv of ther¡ did not <,ollìde rlith
others and remain lorlel.as sat-
ellites of the planets.

I

-l
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DorJnlticr!-Inrerenco-À 
""""t1:THilÎ3"åt:Yii:":tJHT" evidence.rnrerences are orbeni6ñãôA'i's addi.tlonal evidence becomes avaiLable.

9ÞJg!191-After conple-tln¿ thls aetivlty the stuclent should be able to: (l)distlngui.h
betvcen shaFes of anlnaI rcnelns_(z)compare and contrast shar*,,s of animal_ renalns ¡d.thfamlltar anL¡na1s of the nreseni (3)recot¡tze Lhat additlonal evldence lncreases theaccuråcy of an lnfcrence" (¿)fjnd the ¡).ossary and use lt to deflne words.
A*$g-c.¡.v the clefinltjon of "inference" flon rç,i. SZj ii¡" gl"="àryi.ú"¡.o notusand foLl-oy the lnstructlons given on page 1g0 ln yoür iox¿.
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Dlseussl.on-Inferonces nade by the students arc more in¡iortant than the ,rcorrectn

klng crabs.rtr s,reì_ated to insr,òtsrc.oyi'iuh & other ;r,;i";d;.ìÁ¿¡¡É crdos.rû's rerateo to lnscctsrcrayfish & other afchopcdsn(5)Dlnosaur e¡,¡¡s(6)vrorm burro*s(?)s'ider(lioi; tr'" ã-i.ä"jlälð"rãiii"i;;i;;';; rroneycomb coral)(9)r sterrtst (r o)in' a:nphibian.
8"llggSy-".5herr-prints" ancl "fosgil-sn are synoncrnous tenns to nost studentguntll this exercise is completed.

ansvrers belov es¡.ecia11y 1f they can recognizc thaü thåyr¡e specuLative becausoèhey- are nede from plctu_res.The- possi.bilify of lmprovlni i"rài.n"u" by ottainlngfurther lnfor"rati.on and learni-ng'moro aboui similàr onir^ir ailve t,odey Ls evenmore irporta¡rt. (t)¡. large verbeùrate r-ived in the 
""gi.* ;a t;" tinre the layerof sedi¡en-t ves deposltcdnl'he flesh !¡as deca¡,s¿ anO üe bones çcre foi.ced an-rrtas the soll scttled.(z),r rern fronrl carbonizäd su._3gesiing li-nn;'ù"iiåã-¡"iJå"itcould deca¡'.(3)shells washed togethcr l,y wave 

""tïän.(lrilin-ãui.uptertd reL.ted to
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c1am, disscetinq rreedl.e and tray; scaìpel; scissors; screw-
driver; hand ì,ens.
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Àct':Lvitv: Examine 5'our soecinren and note Ëhat the shell consists of twoparts, called varves. The shell-s are fastened together alongthe dors¿il surface by an elastic J-igament (hinge). Locate ðhe etevateã
b¡rmp,_the umbo, that is near the anterior encl õr tne ligament. This isthe oldest part of the shell-. As the cì-am grorvs, it seóretes additionallayers, each one extending beyond the last õne lái¿ down. This producesa series of concentric annual grorvth rings r,'hich you can rocate òn theshell" (See third paragraph P: f_S6 of täxt).
. ^Îhe gutgl portion of the shell is a thin, dark, and horny layer. Itis.often lacking on the umbc of ol-der specimeás. TÉe middle iay"i, o"prisrnatic layer is formed of crysLal-s. -Exa¡nine the inner layerl oi pea:-
1y Jayer. ..using.a probe, locate the two openin4s on the post,eríor end.Tlie rreiiLra.l clne is a¡r incurr'enL ouenirrs fo¿¡ lhe enúr.Ance äf ryqLer cur¡1eg_ù:,ãño-t¡ãîo r sffi ffi ;n. "ç n î, ffi ,ËÈnË rwate¡' le¿¡ve the clam. The shel l_"___q_pg-q__qL!h?_Jg!_!¡e! st¡rface.

^ !"o :"cur screl^¡ driver or another fl-at instrunent to oÞen the shel].s.Cut the two l-arge muscl-es that hol-d the shell c.Losed. Theèe are th;-onr.-erior.anci posterior adductor muscles. open thc shell ancì.lay it back onthe dissectin,3.tray. tlote the scars thal are lelt by the removal of themuscles. lìxamine l"he d.-rrsal edge of the shel-l and nð¿e the t,oothlike pro-jections that fit into Lhe grooves in the opposite shell. (a) Wtrai purpose
does this arrangement serve? . Exailine theinterioÌ.of1.heshe]].,notinqthes;nootlr,8]@ce.Thisis
the third layer, or. pearJ-y láyer, of Lhe'clam shclll Itr) vJhy is rrrã int-erior of the clan sheLl smooth?

Locate the soft body part.s that l-ie in the dorsal- region bctv¡een thetvro large muscles that cl-ose the shells. Examine ¿he ¡nanÚIe coveri¡q thesoft body parts and note that it extends along the venr.ral edges fãiniingtwo mantle, 1<¡bes, .(shccts) orre just insjde 
"aãh sheli. rne-siiÀ.u-uåltu"unthe Lvro lobes is the rnantl.e cavity. Rcmove e manLl-e fobe and'"ipo"ã-tr,nmanLle cavity and its orgarrs. The niuscular fool, extends into thå-mant]_ecavity and out bel,ween Lhe shell.s. Locate the pair of sheet-riL" gi1l"that han6.into the rnantÌe cavity on either side of the foot. Use irrã nanOJens to f ind the cilia on the qil.:s. The beating of these cilia d;;;rìwater into the jncurrc:nL openin¡1 . Locate thc m.luth and the pair ãi- iolcìs,the ¡e1ì.¡¡, on either side òr trre. rnouth. fnsert thc probe inlð t¡rã-nãutnand di rcct, i b int,o the esoplragus ;rrrcl i.nto a saclike stonach.

. .use a scal-pel Lo cut avr:ry thr: mus;cl-e of ttre foot and expof;e the in-
&år?rrj1lo, di4esti.ve ¡1land surrounrl ì ri6 the stomach, and Lhe pericardial
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DORSAL . Sofb Body parts
avøc¡ rtor.tø rlcri

srph-¡ P
r0

r4
F@a

Diõd¡óo ol db
VENTRÁL

See pages 18ó and lg7 i.n the text.
0'o.iecrivcs: The student shouLd be ab-l-e t,ô:

concept-å lirrinS tÌ:-ing is a product of ite heredity a¡¡d enr,:rronoeat.

Dcfini-tjo-r¡s-r 
f3llrrìj"-aiå;.a freshv manÈ-Jê, a dorsar visceral hurnp an,J a

4 poiecypocls (see paraqraphs I anrl 2 p. lÊq)

A

Nf
f.

R

ï
o
R

(excurrent 
J

Wotcr tlov¡ olr

' 1" rist the characterisÈics cornmo:r ¿o all morr-usks.2. I::"rl]r" uoày-Jirrs o^f 
"n r"iu.i ctan or a diaqram.3" Describe Èhe iuiur",or ci,ã iàoil.*"ntle, gills, raduta

îTi"i!ïï) ì#ï:;{^{¡iu¡,ilr,i:"!:r:: 3? 3ît,"!,Ëil:;
t+. iål"ii,i; i".30:]åi,"i¡¡i:åÉîfi;, or a cla¡r baserr on

=ï. 
il;;Ï"Íii:'i{;i?;å:i-i¡:l;"il;Ëil.=,.'...". p.3os. rhey

î833i; .ff '*:il'i:iii" giï' iî,il"i¡;ili; ;::i: :i" :i"iîil' r, iii ::*:"Èü; ; "" ;;; 
" 
;il,;": "È :; ";;'":;:ii:il ìi::äj;åtr;j' i:;î;::i " 

:. 
.;,,::.ål

A ctivi ty: See rrC

D þc-gs s i o Li,, ".Èï s 

gå{}ïiü 
:#s;#ì.i {i Ëi";*ålËää;å" "';;; ; r o 1o 

".t e an a

: _4 . crasii ii ãåIiäå'fä Í::o.r'î'ååíilår:i.ï:å".,'f:, l;î,::i""_?::å";.0î*?t;T:.", scarrðpä ãia*ñ,,,ur" ñã,ä-ii-Àån"on wirh crans?
Ea!.i-s-aale.i rvlorì-usks are seDarated¡into crasses on the basis of theirradula. symmet:.yr *"he nature of the ir"t, 

_inË. 
man'l e, qill.s and

llå""ii;åï'lï",äål':"å*lnif.å,;iiiåî:å:'åì"ii: 
äl;"il;",1rå.3111", "f

ili35 -i" ;i " 
" 
;; 5::; :í,;J: 

"',ï: 
T: j 3." :.i í: Tr*:î î 3*::. 5" ;" 

oåi 
?r:,. H: 

-,

ffiffi;í:riíi#*;ïï:*iuup;s: ;:"

¡¡m*r.tmlffi,::r1,¿TËåf '¡Seashe I1s
chart s anrjil of M book

ofn, (incurrent 
)
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I

Sir¡ilaritìes place all nrollusks in the sane phyìunr e.g. l. all have
2. all have

a

2

nantl e

shcì I s , gi ì ì s,
s j phons etc.

Dìfferences place g11eleçypod ìn a class by itself because l. The mantle of each
shel ì gror'is at the sanre ì ate.

2. Each m¡ntle gro''rs 1op-
sided producing a ìop-sided shell (ll0It that because each mantle gror,rs at the same
rate both shells r,¡ill be identical (symmetrical ).

Djfferences place gastropods in a class by itself because Singìe coiled sheìl
l4antle gror.rs rapìd1y
'i n one di recti on
Distinct head with
tentacles and a

raspìng tongue (roduìa)

t.
2.

?

pocotes err ters
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0RplvIcJ¡ll*o¡!-,1lr]j'-yi-sJçl-l'vlrI_!1t!Er.

!_erf¿¡ j tj_C¡-.s: Radula --Hard tongue-like structure found ln the mouth and trsed to
scrape off" matcrial, e.8. alqae - from rocks or squarium walls.

0b.'iectives: The student shor¡ld be able to:
1. Compare and contrast cal-cium carbonate exoskeleLoned animal-s l-isted in the

texr" .
2. Ilake inferences about fossil-s with characteristics simil-ar to these

ani.rna 1 :.; 
"3. Specify l-imitations and assumptions incl.uded in inferences when comparing

and contrasting todayts animal-s with fossil-s.
Materiaj-g: Exploring Science text.
ÀS*tjr!',:':_

A. Pelc ev¡r.,.ìs - (Make notes P.

* Describe t,l-'c'...tì¡re of the:
symmetry ( i. ' 9(,i) )

Define a cl-am.

fn what ways are scallr'; - .'ìnd mussel-s different, from cl-ams and in what ways
are they different frcr each other (see diagram P.l87b).
The other classes of r¡ol.iusks (gastropods, chitons, cephalopods and tusk
shetl-s) can be examined by foll-ówing the procedure above * or experiments.
In the text you wilL find some steps to fol1ow in examining live gastropods.
B" Gastropods - (Make notes P. 188 also diagram P" f88 trh)
C" Cephotopods (Make notes P. L88 and 189)

rI BRACHIOPODS

l4ake notes P. ]90 and 191 and diagram P. l-91-m)

rlr coRAL-s-

A. Solitary Coral (notes P.I92 and aLso diagram P. 192b)
B. Col-onial- CoraI (make notes P.193 )

IL-ç¡J\OJ-Dg.
Make nobes and diagram P. l-94m. rtlucky rinqsrr found irn Vlinnipeg and
Victoria beaches are realJ-y the calciunr carbonate coverings of ancient
crinoid stems.

J/ TRïI,0BlTES.
lfake notes and diagram P. :--95. Name the group of animals to which each of
the lettered modeLs in the restoration (P. 208t) belongs.
(Letters af¿er page numbers mean: t-top, b-bottom, m-nniddle, r-rieht, 1-Ìeft,

h-hand ) .
Discqgsig4: l'/hich part,s of each restoration is: fact, which is probabl-e and

which is speculatjon? State the signlfióance of Ioðation, size
and distance from pivot poi-nt of muscle scars. Vlhat factors make restoraLions
of soft body parts ¡nore accurate? Vlhat v¡eieht is placed on the assumntion
thaL the soft body parts in the fossil shells were the same then as they are
today? Jusl"i.fy this assunpLion.
The signifj cance of muscle scars on other animals can be pointed out as an
introduction to trReconstructing Ancient AnimaLsrtt P. 196.

E¡lip¡q1e: These animals are stran6e to l4anitoba students. Fresh vrater
mol,lusks are not of any-commcrcial- val.ue so many studenbs have

never even seen the freshv¡ater varieties.

I MOLJ,IISKS

l-86 and 187).
foot, mantl-e, giì.1s , radul-a and sheLl
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.
A ,Definition: l:eat - rnuscl-es of an animal.

Scar - a mark left after a woundArticulare - fir joints tozeirrãr.
B 0bjectives: Aft,er conpLetinq this activity the student shoul_d be able
a inuscle o,,a *,"r:n,i]Ì i:ffi-lií:^;ï4":i"*í:å;""i:i"F:ï;:;ä"::i :i,Ë"åF
specifv limirari.ons-anã ;;;;";;;;"s used ln formuÌaring rhe inference madeln nuqlber two.
c .i''aterial-s: Bones can be obtained fron a butcher shop or at home. car_casses of whole ani¡rals are availabl-e fråm you" fãcãi taxi-dermist free of charqe - äãå-tirä-yerlow pa.qes. The animaLs are sklnnedand v."rapped in plastic bags: - -

D ,Activitv: Purr the neat from a bone and describe the rocation on the' bone. that qave the nos' resistance. The drumstick of achicken r.¡-irh rhe stin reiàvãa-ïã ideaI. -:rãÈ; -;; 
inference rhar wour.d ex_plain the difticulry in .ãrðrtrã *rè-musciË"Ì,rãärj fron one locarion andnot anoLher' conträst the texCüre of the ã."ä-[ñát reslsted separationwlth the rexrure of rhe;;";-;i-li,e uonà. -ñãil"-¿Ë" 

"r". rhat resisredseparation (see p.199t).
Peiform the activity described on-p.r?É. The meet is easily renoved whenboiled in soanv vrater, but tir" iüi.in"á ani.¡r,äi î;;;, raxider¡nisr can becreaned easiei"ty praðinq-ii..ðn-än ant hilt. A ca.ge around the carcassrv-irL prevent it îrom téirig-ã"iän-o" carried away by rarger animals,
compare the size-of-the front and_back muscles on the upper part of yourarm. ilhich muscr.e is "sõã-rãrã"årr"nt iihy? rf we found simirar muscr.escar6 on the bones-of--an aninal fossil wttai, iniãräà"u" courd rve make coû-cerning its habits? l'lake à-a"ãri"g of your ãi:"-ir,àt wir.r shorv v¡here thefront r¡luscles are attached. cilp;;" thä front anj-uaclc ¡nuscr-es on thelor"¡er porrion of yo'r iã;:'H;i;À'is usecÌ-mã"i orl"nz Hov¡ do your ì_egmuscles compare roith the 'r"""r-ãJ on a drmsLick?
E.Discussion: The reat on the drunstick is stlr-r attached to the boneat the foot en<J but it rs 100se-ihe rest of t,he wav uD.The muscle scars -are obviou"-äna-i""qe indicatinq that the chicken usòsits leg muscres r.uquðniii--- i;c;.¡i"asr-Ëã;;;";"ã scârs on rhe chtckeninclicate laree flyine ruãåi"".*'iÃi" i" tr,u-rãã"ãn the breasr of rhechicken provldes mucrr neai. --lieo-muscfe 

ðàiru-fãã.t mear) coryelatepo3itiveJ-v with sustainea irtqñ;."'ih;-";ãã-ãr'tËà"*u""re is Þroporrionalfo the size of the muscle
To il-l"ustrate tlre relationshi.Þ betrveen muscre size and habit ask the stu-dent to sl-ice vour_desk.Ëãuã-rri;h ¡is rooil'Hã-Jãourd use h1s roe ressfrequenrì-v. Aêk nim io ;i;;;;"";;;ween chÍnnin3 himse1f and doine a hand_stand fron an inverted po"iiiãn sianrlinq o; ñi; ü"äa. The correÍarionbetr^¡ecn rhe nore r.equeñt-";;";^ã"'-," rr"qã.-';ir;-;f the biceps showssorhe connection betvreen habits anA muscte scitrs.
I-I-lt¿.na]S.:- The stucìents should have learnecì rnany of the recall anclcomr¡rehension tvne olrjectives so the!e v¡ere constructedfrorr apnti carion ar,ì ;;;Ît;i"'í.1.Ë' col_u¡nns .
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BIRD lìt,^i1,0:tA TÏON ;iC ïTVI,fy Si-tElT

IìesLora tion, archaeoptryx and pterosaur.

After coinpfetÍn¡; this acLivity the stucìent shoLrr-d be abr-eto:

J-o Distinguish between inferences ard observationso

2. Gatlrer dat¿ useful_ for constructing inferences.

3' Recognize and cite evidence for revising irr-ferences

L. Justif! inl'erences about fossil- archaeoptr¡xo

Read the ariicres and uncierrine arr- observations and doubleurrlerl-ine inferences, then on a sheeù of 
'oose'eaf 

ansç¡er thequestions(printed siàeways on the work sheet). Questi6n 116'
can be ansv¡ered easier if you exarnine ùhe head arrr feet of abird. Make notes on bj_:cd 

"kuLl", p" ZO3.

Any issue concerning recent discoveries or observations thathave lead to formu-r-ation of new inferenceso The science orenviron¡r:ent page of Time magazine is a gooã souree of suchan arti-cl-e. The headifü fèet of a chiõken or other bi¡dand lkploring Scienve Nine texto

Critical reacling can be discussed here. the validity of anarticie is based on the number and kind. of orrservaüions ont¡hich an inference is based and -1,. the rrrvision cf inferencesas ner., evidence- (observation) are d iscovered wour_d ar-ror¡ astudent 'bo real_ize that scjence is dynarir_ico {- Ihe ethics ofthe authority stating the inferences also influences trevalidity of st¿tements m¿¡de in an articLe.
Present day events ancl organisms are studied ard then com_pared with da'ta ancì fossiis that were pou"u*uà duringprehistoric times, irro'rE: tàat it i, nå"""";;-"t times torearize that conditiãiFwere not iàe sar,æ mir-iions of years
1q9_"" they are today. !,ie must try to 

"orpunuute for thedifferences, €8" the temperature oi the u""ti, nny have beenmuch higher so ue would nob necessarily infer trrat a bear hada thick fur coat i-f we were to n¡ake a moder- of a fossir- ofa bearo

The student nray be asked to find articl_es of his own as r.¡elL,Recent discover-ies add rel-evanee. LVen if the articl_enegates Lhe inf'orrnation of the text ùhe stucierrN wij-r- Iearnan important r-esson il he rear-i.zed lÌraL information is onlycorrect to some degreeo
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Mognelic Hovoc
i\t lcISt l7l trnrcs in thc p,rrt 76 nril-

lion t'c.rrs, tlì(' c:rrth's nrir¡:ncric lìckl
hls nr¡'stcriotrsl¡, f,rtlcrl in strcrr¡¡tlr trrtl
lhcn rcturnctl to nornì;r¡ rvith lllc Ntlrlh
and Sorrtlt p(rlcs rcvcric(1. Sctclttr\l\
hil\'c long surpcclcrl thrt lhcsd rcvcrs;rls
nrry stlnrchow hc linlctl *'ith srrch ol.l bi-
ologicirl puzzlcs Js thc sutl.lcn <Jisup-
pcnränce oI thc dinc'slrurs sonlc 65 nril-
lion vcirrs ugo. Norv invcstig.rtors front
Colun¡bia Univcrsity's [.irnìont-l)ohcrt]'
Sçolqrgical Obscrr':rlorl htrvc ;rrldcd ncrv
e'vidðncc to rhc. olJspccirl¡ri.tns. Thc), ¡c-
port that six spccics of R;rrlioluria_-tinv
ntarinc animals-sudclcnlv bcc;rmc cx'-
tinct clurin-r: or shortly aficr srvirchcs in
the earth'.s nrrgnctic polcs.

Thr: evidencc conlcs frolrr 2g sam_
plcs of the scr bortom drillcd.in rhe pa-
ciñc antl Antrrctic oce¡ns. Âftc,r nli-
croscopic exrminrrio¡ls of helf a mil-
lion indiviclual fossils taken fronr the
deep-sea cores, Palcùntologist James D.
Hays and Geophl.sicist nîeil Opdyie
conclutlcd thrt two spe.cics of Rarjiolaria
becanle extinct 2..{ million ).cars aqo, an-
other abour two nlillion years ago, t\\,o
about 1.8 million and onc about a nril-
lion years ago. The dates, Hays told a
meet¡ng of the Ceological Socicty of
America, are significantly close to knbwn
reversals in the ea¡rh's field,

Vonishing Field. Exacrly how rhe re-
versals could have wreaked such bi-
ological havoc is a.matter of dispute.
Somc investigators have theor¡zed that
the deterioration in ¡hc earth's protective
ma¡;iciic shiclil du;ing ¡cvcisàls of thc
mrgnetic pole s allowed an incrcaséd
amount of damaging solar radiarion to
reach thc earth. More recently, a num-
ber of geophysicists have calcul:rtecl rhat
even 

. 
if , thc magneric fìeld conrpletcly

vanishcd during reversal, the addltionil
¡adiation would not be intense enough
to destroy entire. species. r\s a result,
some investigators arc beginning to think
thal thc changed magnetism iiself may
sornehorv have becn responsible.

If dinosaurs rvere afÏectccl by mag-
nctic rcvers¡ls, could thcy atso harñr
higher anintals likc man? ño one knows
the ansrvcr, but the que:tion may not
bc entirely acadcmic. In rhe pasr ló mil-
lion ycars, thc earrh',s nr;rrincric poles
have ¡everscd themselvcs, on the av-
eragù, every 220,000 ycars, tsr¡t the last
evcn_t. .occurrcd 700,000 ycars ago

-which melns that anothci switch 
-is

now long ovcrclue.

fOSSIT Of ARCHAEOPIERYX ARTISI'S RESIORAÌ¡ON
A dislìnctly unrefl ilion inrpression.

How Birds Begon to Fly
Poking through the fossil collecrion

of The Ncthcrlands' Tcylcr lrf usct¡nr in
Septcmbcr, Yale palconiologist John H.
Ostrom sported one musty specimen that
lookcd odd to his traincj ej.e. It was la-
bclcd prerosaur, a fìying reprih: that in-
habited rhc exrrh from 65 to 200 nril-.
lion years ago. tsur whcn Ostronr hekl:
the fossil lo rhc lighr, hc sarv rhe dis-l
tinctly unreptilian imprcssion of a feath-'
er. 'My_hearrbcat bcgan going up fast,"
recalls Ostront, who quickly iecognizecl
that_the specimen wai not a pt,Jrosaur
at a!1. It w¡s, in.fact, a far rãrer. pre_.
historic aviaro¡: an Archaeoptery,; l¡¡¡-erally "ancienr wing"), rhe èarliest.
known bird.

What nlakes the ..newcst" Archaeop-
teryx fossil espccially signifìcent is rhit
11. nray hclp rcsolvc an oltl scicntifìc ar_
gumcnt about thc cvolution of birds. ¿\c-
cording to thù nìore popular rhcorr,,
bir<ls are dcsccncied frorn snrall trcö-
dwelling r€ptilcs rhat dcveloped crude
"wings," lìke those of rhe nùdcrn fly_' ing..squirrcl. 1'hey usccl those wings får
glitling round thcir arbore:rl habirals and
{"dginS focs. The orher rhcory says
that birds evolvcd from grouncl,dweíl_ .

ing rcptilcs that grcw similai mcnrbranes,
helping thenr ro rakc increasingly longl
er lcaps after insccts and othcr fast-nioi.
rng pfey.

ì¡ly'hen hc cxan¡inecl lhc spccinrcn un1
der a nricroscope, Ostrom nôticr:cl:a feqllure on "Arclry" that had not bccn
prescrvctl on lhc thrcc othcr knorvn Ar-'
chacopteryx fossils. Ir was rhc faint imj
print of a. horny shcath--or Iìngcrn:ri[,
likc covcring-on rhc thrcc claws orol
truding frorn e:rch of rhc wings of rt\es,l
ancicnt bi¡ds. Rcscnrbling thJ ralons of
a conlemporrry eagle, tlrcsc ruzor_shlrp,
m¡nia-tu¡c:scythcs werc obviously betrõr
suited-for catching an.l sticing r,¡, prcy
¡han lor sc:ìnìpur;ng.up thc trultks of
trccs.-Th-us, O5lrom suggcsts, Ârch;rcop_
leryr's lizard-likc forebc¡rs pioL,ebiy
launchcr.l thcrnsclvcs into Il¡c åir fro,ú
the groun<!-not fron¡ thÈ lil¡rt¡s of an-
eicnt trcca.

ItlìrE, DÉcfÀrBEß 7, 1970
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I]ü! 1RL!_ AgllurrY silFjril.

Definiti-ons: Printeci on s¿udent worksheets.
9þjeç-Lryetj After comnleLin4 this activity the sbudcnt should be able to:

l. Measure strata and use the numbers Lo conpute the relat,ion-ship bet.vreen the depth of rock and Lhe passage of time.2. Recoqnize ob:;ervahle characteristics of rocks and fossils
and make inferences; from lhern.

l. Identify and classify famiJ-iar fossifs of Manitoba.
u. liå.:X;ir:lå:"t.living thing is rhe product of irs herediry

Materiars-l LeLter sheeL, consent form and work sheels are all that are
- required to in'"roduce, perform and sum up I different, fieLcÈrips labelled A, B, and C. (Note; Permission sheets should be given tothe st,udents as soon as a date is set.Students l-ose forms if they-ãre kepttoo ì-ong so it is advisable to ask that Lhe sheets be returned tËe n"*i-åãy)"

&et:þitv: 60 students supervised by 2 teachers can be accommodated at A,B or C.
A An afternoon is ideal to visit (1) steel-e or (2) standard Quarries. rttakes half to t'hree-quarters hours to dri-ve Eã ej.ther from thÀ 

"iiy. HaIfhour at one of these quarrÍes.is sufficient to allow t,he stucìents ló v:.e'*,and measure the high walls. (TIle.strata slope could be checked as well ifone of t,he studenis,takes a levef). Some fossiJ-s may be found ai SianaarAor steel-e Quarries but_many more can be found in rhe q"...i-[ã ii-ãõ ,i-n.dr-ive) betrin¿ (3).ttre.stony ltiounrain p"nii"niiãry." ariy-liå"'i"¡í ããn ¡"well spent invesrigating.giaciar till at (4) a giãvel_ iit. Drive ã mileswest then half miLe south of the penitentiary. "

I Gilris Quarries at Garson, trfan. has high wall-s and large fossils. Thef^Fô.il ^ì-^^! :--^--:ri- - - 9- -:l----rvrriir ¿'i c ainos*, inpossible to ob-uain since -uhey rnus-" Ëe chiseiie.l oqi ãfthe rock, but many fossifs at various l-evel-s 
""n 6u observed

Sorted material.from-the large stones at the floodway bridge to the silt inBiids Hill Provínci1] Þ".t-iã, 
""iã"t "u of a river rhár fto;ed off ihe qJ.aciersinto Lake Agassiz, that can bê pointed out on the way to Garson.

I f!". Sil-ver Plains l'{ine sl,aff woulcl appreciate it, if tours could be organ-ized betv¡cen 10 and l1 À.1'1. The mine íè tocat"a ãn the east siáe oi ttl[r.,-yay-72, 30 miles south_ of t'Iinnipes. Tlg cyp"'lr, a ;urãsii; -";;k; i! coreredby,105 ,f!. of gIaci.al.J-ake clay'ana titt, -åi, tné student can see the labour.and ^machr-nery required. to _slgqy rock that i.s not naturaJ.J_y exoosed. Theshaft sìopes to a dept,h of 120 ft. bel-ow the Red River.
Discussion: Student participation and expression of divergent points of viewcan be encouraged by allowing studenLs to voióe obiervations and].nI erences "

E{E:þnal.e-l Fossil-s can be found in any crushed limestone on dri.ver¡¡ays orplaces alonq the track v¡heie the rail-road has aumpej-il*å=ton".To jdentify the age, kirid of rocl< or fossil nar"s it is n""uråã"y-lä-pnonethe RaiÌroad Co. to fincl t,he source.
ExtlS.fi"t9. trips can be developed from "A Field Cuide to Devonian OutcropsrravaiLable f'rom the llines Branch' (gt+6-?t+t+L) rõ.-$l loó. The book is one biqField Trip i.ctivity Shect
varÌety i.s Lhc spÍce of
excel-lent activities for

i fe - I'ro,jects , nòtel ã exncrrmenLs

i tqel f to a fj el d rrin.
some chapt,jrs but this chapter readi Iy
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C)F¡DOVIC I AN OI]'ICROP TJORK Si-IEIIT

The foll-or.¡i.n¡; exerci-ses;
bel-ow" DO IIOT do /l\ t' 5

rnust be done in
until, you have

lhe order listed
cornplei,ed steps Ir2 & 3

1u Vühen you arrive at Une bottom of the quarry note the different sub-
stances along the top of t}le waU-. IÞscribe each of the three layers
covering lhe lj-mestone" Lisf tLrenr in bhe order in rvhj.ch lhey have to
be removed to quarry the rock" These layers can be observed alon¿5
the Lop of the quarry rr¡al}. Are there any large rocks in any of Lhose
three layers that are dj^f ferent from tfrat of the quarry wa}J-? hese
are called erratics"

Choose any wall of ttre quarry and sel-ect one stratå (l-ayer) of rock
then walk across to the opposite ual-J- and fird the sa¡ne strata.
Make five observations to subsi:anti¡ ire tù'rat it is the same strat¿o

l'leasure the total- depùh of the roek quaruyo

Coll-ect and identify at l-east one fossjfo

Bring plasticiner plaster of Paris or polyfiller to make a mould.
(One rnould bet¡¡een each pair of bud.dies.)

Dço

)ø

L.

5.

tsring yardstick or

You are responsible
visors and knowing
tlme s o

reasure, cold chisel, uork sheetsotape

for
the

rernaining in vieu of the
uhereabouts of your bucìcÌy

super-
at all

I OrCovician outcrops tJe llill be vj-siting are:

lu Lhe (iunion lulsrnþe¡ - rocks found there are \35r00OrOOO
years old.

2. Stone.y l'lount¡in rnember was formed ll50r000r0OO years agoo

3, The rock of bhe iìed iliver formation outcrops at Garson
(LT5rOOO'OOO years o1d), Dr:ring al-l- t,he tine these rocks
were bej-ng formed l{aniloba }¡as covered by a sea abouL 5OO
feet deep. In fact the CaCQ (Ca.Lcium Carbonate is thre
chenrical nane for limestone)- tÌrot settled out of tà,at sea
is ca]Ied 'ilndatJ- slone because it is shipped from TyncÌa1l,
I'hnn .[his is the same rock that forms on Lhe bottom of your
kettle at homeo

Find the vertebrates on the farnily Lree - rege 365" L5OTOOOTOOO years
ago riea ar¡imals up to but not inclrrdin¡ vertibrales had evolvecl so the
main fossils fourrl ir¡ Ordovicj-an rock wj.I-f U-e ãf'mollusks or 1ower anim-
aIs. lkoskeletorred anini¿¡l-s that wil.l not decay wil-J. be found most cflen"
lJo Jancl, pJ-anùs or aninnls had developerì yeù"
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followinz questions at the outcroÞ:

Answer these eur.sti.ons belore thc

:^.vl
.Li4y
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f ield t.rio.
l' From the diaqra-m, nalne tlie strata of rock rrnder the formation \!re ¿rregoing tg visit.,vJhát ha¡rpenec to the rocks thaL used to cover this out,-crop? hrhich roclc vras de þosited f irst ana whicir rock is ol_dest. r,Vha'event ninht h¿rve occurred that, r^,ould rnake t,his inference incorrect?2" rf we renoved al-I t.he rãc[-auou"- ilrg n1ã"ã',r¡"iun J-ayer, vrhat shape v¡ou]clbe left? ;la,ke an infc¡:ence aborrL the i,lairitoba l_andscaìîe cluring pt.ecambrianperiod. Are Lhe layers you re,rovecì horizonl,ar ;;"ä;ïh;y-;iåpe rvj_rh rhehill-? l,iake an infeiernce' concerninq this À¡ierrvation.l' l'fost of i'ianitoba is covered r.¡jtLr ql-acial- t,il-l- and Glacial l-ake cl.ay.tdhich woul.d bc on top? r;ihat evenb u¡lco'¡ered thÍs oul,croo? \.lhy? checkLLre inferencc by_observinq rhesre layers vãu-n""-ã¡ã"i'lã'"i"ìi.For a more cletaitecl ."c¿tt"'cror" ""ction êee F,zt+$ of t,he canadian Geo-technical Journal. (ln. gùß_7U|tt). --

l'/

J

()r'ciuU t'-iu n
rc,< k

Answer the
l' ilrite the names of some of the fossils you found" ln what posi¿j-on clidyou find them? iihat cloes this ¡rosition meáni2' llhich animafs v¡ere rnost cornnon? rs ranáor sampling useful here? ryhatfactors could nnaJ<e your" inferences wrong? 

eq¡i¡v¿r¡¡'; uùYr L¿r

3" ïs the rock above anc ber-ow this strãta of a different kind. rr/hy?l+' Describe the porosity,- colour, texture and hardness of the rock. Doesthis rock appear-ro havä'been ioímea f";; ih; ï;j"ili;";'";;;u, (b) heat
?ågro;;i:';:¿u j") se.'ring ouri n;;";ib; ðilã p"ocess r,har tooÉ pracã-iõ
f. How high is the rvall of the quarry? {r
4Fr¡rR ru.r¿uu:ur.--
(a) Nan'e the rock you found . (coz i-s reÌeased v,,hcn Hcr Ís nraced on rine-Lt?ng ancl C¡'psu:n ciissolves in rvater ) .tD, .rt v/hírL rate w¡rs the rock clencsitr;tl (see I,.502 texL). Calculate Lhetime^required to deposit the rvafr vou obseruu¿.'ii ;;;;á i ""
(c) st'ate 'salinity, Leitperature anð movenlcnt-ãi tno v/ater during deposj.L-ion" (see Lext P','5Ot,).' ----"

I{anit,oba Outcrops

Take only the
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FACTS: I{lth the folJ.owing lnformatlon about some of the anlmals whlch
them. 

lived durlng ordoíician timei, ;;il;.-ãïi quesrions áð-io, come ro

CORALS: lì¡ere very common durinq thls period and they survlved in the limeyseas. Horn cor¿tLs and-larqe ôol.onial- forms-were abundant. Theyhad not reached their puãt in-th;-Li;d;;i;iåätpå"ita. The horn corar_s vrerevery very lonq and thick. Ìãnv coral-s are folnã-fossilized whol-e in anupright, position. (r) l';rrat ðaå you infer about. the movernents of the ord_oVlcÍan Sea flom this facr? (i.è. was it cal-m 
".';";;h:içr¡vo 

v. u¡

BRRcHlopoos: Tþo9q 1n the ordovician.period had srron.qer and r.imeyiersher.s rhan before. (z) 'ihat hãop;;;ã ä- rh;"i-''itey vrereextrenelv cornmon and had gone und-er great evol_utionary chanqe, havingkidneysr- nervotls syster,ls, etc. The brachiopods were a most successful-race, v¡ith more Èhan 2oo'species stirr-ãrivã-tãoäv.' i¡'i""wrryuçççrùp'ulecyrons i were quite rare and had one rarge winq on the side of theÍrb"u!:: ìíussers -began to makð uri-"f på"r"n"" . i{ost orcrovic-Lan pelecypods r.rere preserved að moÌds in 
"anAilååe, makÍns thenn very diff_lcu1t to idenrify. Ir*) l+nyr (i) uo" d; *;-i';;;-äo nucrr abour.rhem?

GÀSTROPODS: were becomin4.more abu¡dant but were noü at Èheir peak. shel1s

;å "-?å"Ëä " " ".i:ä: ?åi'fi 
"*nå 

å' 
"3"i:å,?' rnÏio;":å :::¡::l ;;, iïi,îlrr;; ;i;--" 

" "

0FPHALOPODS: reached t.hei¡ peak during ordovician times. They fncludedsome of the largest and- ñost power¡"r animár= äi'tñä-tir".There were both :.1"1i¡hd "nã 
8ãii"a shelts iriir, i[" srraiehù beine mosrdöminanr. (d) irhy are mosr or rhem extiñõt iãäaiï" îö)-,iiiårr";;i3 i"exist, today? (fO) 'l¡y7 

?!uar ¿

cRruOTDS: were very abundanL so that in some parts, entire rock layersare ¡nade up of their bodies
TFTLOBTTES: reached the height of their deveropmenr during ordovician. tirnes. Some reãcl¡ed_the fun!it,-õi.äI i.ncies. Thev were thembst pouerfur species dur-j.ns inã-p"r"o"oiã ti.r""l- ii",;i;";"¿y"iå""1åu"""¿
ltlth a strong sÍriela-¡oi-nðJ'i.ñ"ihe mi.d¿t" 

"éõriã., vririch enabl-ed rhe crea-tures to roLr rheniselies inro a barr ro p.;¿;;;-¿Làir sott unde'side. Thepresence of feelers on their bodies tellius tr,ãt-t¡u animal wanclered onmuddy sea fl-oors searching rot:-ioàa. irr" 
"iiuuiiÀ,r of their eyes on theuÞper side of rheir head ãel1s,rà th"r th"-;;i;;i received irs ì.iqhr fromabo*e, and lived-in fairrv 

"r,ãriã" v¡ater so that the right could pener,rateto the bott,orn. some speci"s nãã-.o*pound eyes. 
- 

rrcst had as many'as zr+ì-egs used both for swinmin!-anà-uràrting. Trirobite food varied wirhspeciesr some were predatory, ðtrrãrs scavelrgers, ve8etarrans, or some be_came burrov¡ers, living on róó¿-in-tl,u-Jä;ã;-"' ",
.Note-¡. Trllobites _had a habit of rolìing up into a bar.t for protectj.on and
them? 

are oft,cn found fossilized that lav'. lf i-Wn"i, couLd have happened to
VIIRTEBRÂTBS: Iillt primitive vertebrates besan to nrake an apnearance.. Evidence of scal-es and nlates-Iðä0"-rs to believe they werefishes. The scales were covered wirh tn ¿d;;i:riË,e subsrance. r,,io,compr_ete fossiL has ever been tounàl- "

-N.8. Fossils found at-Garson are 450,OOO,OOO to !0O,000,000 years old.
1l: l ,Í:iì,u?:]t,T:';äiig'iits,:Uillilli,;:låi:íl::li;åif,:ll;i";:nil;,;"
younger? stonv Ìlountaj.n is a miiture of lrrnestónã-¿ind red t grey.nd greenshale. sro'ervár.r. is n'o""-iir"i.,;;;" . _ !,rhai u.;;;; ;*"urred to cause rhepresence of mud that tur.nc:d to shaLe?
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:SJ.l,V¡n el.qI,iS I: fo.r Slt¡ìf T.

In past ages v"hen a J-a.rge body of .sca tvater was cut off fro,n the ocean.tlte v¡ater r.arìualIy 
"".,iot".ii"ä anrt a"pä"iiåd its mineral-s. tr,Ihen gú" oîrhe warer iln" sy¿porarcä r,nu ð.Çö)_^îãñäðj";i.rn"un serrlecì our, Na c 1(sart) v¡as nor dråfo;ã-;.;ii 'Ç),,ß 

or 
'rrre-waðàr 

was qone.
During the Jura'ssic periocì a deep basin rvas eroded from the ordovicÍanroclr. This basin tuaä r:.irecr iirh gvpi;;;"; rhe end of the Jurassicperiod' The silvel, prains.-Àyn¡unr ãäþo"ir"-à.u connected to Lhe Gynsum-vilr-e deposics ro rhe no"ir,l"ct;";il;íi""aäp"rirs are on rhe .surfaceand open quarrying is uããJ. 

-

The room and oillar method of mining is used. at Silver plains. An adit,.or s)-opins mi;e--shãrî-'läã-rrãä";-;;"i96; ;;"; ï_,* "rop". ?he 20 mi*ion.ton gypsun reserve was reachéa an¿ p"óá"óïrän started in r96/+.
Anhydribe is caso[. I'Jherr exposed to moisture it wirl in time take uptr'¡o molecules of v¡ater u"O-Uãõon,e- gypslùn, CaSOI+ (Z,rlZO). ïn ¿his reactÍonthe vorune is increasea ji%-ã"ã'ir-,!'ï:ã""iriîä'p""""u." is said toaccount for the trummocky áopeJ"ance of rnany äyp"u, areaso Fure gypsr¡ïr1s uhlte and rrhen in riiä ä;;;;;;r;ti""ioä"{"*È*r.,"n"renr.
GTps"rna is subiected to crnshirg:_d"ïinç, pu-rve:-iai.n.g,_seoaraüing andgi'inCing procð""es. At this stage it ió èa1l.ed Land Fla.ste¡ .
Boiling or '¡calci¡irrg'' ís crone. in. large steer. kett,res drivi'g oî 75% otthe rncisrure i' tlrà-fyp"r,nl""Àr this ír ið-ãärr"a half_hydraúe orPl-as1,er of paris. ri'äéi-ivea"iri nãrã-"¡:i"ãîË" of parÍs;. fro,n rhe facriha't it t¡as fírst procluceã in roreo.r"*"iiîiå! i,r rire.vÍcinily or paris,F¡ance. carcinu¿ ävpÀur"i"*nor cãrrea--;;s;;;;;,,, or simpry ¡,Flasüer;;.
$C,{i_Lig¡g_L_:.n_lq r m_Alio n j.

L' GeoloPv of gþg-si-lver plains 
lvFrsun Deposit - A r.fasterfs Thesis by!r/.4. f,ar¡b" (rgo'il';;riiäüie ri.ð,,r're-ûiiiersiry or-rønitô¡r.

2. Gypstr-m - Anhycìrite Del.osi¿s of j"anitoba.. A l_fanitoba liines Branch
f;I:lå;:rt o, li5s-z; b; u:*Irã"ñårvìi"-(rö;ö), availabre rron-rhe iiines

The superior oriar.i!]":. of gypsrm. as a fireproof building materiar aredue to rhe faór rhar the rãåi,å"rt.rre of rùå-rÃ"*posect sidc of the ßypsumsrab cannot c;:cec(r zr2o r-;híi; therc i.u-änyïoLcr or crysüalrization inthc gypsun. tl,q__gp-li.I¿_ç_u_.1-...i_9*i 
_dffiL,{ Fsctu-rc-JèLb
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SILVIR PL/\INS MINE

Entrance
IIORK SHEET

I i.-1
--. -..-.----!'.-¿l Red..nr\

\D . - Iake clavs
uJ_acLal.

claciaf tiIL

a--'-'
Ò

Ç{!-*-

FROli TIIE DIdGRAti:

-

1' rnfer t'he order in v¡hich all the rocks on the diagrarn r.rere deposited.2- lvhv are rhe gracial lake "t"y" on iðf-oi the gJ_aciar tirl?3 . l*ï: ll?^g:gÍ:t::n^rocks 
-i"'ã"ãä, ";i ãåü"irton. i^¡rrãi-ãourd makew¡¡¡v ¿¡¡¿v¡ Ll¡JU \i/¡'(i¡¡E í

l+' Draw. //1// through the basin that r¡as eroded from the ordovician rockin which rhe warõr was Lrapped durin! ¿ir;-j;r;;;î"';;"i;ä.5" Explain hor^¡ the basin oi-rätur may nãvã 
-b""n 

cut off from the mainbodv.
6. Hov,'" long ago was the gypsun deposited? (Text p .ZOT)
FRO},' TI{B TNFOR]'IATIOIV SH]iIìT.

7' l{hat' would you expect to find deposited on top of the ì_ayer ofgypsum?
8. llrit,e the chenical formul_a for (a) rnnyarite and (b) Cvpswn,e" IVhv is Plasrer of paris ããriðå r,äír-üiåiå;;; -ii;"i"iiäti"ie 

a be*ername ? IÌhy?
10. t'lhat hanoórs to pl-aster of paris v¡hen water is added to it?1r' lfhat' rrap'pens to^gypsum vrhãn it is rtðätäoã-'ivr,"t would hapnen if aìô building ,rrade of -[ypsu,n started on firéZ-r¿' l'rny are piJ-lars lef¿ in the Sil-ver i-Iains l{inc? you are allowed topick up rocr-<s as yo^u are. guicìðã ihr;;;h"inu *tn". ljhàr vrãurd youexpect to happen if you hðatccr rhe gyisur-in r test tuueï-
This ¡nine is o¡:c'ated by a_ private cornpany. They are conducting thistour as a favour to us. r.ri:asã uu co"iieó;";; the emn,-ovees^
The men wiLh .jack hanmers are drill.i.r'¡1 hoì-cs ì¡r whiclr d¡manit.e j.s'r.o "¡è:nfäce¿. The
trucks are elecl.rical. Äs Lhc t.ruck drives into tÌ,e nr'i.ne Lhe cor<l is unwor:nrì. lihen
the truck rel,urns t.o the eniraltce r.rit,h a load of Âylsun it aul.o¡lat,.i calì..., gathers up it,s
own coxl . l'he /r-.'-'srùr is crrrsJrr:d aL the enlra'ce t.hen carricrì,n t.he arìit on a con*er.-er

::t: :::: ":":ll"::: 1.ank + thal can drop irs r_oad inr.o r¡1¡çr5.



Ço,[, lrnr {};¿{e
<r4

lilÌuctì ,\\'lj-\uI] ,tT tìtT,\ s.t'tÌI.)ì1.
\\'irrni¡reg, trla¡ritolra iì3.1 0\'fl

Octobcr. 26, 1973

T0 LIiCtf IT tt.Y coNcna,il

ï hava used the geoì.ogy act,irrì.1;v sheet s on an e..xp,eri_rnent.al
basis ancl fouid tirern to be very helpfril. They increasecì slu,lent
undc+i'stanc'i.ng b;r hcl-piirg to nal<e a nu¡irber of trrrjxs clear, (u"g"
deca¡'). Âls;o t,he lever of interest ilicreâse¡i 1ro"r.use of the
field tri-ps l;r:rggested. r fou¡d ti¡aL t,lie activities accc,,inpl-is;herl
the objectivcs thaL r.¡ele cuirined f'or each shr:ct. r hacì no prior
Ìoroi.ùedge of the questiorrs used in prc or post-Lesting.

Sincerely,

l'[i s s .I " ':\i,: 1"2a..
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THE ST,JAMES.ASSINIE.JOIA SCHOOL DIVISION NO.2

líl o Fllr
o!: ; tttt.cFe ";v'tg:

€F Êe>clj&tt{



- 103

óy".^þ,;- 741 ¿. /--aó"*t!'/.*( øu!. . "
f.3-4)4 /'.L',.¿:*- i/ . 177 3",/ )

*/*/ _--*^_/ 4-.4

9"",* ./;*."1,
U ,, 6_1. , B.[o,



THE ST.JAMES.ASSINIAOIA SCHOOL OIVISION NO.2

W,teø#*o*# Ç*f8*#tåw&æ
360 Ilorrgc Roatì

Winuipeg, X{anirol¡a Iì3K IK3

September P, L973.

I'lr. Garry Rogers
Gold-en Gate Junior High School-

Ihis letter is to certiflr that,

1" The objectives of the chapters (life in the past)
'were taught as reco¡m.end.ed_ by the Manitoba Dept.
of Education during tlle d,esignated. experimentat period..

2. Tïte pre and. post tests were a¿ministered. accordÍng to
the instruc$ions accompanying each test.

G. DeBlonde, PhD

cD/pI

- loll
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'l'o ìdi-10i'i rI i'\lry (ir)llc',.iì.N

'lhe AcLivit¡r jlreet ],'ormat was usecì Lo formul_a.e ob,jeclives

for a lle n i.¡l- Assis i,i-n11 courl;c. 'IIle s tep-by-s i,ep procecÌu.re a s outrir¡ed

by t,he Activily Shecl, I,'.,"mat gave me a betLer idea oi.why aricÌ hor,r

ol.rjectives shoul-d be wriùben outo Al-l- general cbjectives rrrd. specif1-c

objeci,ives were begun wiûr a verb showing what ùhe student uroul_d be

doing to denors trate thal, he had l-earneci the required conceptso I felt
that the coneept to begín each objective v,iith "Afier conpleting this
activity the studenL shoul-cl be abl-e to, l¡as repetitous and, r,¡as not
i ì r-/: /ì

Yours truly,

F. Ro.ss llaylor
Depertment lìead,
Den¡al- ,ìssi sti-ng.
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7'0 lloncl St¡cct I oronl<l, (')rlt,rrio, (-¿rri.rrl¿

N,i:;li tx i

- -l{

Bor>l<

/'llr/i,,/1,.1'.s

r\rr'.1 ( rrrl¡: .1 lf¡
I clr'i'll¡rlr' .Ì(,J-7{)51

I À1,\(-,\1il C.O: loR0NTo

Januery 29, l-97lt

COtvlllANY'Otr C,,\N^DA [ [¡l¡¡i-l t-{-)

Ii:', G:rr;' l,'."1 . RrEers
St re eL

i,irr'-ip:;. ..:-n j.Loba

Dear ..þ. IÌo;ers:

1Ì::-n): you ior cir:c::in3 vilh us"

Ycu¡s sincerel'.'"

ç ()ice --l' l::n
n.? ;.. i., :-:- ons Irìitor



^PPmIDJX 
"C"

TEST COI;S'iRUCTTO]'J

1" Letters of confirmation

(r) Receipt of standardized. tests

(b ) Recrui-ting of teachers

(") Constluction of tests

2u Curriculum

3u Ïiork bool< exercises
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Dopo râment of

ffidl.ti ",*ff,.'fråepm
Governmont of tho provinco of Alberro

Ëxocutive BuilcJirrg, 101O5 _ lOg Street, Edmonton, Alberta T5J ZV2
TEICPhONC: 425-8717 AC4O3, TELEX: ALTAEDCOMM, TWX: ED ADMIN EDß,I

I4ey 2, 1973

¡4r" Garry I{.C. Eogers
Golden Gate .Trnior Fligh Scl-rool
330 Bn¡ce Averue
VItr'INIPEG J-2, itfanitcba.

Dear l"h. Fogers:

we have on file a retter from you addressec to MJ. I¡Iood regardingÈade lx science Ta:<oncr¡r-ies and tusl it.rT'. As }tr. iv.ol i= o iorrg.r'in or¡r enploy, r ha¡¡e taken the riberty to res¡rcnd to-your request.

_ - Ugfo5tunately, present poliq¿ dces r¡ct perrLit distri_bution ofGrade lr departn:nÈal s<aminàtions a<inii¡istered u Ãã."t years, si¡rcethejr secu¡ity rcnai¡s necessar]¡ i¡r vign¡ of on-go-ing-ãcLvities an¿researc*r in the testirig area. i{crnæver, vre are enclósi:rg a 1965 a¡d1966 frace lx science Deparbrental axarni-nation ulat-wã'b*"d on the
TÐ.onory trrat you referred to, and trust that they *ight be usefulfor yorr lrqposes.

Si¡rcerelv,

Råy t. Al-lers
Ðçami¡raLions Develo¡xrent Off icer

K,A/btk
Srclosures
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No.

1
2
4

Narne of Test

i¡.S.C.S. Ach,levement Teet
l\Chend-cal A.chtevement Test Study
fþ.s "c"s " Comprehensive (sdence)
UI

Íl

!ic.f ,r"n" Advanced Hlacement &rams"

JCo-operatl-ve Sclence Test - Physlcs
I

llntroductory Physlcal Sclence (lpS)
Content Evaluatlon SerLes - Sclence
New Co-operatlve Scl-ence Tost -

Piqyslce, Gon. ScLence, Blologr, Cheratst:y,

[8"S. C.S " Qus.rterþ AchLer¡ement Tests
S"T.E"P" Battery - ScLence #ggO
S.T"E.P" Series Iï.

S"T.E.P. Battery - Sdence #967
ScLence
Sclçnce HLus Ana\ysts

Tests of Åcaded.c hogrees - Sclence
f Tests of Baslc Erperfonces - Sdence
Test of Sclence Í'nowled.ge (fæf)
lTest,s of Phyolcal Science Study Com.
lTests of Physi-cal Sclence Stu{f Co¡nn.
lTeets of Physical Sclence Study Com.

lTeste of Phystcal Sclence Study Com.
Tssts of Undoretendlng Sdence (fWS)
fPhyslcal Sclence Stu{y Com.
Sta¡ford Âcb,levenent Teot, ScLonce
Stanford Achlerrenent Teet, ScLence

^A¿J-

@
55
r 1"'.4)v ;6t,

72
75
77

INDEK TO Afi{IEVn@m TESTS

=93
9t+

-9697
98
99

L€v9L

Gradee I J 4

Grade 10

2rd ïear Unlverslty
Grades 7 - 9

Grades L - 3
Grades 7 - 9

Grades I - 12

Hlgh School
Grades 4 - lZ
Levels 1 to 4

Grades 4 - IZ
Grade 9
Grade 9

Grades 9 - 12
KJ-ndergarten
Grades I - 12
Serles O & S
SerLes N

Form F

Âdvanced
Forr W

Fonn F
Adv.GradegT-g
Interte¡l{ ntg

I
1
1

00
01

scIErlcE

h¡b].lsher

Harcourt Braee & World fnc"
W" H. Free<i¡¡¿¡r & Conrpeny,
Psychologlcal. Corporation

Educatlonal- Testlng Service
Educatlonal Testing ServL ce

Eciucatl-onal- Serri ce s fnc "
Houghton l{lfftln Co"

EducatLons,I Testi-ng Serylce

The Psychologlcal Corporatlon
Educatlongl Testlng Service
Fd,ucatlonal Testlng Servl ce

EducatÍone,L To st{ng Servl ce
Mam. Department of EducatLon
Man" Depart¡rent of Educ¿tlon

Houghton MlffJ-ln Co"
Callforr¡-la Tes+" &:.reau
PsychologlcaJ. Corporatlon
Educatlone.l Testlng Sen-lce
Education¿-l Te stlng Serrl- cs
Educatlonal Testlng Se¡rlce

Educatlon¿I Testlng Ser¡rlce
Educational Testlng Serlrj. ce
Educatlonal Tostlng Sennlce
Guldance Centre
Guldance Centre



P¡pvince of M¿rrritob¿r.

Department of Education
I'lanning ¿rnd lìcse¿rr.ch

- Lto

408 - 1i81 Portagc Avenue
Winnipeg, Manitot¡a

R3C OV8
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Dear Sir:

Thank you for the interest elq)ressed in your recent letter con-
cerriing the matter of specirnen test sampl-es,

The der¡a¡d for this service has far exceeded our supply of tests
and as a resurt lre are abl-e to fill onl;r part of your order"

\Je are enclosing specirnen test samples as follorvs:

* o 
*1:' /.3 E

If your request has not been comple'cely filled, the balance of
the order r'¡ill- fotlo"'/ as soon as the tesis presently on io"n are returned.to our office"

Pl-ease return thcse sanple tests rvithin,tr¡o_r,¡eeks of recei-pt in
orcìer tìrat the tests may be available for loan to other schools.

TharJ< you"

Yours truIy,

A"A. Tingley
Adninistrative Officer

, /,r(

'(-fz'-'t
'',

Dnclosure
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hovince of Manitoba
Department of Education
Planning and Research 408 - 1 18 i Portage Avenue

Winnipeg, Manitoba

R3C OVB
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Dear Sir:

Thank you for the interest expressed in your recent letter con-
cerning the matter of specimen test sanples.

The dernand for this service has far exceeded our supply of tests
a¡rd as a result \,Je are able to firl only part of your order"

l{e are enc}osing specirnen test samples as follorvs:

¡ / 'í / ,, ,-.t 4 ,9' l:'

If your request has not been completely filled, the balance ofthe order lrill fotloll as soon as the tests presently on ioon are returned,to our office"

Please return these sample tests v¡ithin tr,,¡o rveeks of receipt inorder that the tests may be avail-able for loan to oilrer schools.

Thank you.

Yours truIy,

( /. . ¡ A.Â. Tingley
' Administrative Officer

Ðcclosure
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h'ovirr.ce of Manitoba
Department of Education
Planning and Research 408 - llBl Portage Avenue

Winnipeg, Manitoba
R3C OV8

;'7 '1tr-4
,/,r/1(',

Dear Sir:

Tha-nk you for the interest expressed in your recent letter con-cerning the matter of specimen test sanples.

The demand for this service has far exceeded our supply of testsand as a resurt rre are abre to firl only part of your order.

l/e are enclosing specirnen test samples as follo's:
y' =5" n-.J' + ,3/
If your request has not been completely filled, the balance ofthe order v¡ill follow as soon as the tests-presently on ioun are returnedto our office"

Please return these sample tests rvithin tlo r.reqks of receipt inorder that the tests may be avaiÌable for roan to otheî'ãõfools"

lhank you"

,u. 
/

,/

Þrclosure

¿2,

Yours truly

('+r, ¡ A.A. Tingley
Administrative Officer

.' L- l_
-t /. .'{-, 

-/t' 
* 7 ,-,'u , /-- 1, t-r.->.2 J ¿t ,,.( 1'^ /.,

,/



h'ovinc:e of l\{anitoba
Department of Education
Planning and Research 408 - l18l Portage Avenue

Winnipeg, Manitoba
R3C 0V8
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Dear Sir:

Thank you for the interest ex¡lressed in your recent 1etter con-cerning the matter of specimen test sarnples.

Ihe dernand for this service has far exceeded our supply of tests
a¡rd as a resurt ri'ê ârê abre to firl only part of your order,

l{e are enclosing specirnen test sampres as follorvs:
L

a+ /__ /
,r) (,,

If your request has not been completely fiIled, the balance ofthe order v¡ill follo!/ as soon as the tests-presently on Ío*r are returned,to our office,

Please return these sanple tests v¡ithin two r,¡eeks of receipt inorder that the tests may be available for l-oan to other schools.

f'hank you.

Yours truly,

I /r-) A"A" Tingley
' ,' Administrative Officer

Þnclosure
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To whom it may eoncern:

The final- half hour of the scienee seetion of the st,. Jarnes-Assinlboia
Apriì- rnserviee 1973 was allotted to Garry Rogers so he eould uxprain ana

recn¡it volunteers for the pnesentation and testíng of his theslso A1-1

teachers in attendance wene asked to participate as erçerimental or
control group teacherso Saeh Grade rx teacher was glven an envelope
addressed to Garry Rogers and was asked to fonrard any test itens or
tests rerated t,o 'rlife in the pastr¡ so that a pretest and a pst-test
could be constnrctedo

ïours tnrLy,

Gary Wlnfie3_d
(fnservice Chairrnan)
(science gpebion).
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To r¡hom lt rnay concern:

The pretest and post-test were construct,ed frorn the folrowlng
sources:

1) Ttte currlcuhrn

2) Ttre grade IX Exl1orlnG Sclence text and workbook and Teecher.rs

ManuaI

3) Test 1te¡as from all Standardlzed. sclence tests available fron
the Manltoba Textbook Bureau

l+) Test lterns recelved. frorn grade IX sclence teachers ln Sb. James-

Asslnlbola Íìchoo.! )rì'ì'.r'i_s1or.t"

I had no knowLedge of the ¡nethods or content that were to be rrsecì.

by elthen the control or expcri-nental group teacherso The onLy .instruc-
tlons glven lne vrere that r shoul-d reJect, accept o¡^ add any test items
r felt wore rerevant and any te,sb ltens that were slmll_ar on tbe two

tosts should be gfven the same number.

Yours truly,
George R. Nosyk

B"SC, B"Edo M.Ed.
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tt¡ct tI t¡cjrlru i.ut i,.t¡l ltc cp ;c lf, :{c F, TI:ÐUCH rNQtJ r trr

Inquiry is a nuch uscd terro in educaLjoni ess¡¡rlially it r,'n; be defined
as Lhe lrroccrr ol'1'ornu-l¿rLirrg and tesLir¡¡ ideas. Ino-'.r-ily i.r4rìl'es an oFen
classroon cli r:ai.e, a cl jmat.e Lhat encourages sLudenL ¡.arlicipat ion ancl Lhe
e4 rccsjon of .

lnquiry Leachin4 Í!1y go on in ary classroom bu'- iù is ldeal-ly sui-ted
Lo Lhc obJecLt.rcs of 

"i-lc 
sc.i.ence cI¿rss¡oom" '[he i'rquiry skjlrs of ob:¡erv:ng,

cl.r,sil'ying, comnrrnicaLirv:, ncasurin4, inferr
t.helcs, dat.a inLer¡'rcLa'-íôn ãr'vT @ proces-es ãI-

sctence. lnq'rlr_v ls ÎjÌrùnyrÐus HrLtl tnc sclcnLriLc nd),,h1,1 antl shou_Icj bc
t-F-e-Eroãf o,,,:l.rTdì..¡1-õUc' c tive o
ually the sLrule;rL vill- Ìearn to:

a) IdcnLify his problem.

b) Hypot,hesize in reÂard to a possible sol-uLion.

c) DesigLa npans Lo

arj lnLrrl , i ì. nlS C'¿]1..Ír i1rìíl (itew conclusions"

"):
The ¡.'reçe¿ures of inqui.ry a:'e noi inborn, t,hey Ðusù be taught and it

is the science cl¿ss LhaL can review the act o.l inquiry ulrLil 1L bccoæs a
r¡s,tura1 procedure of investigation for students.

otsJr;c1'IVES

The trends in science advocale a science curriculum xhlch:

1. Develops 1n scope alld ¡:equence fronr Pri.;rary One to Grade lVel_ve.

2. Encou{e6es :;cientificl.il.eracy or unCersLa;ldj.lì.q of Lhe n&jor concepts o_f
science at the l.evcI of conp¡ehensjon of Lh¡: Ìearner.

3" Teaches the sLrategi.-'s of inquir¡r or Lhe rrrocessìes of science to enabLe

I+" !eveì-ops inde!,encle¡ri, learrúlg sldlis vrhich wiì1 enable young people to
adap-@

5" Uses t,he resou¡ccs o{ the co¡nlttnil.y a¡;rl oLher rcierrce materjaÌs to further
underslanrlin6 of cnviroru:renL, air,1

6" Enrphasizes scien'"ific princj-p1es, ralhe¡ than facLual subject malLrr.

7" Pupi.ls slr,ruld rrol nec<l extensive not.-'s. Their greatest veLue may be as a
. DupllcaLcd not,es ånd dlagra-rrs

arc to be di.sci¡uraøed.
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OU'ICI)Hi:ì

Ar, a result. of a course jn elcr.rcnLary ancl jun_ior hi,gh seience, l,he
pupi I l¡irou I rj :

- 
'l ôlì

:;c:_cncc " ( '- /--t-<¿.1-t. ti
\1

t gû ;' erp"'eárïti6"";lú'u" .'irsr.',-i;,q
enoLl r;iai- r'e:ri,:)n.ìLìÍj añd- wlII-¡ãïãTe ñ such t.hi¡rps as: the rolc, nrer:roLriiìat_ I'e:ìi.)í)n._ìL:Íi ano wt.11 reIaLe t,r) such
science in o'¿r. <jaj.l-y ij-ves" Lhe orderl.iness

t.hi ngs as : j¡-ç__fqf_S_qf

( Ì)!,. ''; ,t-/,t,. t./-'.t-<,/(,

)

Ã

6,

4:ggi¡'" ari -irlL9¡'rate'l_Lolv of Þlsj.c' scient,i l'ic ilr-Íbrnr:,tion. orÃaliz_qoj nio r:.e,a'n:rr,gTui- c. lj"¡a_IJgt,ferrÉ

{g-q^g:-r_"-.gl¿rylg+-ive skiils i-n Lhe use of apparatus in ord.er to cond.uct
inäeitè ird e nt-Tnv e s Iteãî

of naLure. an<l the conLr'l bution
01 sclence Lr-r solvi,ng world probJ_ens.

inqui:-y.

Þe.-U-.:-lq1r I 9 yel*:*-yj, 
:, ! iyg-c nd _g:-o.p? se! rvç_ r*s¡\_Þ b i t s gÞ--i4rl

anC ;¡iake Lhe develon¡'^ent

Dernons+-raLe
ã-üãiileîj''oÍ

TEAC HI NG ¡r 
-ùCr3ES TIOliS

ln &is--pægram {earures ;:upjl- act,ivj.ty" pupjl djscor¡ery and .,he gradual
devel-opment of concepts, There is very titlLe io-om fo. îi.,u luãt,l""
rnethod, copious blackboard noles, or rote l-earrd"rrg. It, cannot be iaughlwiLhcut apparalus and a pl-ace tc use .il" The activities ancj"ie s gnd experi_ Een_L-smenLs
tft-g,"lfgjþ*laperÍo:-nec.i Lo be ot a.n¡i 

"atue-.
2" Tj-me allotmenls are as recorn,ended ;y i-ne Eienenlary CurricuLur Serruinar,

GraCes four Lo ni_ne, )2:1" (rÍ equals about 15 ninuies per week) o '

3" Igg"¡ .!o. graduai developroent concep+.s raLher than for ¡nemorizaLion of
isolan"ed facl s.

L+" Be
ãfl

alrare oi the scien-r,ific process:es j,nvol-ved
tne se delrbel'aLe, ra:her Lh¿¿¡: j ncicle¡rlal.

!J-an yq.ql-q1ils so 
!h=,?r, 

th*, ?upll. * ""fory¡r¡r+_gf llle rjp:If¡rglls.
Þlake certain they will btabml-nãir aãttvities an<l

(

6.

do sone i.nãere¡xient- resr.arch-

fL is pen:rissi-ble to lake Lhe u¡jt.r in any orcier, l{r¡wever, jf several'.rniLs in onc year are c.l r.lseJ-y rei,r.t.erì, iL:nay bc t:arj.er Lc take ihemin order anrj oblain Lile benefit. ol'a gracìr-ral buiici_u; cf k¡owleclsir.



INFERENCÈS FROM INCOMF ITETE REMATNS Ûerr: pp. l8O-lgll

YOUT ,NTËRENCES FROÀI
PHOTOS OF FOSStrs

INF€RENCES

THE IEXI
YOUR COMMENIS

llor' ¡c;¡sils Are Formed

FOSSIIIZATION lText: pp. 182-t 851
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FOSSII.IZAIION OF SPECIT{ENS PROVIDED BY IEACHER FOR STUDY

6
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lnlerprefing Fossils

A CLAM'S EXTERTOR ond INÌERIOR OF A CtA¡ (Texr: pp. t 8ó-t BZ)

À"t' '.

f t : ;-

\ -.. _. -.:' . -
'l\ù.'.-

_ >>ì..

I¡lxl rhc foìlorçjrrÍ:

.\. ()!dc\t p.rrt ol shcll
B. \t,rvcst pert of slrcll
C. I:r¡:r¡( r,i,h,.ll rçlrcn thc

an¡nr¡l ir in notion
l). T]¡r. l¡jr,...1,,

Ii. lirrl¡¡,s sl,,;rr i¡r( pcriotis of
l¡t I !(. gr(ì\rlh

MOLLUSKS (lexr: pp. tBB-le9t

''À
1".1,.\

"- .!\tt

./

l¡bcl tl¡c follorrins:
P. ¡1ll¡rc.!rrncrrt of musclcs th¡t

c.losc llrr.shr.llç
Q. .,llt.rctrrrr.nt ol lnrntlcIl. P¡rsitiorr of ll¡r.siltltors
S. 'ftre lrirrqr. liqrrrlt,'rrt'l'. l lr¡. lrirrt¡,trì,rl¡

'\r
\

il

q)

SYÂIIMETRY OF sHEil.S (supplemenrr Toxt: p. l90l

I

I
I

I

I
t.

Í

t.s
i
j

onc o[ thu t$rr or¡llitt¡ s rl¡¡¡rr'¡¡ ¡rlu'c lras bilateml (twosided) s)r¡ìrì(rn. tlr.¡t is, l¡rlf of the out].im irthe mino¡ irnrge of thc otl¡cr l¡alf. Tmcc on thin pipcr i¡,' elti"r rhc tq.o or¡rlj¡¡r.¡. Trv to fo'l thcpr¡rcr in srrrù ¡ \\'¡r' tlìat tr¡r' rr'o rr¡rr'cs on thc àuirine 
"pp.", 

tnc..ir,", iir, " iiì,i,"r,, rt,r'i"i;ìp ,"thr. light. Iìl', :ri tlrr.prou.ss rr.irh rl,,-oii,;'o,;iX,;.:.'

W[ir.h or¡liinc it.rs l¡ihtcral syntûì(try?

\l'lrv is o¡tc lr¡rlf thc ot¡tli¡¡c srirì to lrc the nrinor irnrge of the othcr?

\Vl¡icll of tlre irr.o or¡tlirrcs rclrr(.s(rrts a brachiopod shell?

lVhiclr rcprt'sr.nts u ¡rclccy¡rcd shcll?

Idcrrtify the following as brachio¡rotl or pelecypod sheils.

--_-g-'

-') iÌ4rat migrrt hnppcn crurirrg tr¡c fossiriz¡tion pre.css to ,cstroy thc symmctry of a si¡cr?
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BRACHTOPODS I pELECypODS (supplemenrrText:p. lgli
,l]1",1'"St.'n.^,..,¡c riqlrt slrows rhc intcrior of at)¡r(t¡iol)o(l rl.t.ll. I_rlrcl rhc folJorvirrg p";;r,-' 

-
Â - tlrr. oirlt.st prrrt of lLc rhcll
l! - l)rc rrrrrrr¡,.r1 ¡r.rrl of tlre sh,,ll(. - llrt kx.rlio¡r r¡l tlrc l¡irrrt.

f;_- 
tt,¡_11,.rr,.,1, ,,f r!,,.¡,",1Ì..k. or srrnl)on

¿ - \!.Ìr\ rl¡ôrr i|. ,¡|t¡rtlrrn|rlfs of tl,ci¡r¡sclcs

i:l;:;11i1;i¡'i1,i'îì:,1ï]lii:ïiortc,,r.a,ccr-r,ivnr'cs- r,tt.arrsc r¡orh ha't.hvo she,s o¡ -t.arves._
of thc ir:,¡,rrrar,r ,i,,,,1,,'r,t,,.1 

",;;nlt'ntnt' 

arc trot rel¡rtt'rl t'ill in rl¡¡ follorrirri,ì,"n 
"'ì,ii,,il,rtrtl**"oc<litro;,,r1 rr.forprutio:¡ 

"* 
,l..r,r,.,JTt'"ttt'ccs 

h'trvrr'rr tlrr.?s,o t'l)cs.f n,,i,,¡,,i. f r-i". 
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'fvpc of strnrlctrr

3. I¡cario¡ ol g!alds
that prorìr,< c r.rìr.cs

\fctl¡t;tl oI clorrno
r'¡lrr.r

8. Tr ¡r' of l¡)comotioD

(l

[i \\'ay of olrtairring

9. Sonrc r< l¡tivr.s

CORALS. CRINOIDS, ond TRILOBITES (Text: pp. 192-t 95)
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RECONSTRUCTTNG A WOOLty MAM^IOTH (supptements Texr: pp. 196_197,1

I cx¡c¡crenrsrrc

lF-ou¡-f,mtccl
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Ort.r.rll k,rrglh
+-
i tlr,.¡,,!t ),, iulrr

ftr pr¡uting l¡¡ tlì(. lcxt slrorvs a srtolly,nn,n. 6)
¡rotl¡ nr tl¡t. nrtist lr.licvc<l it looltrl. parts of
lhis rr.stor¡tit¡l trc ll¡rrr.rl tr¡rrr llrr.<lirrr.t r.vi-
tlt ¡rcr. ¡rl ftrrrils. l)¡rls. llrrrçr.r',.r, ar,. lrirs(.(l u¡r)u
j¡rf,'n'¡rt.cr frorrr lir irq l lr'¡rlr.rrrlr. l.)r¡rlrurr irr tlrr,
trlrk. ìx.lr¡rr lr,¡s. rr¡rr lr, tit.rr. tlr. tl¡ir¡<.lcrislir.s
li.ttrl ur.rr. rl,.lr.rrriin¡,t1. (S¡r¡¡¡r.ot tlrr. clirr.ct r.ri.
tlt,nct. ln¡1. lrr.strp¡rrrlcrl lrv ilrfert,¡rclr. )

'frrnl sh¡l,,.,rntl sizc

\\.rr of lroltÌir,q tnrrrl

DIRECT EVIDSNCE

f 8o¡ed on ocluol renoin¡ I

Sl,.rPr' ¡

l)osil i¡rn

ll:rr riz¡

INFÊRENCES FROM BONES (lexl: p. l99l

Identífg the lollooittg boner;

3

tt8

3.

3
\\'hnt lìirls of nrrir¡r¡rls (lo thc fll)otc llotrcs rcl>rcscnt?

Wh¡rl ir¡fcrcnc(.s can yorr mnke from thr. parts of skel<.tonr shorn belorv and itì th.: text:,

-

v
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TAIL BONES
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¡.è\ ''/-s'
-//.Ðz+- /iq{j\
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EARTY AMPHIEIANS AND BIRDS

\\lìot stc somc inflrcn(.c5 
',¡)lr 

cfln
the oml¡l¡ilriar¡ sLctcto¡?

L'¡c ol tnll

Spr.t.d in uatcr

Gait r'n lrnC

Spcr<l on land

Tr¡c of løxì

Sorrrce ol o¡t.gcn

\lJ¡¡t is thc basis
rrl¡rLil,ian?

I lead slrape

Sr.,c of mouth

'l-;.pe of tecth

laation of tyes

T¡p of eves

Sh¡pc of tiil

u.i----riåq

for thc remroÞuction of thc

Unbirrl-likc chtractcristics

fi

What is tl¡e bssls for six struct(rc, o[ tlro rcsn.struc¡ed l¡ird?

ÍNFERENCES ABOUT FIABITS fSupplementr Toxt: pp. 202-2041
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\l'hat infc¡e¡lccs can vor nrskc rrrout tlre eatrng habits of thc six ¡nodc¡¡ anim¡r¡ and the two exunctdi¡rosarrn.l,,,nr, al,o11. a¡r<ì in the text?

\111¿i infcrcl¡ccs ¡rl¡orrt'al¡ifs cun you make from the fossil skclcton of a rcptilc shou_n below?
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3, Letters from publishers
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Encl-osed you rrrll {!d r transp¿¡s¡.y wlth -one_group of cholces under theIDINT.IFIcATIoNll.1}lB[nc1rc].edthus:-r:fffiE^9¡¡q
tíould you pÌease have each student t" tì*-:-.F,.ffi#ho test

heading

f111 ln:

and so on.

sheet and *tn* 
*

J" -!- -3- -3-- -t!-L.4A ___

Each student ln the eocond class flLÌs ln O I Z j I,
-: D:5 ::: ::: -:Please ask your students to find nurnbers I,2 & J on the IBM scoreouü that the nwrbers are across the sheetr-llür dáwn tträ-cor,nns.
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ll toe clo¡l? to('' r,.J rruia tou' .,rt. ror¡ ..tjútL€ttLy éoàs
ño 0l¡ot r.orlr. rMI frt couit ogo..¡t,oJ

$aopLÈ | sccag I

"^,,P/*;; F*;il-

!. Clrlglso ," I

l-ô a..r.rr, t-0 ¡.rr,
t-c oàrat.. t-t c..rar! |

úæÐ_ _.._ _0¿76.__--_-acE-__3t ÃÌ.67_0Ár[ o, @re?

lEtô
rAg€::,-: , :_ ::_::
¿gD¿

_ !-. 9.. .-c.. 9..

tglô

.-0.. .-q-- o

@

_.?__l æ
9, l-

o6t
,?..1 *

f
o

,,-9.,1 *

o læ

q"

. é

.-q..1 6

.-!.-l ob

l4È.?,J*
læ

,rro,J *l-e s l.ta.a

¡

I
0

tg

r9

ål
tt
38

Ël

E?

0t
ß8

at
It
0?

6l
68

€'c

,lt.
:::::

'f -,
A

::i:

.-.1=,

=l!,,
ô:::::

ti,=
.'9,.

.1,,

.i,,
a

.-.1,-

t'l.t
.,1,,
ô

ô:::::

,.1,=

I
6

tÊ

¡e

rc

t8

¡0

,,
lê

u
€t

€6

$9

s{

s5

at

s¡
88

.l
o

.9

á

.q.

.P

9.
q

q.

ô

I
1

1

1,

?

?.,

A

€--:i:

,P.,.

'!',
.Ê,t

tr-.4t,

,-!,.

,¡-.
,8 r,

, -9,,

=1,,

' rg.r,

,9,,

.9',

.,!.,

,Í"
,,?,=

',9,'
.9..-.

la: :

.3.t

,9=t

,19..

=2r.
,¡.,
,,?=.

,3,,

.S.,

'9..
=-9-.

.,9.,

r=3.,

,,9,.

,-9-
0.::':
ô

.q.-

t¡
t€
00

40

a0

&3

té

câ

0{
q¡

rt

øeo
o c. .1,,

0t
u, I 9.
@ .c 9

.o .9, E-

9, .I . .3,,

'6 ,1 'qo, .: t
,9, ! ,?

" ,g .-9,

,g, .9,.

,q ,.q,, 9.,

9, ,¡ -g-

.o Í,. ,9.

.6. .9. ..e..

e. - 
q .n..

a-.ôô
B ::::: :::::

i,, !.1', ,,9.,

,9, lf .-?,: ,9 ,.

¡ tg ,,-q,, , ?,,

,!. t0 ,-q,,. ,4,,
.q ig .,1=. .,o,,

I E! ,9,, . -.ø.-

.9,, !t ,-.1,, ,?,.
.8 t0,,?,, 9,,

. !,, 39 ,=9,, ,9,,

i,. ô!,1., ,-.9,-

.-1,, €l .9', ,,9,.

,!., $ '9.- ,.9,,

,'1,, 0t,rq" .1,,

,-!,, gg ,,1,, ..9,,

,1., Qg,-1,, ,1,.
,$, 6l =9,. ,1,,
.-8,,. fl .9r. 

'-.9,'

-?r, ,,!- -@
,,?.. r.lr. *

@

.t.. .f=, €
,-3.. .-5r. -@'
..9.. --l-- q-

-'- cg
--q-- .l-, .ç ,

--9-. -[- cie I
é"t \

-_9__ _ç - ó-;''--- (aã

=S. =Ír, 
oÉ
@

.f-. ,S. *
@t

--a-- -I- æ
6_

-.9o. -Q, ..rr iæ
--Q-, --{.. rb .|

,9' t:- F. j
a-9 I

-þ-- -.€-- "g-f' 
t

11. ,Ì
-.4-- -1.- .r't, fld-Ð. 1

,3r, rf* *.J
@¡

-9.- --{-- æ ;---- -- I

{
ô

t,
t6

fs
!d:
tû-=-,,

*!l¡-;¡:$i..PQ rJc/r IIT!rl--ìET-1ry-qrlglepg_9.1_guEgTr_g!g_IgB_r9!B_gMEIIg:*
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ci., iìli.t .;î-:ì:i... T:ì.;î. page I.
TlrÍs i.' ;t t,g5; :c finC ouL hcr,, nuch ¡eneral xnor+Ierl¡e you h:vo cf scicnce.
"ro 'a,-hs 

.rr-û .i,)iucre.1 r'cr rluessini .,., l:: ii^ii 'ã"åÉ;i;"';;. 
ÐírRy quesrion.

Ilt¡ad c:.clr,¡¡ica:-¡ticn crrefuìly"think of .-li¿:¡nswer
Lili q:l* i,iìJT ais'.ler in !he choices.¡'iLl TL'uÎ c¡oice in rhe ¡;;.;;;-;;;åe on:he fBrrr ans."rer key.
1., Caicasses of' ani_i¡rls ¿oCay disapp.s¡¡ because thev are:

(a ) buried
Ìbj ;;;;;: ro djs¡ppe.?. Í;ì ;i:;:.0'bacte:-ia.

t. 
ii: f;åårão.n"t" 

in rhe skut-l of a f:.pg are tocated cn whar p.arr, of
(a ) ton
ìñ j rlXi.;- Í:l *:;

3. Sc j €.:ìLis¿s nost cften learn nerv fâccs t,y:(: ) ::akir:ø cbsr,¡-vaLions anC clcir:z exceriner,¿s.{t,) :¡r.itir.- :"r,. uu."i;.!lii" t".it¡".tc/ .rar::i::- aLc:.e(o) ¡cL¿:ii¡ r;irh ui...:r frie;,1¡.
{. I r.:oul'r : ati..r s:t:Jy:

(a) chc.:'li:¿'s {c) niancs..¡r:J arir:ais(l') :'ocks (l J fossil,s
!. I'cssi)_s sho."ç us:

(a ) ¿he órJar in r'¿hi ch sirara of sedinent3ry rcci.is v;ere raid dowi.(b ) tha: cLirates l,.rue cn¡n.ea- 
- "

1 
"' ;l::"ir,'l::*i"J'i"lì.ii-r''""e ievelc:':d graduarlv'-o rheir

J9 ì :l: len3ths cf rine gaps betwer:n succ€ssive s_irata.
v a e¡¡C rL

U. 
!:lî::"",.1,:.å:"0", or: rhe ììloon Lhe nanes of rhe el.enenÈs found on rhe
(a) rrohabl-Ê (c) sneculation(b) tac¿ ià) ¡or." (e) irt of rhese7. the'-cr-.,-, evclut,ion ni,arìs r_hat:
(a) fossil s ar.e vei-y o1,l (c) livi;r1 thin¡s are consÈanrly
(¡ ) : ile be.qan i:. rhe sea (c ) ¡ner:, descer¡clrJ ,...""ifl:tålåa. 
::";1,:.f.ll.î;:; nl¿rnrs, rhe one believed Lo have "0."n."0'-rii-' (a ) ferniüj r,Jii"¿"ir. Í;Ì ::;: ncsses

!. l{hich of the follor..in,; is not a ìiOLLUJä:
(a ) snailÌi;j ;ffi' (c) ovs¿""

(d ) cia'os (e ) squi,J10. 0f ¿lrc foìlorvins; anir:rais, the onç beliezed ¿o have apreared iatasE is l
Íil åiijl;"re¡tile [;ì :]:ii,:åil ;"; a]l cr rhesell. År¡ exarnplc of an anin¿L that ìivcC i¡¡ ¡ ¿ube_like shelÌ is Lhe.(a) t¡.ilct,ireiüi J..=;;;ì.;'-- [;i ::il:,^ (e) arr or these1î. ; +-!rco:'z is
(a ) :r t.í,e.,1o<. j ^i I Lt tr.e:1c.nt lc ) an ut.rproïelì ex:li.rn3Èion(t') .r for¡n.of' sur,c¡.sti¿icri iÀi o,lori.,,irc l._rr¡,tr. 
i.1l',;.,:,i,:,,,ì:"n"0 on Lhc. 4ìoon ri:3 nanes cf tl:c clc.rc,nr_s fou:rcl were:
ii: i l::i "'''" (c ) specuraLion

tr. üi ;:::.:,;: ,'rr::;r, on â rcssiì ,,,f1]"f'L-;"dy.c.iÌ: oe cererninrjrJ by:
Ìilj ;;l:;,,i,ì"1-.,,,, 

., . _. _ Í; j Iîî.:?'.,,;1"'"rÌjlJ;i:,," ", ,n"."t5. ;\ I l.rr.,. r.:.¡1,.:, r... .,.t.i,(.r. ert r :roult:ìii or { l a rlr.5,-,¡¡ îr iLrc.êi ¡rr);{a) r',,d.. cr :.;i:r.!. (.,nr, --i"i 
.1,^.,.,in,, t;. ¡ranitelL) rrìrvl7'.r'-ìr-irr,;,r.,:¡y i,ìi tu.r,tn¡; I,l-¡cl: l¡r colcur



_ Lzg

Pagø 2.

'..(¿
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Hhlch cholce hest descrlbos the part
of .the â¡IMl nearesL to eåch nmber?(Á) the oldest part of the ahall
(¡) f¡o nevêst part of the shell
(C) f¡" front of tho ani¡al vhen novlng
(D) Ttre alp¡on

(r) lrte root
(A) Attachnent of the muscles that closc the sholls
(B) Attaclhent of the ne¡tle
(C) Poslt,lon of tho slphon6

(P) fne hlngo li6sr:ent

(r) f¡e hinge teeth

shells of a t (Á) clar¡

u.

26,

lbe aaln food of the anù¡els thet bel.ong to the skulls bel-ov roulC bc

25. lbe above ar¡ the fossl-l-s cf a

(3) snajl
(C) l{autilus
(J) ¡Ll. of theso

Flt trp" of fosstl tB ëì3 & #2L?(Â) Intêrnel Eoufd
(B) Eltarnal ¡oo-¡¿
(C) Interral cast
(D) Ex'.ernal. cas¿
(n) o¡lei¡O r€oåins

: (i) cl*
(8) Snail
(C) Ì¡ær.ilus
(D) Èl of t¡rese

: (Â) beves
(B) crass
(c) Heat
(D) Fnt
(n) aark

,..¿-,<4.< .- f,29 & ø3O ¿ro thc tail bones o1:(Â) Flrhias.éSfd:a6,*-_ (s) cat' ' vry;RÀ (c) ¡rra
(o) rLUga+-or\\'ã

\ -{'

1),.:"r\̂
4

j - ..{ The tocsils to the Leftt.. .-_^J rep¡eEent rh:.. L:¡p:s of

!-!, .,rr" ia- ," \"" , -- --''- (e) or-{¿tno renalns
I ar. ,î-' 

f 
--, .- 

== 
: (c) youtaa a¡rd cssrs

\' ,'', ' " 
't J:

I ; ' I +: ,:-.: (D) carbon{z¡-tton
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the¡'e is an M? sheet anrl 3 question shcets to this test. This f s raqe 3.3J. From ani:raL fôôtprints î.Íe cs.n learn 1ts:. (a) qaic
ibi ;ËiJ,,, Í;i lîf'å?',n"."

34. Trre "?it".S course I prefer is:Ia, uhysicsi;i ;;åi""y [;i ;i:l¿;;.,JJ. lluch 
î:ir;l;:iil.q sccinenùary rock was.found durinr bhe perfod caried:
iü i õiåi"""ou" (c ) Carboni ferous

(d ) Fre-Cant,riãn
3ó' Geol0ey is lnportant becâuse it arrows me bett€,r to undersÈanl:(a) mv oii,rln - -i;i";;"^å"i.-r.o""".,i;¡-;;ì";;";; 

rhrouqh rhe aqes(b) eioruciãi, iàj ;il; !liu".u.* anc oririn of roc):s(e) all of these)7. Af univefsitl¡.f. ola¡: tc najor in:(a ) t:rqit sn
iüj 5;iË;"" (c) ,,a¡henarics

(d ) I-tisrory
38. Fossils.of nany animals are not fo,rna ,'"¡"_-;":":"- .,---iãl"Ut.i"c )uncl t'od'ly because t'hey were:

(b) burnecr iåi ::i:l'o;"r:å:::i:"",r. jå::l:"ìi=,.-.,åli,?.¿".rhe fossil. is a ctari¡ is qade by an exnerr, rhe
(a ) oi.,serva:ion
¿;i ;;i;;"."" [åi l#::n".,,l+0. Scars.on bon:s incic.ace:
(a I i.nju:^y to an eni:ralÌüj ;;¡;;." to che bcne Í:ì ::*5;":l:¡ïi":i:;"r.

r+r ' Fossirsl"ü)'ïi:i¡ 
:;";::::::"q abour'(") 

"ro,n, and ba,r v,eathe:.(b) plants Èha¿ ii;;ã"iãnq 
"=o (a) t,rre sj.ze of the ,oonJ+2. ii¡e cir:¡aie o',:in.l^:n" ca: bonlfercus ,erir)d coul.C .ne deç¡_¡lr¡¡ .-.(a) ¡o¿ ano v,eÈ ," e?:ì"1^11u-rd 

._De d¿.,. .,s; ¿>;
iüi ^i"ill ".;" [5i ;.1:,"53"îil .rr.,o,.t+3. I1 O.?:; ji:l"r íìr:hisroric aninat,are ¡nissin¡ a geoioqist, wiLt-:
iËi .""i.,iii;i:i::¡ :il:':;:'.i:ll¡i;;;""(c ) trv "n¿ ¡i".i 

-iñ"-;;;; 
iälrtr ar1ilr?-L r..irh a coniLere se¿ of(a) aLi cr ,,¡,esÃ. -ïJ1"".""'ãi"rhoro 

(bones.t+t+. rwo 
"?åîrirå,ï :l; ,ri::;r, o.Ê rayering sedinenrary rccks are:(bi pi;;È; ancr anirrars iåj :åi:i:;;rl".o.lo*3lo::ilå;45' An ""t:Ît:"ff:¿;'::t"t rock consisrinq,or arrered ¡-enajns of Þranr,s is:ibi i;;;;ä"" [;i 'åå3i','

4ó. Blrds.evoIvcC frol:
la ) reptiles
tËt ;;i;iï;_enous rlsh Í;ì :iÍ:'",."47. The part of the,pas¿ 1n r¡hicþ I am mosq fnreresre.f is:(a)Testerday "-*..l
ibi í,;;;;';s. [åi ]ïlîi;]; :i i::i; åå:48. tfhich of '-he foì ìqui¡¡3 do.: s noL bclong ln che qrorro?(a ) neuri tisiüi ;;;ii.". (c) c.ran.

(d ) crilobiuel+9. Paleor¡t9Ic,1y is tl:e stu"ly of:(a ) fossils
it i ";ii:." 

(c) tissues
50. rnference mcarì,:r, 

td ) classifi.cê¿f on

(a J to i¡rLerferei;i ;; ;ii;;= lçl 'o nerorize(d) a faccual sLatenent



Chooso tha IlllSI angwer.
SIEICE TEST

ÀnEwer EVBY queat,;"]"

To ansxer rhe rotlo¡rtrlrÏI."Jl"tt"""ï iärï'"trîï"p1tå',iLîî"; rlnd the answer 1n rhe
cholces to the rlght. F111 ln YOUR cholce ln the correct space on tho answer key.

(A) solttary
coral

(B) Colont¿
coral

(c) c¿nor¿

(D) shark
teeth

(s)t¡uo¡ite

Cboose the enswers for questlons #? to #15 fron the folloying cholces: (A) Cepìralopod
(B) Pelec¡qrcd
(C) Gacùropod
(D) Brachiopod

Êv//,;i
=--/:.7

7.3._
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Pøgø 2o

25. the abolre ar€ the fossils of a

Which cholce besL descnlbos the ¡srtof-th€ anlnÀl neårest to e¿ch nmben?(A) fte oLdes¿ Fart of the gholl

(¡) no nexest parL of the sholl

(C) ne front of tho anlr¡el vhen uorlng

17.

\,,$
(D) Trre gtphon

(¡) r¡e root

(l) Attaclment of the rusclee that cl.oso the eheLls

(B) Attachnênt of the ¡antle
(C) Posltton of the sl.phona

(O) tt'e hlngo llga.rent

(f) f¡" hlnge tee¿h

shella of 
" 

t (A) cL"t
(3) snail-
(C) Nautitus
(D) Áll of these

!h9t type of focslt ts 123 & fpt+?(A) Internal nouLd
(B) EÍterna1 Eculd
(C) fnternal cast
(D) External cast
(e) O¡fefnd raains

: (r) cl.a¡
(3) Sneir
(c) Nutilus
(D) A}l of thes€

the naln food of the anlnale that bclong to the ¡kul1s belor voul.d be

2lr.

: (,{) tæaves
(n) crass
(c) Heat
(D ) ¡'¡''¡tt
(E) ¡ark

È

I

I
I
I
L

dze & s3o are the ral1 bonea 
:r,[åì ål;,

(c) ri.¿
(D) Âlllsato¡

The fosslls to the Left
repr€sen¡- bàat typee of
fosslLlz¡Lion ?
(A) Petriflcation

(g) orlsin¿ rêeaI¡¡s

(C) Uouf¿s and c¿sts

(D) Carbonlzaü1on

5\ì
.\ i,¡ I

, ,bi

' î'l'.,'L
.d I

I
I

r. \-d.,ù
:;,Å
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33. Prom animal ioot,prints we can l-earn itsla) qalt c) wel¡:hr. b)habÍra¿ ãj äii',äirr,"".
3l+. The sclence corlrse I orefer lslal nhYsics c) cheristrvo/ georo4T d) blol-ogy .

lJ' Much coal-bea-ing :ed.'inrentary rock was formed in .he perlod caried:a )Devonian - -- ;)'öài¡å"iiäi"l,=b) cr-era':eo,:s ãt Ë;å:ðäË;i:;. e) r4esosoicló' Geol0gy.ig i¡'ìz0rLant because i.t a110ws rne better to understând:a) r1v oriqin c)-iñ"-ã";;i¿p;";; ;i';;i"ni"å'. tfr¡ouqh rhe aqesb) eíoruuiã; ãJ iüu li.r"trre and orilin of rocks.
e) all- of these

37. At unLversity f. plan to "naJor in:
- a) ¿neÍish c) ì-athematicsb) sclence ãj iTi;;;i;".""

38. Fosslls.of m.any- aninals are not found todav L'ecause:a) buried -*'- 
;j-ú,..;;;ã""='b) ea¿en by bacreria ;í ;il;; ro dfsapoear

,t. 
lfi,åaËå:".nr, 

t.The fossit ar ¿he rish-,ls a ctam,. if rnade by an exnerr,
a) observation c) hypotheslsb) inrerence !i Jiã:;i;;i;.

l+0. Fosslts show us:a) tl¡e crder in Hhich strata of sedinentary rocks,+ere Iaj.C down.b) ¿hat cÌtnÉres ¡ave c¡ånqËd:-
c'/r that pì'ants ancr aninars have develcped grad.uaÌly co +,heì.r: nresen¿form.
¿) ttre lenqths of ti¡ne oaps between successive stratae) atl of ¿he ab,ov:.

41. Fosslls.niqht iell us soneÈhlns abour:
a J l':c"¡ l.r:ltx: cvat oia-ueJ c ) suorr:s and bad lrea¿i¡erb) r,Lar,:s r¡ar iiuãã-iãnq "go ãi ;;;'rirã"är"lr," 

"oo'l+2. The nosL lnte:'csLing aipecL of the chapt,L.r, ..Life 1n the Dast..was the:a) info:--,ra¿jcn 'ði å.ririii;; -.,
b) fossits r ð:.amined àí k;;;iËå;!"i qarned aÞ.out rhe

I+). Iî bones fro-r å nrc.hfstcric anlmaL are missinS a seolo{ist rrillrn""t'.a) Stuclv. skeLer-o;r o¡ reLaiea--äniiãf 
".u, : AKe 1nl-ercnCeS AbOUt -.he ;riSsinø bOnesc) ?rv anri fin..l cLu sã.i'Ë i;;=;i";i"ar with a conrnleÈe se¿ of bonesd) none of th:sc eJ atl of these

44. The eye scckets of a frog are located on.which nart of tts skull?a)ron - flJiàäi+'¡vs¿b) bor¿o.n ãt Ëå;;
IrJ' The am?unt of fresh on a fossil aninar.rs.borìy can be dét,erni::cd bv:a) bone slze

Ëi ñiïLË .""." <r) ar.1 0f rhese :.i il::"l; day"relarlons '
4ó, Bfrds ev;..,ved fro¡n: a) Dlnosaurs cl Cart,llagenof¡s flshb) Reptiles a) Roei---"-"---
47. The part of the.Dâst 1n whlch f arn nosÈ interesteC ts:a) yerrc:-.ìay -"'"'---"j"iil;;;;;"';i 

years aqob) llur-drerls'of years ago d) i.illions of years aqo.Read the folLcwins u:.raqrå¡h the¡i answer questfcns Lg, Lg and 50:The sur: is a r.ounj.u¡ull-in;;;;"-;;;;'q:.ves off hear because ir is burn_1nB. Tests havc bee'-carried out 
-ori-'eJrrh 

whe:-e -haÈeriars iden¿lcar tothose 1r rhe sun hav.e been-b;.;;i.-"^;"tne poinù ,r;;;';;;"";ersy rrberaredr'ras equal ¿o t,hat cf the 
"rn, ,"n.uru,iuàt, were tal(en.{8. Frorn r}re prraqr..rprr i.e-cäri;;;;;"i;; facc Lha.- lhe sun ls:; âJ round

4e. Fron'-tüi'no'o.=...fr{ }.1 ilå"',".n". o""lnãtl,1l*,,3tlrîï"l,..oiJ,it}ril,.nu"'
-a) aLI !hc e1l::,-:;l,.: i!l:tii r...Õre tesÈerì i; ) I¡.onb ) t.he s,'mf, ctcra¡1rs found ;; ;;;;ñ ' 

d ) onLy eLelrnen¿s t,hat will burrrJO. Cîe,.mlqlrr- s¡,:.c.lrr-e Lhat :nÃ 
-sun- 

Jän:arns:al ¡:orc elc¡n.tltts ïhírn are known on earLh c) tlvlnq Í¡¿ttÈerb) Uranlun d) wood



XERCX EDI.JCAT¡ON GRCUP- CANADA
Ginn and Ccsr",pany
35 l.?¡bila Þire
Torcnto l'{!i. U{6 Ortario

To I4r" G" Rcgers

rnov S!:a-rJ_ene plriJ_lips

SUBJECT: Your letter of Septenber L9t Lg73

Dear Vrr. Þgers:

r am'writing ooncerning ]'our request for fr:rther infor¡na-rion
the bock "Science Lea::zr-i¡q and the problenr Reado_r" by Ceorg;
l.Lrllir:son"

Linfcrl.unately, I am r-rnable to
l"'na!_pu a3.ready=
bækl avaiïÐfõãñã

LOCATION

DATE

ï tn:st you rvill be
sclì.rce"

Yo',-Lrs tru11z,

MEMORANDUM

f,firrnipeg,

SepterLrer

(¡trs") S" phil1rps
O:stcrner Rclaticns
)GË{a¡ada
.qn

ï,.ìas U.r-tsu.cceSsfUl .

able to find Lhe inforrnation regr¡ired

Manitbba

24,7973

ly any firrther
irgn a

infornation than

on

erencìe

from aryctkrer

¡H\})È
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Poi¡t biserial correlation of

(a) C1 and C2 conbinecl

(b ) B1 and E2 cor",rbined
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