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“The main’ purpose ‘of “this study was to develop

ics es for a ics education methods”

.course, Education 2341, and to evaluate the laboratories

and their eff ' in. aiding “in meeting

* - the.objectives of the course. A second/purpose was to' .
j four aspects of

eting Education’

The pxocedux:e was® carr:

out five, steps,

E‘n—st, the mathamatzcs laborato:

s wete develope‘d. nuxix"g
" thé ime period when these laboratones were being puoted,
: an_Evaluative mestxcnnaxte and interview quesnons vere
g designed and tested. The mar.hemmcs laboratorxes were
& % then ievi;ul by using data conecpd £rom the Evaluative,
Questmnnure, intervievs, and the activity evaluation

sheets. The activity evaluation sheets had been admxmstered
d

after each laboratory. & ' £

The main study was conducted during the 1980‘winter

semester, vith the laboratories ‘being heldson B weekly basis.
Each labqutozy consisted of three activitxes each of which
- anluﬂed tyo questions. These questions. provxded feedback on
» the effeckxveness Of the-laboratories. The students w_ere giveg\
“* acnvxty evalnatxoly sheets for gacl} laboratory in Oté%r to

ii




obtaih data for future revisions. At the close of Education
-2341 t]QE Evaluative Quesuonnaire and interviews Wers ‘admin-
xstpxed.\ Finaldy, the Connelly Taxonomized Attitude

Questmnneire was administered before and after the 1980 °

: 1
- winter seﬂﬁsﬁer of Education 2341. . - g

~. 7 Cond i of the 1 es T1 aiding

_students mee! the objectivss was examined. The laboratories

“vete effective in aiding students- to (1) develop funo\wp

« acnvn:xes given the information that elementary school

cmmren *had ‘ex: ibited dxff_xculty with a previous ac€1v1ty

on th_e same’ topiq; (2) suggest how ‘a qwen activity quht
macco\u:push different nb;ectivas~ (3) suggest °
an alt ctxvi‘@y to accomphsh the same ob;ectxve as

a given actwity. 'Epe laboratories here 1nef£ective u\

aiding students to sﬁgqest an extension acnvxty for.an -
elementary. school smdﬁnt given the xnfomuon that the . '
studeg? had exhibited no dxffxculty ‘uu. a-previous actwu:y

on the same r.op;c. Thnesults in this study were incon-

clusive for detemlning t effectiveness of the 1ahm:atm:1es *

in aiding students to adapt an‘activity.in mathemstics ~
designed for tei ,\1 \dent—£ in—am ¥
_school ciassroom. YA : )

The attitudes of students toward (1) mathematics;

(2) indf.vidunhzinq mathematics instruction and the useé of -

. guided discavery technxques in mathematics; and (3) teachmg :




#7 & mathematics

" entered ‘the"

mathemat:ms were mcteased dunnq the course;:

toward ‘the exl‘stence ahd' use of logxcal stzucture m

’Ath'i'tuaeg =

d:.d not: change slqn1f1cant1y as. most students

course with & positive at.u(:ude.
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. . .. " CHAPTER I K‘\_‘

STATEMENT. OF THE PROBLEM

: . Educar.ion students at Memorial Un:.versity of
Newfoundland who, are studyingto be elementary school '
te‘achgrs ate'req\lireﬂ to camplete tw9 mathgmatics lnd two
mathemitics adication courses. . The mathematics ‘courses -
provide an Gnderstanding Gf Ehe mathematical concepts

involved in programs’ currently used in ths}alementary

chools. The subject matter covered in oné course is
: T 7
priwarily geometry while the other mathematics course *
emphasxzes the structure of the number systems. The first

mathematxcs educal:ion course famlllaxizes the student with

iate for ing a major portion .of Ehe

el Ty school ics curriculum. The second
mathematics education course, sducacmn 2341, is a loqxcal

‘.extension of, the other three courses. It deals \uth the

remaining elen ry school ‘mathematics topics, in addition

to providing student teachers with the practical exper-

“mnces of wcrkxng ‘with a small gruup of elementary school”
ch;.ldren. - PR i
Ongmauy, Educatxon 2341 consisted of 'two s

|

components,v.lectures and ‘in-school i The lect
IR ' =¥




‘matical abilities. The/s tudent teacher was resT\si’ble‘

)

covered theories in diagnostic and activity-oriented

‘teaching and learning. The practical aspect of the course; .

the i i gave the : nfs an opportunity
to apply these theories. Each studeht was. assigned one
or two children who received activity-oriented instruction

based on the results of ‘diagndstic tests of their mathe- -

for developmq Both the dlaqnostlc tests and the\activities

with wmch they tauqht the child.

Often the stdents. expenenced duncuuy in
applying the théories of diagnostic and activity léarning

given in the lectures to the practical situation of the

in= i + the were not
familiar enough with the materials th;t were needed in
their activities. An attempt was made in recent semesters
to alleviate these problems. The mathematics education

room was well stecked with concrete materials for use in

the devel of ical and skills and
it-was.opened to students for six hours a week. It wag

hoped that exposure to these mtp\rials would aid students

*in their preparatiom~of the in-school activities: ' This

method has resulted in students having' only a minimal /.
knowledge of -how concrete materials can be used to’illustrate
sethemationl concepte. *Hinok tiie ol e ‘cbfectives of iie
course is the attainment of this knowledge, an alternate.

method of instruction was‘needed.

~;




The' purposes ‘of this study. were to develop mathe-

matics 14 ories for the education méthods

course, *Baspstien 2341, "and o evaluate. the laboratories
and their effectiveness in aiding students in meeting
the objec:wes of tHe coursé. B further purpose was to’

detem).ne ang changes in attitude towards mathematics' and

: ‘mathematics teaching as a result of complecmg Baucation -

o, 5
Questions to be Investigated .7

In conjunctlnn wlth the above, purposes, mathemax:lcs

laborateries were déveloped to see% the answers to the set’
-of ‘gyestxons listed below. Questions 1 to 5 were asked i \
ar:eng\ampleuon of a mathematics 1ahoratory or-a set of

laboratories, - Questions 6 to 9 were asked with geference ‘
“to the complete course: ! : i /J
I. i1l x student in Education 2341 be able o
' suggest a follow—up activity, given the - =
informa: at.an_elementary-school student - Ly
had exhlbxted difficulty with a plev1ous ¥ S :
- ‘activity on the same. topic? 2 .

7. Will a student in Bducation 2341 be able to . .. j
. sggest how a given activity might be altered . §
. to accomplish different objectives? : -
3. Will a student in Ednciuq&ézsqx be able to
*" 'suggest an alternate activify to accomplish

.the same ob]ectwe as ‘a given acth:y’




4. Will a'student in Education 2341 be able to |
1 suggest an extension actxvxty for an elementary

ion that the’

school student, given :the i

student had exhibited no difficulty with a
_previcus activity on the same- topic? !

5. 411 a student in Education 2341 be able’to|

adapt™an activity in mathematics’designed for |

a university student, for use in an elementary

school’ classroom?

Will a student's attitude mwa:’d mathen\aticL

A ~change between the first and last weeks of |

» enrolll\'\ent in Educatlon 23412

e\nrollment in,Education 2341?

e /
<B. Will a student's attitude toward xnd).\uduhllzl.ng

mathematics instruction and the

T \w111 a student's attifude toward the exlsteLu:e
- \and use of logical structure in
" 7change betysen the first and last vesks, of]

mathematics |

use of guided

discovery techniques in mathematic$ change: *
between the first and last-weeks of enrollment

in Educatlun 23412

/

9, Will a student's attitude toward teaching
: mathematics change between the\ﬁxrst and last

weeks of enrollment in :Educatip:

\

23412

Rationale for the Study

Copeland (1974) scated that:

Chlldren« in the -elementary schools however,.are
not ready to\work at,the abstract level with

formal logic and'proofs. They are very much a
part of the physical world. . Mathematics for

. ' them should be éxplorationanddiscovery--an
inductive.approach through the physxcal wortd

vuth concrete objegtives (p. 208)Y

Earlier, Flavell (1963), while discussing the work:

of Piaget, had taken a similar position.

| .Stated that:

Hollis (1973)




. while research evidence is contradlctory
*and inconclusive it appears that children learn
.mathematics more readily when' instruction:
“'includes. manipulative materials (p. 49).

Hollis (1973), Flavell (1963); and Copeland iuu)v
are gaying’tnat children should be. taught witha teachlng
strategy that uses, manipulative materials. Though, this
Tis y;l;a_t’ﬁg.s recommernded, many elementaryﬂ.schcol (:eachers ;

4 to date are 1(10(: using these procedures. ' A x.:ec‘ent national
‘sm;vgy céﬁélgted by’ the National science Foundation (N.S.F.)
rey, 1979) rép;rted thae: e

L § .. information frcm the N.S.F. studies raises
doubts about the extent ‘to which any of these
proposals for innovative pedagogy have influenced
predominate instructional patterns. (p.

_rhe results of the survey . ., - suggest very
common use of an instructional style inwhich teacher .

i explanation and questioning is followed by student séat- i

g work on paper and pencil assignments” (p. 12), .Suydam !
*(1977) reported studies HEhEE suppott this ob¥arvatitn on '
sutkatin o cldesEom instruction: B &
: The importance of how: the tea‘chexv teackes: canpot "
i be ‘overemphasized. As Spod‘ek-(1972){explain“ "0ften it w
, is the vay mathematics is taught' rather than mathematics :
itself that creates léarning difficulties (p/ 139). If
’ teaching procedures are causn‘Aq obstacles for children .  * i
learning mathematlcs then J.‘t is time thDSe "old" teach ing:
I strategies are exchanged for "new" ones. ? e

= ~ 5 5 [




In the Unlted Natlons publlc?t or, New, Trends

Mathematics Teaching, it is-stated that: ' - . 7

.new (although there is new matHematics) but on*
- new procedures of learning involving activity,
doing, understandlng, discovery, intention
(Pehr, 1973; p..9).

The ‘stress’ then should\be not S; much on. the

'rhe question s, How does one get. the student

use these methods. The Se\ccnd Interna nal

Congress ‘of Hathenatical Education (1973) reccmmenga*thatf

¢ . the style of training teachers must

* reflect what we actually wish teachers todg.
in their classrooms. -In this training as

© actual teachimg, materials must be present/
“and the'student teacher inyolved with them..®
To talk'about them or.to look at pictures is
not sufficient (Howson, 1973, 'p. 54).

i
i
4

‘In recent years mathematics labortories have been -
used ta aid teachers in learnan‘ to use dctivity- ogxented
instruction.. Student teachers need to deyelop elementary
mathematical concepts by using.concreté objects while ‘they.
% / = / : ;
are devising ways of using materials with children. LeBlahc
(1972) argued. that: . - -
Another shortcoming is in the disparity of what “
. the instructor says and what the instructor does.
The pre-service teacher is advised to usé concrete’ °
. materials and objects when she becomes' a teacher,
but such advice is rarely accompanied by experi- .
ence in the methods classroom with such'materials
(p- 40). s
Leith (1972) i Fitagefald (1971) investigated

whether the act).ve learning approach was more effective

than the lecture-discussion method for prepa[aFlon of

elementary school teachers. Leith concluded that the




and exhibited a‘mcre»posg.tlve attltud 'towaras, machemancs,q
Fitzgerald's study'imzlicatea no si‘gni'fiz;ant change in the
stident's -attitudes or achibvenent; but a very. high
correlation was/found ‘between prospective eTaiRatasy, v
: school ‘keachers attilude towatds hathematics and, their
achieverient in that'subject.. Even though the use’ ot
_mathematics laboratories may result in an increase in, thet
cducation student's understandxng. of basic mathematical
concepts dnd unprove their attitude, will jt zesult in
their using the activity approach in their own teaching? °
) Boonstra (1970) analyzed student' teachers class-
room'instructional patterns after. they had participated. in
two mathematu:s laboratories. Results Showed that there
was. no significant.change in the student teachers’ behavior.
‘annstr.a conéluded that two laboratories were not sufficiént
to' train teachers to: usé an aetibitylorienten appreR.

] Postman (1971) studied the effects of mathenatics

1aboratory exper1ences on the teachmg behavior of pz‘e—

service elementary school teachers. ‘Hle concluded that
participating.in fathematics lab’oratori(f was not sufficient
oslbauss 7teaéhets to use the ."lab‘orar_ory approach when ‘
taachmq‘

Unkel' (1971)  conducted a study where the. studént,

teachers were taught through the'use of mathematics




‘‘titoring. ' This study attempted to i’ink these three ‘com—

Laboratories. .

.This: procedure consisted of £ive ma]or ateps. \L L=

laboratorieg. . He investigated whether this methcd was

an effective way ‘to train teachers. ' These student i

_ teachérs tutoréd students from grades one to Six using-

nmanipulative aids. ' The elementary students were tested
to see if achievement increased. The results showed that

the students! aGhievement in grades one, ‘two, three, five,:

e 7 g B
improved -signif .
ematics ;::Ats. s 'P '

To date no studies could be found which used a

combination of mathematics labm‘:atories, lect\u:es, and

ponents and, i partlcular, J_nvesr.l.qated the role of the

.. 'Plan for the Study “t

- : i
The following procedure was selested to:obtain

‘the data nacessary to fulfill the purpcses of thxs study.

Fl.x:_sf, the mathematics laboratorles were developed.

- Topics for the laboratories were based .on materials that

were'covered in Education 2341 lectures ortypes’ of
1essons: requuea to be taught in the in-schobl sessions.
Secondly, the mathematics }ahoratcrles were piloted

wlth\students enrolled in Education 2341 du}l.ng the " Fall




.+ weekly basis for students enrolled in Educatlon 2341.

’nf/ 1979, During

Q#estionnaire and.interview Guéstiops were desifned and

P admln itered to detemlne the 'reliab)llty of th Questlun-

naue and to provme an oppazcunity o, practl.c and refine

mtervxewmg techmques. The Evaluatmn Questl nnaire -

i d

and J.nter\uews were later used in evaluatxng the labora—
-

‘tories.| 5 R g S

Thirdiy, the mathematlcs labotatones

re revised

by -using, mfomatmn £rom the udents, pr s)

and Iahotatory ass/lstants who had part:,c).pated in Education
2341 durihg the puocmg sb)age. Thse data w(e:e obtamed <

;“rom actlvu:y evaluation sheets administered lafter ‘each

labbratory dnd from the responses to interview questions.

s : ] g

‘ The necessary changes were mhde ‘to the instruments du:i:a
this phase, © t o b i

o Jiourthly, the expenment was cur\du €Ed dmung the

: 1980 w1m:er semester. with the laboratmq?s being. onja”

* The stu, nts were q.wen activity evaluatmn sheets for

each laboratory ln Order to .obtain data fnr future’ revxsxon

At the close of Educat;.on 2341 the Evaluatlon Quest.xonnalre
and’ lnter igus were adnitnistered once more. -

anally, thé Connelly Taxonomized N:I:’ltude Ques—

tlonnalre (1973) was adm.mstered bafuie and after ‘the

1980  winker semditer:of Educatlon 2341

s same time’period an-Evaluation - ' . ‘L




1. The sample for the 'study was not randomly selected = '

Erom the population.

“The reliability and vancuty of ‘homenage”instru~ e, r

ments were not as- extensively tested ds in, standardlzed i

&0 lingtruments. | v e
/ ©!\ + 3 .The subjects used in ‘this study were not the same b=
-participants as’ used to determine the validity of the

.. ‘Connelly Taxonomized Attitude Questionnaire.’

tion ofs Terms

Activux learning is 1earn).ng whereby the student'

act).vely partlclpatlr\g usually by manipulating concrete

& ob]ects._ 7 " . 3 o

Materials' are concrete objects that can be used

in teach:.ng mathematxcal concepbs, skills, and generaliza-

.0 177 tions. For example, Cuisenairerods are employed in the

I B oo S Laboratory,

B gk Positive, attltude is a’rating (of 56 to Bu) on

\ . confelly nomized Att).tude Questi njnavre,‘ ,‘ ]

; Negative attitude is a rat)% (of, 16 to 40) [
the connL11y Taxonomized Attitude Questionnaire. : =i




®

& edu,cauon shathenstics course is organxzed 1nto fwe

‘ follows., . L o g b

et ementaxx grades aré grades. ki}de‘r’g/arten to’

miis report of-the development, in plementar_

ev’axuation of tics. laboratories-of Lan’el
g -\

chapters. * A brief symmary of the content Gf each chapter

In Chapter I the problem, purposes. objectwes,

ratlonale, and plan of the study havé' been dlscussed. Also

included were the lmxtanons of the stndy as well as-the
deﬂmtmn of ‘terms used ‘in.the study- -

A review oﬁ/the related literature ‘and- research
1s presented xn Chapter II. .

Chapter ‘IIT is a Aiscussion of -the' pilot, stage.‘

This xncludes the” development of the mathematxcs laboratorxes

and the instruments used in the main’ study.

Research methodology is found 1n_Chapter IV. - This -

" ‘entails the sample, procedures, method of data.collection,: .

and analysfs. ' A
The presencacmn “and analysls of data’ mth respect

to the assessnfent of the study s quesnons is contamea\«
a A¥*







%,

S 3 Learn1ng thrcugh an' activity approach is a”

research studies on the topic. Stgdleé are reported on:

‘that chxldren best learn from a teacmng method that is '

. CHAPTER.IL- . .

g s i 5
REVIEW OF THE LITERATURE

earn-

1hg process which has been strongxy supported by theoxy. / 25
Two renowned concpbuto:s to theories of ledrning sup- i

porting; “this view aré Piaget. and Diénés.  Their theories

elementary school students achievement and ﬁttltudes

owards mathematits when 1ea;.-n;ng by an actlvlty-—orlented

approach. £ Diénes and Px‘aget aré:correct. in assertmg

act;vxty—onented; then téachers should’be' using this © . -
‘method, . - L - oh U

- Further regearch is" presented on ho ,'unive:sicy . : e

educatxon students achle\'l'ement and attitides are aﬁfected

| sthdies concerned with the effecks of the__a/,ctlvlty‘ learning

revieved., - . S5 .

by activity learning. £ teachers ‘are 'td use. the ac:wuyJ

otiented approach then teachers need to be taught how to -

use. an acty.vxty—onented approach with students. Flnally,

on

‘instructional style are :




‘the world. T

Kctivity learning is not a new concept, in education.
Tt-can‘be traded’ back throughoutithe ages and Ehrodghdut
Ze essence of this approach is captured in‘
the Chinese’Ppverb: . - g )

I'hear and I forget X, ?

N . I see and,I remember

. I do and I understand
In recent yedrs this ‘philosophy of learning has
orice more come to the forefront, mostly due to the work of !
Piaget and Dierés. Thertheorles of learning that each has
developed dre briefly described below.

. Flavell (1953) described four stages of develop-
ment in Piaget's learn:mg theory. The first stage of
develupment, the sensor‘lmntor stage, begins at birth .and
extends to approximately 1.5 years. It is here that the
child learns to differentiate himself fr.‘om the world. He
sees that he.is an object among objects. The child obtains

knowledge by manipulating these objects. |

The pre-operational stage, ‘stage two, is charac-
terized by the child's irreversibility of thought and

inability to conserve. The child is unmable to ignore his '

_oyin perception.’ When the child is reguested to reverse:

fthe order of a pattern in front of him he is unable to

successfully complete the/fask The child may tm/nk that

a/t{ollaction of six ab;ec:s is'not equal to a second -




collection of six. ub]ects if one collection has more
space between the objects..

Ccnservatlon and revers).h).llty are present 111 ‘the

third ‘stage; concrete operations. . This stage usually

occurs ‘between the ages of seven ) twelve, which makes
- it most: pertinent to'this study, since thesé are the ages
of most ‘elementary school children. ¢
Whaognerite Gpebations stage received’this name
hecause it is during this stage that the child needs. to

manipulate material objects and ideas that are real‘ to him

in order to understand. a concept. The coricept needs to bg

presented in' a concrete manner sincé children of this stage

“are not. yet able to think ‘abstractly.. For exam le, when
children are introducéd to .addition,’ the manlpulatlon of .
objects by them woild be a conicrete experience’ but the

senténce 2 + 3 = 5 by itself would be abstract. 'For other

ch¥ldren who have an understanding of the addition concept,

y ' ;
. .sentences such as this might be considered concrete/

The final 'stage, formal operations, is characterized

by the child's ability to think.at an absgract level. e

child is able to reason on .the basis of symbal)c presen—

tation:

the child's development through the stdges. - These are

"equilibration.

B

There are -four factors which: Piaget claims irfluence

maturatign, social transmission, physical experiences, and .




* % Maturation is the maturing of the child's
physlolcglcal systen "fhe average age at which children’
go through each stage’ can vary: considerably £xom ome.

i ¥ Semietal mmvihninent o another" (Piaget, 1972, p. 7% \

& . It can, be argued that age is ong factor: that ‘aids’ develoge

/mem: but not the only factor: T g O 1

Piaget emphas:.zes the. 1mportance of the interacti on .
of the child with his env.\ronment, social transmission.-
It is necessary for the child to have. an interaction of
his thoughts with others. The 'interactién aids to refiné

| the L d'e oun {deRes o

b o P e The third factor, physical experience, contributes -

to development by the 'n‘n' breément of th¢ cont of
consérvation. 'This.deévelopment extends from the pre-
‘operational stage to the beg‘inning of formal operations,
the time when the child is in elementary grades. The/ .
physical experience that Pisget refers to is the manipulsion
of physical materials. A child in the-elementary grades

. who cannot think abstractly is able to better understand .
. a concept if the concept has been’taught by using a
‘physical model.

Fquilibration. is a process of ‘transition through
the ‘stages accomplished by assimilatioh and accommodation.
Assinilation is the child "fitting" a new experience into:
the child's existing framework of thought patterns. |

Experiences that cannot be “fl‘tted" into this existing




. the experiences.’ This 15 called acc?mmodatlon. 3 chxlgi
“'is in a stabe of equllibrl\m\ untll he éncounte:
expenence. The child must either accommodate ‘or assmula:e
[this experience, before he is able to return to a new

equilibrium. The develupment from pre-légical o' logical

reasoning is a ‘continuous restricturing of the: child's
theoretxcal framevork. kS . . 42 5

i Duckworth (1964) stresses that the flrst three

. factors canoceur within a passive mduuaual but for,
intellectual ‘developrent, the fourth factor is'a vital
component.’ The individual has to be active. . She stated
that: e g /‘}[ /

Piaget findg it necessary. to call upon the factor
‘. of'the i yj;dual s own -activity. An individdal
comes t¢ see the world as coherent, as sStructured,
to the tent that hé acts upon the world, traris-
forms it, and succeeds in coorainating these
. dctions’'and transformations (p. 2).

For the child who thinks at the ‘concrete level
“thisactivity with the réal world camnot be abstract. It
must; be active with concrete situations.. . 1. .

The term "active" can be viewed, in two ways. One .
is. doing things in social interaction, rather than indi-
vidually, (The other is.acting.on physical objects. -

‘ Piaget stresses that these. activities must not be an end

in thamselves but must be a medx\m\ through ‘which the child

passes to obtaxﬂ the final stages of formal operations.




".similar to that of  the desired concept.

18

The.child must pass through ‘the four Stages BE

development to become an

thinkez. 1'

v.
. school vhxldren are usually in the second or thud stage. 3
At these staqes ‘the child is-able to thlnk ccpcretely but ;

Hot abstractly. Piaget encouraged the use of concrete

situations to am the c}u.ld “to.pass through these two "

" stages and ).n\‘,c formal cperatlons.

bienes® ‘theory of learnlng is more specificaily

related to mathematical instruction than is.Piagét's

t_heory.- Dienes! (1973) cycle for ‘effective learning )

includes the following six Stepst - 1) construdtion; %)

analysls, 3) abstractwn, 4) representatwn, 5). symboliza-
tion, “and '6) formalization. |

Constructig

is the

play" ‘stage, where the child
B randomly manipulatés maten.als in a_ structured system
At the second staqe, analysxs, restrictions -are {mposed

on play si

= lar to. the rules of a game. These resb:lctlons

give ‘the cmid structured experjences ‘that have a structure
N The' next step is to egpose the child to several
different experiences which have a’structure similar to’

that of the desired chcept. Whan the Chlld is able to

compare ‘afd .identify théx components that. are smuar in

these different experiences the child is working at the

third: level, abstraction.

It is here that the child ds .| .
leaving the concrete stage and is able to deal with the ‘|
~ge l st Ty 7

|
- :J. . }




“abstract. nature of ‘the relatmns. E £

Once tfie ‘child has abstracted the desired. concept
or pnnuple from the different expenences he. must be
able to reyresent what ‘he has abstracted. The child has

5 i ;
to elthet lnvent or learn a 1a to the

or prlnclple. g !
The final stage, formalization, is the process’
whiefe the child forms a, system of. the descriptions made

" at ithe syhboiization level.. It is at the formalization

V'stage that the basxc rules are used toldeduce Other parts
of the descnptions nDt experlenced by the child.

’ Dienes; Like maget asserts that children need.

. t’o manipulate materials, and this manipu1aéion of. matezi}éls
should ke'part of a structured plan. - Effective learning
does not happen by chance.’ cr:.ildzen must be, exposed- to
materials within a directed plan of action. Piaget's and
Dienes' the(‘)ries‘ both support -the 'view that children should
ave e raibee Sitida wasidtyer nlatgriaﬁ that embody

. the: concept. 3

If children learn most effectively ‘through activity
teaching in the eleme\&tazy gfades’ then teachers should be
using this mode of instruction: Children's ’

.. .. learning-should be related to_the factual
and concrete -world of objects, events, and facts,
-and much less to explanations such as conven-

tionally given in mathematics (Dienes, 1970,

p. 265). 5
i ;

4




The basic prenuse Of this study is that teachers should

be teachinq students by using'a variety of activities. .

Research Act: y Learning

© 5" Heseaieh'in ‘ebivity 1éatning has pot yielded
conclusive results. In. this section several research

studies cn the effect of activity learmng on elemen'tary £ @Y
school chlldren in mathématics dre d scugsed, Following

this, studies on the effect of activjlty learn;ng on xe d’ 5 &
perspegtive elementary teachers' mathematics achievement '

and attitude are reported. 2

Kieren (1969) revxewed the research on’ ac
) Y

learning for the period from 1964 to 1969: He"fouaa that ' -

ﬁuty K \

there was no shortage of literature available on' thé topic =~ = |
biit that the research was lacking in control and ‘general-, :
izability.’ The following is a sumary of Kidren's review.

" Sutton-smith (1967) ‘rescarched the role of play S
i cognitive development. A high correlation was found

betwesn play and information-seeking behavior. _Williams i~
(1967) ‘and Biggs (1965) xeported on the comparison of the

\traditicnal method, of teaching to three manipulative methods.

Two methods were uninodel and the third mulfimodel. Biggs

found high IQ 'boys.did better on understanding,motivation;

‘and attitude When using the unimodel method  rather than g

diy .-the traditional method. -'Theftraditional method did




¥
SR ol D 5
L facilitate good computation but high anxiety.' However,

the multimodel, group.surpassed the other groups in all

‘three areas mentioned above: ‘ Other research Kiéren
Feviewed compared ;he‘mani‘i:uiacion ‘of Cuisenaire products
N .- to traditional ‘téadhing methods. This reseafch was <
] Trconelustvs When EEuties .Showing both positive . ar;dy
negative rdsulps.' The research was highly criticized for

‘,unx‘epresentatj.ve salnples, Hawthorne effect, and concluslons

s 5 8 \going. beyond the data,’

Andther project reported by Kieren' vas' the Madison

project “(1967). The purposd of this project was. to develop

classzoon experiences using ‘anipulative ‘aids, train
teachers to use them, ' and to test thEvexperlences. Inter- ¥
¥ ; views with students on thid project shoied that students: .
in grades bix to'nine did not like complicated mental tasks
: but did enjoy, physical activities. Data from ‘these intei-
views prompted the Ma_disan_.p'::—oject to extend Eh%r physical ,
. materials and laboratories. ~This:extension'included students
- .. in grades kindergarten. to nine and also prospective math-
ematics teachers in college courses.

[\ . The main conclusion Kieren reached was that activity

learning can be used practically and effectively but cautions °

\

s against its use in'a wholesale manner. The following are
5 studies conducted after 1969. N
A study vas. conducted by Nicholas (1973) -on

i 3 " discovery learning using materials to teach multiplication * *




“'and division to/ third gxa’deés. The. experlmental group

used manxpulatlve materxals and pupll discovery, whereas
the contrql qroup dsed semi com:rete materials, abstractlons,

teacher exploratmn, and expcsxtxon. ‘The results xnd:.cated

T a slqnlficant dlﬁference in favor of ‘ehe concrete materials

and dlscovery methad on .achievement and attitude tests.
Johnson (1971) -investigated the effect of activity-

oriented lessons on the achigvément and attitudes:of seventh

grade student}u,ma' ematics. - Results showed that low and

middle ability students were a)ded in. Tearning some mathe

mathics concepcs by use of activity-oriented lessons. :The

Jattitudes of the students were not signifiéantly changed.

Johnson alsb mentioned ‘that this difference may have been

caused" by other  factors in the expex;.\ment such as the
teacher or the topic taught. Tt
Smith (1974) studied. sixth to eighth graders using

the. laboratozy approach with regard to its effects in the).r

achievement and attitude. * Both groups had the same

Anstructor. The resulr_s shnwed no signlfmant change in

the students' achievemant and att2idde whén taught by the
laborat‘ory approach.. « 2
Davidson (1973) studied the understanding of
mathematical concepts of grade three and four children
using the textbook and drill, or tertbobk with cofbrets
naterials. N6 significant differences. were “found between

the two groups- on.achievement. -Davidson did conclude that
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S ,'che geometry sectmns wet&—en:xched by the addltlon of
) . cnncrete matenals. ’
Fennema (1972) investigated the relatx.ve effec- >

Wy " tivenéss of 'a symbolic and' a concrete:model in learning a, .
.. selected mathematical principle. The _xresuylts  showed that"

children could learn a pnncxple when taught by either

< ‘model if tested by direct recall. “If the learning was
-’ * tested for t:ansfer or for an ext‘er’slon of the taught -
‘pnnclple the children whio were taught by the symbol1c model
perforned better.' [The students who. had ‘been taught - in this z'
. "‘study by the symbolic model hid'been taught With the'aid
. i of concrete materials the year ‘before. Fenn_ema concluded 3
that students who have used concrete materials in their i
‘past: aré later able to learn by symbolic models. '
- b g ot Curry (1970) investigated whether concrete qnd
_semi-concrete materials would aid“in teaching clock
arithmetic ‘td tnira graders. - The tests’were designed to
measuré computation and understanding of the principles.
The concrete and: semi=conérete groups.both were significantly
: superior on these variables ‘to those taught by the abs&ac:
apprcach. . Y p
DeVenney '(1972) descx‘xbed a study conducted during
1965-68 by the Schdol Mathematics Study Group -(SMSG).- - -

Seventh. graders fmm tenschools were: the experi 1

grovp which used manxpulatlve materials, vhereas seventh

graders of f).ve different schools. uere tauqht at an abstract




3 sy e

level by teacher ‘exposition. ‘At the end of grade seven,
resilts showed that the controi group had a higher mean

gain:on the SAT computation scale but.on a'SMSG scale of

ical congepts the experimental group showed sig-

‘mncantly greatet ga:\.ns \Attltu es of. both-groups were
shown at the beginning of the study ho be negat),ve toward

mbthematics ‘whereas at the ~‘conc1u51 n‘of the study the 2

' attitudes Of ‘the experimental groups vere shown td’ be highly

p051tl.ve While the cont:ral gropp attitudes remained ‘the’

same.
Moody, Abell and Bausell (1971) studied tl)e effect

of actxvltyﬂ:rlented fa ot ion, poR cr.iqmal learning,
transfer, and yetention. Ninety subjec;s werg xandomly“

. assigned to.one Gf four different treatments: G‘"mug; A
:partlclpants recpived multiplication instriction usmq
manlpulatxve matexlals. Group B (rote treatmeht) rece;lved
1nstruct10n on multiplication, from-a’ textbook. ' Group C
'(mce—wom problens freatnent) received multiplitation wase ¥
problems along with the same ifistruction given : to Group B,
and Group D (control treatment) réceived no instruction ’
‘on multiplication. Analysis of the results demonstrated
_that there was.ro significant diffdrences in original
learning, transfer; and retention Gf miltiplication facts

for, the three instructional methods.

. concrete and semi-concrete materials d contribute to '

‘Ormody (1971) investigated- th:;uestion of whether -




the learning  of mathematics. Three grade six classes

‘were ‘taught by thé, investigator for. 45 minutes per day

for'eleven days. 'Inall classes achievement was reported

signif:.cantly higher for both the conciete and ‘semi-

" concréte groups than the symbolic group that ‘used no

materl.als

Maffel (1975) i a mat ical. program-in -
which matheniatxcal euncepts were taught using physu:a].

models., A dlagnostlc test at. the baglnitng-ana, énd of, the

 three-month period shewed a 25 percent /mcrease in the

number ,of problems scored corxe.ct}y.— stcxplme problems
were nociceaﬁly lovier.  Slow students vere beginning ko -
develop-a positive self-concept vitn reupect to: their.
ability o do mathematics.

In' the studies xepeneé pxevmusly-, as in other .

Studies found to dats, experimefts havé How shown activity

learning to Zesult

than when taught by any other method: . Activity ieai‘ning

has not heen shuwn to o

adte ‘a. negative att;tude towards "

By students, The daxch has indicated'thaty

actlvxty leaxning has either resulted in anreased achieve-. .

ment ‘and/or attitudes Sr hab showh ho sxgnlfxcant difference -

between the two approachés-used,

. T4o  sufveys on’ mathematical instruction in a

“laboratory setting .done by Hynes, Hynes, Kysilka, and

Brunbaugh (1973), and Vance and Kieren (1971} indicated .

25.

students achieving significantly less -




_that zesearch done in’the area of mathematigs instruction

in a Iaboratoxy settmg is. far from wnsistent and conclusive

but chlldren do appear to 1e§m’ _more :eadxly _when fnstructmn

mclude_s thg use of mmupulatlve mterials.

Activi i d

‘in the "eler

school mathematxcs classes was st(onqu sugpnrted by t_he

uamhndge Conferance on Schecl Hathemtics. k $
¥ " :

The fullnwxng report vas mad¢~

i ‘A’ comment - might be nade m\the role oE -physxcal i,

equipment inthe' earliest’grades. :
thinks in térms of the premathemutical experiences

oh)ects

\them as

-vati

on,

more .sati

Whether gne

that are embodied in the'manipulation of ,physical
vmaterlals,‘ whether one regards these physical 3 R
as’ aids'to effective communication
between’ (:aqchar and child. or whether one regards
attraction ob)ects that increase moti-
‘the conclusion is inescapable that .
children can study’ ic:

-‘when each child has abundant opportunity to

manipulate suitable physical objects. (Eambridge

Conference, 1953, P 35): 0>

If one accepts t:he prenise’ that an acuv;ty approach

is to he em;ﬂoyed in the elementary gtades. then the™ questmn

ansas as to how ‘teachers .can be trainéd to use this method.

Dienes (1970) ,énd LeBlanc,, (1972) suggest a close relatmnslu

between content of the elementa:y mathematics -programs and

the mstructmnal

%in mathanatics .

‘taught e

'y school

“The Second Internationdl Congress on- ‘-

‘ical Education

training

by




. the Gise of mampulatwe materials:, apparatus L
‘and :other concrete aids, to encourage, through: early
experiencge of working with' physical models, the
ability.to abstract mathematical-relations and
s, : patterns, . Such materials ptovide Open-ended
* situations which give enjoyment as well as )
independence of approach Eu: prospective e

teachers need to work wi materials. and .
.become familiar with: the’ es. .As Piaget says, .
it is often particylarly difficult for the téacher
of mathematics, -who, because of his profession,
has, a very abstract type of thought, to place . -
himself in the-concrete perspective which is- not

- ‘mecessarily that of his young pupils. , Tt'is to ot

3 . _'help a teacher to bridge this gap, that he.needs to
experience for himself the dawning-of new undet-

- standing through handling .suitable concrete

b matérials .(Howson, 1973; p. 46)

$ ‘.. " he following studies have been Teviewed to deter:
‘mine if acthlty—-orlented instruction C:'m be used to teach
prospectlve teachers to,use an actxvlty—orlenteﬂ appruach

and if actxvn:y learmng affects the student' teacher

mthen\at:\.cs achlevemenc and att).tude.

Two lnvestlgators, Lexth (1972) and ntzgeram CLow
(1971), - compared an. active’ learning approach to a lectufe

\ e discussion method for ive Ary

7.4 Ledth (1972) ‘ysed. one control and one experimental q_roupv.'- s, 2 B2
‘The 29 subjects: in the control:group, were ‘taught, ma:thematicvsv
by lectures and discussion while the 28 subjects of the
experimental group weré taught by.a combination of 1ec't{.res, 3
student ;:ecita_tion, discussién,‘readi:ngs, laboratories, ‘and
student activities. . The mathematics laboratories: took
place. in ‘the’ classroom during regular‘ clnssroomh;buts_h ]

) +In addition tj;e' studen‘és in the: e;(/pe‘x;imental group vere

encouraged to attend voluntary laboratories that wers Open..




e

pein Caught by ‘dsing mathematics laboratories.

28
& § @2 &
% " 4 %
for- one hour per week. Th¢ control group participants
were given equal time for office hours. Data’collectéed
oy
from a standardized mathematics attitude scale and a teacher-

conétrhcte’dwa'chievemen{ test shoyed that the experimental

. group achieved significantly higher and obtained a-more

positive attitude toward mathematics than the lecture-

aiscussion control group.’ Wit .

mtzgerald (1971) studied .73 prespeccive elementary .
teacher$ who wére divided into Four groups. '(Two' randomly
silecten groups Tecelia difelant Suounte  of tiik OF
mathenatics labbratory inétruc'cion and lectures while the
remaining students GompEtaed the two control groups, who
were’taught by " a lecture—dxscusslon methdd.: Gne of the
gxger;men:al groups had half lecture’ ‘and Kalf matBematics
faboratories; the other had two-thirds lectires and, ome-
third mathematics: laboratoriés. Age was studied'by dividing °

each group into those over 24 years and those 24 years and

wnder.  Analysis of "the achievement on mathematles ok )

‘tive elementary school. ! shoved the achievement

was’ "neither mproveé nor damaged" ‘by ‘using- mathematice

E 1aboratorxes. o Analys)s -also showed that age was not a

. factor in acbxevement or attitude toyards mathemat).cs when

® &

) Hendrir:lé'?cn (1969) studied the relative effective-
ness of t.hree methods of teaching mathemaucs to prospectlve

elementary school teacheqs. The subjects were 90 students
\




taking a required mathematics course intended for elemen-'
tary educatxon students. The subjects were randomly selected
ana assxgned to one of three methods., onie oF" the four:

lec\:ures of the gre‘service teachers was exchanged for a“

mathematms laboratory for the first method; for a seéslon
of pattern Adiscovery, imathematicsl: creativity, and pra lem-

solving for the second method, and remamed as ‘a leccure

for the third method. Both experimental groups scored G

higher on an achiéVement test than the control group. -However,

the differences were' not signifigant.. The attitudes of.

‘the students towards ma ics were not significantl

d1fferen(: ~fox ay ‘one of the three gmups on the two attitude
scales, the arithietic ‘Attitude Scale and the Math Attitude
. Scale but a third scale, the Mathematlcs semantlF Differ=. ' -
«-ential, did'indicate significant differences’with iy
cont‘rol group scoring{ highest and the mathematics laboratories

lowest. '’ 7 .
= wazkentin (1975) anestlgated the, effect of math-
B ematws mstrucuon using manipulative models ;on attztude
+ and achievement of ‘prospective teachers / ‘Ons hindred. snd
forcy—nme stuéents (3ix séctions ‘of students ‘shrolied in,
a theory of rithnetlo coursky_wio comprised the expenmental

group received i \ction by a 1 y while

4 the 197 subjeéts (the, other nine sections of the’ same T
course) :m the control group zecewed the tradlthnal ;
* lecture approach Fesults a;,qn achievement test indicated | |
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,a significant difference 'in the mean achievement.in favor “

.of the control:group, but for attitudes the’ significant

_Warkentin stated that the achievement test examined- content

‘of the textbook which was completed by the control group

- effects of rgac\)mg mathematics thrbugh the: active man:l.pu—

IS

difference was in favor.of the experimental group.
s *

but due to time constraints the same content was not

completely covered by the experimental group.

The studies reported above illustrate the: effects

that mathematics laboratories may have on student teachers'

achievement and attitude towards mathematics. ‘However,

they do not show if the use of laboratories, aids.preservice
Ceackiste 1h’ LESERIng E6 Teach mathematics el iy HAGTpHY AL i
aids. .Two studiés which investigated this factor were °
conducted by Fuson (1975) and Boonstra (1970).

" ruson (1975) studied the effects on preservice"”

elementary séhool teachers of learning mathemstxcs and the

Gl

lation of materjals. ~The subjects were the 16 Master of
Sc).ence in Tedching students who completed 20 sessions
two and one Half hours each. ' The sessions included content

from elementary school mathematics and a model on how to

teach this mathématics to children. These classes were ’
aubhE by having ths subjects acuvely nahipulate objects.
Some tine wis spent on pedagogy and discussion. From haif-
'hour, - faped: intervieus not One-student rgported a preference

for a'more formal abstract course. While all stidents felt
; ; gtiden




that manxpulatln materials was useful for teaching e %

_mathen\atlcs, the materlals did present prohlems and limi- ¥
: ¥
tatmns, .Fuson (1975) found from examlnation of video-tapes

of ‘the subjects ceacmng pre-set concepts, that ‘all subjects

used a manipulative object to aid in teaching. The vidéo-

taping also shoved that the subjects taught in a more’
Yearner-focused manner tha;-x_ teacher centered.. InEormation * :
daltaetsh weoi supervisors of the subjects after ;,héy had

completed one-quarter of practice. teaching showed that .
cach student teaching mathematics used manipulative aids.

Subjects' ‘attitudes towards mathematxcs increased sig-

- nificantly.

- Boonstra (1970) conducted a case.study on the

effects of two mathematics laboratory éxperiences. u’pcn‘ the
teaching behavior of prospective elementary school teachers. '
' f ¢ subjects se1ect‘ed were those who were currently doing
student taachxn in grades four, flve or.six. After S

completing the iia st cs aBGrtasiog Ehe students were =

asked to teach an aspect of the topics coveredy in the
laboratories to the class they were student feaching. Data
weré collected by tapg and video recorders in the classroom.
From analysls of the tapes Baonstra concluded that.the two
mathema-r_lcs laboratories: were not sufficient to effect v
.stndent teachers to use manxpulatxve matLr:Lals or Eur the

instruction to be more student—_centered. P




once before receiving six weeks of laboratory. experience

. i 32

Pgstman ’ (1971). investigated the effects of math-

ematics laboratory experiences on the teaching’ behgvior
of preservice elementary school teachers. 'The study: had

o - W
14)'preservice ‘teachers in the ‘experimental group and four %

'm the control group. The students were video-taped mice,

and once after. The laboratory approach was assoclated

with'a gain in the percentage of teacher comments ‘directed

to small groups. Since the study had such a limited munbar

of subjects; a secqnd experimgnt was conducted. :Twenty g
€ f

preservice teachers were each video-taped once. 'In both: |
esi the preservice teachers were given one of three

studiesi
mathematical topics to teach. Each of the three topics : i

very easily be taught with the aid of manipulative ]

could!

materials. Yet the tapes showed that the preservice~ ;

feachers spent 90 percent' of their timé talking to a class d

and materials were not used. Postman concluded that pre-

service teachers -receiving activity '1eaming instruction

procedures do not bemeflt from receiving instruction by

mathematlcs laboraton.es.
¥ Unkel  (1971) studied mathematics laboratories and

a'guided discovery approach in the teaching and learning
of mathematics by children and pro‘spgctive teachers. The
. study investigated whether learnihg through activity can
train prospective teachers to.teach by guided .discover.y ;

using a laboratory setting. The 29 prospective teachers |




tutored §6 students fron grades one to'six twice weekly
for a}nine—mc‘ntﬁ period. Pré~ ‘and post—achievemén§ tests
given to the children shawaa’-a significant increase in -
dchievement”for grades one, two, three, &e, and, slx.‘
From the above studies it is apparent that activity—-
orxented .instruction can affect student teachers' mat‘hematics
achievement and attltude. Leith; (1972) showed that students
instructed by an activity a’pproaﬁh achieved significantly
; higher and obtained a more positive attitude toward math-
ematics.. Fitzgerald's (1971) results reported earlier
showed no significant difference between the activity—
oriented and nonactivity-oriented groups. Hendrickson
(1769) found- the experlmental group to have a hlgher score
on the mathematlcs acmevement test but was not s;gnificanr_ly
\iifferent‘ from the control group on two of three attitude
scales. ' ; )
Warkent].n (1975)  found the ncnactlvlty—orlented
group to idve arndbie: that was significantly higher-in
achievement but significantly ‘lower on their attitudes towards,
‘mathematics as compared.to the experimental group. ' .
"The four investigators, Fusonm (1975), Boonstra (1970),
. Postmann (1971), and Unkel (1971) give contradictory results
on the éffects mathematics laboratories have on the pre-  *
L service teacher ability to learn to teach mathematics:using

manipulative aids.




Summary

Piaget and - ‘Diénes' théories give a theoretical

rratmnale for using an activity-oriented apptoach when

teaching elementary school children. Research investigating
elementary children's learning of mathematics indicated that

other methods of teachlng did not slgm.f).cantly increase

" the elementary s:uaen:s' ‘mathematical achievemsnt or alter

favorably their atntude towards the: learning of mathematics
when compared to teaching using the actiyity approach.

Thus it appears plausible to teach elementary c)uldren by

an actxvﬂ:y—oxnenhed approach. Fey .(1979) teported that

‘the National Science Foundation survey found lecturing and
teacher questioning to be the Brinciple instructional style”
used. LeBlanc (1972) suggested. that, téachers be taught by
the'same method as ‘they will be using to teach their students,
that is, the activity approach. ’

Research was reviewed on'the effects of activity

learning on prospective el 'y teachers' m ical

achievement, their attitude towards learning mathematics,
and whether the ‘activity instructional style will make .
te: éhers. teach using the activity approach. The studies

Teported show. that teachers can learn to use activity-oriented

instruction when taught by mathematics laboratories. They

further ‘indicate that the prospective elementary school

" teachers' mathematics athievement may improve:but there
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stxll exxsts a questmn of doubt. as expressed im the studieg

of Warkentln (1875) ‘and Hendrickson (1969)

" The same can be said for:the student teacher s

att).tude thard mathematics and the- teachxng of mathematics. ¥

pears that mathematlcs 1aboxator1es are a feas1ble
methga to teach px'ospectlve elementary school. teachers how

toVuse the, activity—oriented approach. This study provides

regirding prospective elenentary school teadhérs’ amuty

to. design effective activities.. ' g




. 3 5 s o . CHAPTER TII

PILOT STAGE E; ; Lot

In this chapter the pilot stage of the study is '

described. The pilot stage was designed to achieve the

{;
|

following objectives: 1) to develop and pilot a set of
mathematics laboratories, 2) to-develop-and pilot an  *

‘evaluation instrument, 3) to develop and pilot an interview

format.

The' chapter begins with ‘an overview of the pilot
stage followed by an explanation of the development of the
mathematics laboratories.  The development Of the instru-

ménts is then described and the modifications made to: them

‘for the main study are outlined.  Finally, the modifications -
made:to the laboratories as a result of he piloting are
L expldined. - ' i & B i

e J 4
BTN / Overview of the Pilot Stage

% .

p / v

w Y >
G . In the fall of 1979 a set of mathematics laboratories

were developed. Each laboratory had one’ of ‘the-following . ' 4
' M b
topics asa central theme: place valte,’ geometry, logic,

probability and statistics, calculators, practice games,

and concept development. The raticnale:for the selection
e : r
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‘of these. topics wil& be dxscussed later. Each laboratory
corisiatad of four’\separate actlvltles,, ekich requiring :20.-to
30 minutes to complete: ¥ %

s The. sample for the initial development was “the '

prospective ‘elementary school ‘teachers enrolled in Education

2341 during fhe, fall of 1979. There were two classes, one

with 16 students and the other 22. The room where the s

mathematics laboratories were held was open for two hcurs,

three'days per week: Students went to.thé laboratory.when
they wished, for whatever length of time was rgqu;zed to
cémplete-any thiee of the four activities. . (% T
Each ackivity had four general questions at the
ehd, . Thése questions required the‘student to either.adapt
the activity R e e design alternate
actlvltlas. 'l‘hey were used in the study as a means of
evaluaLlng the effectiveness of the laboratories, in ‘meeting'
course objectives.” Students were permitted to complete the
questions at any’ time and were required to subnit them’ o’
their professor at.the end of the semester. Bach activity

‘also included an pctivity évaluakion sheet!'which the student

was required to complete and submit to the laboratory

assistants before leaving the laboratory on-the day when .
‘the activity. was completed. ’
Whereas the activity evaluation sheet was used
to evaluate the mathematics activities individually, an
{zvamacion'Queslciomaize and interview que;tiorrs wers £




| twide' in'a two-week interval xcar' the end of ‘the semester

. to. detemlne its rel).abl.llty

" designed to eviluate the mathematics laboratory experiencé

" as a’'Wwhole. The Evaluation Questionnaire was adninistered

]\ntexviews were -conducted with a sample of students

to ﬂeteh!\xne if additional :u1format10n on the effectxveness

-of the laboratorles could be-obtained by this means. Also

it provided the ‘opportunity ‘to develop suitable interview

questions and Ve'gavbv].red the interviewer to practice audio
taping interviews. i B o ) :
§ A'standard attitdde scale was selected to determine
the effect of .the entire course on the attitude of the’ ’
students enrolled in Education 2341 towards four aspects

of mithematiés education, -This instrument is-désciibed in
detail later in this report. ’

Developiient of the Mathemati¢s Laboratories .

{ The choice of the topics for the-lahoraturi%s was

: influenced by the obfectives of the course, Education 2341,

fqt the ‘fall semester of 1979. Practice and developmental
adtivities were included as part of the in-school requiré—
‘mehts of. the course; -therefote, these two topics were a
logical choice. ' Also, unn:s ‘on geometry and.calculators
were components orf the Education 2341, lectures; therefore, "

these two topics were included. ‘Since geometry is a 'major’ -




of el y school ics, two

1 ies were constructed with this theme. Place. value

is a topic that is-a prereq\uslte to most algorithms Eur

'computing thh wholé' number and furthermore chxs c:mcept .

is embedded in-a variety.of mampuatwe aids.. Logic and
probability and statlstxcs were: topics not gener: 11y ‘covered
in Education 2341 lectures but were thought to be exgellent
irens!For entiohment Helonentecy school ‘mathenatics.;
| Most Of \the activities used in' the iugic Laboratory
. requized. the ‘use'of pruhlem—solv:.ng strategiés.”. The -
; g g phuosophy that mathematlcs is taught to aid in problem—-

3 o solving, and ‘that logical tmmunq auis prleem—sclvmg

were. the two basic premises for including a labcratoty 3 . ¢’
yhich'required an intuitive approach to logic. J

Fuut 20-minute activities were selected for each .

of the eight' laboratory themes. The criteria used to select
activities under each theme were as follows: ) 22

1. Each activity used concrete materials that were

" available to elementary school :eacx;gza. Either they-could
be bought from a commercial firm or they could be easily

collected or made by the teacher,

2. The selection of topics and materials was as
diverse as possible within eéach laboratory and between
1abo!:atcyr1es. bt

3. The topxcs were considered mathematlcally Yo

significant,




B The activities were adaptable ‘to. different grade

levels and, when' possxble, to differenttopics. |+

The-activities were prepared to i tezest\ and.  *

. +' - challenge. the elementary. school student tea.:hers\ It was

thaught that 1f the laboratories were Bt the- 16791 of

e e school would '

. find the: activities tn\nal and: would nat expe 1ence ‘the

the

_problems children have when first encuuntering a few concept.

S s For sxample‘ a multlpllcatlon race game, norma. 1y p}layed xn

] toooan elementary classroom would be in bass 10 but inlthg
r . labotaj
aTans

Activities were chosen ‘from: various mathen\a\‘:lcs

it was played in hase 5" fof the prospective .. .,

y' school -teachers. b

educat).on sources, _but wers often mcdifled for use in th.lS

- pilot .stage., The accxnues that ‘were. selecte for §e

in the main study can be found in Appéndix A.

2 el

For each activity each student recexved& handout . PR
which consisted of the objectives, materials, size of groug,

. ‘dlrectlons, and four.questions about the acuvxtyi' These

2 J
"questions were to'be submitted m the proféssor i Y
end of the ser er.. The- were designed so. that.
e the education’students would have to Teflect on thé activity g

and the materials used 'in‘it, and ‘extend their knowledge to

different situations.’ The questions were: ', ° : %




A 1s"desc/;§a Beloy.” - B S

plassroom”

" fiprbver the Jahorstories. -ah Betiviey evaluatfbn snest Wad -

1. How would one adapt t\us actxvxty for use.in the

P

2. What wnu].d be a follow—up exerc'se lf ths child
had difflculty W:Lth this actlvity?
Fap

Wnat is an alternate activity to accomphsh the .
same objective? - . T ; R

4. ‘suggest’'a variation of “thiis agtivity to accompllsh

aifferent Db]ectlves. s

Instruments

“.. . Whereas answers to the’above quest).ons provided | . . -

-an’ opportunity to evaluate if Educac{ on.2341 students were

meeting certain objectives of -the ‘course by completi\»\g

the ‘activities, other methods were: usgd to evaluate

&

laboratories and the activities.within them. ‘Th

* SHerided b act:.vxéy ‘evaluation sheet for each activid

an Evaluatlve ‘Questionnaire” admlnlstexed after all 1al

tories had' been «completed,’ 1nterv1ews witha sample of

students at the end of the study, and personal observations

made by the laboratory assistants. Each ‘of.these methods.

‘an dctivity eyaluation sheet was developed and used

].l’l the mathematlcs laboratorles to p!‘uvlde ).nformatum to
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% -included with each activi‘tyi ‘The students were asked to

: ) "
rdte each’ activity accofding to six criteria. The criteria

I
were: ¥ ¥ ‘ }
" 1. The activity meets [the stated objectives.

2. The directions are [clear and understandable:

ctivity provides for students at different

15 and aiféereyln needs. .
4;. The activity would motivate students.

= A ‘ : )
5.. Did you léarn %omething new. from the activity?

6. Did you enjoy the activity?

The criteria‘were selected to enable Educatxon 2341

=

" students|an opportunity to evaluate the mathematics activities

from their own perspective. These criteria were, judged by

the students on an ordinal scale from excellent(5) to bad ™

(1) with each judgement receiving a corresponding number of

points, = |

v, . .
For each criteria in a given activity the ratings.

were totaled and averaged. The mean responses given for each '
activity during each laboratory session of the piloting -
_stage are reported in Table'l. The mean responses ranged
ffom 2.4 o 4.6 with 3.0'as the median. Any activity that

"had a rating on one of its “criteria helow 3.5 yas. examined

determine .the ‘strengths andT weaknesses of an. activity'as

perceived by Education 23417? students.

|
|
for modifications. -These mean résponses were used to I




TABLE 1

Responses for each Activity during each Laboratory

g€

Avera

during Pilot Stage

\

Activity 1

Laboratory
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It should be noted that .the f;rst three  activities
£01 ack JaHoratsry reported i Table 1 correspond to the -
_ activities used in the maip ‘study with the fourth act1v1ty Ty
of "each laboratory being dxscarded after the pilpt study.
- Laboratory number 8 does not have a fourth \actlvlty listed
since l':his activity was considered a prerequisiteto the
other three activities. The fourth activity was eventualiy

i into the 16 to be' completed by the.

students before they participated in the eighth laboratory.
Space was, hrovided on’the activity evaluation sheets
where genéral comments could be made about the activity.
A typical selection of these. comments and suggested
improvengnts can be found in’Table 2. !The numbers of

positive and negative comments were calcnlated for eack

achlv1ty and these results ¢an be found in Table 3.

“The only. change made to the activity svaluation
_-sheet between the pilot stage and the main study—";'as the
change of position of the general ccmments sectwn, To
encourage students to cpmmexg;,more, on'the’ actigities, the
general comment section was moved from the bottom of the °
evaluation sheet to the top. The £inal form of the activity
‘evaluation sheet can be found in Appendix B.
. The/Evaluative Questionnaire
; The second instrument was a questionmaire. Its. -

main purpose was to obtain thé students' reaction to. the




_TABLE 2

Ty'p:u:al Student Conments Extracted from Activity
Evaluation Sheets.Administered during
the Pilot Stage

1. ‘I.enjoyed it because it mide me think.

’//2’. Itimight. frustrate or discourage a s1ower’ ;8
. child. .

3. It showed st).ll another way to help chlldren
learn place value. e

4. The dlrectxons are unclear..

5. Iwas able to play a gamé while learning to
subtract by regrouping.

6. - This is boring. . %
7. .Activity is a bit "too 1léng. Y

8. 1t's intriguing. '

natichabios 1abiratorits) [Tholigh' the qbastionnaize hnd-52
itens dealing with. all ‘three components of the course, only
those itens that duectly pertained to the mathematics ‘
labozatones are reported in this study ,‘ 5
Each’ item was'a statement or’ queéstion ‘to whick-the

student was asked to respond by picking one of the four

or five responsés that best described his féelings on thatd
particular topic. The responses varied in éggrlee where

(a) gave.the strongest positive reaction, (b) a slightly '’
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less positiye reaction while-(e) v;:as the strongest negative
reaction:. The rever;e Hand or nasirdvely mtated usstions
and statements. There were 38 posifively stated statements
and 1% negatively stated ones. At the end of ‘the Evaluative
Questionnhive there:were shx open-ended questions offering
students’ ample opportunity tG express their opinions on
the different components of the course. & -
During the pilot stageighe q’l‘lestionnai:.‘e was admin-
- istered on two different occasions, the sécond occurring’
two weeks after the first. . This was done to determine the
instrument's reliability. ' The responses to each item were
i compared for each student. If a student gave the same response
to an itemjon both administrations of the Evaluative Ques-
tiormaivre'.‘a score of 1 point was given. If a student's
shones CHaEed Bylore-egtesy Bhs-haTE point was’ given. '
"If therewas 'a change of more than one degree in the student's
résponses on an iten, no points were given. The sun of )
points for each item was totaled and avéraged. An average -
S 75 partant was' srbitrarily’ et as the lower limit for a
.reliable -item. Bn item that received an average of 75 pércent
or higher was termed reliable and remained unchanged. If
. the average was lower than 75 percent the item was dropped,
‘from subsequent Use of the test or modified. to remove any
anbiguity. ; v ’

Another purpose of the Evaluative Questionnaire

was to provide feedback on the mathematics laboratories.

! (/.“
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E 18
The multiple-choice questions did provide additional feed-"
£ " back from the students but the open-ended questions did not
accomplish this objective. The comments were repét_iticns
of those given on the activity evaluation sheet completed .

B e _in the es it was-deci to eliminate

these guestions from the Evaluative Questionnaire during )
* ubsequent. administrations. A list of the questions on
- the Evaluative Questionnaire pertaining to the mathematics
lahorataries can be found 1n Appendlx C. The entire question-
/- naire used in the main study. is fuund in Appamhx ‘D.

. ‘ . Ten of the 14 statements pertaining to the-math- -
ematics laboratories were positively stated and the remaining
four statements were negatively stated. There were 1s
students bwho participated in the:first administration of
the Evaluative Questionnaire. 'The results of the first
“administration of the multiple-choice questions on the

; 2 & Evaluative' Questionnaire pertaining to the math;maucs

N - -laboratories are also found in Appendix C. The £ollowing

s a discussion of these results..

The students' reactions to questions 1, 4, a&{ 5 .
Wéxe avorable, indloating ehat ihe staderits were satiseied - i
with "the "structure\, organiiation, and staffing of the ’ :
nathematics ‘laboratories. In question 3 most students ) ,é‘
’ expressed ‘- the wish'to have to do only two of the three
actxvities requu:ed fot eaeh lahoratoxy because of the ona-

honr time restﬂction. '!‘lus request was taken into consideration
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" ‘for-the main study. The decision made was to extend the -

laboratory peried to tuo *hours. Ekcludi%‘g one of the three

actlvltxes would have decreased the vanety of expenences

* which the Stidents vere then receiving.:' Responses £rom

quesnbns 3, 6,7, 8, Ii, and 12 ‘indicated that the majority
Of. the ‘Students perceived the mathematics laboratories as
an assét in leafning how to teach, mathematics.

7. - Students differed in their opifiions as to whether
the mathematics laboratories. required too much work; ‘as can
be seen from the responses madé. to.question.13. Responses
to-guestion 9 indicated that tﬁzxe objectives of the math-
ematica laboratories could have been more. cléarly stated td
the studénts’ from the béginning of the semester, yet few
perceived any d1fficu1ty with thé laboratories as seeﬁ\rom
their responses to question 1l. The overall rating of ch\

mathematics laboratories from students writing the first

.administration of the Evaluative.Questionnaire was between

good andsvery good.’

Interv: ews

Interviews were conducted with a 'sample of the
Bducation 2341 students at the -end of thé pilot stage. . These
ir’n:erviews’ were to’ (1) check s'tudents‘ reactions to being
taped by #udio cassette, and (2) prov.uie further fédanuck
on the laboratories fxom the student. The interviews
included six ‘open-ended questlons about the mathematlcs

laboratories:



-

o A\

\_for the evaluative discussion'and to insure that all the

/.

In the ;Silot.;tage 25 percent, of the’ students
enrolled in-Education 2341 were intervieweq. Each student
was ‘intgpiieved individually for 15 mines: If 3 student
‘wished tp extend a discussion topic he was encouraged to

7
do so. ' The questions were meant only to provide structure

erucfdl areas”were discussed with each student. The
studeﬁt’responses were recorded’ on audiotapes. The inter-
view questiox;s yielded responsés similar to those presented
i rable’d, ! ‘Eron’the interviews it was conclided ‘that the
students had difficulty with the four questions at the end
of each activity. -Since many students had not completed
the questions until the end of the semester, this‘ caused
(@ifficulty in remembering the activities in enough getail” |
to answer any question accurately. THe students found the
quesuons too general and ‘having to answer the Same’four
questions every time became very monotonous. B

3 The, piloting of the interview procedure aided in

obtaining a standard method of 1n\:erv1gw1ng and demonstrated
the usefulness of the giestions. A list of the interview .
questions pertaining to the mathematics 1aborator1es is

included in Appendix E.

Subjective Observatidns
The obsetvations of the laboratory a5515tants were

x:ecorded while students were paxtxcxpatmg in the 1aboratorles

/




TABIE 4,

il o - .

Typical Selection of Student. Comments Extracted. from
Interviews Administered during the Pilot Stage N
. : 4 ]

i 'l'he 1 orie: wete i eing.™
T2, There should be three activz.r.xes in one hour.

+3. ".The laboratories made one aware of ‘the dxfferent
materials needed to teach mathemat).cs

4. The laboratories shonld be examples of EcthLtLeS
at thé elementary level.. . 3

t

5. The laboratories were good. 4

6~ - -Mathematics in some of . the laboratories was ™
too difficult. 3

Notes were made on whether a particular activity needed an

extra explanation due to configion with procedures or math-
ematical difficulties. - . e e
These observations either-supported or refuted any
written comments made by the students concerning the
41£f1cu1ty and clarity of the activities. They also

<<
indicated whether the laboratories could be used in the

: 2y
future without a laboratory assistant or what role was’

necessary for the laboratory assistant. e
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%1 Laboratories
Dat‘a from the ar‘:tivity‘ evaluation sheeth, Evaluative
Questlormaire, :Lnterv).ews, and subjective observ jtionswers
‘used by the two laboratory assistants and che,p:ofessozs
teaching Education 2341 to”select three of the four
activifies-for nse in the main Study.. The sxclusion of
an activity was based on lack of adsptability, duplication
of Materials or concepts; and tod difficult or too: trivial,
a5 comparéd-to. the other activifies. g
Mindt Chunges,: suoh-ad dLagiEicaton. of i restios,
variation of examples, or a decrease in length'vere rade
in the remaining 24 activities. . One major,alteration vas
made on the/rétivmy on quadrilaterals and theu properties
using geasdnps. The students™ reaction to .that activity
during the pilot stage was very negative. THe activity
was found [to be long, boring,and tedious. " The 'theme of the
activity was considered si’g‘nifica}_nt enough o be included;

but the Activityiwas altered considerably ¥rom its original

: form.

Another major change made to the mathendtics

actjities vas the deletion of the four quest].nns discussed
eaflier. 1t was intended that stidents should stop after
each ad’tz.vn:y and think on how it cuuld be adapted in the

four ways suqqested by the questions.. It was decided that.

the ‘s’ objécEivi could be accomplished by ‘asking ahy two
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of the four questions ‘for each-activity. This would shorten \/

the question period. Furthermore, the questions-were made
3 - 2%, v

°

nwore specific to.each activity.

The following’ example, is )
from an activity in’the probability and' statistics 1ah§>xat-eq.

: The exanple required Students to ansver a mathenatical
‘question Ehat should be possxble if the student had learned -

the cnnce?},taught in, the activity and requested that the

student deslgn an ‘activity o teach the same-concept. but

'mh a-di £ferent approach. A 5 o

; g s. Soffis went to Florida with blug, yellow, .
ok . and white bikinis plus brown, black, and tan
sanddls. - How many différent outfits could
she wear to the beach? ;
The above question, with the aid of a doll
v, and'¢lothes, ‘could be an,ajternate activity
to accomplish the same objkctive as the el
"colnting” activity:' Describe. a different ;
activity that would accomplish: the same
objective.

The changes ‘suggested in this chapter for. the

nathienatics laboratorigs, procedures, and instrutents, yere

* implémented in . the main study! The purpose of the pilot
stage was to devélop and pilot various mathématics ‘Labora= B

| tories and instruments. for ‘the hain study. The process

| that was necessary to completé.the aims for the pilot stage

has been” described in.'this chapter.”




CHAPTER IV . S

L) )z,sxi;ﬁ oF mim-‘ stuDY i,
2 design’of the study is . describied in this- chapter.
VBegx(mxng with an’explanation Of tife -evaludtion model, the
i-curxlculum development aspect: of ithis study is described.
“This ‘is- folloved by a descéiption of the population and
sample. ‘The procedure and instrunents used in the main
study are then discussed.. The method 6f -evaluating the
laboratories is presented and finally, a description of th‘e
methods of analysis is presented for each :of the questions

‘ dsked in the gtudy: : o
Evaluation f i 5 5

a . 2
Evaluation has for: too-lorg ‘been viewed By
®education practitioners as a negative, con-
.+ stricting, threatening activity to be tolerated
only under stress (Provus, 1975, p. 29).

Evaluation should bé a positive Happening s which

ids, the program, the educators,and -the students. ‘Evaluation
can serve two functiops: program revision (formative) and

assessment  (summative).  Stake (1969) stated that. '

process, a feedback into each step ‘of the




AW 2 - g
& devalop'ment. This' allows for program reyisdion.. This .- =

suppoxt for formative evalnatxon in curriculum development

The evaluar_mn model used in’ this study was adapted -

frm ‘the models of Taba (1959) and Hax‘tllnq (1961) and is: :

illustrated in Figure 1.

. Formative evaluatwn Dccurs at each s;:ep in the. "

B model.- 1f changes are req\ured in ‘the curru:);lum r_hen they‘ g

i 2 . are made and the, process contxnnes. This pxcvides tor

' contmual Ln\provement in. the curnculum

e A _The ob)ect.wa of this study. was.to answer the R

Guestions stated in the f£irst chaptm since the aing of = © 7 i

! ¥ Education 234} are -both coqlutxve and affect.\ve, test ks

situations weze selected that were suitable for botﬁ doma;ms. e
Taba (1969) stated that xnfomtwn shculd be
‘collécted in -a Variety bf ways, both by objective and ;

- . . *.subjective means. Often the standardized pencil and.paper - :

tests are not sufficient to supply all the necessary“ g E

Taba. diaries, observations, ques-

txonnaxtes, school ‘records, essays, and-interviews ds.means X

. of collecting information. In ehxs study, data were collected

by both objective and subjective neans ‘for ‘aach [of ‘the

| ¢ cognitive ana affective dondins. The affectw: domau\ was

objectively teued by the aecn-.ude scale and'the actxvxcy

evalnatx.an sheets and subjectxvely by the Evaluative | e
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Questionnaire and interviews. :‘The cognitive domain was
tested by the questions at the end of each activity.
& Information on jJ:evision of the laboratories was obtained
by paper and pencil s on A Evaluative GsstiSERAEE; - . .g\
T and activity evaluation sheets; besides.the more subjective
... . approach of laboratory assxstant observations and student

mmmewl
- . Hartung (1961) " states. that vhen determining changes
i ' - one has to include - objectxves, instructional methods,

materxals, Facilities, learning activities,and technigues

"

of evaluation. Any one; or all, qf these may need minof
« be-a g6 Alburationss batoRa  gotng. EEOURY 8 UHeW Cyelal
* For this study the objectives were modified, instructional
- 7 smethods and learning activities were extended, and materials
wire varied. .Shese ‘changes were a result of the mathematics
R _ laboratories being piloted in the fall semester before being
used a second time during the winter in the main study.

L B g Population ‘and Sample ("/_/

) # The populatlbn under: consideration in this study

ke was all prospective elementary o studyxng
| ' at Memorial Um.versxty to ohtam a bachelor's deqree in
primary or elementary education.

-~ .
The ‘sample used in the main study inciudéd all

ve. el v school completing Education’ .




. B r

3

| 2341 in the winter of 1980. There were f \lr" classes, with

enrollments of 20, 20, 16, d 14 students, :especuvely.

The classes were taught by('t_‘hre 'iﬁe:ent nstructors.

Procedure .

Durinq the wxnter semester the mathematxcs

1 ies vere 'by two 1ate students, one

of whom wak the researcher.' Each of the laboratories was
two how length and contained three activities.
Students worked in small gioips Vhtohwere Eorned by )
individual choice. At the end of each activity there vere
two questions related to ‘the activity to be answered by
each ‘student. These were submitted to the laboratory
assistant, along wi o activity evaluauon sheet,. at

the end of r_he labo:atory peuod. & -4

. The mthemtxcs 1aboxatanes were evaluatea by 1.

means of the evaluation sheets, the questions completed in
the laboratory, the Evaluative- Questionnaire,and interviews.
The Evaluative Questionnaire was completed during the Yast [
* Education 2341 lecture, while the'interviews were held
sevz_aral days later but before the final exalminatien in the
“ course. The interviews were conducted with 36 randomly. -,

selected students enrolled in Education 2341.
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-
¢ The students' attitude toward mathenatics and the
teaching of mathenatics was: studled by the use :0f ah attitude
scale! This scale was adnislstaren during the first 20
minutes of the first lectire of Eaucation 2341 in the 1980
' winter ‘semester and’administered again during the last
Education 2341 lecture prior to answering the Evaluative
“ Gusstienn ﬁ.re. In Fighze 2 o ehrohblogical flowchart of

avehts which formed the procedure is presented‘

Instruments Used in the Main Study

= : e

The instruments used in’ the main study were the
activity evaluation sheets, Evaluative Questionnaire,-intef-
views,and thé Cornelly Taxonomized Attitude Scale. : The

activity evaluatipn sheet described in the previous chapter‘

was used again -in the miin < vudy to collect additiondl '

suggestions for modification tha laboratories that may
sk Have ben coveredsin the Eirst sat of changes. . The
Evaluative Questionnaire and intarFidwwerarugel to obtain
fesdback absut’ the mathematics laboratories!” On the
é@alugti@e Questionnaire students vere required to select

a résponse fo questions about the laboratories while the
interviews were used to serve’as a check on these responses
“The interviews allcwed Etudenbs an oppm:tunity to expiess

‘their views By answering open-ended questions about the -

mathemaucs laboratories. * 8




Development o:
Laboratories

£

Piloting of
.Instruments

Modifications in/|
Laboratories and
Instruments

MAIN STUDY

Attitude Pretest

of

Ongoing Evaluation | Laboratories
Activ: * Held

Activities

| Ongoing
Activity Questions| |-

- lf

1. Attitide Posttest
2. Evaluative Questiohnaire
3. Interviews . '

. FIGURE (2. - Chronological flowchars of events of the

procedure. .
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The activity evaluation sheets, Evaluative Ques-
tionnaire;and intérviews were developed and .piloted.in the
pilot stage of the study and vere descr1bed in Chapter 3..
'l‘he Connelly Taxononu,zed Attitude Scale, a standardized
 instrument, i§ described below. e R
Attitude Scale ) o . ]
v The attitudes of Education 2341 students were ;
neasured by the Connelly Taxancmuzed A:utude scale (Cdnneliy, s
1973). The .instrument measured four related areas of math-
ematics éducation- ‘atcitudes toward\-ma(:hématics, attitudes
‘tovard the existerice and use of logical stricture in el
enatics, attitudes toward individualizing mathematics
rinstruction and the use of guided discovery techniques in
4 " malhetiaticn; Ank atbitades toward tendtiing hathesatics:
B The instrument used.a five-point Likert.scale. It contained
64 items: 44 positively stated items and 20 negatively
A

Connelly. administered the instrument to a sample

stated items. .?/k

of 146 students in Educati ‘n 325 at Kent State University.

. Alpha reliability cuefﬂcizn:s of 0.91'and 0.94 were obtained

for, the pretest and posttest, respectively.’ It was assuned

that thl.s instrument was equally valid and re].).able fOT.' the .
population -investigated in the present study. A copy of -

this instrument is included .in Appendix F.




of the four areas sgparately.

For thxs study u was decided to treat the scores

Also,

instead of

Connelly's procedure of having one score as. the

line between positive and negative attitudes; a

- of 14 points was considered a neutral attitude.

possible scores for-each area rangé from 16 to 80.

using
dividing
buffer: zone
“The

A

score from 16 to 40 was considered a negative attitude,

41 to 55 was a neutral attitude,and 55 “to >80 yas a positive

attxtude.

Evaluation of

—This study ‘sought answers to-the questions stated

in Chapter I. !.Since there were a variety of questions,

/ several different modes of data.collection were necessary: '

section,

As was discussed in the curriculum development

the mathematics laboratories were included in

Education 2341 dnnnq the 1980 winter semester andr were

eValuated in the same manner as were the laboratories in

the pilot stage:

evaluation sheets, the Evaluative Questionnaire, the inter—
s

view questions, ‘and notes made by the two'laboratory
assistants.

Data were collected from the activity

These data are presented in the next chapter’

/

in the same format as was previously used in the development

of the mathematics laboratories ' section dutlng the pilot

study..

That is, a table of the mean responses to guestions

x
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on each aétivicy, a sample of suggested i.mpro“lem‘en'ts and
comments on the ‘laboratories, .and the totals of positive =
and negative comments are presented. This information vas
taken from the activity evaluation sheets. 46 Fesponsee.
to-the multlple choice questions on' the Evaluative ouestlon:
naire are given in tabular form, as are typical comments ;
from the interviews: The above data were used to determine ‘
if there were any additional changes needed to be made to I
the laboratories.

¢

Study puestions and Analysis -

The analysis of the study questions involved an.
interpretation of two sets of data, the data obtained from'
student responses on the questions wirich follow cach activity
in'the mathematics laboratories. and the Connelly Taxonomized
Attitude Queéstionnaire. .

The questions after each activity.weré answered by
Students at the end of each laboratory. These answers were
graded von‘a’l to'5 ordinal scale. If a student named a
corréct materiphythat could be used. in the adaption he
received one- point; if the student named a material and . .’

descnhed an activity that would be impos!lble ta duplxcate

‘if one did not! have prior knowledge to his references then

“he’ received two points; if theé naterial was named and a

vague but seguential explanation of #h% adapted activity




waé given,: three points were alotted; the~student who

| named the material 4nd gave a detail, sequential explanation |
bt a routine activity received four points; the student who
| © named the material and showed evidence oF & creative adsbted

" aétivity obtained five points. ;

For the giadinx:f these questions the'two.laboratory
assistants discussed thé" grading scheme and then sesarabay
graded a student's answer. ‘After compa}inq grades and a
final consultation, the laboratory assjstants graded two
students’ answers'separately. The same grades were éiven

by the two assistants for all quegFions.

The answers to these activ;ity questions were used
£o determine’ dhswers o the Fi¥st #ive questions’of the
study.. These questions are discussed further below. ’

“Eistaay. question-one’ sWilles, stadent "in Biucaiion
. 2341 be able to suggest a follow-up activity, given the
© Y} information that an elementary school student had exhibited
aifficulty with a preévious activity on the same topic?
Four questions from the activities were relevam/: to this
study question. They are summarized in Table 5.

' Study g':xestian two. Will a student.in Education
2341 be able to suggest how a given activity might be
altered to accquplish different objectives? Nine questions
from”the, activities weré relevant to this :study guestion. -
~-r'hey are smnmari_zed_'i;-x Tabig 6:
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10 Activity Questions Relevant to Study Question One
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.Laboratory Activity £ Question Number
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‘Study question three: Will a student in Education
'+2341 be able to suggest an alteinate activity to accomplish
the same objective as a given activity? 'Eighteen questions
from the activities were relevant to th).s study guestion.
They are summarized in Table 7.
study question four. Will a stident in Educatien
2341:be able to suggest an extension activity’tp an’
elementary school student, given the information that the
student had exhibited no difficulty with a previous activity
on the same topic? Two questions from the activities were
relevant to this study question, They! are summarized in

Table 8.

s Study question five. Will.a student in Education

2341 be able to adapt an activity in mathematics designed
for a university student, for use ip an ele‘menta‘ry'school‘
SYaReEooRR JEleven questions, Sroi thie  ackivitias ware :
relevant to this study question. They are summarized:in.

. Table®s. - - ’ :

Each activity question‘was used to provide a .
sebatats ansier iy thé study question to'which it was
rele\‘rant. Thxs meant, for example, that study qu stion one
‘was answekéd on four separate occasions, once fox each
activity question related to it: T g o

Twa altsrnatlve prucedures for providing’ answers

to the study questions were cons1dered and. rejected. - First,

one might have considered a study.question to be answered




TABLE 7 Toae, f V08 3

% . Activity Questions Relevant. to Study Question Three

Laboratory © ' Aotivity ©\. " Quéstion Number
; - . : . e 3
Ll 1 2
f . vzt 2
N 2 . 2 B 2.
‘Z D3 g
3 ia %
Ok 1 5
3 ‘ K B :
N e ' 1
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e
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‘WABLE 8.

' ‘Activity Questions Relevant to ‘Study. Question Four

* Laboratory _Activity . ‘. Question Number'

‘Activity Questions Relevant to Stydy’ Question

Laboratéry .0 - Activity - Question- N

e '4‘ = .

e e

-




among themselves that it made little‘sense to add thé'scores

3 a‘ttit\{des were tabulated before and after completion of

‘positively if a certain percentade.of related activity' - T Sy

questions were satisfacturily answered. = This was rejected ~
due to the low rumber of actlvity questions usec’l for each

study question. Second, the'responses of each Eype for

‘all activity questions Zelevant. to'a ,gwen study question

cuuld have been " added and the percent@ge of students

xecelvl.ng a. score of less than three determlned. A criterion '
i

could ‘then be applied to.answer the ‘study quesnon s:mllar .

‘to that. used to answer the actlvlty questlun- K This method

was re)ected since -Lt‘ was conszdered that, although the
m:uvxty questions were similar in that they were related

to the:same :study question, they were suffxcxently aifeetent: |

together! .’ Z

Study questions six through'nine were evaluated:

.using the Connelly ized attitude, Q nnaire.

* The number of. students with positive, neutral,and hegative

Education 2341. The dependent t-test was used to determine
if a significant change at the 0.5 level .of significanbe
had occurred in the students' attitude between the first b B
and: last weeks of enrollment in' Education.2341. The : :f
following hypotheses were tested. = g
1. There -i$ no slgnxfxcant chanqe in the students'

attltuﬂe toward the exlstence and use of logical structure x

©in mathematics between the flz_st and last weeks of enrollmenh s




s,

in Eﬂucatxon 2341.

2. ’rhere is nio sxgniflcant change in ‘the students?

attitude toward . mathematics between the first and last weeks
of enrcllment in- Education 2341.

“3. There is no, significant change m th‘é(studencs-

5 acut\xde towara 1nd1v:.dual>.zmg mathematxcs mstruct:on

" 2341,

and the, use of gumed dxscovéry cechmques in matﬁemat:.cs

between the First and last weeks of g;nrollment in Education

' There Ls o s:.gmfmant change in the students' .

attit,gde r.oward teachmg mathematms between the: fx.zst and

last ‘weeks of enroliment ifi Education 7341,

g T T e R




i o, * ANALYSIS OF DATA
) k e ko

In this chapter the analysis of data related to

"‘the study"

ness of the laboratories is considered, thus providing

_answers to the first five questions of the'study. The |

} i 23l Finally, in Light of the data collected'an ‘tHe

- actxvity cvaluation sheets, Evaluative Questionnaire,

A% g J.ntenuew Z;uestxons, labcratory questlons used to study

questions is.reported. First, .the effective-

o : remaihing four quest:’.ons consider ‘the change of student's

attxtudes between the first and last 1ectul‘es in Education

L 7% the laboratory efiectlveness, and’ obsezvacmns madé by the

]/thoratoty ass1stants, ‘modifications to the 1aboratoxies,

' " are suggested. - 1‘ . (

The  laboratory. eff.ectxveness .was detemmed by *

Bxanunlng X ' on the 1 ,? y question

) .
'answered after each ,acuv;ty. Each activity included two

questmﬂs requestlng students to delfy "the actxvxtxes

according, to some given specx,flcatxnns. . -

- ' to ‘'a study question. For example, study’ questxon one ‘was

i

Ay

Each of these acthty questions p!ovided an answer

o X




answered by examining the responses to four separate
activ:.ty questions. - )

o The scormq for the laboratory- questlons was_as
“follows. The highest possible scc'te' was, five which
indicated that the student had accurately described a
rcreLtwe accivity using a suitable matexlal for adoptmn
- of (\:he activity. If the activity was considered to be

. routine rather than creative, and inciudeay-:"suitable.

-

mateﬁnal, then the student received’ Ecur po:mt:s. An answer
i that was vague but described an activity which could be
.duplicated was valued at three points. An ex‘planation
L .. that described an activity using suitable matefials but s

was too vague to be followed accurately by others was

awarded tyo'points.  If suitable alternate materials were

fdes’crnsed without a debcription of the adapted activity;

one point was ded ts who sugg i iate .. .

activities abd materxals ‘were given a. score of zerd. ’l‘he
procedure for establishing the rehabxllty for the . ahove

: Judgenents vas @iscussed’ix chapter four wide the séetiony

study questxons and analysis. : e :

4 B Will a student in Education 2341 be able to'suggest

H " *. a follow-up activity given the i ation that an el
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school ‘student had exhibited rh,ffl.culty with a pxevlous
acexvxty on_the same tcplc" Pl
& The four activity questions used to evaluate study i

question 1 were previously listed in Table 5 in Chapter IV.
The percentage of students who received each score g each
question was determined and these data are reported in
Table 10. There were ‘two acti\uty questions on; which less
* than 20 percent of the Students received a score of less
i f than_3,: thas indicating a.positive answer to. study- questlon -

1. Thése queéstions'were labeléd 3 : 2 : 1'and 622 :, i

/ in this ngeation the'first numeral refers to the laboratory 8
. numbér, the second to the activity, and the ‘third to the

acti

ity question: On the remaining two questions,- there
v;:erle 32.3 'percent; and'26.0 peréent of the students who gave
responses that received a score of less than 3. Although

. these perq:entages were mcﬂest they were beyond the stlpulated
) ’ crxter,lon, thus these questions indicated a negative’ ansver

t0 study guestion 1. -These results are aiscussed in" Chapter

VI A e gL iy ’
‘ P o5 = /
Study Question 2 % s !

. Will'a student in Bducation 2341 be able to suggest

how a given activity might be altered to accomplish different

i ; objectwes'>
o O : The ‘nine activity, quéstions used to evaluatr,s;\idy
: 3
g B question' 2 éere previously listed in Table 6 in Chapter IV.
" &k ’ . L
E ;

it " i $




TABLE 10

of for Study i 1
Activity - Responses .
Questions N -+ 0 1 2 .53 4 5
.Lab: Act: Q No. s
1:1.:1° 68 - - 132 19.1 26.5 353 5.9
E 70 - 1.4.7.2.9 4.3 5.7-/11.4 . 74.3
5 S di6 TR ey WLETRLS 222 | 0B
6 : 62 - 4.8 21.0 30.6

41.9

~

Students who Ccmpleted t:he activity but did not

. ‘answ7 the question.

The percentdga’of students who received each i:ore on each
question was determined and these dau are reported in Table
il here were Bix activity questions on which less than
20 percent of the students received i score of less than 3,
thus indicating a positive ansver to study guestion 2. <2
These questions were.l : 2.:

1, 1: 332,312

4'Y1:1, 4123 1, and 5 : 22 on'the remaining

'\threequestlons,Z:.l:Z 233510 31 2 the

percem:age of students who obtamed a score under 3 were

36.9 percent, 33 3 percent, and 49,1 pexcent. - These per-

centages were abave the 20 percent cti:en.on, thus for these

The

‘questions study question 2 was answered negatively.
results are discussed further in Chapter VI.
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! . aBLE 11 - : "y .
of Student ‘for Study Qqeséion 2 :
Activity ! sty Responses . .
. Questions Nee 01 20 3 4 s
S
Lab :Act : Q No. . By
18 2001 69 4,3°2.9° 5~ 7.2 36.2 42.0° 7.2 ..
1:3%2 Csmi-c, =0 o 203470 382, 118, - L
241 t2 65 3.1 46 1.5 27.7 7 6. 47.1 ‘9.2
2:3 ' - 34.9 17.5
3y 14:5 . ,
‘5 8.6 85,7
59:4 5.8 «
s 13.0

65.6° 6.3

*: - . . .
Tl Study Question 3 ° & o g .
Ao Stuayrgtegtion. 3 ;

\ ¥ ae® Will a student;in Education 2341 be able to suggest
- an’altemate 'activity to‘ac::gqlplish £he' same. cbjective ss .
B a given activity? . : '
) : “The 18 activity questions used to e'valuéé.’e, study . .
" question 3 vere previously listed in Table 7 in Chiapter V. : W

The pércentage: of students who received e'a_éh score on each

v © ' Question was determiped' and these data are reported in Table

) 12.. There were 12 activity questions on which less than 20 . "
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A . TABLE 12 o T
L T . Percen of-Student ] for Study Question 3
; i i B e
s ; N 3
Activity & & : asponses
Questions - N - 0 e E 3 4 B
= Lab : Act : Q No. .
. 12 68 2.9 1.5 7.4 5.9 30.9-  33.8
1 £ 2 Ragt 68 - - - .-10.3 20.6 14.7
o2 £, 5 Rz 1,67 - - - 7.5 - 59.7 17.9
2 2 o e 6.3 .2 4.8 4.8 39.7 31.7
=3 1 69 - = .15.9%r ~17.4 20.3 2.9
¥ 3 2 L oegt .4 Lo 8ays 10.1 . 39.1 21.7
4 2 T, 69 - 1.4 78.7 ©T 5.8 47.8 17.4
S 4 27 . .% . .69, .4 - 8.7 4.3 30.4 49.3
4 2 .69 - 1.4 23.2 ° 4.3 ¢ 43.5 8.7
Sl 5 2 64 - e L 1.6 70.3 20.3
; 5 = 64 - - -- 6,3 20.3 . 59.4
.6 2 - 62 EEN =~ o - 6.5 - 24.2 ,32.3
6 2 62 - 3.2 35.5 ~ 1.6 12.9, . "32.3
2 2 64 - - 7.8 10.9 56.3 )12.5
P ; 2 . 64 = - - ~28:1 % * 7.8 = 25,0
7 2 63 - - 7.9 6.3 52.4 28.6.
A 8 2 = 67 - - 9.0 11.9 26.9 .9.0
8 2 67 =t - 1.5%, 4.5 3818 28.4
% ’ \
3 i “5 s K
‘ oy - RS . s
. - R © B
£ © ~ . .
- i B g
5 ; i
- ’ bl .
- o<




vk . ] . percent of the students received a score of less than 3,
thus indicating a positive answer to study question 3.

. < These questions werel : 172, 1:2: 2, 2: 232,

:‘2,4:2:2,5-1:2,5.
: ] 6‘:2:2‘,7:1:2,‘7:3-:Z'and.8-‘:3’:2. on ‘the s
Zemaining six questions,. the percentage of responses that
received.a score of less than 3 were 33.3 perdent, 20.2

B ,percen‘t} 28.9 percent, 40.3 percent;, 28.1 percent, and 2079 '
percent, Each Of thesé were greater than the criterion of %

20 percent, ‘thus study question 3 wag answered negatively

for these .six guestions. These results are discussed in

" further detail in Chapter VI. = °

.- 5tudy Question 4. “

(_\ : . “Willa student in Education Ffu be able to suggest’
Vg g i an extension ‘activity for an’elementary school student; =

given the ‘information that the student Had exhibited no
aifficulty with a previous activi;y on the same topic?
The two activity questions. used to evaluate study :
. ‘question 4 were ‘previously lxsged in Table 8. in. chaptek Wi
5 The ‘Barcentage of stidents who received sheh scorg on each’
’quesi:mn was ,determmed ahd these’ data age :eparted in

Table.13. On the two questions, 23.8 percent and 50.7

. percent of "the studénts recelved a“scorg, of less , than'3;

indichting an unsausfactory responss to’ the uestnm amd, . 0

a negativé 4




TABLE 13 X e, L

uf Student - for Study Question 4

Adtivity - Responses
Questions © N. - 0 7 7 iy

Lab : Act : Q No.

7.3 T 63 6 = 127 8.5 30.2 175 28.6 ¢ -

8:1:1 By < 4.5 11,9 34.3 -23.9 6.0 "19.4

discussed in Chapter VI.®

Study. Question 5 © - : ' P ’ ¥
Will'a séuaent in zéucacion 2341 be able to adapt '

an’ qctxwty in mathen\atu:s designed for an.university student,
for. usé in an Elementary school ‘classroom?
The 11 acuvxty, questmns used to evaluate study
) questlon\ 5 were prevmusly listed in Table 9 in Chapter IV.
The percentage of students who received each score on each oo

quest).on was’ detemxned and these' data”are reported in w°

Table 14. . There were six activity questxons on which less

thin 20 percent of the students jeceived:a scoze of less
than 3, ‘thus indicating ‘a positive answer to study question
5. These questions were 1 : 3 :

3L, Tl lana 4 Y ;
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questions, 57 percent, 56.7 percent, 23:1 percent, 32.3
percent and 23.9 percent of the students received a score

Of less' than 3, indicating an unsatisfactory response’ to

* ‘the question and a negative ansver to study guestion 5.

‘I‘hese results are discussed in Chapter VI.

Student Attitudes

The- attitudes of the students were measured by .the

Connelly Taxonomized Attitude Scale. ‘This attitude scale

| tested foir. ‘te areas of ematics ‘edutation. The

scale was employed to test the student's attitude. towards:
Attitude 1: The existénce and-use of logical
structure in mathefatics\’ ' '

Attitude 2: Mathematics

Attitude 3: Individualizing mathematics. instruction-

and the use of guided discovéry techniques-in mathematics.
4. -Attitude 4: Teaching mathematics.
“_ tne attitude scale was, administered twice, once on

each of the first and last days. of Education 2341 lectures.

‘Student:s' scores were included-in the analysls if the

student\completed the ‘attitude 'scale on hoth occasions .
There were 59 of the a% students who met that req\urement.

The hthast pogsible score on each scale was 80,

ihdicating the most pcsxtxve attitude and- the lowest possible

scork was'16, indicating the most negative.attitude. A




S oot £, 7, o 81 |
score from 56 o 80, was considered to be a positive

atgitade, 41 to 55'a‘neitral attitude, and 16 to 402

negative attitude., = Ll g i

In Table 15 the'number of students who had positive,

neutral, -and negative attitudes toward the four distinct
‘areas of mathematics education for the.two administrations
KR is illustrated. . s A -

Taléle’ 15

+ i 4
Frequencies of Student Attitudes - 9 .
P . .

Attitude 1 Attitude 2 Attitule 3 Attitude 4
s Pre’ Post. Pre Post Pre Post Pré Post i "

Posigive " 58 55 . 44 - 51 . 58. 59 (3T L

N&ytral . " 1. 4 . 14 . 8. 1 = 20 a4’
Negative - = 1 == e 2 e —ae .
g . af
X / ’ e b
oo - ” i
. 4 :

A‘aepen'aem: t-test was perfomeﬂ'on. the.-attitude
scores to determine the s:.gmfxcax\cs of any attltude change
betveen the two occasions for-each of the scales. The
results of this testmg are shown in Table 16. The resulta
are dxscussed below thh respect “to each of the four xelated

hypotheses. 5 o ¢ ~

T R
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- TABLE 16 :
- ) T—test Values for the D:Lffere_m:es in Attitudes .
.Y Between Pretest and.Posttest
Tested “Spretest Posttest e
Attitudes -~ N X s W - s values
» » b i 4 2 S 1 .
Attitude 1 59  63.00 2.23 64.31 5.77° 1.97
Attitude 2 - 59  50.54° 7.92°  63.42 7,37 6% -

7 e ‘ ) N
Att].tude B ‘69 1, '65.56 5.53 69.00 4';53‘ ©.-5.38*

Attituds 4. 59  56.83 6.50 . 58.97 .20 3204 0 ¥

v *p.< 0,01
) wi = A o Fae ¢ "
Hypothesis 1. _— g : . » e T
The:e is no sxgmfxcant ::hai\ge in" the st\xlents‘ |

in mathematics beh:eq:n ‘the £itst and last weeks of enxollment

a:n.tude toward the existance and use of logical structux'e' -
"+ . in Eaucation 2341., 2 3 ~ B 2L
- ’ Erom Table 15 it can be seen that thé nusber of
students with a positive attitude toward the existence and
use’ of logical structure in matheinatics decreased from 58 : .

to 55, However, the mean scores for this attitude, as

reported if Table 16, increased from 63 to 64+3l. This

£hat the students who\obtalneé 2 more positi\}e

" indical




+those students who had becme more negatmely 1nc1med.

The kesults of the dependent t-test indicated the value of
. twas 1.97. Since this value is not -significant at the |
'~ 4.8 level thé null hypothesis -was not rejected.’ The I

' prnbablllty of cbta),ning the value of 1.97 is less than

0:10. - =

Hypothesis 2 : X '
The‘re is o significant. change n-the student's . . w
attitude ‘toward mathematics between “the Eirst and last yeeks
2 . . PR -

o 4 B of en!‘ollment in Edncatlan 2341. 5 el .

As shown in Table 15 the number of 'students with

¥ 5 a positvive attitude towards mathematics incxeased«bver' the |
semester with a corresponding decrease u\ the numbdr" whd had Wd %

negative and neutral attitudes. T s shlft can- also he

g observed in the means reported in Table, T6.where the means”
.+ werd 60.54 and 63. 42 on the pre- and posttests, :espectively.

The t—value of 4.06 was significant at, the ‘01 level

. .nf sz.g-nxfxcam:e thus indicating & s:.gnificant change in

atudem: attltudes towax:d mathemat:.cs. Educat:l.on 2341 U

o students had a slgmfxcan&ly more positive attxtude\toward
nathematics after]complatmg Education 2341 than before /

"part:.clpatxng in “’the cours:

The null hypnthesxs wa&; : ‘
¥ PR ' . aodi, ' i ",
therefore rejected. i %




~

e 2341 ; J

. and the use of guided discovery techniques. v'eé‘f_mm Table

- discovery techniques upon completion of the course. . The*
S & E " ,

T
There is no sxgmélcqnt chiange+tn student‘

attxtude tuward 1nd1vldua1121ng mat‘hematlcs 1nstruction
and the aselbEy guided aibcovedy technlques\rn mathematlcs

between the-firet anf last veeks of enrollment in Education

. .--As can ‘be observed from Table 715, llttle change

occurred in student, at(:ltude for individu zi\\g mstruct}on

16 it can be seen that thefe was an increase in the means
£rom 65.56 co\ss.cu. ™ )

The t-value Of 5.28 was significant at the .01 \

level of significange thus indicating a significant change

in'student attitudes toward individualizing mathematics

) J
instruction and the use of guided discovery techniques.

Education 2341° students had a more positive attitude toward:

individualizing mathematics instruction and the use of guided

null hypothesis was therefore rejected.

Hypothesis 4 i . v i
: ; There is no significant change in student's -
attitude toward teachlnq mathematics between the first and

last veeks of enx‘nlﬁnhnt\in Education 2341.\
G w AR .

A5 shown in Table 15 the number of ‘students with



score 'increased from.56.83 to 55 97. LT L

" activit Evalqatmn Sheets

increas wim’a Oxrespor 'ng' in the number:of,

negatlve and neutral attltudes. This }sh&ft can also ‘'be *

-observed in-the means reportid in Table 16 ‘The mean -, !

“The t~v§1ue of 3. 29 ‘was siquléant a(: the .01

level of signifidance thus ind).qatlng a significant -

aifference in student attitudes toyards :eachmq ey 'tneinacics.

Educatmn 2341 students had a more positive attitude toward
teach:mg mathematics upon completion of the course. The

i hypothes).s was therefore rejected. = o -

| —

| "Ongoing Development of the Mathematics Laboratories ., .

Actlvxty evaluatmn sheets, administered after ‘sach

act).v).ty were dEslqned so that Education 2341 student/

‘% could-evaluate the actz.vlty m\medmtely after comgd/mn, e

The crrt%{fere' ’ b L
< 1. ‘B activity meets the .stated objecti ves.

2.  The directions are clear and understand?bl‘g.

T 3. The activity, provides for students at atttazant,
<

ability levels and different needs. e

4." The activity would motivate students.
5. Did you ledrn something new from the activity?. -

6. Did zo;x enjoy the activity?




s In addition, students were asked to.make any’
commen s\they wished about the. actlviues. The cntena

were judged by the, students i gy ecilinal scale £rom :

excellpnt (5).to bad (1).

The points on’each criterion for each activity, .’

"as ra;ed by hreq:ducamon 2341 students, were then averaged .

and“tabulated. The average ratings fof each criterion:for
each activity are repotted in Table 17. )

“ "1t can be observed from Table 17 that the average
ratings yweti:dhove thres for each of the criteria on every
activity. . The means ranged from 3:2 to' 4.5 as compared to
‘the range of 2.4 to'd.6 during the pilot.stage (see Table

2 in Chapter III). The percentages of ratings in'selected

tervals are presented in Table 18 for both, the pilot and ' |

main smray. From the table it can be observed that in

*tHe main study’ 50 ‘percent Of the ratmgs exceeded a score

_ of 40 whereas less than 30 percent of the ratings met this

o

criterion during he pilot. In general, this indicatéd-an. -

overall l'u.gher rating of the activities during the main =

study: . 3 g " e . i
For examplé, One can compare the,students' evaluation

of the activm} "Geo-strips and quaarilaterals? to bbserve )

. the value of an ongoing evaluation of the laboratorxes.

The activity mtled Geo—stnps and guadrilaterals- (lahcratory

4, ‘activity 3) received the following average scores on

the criteria during the pidot study: 3.7, 3.9, 3.7, 3.6,
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TABLE 18

Comparisod of s:udent's Evaluation of Actwn:ies :
‘Between the Pilot and the Main Stud

\ } - o -

Percentage of Ratings in each Interval

3 L Pilot Study Main Study
% inckuding only "
~ ' the activities % <\
Ratings including all  uséd in the
Interval. : .activities main study

.7 0.0-2.5

0:00 . 0.0
R 350 28 el
A58 als0 U maa
. 3.6~4.0 45.80 SUader
r H4.1-4.5 28.50 © . s0.00
V 4.6-5.0 070, 1. o0 Y,
o g

3.8, and 3.3 apd for the main study it received:. 4.3, 4.2,
4.1, 4.2,74.1, and 4.2. . Because this .activity, mentioned
earlier in this report, bored the students in the pilot

Study, major changés were made in it for. the main study.

The incréase iii|ifS ratings indicated that 'Hhese changes
xesulted in a more positive reaction to the acuvn:y by
the, students. .

Another activity that was changed -between 'the pilot

and main study was "geoboards" (laboratory 5, activity '3)..




Geoboards were rated 3.8, s 3.8, 3.6, 3.3, and 3.0
during the pilot study and 4.3, 4.2, 4.0, 4.0, 3.7, and 3.5
during'the main study. The changes in the student eyaluation
" #or-thls activity were not as’great as the above acr_lvu-_y,
“but positive differences can be observed. L

. A1 activities thit had a- rating less than 3.5 on
any «of the cntena were re—exammed to determme the
probable cause. The activities in questmn were 1 : 1,
301 6 t2, anaB i 2.

The first activity; 1: 1, s ch dard game in which
the sk1.11 of nammg equxvalent fractxons was practiced. The‘
low score for this actwlty dn the’ third criterion, "the
activity, pravl.des for students at’ different amhty levels

and different needs," was justlfxed. Since thxs was the

initial activity of. the first laboratory, students-may have
: o

been unaware of how simply this activity could be adapted

for other tcplcs or for other levels of students.
The o'x:her three activities,.3 : 1, 6+ 2, and 8 : 2

received low scores on the £ifth ctiteriom, "Did’you learn

something new from the activity," and on the sixth criterion,

"did you enjoy the dctivity." ALL three of these activities

contained mathématids faught at the elementary classroom

level. One activity was concerned with multiplication, the .

other classifigation and seriation of nunbers, and the third, -

-mulnplqu decxmals using blocks and arrays. Each of these’ '

‘topxcs is n\athematxcally triivial to unlverslty students and

might not have been challenging to them. - -




) students reaction to the'activity while others vwere

90

(. As mentioned eazher the activity evaluatlon sheets
ad space for students to make suggestions and comments
about the activitiés. In Table 19 a selection of typical
comments is presentéd. This Selection incluaes both positive

and negatxve comments. Many of ‘the comments report - the :

' suggestions to &id in in'sp:ovix,-g the laboratory. . For example, .

it was suggested that the syngetry activity could be made.
simpler if .the designs had been pré-cut. These suggested
improvements were sometimes helpful while others were

unrealistic to igplement into thé particular activity.

, Some comments were contradictory to each other.
it

" The number of positive and negative comments made
s each activity are reported ‘}in Table 20. Tha’.toé\al
number ‘Df“commelnt‘s in the main study was 2004 as compared
t0.286 comments (see"Table 4) made during the piloéing\\of
the laboratories., This was a substantial difference éven
when -one takes “into considezation the dlfferences l.n enrollment
between the main | study and the piloting of the laboratories.
During. the p:.lot, the enrollment was approximately one-half )

of the enrollment in Education 2341 during the main study.

Fx‘um Table 20 it can be observed that:as the semester pro-— K
gressed the number of cémments made on the activities .
tended to decrease. In the first 1ahoratory of the main

study the number of comments averaged 185 on each activity

while on the eighth laboratory ‘the average numbeér of comments




. Positive ' B ; ’ '

({
It prcv1ded enjoyment for Apeople with different
abilitie:

t2. It q\akes.you concentrate ati check answsts: |
3. Mind-expanding. ) R
.4, It gave me a greater understanding of place value.
5. It provides an.opportunity for the student to do ‘and
see the activity as it really is.
. 6.. Discovery is.shown well here.
7. I loved it. ) ¢ %
8. It is excifing for children.
9. The activity enccnuraged me to be very cbgervant at
all times.
10. ‘Tt can be altered to accomplish-a variety of objectives.
" Negative . ; -
1. The rules seemed a little difficult.. - A
2. ‘The game had so many possxbilitles you didn't know
© . what to choos
3. 'Kids would get bored very qulckly throwing ‘a die 100
times., ”
"4. Nothing but ‘a bram—teaser. ity
5, 1 don't think graph paper is a vety helpful- aid ‘to
" teaching multiplication. , 5 e
6. . Activity could be made slmpler by having des;qns i g b
already cut. : .
7. 1 don't really like cards: ]
8. Time-consuriing and.a lot of work. .’ .
9. . The slower child would feel frustrated; it is aimed |\
at 'the older with good ation. 4
10. " Instructions could be clearer: " e, \
‘l »
; C o [ =
i
. |




TABLE 20

Frequency Table of Positive and)Negative Comments =~
from Activity Evalustion Sheets

X ¥
5 No. of co o, NoSof ¢ Total- No. i
Activity Positive Comments ' Negative Comments Comments
3t g s d d
A ¥ 35 4% 160
| BT 19 191
J v R Lo ow 61 205,
; 2ol P 27 100
| 22 : 28 95
hs
" / @3 - 32 98
i 3:1°
| 32 -
| 3.
4 68
1 4 {64 .5
‘\ . " 4 B 82
i 5 o 69
i 5 i P .56
i 5 o 56
L ; £
i 6.:i1 |65
| L 62 47
| s 663~ e
| . s ! &
i 781" 37
| 712 ‘46
| 733 52
{ 8:: 1 .44
I8 .82 - -4l
8:3 58
e . ‘
| P i -
¥ 2 ik I %
/ ) N B |
i . | §




was only 48.] This(Held for both positive ‘and negative

coments. A
‘that at ‘the |beginning of, the semester students found it

possible explanation for this occurrencé 'is

‘novel to bejasked to evaluate the activities and thus

Pursued the act with enthusiasm. .As the . passed .

this novelﬁy effect decreaseﬂ and the- number .of ccmmem:s'
declined. ¥ D A

! ) . y * 5 ' - ' « w i
Evaluatlve Questxonnalra

5 Whereas: the _activity evaluhtwn sheets were used

Shueviluate the 1ndx.vidual activities at the time the

studemph}_ particxpated in them, the Bvaluative Questwnna).re
was sedto give an overall evaluation of the laboratoru:s
by the students after all laboratories had been completed.
There were 14 multiple choice statements on the E;valuatlve
Ql{estior\lnaire for.which, thie students, had. to ‘select the
- reaction that, most closely described their feelings on some”
aséect Of the laboratories. . A list of ‘the questions and

the number of z;sponses for each reaction for each question
On 'the Evaluative Questionnaire pertaining.to the mithématics
laboratories can be found in Appendix C. ° ) /

v Questions 1, 4, and 5 received responses from the

students participating in the main study similar. ;o' the /.

" responses made from the Students in. the pilot study. ' That
[ds, ‘the students pezceiveé the structure, organizat‘ion,r and

staffing of the mathematics labératories as being adequate.




R 5§ o 94

‘Question 3 had been changed from the pilot’ study

due to the increase. from one to t:wo hours in time avallable

for 'each’ laboratory. From the students' resphnses in the
main study 74 percent fe1t thag “tuo hours was sufficient
- time to complete’the three acEivit;gﬂ~.
i

Responses to questions 6, 7, 8, 11, and'12 indicated:

o ol
(e " ‘that the majority of the students perceived the mathematics

laborator_\es as an asset towards teachlng mathematics.

¥ & when compa:mg the response from the pilot.study to' the
iR responses/of the main study, the main study had a higher
T 8 percentag; of . responses ‘in the more positive reactions.

This indicated that students in the main study pegceived’
L . the, laboratories as a greater asset towards eadtitng math-
ematics than their counterparts in the pilot study. This-
finding is discussed further in Chapter VI. The high number
of "b" ratings on.question 2'indicated that’students saw _

ct activities

theylaboratories as useful in helping them s
for)heir in-school sessions; however, - the students may

have missed the more general usefulness of this information--

"o sach IthEEEIGAL ONEapts sy ALSELATE, TS SEUdeNER
reactions may have been Gue to the obvious practicbility of
applying thése laboratories to their in- school sessions.
On. the, othér hand, teaching mathematics using matérials ‘was
an indirect generalization from the laboratories that students

S *. "+ . may not-have been aware of at that time.




" a higher percentage of students in'the main study who Eelt

‘were used to

g J " S
divid7d in dec dlng »if ‘the amount of work required .

EBdudation 2341 Wwas worth the effort. This differs for
‘the main study where the majarlty/ of students, d1d not. th).nk
“the course was too much work. 14- thé main study, responses

. for question 9 also differed from thoge of the pilot study !

".The majority oF the students indicated that the objectives

“were clearly outlined from the begirmlng of ‘the course.

rse for the main ‘study was

he overall rating of the
.

also higher than the rating in e pilot stage.  fThere was

the mathematics laboratories were very good _and eveh _
iz

outstanding.

s .
Interview Questions

The int/views. like the Evaluative Questionnaire,.
1

aluate the mathematlcs laboratorles in the.l

ter Educatxon 2341 students Had compl.eted the

.e‘nurejy

course” A list /of the interview questions percai_nipg to

the/mathematics 1abar.§to_:ies é;m be found in’ Appendix D.

y ther questions asked the students during the vinter‘}iews

could be used to .evaluate  other aspects of the course.

These questions, though not utilized in this study, can

be found in Appendix F. - -
Students who were interviewed noted:the fopéming

as the-major items contributing to their knowledge from “the




e

* seshions.- The remaining 29 students did not ,aqree.

I, . 96
mathematics‘ 1ano:atones. 2 z
- 1. ,Learneﬂ h W tO. modxfy ‘new accw1t1es (16 tlmes]
2. Learned abgut. matemals (s times)
‘3. Obtainéd new 1deas (9 nmés) L Vil
= arned new mathenatics (4 tnnes) or Tl ng ‘

Thlrty—two of the 36 students 1nterv1ewed stated

.~ . that the mathemamgs in the 1ahqrator)es was, not too difficult

for them. The most.frequent response £6 the question "Why

should the anvities not be used directly in the school

_session" was that havlng to mndlfy the act:.vxty pmvzdes
" practicé for the - they w111 ‘be teaching.in the schoals.
* Seven students felt the laboratorles shauld be examples of

activities that could he \lsed dlrectly 1n the in-school

\
Twenty-one of the students, stated that the questions

2 the end of the activities made you think.. Other -responses

" to thls quest10n were: b

1. T would leéarn just as much wn:hQut questlons

(6 times). . 8 s e

2. The questions ‘skould be more varied and ‘the wording -

should be more specific (5 tlmes). “ =

3. The questlons gave you practice in adaptmg

activities (s times) . 2 S

' smupsjmshed through the questions'to get out of

ne > laboratory (4 bines)., g

5. Questxgns were ambiguous (4 tmes)




As. to decreasan the num’ber of 1aboratories, 31 of

one la.boratory per week was

. 'the 36 students stated

* acceptahle T bre,

schopl sessions ‘in the following ways. The students:

Obtained' new ideas (15 times). 5 i

eatned about materials (15 times).

Didn't: use any activigy from the 1aboratory in
thé in-school sessions (6 tlmesJ <

. .Learned new actxv{tles (4 times)..

'S

' . 'Student reactions to the mathematiss laboratoxleS\

Wfth séupet fo Uhellectires: were! as fcllows fi
“ 1.7 When'the professor z‘efexred to.a materlal in class,

%:;,I knew what he was talking ahnut (7 tmes) ~

3.2 There was .no rexauonsmp between the mathematics

laboratories and the lectures ( times) . aof
v 3 The mathemitiés laborafories and’ lectures ran’

paraLlel- What was talked aboit in the lecture yould have

been. done in an actwn:y in the laboratory (4 times).

4. I gan't remember (4 tunes)- F— "
© o Bsummary B >
. In: this chapter.data were presented regarding the

effectiveness of the laboratories. Each of the first five

%




! for each relevant activity question. ‘In thelpext chapter,’

Y . the study questions are discussed further. The rem:

four questlons, mnslderlng the . chanqe of’ students

atntudes between the first and -last'lectures in Eﬂucatien

2341 have been answered in this chapter-and are dxscussed

¥ Sy the “following chapter. Finally, data obtained on the - ¢

act:w:d:y valuatlcn sheets, Evaluatxve Queszmnnaue, W

interview queshmns ised to ‘study the laboratoty effective—

ness and observatxov ‘made by the laboratory assxstants,

prcv:.ded the material on wh1ch to:base suggestlons for

modlfy).ng the’ laboratories, The mpncatmns of the asea

g e '_ collected re discussed in the fext chapter




CHAPTER VI
- _'SUMMARY, CONCLUSIQNS, 'AND.RECOMMENDATIONS
b8 A summary of the study;:conclusions that weré
drawn from the analysis of the data, and recommendations
for the cotrse,Education 2341 .and for further investi-
(st

gations are included in this chapter. .

1 v

‘¢ - In-the past\sever‘al détcades, many educators -became
aware of ' the benefit of usiyg manipulative aids to assist
“¢hildren dn leatning migheratics. Though » eneabobamprotke
the Shove practice, “a recent na!tional‘su'xvey (Fey, 1979)
found the principal, instiuckional style was stili teather
| explanation and questioning. ~Recommendations to alleviate
;'this problem sfiggested that bhaSatite el snsntaty schogl

}eacﬂers should be taight by an activity approach using

manipulative materials. Research indicated that this‘was

a plausible method of instructing mathematics to-elementary

school teacheds, but the résults of research reviewed on
the effects of the ‘teaching styles .of elementary schiool e
teachers after being taught by an'activity approach was >

. inconclusive. 3 L




- 4 £ o N,
The purposes of this study were to develop math-

ki . =N
.+ ~. course, Education 2341,"and to evaluate the 1aborat'ories

ies for the

“%matics

and thetx iveness:in aiding ts to adapt, design,,
and extend mathematics activities for use -in the elmentazy
. school c}qssgoom. Any :_;hanqes in stl{dent attxtude: towards
mathematics: and teaghing mathematics as a result of com-
Pleting Education 2341 were also determined.,
o ozder to fulfill the above“puxposes the followinq
- questwns were consxdered-
2 wu* a stident in Eaucation 2341 be able to sugqest.
’a‘;rfouow-up activity, given the. information that an elementary
school student had exhibited difficulty with a previous
acti’vity on the same topic? \

¥ 2. Will a student in Bducation 2341 be .able to suggest -

how a given activity might be altered to accomplish different

\
objec

3. Will a student in -Education 2341 be able to, suggest
© an altemte activxty to accemplxsh the same objective as

a given activity?

~2e B 4. Will a stident in Educatién 2341 be able to’ suggest

an extension activity for an elementary scnnql student,’ -
= _‘given the information,that the student had exhlbxted no
dxfﬁculty with a previous activity ‘on the same topic? -
5. Wul a student in Educatxon523&;)be able to adapt;

‘an activity in mathematics designed for an university




student for use in an elementary school classrom?
6. Will a smdem:'s attivade tovasd mathematics change
Bafaan the first and last weeks of enrollment in Education
. 23412 Nt - %
7. Will"a student's attitude toward the existence

and use of logical s in mat change

the first and last weeks of enrollment in -Education: 23412

8. \mu a student's attitude toward individualizing

mathematics instruction and. the use of guided disgovery

technlques ‘in mathematics change hetween the flrst and last

weeks of Enrollment in Education 2341? 3 \O

© 9. Will a student's attitude toward teaching math- *
ematics chanqe between the first and last weeks of enrollment.

in Education 234 12

The sample for the initial aeve\tppment of the

ics 1 ies ' was the p! ive y

school teachers enrolled in Education 2341 during the fall
“of 1979. There were two classes, one containing 16 students:
and the other 22. The sample used in the main portion of

this study was. the ive el y- .

eting Education 2341 in the winter of 1980. There were
ofr classes, the first contained 20 students, the second
14, the thl!d 20, and the’ fautth 16. - 4 |
Eight mathematics, latoratories wire developed,
e;ch having' a centxal mathematical theme. Each laboratory

. consisted of thtee acti.vn;xes, each ol which involved a
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aifferent aspect of ‘the theme. These laboratories vere
“incorpotated into Education 2341 Which previously had’
consisted of theoretical lectures. and practlcal sessions
where the student teachers were involved with two or three . .

elementary school children.in mathematics.

Questions at the end -of each activity in. the
mathematics laboratories.were employed to answer the £irst
five study quéstions stated above.. The remaining four .,

study questions were answered with the aid of the standard-

" ized Connelly Taxonomized Attitude Scale. A continuing

.evaluation and development of the mathematics laboratories

was conducted using the following instruments:

1.+ hctivity evaliiation sheets provided-a fast method
of evaluating the activities and qave students an opportunlty
to comment on the activities.

2: An Evaluative Questionnaire provided student reactions

to the set of mathematics laboratories:

¥ % #) G
3. Interviews gave an open-ended method of obtaining = {
student reactions and ‘suggestions for imgrovements on.the

mathemat:.cs laboratories. N

4. Observations made by the laboratory agsistants

‘provided a subjective conformation to the results found from

the three.instruments. listed above.
Each study question had’ several activity questions

related to.it. Each activity question was cunsic;eired td be

" successfully answered if .less than 20 pexcent of the stf dents

obtaxned a’score under three.




_a scort under three on a £ive~po

A dependen\tut-test for means was performed on the .
pretest and posttest attxtude scores to determlne if

s:.gmfmant changes in ‘attitudes o:Qnrred.

‘Conclusions and Discussion

i A% \ . -
Effectiveness of Laboratories . . 2
The| effectiveness of the laboratories was determined <
A L
by examinixi& students' respbnses on ‘the-activity, questxons.

\
Each act;wlty question was” consldered to be suctess

1 1y

answered if less than 20 percent of the studgnts obtalned [ ¥

scale. Thp evaluations

of these ‘activity questions provided -the answers 6 the™ S e

fusc five study guestions. = : : -
The student,responses to éach Aactivity question

proviied’s partial answsr. to one of tHe five study quéstions.

»In study"‘questlon one, two of -the four. ‘activity, quest;\.ons

relating td this study question met the ‘above ériterion.

For the remaining two guestions less than 35 p,eréénr. of

the students obtained a’score under three. Ay . R
Difficulties that the students encountered with ;

this type of question Way have been a result ot being ‘in Sl

the positidn of student teacher rather than any_in’adequacy '

on their part. For, exa-ﬁple, lessons which student teachers

were usually required’ to.prepire were for.a single session

and, unlike regular classroom. teachers, they were not

E , . |




. requu‘ed to supply follow—up actlvlt\).es. If any follow-°

up activities were req\ured it was'to conunue ‘with the
'concept,hemg taught. Because of their J.nexpexuence, it
‘was often difficult for a student teacher £ Kindw the |

{

kinds of problems children have with the ‘concepts pedng ¢

taught. ; . ‘. iy ENENRCET

+ g The collective results of ‘the four activity

_questions indicated that students can successfully develop
“ follow-up activities; given tne information that elenentary

school chl.ldren had -exhibited dlfflculty with a previous

activity on the ‘sane topi’ z

iy study quest).on i sigspf the nine activity

qu: stions relating to'this study question met thé“accepted

rion. The other three questlons had less than 50 5

. . pércent of h-he stiderts obtaining a score under .thiee. ..

# wheq thie' student responses’of ‘the nine activity LY |
qu‘estions*w,e?e observed as a unit, study question two was 3
“angwéred in the affxrmanve‘ often verbai explanations on z -
how : the laboratories’in which the students participated

coum be adapted for other actxvzt1es were described by

the 1aboratoty asslstants. This -provided the students with

examples and ‘ideas on how they might have n}éde other
. adastions of the dctivities, in the labovatory-and with
"4 tneir own teaching sessions. Also, the large number of. -
| : times that this type of question was asked gave students

more. opportunity to perfect this skill.
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on study question thiee, 12 of the 18 activity
. ions_were sfully. - The remaining six

activity questions had less than 45 percent of the students

){}bbtaining alscore under three.’ With those results study

questxon three was also answered affxmtxvely. Often
1n the 1aboratory sésﬁxens, suggesbmns were given to ;

stgdents on alternqte‘memods oE teaching the same concept.

These examples' Provided the stimulis for.discussion between

lnembers of the group to creatq even more alternate ways ¢
to teach the concept The large number of times that t}u.s

question was asked was also an asset. i

For‘study question ‘four, will a student in Education

2341 be able to suggest an 'extgnsion activity ‘for an
élementary’school student, given the information that the
student had exhibited no difficulty with a previous activity
on the same topic, neither of the two activity duestions
were gsuccessfully ansvered by the required number of
students. For one Of the activity questions, ab?roximate].y
“one-quarter of the. students obtained a score of under three
and for the other activity question more than éﬂe;hali of
“The. stilents Gbtained & stAre lass that tifes; #iis stosy
guestion was similar to study question one in ghat it
requued the student to suggest follow-up! activities.
Suggesting an activity to follow an already established
activity appeared to be more difficult than suggesting an

activity without regard for what is £o follow. Also, the




s “few Lines this question e adkel an o limit"rgq factor.
) .‘Wit}’ﬁ‘thbse results, the answer-to. study gne_st'v ;
neglativé. i SR S "

»/ Six'of the 11 activity quéstions. for /Studys duestion

£ive wete successfully answered.. Thmg\o’f/ the rema).ning

five actxvn:y queﬁé’.xons had ‘less than 35 percent of \t.he

] stuﬂen’:s zecewmg a score less than three.  The remaum.ng

*two ‘ac

jvuy questions had over. 50 percent receive 'undet

1ts weré inconclusive. Further L
!

\ . three. Over'alluthese red
\\., i abairafe A necessary to determine if these 1abara|’:orxes

could/effe‘\c'tively aid-students to adapt an activity in
‘matheniatics ‘designed for an university student for use in

an elementary school cldssroom. -~The problem that! students

\i | encountered was theif ability. to présent concepts on a
} & L e |
i

level that vas; understandgble to a child. F‘ox:‘ éxample, 0 T .

. \‘ S5 one student’s adaption of the calculator. activity on

| : muluply',ng and dividing by powers of ‘10 included decimal-

|
|
|

rumbers when it would.have been adv1sab1e to #tart with: ¥ 2
g only whole numbers for elementary school chlld:en :
The effectiveness of the laborateries: was con- Tt
sidered to be’ satlsf—actory, given that four of ;he five . : N "
. study quesuons were answered in the afflrmatdve. . That is, \
the students, after completion of Education' 2341, swere 1T
able to desxgn or quxfy activities according to glven

.specifications. { o




Attitudes -

Most Education 2341 students' attitudes were

positive toward the existence and use of logical structure

in mathematics but it did not change significantly’between

theFirst and last weeks of ém-oﬂmnc in Education, z:u.'

That is, hypothesi.s 1 was’ nnt re]ected' TS nnderstand,

or even to vé-avare of a logical st:ucture in mathematics;

"oné needs ‘a background in mathematics. Students in

Educatmn 2341 .are teq\nzed tn have’ con\pleted two

’ umvers:.l:y math_amatxcs courses. The xesults of_.the e

attitude pretest indicated that after completing these
courses most students had an appreciation of. the logical

structure in matHematics. The results.of posttest.indicated

that_this appreciation was tnaintained.?fter the completion”

of EBducation 2341. .

: Education 2341 students‘ attxtudes toward llath—
amatu:s signxficantly increased between the fxrst and last

weeks of enrollment in Bducation 2341. .That is, hypothesis

.- was, re)ected. i 2341 was desi d to

Students to have'a mox.‘e favcra.hle a’ttu‘.ude toward math- -
ematics. By ‘the results of the\attxtuda scale thl.s goal

was mei. Students were #ble to partake ih the praat.\.cal

'aspect of“teachingras well as learnxng thrdugh activities

&n a'small group setting. This combinatjon wlth direct

uidance in lectux‘es was successful in positively chanqxng

~students” attitudes toward mathematics: . : %




.

Education 2341 students attitudes toward indi-
vmualxzmg ‘mathematics ihstruction and’ the use of guided

d:.scovery techm.ques in mathematxqs mcreased s1gn1£1cant1y

between the first- and last weeks of enrollment ing E\iucanon

2341. That is, hypothésis.3 was re;ected.. Two. possible

U ENgtorE ceRErTbubed 6. SEUIeRtE ShLATAING ¥ WOLe Bdverante

attitude toward: individualizing mathematics instruction’

and the-use of ‘guided discn\avery‘techniq‘ues in mathematics.
The ‘first was: lectures “in Education 2341 on diagnostic
tesung and d1scovery learning. ' The second was havxng

‘each Education 2341 student instruct one'to thtee elementary -

students.  The Education 2341 studepts in the practical ok

o f
" sessions became aware through immediaté feedback from

‘ the elemeptary students that peoplé learn at different

rates and each has his own problem to overcome in’ order
S : . i

to learn. This "on-thé-spot" training was effective-in .

facilitating a positive change in the Education 2341

student- attitudes, ; &

Education 2341. students' attitudes tdward the
teaching of mathematids increased significantly. between

: - i
the first and last weeks of enrollment in Education 2341:

That is, hypothesxs 4 was :e]ected “Another .goal- of Education

2-341 was to encouraqe tudents to obtain a favorable attituds ’

I
toward the teachmg of mathematxcs. This was accompl:.shed
“by. g:wmg the students'an opportunity- to have pxactlcal 5

teach:mg sessions with elementa:y children. These sessmné




£

to’ give students a more favorable atti ude toward math-

were observed by. the professor and 4 ‘time was alotted for

the discussion of probl 4 in these. sessions
These stimulating; in-school sessions with professxonal
port- gave the Bducation 2341 student the confldence :
that is heeded to teach mathematlcs. .
" The students' att:.tudes toward the four aspects Of :

mathematics education was pos1t1ve at the ccmcluslon of

Educat:.cnn 2341 ’ In three of the four areas the students

attltudes had anreased slgnlflcantl ©On the fourth

aspect, the existence and use of logical structire. in
mathematics, the: Students vhen entering_ Education 2341,

had already obbalned a pDSlthe attltude. Thus, the aimj.

ematics afd the tdaching o hakhenatics; /Wi successbulivs

‘The ‘Devélopment of the’Mathemabits Labbratories ™ . '

The ongoing developmént of the mathematics :
laboratories was largely dependent’on the ratings and '
reactidns of .the students on ‘the. activity evaluation sheets.',
Evaluatlve Questxonnalre, and 1nterv1ews on the mathamaucs

laboratories. Referrlng to the evaluation model used im

this study and delcribed in Chapter IV, after the data

had Been collected: analyzed, and ;ntexpretea the necessaryfj)® :

changes in the’ laboratories were made. . The revised
laboratories were then re-evaluated to produce more

effective laboratone;. E

i &




sheets indicated a favoxable reat‘:tlun to the mathematlcs p
lahcratory. Also, the increasg ‘i average responses. from T e o

‘the pilpting of" the laboratones o the main study 1nd]_cal:f.1d

that ‘the changes made tothe labnrato:y between ‘these twot

administrations resulted:in -improy to- the 1 tories

| from the Educatlon 2341 students' point of ‘view.'

i students, from the p).lct and the’ maln’sbudles, percelved

. explanation ‘for tm.s chanqe is tha€ the laboratorias had e

Exom the’ Evaluative Questionndire Both gx‘oups GE sipas

the structuxe, orqamzauon, and 'stagfing.of - the mathen\atlcs

- laboratories as, being adiduata. Seventy<five percentof the

students in the main stidy agreed that.two hours per’week
was-sufficient time to complete the laboratorles. {This’

sugqests that the change from one hour to two hours for ot -

ekch 1 tory was y ‘since stu 1 4 the! puot sty od

felt tha®\ one. ouz ‘was insufficie'nc to complsr.s t:he three R

activicies G Sach laboratory. -, In both the pilot and the

main, study the masori ey of ‘the students perceived, ‘the

5 mathemat:lcs laboratories as’an asset toward teachlng math—‘

ematics but the main study had a higher percentage of

responses ‘in ‘the. more positive reacuons. One reasonable -

been 1mproved for the main stidy and thus Here more effectxve
in aiding students, to desxgn and mud).fy the actlvxtxes i fig faB 8
given in -the laboratories and.to tesch ‘their m—school A 3 Gy

Sesslcns-




Another difference observed bétween. the pilot and

"main study was the student's pezceptmn &f the amount of

work required f:';r the course. Mast s:udencs :m the main

=
study indicated that they did fo

Eeel that the amount of

“work required was-over-demanding. W

. There are two ‘explanations that can account .for
this result. First, the students iy the pilot study had
; Y the

not known they would be doing laboratories in Education

. 2341 -and perceived the laboratories as extra work while
5 vt R

the laboratories were.a requirement. Secondly, in .the

pilot stage the guestions at. the end of dach dctivity could

‘be submitted at the end of the semester. This meant .that -

students were required at some time to complete this i

_ the students in the main study knew before the’ course that-

assignment. In the mpimstudy, the questions were completed

after each activity and immediately passed to’ the laporatory

assistant. . In this case the questions wefe not percewed

as an extra assignment.

Mol‘e students in the main study stated that th%
objectives wers clearly outllned from the beginning of the
course.’ The overall rating of the'ccurse was’ higher for
the main study than for the pilob stage.

/' comparinl results from tre Evaluative Questionnaire

for the pilot and main study indicated that the revisions

made to the ics 1 ies were 1. The

Tesponses of the students| who had been interviewed: also




Supported this statemenf: . The responses showed that.

students: found the lahoiatoxiés~ to contribute to their

knawledqe of teachinq mathematlcs as well as requlr:.ng

them to thxnk. From-the Evaluauve Questlonnaxre and ;

interview quesuons studefits 1ndxcated that r_hey fe,lt the
matHematics 1a.borator1es were ‘a worthwhile experience.

The higher. ratlngs obtalned on the :mstruments

for the mathemat).cs lab ratories in the main study as

! compared, to the puot study provided strong support for'

having.a contmumg evaluation in the development of the
mathematics laboratosies, The success of the mathematics

laharatorxes in the main study was due to the changes made

,to the orlginal laboratories because of the results of

the evaluations.

Implications and R ions.

From this ‘study it is recommended that Ehe mith~

’ematxcs “laboratories should be continued in the course,

Education 2341, = As indicated 'in the evaluation model- the
G > .

. laboratories -should undergo ongoing revision to correct

wddkneshen.  Mote specifically, greater emphasis should be
pliced on suggesting extension activities for an elementaty
schuol student qlven the 1nformatxon that. the student had
exhlblted no, dlffxculty wlth a prevlous actlvlty on the

same, tOplC 2 B 7
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Activities that will aid in ‘improving the students'

attitudes toward‘the existerice’ and:use of logical structure

in mathenatics ‘could also be included in ‘thé' laboratories.
In conjuncuon with the evaluatian model .of this stuﬂy,
the findings from the main study must be considered with

respéct to the Db]ecuves of the Education 2341 course. .

If it isc idered y for to. be ahle to.
provide extension activities or to have a more positive

attitude toward the éxistence and use of logical stiucture

. in mathematics, then these topics must become objectives .
; s m ctives .

of the course. . Appropriate changes would then have to' be

made ‘in Education 2341.to have students meet these

" objectives.

- since the laboratories-were conimered' £o be

successful, ‘it should not be ﬁecessary in the future to

- undeérgo such. extensive evama:mns as was done for this

study. It is recommended that the student evaluation sheets
and the’ questions at, the end of eich activity be’ contirued.’
The student evaluation sheets requixe‘minimx time to be
completed by the student §\d it 'is,a fast and effective
method to keep a check on students" - reactiors to the
laboratories. The use of activity questions is useful in .

two ways.. First, they require the Student to analyze and

1ol

y ize the ion in each 1 ¥ and secondly,
they prov;de information on the students' ability to desan
and ‘modify activities under gwen specifications. ; .
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Possible extensions of this study ave:
‘The evnlultion of the three components of Education’
e he i “and the

2341, f_hat is, , f.he 1

_ mathematics labonmr:hs working “togdther ea’a \mxt.r

24 ,The eval\unon of the t.hree pzeraquium:e courses
of Educat;.nn 2341, to- detezmine 18 these courses are

adequate to prepate a student for Educution 2341,
Tha evaluntia‘n 0! the effect Educution 2341 has

3.
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L nab #1 Pructics B ITE DS O e
“Activity #1 PR o1

R e Wy cmz!m_ncnon‘s', -

: - objecti v (B The tude t- sﬂauld be nble o name
) a fr: ction ‘equivalent to 'a given one

(2), The;student shoidd be able,to renanu?/
- +whole numbers as fractions. i

A deck of" forty—nme CARDS' for thd’ fouowuq
‘set of’ fractions: -Ralves, thixds, fauzths,
' £ifths, sixths, eighths and ‘tenths.

There ‘are also CARDS for .the whole"rmmbers
srie, two, three and four. &

- 'sizé of'Group: 2 to ’4.'p1ayers. o .
7 g St : v

“Ernest Carlisle. i ‘ g g

‘Games and Puszies For Elenentary and -

#13dls School atfhabiny p. 122 7

N.C.T. M.
Virginia
1976 .




The' dealer gives each player six CARDS, turning
one card face uw (starting the >ﬂl§c§rd pile), And ‘pissing
the remaining’ CARDS ii-the center of the table face down,’
Play, stacts with the player to the Left 6f the deiier

@iscarding a CARD ‘Of the- same -suit _ (same denomination) or

‘of equivalent) value' to the top CARD: of the ‘discardpile,

or a wholé number CARD. : 2/2, 3/3, 6/6 at‘:f. are :onsidered

wholé 'n\m\ber CARDS" Vhéle number CARDS act as wild ‘caRps

'because a player may RENAME a’ whole numhe CARD to any

;a’ t He chooses.  During: ‘his - turn, ‘a player may discard or

DRAW a CARD from thé deck. A player doés not both araw

and d:.scard -unless the ‘drawn ‘CARD'is. disl?tdﬂble. The

object of the game i! fo a playe: to get nd of his cn.us.

& - Twepty-five pox.n\'s are auarded to the player vho
gets rid of all his CARDS ;1us the €otal of the CARDS
remaining in.4ll other muas——oné point for each‘ fx;ctim
less “than. 1/2, i [poiata P -cach, fzaction equal to-or.
greater than 1/25 and three points . for each whole: number.

Before play begins you should agree’ on the nunber of ‘points

: (unually lou) that will ‘constitute a game.




§ Lab #1 Practice .-
LR A Activity B

AR

% Questions about the ‘Ackivity:' i .. . R IR
b 1. :1f during a game of “frazy Fractions" you absezveg that
. 2 child was wable to identify an equivalent fraction, ', 5
o 3 * what would you Suggest as a follow-up exercise to solve . .

i & R < -th!.s pzoblm? (Hint: The section on aqu,.lva.\.gm: fractio
in

= : the grade 4 book of the I.S:M. series may e ubla to M
p g ; helpyo\l.r . Seuite

-2 m =i you think of andter Activity which mhshn the

£ v =5 - as "Crazy (an example is ‘in
. the 4th grade boek of the I.S.M. Series on p- zzs_);

5 5=




L0
© -:.” Lab #l Practice
- - Activity #2° .

. Objectivei . @

. 1247743
5 20 [ 2
;2835 g9 :
S36 tum s “3g g
45 e liso s4: 55
Z ; 5 80 95-.
E —1&4 s 216
3 : By st . - B
- 'size of Groug: .2° to 5 playexs e Sk, Bk

Playing boatd
“Markers

* Three dice’
Score pad

The student should be ‘able to recall’

addition, subtraction, multiplication
and division facts.. oy

4 Given three numbers the st\ldent Bhuuld

able-to calcu].ata a-variety:of

Answers /g bination
ot operations seleutsd K




Ly
«dice and determines the sum

<

i25

Lab #1 Practice . ’ :
Activity #2 . - i, z

(B ¢
o begin play each playef in'turn rolls all.three
of the three numbers showihg.
The player with the smallest sum begms play. Play €hen
progresses from left to right.

The fifst-player rolls the dice. He must use one
ar two operations on- the threée numbers shown on the dice.
He is then allowed to cover the resulting number on the
board with a marker. When he has finished his turn, he
passes the dice to the player on his right.” He may not
cover a number which was previously covered. Dnly one
nunber may be covered each turn. . . s s

To score in CONTIG you must cover a number on the

to anothor covered mumber. One point is scored for eac
adjacent c red number.

" When a player rolls.the dice and is unable to
produce a number which has not.already been covered he must
pass the dice to' the next player. If he incorrectly passes

4 the dice, believing he has no play when, in fact, he does

have a-play, or if he mdkes an error in calculations, any

of the players may call out the mistake. -The first player
to call attention to the error may place his marker on the
proper uncovered number and receive the appropriate points.
This dées NOT affect the turn, of the player citing the erro:

o cuilative score is kept for each player.

player is eliminated from further play in a game ehei s
fails, in three:successive turns, to produce a number' that
can be covered. When All players have experienced three
successive failures to produce a coverable mumber, the game

ends. ‘The ‘player, with the highest cumulative score wins.

SAMeLE PLAY (four players)

. ' Roll of dice , ' Number covered Points scored

ES

Player 1 3.4, 9(2 473 4+ 4 = 9) o,
Player 2 4, 5 .. 10([4'+2]) x5=10) 1
Player 3 5,6 ', 11([1x5]+6=11) 1
Player ‘4 LAes 20t 16531 = 2) 3

board which is adsacen: vertically, horizontally or diagonally

L%




Lab #1 me:ti.ea
| Activiey
- ga 4 . . -
about the Activity: el

Last semester a student changed the whole numbers on
he dice to fractions and limited the operations to
Can ybu suggest another

i the
i - anleiplication and division.
way that this game can be modi. fieato aig in teaching '
ﬂxfferene objgceivau?

2. In the Math ubo:ar.ory there is a board game called
© "Roll the Product”; it can be used to practice some of
"Contig". you, suggest

the objectives stated for
5 anetha: -activi:y -lhlch _could be used by a child-




T Activity §3

- Objective: -

Materials:

SF S
Lab-§1 Practice

_:Kulci.plienticn fact
‘Hazard CARDS "
Markers . .-

sfudent shiould: be'abla 't racxxl tlm o
lmltlplication facts in base 5. :




Sécﬁ ‘layer throws'the die. fhe player 'with the

|

score goes first and the play proceeds left to rignt.
The fust\playe: ‘throws the die ‘and draws a card.
The pluyer then states the answex -to ‘the problem on. the

card:.

The answex‘ is checked by us;.ng the multiplication
fact sheet.? 1 Y %

& {If ‘the player is-correct he gets to move the number
T of gpaces that is on the die-

I£ a player lands on a Hisard. spacei he dfaws a

Hazara CARD and follbws the dxrectxcns on. the CARD.

The playet who  feaches ‘the: Einsih 1Lne first is

the winner.




Lab #1 Practice .- . -,
Activity #3 . 3

Questions about the Activity:

In the drade 6 book Of the I.S.M, series adaition,
Subtraction, and muuiplmat:.on in base 5 and 6 are
.taught. "Marathon Run" could be used for children who
are taught these concepts. 'For thosge. children who,
only n:udy base 10, how can this 19: be. mdifiad for
their use? g

"Marathon v.un' is a game used to practice multiplication
ficqts; what other operations or concepts -could be 3
.. practited u-mg this game? -How do you have to change

& the game ta achieve these new objectives? ~ (BE CREATIVE).




Lab §2 . Place Value
Activity #1 Pl B o

GROUPING AND PLACE VALUE THROUGH MPMES
2 s 65 E 3
The student should be ‘able to state that
| the Hindu-Arabic humeration system is a'
placervxlue system which has a bn...n3
2; bl b0 ‘configuratiof.

Matgrials. 5 One set of multx‘base blocks hase 5
P - One set.of poker chire
- Four ahac
Two' i . 3 - o
Four chip tills' ' ST £ %

Size of Group: 4 players ¥ B

. Note ( 'l Phis ds a devé‘lopme:i:al ‘activity.
" Source: _A.F. Leslanc, D.R. Kerxr: ar., M. Thompscm
; Numeratio

Addison-nesley” Publishing Company
Don Mills
1976




Lab #2 Place Value . 5 " R
Activity 41 g

This activity is con\prlsed of three games, one wich
- multibase blocks, -one with’colored chips, and one with .an

abacus. These games develop three important. ccncepr_s in
numeration: - groyping, trading and place valile

our numeration system; grouping is|done in' sets.
of ten. Gmupxng is an efficient method to keep track of, -
large numBers. -

T 1ﬁ|||»;|:|||'||'f :
L ; ooo

fusunsnnannfnEnsnuanng

represents 43.

Gamie' 1.uses both' concepts grouping &ifd trading. -

(=4

is a unit,

' is a’'block...

F3 il ol e




Direction:

Game 1 - Tradeup o0& Black, Base 5
The object of the g'Sms is to win ‘a block. Each
i _player folls a die. The player with the smallest score
goes first. The play proceeds from left to Cight: Each
player rolls a die and takes as many units as the die
Lndxcates. Supgcsa on the flrst m).l, player A _rolls a2 )
and takes .two units. ' On. the'seécond roll, player: A rolls
j “a'4.’ Player A now takes four more units and has a Lo_éai : -2

of six units. ' He how trades Five units for one long.

The game continués, each player trading units for longs,
longs for flats, and finally five flats for a block.

The first player to get a block wins. . . 3 !

a) Whe?ou have won a long, how many units have you won?

y TR
Could you actually count them on the long?

b) When you have won a flat,’ how many units have you won?

> ., Could you actually count them on the flat?

). It would be impossible to cotint all the units in a .
- block, but you could trade a block for flats.
How many units could you count in the set Of flats - - .
equivalent to a block? .




Lab §2  Place Value & -2
Activity #1

‘Game 2 is a t:ansl.t_lonal step between the grouping
concept and place value. Color chips are used to represent =
-mm. a single chip represents g
gle object. The choice, . - §
of color-for the'chips is cempleuly a:bltznry. If base 10
is used and if 1 yéllow represents 1 object, and 1 blue,
- represents 10 yellow, and 1 green represents 10 blue, and 4
1 red represents 10 green, then 34 would be represenfed by:

¥y 5,;—9'

Géite. 2. & Trading for | Yelluw

. iIn this game, we will use 1.for:3 trade; i,

Base 3
1 yellow = 1 object
o of 1 blue .3 yellow
R 1 green = 3 blue
% 1red .=3 green g,

> #radge the chips in each'of these tills ‘for YELLOW chips:

Record the answer: 2 e =

Example 0

\

g% Aipoperyoh Have o iva Ships,ana fous yeuow ; L
chips... How many units does this represent in base’ :




&

Lab #2. Place value . B
Activity #1 |
e 3 -focuses ‘on place ValueA In place yarug
the positl.on that- a ion holds i he
alue, ‘A 4 may represent 4 or 30 or 400, depending on its
posmtion (example — 444} In this game an abacus is used.
A bead on 'the ‘ones. wire represents a single object; a bead
g toiis WIES renressnts 10 and’a head o the husdreds
wire represents 10 tens. The number Of objects a bead
represents depends on both the place.value'hf the wire
and the base being use

Game 3 -~ Trading on an Abacus 3 i

it gdria ‘i siniler o, damesl;  Sash playey rolls
\t e die vand zecords the number on the abacus. The game: is
played-ih base seven.

For base seven the abacis, place value is

7% 7's \7's _ 1's
‘ 3 72 7

Suppose player A rolls 6 on his first turn. He flips 6
ones on the first wire of his abacus. ' On his Seéond turn
player A rolls 5. ‘He flips 5 ones on the first .wire giving
him 11 ones ®n his first wire. He can pow trade seven.of
these ones to 1 seven. , The abacus now has 1 seven.chip
and 4 ones chip. 5

ghe winnex is the person who trades 7 seven chips to receive
e first 49 chips. s
Which abacus :epxesencs the greatest valie x, y, or
Assume that the-:base.is 10; how much larger (smaller) 1877
the number represented in x than in y? y thanin z?
‘x than in z? L g

i S i e ,+' [ t

ssume that the ‘base is 8; how muc! larqer (smallez) is the
22

A
number represented in x than in y? an in
x than in z? = 2




& Ty e N A o - 2 % o
Lab §2 Place Value. i Mol Bt SGRSkeE
‘Acti.vxr.y #1 s . * S

|
of

‘Questions about the Activity. /k o o B . i

)
15, “Hont oap tlsss gazes be adapted for use in'ah elementary
clasproon?. i

P o 2 How cau.\.d yuu vary one of t_he games tn al:l:omplish
s . different objectives?

Exam_pm; New objective.’ . 1. ik }

Using a 1 for 10 trade the student. should ‘be able to
trade a given number of chips so. that he: has a minimum

A 4n tnia gand the' child Zecsives 39, yallow chips
. L' trades 10 yellow chips for 1 blue chip three times,:
g -, leaving him with




$2 Place value o

Lab
Activity #2.

Materials:

“ size of Group:

. Sources

Given.a nunésal in base.J0, the. s:udsnt

should be able to construct the numeral .

.in any base un.nq a varied ssleccxon of

manipulative ai
" - ’ s
Popsicle sticks: - %

Place vaioa GhRris 3 7
Place value bins ..o 0 7. .0 S 0T

2 to 4

Numeration.
John F. LeB: PR
© Addison Wesley punushing Ccmpany

Don M!llu

19 : §
Aér_i.vn-.y 5 & 11- : :




5 . |y 137,
s i B P
Lab £2 - Place Value 2 -~ ‘ & o
Activity-#2 H g =
Directions: o ‘ '
- Grouping aids are materials which have be‘en or w0
can be physically bundled together to represent a m
Place value aids indicate a number by the pouxtic}ﬁ of v
v material objec:. . %

A a) Using each manipulative aid given, Jgonstruct each
o e n of the following numerals in base
1 e, 11) 30,4 ;
b))’ Remember,'base 10 receives .its name because [it i =
-bundled in groups of 10. Thus.base'5 would be bundled

in groups of 5; and base 7 would be bundled in groups
of 7,]etc.”

A .
Example: 1510 Meifid be chnstactad in busﬂ & risling
i enes blocks as foll =%

i

The n\meru‘l would be written as 23g- \
xe

Using the same manipulative aids as im-(a) show the : .
following base ten numerals in base 6. Also write the
numeral in base 6. -

i) 1910 . .cid) 3010 . \ . <
. DRAW a picture of popsicle sticks bundled mgge_he;‘ to
( ... represent 19,, .in basé 3. Write the numeral in ba e 3.

e




9%

‘an’ elementary classroom?

How. could ‘it be used in:

Thie activiey is designed’ £ aid 3341 students. in

understanding place value.

Value? How d you us
ctivity ca.cm.nq pldce value:

at other murhu ‘could’ you use, to
e- these materia
= 5

ach place
in an




‘Lab'$2- Place Value s k b . 3

Activity #

v L : 2 ! H
! PLACE .VALUE GRIDS AND 'PAT/JTERNS X T

Objective;

Materials:

Size of Group:

Source:

il

o 5 5 s
-The student‘sl’muld be able to state ‘that

©"123,45" is a symbol that represents'a

set consisting of one hundred, two tens,
‘three ones, four tenths and five hundxedths.
Grids and-patterns d
Crayons (three colors) *
Lima beans

20 papér .bags

10 rubber  bands

Graph paper .

2 to 4

Experiences in Mgthemancal Ideas ;
Unit 1, Experience 3




* Lab GZ Place Valqe
ACthItx*a *

\ 5
RN
Directions:
A ‘

-This activity has four stations.

STATION A: SINK THE SUB- .

Place an X in each of ten cells in your unmarked
grid. Then turn over the grid. that shows the path of a
“'submarine and see if you made any hits. . If you did, list
.the humbers that show'the values of the cells where the
hits were made.

Your grid:is the last -page of:this booklet. ' If you ran

your finger down the grid on a vertical path, how much
would the)lumber increase (decrease) between Gells?

STATION B:' BREAK THE CODE

Below each numeral write the letter that Has that
value in the grids at this statibn. When you are through,
you will discover a secret message.

3.46 201 0.04

565.9 o

’

o~
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Lab_#2 Place Value 8 .
Activity #3 A §® "
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N e - : %
5 90 " 99
\ ( ) "- = N S




-

Lab #2 - Place Value . Sy
Activity 33 . - .
) -~ .

. STATION C: HOW MANY BEANS?. . 2 -
S Find the smallest pumber of bags of beans needed
: ' ‘to represent each number below. Following the example -
gi\v&n, write .the number of beans in each bag and the number
of “bags . s -

Number i Bags Number of bags
. ; ‘/ 167 100, 40, 20, 4,2, 1 y 6
¥ r 2 132 e L Ze S o —_—
B ' 483 =
' i 461 .
400
¥ 306
1,301

. - STATION D: HQW MANY STARS?

Fill in after the fumber of .each pattern the number.
Of STARS it contains.

Pattern = Number of STARS

1
2
3
4
5
A v =

If the units digit in a numeral is increased by one, by
“how much doeé the nunber increase?

£ the tehs digit in a numeral is increased by one, how
. much does the number i

If two adjacent digits are switched, will the number
represented get bigger or smaller?

What is the largest number expressed by a three-digit-
numeral?

~




Activity #3 . 4 : 3 A

#2 Place Valie-

*
Kok R KLk Kok K KRk Kk koK k kR K R KK K K
Kok koK K Kk kK K kK K kK ok Kk KKK A KK K K kA K
KR K KK Kk A K K Rk Kk ok Kk ok kX K Ak K K K K
KR K K ok ok ok K F ok kK ok Kk K Kk K KK K F Kok K K R *

*k ok w
* ko *
EE
* % %%
EERS

*
*
*
*
-
*
*
“
*
*
*&
*
*
*
*
*
*
*
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Activity #3

valie .

144

N 8
o

o
o
.

S

28

&
[
i




Lab $2 - Place

. . Activity #3
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Lab #2 Place Value
Activ-lty #

Questions about the Activity: 2 .

This activity Gan' be ‘used to accompl:.sh different
objectives. For example: ‘Given decimals the student
should be able to write fractions w:Lth denominators

- of e¥ther hundreds or tens.

i

In "Break ‘the Code" ‘the child could be asked

. represent’ each decimal as a ffaction. The Cods doutd
then be hidden in fraction notation. - Can. the activity
be used for any, bther objectives? .

On page 224 of the grade 6 book of the I.S.M. series,

. there is an’ example of another activity with the same

.objeéctives -as "Break the Code". -Canyou suggest any
other activities? : : :




. Lab I Development :
(Activity #1
g MULTIPLICATION :
& Tt ol K i
objective:. (1) .Given a set of number blocks,.the
T, - i student should be able to combine
and trade them to obtain the ..
smallest number of blocks. . .
(2) *-Using 'graph paper, a.studént should - -
S0 . . be able to multiply 2-digit by 2-
ST diglt numbers. s
- Materials . A'place- value p'laying board L

A set of number blocks

Size of Group: 2-to 4 - ; U E LT

. Source: Mark A. Spmen ‘Carole E.- Gréenes. &
P Robert E. Willuitt
Multibase Activities,
. ‘Base
. Creative Publications-
Palo Alto
1974°




Lab §3_ Development
Activity #1

—Directions:
o 5

Hake. two.piles of wood, éach like this:

| ARHEEB 0668

Put the two piles together on your playing 'board.: |

Combine the two piles and trade if possible.

Example:

L

a

IIIIIII’.II

)
77z 2

(T

Q& @
Qi@ ‘

Q-

D
Q

Q& Q

Is your answer 3 longs?

We can express thisiproblem using numerals like this,
or we can call it two piles of 15, and write 15
g : N x2

(T

D

(e

oQfa

"
o
E

15+
+15

30

K/@ K




R -/\—~/1.ab #3 Devalopment Lo

ActJ.Vlty #1

Make two piles of, wood, each like. thls

IHHIHﬁHHIHHmLmuLMﬁ@fﬂ@fa

W cinananiyi/ R ivanaaanii] u_Lu_u_u.\_nﬂ@@@

- Combine the two piles on your playirg board

and trade if -

possible.
B F‘ N ¢ i ‘ "‘ﬁ/’/'.

000 >+

‘ @@é@@@@

20009

AR
PPV I? o odas
|00 pocee

/

g 209 5,

Is'your ansver 1 flat, 3 long, 4 units?

We

we| can-call it two piles of 67 and write 57

Trade

134

can- express - this problem using numerals' like this, LI

)|




namely - . %

ab 43 Developme o O . B Y
m:txvity #1 5 r it

ﬁfﬂifﬁlﬂ\iﬂ@

ComBine the three piles.on your playmg board and trade 4
if" pogaible.’ :

18 your ansver 3 lcng and 9 wnits?

. We express -this- problem using n\m’\erals Like thls, 13 or

‘like this; .
x3 . Ty i3 +13
39 : # ¥ - T390

13 is eas;.ly represented wlth blocks, bu\t if one wanted to

mudel 13 one wWould need 15 piles of W @ @ @

- ‘which would require many blocks i space.. Another way

to illustrate 13 x 15-is to use the dxscnbu*tqve property,

13 % (10 +5)7

=13 x10) + (13 x5) ¢

= [(107+ 3) % 101 + (10 + 3) X351
1(10x10) + (3% 10)] +[ (10 5) ¥ (3x 5]
 1103x10) "+ (3 10) + (10 £5) + (3% 5) i

umng o Grabhpants aniarcays is i convenitnt ndthod of

modelling multiplication using r.he distributive prnperty. !
(see next paqe) 7
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: Acr.Lvity #1

Lab $3 Devel.opwent Lo 55 %

= (24 x 1n)r+ (zA_x'jn St
T= (20 + 4) x 01+ [(20+ 4)x T}

= [(201‘10) + (4 xlﬂ)] +[(20 x7) (lx7)]

- (Zﬁxlﬂ)«‘ (4 xlD) + (20x7) ¥ (4x7)

Next try 17 x 19, fixul: nsmg graph paper and chen using 2
operty. .

the dutzlbutive pr

. : T
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Activity #1

Lab #3 '




Lab #3. Development T PPN ) . 5
Activity #1 . 4

e Questiods about the Activity:. .° e
! 1. .What other a¢tivities can be used.to teach multiplica-
~ “tion? - (Page 162 of Grade '3 book ‘of. the' I.S.M. series - %
-  may give you some new ideas). Can you think of any -
) e

! : others?

©

. o . . 5 v
2. This activity can be modified ta teach division. Give

an outline of how the division algorithm can be developed

‘in the elé y ‘grades.  ( the "multiplication"
4 activity was designed for you, thus it includes abstract 2
‘+and. concréte models), £




Lab #3 - Development : = - .
#2

Act:iv:n:y <
" 3
SPECTAL NUMBERS
Objective: Using cubes, the. student should be able
R ; to construct rectangles to represent a
z o\ number,
‘Materials: - set.of cubes (100).
Size of Group: ' Two to ‘four.' - > -
¢ it ,{,
. sources . Pereira-Mendoza
T ..~ Rectangles, Trees, and Factorlng BN
3 \School Science and
e Vol. 74, p. 708
December 1974 .
r \ * X .
. . =
i . Kl \\ £




Lab #3 nevelupmenc e a¥u a8 lamT
, Activity #2 *

5 " “ i '
8 : ' Directions: > d

Take 12 cubes and form a rectanglé. 'For example:

; ‘ |
. Sy ‘ -

Record the number of cubés on each side of the rectangle:

Number of cubes | side1 | Siae 2
“ : ’ . v12 3 [ 4
can you form a dlfﬁerent rectangle which has a different /
number of cubes on each side? -

For example:

: j : = Number of cubes | side 1. | side 3
] - 12 N 4 i
poe in ¢ 1. 127 . e

. Can. you form any other different rectangles with 12 cubes? "
% & If so, how many cubes fom the sides?

. For ‘this activity

is the same-ag

The rectangle is merely turned sideways. ) T
R

Z, . AR L

<



oy e

Lab 43 Dévelopment

. Activity ¥2

Follow thé same prucedure.s for 1 to 24 cubes.  Remember
to keep a record.of all the réctangles you can,

No. of different i

No. of ‘cubes side 1 ‘Side 2 /" rectangle!

i, Paf g B S e

P ‘ Z"-'.

B I

13 &
1
15 ; . .
i1 o . 1 " o
L a ‘ P .
.18 ; : e
19 : ¢ eyt
5 . L

ggua Yoo |
23 ° " . ]

‘o k Var e W W 2ad ™
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. t
= B ’ Lab #3: Development

Activity #2 2
Did you £ind that the number of different rectangles .: : §
depended on the number of cubes you.used? .

o . : : . ; [ g om »
Which numbers made the least numbsr of different '
rectangles?

Why? >

_What.concept is being developed ‘in this-activity?

Suggest 2 plan to conplete thé development of ‘the concept ®
of prime number

S




- Que
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‘Lab ¥ ‘Development
Activity #2

stions about the Activit]

If a child stated that the "special" numbers were odd
numbers, what follow-up .activity would you qxve to
change this errox? ¥

159

This act:l.vl.ty can jbe modified so that a student would

f£ind ‘the number of cubes needed to make a square--

‘ example 1, 4, 9, and-16 cubes.all make rectangles with
equal sides, 'i.e., square numbers. Suggest angther
concept .that' can be taught using a variation of this
activity. .Explain how the a

ity would be conducted.




b #3 Development
#3

J Activx,ty

‘- .Objective:

Materials:

Size of Group:

Source:

&7 . . ADDITION::

(1) - Given a set of Cuisenaire rods;
the student should be able to. add
two rods whose sum is equal to an
orange rod.

(2) Given a.set of Cuisenaire rods,
** the student should be able to
subtract two rods if the larges!:
givencrod is orange.

A set of Cuisenaire rods. .

Two, to four.
b

P. Davidson, ‘A. Fair, G. Galton K
Student Activity Cards for Cuisenaire 4
Eods. . Cuisenaire Comgany of America.

New. Rochelle 2

1972
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Lab #3 Development
‘Activity #3

£y

" pirection
the learner a period of time to "play" with the materials
and become familiar with them.

‘Part A is your "play" time.
mw

3)

[C))

(57

CAN YOU MAKE MRS. ROBOT?. TRY.

g : -

Whenever presem:ing new materials, one should give

Make a staircase using one rod of each color:

Mike another staircass aid fit the two together so
that the stairs go up one side and then down the other.

Now try to fit the two staircases together in other
ways. R

This is my dog. What does yours look like? 7
This is Mr. Robot. Make him with rods. |




Lab #3 evelopnent (Epnt'd ) -
M:tivity #3 A

3(}'): This 4s a rod ‘train

- o
- Using all the- colozed rods, make some trains.
* 'Make a short
Make a long t-.nin.
Make a red trainy '
. ; ‘Make a green train. . B g Vs
g Moy Hitch all your traifs together. ' ; o
: . Make a train of five red cars. Make a train of four .
- purple cars. Which is longer?._




21" Lab #3 - Development
Activity §3

L Part B. Stories about rods. ~

1. Put 'a brown rod and a red rod end to end.

L ’ BROWN 5

Find a rod that equals brown plus red:
P Brown plus red =

B
g.

2. Takée an orange rod.  Put a brown rod beside it.

; : ORANGE _ B gy o8 —I

BROWN

5

Find'a rod that equals orange minus brown.
Orange minus brown =

3.. Use your rods to help you complete these stories.

1. -Pink plus yellow = 5

2. Blue minus pink’

3. Blue minus yellow =

4. Green plus red plus p).n): =

5. Dark green mihus green = 5

6. Red plus red plus red =

= K 4. . Make up a story for your partner.. Then, let him-make
. a story for you to




Lab #3 Déevelopmént
Activity. #3

Questions about the Activity

= 1. This activity can be modified to teach multiplication.

b e s _-~facts by repeated addition, -Could you suggest how

‘1 such an activity could be presented for an elemem:ary
class?

%, R ath o % : P

. Can_you think of any other concepts that could be *
taught using this activity? If so, please explain.

. 2. ‘On'page ‘250 of the Grade 1 book:of the I.5:M: series, -
there is an activity which could be'used with concrete "
materials. This activity achieves one of the objectives
that is in the "Addition" activity.: Suggest another
actiyity that accomplishes the "Addition" activity -:-
objectives -(pennies and dimes :are often used to N
accomplish these objectives). .




Lab u Ge&metry
Activity #1

Objective:

§ N

"Materials:

Size of Group:

o " Source: P H

REFLEGTION :*

(1) CGiven a mira the student should be - -
able to name the parts of a mira plus

__/"'the object and image.

(2) Given a mira, object, direction and”

length of the object's movement the

*. student should be able -to draw the -

length* and direction éf the object's
image. N

4 aiscs J .

4 miras ¥ “

1to.4 -

Mira Math for Elementary School

Mira Math Company .
Creative Publishers ;
Palo-Alto ° ; X ; ;
1973 ; : :




: FIRST FLIGHT -

‘ ‘a). Look  atuthe pictureé abové.
©*" wnat do you think the boy
sees in his mira?

“b) To find out, place your
© mira x.n front of the
airplane shown near the
- bottom of this page.
B » What do you see?

<) ‘Now slide 'your mira slowly

What happens?

d)  Move the mjira in othér ways.
What do you see?




Lk
I

b

i

i

i

,mz&czmnomgcn‘"~ 5 X : X "y
. . : ¢
. @) Place your mira on page 1, as ‘. bt .
' .shown in this picture. .

5 The axrplane 4n front of €he mira
is called the object.

The aifplane you see in thé mira
is called the reflection-xmage of
. the object.

Ve usual].y Just call it the mage.

‘B)  You can tell the inage’ from the
object by:their coloxs.,

" What' color . JWhat color
is the image? . -is the object?

c) . MOve ‘the mira slowly. What happens
. to the image? Does the object “ove
2 i when.the mira is moved?

d) Lift 'the mira slowly
Watch the image. - You

“up and’ away.
re flying.

. 3:. TEST PILOT ' % 3 i

a) - You have just Been named test pilot

L of the "red demon" on’ page. 11°
0 ¥ Park it nose to npse with the cb]ect

airplane.

ission is: ) Your second mission:is:

o b5 Your fust

: . rake, off backiards, . Take off backwards,
® i 'stall the plane, théene~ ‘then circle the air- -y
T - glide back-onto the;, | field. .
.Tunway..” 3 b

’ _* “hen - yoir plane spms,
Don't crash ‘into vth\e - don't worry--you're,
- ‘other. plane. .. .-, ad ot & a; test pilot.




- MIRA FON

“ 1. Use the mira to back the car into the 'g)arage. \
Watch the fenders.

Thé ‘car is out' of gas. - Can you “park" the garage
on the car?’ By <

o :

7\ 3. Tpick a wig. Which one looks best?




Place your mira near the flguxe below -as _shown nn the
p:.cture.

Slide the mira.closer to the figure. What did you.

5 ]
‘ | N . 4
Can you make these figures?
What else can you make? i :
E e
4“. :
-




&

*.look like the one

g FOLLOW THE LEADER

You will need a sheet of plain

paper, your mira,
aisc ks
button)

Place ‘the disc in front of
your mira, as shown.

You are now ready for

uch as a checker, coin,

and a round

Investigations 1 & 2, below. [

left,; right; toward the mira, away from 1t, in

c, watch the:image. -

Is there a pattem in the way it moves? .

a) ' Move the disc:
. other ways.
*'As you move the
b)

the disc.

This time, plan where you are going to move:,

Before you ‘move 1t, think of how the image Wlll

Thentest your answer by moving the disc.

In this 1nVesthatL0n you will learn more about huw

the J.mage moves.

image 3
mira.
object o o
1 2

‘Does, your picture

below? )
b & 2
G0

i 'x‘his picture is not finished.

It shows a move of the object from
position. 1.to-position 2.. It does
not show - the move of the image.

Use your, disc and mira to find how ~

the image moves.

Thén draw this move on the plctnre._

Show it this way: ®--3>-
1

If it does, you are ready for the
next page.

Look at each picture on ‘the next
page. An object move is shown, the
corresponding- image move i's not.

Use your disc.and mira to discover

how ‘the image moves. Then finish
the picture. &




a)

d)

q)

)

. TEST YOUR PICTUEB%

- . b) o . e)’ a
£ i S 4
. 0 N L
, e £)
oo s} o
ool Al it 1
b =l
. h) ‘§. o Ai) o
5 “ = &

Use your mira to test
your. pictures.

..Stand it on top of the

mu'a 1n each p:.cture.

Does the red/image fit
% on the image¢ move you
have 6.vawn7




I = 7172

Questions about the Activity: P

In this acthty the mira is used to aid in dxscovannq
some' properties of reflection.  The mira, can also be
used to ‘aid in teaching symmetry. Either describe an -
activity using the mira-to demonstrate symmetry or.
some other d,\ffetent concept. .

There are many ways ‘to'present reflection in an activity.
There is an example on page 286 of the grade 6 book of
the I.S.M. series: Suggest a @ifferent activity tpat

.could be used. P




Lab #4
Acuv;ty #2

‘Obj ectivye:

Materials:

size of Group:

Source: .’

Geumetry Fa ¥ i " . .

SYMMETRY I A % o ,

‘Given directions the student should be e
able to cut symetrical'designs. - « %

Square pleces of paper
Scissors

Pips. 2.
Zto‘;

Paper Folding .
N.C.T.M..
/Donovan A. Johnson’
Washington, D.C.
1972 8




Discussion: w3

¢ ‘his activity provldes an -intuitive J.ntroductxon
g to lipe and point symmetry.. . The relaxed situation is
designed to' stimulate curiosity.  Emphasis i§ not on
understanding the underlying” concepts.

Direction

PART A: anix\g Two, Perpendicular Creases

Také a square piece of paper-and fold oné side
edge into the opposite side edge

e
top : o S
AL c e, o |X[B . - ;

side

P pottom - © :

Take your folded paper and,fold the top edge down in€S the
bottom edge.

. The paper is néw ‘1/4 the 'size of” ehe initial piece. This
_is.a necessary skul for the' next three lparts. ” e |

£ ) PART B: m_e_SM
' JFold two perpendicuiaf creases, keeping the paper
+ folded. .
I - Cut. any édge ints a plangcurve with scissors.
Unfold" the paper., .
Discuss the results ‘with your partner. Is' there
anything similar about your cuttings?

— e

i " Exanple:

TRY ONE differént than this one. g i

(%=




: : B g = ! 175
PART C: Line and poinc‘ Symufetry

'0ld two perpendicular creases, dividing the paper
into quadran e
Keep [the paper folded.

*3‘ L Form/a design or geometric figure by pricking thx‘ough
. > the four laers of paper with a pin

H Unfdld the paper. Discuss the results with your

% partner.. Hoy are your own desxgns similar and different
. “ for each quadrant? 3

/o perpendicular creases, dividing the paper- ¥

nce more bisecting the folded right angles.
he paper. folded. ’
Tr the\/edge oppbsite the 45°° angle o, that all
folded parfs are equal.

To the papas remains_folded,” cut cdd-shaped
T _ notches ajid holes. Be sure to leave parts of the edges
i P _  intact. ) 5 B

Pnfold the paper.

i Ex le
. a

) . What are some similarities and differences in your new L
< des m2 b e )




Questions about the Activity:

L.

. above, the symmetry line is g

This symmetry activity'may be too complicated for
elementary school children, but on Page 272 -in the

book of the I.S.M. series there is an ekample for. i
children's use. Describe another way that the =

"Symmetry” activity could be mo
elementary classroom.

ified for an

\

itioned in the example
and - the student must
describe "if the figure has two des ‘alike. or different,
i.e., symmetrical.or not. 'On page 112 in the grade 4
book of the I.S.M. series the activity gives: the

igure, ‘asks if it is symmetrical; if so, where and

how many lines of symmetry does it have? Can you

In. this activity and the one me

.suggest’ a different way to teach symmetry?

-




Lab $4 Geometry

Activity #3

‘... .. GEO.STRIPS AND QUADRILATERALS

Objective:.

“ Materials:

i

ySize of Group:

Source:

(1) The student should be able to state o
the differences and similarities
among different quadrilaterals.

A set of geo strips.
2 to 4 %

Dynamic Geometry e . X
H. Shaw D.C.P. 2R .
Invicta Plastics Limieed :
OADBY <

Vv




Discussion:

®he geo strips are in four coldxs-red, blue, yellow,
and white. There are différent lengths in each'color. The
stxips willbe referred to by letters and numbers. as-follows:

RED STRIPS

. - There are three RED strips.

The long red strip is R3. .

S . The medium length red ltr)‘.p is R2.
The short red strip is Rls

R3 is as long as R2. o | ¥
R2 is . as long as RIL. *
R3 is as long, as RL g

e " BLUE STRIPS

There are two hluesstrips. . .

The long one is B2. 215

The short one is Bl.

. B2 is . as long as Bl. - . .
YELLOW s-mups | . = N 7=
There ax‘e two yeuow sr.rl.ps. - B N

The long one is % =
The short yellow strfp is v1. 3 g7 5 “ .

Y2 s _- as long as ¥l.

WHITE STRIPS -

There are tho white strips. &

The long white strip is W2. s
The short one is Wl.

'I'he white strips are special lengths. W2 is longer than Wi,

The strips fix together by means. of brass fasr_eners. 1

2 ing geo ut:&.ps, construct as many different
= % quadnlateuls as you can. You should ‘get .at least six.

(Hint_. To keep your construction nqxd, xnsert a

a: nqonal) .




Lah #4 Gecmel::y .
Activity #3' . A K |
. Did you get seven? / 2 H

1f you can nane. your, newl)fkcanstructed figures write them
below,

& " e 5P
"
A s . : ;
. B. 5 ‘ b ; Ny .
(i g '
D. L }

G. x gt e g

‘s H. S i g

Take each figure' ar\d \determine if it has the following
characteristics: . . ¢ ; I &

g Fig.A_B._C
‘1. only 2 opposite - | - . T 2
sxdeg parallel - S [ (o o %

Opposite sides [, . i e ) S
parall 2y & ; W

‘opposite sides . |- Fe 3 "
congruent 4 i i o &
> . 4. Opposite angles b s Tl
& congruent - |
5. *All ‘four sides 1 ¥

6. All four angles MR 5 1 : .
congruent: B [ g k.
7." All four sides and i P
all four angles ; ¥ o e =

8. Didgonals bisect: |-

S each other . ;
9. Both diagonals i g . o

are equal length ;




fab #4 - Geometry
Actdvity #3

rectangles have opposite. sides’ parallel and congruent and’
all® four angles are congruent, but it is a little more
difficult to determine the converse,’ L,e., if all angles
- are congruent, is it a rectangle"

Using your, constructed f).gurea and table; try the fouowmg

From the above tahle- “you can detemlne that

questions.

Corréctly complete:the following statements by using. the.’
most descrigtive "of the words rectaﬂgle, rhombus, or square.

. ‘complete. éhch of the follow:.nq with
Always, Sometines, Never.

If a parallelogram is equuateral, the parallelcngza.m y
is e

If one angle of a parallelogram is:a right angl
parallelogram mist be :

= ‘
An equilateral and equiangular. parallelogram is a

'

A quadrilateral is .

A

a
A
A

hombus is a

square. is
square' is
rectanqle

If one anqle of a rhombus haS\ a measure of 90,
1l

')
I
i
AL

it

but. may be'

one of the words,

a parallelogram.

a parallelogram.
equilateral.
equiangular.

i ®
4 parallelogram.

th:e

F, the




Lab

i; \4&0&&1{ i :
- Activity #3— < e T

Quéstions -about the Activit

2.

Besides describing hing\uslung featurea Sf quadri-
aterals, what other concept in the elementary curriculum

can be clarified through the usée of .geo Strips:

Desctibe an activity that acca—plxshes this objective‘

'mg "Geo Strip" actinty is one approach to distingui.
ing geometric shapes. On page 198 of the grade-2 book
of the I.S.M. series there is an example of' another
-a thir :




Lab #5 .Geometry
Activ).ty #I E

(Q
’(2)

(3)

Red

Size of Group: ‘2 to 4 .
Sourc aa LeBlanc D.R. Kerr Jr., M. Thompson
Activities 1,2, and 4

" Don

o N
Pattern Blocks
Regular Polygons

3 Grease;‘Pencils

Addison-Wesley. Publishing Compan
1976

o
The student should be able
- tessellate a plane uslng ‘a
of- ‘polygons...

to.
variety

The stydent’should be able to state
which ‘fegular. polygons tessellate.

_THe student should be able to state
‘the reason why a regular polygon ko
will or will not tessellate,

Counters,

Mills®




Diz#ti&ns: i
vl Using the pattexn blccks -and the red counters,

: J <ot xd

gues:

s which ﬁnp-\s can be used to tessellate the table top.

note. 'ressellate means to covez— a plane 'without over-
=1 . lapping or leavmg gaps.
n

f
-

Bglw is an example of a plane be:.ng teueuated

by“‘ln 1n‘equ1u quadrila&eral. . = (/ T .

Yow try the pattarn blocks, and éounters t{see
which' ones: actua!.ly dc tessellate the table top.




Lab- #5 Geomer_ry,
Activity #1'. 2 o

This is an example of a pattern produced hy tessellanng
a.square. ;

Which of the regular posterboard polygons can tessellate
a plane? |

Regular triangle \

Square 3

* Regular pentagon

Regular' hexagon

Regular octagon

Why d6 séme regular polygons tegsellate and others don't?
. To answer this; question one needs to know the angles of
* each regular polygon. Theé following is a list of hints to
solve this problem. : \

a) The sum of the angles of a'triangle is 180°. -\
b)" *Each polyqon shape can be cut up into
triangular' shapes.
) Each regular polygon has equal sides and
equal angles.

The measure of an lnterlor angle for a triangle is

Square
Regular psntagon
Regular hexagon .
‘Reqular octagon

d) When a shape tesselates, the sum of the angles
where the vertices. meet is 360°.

Why do somé regular polygons tessellate )
others don’t?




: : N T Y .
st .
v - = ~ N
~.Lab #5- Geometry : ’ b W
Chettvity #L ‘ A
) : 5 %
> ‘1. How would you: adapt this activity: for use ‘in an )
i - elementary classroon 2
] 0 e R s S

2. . Given a combination of pattern blocks a chu.d should"" -
. be able to tessellate to make a variety of patterns e &
: =S ‘or designs. This is an objective for an-alternate -
i tessellation activity. An example .of these patterns

can be found on-the cover of the Pattern Block Books.
Suggest -another activity for cesaellanons. f




Crab 45 Geometry RS

s s,

" Bctivity 1 I T 5 ¥
4 B " soL§ REE
v -~ ‘Objective:’ ‘Given:@-solid, ‘the’studént should’'be able- - .
. “ to stgte the plane shape which results. - kY gt
: from Intersecting the solid with'a plame. -
Materials: . Modeling clay © . g 0 By B
L % v % A thin wire' 3 }
. -Geometric solids. g = =
Y rsize of Groupr 2 tod . 7 Sl
Y S’uurcle:
3 E D Liedt]
Encyclopaedia Britannica Pub Panons Ltd. o
. Toronto B
I 1972 - § o i
: . : : . ;
4 Bl 8 .
4 , 2 i e 5
,'J S . o




Lab #5 Geometry = . - s o,

| T Activity #2 » v P
i . birections: ., b : :
- : Using wedsling clay, Sonteuse the folloving sonds.
i Yot N7 a) sphere Wy e B
e . 'b)"cylinder - T e ; S
& : S+ ) cone . ¢ . S
B ,d) cube ‘ X 3 8

_e)’’ tetrahedron

i ‘A’ cross section, is made by -slicing a wire through -
a solid. The cross section is a plane shape which results
£rom intersecting a solid shape with a plane. For example,
1£:you "sliced" a cube parallel to one Of its outside faces,
the cross sectionwould be a square. 3

‘a "sliced” solid cube . cross Section'is a square < B 1Y

. If ‘you "sliced" ohe ‘Of the cogners ‘of ‘the 5uLe, the
cross section is a. tn.angle.
Ay

v . Lk

1 a "sliced" solid ‘cube cross section i's a triangle\_

f*—'—_zxpmy wonstricted solids.

"Slice" them to obtain.the following cross sections. State
which solids produced the cross sections. It is not necessary.
to fiid all these cross sections; do as many as you can.

: quadrilateral ___- .. octagon i
4 . 5 hexagon . cirgle |

: ‘ellipse hype¥bolia

L : .rectangle .. - pentagon

N ‘. square - SN parabolia®

" . triangle . trapezoid ”
a ; f,ycu’f}a two ‘solids ‘can produce the same.cross
‘ Y seccmn, add the second soXid to your list.




£ : p B TR, T e
E 5 . I Yoh o J
b mis Gac-etzy- - . H L
Activity #2 35 2 S :

i about the Activity: X . -

* This éctivity could be modified- to study Euler's Rule.

‘If you are not familiar with this Rule leock it up on 6
{ page 284 of the grade 5 book of the I.S.M. series. v
e (If you are still doubtful ask one of the lab assistants.)

- Hoy else could you modify this activity to ‘accomplish s

a dxtferem: set ,gf objectives? ’

-~ 2." This actlvity i.s just“one ylay to aj pmach the s\:udy of
solids. On pages 106-107 in the gfade 4 book of the

. I.S.M. series. there.is-an example of a différent
approach.. Stggest.an activity that could be used to -

N i study solils.. ~ PR .




..Objective:

" Materials:

" §ize of Group:

Source: .

be‘!‘;onms- o ATy
| e student shouid be ‘able to state: a
\qeometric s}\apelwhxch provides the
\greatest aréa for the smallest perinater.. -
] E
I .
Geoboard ' . c.o
El\astic bands', . 2
T

\

IR i 6%
2¢0 4. e :
ST 2

\
" Instruction Boo(let for the 'Invxcta’
Basic Shapes Set.
Invicta Plastics, Ltd.
ORDBY \:




g Dir‘ectior\s :

Lab #5 Geometry
Activity #3: £ 2 o

AY
empty box.
perimeter “is found by counting these lengths.

put an.elastic band as shown below. ;

|

ea on a geobpard is I square unit for every

. The distance between nails' is 1 unit. The
For example,

3 . - i s
e The shaded area, 0f the space enclosed by the .
elastic, has an area of 2 square -units. The perimeter is
6 unf,ts long. Set.up the.following situations’ on'the geoboard.
I )
|
( : What is the area?
| ‘‘What is; the perineter? s
| C B
i B) .
|
| What is the area?
1 What is the perimeter?
b ) ke
f =
3 c)
f What is the area? L :
What is the perimeter? #

Try the same activity keeping a constant area of 16 square
units. Which geometric shape provides- the smallest perimeter

for a given area?




Lab #5. Geqmetry
' Activity 3 %

i 'l‘ry ‘the’same a t:thy keepmg a constant. ares ‘of 9 square:.
units.  ‘Which ‘Jeometnc shape pxovxdes the smallest. perimetex
’fur a gJ.ven area? .




Descnﬁe un activﬂ:y 5 ‘child who did not under- .

‘stand the concept ax‘ea {ox perimetex-). An axample can
be found' in the Eolluw-up/,activity on page 143 in ths
rade 2 book in the S. 2




- Lab $6 ‘Logic

2 Activity #1 < il . i
; T ¢ T L . Bty
Gy i3 ¢ p g S il g ,
od . ; o W) Nagn 2o
y [, e e o S Bt
wlF ; An_Ancient Game of Mathematicalskill' ‘= ',

E Objectives: »° (1) 'Thé student should be able tos « . e
x B increase his/her  quantitive - G ‘.
Jndqement (see note belaw) J i

S 4
(2) ’l'he stydent shoiuld be ‘able KoL, o m B G
A . . increase his development, of "
. | : mtuxtwe decision making.

" .. .(3)  The ‘student should be able to .
scount.

. y & o ok N
Materials:, A Kalah playing board §
s 7 Dried beans . * -

e Size of graup: 2 3 i, = o LR P2
i Source: " game$ and Puzzles for Elemeritary and .-
L . Middle Schobl Mathematics , ‘- R
¢ =@ wte SC.ILM: 5 e
= 'Johii'B. Haggerty' .. T e
I i Virginia ¢
’ 1976, p.." 207
- ) : ki
@ \ ‘ Quantitive judqement is the quality of the mind to make a

- specific declsmn based u'gon the array of the oppasmg

position. Thxs decision: is entuely 1ntu1t1ve and; is

based upon a grasp of spemal relatlonshxps vuthm the ‘scope -

.. of that wﬂiTh\;s loosely defined as’ 'human' 1nte§L’1‘xqence. ol
5 F ; i.

lJErome S. Bruner, The Process of Educatmn (Cambndge- ;
Harvard. University Press, .r. P [H 3 i




A',the vauey of the Nilé.

*’in rare-woods, or ivory inlaid with gold. Fon e

this’ game t:)*a Group Bf pupliss -

Lab #6 . Logic
Activity #1

‘Discussion: -, o ! &

*THis game promotes’ the development of pure reason

in the form of. quanucauve ]udgement Siihice aitesce af‘

t.‘._on

Shanée or probability. The game 'is as old as civili

itself and had been continuocusly played in the Near_4nd Far
Hobh

East for seven thousand years. 74 ‘
‘A quotation From June 14/63 ime tells of the
Y Of the game. Carved oif a vast block of rdtk
in the ancient éyz;.an Gitg ok Aleppo sxw two Sacinh rabke
"of six shallow pits.vith larger fiollows scopped out at each
erids The~same design is carved on.colums of the te}\ple« sl
‘Kax ‘NaK in Egypt, and, it appears: in early tomb pamtmqs in |
It is carved in the Théseum in

Athens and in rock ledg%s along caravan routes of ‘theancient

world. * Today the same pits and hollows are to be found all
: ; 5 ;

over Asia and Africa, scratched in the bare earth, carved .

*. The basic rules are so simple that even a young pre-.)’

, school -child can play the qame after a short demonstration. *

A demonstration game is the most practical vay | to introduce

Directions:

The game is played by two players who sit.on opposité




Lab #6 ' Logic
Activity #1

T
_sides of the playing board

xight.

Each player deposits three
counters in. each of the six U O his side 6f the board.
The object of ‘the game is to colléct as many courters is

possible in the kalahj the large container, at each player's

The method of determining who moves ‘first ‘can-be

/cup, skipping

bS
decided by the players. Each player, in turp, takes ‘11
(gning th 1is right. ! If a player has encugh eoustars €o go'

beyond his kalah, he d1stributes them in h1s opponent's
&
belong to the ::p!

the counters that aré in-any one of the six cups on'his’side
its ¢hallenging strategy.

of the’ board and dlstrlbutes them one by one in ‘dach cup,
onent.

opponent' s kalah. These et
There are two important elements that give

If the player s: 1ast counter lands.
in hls own kalah he gets annther turn, if his last caunter

lands in an empty cup on his side of the® board, he captures
all his op'ponent's counters in'the cup opposite and puts

there until the round is ehded.
when all sxxJ:@s on o

them in his own kalah, along with his captyring piece.

‘Once a counter -is placed in either kalah,
and the play goes to the, opponent.

it remains
A dapture ends the. fiove,
A round of play is over
side arel empty.
adds ‘the remaining codnters in his cups t

The other player
r'che ones that are




Lah 46 Logic ..
Activity #1 s

in his kalah, The score !.5 detezminsd b}{ who !lni!hil with |

| - the nost, cobntera: . I€ ‘the winning. player has collected 23

counters, his score is 5 because each player begins with
Th bountars.’ winning score for'the gamq can be determin
according to the situation or playing tine a.llovad, but a
-core\gf 40 is usually Lhe goal. . \ : :

Lower grades can begin learning to pluy by simply-

putting one counter in each cup. H?re experienced.

players or faster students can play‘with as magy s :
. as SJ.X counters in each cup. - * :




After Kalah has
else could yo

‘List other ‘games that need a logical’
Example (1) NIN- (if you are not familiay
game. and wish {o Jearn it uk one of -




it Source

5 Nig 3
CUUA T L Materialsi

Y <. Usige of\' Group:

‘The.'student s‘haum
classify and order
of 'different catego:

1 pattern block
)

2 to 6

3. Piaget i o

r;'es. 5

be able-to sort, %
abpects l.ntu a ‘number




Logic A7 i P

Lab §
Activity #2.

Discussion:
Classifyipg is an important mental activity at the
pre-school level. ‘1t s basic to many mathematical ideas,
facinding logle: Tn'a §lven collsction o;'le has to abéezve
a comon attribute in a number of the members of the col-’ :
!.ectmn. These memhers with the cgmmon af.tribute are then. 54 1
grouped together. The child should be ‘able*to tell why 5
this pafticular group was separated from the other mem.bers
of the collection. One attribute often used I;y chi}dren is
color: . All the’red cbjects may be Separated .from alk the -

silver and all the black objects.

Directions:' (Classification) = °
Using the bead, pattern block and picture, classify

each object and each set of objects in’as many different -

classifications as possible. . List the classifications in the

space provided below. One example is given for each set. e
* Bead: contains .a hol ’

Pattern Block: r_egul};t “hexagon : 4

" picture: floats 'to. the ground when dropped -

Bead and Pattern Block: object

Bead and Pidture: weighs less than 3 g,

Pattern Block and Picture: color is au or part’
7 yellow

+ Bead, Patfern Block and Picture: used in a/clas-
B % uficat_io# activity




biscussiom ATy :
| Anotner mathematical strategy that is developed in’
et L the chJ.ld after classxfxcatlon is ordarlnq or seriation.’ In
3 class!.fylng, the chzm 'had ‘to observe one common .attribute

‘1n a set\of the memhers of the collection.

In. drusetig,
he has tA “£ind the ‘common attribute and theniordde the cbjects

N 7 in.the se\t accordmg to the magnitude of that (characteristic’

« b in each obJect. For example, if the child _ha‘é a set of

blacks, he orders -them: according to the sige.

Directions: .(Part B) ° ' ) : i
Presented: here are three activlties wluch x‘equxre
“oa ch:.ld to setlate. Even though these acuvitles are of:an

elementary nature, you should woxk through them, ¢

Present the Child‘ with a series 'of sticks, but omit:
| " one of the sticks. '




.- Lab #6 Logic 3 %
i 7 Activity §2 . . : .

i a - (R x . R ¥
N e Give ‘the omitted stick td the child, and ask him

to £it it into the series. Y

Present’ the,child with cylinder containers ‘which .
A’ variety of lengths and widths. '}‘he child is asked to
- 'anra;.ge the set in order. After he fias arranged them by
o

i . “.one di‘menaien, he should be asked to try and find ancther -
| vay to ar:ange ‘thef. 2

Present the child 'with'a set cf objects Hhich Vury

. " in shape, size ax%ﬁ\ons. o

“The child is asked to arrange these objects in:order. Due
to the variety of dimensions, it is dxffxcult for the child

to pi.ck one dimenslon and stay wich it as a basis for -

ordering .

Note: ' The concept’ Tp chlarasi weser s develepad thzgugh,
the child's undazstandlng of cl.a:sihcau’bn and
seriation. =




‘Activity #2-

Lah #6 -Logic

If a child had diffioulty, beriating the dowel stlcks

vhat could be a follow-up’ activity' tnat would help hin

ith ms “problem? On page 25 of the, kindergarten book
e T.S.M, series there is one example.

2. -In:this activity an object:was given and the student'
must classify it.on pages 38 .and 39 of the kindergarten
book. of the I.S.M. series a different kind of tlassifi~
‘cation activity is. demcns{a
or seriation activu:y for a primary class. . .

rated. Suggest a classification

"




b #6
tivi

Logic: -

ty #

; (1) . The student should be able to:sort
attribute blocks by color, shape,
th;cknessl and size.

The student ‘should bélable to select
k according. to fn:s attnbutes.

1 sat of at ribute blocks]
{

'4~gc's S ‘f1

g;- > ¢ i 2
%g R k e
5 3 R e
”n = s o 5
85 . 5 ¥
mg— : SR : T B
2 H|E . N .
b B SO 3 :
o | : . Tl
i , = = g
o e B 0 o 7 o
o ,. 4 i’
b1 : 5 7 g %
% e B o i " - . .
H s RAAT gl
&l e o A i
(L : e S 3
b : i . :
I SR ¥ -
o s .
R L3 3 AN RS ) 7 Bl

‘Michael L. MahafE /

Charles E. Merrill Publishing’ company
e Fit ™

Columbus «
1973, pp 54 55
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/ o Lab 46 logic -
Activity #3 s

Directions:. - % ¢ P ’ .

Part A: : . \ Tk
"* +. Sort the.blocks, by col Gy
> / . How many groups do O“@VS P el o
& g Sort ‘the blocks by size.

3 | How many groups‘do you k\ave?

sort the blocks by shape.. .
How many groups.do you have?.

Sort the blocks by thickness.
How many . grotps do you have?

\Thycompleta set should have
X, X X _ 6r

"ipart B: " =

Divide the attributé blocks evenly among,all players.
One ‘person is arbitrarily selected .to go first. . 'l‘he play
then progeeds from left to right.

The first person places one attribute block on the
table stating,.its color, shape, size and thickness. - The
néxt person has to place an attribute block which has two
attributes the same and two attributes different from the
first block. .If this has been successfully completed, .the
third person must lay a block which has two attributes the

* same and two attributes different as_the second block played.
The game carrie&' on so that a train is formed by the blocks
i © . on the table. . : o el

an lncorrqct piece is played, it must be taken %
back and the play is «continued wn:h the NEXT player. $

d . . If you! do not have a block to play, you miss your . . '
. =% turn. ®he first person to play ;jll his pieces is the winner; ;
] g or the person with the least number of:blocks left after all
e pDSSlble plays have been exhausted.
. €







b6 Logic .
Activity #3:

v . . P .» 2 g ’1.
on’ page 197 in the' g:,'ade 2 book: of ‘the'1.5.4." series
there is a follow-up’activity which uses attribute blo

% e 8 :Logical manner. Suggest another activity : that used
o attribute blocks to: facilitate. logic.-
4 . (Hint:




Given thE totﬂl nufber of ll\ax:b‘es 1n a.

.- - container,  the student should be.able to

state’ the - quanr.ity of each colox in the

cnntamer. ¢

Pxebability c;intamers
Marbles,

cuvin e
Arithmetic ‘I‘eacher




Lab #7 Probabxlxty o :
Activity . 4 3 >, N

Directions: . 3 Do

There are’30 marbles in containér A. The marbles
are a mixture of black, white, and red.” TR

ke the contaifer, turn it upside down, and record -

T
* the color that appears on the chart below. ‘Repeat this

process 30 times, each time recording the result:

‘White |. Black | Red

What is voer'tness e ko the: 2" By

Number of white marbles in the container _ .
Number of.black marbles in the container <

- Number of red marbles in the cnntalner. .

Now - repeat the experiment.a second time, still uaing
container' A, and record the results in the chart below:

_White | Black | Red

What is your guess-this time as to th

‘. Numbei of white marbles
Number of black marbles
Number of red marbles

&
s thebs & discrepsncy in -your ggsss this time,
compared to the first time? . .

B Pobl all thi-data from thé tws experiments to find’
they A W o :
o 5 ; ;
# Total number of white observed .
/’ Total number of. black observed -

Total number of red observed -

Divide your totals by.theé number of experiments perforimed.




Lab 47 Probability
Activity #1

Now what is your guess for the:

Number of white marbles in container A :
Number of black marbles in container A = £
Number of red marbles in container A A

. Does this guess differ from any.of your otheér
guesses? - %
Now repeat. the same experiment, a’ third time, still

using container A, and record the re€sults on the chart below.

_white. | " Black | Red *
What is your guéss this time as to the number of b
White marbles : :
Black marbles : al, .
Red marbles ) . 3 ;
s there a discrepancy in your'guess this time
Gompared- to'guess #1 and guess 22 R
ot saaichis adta fxom i -EnFae expériments to
£ind the:’ &
~ ' Tdtal number of whités observed -
. . Total number of blacks observed
A . Total.number of reds observed .
. Divide your tatals ‘by the ntinber ¢f experiments
. .* . performe
6 X Now, what is your quess for the.number of: .
White marbles in container A
‘Black marbles in.container A
Redmarbles 'in container.A: 2
. .. _Does this guess differ from ahy of ybur other
guesses? k
- Open: containet A and see how many white and black

marbles it contains. Were any of your guesses correct?
; . Which guess was closest to the.actual situation?. Why do you.,
: ¢ _think Ehat was “s0?




. 7 Tab 470 Probability .

©. Activity ¥l

If thefe had been five colors
follow the same procedures?
whuld you suggest?. Why? -

nd 60 marbles; would you --
If not, what modifications




Objective: 'iven any sum of ‘two dice, the ltudent
hauld be able to ‘state the ‘probability
obtunj_ng that sum by’ t.htam.ng cha :

Materials: ©

‘Sige of Group:




25

20

10

Activity”#2

{260 -
Directionse

¢ .If-you were ‘to tqss ‘a die 100 times, which number
would you expect to,appear most frequently?

" Roll ‘the die 100 times:

* Record .the number by shading one box after

each toss.

17 3" =3 4 5 6 1 2 3

4

]

6

From the data, which L — wquld appear most_frequently?

40

30




[ : Lab #7 ~Probability L 1y : "
Activity #2. . % 2 A

I£ you T T 100 txmes, which sum would
you expect to appeax most frequently? ! [ .

iy Roll the two-dice 100 ‘times. 'Redord the sum-by :
ghading orie.hox’afeér each toss. !
5 * , '
g |
= , 1
A g
; 1
. |
I
[ o
] 2 T
! |
I
. % 1 b
8 ] 3
I
N K
| [
I
. e O
Iy I
v _ I
. L
I
LRCSIRUT T R R R SN T e




Lab 7" Probability
Activity §2 3 )

‘\ . R}
Take each sum andj £ing, hoy many,_ vays' it can be made
by the throw of the dice.

b L !
Example:  Sum = 4~ T
" Total
Die #1 Die .$2 Sum
Toss #1 = L 2 1
Toss #2= | 1 3 .- 4
Toss #3 = 3. 1 4
Thesd ‘would be written' (2,2), (L,3), (3,104 The

f].xst position rzpresenting Die #1 and the second position
representing Die #2. 2

. , Total
Die #1 Die #2 s
4 1

Sur =" 5.

* Tods #1
Toss #2 21
Toss: #3 2
Toss -#4 3

. iee., 4;1),

sun’s = (1,4,

.G

How many different ways:can a pair of dice fall?
How many of the ways show a sum of 52 TR B

Then the proba.bilxty of a sim of 5, P(5) is __or
36

Complete‘ the table of varlaus sums of two ﬂlce on a single

3 Express all ‘answers as common fractions in lowest terms.

R(2) = P(10) =
P(3) = P(11) 4 .
P(4) = A P(12) =
P(5) = P(13) =




1.

1If you'tossed two octahedrons, whosé faces wete
labeled from 1 to 8, what sum would appear most often?

An octahedron has 8 equilateral triangular > 46
hces—-there isa lnodel in the Math Lab. >

On pages 332-333 in the grade .6 book of the I.S.M. . S s
series there is an alternate activity. for determining
all possible outcomes in a probability experiment.

Suggest another activity to accomplish this objecciva »
for ‘an elemnntax‘y classroom. LS

5 . 1
’ S o0




" u\cthty #3 5 e T

_ Objective: ‘' Given -a variety of objects, the student:

“Source: .

Lab 7 prombihtf(

g = COUNTING ., .

should be able to state the number of .
‘.different arrangements that can be made.

Cuisenaire rods . o (Fogge a0 Ui B )
i Nl : T
gk L e S
Size' of Group: -2 , s " sl

J.F. LeHlanc
“Probability ‘and Statxstics
revard Teaching Cenger

: '+ /Florida Tl - Elyn
— 1975 g S R A e Bl




i  Lab, #7 Probab:.l).ty 4 B P
% Activity #3 e

o
Direc'tion:

Take four differen ~coloured ‘rods; ! B duy
Make a train by lining the four. rods end to end. ..
Record ‘the colour sequence.

- Example: -

i e 4w " Red "wr{ite‘ |,0xange L Pink: f
d W v o s B A

Now arrange the t.ralnw by puttlng the ca-zd in"a
different order. | e +

7 .( -
: - Red - rPink Torange i White |
! RPOW

How iany different Arrangements can you find for o ; :
“this four-cat train? List them below. : g =

If you had five cuffe:enc rods, how many arrange=-, ..
ments would yeu £ind? 7 . st

«

i . o /Moncrea‘l\' p New ‘{ork\;
s T st. . John'sZ. ; Toronto Z—»Boston — wFlorida
] : lander Chicago : P

b ow many dif:

rent routes can Youltake te get, fxom
st. John's to Floridal?

List them below




i A
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Lab #7 Probablllty
Ar:tivity #3
A (- ;
y i = Spinner.A -
Ifl you Had splnner A there are: thrée possible
outcomes. 5
. 1. ..Blue E
2, Gold o 2
,3< White 2
.. When there are two spiniers, the numher of possible
outcon\es .\.nczease.
Spinner A, Spinnex B,
©  'What are the possible outcémes?:

‘Purple ——

Brown ——
Red

. Purple ————

Green .| . ———

“Brown ——

Red ———

Green ———p

Brown ———p
L —
Purple —»
Green ——-




Lab §7 ‘Probal m:y
Activity‘ﬁ

A.car company used the. tiree spinners to decide’:
- the colours of cars they would-use for demonstration’models.
How many different cars would. be usea as, demonstxatqrs’




Lab #7-- Probability
Activity §3 -

If a child could do-the "counting” activity without
dxfficulty, describe a fouov-up “extension actxvity.
5 (B tha: 3 ons coum be.d

Ms. Sofﬁ.s went to Floxxda with blne. yeuow, and white
bikinis plus brown, black, and tan sandals. How many
different outPits :auld she welr to the baach” B

The above guestion wit: the aid of a. doll and blnthes
e, .could be an altsrnate ctivxty to accompllsh the ‘same.’
‘ objective as the "counting"' activity. . Describe 4
v ... % ‘different activity that would accomplish’the same
SR _objective. 7 i




08 calcuhm:
. Activ!.ty (3%

Objective: 'The Ztudent should be ‘able to state thé: o
ST « relationshiy n diameters and circmﬂ»»
"iersncea.}"

B!lculators pE




P

-

-
N
N

Lab #8 Calculator Tt
Activity #1 .

Directions:

Pltice the string ard d the edge of circle A, Mark
where the string megts. Now Stretch the string-along the
ruler to find the distance around the circle, i.e., its
circumference. Record the resul

Measure the distance across.the widest section of

ircle, ‘i.e,, find the length of iits diameter:.  Record
esult on the chart.

uslng }ha caleulators ¢ o vy B o i

1) add the circumference to the diameter
2) “subtract the diameter from the circumference’
3) ‘multiply ‘the circumference by the diameter
4)° dlvxde(the circumference by the diameter

Record the results on .the” enclosed chares

.| 'Repeat the above process on Circles' B, C, D, E, F, G, and

+ _Record all results on, the enclosed chart.

Look at ‘your recordings. Do you see any relationship
between the circumference and the diameter" What 15 ie? .
What numbez have you redreated? What is its name?




Lab # 8  Calculator
ncumy b1

.cipcle | Circunference




3 e 5% e +
" Lab #8 Calculator d S
Rotivity 41 .- .

Using the culculntor u a teaching aid, descrxbs a
follow-up B
lctivity. oo

2. ‘Describe an activity which includes the use of
3 calculators and a wnl:EPt that is not- Bt\ﬂieﬂ in -
today's lab.




Lab ﬂE Calcu
Mtivity ﬂZ

IARLE S

lator -

DECIMALS

Objective: '~ The student should be able to state the .
ST pattern that exists -when. a:number is
5 B mulcipuea or divided by a power of 10

‘Material p Calr.:‘ulai:or ‘per part cipgnt ‘-

. size of Group: 2 to 4. o




. v
B o 2 K
K 5 ) 226 .
Lab #8 ' Calculator
Activity §2- §
Directioms: -

Multiply 384 by 10; 106f 1000; "10,000 and 100;000.

Record all your resilts on the chart on the next

y.page_. i
Multiple 384 by .1; .01; .001; .0001; and .00001,
/" '/ "Recora a1l your r_‘esu:.«-.s. 3
. multiply 675.823 by .‘1; .01; .001; .uoo],, and :
100601, \

What simiidrities and-differences o' you perdeive
in your results? Does the power of 10 affect your result?

If you were asked to multiply 93.4 by 10, 000, . could

How?
Try it.

_you do it without a caleulator or pencil?

if you had-repeated ‘the experiment but had aivided
by. powars ox 10 instead of multiplying,  how do you.think
the numbers would have changed? Can you divide 93.4 by .001
without a calculator or pencil? . e
A <2l

2§ you £ind Chie: qlidstion aifficuit; repeat
above experiment but diyide everywhere it says to mulnply
and .record your results on Chart B. o X




L{b #8  calculator
5 Actn:.ty- #2

Chart A (Multiplication)
Fr g

Number

0 °
. Result!




Lab 48 * Calculator
Actxvity 2

‘Chart B (Division) .

Nunber

Power of 10

_Result

. R




Tab 48 ulcun:m:
Activity 42

3 Th_ll activity is one way decxuln and caleulators
~ can be used tnqsthe::.  Another way to use .a calculator
4 \dth decimals is to show that 1/10.= .1, 2/100 = .02,
etc. Suggest another act{vtty using a cucular.ox to
id in teac! deci £ et




tab fw Calcula(:or
Activity 3

Given a number, ‘the student shou. 1 be B
“able to es(:imate the square root of that
- nunber

% ,calculator 5
: .- a set of 50.red: discs
> deek of estimatmn cards




go fxrst.

face down,on the table.

b #8. Caoulator ) X

. Rctivity:

D‘irections;\ ’ s
N The'players decide hetwesn themselves .who is to
The player who will not play first.takes the
The estimation cards'are shuffled and placed
Divide ‘the red discs evenly

calculator:

between the two players.

vy estm\ata ?f its square root.

B the first player picks a card.: He says the
number written on the card out loud and then makes an
|

Example. If pl-;yer A had picked 144, hxs thouqht
process would be somewhat like the following: "Well, 10 x10=
100; so.the square root of 144:is .greater:than 10, And 15x
15 is 225, so the square root of 144 is 1qss than 15 but |
greater than 10." .

Suppose player A -guessed 13, playe:‘A givgs 1 red
disc to the "bank" and player B will multiply 13 x 13 on
the calculator and will tell his opponent the answer, 169.

, Player A now thinks "169-i's not too .much bigger
than ‘144, so maybe -its 12." He pays another red disc,
and player B multiplies 12 x 12 to get 144.. The answer is
correct, and roles of the two players switch to give player

“Ba chance to estimate'an‘d player A uses ‘the calculator.

Remémber, every time a player ynts o' iiake a .
guess, he must'pay 1 red disc to the bank. : The. player yhd’
“spends” all 25 red discs is the loser.




.. Lab 08 Calculatnr
L, T acewvigyas e

ow could you adapl: this act;vity fo:
ichool children? %y :

L ) 3 2 Descn.he anothe: act;v;ty whxch mcludes calculators.:
2 b GE e an aid in teaching estimatmn. 5 3







Lab. #

Gerieral

- Excellent
Good
Fair,
Poor '
ad

Za
Brwniin
g j

-~ B
» Not applicable

The actiVity meets the stated objectivesi’ |
‘A 1 2 3. 4 s E\

. The directions are clear and understandable.\

A 1'2__3' 4 5 0 |

The actxv’ity provides. for students at dxffe:zi.t abz.lxt:y

levels and different needs: \
U 3.4 5
‘The activity. would motivate students: \\

T
M -1 2 3 45 \

. 'Did you' learn 'something new £from' the.activity? \

WML o2 3 4

M1 2 3.4 s




LIST. OF. THE QUESTIONS- AND THE.NUMBER OF RESPONSES*
FOR EACH {QUESTION [ON' THE- EVALUATIVE ‘QUESTIONNAIRE
.* . PERTAINING TO. THE MATHEMATICS LABORATORIES-" 3

%




‘ ) \ . 13

Respcnse/s
Hain ‘stody

1. Were
will:

Questions

the labotatory assistants
ing to give personal help in

the ‘mathematics - laboratories?
I felt

61 L a)-

5 T )
= c)

- ( d)

2. -Dpid

welcome to se;k persona,l
help as often as.I needed

. dt

the laboratory assistant
would give personal halp

if asked.

hesitant to séek personal
help.

the labpratory assistant
was unsympathetic and
uninterested- in my problems.

the mathematics laboratories

i i prepare you to do activities in.

the
- A

19 b).

17 c)

3: I recommend that only two activities
should be done in the' mathematics

school sessions?.

The mathematics laboratories ~

are too difficult.to be of
any use to elementary school
childr

From the mathematics labora-
tories I was able to adopt,
activities to be used in
the school session.

From the mathematics labuxa—

tories I got ideas on.how
materials can be used to
teach mathematical concepts.

* laboratory “since three 20-minute

. activities usually take more than
‘one “hour (used tmly in the pxlot.
\ld

st

_ unfecided
disagree:
stronqu ﬂxsagree

y) .
stxonqu agree .
agre:




Rééponses i{espanses

=" d)- minimal use
- e) useless

< from
% Pllot Sta e’ Main Study ' Questions
——~3—\ - . e
- \ 3. There is sufficient time to com- ' z
A plete three activities and discuss
. the quéstions in the two-hour '
laboratory penod. (This replaced
+. question 3 in the pilot staqe)
‘ 18 a) - strongly agree
. 5y 30 b) agree - L
* s c) "undecided
‘15 _ d): -disagree . i
3 .4 " e) strongly disagree - "
3 + ii 4. .The composition of the small groups. .,
< . for the mathematics laboratories £
- should be =
; 1508 62 a) left open; as it was this . »
ey . » " semester
¥ L2 -3 b) - decided by the students at the,
& beginning of tlie semester
2 ¥ 2 c) decided by the staff at the
/ N beginning of the semester
¢ . 5. How well were the mathematics
> laboratories organized?
42 ¢ a), extremely well.organized . o .
22 b) " adequately organized :
% 5 B 1 c) less organization than would
& a . seem desirable
1, 4) " no apparent organization
- 4 ) . €) too tightly organized
: ° : 6. How would you rate the value of the
. \or L mathematics laboratories on clar-
’ . ifying the use of manipulative axds? .
6 44 a) extremely valuable .
7 16 b) very useful : .
! 2 C 6 c) useful

Tt . 1. 'How'would you rate the.value of
i ' ; " the mathematical laboratories on. -
clarifying part1cular teaching N
strategles"




ResponEes

Responses’ .
I} 5 51 £rom ¥
5 . pilot Stage Main Study .
e r » % / .
735 24 i
: ; 1 Vo
Zs 6 9
, b 2 6 - :
- % 8.
y A3 18 1
7 26 -
. 3 20
2 -2
: » 9!
4 44
7 502
e
’ 1 5
10,
. iy
. 1 2
o L%
io -33
; 3 27
i
6. 29
7 25 -
% 1 8
' s 3" i
o i

Questions i s
-a)- . extremely valuable
b) very useful
c) ‘useful
d) mininal use
e) useless oy

e

How would you rate the mathematics
laboratories' ‘effectiveness_ to
your investment of time and effort?

a)’ very high value for my effort

B) high value for my effort

c) moderate value for my effort

d) low value: for my effort — .

e) no value for my effort. 4

a

- standing of elementary ‘school

How clear were the objectives and
purposes of thé mathematics
laboratories? .

a) were clearly outhned from |
the beginning

b) . became clear as the course
‘developed )

c) became somewhat clear as the,
course progressed - .

were referred to only

indirectly

e) ' were never made clear

I had a great deal-of difficulty
with the mathematics laboratories:

a) strongly agree ¢
b) ‘agree

©) " undecided .

a) - disagree

e) strongly disagree

How would you rate ‘your under--

mathematics as a result of the
mathematics labotatories"

a) Ilearned alot. -
b) My understanding improved.
c) A few ideas were new to'me. 7
d) I learnéd very little. ; \> :
e) I learned almost nothirg. o

- R




Ko T . . g w
Responses’ Responses

rom . from
Pilot Stage Main Study

ey . © T 12, How vould you rate your .under-

Questions

standing of how children learn
mathematics as’a result of the . 3
mathematics laboratories?
1 ‘26 a) I learned a lot.. 5
1 T30 . b) - My understanding improved. . -
. g S 6 c) ‘A°few ideas were new to me.
. : 1 4 d) I learned very little.
- g e e) T learned almost nothing. M
e L 13.7 How have you felt about the. work
that-has been required in the
. - mathematics laboratories?
» 5 5 ' a) There has been too much
= i i work.
4 ;35" B b)' There'has been’ great deal'.
: e & P of work but it was worth the
. effort. e g
3 =k MU & T poticd'no aleratunee et =,

‘the work required in other
- .. . education courses.
3. 15 d) There was not much work.

. 14. What would be your ¢verall rating
g o, . for the mathematics laboratories?

= 11 ' a)  outstanding
7 ' 36 * ' b) very good ’
. 5 15 c). ' goo
3 3 . d)’ adequate
- 10 e) g







General Information

Name:

!

Number of courses completed on your degree |

What is your major?

Math courses completed:

Ty T ey " 1150 : others

i1s1 o My
1010 i

2 w 1001 . W ) A
7 * i 7 :

Nuriber of years of teachirg experience, if

Was student teaching completed

prior to this ‘semester? E
X b) ' during this semester? : ' 2
’ - c) ‘or is not.yet completed? .

Approximate number T per week spent on this course
* ..including . 1 1 es, school sessions,
“'prepargtion for activities, study, etc:

The Course in General

1. How well was the course organized?

\i . ‘a) -extremely well organized - g 5 ’
: \" . 'b) ~adequately well organized g -
©) * less organization would seem desirable e,
. d) - no apparent organization ~

e) -too tightly organized

2. ‘How well did this course Gontribute to your mathematical
. needs?

a) made a very 1mportant contribution . 1 5

b) was valuable, but not essential . = - : - ;

ol 8 L . c) .was moderately helpful e I g ,
i d) made a minor contribution 4 . Hew
5 . &) made no contribution at all
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3. Would you recommend this course to a good “friend vho;e
interests and background are sunlla: to yuurs? ’

a) recommend highly ] ]
b) generally recommend i
¢) . zecommend with reservations . ; /
) definitely not recommend X /

" 4.° Log books are only an evaluation aid for the professors
X and serve no useful purpose for me. -

v
. a) stromgly agree v
! tb) = .
c)  undecided
L W 3 d) disagree
£ : e)- strongly disagzee
PPy 5. The-course consists 1arge1y of "fun and games" activitles \
/ . but little is really learned that is of use in the
/. . classroom. . ) s
v 4 ¢
a) ‘strongly agree | - ;
b) agree %
x c) undecided
& d) -disagree 2 g
e) strongly disagree § .
2 : A\ 4 B o
Lectures o
" 1. - During lectures, I felt that questions and comments i
were always, welcome. g p x .
a) stronglfy agree e
s b) agree
c). undecided & (
d) * disagree
L e) strongly disagree 2

‘2. The professors seemed
a) always prepared ¥ v
b) almost always prepareﬂ N s i .
<) usually prepared
d) frequently not prepared
e) never prepared g %

" 3. The theory that is taught in this course is idealistic
and cannot be used in a regular classroom.

¥ . o




Y

1.

a)

©)

o
Mathematics' Laborato:

a) strongly aqree ; \ . i
b) - agree s ] s 3 18 7
c) undecided : \
d) disagree 4 \ .
e), strongly dxsagree \ 5 o
4. .1 should be given more detailed instry

uctions regarding
how lesson plans should be written.

a) - 'strongly agree
b) agree

\iis

2 /
c) ‘undecided | . \ BE
d) disagree

\
é) “strongly disagree ;

I would prefer moré lectures on algorltmn§ £6r "basic N
operations. than lectures on topics:such a& learnlng Gy
_ theories, diagnosis, caleulators and geometry.

\:
a) strongly agree . \ i i
b) agre S y \ y i
c) Badecided . 0
d) " disagree
e

<L ¢ \
strongly disagreg - S i g \\ e, s\

Were the laboratory assistants willing to give personal
help in the mathematics laboratory? I felt

a) .welcome to seek personal help as often as 1

: 2 2
needed it. g,
b) ; the leboratory assistant would give personal

help if asked.
©)  hesitant. to seek personal ‘he
“d)

1p. ¥y
" the laboratory assistant was unsympathetic ;
and vninterested in my problems.

Did ‘the mathematics laboratories prepare you to do
activities in the school session

The mathematics laboratories are ‘oo difficult
to be Of any use to elementary. school children.
b) ' From the’ mathematics laboratories/I was a!le
to. adopt activities to be used in/the schdol

- session.

From the mathematics Isborstories T got ideas

on how materials’ can be used to teach math-.
ematxcal concepts.

ST, A



)’ 'undecided - .
@) disagree =
e) . strongly dlsagree

5. When working with one student and materials you can bse
activity learning since you can question and . interact
with the children but that kind of interdction would be
impossible in a regular classroom.

a) . strongly agree
b) = agree
c) ' undecided

. -d) |disagreé .
e) strongly disagree o ug ey o

6. The.materials are.good as- aids in learning some concepts
but ‘the child seems to be able to do'most mathematics
better if he is taught ﬂly a pencil‘and paper method.

a) strongly agree
b) - agre v "
c): Hesaided X o v LA
da) disagree H :
e). strongly disagree’

The questions in the followlng SepuioaiviT L. e Ehke it
respect to the school sessions, mathematics laboratories,
and the lectures. Please select the letter which best
describes your reaction to each of the three sections of
the course. (Key: L = Lectures, ML = Mathematics
Laboratories, SS = -School Sessions). 4 P

£ ML oSS
For.example:’

I really enjoyed the
a) strongly agree
b)  agree :
c) undecided e
d) disagree . i
) strongly disagres E

1. How well were the three sect,{ons
organized?
a) ‘extremely well orqanxzed
b) . adequately organized
c) :less organization than would
seem desirable




‘d)" no.apparent organization

“d) .minimal use

e) “too tightly orqanized

How would you rate the-valué of the
three sections on clarifying the use
of manipulative aids?

a) - .extremely valuable

e) ‘useless

How would you rate the value (:f the
threée sections on clarifying your view

of what is involved in teaching?

a) extremely valuable
b)"  very usefu

c) 'useful )

4) minimal use

e) useless

How would, you rate ‘the thred secuons'
effectiveness to your investment of :

.time and effort?

a)" very high value for my effort”
b) high value for my effort

) “moderate value for my effort
d) low value for my -effort

e). . no value for my effort

How clear were ‘the objectives and
purposes of the three sections?

a) ' were clearly outlined from the
. beginning

"'b) " became cleax: as the course

developex

c)' , became sumeimat clear as the

course’ progressed

'd) were referfed to only mduecuy

e) ‘- were never 'made clear

T.hada-great dealof difficulty with

the three sections.

a) strongly agree. -
b) - -agree

c) - undegided ]
d) aisagree

e).. ‘strongly disagree

L ML ss




i 7.. * How wuuld you rate your ‘undepstanding R
v of eleméntary school mathematics as
- a :es;‘:: of the three sections? 1 :
Y777 a) I learned a lot. .. - S S
B). - My understanding improved. ;
2 . '-c) A few. ideas were new to me. -
= g d)'. I'learned very little. e &
s e) T learned almost nothing . P T
8. ' How would ‘you rate your \ﬁdersbandxng IS §
of how children 1earn.mafhématicsi as ;
a result' of the three sections? /
.. a) ‘I léarned a’lot. : : 3
'b) My understanding imprbved. -
c) A few ideas were new to me. o
d) I learned very little. : .
. _.e) I learned almost nothing. }
How have you felt about the wnrk‘thag ) g i
gty ‘ has been required in the three sectitns?
9 a). Thers has been to0 much work. J 4
. b) -There has been a great deal of
. work but it was worth the effort. :
- @) .Inotice nb difference from the .
work required in ogher education i
g N courses. .
' 'd) There ‘was not much. work.
10. - What woild Ke your overall rating e
: for the three sections? - X .
a) - outstanding B3 < G oo .
b)  very: good i S .
{ - c) good:, Lo n
L <+ vd) . Adequate
5 <l e) |, poor G
Other
1. 'If I an teaching ina school that cannot aifnrd math-
g " ematical materials then I feel adequately able to
v construct some materials myself. :
a) stmngly agree. ' X : i
b) ) [
! 5 c) undecxded
d): disagree ¢
e): strongly disagree =




5

Open ended Questions p E I S

1.

i

" the course? . If so, describe them.

M preparation ot teaching elementary mathemdtics
is quite adequate. . ., - ; iy =
a) strongly agree - 5 R

<) Padcciasa, 17 " B
a) disagree : g
e) strongly disagree v .

B e

Do you' feel prepared to lead activities in elemen’(:aty
mathematics?

4 i T 7 i b

. 5 ‘ .
HaVe you constructed any ical materials

Do you think the course should. be structureﬂ d)_ffex-

‘ently? If so, how?

‘

Strengths of the course were: AR




School Sessions .

1.

"'a) strongly agreei

There is sufficient [time to complete three ‘activities .

“and discuss the questions in the two-hour laboratory

period. / |
‘a) .strongly agree ' z 8
b) ‘agree il
@) undeclded y : )
d) - disagr P e

pie . ]
%) . sbronety:dinsirs TR,

The composition of the small groups for thé mathematical
laboratories should be

.a) left open; as it was this semesber.

b) = decided by the students at the beginning.of
the semeste:

c) decided by the staff at the beginning of ‘thie |
semester. 2 el

The"student(s) I had were very difficult to teach.

b) . agree
¢)  .undecided
d) ‘disagree g B

o) strongly disagree

I would prefer to have taught a“whole class mathemamcs 73
instead of 1ndlv1dual students.

a) strongly agree v . "
b) agree -

c) undecided ta :
d) disagree ; : <
e)  strongly disagree ;

Most of the time the child was unresponsive “to ‘questions.

a) : strongly agree . .
b) agree P ; 5
c¢) undecided - k i

d) ' aisagree
e) 'strongly dxsagtee

The lessons for the schdol session take so long, I .
don't see how I could realistically use manipulative
materials when teaching regularly. :

a)- stronqu agree . o r
b)  agree H "
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1. What did you learn ‘from-the mathematics laboratories?

... 2. Do you think the ics in the 1
' too dlfficult? e

.}.

Do you think the laboratories sho\lld be examples of
activities that you could use dlrectly in the school
sessions? ' Why?

{
. . 3
4.” what did you ‘think of the iuestion's at the end of the
activities? » How, should thdy be changed?
- 5.

Do you think there should be a.smallér numbe;
1aboratones’
¥ t?°

r of:
Whl.ﬂh ones do you think should he left |

. /
-2 6.

Po you tl’unk the mathematics 1aborator.les helped you
with the in-school experlence’ oW’
i x

# 6 - v
4 : 7.. Do you th].nk the mathemat).cs laboratories helped
L R clarify any of the ideas discussed in the lectures?

° How? .
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“ .
Directions: This is not-a€est and will not be used in
any way to produce a grade for you. ' Your responses will
be kept confidential. The items on this instrument are
about For each item select ‘the
response which best describes your impression of the
statement. - The response choices are:

A - strongly agree
B - agree

m C - no opinion

4 D - disagree I .
E

- strongly disagree

1.. The.basic properties of the various number systems
g 3 are used often in the development of mathematical
concepts.

2. - I have nothing but contempt for mathematics.

3. The pupil should be -guided fo discover mathematical
. T concepts and not simply told facts.

t4. 1t friqhtens me to think about teaching mathenatics.

5. 'Seeing the basic properties of the various n\m.ber

3 B : --systems used in so many different contexts has
helped me to realize the usefulness of .the logisal

structure of an_bemaucs.

6:- T régard fisthematiis as a lasting tribute to man's -
ignorance.

O know that expe:imentation is helpful in mathematics.

8. I wish I ‘@idn't haVe to tedch mathematics. ,‘

9. The great interrelationship of mathematical concepts
helps to organize the’teaching of themaucs..

10. I feel under a great strain ix; a-maf ematxcs class.

B x et TR any opportunities for the
B B N student !:o develop/ms own so1uc1ons to problems... '

-12: 'L'aachlng mathematics is a waste of time. el

- ] e gty i




1.

14.

‘15.

16.

17.

18.

o
19.

20,

21.

23.

24.

25.

26.

27, -

29.

o : e
The logical structure of mathematics is the
strongest tool I'll have in the teaching of
mathemat:.cs.

Mathanatife makes heigebl a8 Shokgh Tilesk
in a jungle.

I plan to have my pup1ls discover everythmg

' I want to teach. them in mathematl.cs.

Since the ‘content of the elémentary school
mathematics program is so basic, I know every-
thing T need tp know in'order to teach at that
level

Mathematics is like a pyx‘allu.d with each concept

being founded on those ‘which came before it
Mathematics makes me feel uncomfortable.

There are several dlfferent but’ acceptable ways
to deal w1th most mathematxcal concepts.

1 could be happy teaching nothmg ‘but mathenatics
all day long. —

I find-that organizinq mathematical concepts’
around the logical structure of mathematlcs helps
me to understand them. N

Mathematics is mainly pencil pushing.

I intend to give my pupils many independent
investigations -in mathematics vhere they are
free t6 do experimental work.

Mathematics is the subject T most enjoy teaching.

I will make full use of the logical structure of

mathematics in my approach to achmg. .

The every existence of humaruty depends on math-
ematics

I plan to provide extensive class time for. pupils
to experiment with their own mathematical ideas.

i » :
The teaching of mathematics is at least a:
important as the ‘teaching of other school subjects:

A teacher most certainly should employ a systems..
! ¥ ¥ ;o




approach through the. logical Structute of
mathematics as the learning of mathematical ,
concepts is greatly facilitated by this approach.

30. Mathematicé may be compared to a great tree, ‘k\
evet putting forth new branches. z

31. ' Mathematics is inductive and deductive; making N
use of both intuition and rigorous logic.

NG
32 I would like to'be'an elementary mathenatics
‘specialist.
33. Mathematical systems, correctly perceived, provide
aesthetic ‘satisfaction a kin to that of a beamnful Lo~
» painting. »

34, Mathematics is a subject whlch 1 have en]oyed
studying in school. N

35.  In discussing mathematics, I prefér that cons
versation be developed on an-intuitive basis
rather than being concerned with careful statements.
36. " I really enjoy teaching mathematics.
37. Mathematics is disdrganized;and unstructured.

38. My genmeral attitude toward mathematics is
- 5 favorable.

; 39. -Students of all abilities should learn better s e T
v 7 “yhen taught by guided discovery techniques.

> ;
40. . Teaching mathematics represents a challenge to me.

of 41. Using the logical structure of mathematics for

developing mathematical concepts is much better

than the rote memorization of isolated facts

called for in more traditional approaches. § 2

42.. I feel mathemata.cs s the greatesc means for : 5
increasing the world's knowledqe. =

43.. I feel that mathematics teachers .should ‘just tell
. their studentssthe facts that they want learned
. and give then enough practice to insure the

X required learning. 4

44. - As'a teacHer, I feel that pupils need to know
mathematics because they will probably use it " :
s : E every day. . i




46.

- 47.

50.
51.

52, .

53.

3 knuw 1 would he severely handicapping any
people I taught if I did not show them the many
uses of|the basic propettles of the. various:
number systems.

Mathematics ‘is stimulating to me.

Guided discovéry methods of teaching mathematics
just frustrate students.

T like teaching mathematics so much that I would
enjoy being an advisor-to a mathematics club.

/I feel that a systems approach through the

- logical structure of mathematics is the only

approach I would think of using in teaching
mathematics.

Working with- various mathematical topics is fun:

I'll be too busy showing pupils how to work
specific examples to use guided discovery lessons
in teaching mathematics. 2

I now realize I'll have to learn much more
makhematxcs to’ effestively teach mathematics.

I£ I never hear of the "logical structure of
mathematics" again, it will be too soon.

I see nothing wrong with learning a variety of
mathematical topics.
- Guided discovery methods gf teaching mathematics
take too much time to be of any value.

In our technmal so(nety, provxﬂ.mg pupils with
a good mathematics jackground is important. T

Mathematics, is a series of, related facts to -
memorize.

I feel mathématics helps make other sub]ects
easier to understand.

don't plan to, employ guided dxéccve:y techniques
n'my teaching of mathematics as ‘it only creates
iomplete chaos in the classroom. ;

am happier teaching a mathematics class t:han
teaching ' any other clasa
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b 2
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P 61." The.logical of : cs is
only to mathematicians.
62. Mathematics fascinates me. - .
- 63. One of the difficulties with mathematics is that
there is only one cdrrect way of treating a R
. i _ . mathematical concept. ° N
' . 64. I like to tehch mathematics, but I prefer to 7%
teach other sub)ecr_s. 5
. .
3 -
. ’ .
/ -
s 1 -
2 :
‘
\ .
\ i .
. ; - !
' : . ¥ .
s
¥ Lo X - : .
3
: ~
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Loy n LISt oF mmxvmw QUESTIONS NOT PERTATNING TO
H ) E VATHEMATICAL LABORATORIES
% F. :




-What is your name? ;

‘Have you done or are you doing your 'student teachi

Whexe did you obtain’ the xdeas for your i -school
activities? -

Did'you use reference books, from the laboratories?,

Which_ books. did you buy for the course? Why?

Did you use Arithmetic Teacher?

10.°

1l.

Describe briefly your best activity?

Why do you think it is good? ;'“ % W
What did you learn’from the-in-school experience? -

Do you think wnunq up the lesson each week benefl.ted
you”

7

What did' you learn from the self,—evaluatwn of each
lesson?- c




41_3.

14.

s,

16
© - course

18. -

19.

21,

22.

23.

260

What did you'learn from your mteractwn w1th ‘the . .
- children?

D:.d you have any problems.with the: school sessxons?

Can you suggest any mprckements?

B

What did you leéarn’ from’the lectires?

Do 'you th:.nk there is ennugh theury taught in this . o <
e?

(

“If you consider the school sessions as the practical

part of the course how does the theory relite to the
school sessians’

Did the theoxy ever affect your ‘in-school experlences”
How? Why? 2

Do. you see thls course as: 50 percent practlcal -and
50 percent t:hem:etxcal’J

Why do you think.your professor encouraged you: to use
materials, give diagnostig tests each week and to huud
a student—teacher bond with your pupils?

Did you "have. any problems with: -the lectures?

Can you suggest any improvements?

s

Do’ you ‘think a req\uar 15-hinute time axranged with
your professor is a good idea? Wh 2 N

\

Do you have any suggest).ons as’ to_ how the couzse could
be changed tc make an, mprnven\ent” .

#
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