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T The purpose of the present study was to compare N
R . . - . - e
. i ‘ the results of mathematlcs word problems solved'by tenth— . o L f
grade studeht_,ﬂhén these problems were presented 1n three S N
v ‘ '2 dlfferent forms-{ ln word form only or. as Type A questlons,_- AP
B L ln word ﬁorm accompanled bY an’ accurate plctorlal ) ' .
:‘. ' T AR AN ’ LI . . - :\“. )
: ,representatlon of the problem or as- Type—B questlons, and P ‘
"- .t 0 -
S 1n word Yorm accompanmed hy an 1naccurate plctorlal . ,
' representatlon of the problem or as Type-c questlons., T ‘
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DAL | 14 .

Sl e The sample con51sted of 90 "good" 98'"average" and 0

i . .o Wt PR

,; . A 92 "poor“ tenth-grade stpdents. These 280 studengi)werev r; S

. : # e
;\V‘; “selected from ten SChOOlS chosen at random from the geographxc .
o reglon ecast. of Grand Falls, Newfoundland (1nclusmve) and N

( -south of Caxhanv1lle Newfoundlahd (lnclu51ve) Each of $oe
. . these 280 students was selected on" the BQSls of a reement :

L, by at:- least two of hls.mathematlcs teachers that he ,1*—.‘r1 3

' : student satlsfled the study deflnltlon of a’ "g d “average""’ PR

LA, or "poor" problemlsolver. -k:l- v ,

" e L ; ’ . iy . o t

Hypptheses tested A : . e
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‘ questlons than they do on these same problems glven as

L h'- . e o [N
_score 51gn1f1pantly hlgher oq problemszélven as Type-B‘.-

Type~A questlons..f‘g : ] J:E [ .“ o '

.'c ] -

2

questlens,th

/ B [

o . ha €,

Type=C ques 1ons.h L o

S — ‘ o

~Method and procedures ’ N ::J_ o e

Y a N e o e s

Three alternate tests, Tests I CIT and III\\er “;f;’_
developed for the study. Each test contalned the Same 21

"1tems. SeVen of these Zl'testmltems were Type—A questlons,

., - P57

’1seven Were Type—B questlons)and seven were Type-c questlons.

* The seven Type—A questlons on' Test I appeared as Type B

i}

’Is
.

~‘All tests were admlnlstered by the lnvestlgator. -Each.

n . - ) £ .

partlcfpatlng Student was glven one 2 hour afternoonmsess1on--

Althhln whlch to coﬂplete the test he recelved.‘ : "_

’.

.,;f The hypotheses of the study were tested by u51ng
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2.;,"Good" '"average" and "poor" pry'lem solyers i ' uit
score signlfleantly hlgher on prohlems glven as Type— .~;fd”
.questlons than they do on these same problems glveh as’ ﬁ%;
1TYPe -C. questlons. '.if}'~-u_:‘ T’it;f ;\,f-“_g fj;-flszfc
o '.53; "Good"x "average“ and "poor" problem'SOAVers . .
'ﬂscore slgnlflcantly hlgher on problems glven as L

three one-Way analyses of varlance followed 1h each case by

a’; Scheffé/test of mult;ple comparlsons.j The scores from thej
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Type A, Type-B and Type C questlons were used to test the

;le:‘ hYpotheses.‘ Thet.dS'level of confldence was set.for ;ll

. - hypothe51s testlng ‘:‘.“.;3' ~_‘ﬁ'-'.;_ 1 o “‘;‘fl x
o ‘,'i The rellablllty of: the testlng 1nstrument was. found '
. by’ u51ng thé scores from Eﬁe study. The’spllt—ha1f<' .

-~prOCedure was followed and the aqgusted Pearson-éroduct L

‘.ﬁ \ Test I, .77 for Test II and 83 for Test I

) 1

Moment Corfblatlon Goefflcleuts were found to. be"83 for

' , o :s . )
Results -and conclusmons ‘--P; e - o G

. .
- - . . - - -
. . L9 . .

--:} . .““ | The ana1y51s of the data resulted ln the acceptance

"

. of hypotheses I and II and the rejectlon of hypothe51s III.
S “

Ll o \\\ These results seem ‘to- 1ndlcgte that tenth—qrade
. students do flnd\the accompanlment of accurate p1ctbr1a1 ‘
":‘ representatlons w1th mathematlcs word problems helpful in’

J ‘.solv1ng thesa proolems. The results falled to suPport the' ,
'}T.=..oplnlon that the accompanlmént of 1naccurate plctorlal ,f.. '
L represeutatlons wlth mathematlcs word protlems will mlsdlrect
o ‘the’ student and result 1n slgnlflcantly lower scores'than

'if no plctorlal accompanlment were present. .‘?r~ V-;f' ’T'5‘
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1n a constant soc1ety where all occurrences are predlctable'

'and have pre-determlned solutlons.' Such ‘a soc1ety has never

VD e e .

been the - ociety'of man.f The hlstoqy of man has been the

r

-

‘ 4

chools exlst to help young people learn how to surv1ve and

*

LY
. - ~

C ok, part1c1pate in a cons%antly changlng soc1ety. Schools, then

A

(‘ ) must accept the teachlng of problem solv1ng as one of’ thelr

R Y -
’ [N

Vo maln functlons;- The rmportance of thrs functlon 1ibstressedﬂ

: $ ] i
" '.‘!.‘:)“_. ‘ ) T . . . ! P .
. - in;the-fqllowing statement;by the Educational P011c1es:
. L PR RRAREHEnt. e B OReAs

. a .
A S .' o
'.p [Z’ .w1th lncrea31ng uxgency to pnﬂv;de programs of‘lnstructlon .
: 4

2
. . [
'y ‘Cemmission- (1961): o

.- - . LA . .
e . O . . . - . - -
- . . .
* . (% . . L e

RO . e

. . -« o, o < .
- [

e purpose whlch runs through and strengthens
o _“all other’ educational purposes———the common * ‘thread
PR 'of education=--is .the development. of the -abidity. to . -
o thlnk..., Many agencies contrlbute to the achleve—
ment of éducat10na1 object1Ves, but. this particular -. .~
objectlve wirll’ not be generally attalmed unless the -

(;;N" s school focuses on it. .In this. contexth therefore,.

the’ development of.every student's rational. .powers

-’}f:a~ © < must be recognlzed as centrally 1mportant (p. 12) ‘ Hh.&

- LR L4 T . - ~
R . o

'}r. L ; Schools of our present sod&ety are being called uﬁon

*

. ‘i.jthat.w11l develop in students the - ablllty to solve problems..

. :x . QThls demand is v01ced in the statement made by De Zafra : .
s A * N H . * .

+

. ST (19667 Voo vl :
. S v DI PR ) .. i -. ..‘ .'“\ T , -' . " .a_.. ..: Yo M . N s - .~ s '.'- .
o . S AT e LT ;

oED 2 . L. ) D o TR
» . - Prgblem solving is .irrelevant only*to those who.11Ve -

ot
¢



For the flrst time in his 1ong hlstory,
nmankind has in hj S power the ability to- £ill
“his cornucopia ot to destroy himself.. Because
the rateée of change has greatly' accelerated and: A

;.because the applications that are ‘made. of mankind's
" discovéries and. inventions are more 1mportant than
. are the-discovenies- and inventions themselves, .
mankind now needs to do some-.critical thinking “of -
an unprecedented qguality. The future of the human
. race depends upon the quality ‘of critical thlnklng
'that is done in the world today (p 231)

;A-similar-demand comes,from Hildénbréndt (1959) :

SRR The greates{jneed in our present day sc1ent1f1c L.

jf‘age is for men and women who can-use their minds as well
)n as, thelr knowledgé of mathematics; for men and women N .
..whp can use their- understandlng of .the uses that have °° .
salready been made ‘of mathematlcs and ‘apply it to new

* and unsolved problems +--<.To apply and to invent
mathematlcs one -must. develop proficiency in problem
:solv1ng or creatlve thlnklng (p 370).

L}
-

Mathematlcs has tradltlonally been held respon51b1e
o
for developlng problem solv1ng ablllty in students Today,

1t ls,generally recognlzed that thlS respon51b111ty must be '
r 4 .

.shared by all school. dlSClpllneS ' Mathematlcs educators,

however, belﬁeve that mathematlcs is the d1§c1p11ne best

"su;ted to developlng problem solv1ng ablllty. Fugll (%963)

-makes thlS cla1m~ _ : . . , T '_' T
‘ Mathematlcs as a language and - reasonlng tool
ig particularly well-suited for use.in problem solving. .|
It'is a dlsc1plmned and exact process, concise and*
'prec1se,_w1th rules which,.unlike the: rules in most
’ languages, are- almost without’ exceptlon.- When a’ chaln
cof reasonlng is carried out mathematicallyﬁ the
:reasonlng can be sure and sw1ft (p. 166)-

-

K
.
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B

Although mathematlcs educators of the. 1970's have

A

'glven verbal commltment to the respon51b111ty to developu..".

ﬂof all mathematlcs educators of the l970's. A

_ln thelr students the ablllty to solve, problems, it isg’
.féared that’ too*llttle real effortjls belng made to help

‘.students become betPer problem SOlvers.; Fltzgerald (1975)

makes the follow1ng statement.
. il ‘, . - - A
Most of the mathematlcs teachlng occurlng today
in schools in the United Stateés ‘continues- to be b
ﬂechanlstlc, sklll—orlented and motivated pr1nc1pally
by . the supposed -need for those skllls 1n the next
mathematlcs class (p. 40).

-

L .
4 a.
L

Thé appalling cbndition describedwin this statement .

~ Y

ex1sts far beyond the boundarles of the Unlted States.'
Puplls can. become better problem solvers only 1f

- mathematlcs teachers flrst seek -to dlscover those factors

‘“that contrlbute to~know1edge and understandlng of mathematlcs

and the problem solV1ng process and then act to 1mplement

this knowledge 1nto their teachlng. Thrs lS the responsrblllty )

Q

Many studles have attempted to’ 1dent1fy those
factors and teachlng methods that facrlltate the solv1ng of

mathematlcs~word problems.‘-However, most of, these studles‘

have falled to reveal statlstléally srgnlflcant findings,
e .
and in .some 1nstances the dlfferent flndlngs have not been.

in agreement.' It is. safe to say that all past studles share

-one common;conclusron. they demand further verlflcatlon or

. \
contradiction.

-4
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Origin of the.stuﬁy

,‘ L ‘-..’n

Fd

a1

'.better problem solvers has*always existed-for teachersi
For the 1nvestlgator the problem ‘had" 1ts beglnnlng elght

years ago .and has contlnued to exist 51nce that: tlmej\t‘

?

o Durlng those elght years the 1nvest1gator has worked w1th #.

young peopleﬁln Newfoundland in grades elght, nlne and ten,

v
- e

1n an attempt to- help them use mathematlcs to learn. Many

suggestlons have been glven 1n attemptlng to help students .

o

-

4

that each of the hundreds of dlfferent students mlght flnd

some of~ them helpful to hlm.' The suggestlon to. draw a

plcture to help explaln a problem 1s recexved w1th some..
. popularlty However, popularlty is not necessarlly a clalm

.

of a plcture w1th a word problem a551st the‘student 1n
solv1ng the problem or w111 the presence of a plcture cause
the student to neg ect the2actual problem and tb rely;gpon-'

_the plctorzal ver51o_

?

versron is' an 1naccurate representatlon of ‘the problem’

i

e Elght years of pupll teacher classroom 1nteract10n suggests“

H

‘that both parts of the questlon may be answered in the

afflrmatlve.' Much supportlve 11te£fture ex1sts but research
4

L flndlngs are not conclu51ve.' S -

. . i .
1 > .
." P T : i
' o L ‘. _ N . ;
‘ . ‘e . i ~ ‘ . . - . .
.

. The problem of how students can_be:helped'to'beEOme;.*

solve problems. These suggestlons were glven w1th the hOpe .

to worthlness. . The questlon remalns; Does the accompanlment

of the problem even when-that plctorlal-

e a i » 4 e a afa e

LR
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"34 g7

4

as fong as there have been teachers, puplls and mathematlcs

he writes: . .*- '. ' SIS '.a‘ R

'tne success of a’ student 1n solv1ng mathematzcs word

Rationale fbr’thelstudy ':' s .

L What can the teacherado to help studentsasolve

mathematlcs word problems’ Thls questlon has ex15ted for
é . S

. 1

word problems, o Brlen (1956) asks thlS questron when-‘

'
\

. . . . . L -
‘s . . - VL o N

'Thé climax of problem—solv1ng is that~stage in .7
the process when all the pieces., ‘fall into place. -
What ‘can the teacher da to help reach thls cllmax . .
79)° S S : : Co Ty

.

The present study ‘was based upon,the belxefs that

[ ','

"problems depends 1n part upon his knowledge aﬁ understandlng'

Q»of the problem,_that many secondary students havexnot reached'”

"”and that the dhcompanlment of an‘accurate plctorlal ver51on'

'the level of. abstract thlnklng %ometlmes abtrlbuted to them,

-

’“of a word\problem Wlth the problem ‘will contrlbute tQ\the

' prov1d1ng a link between the abstract and the concrete.

S

student s knowledge and understandlng of the problem by

1.0

9 "t

These bellefs aré shared by many leadlng educators. Spltzerg‘ \ o
(1970) makes the follow1ng statement concernlng the need '\&
for understandlng;ln learnlng, ';'::' ‘ "“f ‘.U”} '\

“In the more than forty years Sane new empha51sw»~;4 .w/y'

began ‘to be put on mathematics’ meanings, a number ® :
of experlmental studles have shown that’ a méanlngful

L approach to learnlng is superior to approaches that ..,

.elther 1gnore meanlng completely or at least ‘do’ not

Prp—t



. empha51ze meanlngful aspects. The obServational .,

. reports of - competent observers have:been far more -
valuable than- the flndlngs of experlmental studles ,
Ain show1ng the importance of meanlng learnlng » g

here is a deflnlte'bellef on the part of those who
have observed pupll study’ that, where meanlngs and’
understandlng are emphasizéd, such learning is o
superlor to:that ‘found where no ‘such. empha51s exists.
~Also, mathematicians and-other. specialists, who have °
made a.critical, analysis of mathematlcs instruction -
in the post-Sputnik era have conﬂluded unanimously .
that understandlng 1s essentlal to good, lnstructlon

' ..4‘-‘ Y -

-~

assume secondary school students are capable of abstradt

l

.,fore, that teachlng alds based upon’ such an assumptlon do

’

skllls. Concernlng thls, Hazlltt (1930) suggests that

' VEPlaget has an "exaggerated v1ew of the loglcallty of adult

1

this poimt He states that "the hlghly loglcal reasonlng

-.~wh1ch Plaget makes typlcal of adults ‘is really uncommon

PRI o

:.(p. 431). Underhlll (1972) expresses hls eoncern in .the

- following mannér: "

. THe. abstract form is symbol manlpulatlon and
'-presupposes some- sophlstlcatlon in ‘abstract number
concepts, whlch were hopefully gleaned £rom concrete
experiences.’ The child who cannot do .it has not
‘made the, transrtlon from concrete-seémi-concrete to
- abstract. Whether one argues lack .of .experimental .}
"’ or, maturational. readineéss is a philosophical gquestion
which does not. resolve the problem. The lmportant
lesson to be learned 1is that a child who is -forced"
(yes, forced) to operate abstractly w1thout hav1ng

e . ¢ ' Coe

‘:{not really ald the student 1h developlng hls problem solv1ng

. It has also been suggested that educatogs sometlmes f'

- loglcal reasonlng when thlS 1s not true. It follows, there- ,.h

T

» .

,thought ﬂp.-361) '_ Brownell (1951) agrees wrth Hazlltt on:;



Y Y .- . ' ' : . . A

- first attaimed meaningful associations-at the |

concrete lew>el is. doomed to frustration. He has:

- two alternatlves, .both.of- th.ch are educationdlly .
cr qnsound- t1) he can experlence repeated failure at
7 the. abstract level “with -its attendant ills of

’psychologlcal damage or (2) he can learn to glve o

. responses by rote which' is also undeeurable ina .-

. mathematlcs program stressmg« meanlng (p. 89).

R N
. . . L. “ S - ¢ R .
- ’ o »

Educators ‘who reallze the need for knowledge and

Y 4

understand:l_ng of the problem as’ a prerequlslte to the problem_j;,-

. solut:.on and who also belleve that secondary students ’are
" . 7 :

~

- not aIWays capable of 1og1ca1 abstract reasonlng offer the N

N :
. seml-concre.te as -a brldge between the concrete and the .

Y

"."abstr_actj.', ’Rledesel (1969) says. L L

s
ol 0o f B ‘ . .8
- . - . G.

-

vl Make ‘use of drawings ahd dJ.agrams as-a - .,
technique" to help puplls-z solve problems.. This
', . technique 'is. helpful to ‘pupils ofrall ability:

levels. '~ It forces the: child to consider .the oo

‘problem - 51tuat10n. He cannot sn.mply manipulate C

. computatlon w1thout understandxng the. basic - . :
"action" of the" .problem.  Drawings may. be- tised o

¢ by ‘the slow student’ of mathematlcs to solve.

‘problems that.-he could not otherwise: solve. C
_Also, the advanced student finds -drawings of - -

« 'value in solving problems that 1nvolve complex'

_relatlonshlps. .e (p., 55) . . .

-

7’ "-'
o

Bowers (1957) offers a s:LmJ.lar suggest:.on when

A
»

. -she er.tes :

L

Deal: w1th ‘the 5001al settlng of the problem
draw:.ng as. fully as ‘is necessary on all devices '
avallable to’ the- teacher, suc¢h' as: excursions, fllms,' :
pJ.ctures, diagrams, dramatlzatlon and supplementary

A\ D

readlng (p. 489) o 2 o e

1 . : . ‘.

, Earp (1967) recommends the use of dra.w;mgs ;m
I"‘ ' * : ',

problem solv:.ng beglnnlng at -a lower grade level. He." s‘ays,; ‘

v

)

Tl
My



, Related to flex1blllty in, the solVLng of.
'problems 1s the recommendatron that the student . _
.,recelve 1nstruct10n in drawxng,.dlagrammlng, and/or o
.usding manlpulatlve objects to represent a’ problem. -
As, n example T . . V.* . ‘

]

A
The road crew on' a new hlghway pave 1/3 of a

) ‘mile each day. How. far’ can they expect to pave -
. thlS week 1f they work 5" f£full days’ "

0 y3 23 3 11/3 _'2/.5;,,'2

R

'fOn the basis.of such a dlagram the chlld may make S
‘hls,strategy for solving the problem.that of addltlon.'

In this: case he will have to be lead to multlpllcatlon._

'j However he will’ certalnly understand this situation ..
"and flnd the correct solutlon to be’ problem (p- 185 186)
. ; /" _ )

Mathematlcs teachers have, for many years, suggested

.”that thelr students use draw1ngs,1n Ehelr attemtps to solve

& o

mathematlcs word problems. These suggestlons are made because Coe

:they are belleved to be helpful.. Teachers ‘who make these

- b
suggestlons may 1ndeed be encouraged to.flnd that many-*'

*dlstlngulshed educators share thlS bellef The bellefs of

_ nevertheless, only oplnlons and not emplrlcal ev1dence.

' 3,Emp1rlcal evidence ls demanded in educatlon today. Oplnions;’

,de0151ons. L ,}_ Poe e S "," .

¢
. !

* \'
these dlstlngulshed eduoators -are usually formulated after

years of study and teachlng experlence, but they are,i

I

- %

although- valuable, no longer sufflce as a, basxs for maklng .

é@ A reV1ew of the research that has been carrled out

related to the questlon of the éffect of accurate and 1n—'“

accurate plctorlal representatlons of word problems upon the

' .

, ablllty of secondary school students to arrlve at correct

[
Coe . . N ‘ <
\ . .

RE-E
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L solutlons tQ the problems has been 1ncluded in Chapter II

. area be contlnued

a N . - .
-

+ t
R [

Thls research has been' 11m1ted and the: flndlngs have been

1nconc1u51ve. It is- most 1mportant that research 1n thlS

* . C e
.

5 . "_4’. .

Research 1n thlS area is needed for several drfferent

+ M &‘\4

’reasons.‘“It is needed ko help determlne if mathematlcs

textbooks at a secondary level should be wrltten to 1nclude.

— s . s

imore graphs and plctOrlal representatlons. It is. needed to Ce -

help currlculum commlttees make dec151ons concernlng the: 43

ch01ce among textbooks., Perhaps research in thls area iy

\

-most‘needed tOvhelp classroom teachers make dec151ons concernlng

/ b
- a

the use of plctures and graphs An teachlng mathematlcs word

, st s ; : . ‘ . l ‘
-problems, R T . I
‘} . . . g M ‘. .

s

LY
ALY

Yoo, S S
\ S . Purpose of. the-study Coat

\The purpose"oflthe study was to compare«thefresultsujf-

\A' »

of mathematlcs word problems solved by tenth-grade studentSW~:

' .when these problems were presented 1n three dlfferent forms-

[t

: problem.;‘ . .- T

v . Hypotheses of the study.. -

1n word form only,’ rn word fdrm accompanleq by an accurate

plctorlal representatlon of the problem, and 1n word form

K
Y

' N P * ¢

I

I‘;~' The'study,ﬁas‘designed to'test nihejhypotheses}

=
A
’
’\
¢

[
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‘;~.519n1flcantiy hlgher ‘scores on mathematlcs word problems

'

qu. ."Good" problem solvers w111

ecelve 3 L

.

"51gn1f1cantly hlgher scores on mathematlcs word pr§blems T

that are presented 1n word form accompanled by an accurate T

-

p;ctorlal representatlon of the problem tham’on‘mathematlcs-j T,

“word-problems that:are presehted in. word. fbrm only . ‘

o .II.x "Good" problem solvers w1ll receive smgnlfl-\\ CLr
e !

cantly hlgher scores on mathematlcs word problems'that ar
L2 ‘ 1

presentedﬂin word'form~0nly than'on mathematlcs word p;oblems
t . S B ‘ ..

s,.' P .

that are presented 1n word form aqpompanled by an 1naccurate v

plctorlal repregentatlon of the problem.‘ ' \ St ]”.~ o L
i , RN

III.f “Good" problem solvers w1ll recélve 51gn1f1-

‘ cantly hlgher scores ‘on mathematlcs word problems that are R
I o

presente? 1n word form aécompanled by an accurate p;ctorlal _ . e

representatlon of the problem than Qn mathematlcs word problems L
5‘ s y ‘ .
that are presented 1n word form accompanled by an’ 1naccurate-

‘e . i

plctorlal representatlon of the problemm_

I

- ’IV. ‘"Average" problem solvers will recelve: o v -

L

51gn1f1cantly hlgher scores on mathemat1¢s word problems

that are presented 1n word form accompanled by an accurate o -

plctorlal representatlon of the problem than on’ mathematlcs e
-, s oty T
word probems that are presented 1n word form only" “_, T

_ V. -’"Average" problem solvers w1ll recelve

\ . "

that .are. presented in word form only than on mathematlcs
. ~ A Y. s
5’word probléms that are presented in word form accompanled by

\ »

« an 1naccurate'p1ctor1al representatlon of the problem. ': ‘e



e

.representatlon of the probleml

. in word’ form accompanled by ‘an accurate plctorlal

' representatlon of the problem than on mathematlcs word

BT
-

i

e R e

VI, "Average" problem solVers w1ll recelve ' ;

1
- *

- oe

iR
srgnlflcaptly-hlgher scores on mathematlcs ord problems
that are presented in word form accompanled by an accurate o

plctorlal representatlon of the problem than on mathematlcs

[y

wordﬁgroblems that are presented in word form accompanled

by an 1naccurate plctorlal representatlon of- the problem. .
Lo L
Viz. "Poor" probdem solvers w1ll recelve 51gn1f1cantly

hlgher scores on mathematlcs word problems that are presented

~

Ty,

) 1n word form accompanled by an- accurate plctorlal representat10n~

I

'of the problem than on mathematlcs WOrd pr&blems that are.

ot
. v

presented in word form only

»

/ VIII. "Poor" problem solvers w1ll recelve SLgnlflcantly

~ «’

h1gher scores on mathematlcs word problems that are presehted

in word form only than on mathematlcs word problems that are\

+

presented 1n word form accompanled by an 1naccurate

N .
\ 5

IX. '"Poor" problem solvers w1ll recelve 51gn1f1éantlycw_.

hlgher scores on mathematlcs word problems that are, presented

. . "__..-,'.

problemslthat are. presented in word form accompanled‘by an

1naccurate plctorlal representatlon of the problem.' . T3

'ﬁlanﬂof the study

Three alternate tests were . constructed to test

. the nlne hypotheSes of the study These tests were



~ . ' .
LN 4 L]

:constructed by modlfylng the 1tems contalned in a- testlng

R :

1nstrument deyeloped by Sherrlll (1970) Each»of the three -

alternate tests contalned Zl 1teqs Seven of the 21 1tems

.‘were mathematics word problems presented 1n word form’ only..

e

These seven questaons were=galled Type-A questlons. Seven o
1 4) ' M

of the 21 1tems were mathemAQacs word problems presented ‘in

'hword form accompanled by an accurate plctorlal representatLOn

fl.of the problem. These seVen questlons were called Type-B

\questlons The remalnlng seven 1tems were mathematlcs word

problems presented ~in word form accompanled by an“paccurate

L

-representatlon of the problem. ,These seven questlons were

] . R

~t called TyPB—C questlons.

.

: =“E3 A pllot study was conducted prlor to the main study

4

vThe pllot study 1nvolVed 22 students from one 1ntact mlddle- N

stream tenth-grade class in the c1ty of Sto John s.- The
R .

purpose of the pllot study was: to dlscover undue dlfflcultles

w1th1n the testlng 1nstrument, to check the adequacy of the .

/"
1nstructlons and the admlnistratlve procedures, and to bheck

v

'the rellablllty ‘of the testlng 1nstrument when used’ W1th T

]

)

Y

E Newfoundland students.,*“/ SR -;‘h' fdli'iﬁ"f

-
'

' Ten schools were chosen at random from the geographlc

’ T
reglon east of’ Grand Falis, Newfoundland (1nc1u51ve) and -

3

~ ‘south of Carmanv1lle, Newfoundland (1nblu51ve) These schools-

a LA ¢ !

h,were chosen‘as the sample for the studyf ‘The.mathematlcs
-

o

".:teachers from these ten sqhodis selected a. total of 90’ “good"

‘98 ‘average ‘and 92 poor" prdblem solvers. These selectlons

Y s AT e e



j;"average" and “poor“ problem solvers prov;ded by the R - Ny

'f_lnvestrgator.

y
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. that the three alternate tests were randomly dlstrlbuted % R

,among the l’400(1“' average and "poor" problem solvers in .. ° J‘l

i . * . ¢
¢ . ' , R .
.. .
~ v - 1 »
\ g i -
>
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\ d [
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L . i
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wereuﬁade'on the.basis of agreement between at least two ﬂu‘g

[teachers and by use of the operatlonal deflnltlons of "good"

v
N . M
.

ol

'\

The tests were admlnlstered to each group of ’ frlf“'

’-students by the 1nvest1gator., Care ‘was taken to ensure

o o kl

M ’

each’group ) Each group of students were read the same s f‘; S

f
. .l A ' L

1nstructlons (Appendlx F) and were glventmuatwo—hour afternoon i 'ﬁw

ot -

_;sessmon wlthln whlch ko complete thelr tests. S \

v .
..v. - ;

"x@ll tests were scored uy the 1nvest1gator ‘and an

-t Ve . (A

; analYS1s of ‘the data was carrled out T el "Sw ﬁ”‘”. S
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a .

Ty

-~

Literature related to ‘the -study. . - L
.‘” - “' , . . . ) . ‘ - ‘b‘.,‘ -
. . Ll 5 M N Ty '.
‘*he bellefs upon whlch the presentlstuﬁy was based
! ‘ : & ‘o

were strengthened and supported by the oplnlons of leadlng
kY] : ' 2

,.‘educators “who belleve that students can solve mathemaths

v

word broblems only 1f they have knowledge and@hnderstandlng

cof the problem.: Th%se educators also belleve that secondary

' school students are lnot. always capable oﬁ logrcal abstract

-

2

thlnklng Therefore,\they suggest %hat tea%hers help the1r Kk

stuﬁents -find solutlons tp word problem% by maklng abstract 3

\91tuatlons more concrete, and, further, that thls May be

done by use of the seml-concrete in. the form of plctorlal

: representatlons oé:problems graphs and dlagrams. ,"_Q‘

. ' - e

REVl%: OF RELATED: LITERATURE AND. RESEARCH '

A T

P L N

o

. George Poly and hlS method of heurlstlcs in. problem

o

to Polya there are\ our steps lnvolved 1n the solv1ng of
'd/ _“t\,

prohlems.: The flrst of these fOur steps 1s the need to
understand the problemu In attemptlng to understand the ]_
problem Polxa (1957) suggests one. @ﬁ the thlngs the problem.

solver should do is draw a fmgure., ,,T j," 'L'._~ S Af ;

ot
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o]

. - "v- . N rs . . - \ﬁ.‘.
. B - N . ’ L '

s If wé have to éxamine various detalls, one - ST
o _"v’- detall after the other, it is desirable to draw a | .

e P j flgure If there are many ‘details we -cannot’ imagine

. ‘ “"all- of them 51multanedusly,.but they aré all together

- .+ 'on. the-paper. . A detail plctured in cur ‘imagination

, - may be forgotten, But - the detail, traced on -paper

. - remains,. .ahd, when wé come back to- 1t, it reminds* us.
e df'our previous. remarks, it saves.us some of the

! trouble- we,have in recollectlng our preV1ous con—-.,‘,“f
131derat10n (p. 103 10&) C g - . .

. . - f{.. .
. S R e . . . . . . \'a. 4

L

represented~1n three dlfferent wayst:g

. . . > — . o
S . . . R
- bl ,_, . . ' <

1.. By a- set of actlons whlch relay the features of -

-

o

j' © . .the knowledge to be- lmparted or give the steps to
T ‘ ,be followed in solv1ng a problem..'
2 S 2.7 Byra set of summary ‘images ‘or graphlcs that
oL e ‘represent a ‘concept without ‘defining it- fully : o
Co “_'. 3. By a set .of. symbollc or loglcal prepOS1tlons (p 45).M
. @ h ’ “‘_ ‘.. . .. L. . crel 'J’\ : ,' “ - '_'~ "‘
) ' ﬂ © He goes on to" stress the 1mportance of conSLderlng
Lo o all three of these technrques of representlng knowledge
when plannlng 1nstructlonal strategles.':if:-'ﬁahl
. Gagne (1960) recognlzes the usefulness of plctures
1n problem solv1ng when he says, "Some people tend to solve R
P =
'mathematlcal problems by thlnklng out the solutlons ln terms
no S EE

.of v1sual and spatlal models....(p. 52)"'. Fugll (1963)

'l

,suggests that problem sOlvers,'"Bulld an outllne of the

0

;problem w1th the glven parts._ Draw;a.dlagram or ﬁlgdre,

- .
B
e . .

,"1f p0551b1e (p 171)._;* o o L}_'}i' e

~t' Troutman and’ Llchtenberg (1974) 115t Sevefal

,_o

spec1f1c abllztles related to problem solv1ng. One of these

“1s the ablllty to translate a, mathematlcal communlcatlon intd

N ¢ T L. -

.Brhner (1966) suggests that amy problem can be . :_'-z

«
I
l.-.

5



© solving.’

-4

. materlals. .He says:' o -

- R . .' - < _~ \ i ‘

dlfferent forms number sentences, graphlng, dlagrammlng,

sketchlng, or developlng orhglnal methods of translatlon.

They state.’
' Lo - [ o
_ ~ WheneVer a student carries out a variety of
* translative tasks with respect to a given .. .
‘mathematical communicatlon, he is required- to.
observe -its pertlnent «details. ' In doing so he

'”becomes prepared to deal with the communlcatlon in
conjunctlon w1th other ones (p. 592) ‘

" This translation of ‘a mathematical communication.into

. .
o - A ‘e

different formsAtherefore assists .the student in problem

. Al
Y ‘ . 1 .
’ M . N - - , Ay ,

:, As early as 1930 Hanna reported.that puplls who -
plctured thelr work graphlcally and puplls who used g .

1nd1v1dual approaches were 51gn1f1cantly better at problem

. solv1ng than those wﬁp used a tradltlonal approach

, . Dahmue (1970) glves the follow1ng recommendatlon 1n

..

an article de51gned to a951st teachers’ in helplng their -

puplls 1mprove thelr problem solvang abllltIES'
. S .

Geometr1cal and: pictorial methods are hlghly
effective in combination with the algebraic-when n‘
- solving problem8. All three methods are extremely-
useful ‘wherever one converts verbal forms to -non-
verbal expre551ons (p- 127) . N ;

Alexander (1960) attempts tO'distinguish;the:

Toom

'cbaracteristics thet differentiate lom‘ana high-.achievers

sepongas o

O

several guxdes to plannlng 1nstructlon Jin problem solv1ng.

One of these gu1des is the 1nterpretatlon of quantltatlve

)
e . T
. 1

A TS

P
e

_1n problem solving. As a consequencerof hie étudy-he gives'



.o . L)
\ 0 . . - . . . .
:

;- ' Development of the ability‘to interpret = .~ .
+° quantitative materials -should be an integral Ly
part of - the instruction of 'problem solving. N

Seventh graders need many opportunltles to' ;
visualize and interpret facts and relationships |
in charts,ﬁtables, graphs and maps... (p 606)

Marks,_Purdy and Klnney (1958) state that part of

the. dlfflculty students have w1th finding solutions to

»

' mathematlcs word problems stems from thelr fallure to see

( 2

the relatlonshlpsbetween the dIfferent parts of the problemﬁ

Bassler and Kolb (1971) tend to agree w1th Marks,

Purdy and Klnney when they state that fallure to understand;'-

the phy810a1 51t ation portrayed by the problem contrlbutes-‘

to the dlfflcul

‘students have in trying to arrive at
problem solutlo s, . '._ e -}'1h .,

~

- Seconda y .school students sometlmes have dlfflculty,f'

'w1th the langu ge in mathematlcs word problems. Over 60

'Asl ou well know our - measurement of ablllty 1n

athematlcal ¥nsight and.knowledge on the one
nd’ acqualntance with language on the other.
: ---., . 8

R A
roLo *



o

'n6t unduly restrlcted because of language dlfflC\]lltleS

_Trneblood (1969) states thls respon51b111ty ur'the follow1ng
.wa:y::" . ‘ e ' '
Wlth textbook problems the 'poor reader
. cannot abstract the essential’ elenents of ‘a
r -problem situation becauge of his low level of,
. readlng ability. The teacher therefore needs
verbal problems that present less" interference - -
to the .development of problem-solving s_kills {p. 7).

1 . . ' . - . . ~
v

Henderson and: Pinéry (1953) ' deal.with th'e sobject
- qf problem solv1ng at 1ength. . They, d‘is&:iass problém solving
both as a- psychologlcal process £nd as .an’ J.nstructlonal !

. respons:.b:.llty. Problem solv:.ng has many dlfferent aspects. '

k)

. e One aSpect ig the. productlon *and retent::.on of thought ,‘.° .

i

. o - . materlal relevant to the solutxon of the problem. The

productlon and retentn.on of thought materlal depends upon

" e

the "span of apprehen51on" or "1mmed1ate memory span" o'f

the 1nd1v1dual.. *"I,‘he "span of apprehenslon" is sald to have '_

CE two dlmensn.ons- extent and duratlon. When a person attempts S

to obtaln a solutlon to a problem he must hold 1n his

' 1mmed1ate memory span w'hat he is expected to flnd and what
he is glven to help hlm arrive at the de51red conclu51on. - -

P

In addltlon to thls he mUSt be able to select from hlS past

S p experlence, J.nformatlon that w111 help hlm arr,1Ve at thls

solutlon. Henderson and Pn.ngry suggest that one way teachers

" can help stud,ents become orlented to problems 1s to ehcourage

h ]

. them to draw pJ.ctures of the problems. A plcture w:.ll help



e

_clarlfy relatlonshlps that ex1st betweep the parts of a
7problem and ‘will help keep these parts»and relatlonshlps

@
._more readlly avallable than when one trles to hold them -

-_'

~in 1mmed1ate memory span. . ;‘ o :/1:;

Johnson (1967) makes the follow1ng cla1m concernlng

how ‘man, thlnks and attempts to’ solve problems-~

¥

. . ., N . . . :
] N . B . .
K o ., . R . . v

. Man thlnks in. terms of tanglble or v1sual
i representatlons - sketches, models, or mock- -ups. ..
. . He :uses. these devices to solvé a problem, discover
a' new idea, or create ‘@ new product.. These ’
".representatlons link thought processes and reallty,
they relate past experiences to. a"hew situation.
Thus, they help make tran51tlons from one. idea to
another (pv 39) SRR . .

[l

Henderson (1954) also’ makes a statement supportlng

A
the use of plctures in the. teachlng of problem solv1ng.

_He says:

The'diagram~is'dsed'for_all problems involving .
geometric: figures and should show. .dimensions, both .
k#gwn -and unknown. - It 'is used primarily to ‘help

xthe student 'understand how' to begln the problem,

The dlagram ‘helps the 'student organize and remember
the data of the problem (p. 276) ' ~ -

o

R

Bloom and Broder (1950) make the follow;ng suggest-

..

1ons concernlng the use of plctures as ‘an aid, to problem

’

solv1ng. ”

Cor (1) Don't let the phys1 al format confuse the o
. ‘students ... - 7
(2) If you use dlagrams use them correctly .
(3)'Arrangement of data can d;stract from the '
-+ "meaning of the. problem ' C
(4) Indicate clearly how the- questlons are to .
be answered p. 44) . R e

2.

LN



.

T word problems help the student by maklng abstract 51tuat10ns

- .2-0 .
Most educators Seek to. dlscover and use" any, aids

-

that help students solve problem - Not all people,_however,j

share thls\feerlng. Accordlng to. Colerldge (1926)

Al - .
' R ) . . . .

Some persons have .contended. that mathematlcs I
ought to be taught by making the illustrations - S s
"obvious ‘to the senses. Nothing can be more absurd ' C
or injurious: it ought-to be.our never-ceasing - ° o Ly
éffort to make people thlnk not feel (p, 52). .~ ' '

Other educators p01nt out that the development of
. the ablllty to dlscrlminate between the correct and the'

'1ncorrect 1sﬂa part of the problem solv1ng process o ."f

) Brownell (1951) states..,' |

N -
L

Part .of the real experlence .Ain. problem solv1ng e
. is - the ability to differentiate between the reasonable =
and - the absurd; the .logical‘and the alloglcal Instead AR

. of being "protected" from @LXOK,: the child should' . ™~ , .’ . g
- many tinmes be  exposed’ to error and be encouraged to R o
'_detect and demonstrate what is. wrong, and. why (p. 440)

S ,Blggexil97lx seems to'agree'with Brownell.- n
I Teachers usually do, not let students make’ enough
'mlstakes. Making mistakes often encdburages us to re- .-
. examine somethlng we had regarded .as true .(p. 326)..

o v ‘summary and implications of literature - - )
R related to the study ' "/
boooe -.\-:4. co _ ) '

f.‘io'-, Over the years many educators have expressed the

bellef that graphs -and dlagrams uSed to accompany mathematlcs c

» \

,:“more concretef. Included among these educators are' Hanna

N
“



T

(1930), Bloom® and Broder (1950), Henderson ana Plngry (1953),

, Hendersoh (1954), Polya (1957),‘A1exander (l960)p Fugli
_.(1963), Johnson  (1967), and Dahmus (1970) ’

| Marks, Purdy and Klnney (1958) .join Bassler and
Kolb (1971) 1n their bellef that student difflculty W1th
mathematlcs word problems sometlmes arlses because students

.Lfall to understand the phy31ca1 SLtUatlon of the problems.

Thorndlke (1912) apd Trueblood (1969) State that

'“ students sometlmes fall to understand mathematlcs word

'f'problems because of &anguage dlfflcultles. They call for‘
o 8 . '

.a method of presentatlon of word problems that do not unduly;

.
e ]

restrnct students w1th language problems. B S

‘

Brownell (1951) and Blgge (1971) stress the

. v

1mportance of exp051ng students to both the accurate and

I . . g

the 1naccurate when teachlng them to solve problems.

/ A few people, 1nclud1ng Colerldge (I926),express:

the oplnlon that appeallng to the senses should not play a

role 1n teachlng students to solve mathematlcS'wgrd problemsb

A\

R Lo

~Reséarbh'findings r‘eli':lte:cl‘t,o'i':he:'st'u_dyg.,f‘e

q‘ .'

fe e . e ‘.)_ . - i .’-'.«'
. . N R _,.’.. v

Although much research has been done 1n the area of
problem soleng,‘lt is disapp01nt1ng that so llttle has been

'done on the effectlveness of v1sua1 accompanlments with

8

mathematlcs word problems at the secondary level. Teachers

~of secondary mathematlcs expect thelr puplls'to functlon

'\
v tt
.



' abstractly. Thls expectatlon arises’ from a. llmlted knowledge

of the stages of human development set forth by, varlo

: learnlng theorlsts. Plaget has had a tremendous. .}nfl' _‘ ce .

u’pon the thlnklng and actlons of teachers.- -Ho“wev'er,- it'

.
‘a N ’ L R\

hasrnever been purported or establlshed emplr;cally that Lo

all secondary students can’ functlon abstractly.-‘ Nor has 1t

»been establ‘lsH'ed that these- students cannot beneflt by use

of cbncnete or. Seml-conerete aids. S T s -
. e 'nf ﬂ. . - Te : N .
. " In 1932, Theodora Abel found that adu’lts a.nd e

‘3 «y “

A"chlldren display s:.mllar modes of thlnking and reasonlng
:when confronted w:Lth prxaﬂ’Tns of equlvalent dlfflculty. In ]
' her experlment Abel ‘read materlal of a hlgh degree of .
dlfflculty to her adﬁlt subjects. These adults,‘ 1n turn,.

: wrote out: What)they remembered of the materlal and then
"read thelr reports to other adults. The last adults 1rf t,he
_:_ c,haln .also wrote out what they remembered " When the wr:Ltten
'reports vvere compared w.1th‘ the. orlglnal materlal, lt was
‘found that the adult subjects -had- betrayed:gthe same’ preloglcal
modes of thlnklng characteristlc of chlldren who attempt to . .
solve dlfflcult problems. - ] | -

g Flve teaohers and 341 elghth-grade students took

. -part 1n a study des:.gned by Anderson (1957) to measure the

v

eff1c1ency of a klt of 16 v15ual tactual dev1ces 1n teachmg'.

%

L .areal, volume and the Pythagorean relatlonshlp. ) o _. . Y

N

L. . .- . . .
Wt ‘ J N - . . . .
. ‘ - . .
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fcontrol'group along with two*teache?S'comp1Eted a»unlt of "

: signlflcant at the..05 level.

‘;Were not related to the frequency of occasrons durlng which

' they reach the chronologlcal age of 16 or 17 years. Her;'

.

Y

‘The“34l Stuaents were diyided into two groups} The

.
4 \

T work chosen for thé study.. The expfrlmental group along w1th-

three teachers completed the same ﬁnlt of work. ' In addltlon..

.‘. ro,

. the experlmental group used 16 Vlsual tactual dev1ces developed

‘ ¢

to be used as alds for understandlng the 1nstructlonal
materlal Thé study;resulted 1h the follow1ng flndxngs-'

1. Althougb hot slgnxflaant at ‘the _05 level, ‘there

was some ev1dence to suggest that-the v;sual tactual devrces'

d1d a1d in learnlng the unlt of work

Lot 2, Students of low mental age 1n the" experlmental
group scored lower on-crlterlon., Agaln, thls was not

.l' : 'f
s

1]

‘ 3;' Students of hlgh mental ablllty 1n the

iéxperlmental group recelved scores on the crlterlon ‘that 4

-'they had used the v15ﬁa1 tactual alds.fl‘

Qo _— Golledge (1966) conducted a stgdy to _test the v1ew .

expressed by Plaget that young peole have mastered concrete -

: reasonlng by the %1me they reach the chronologlcal age of

'll or 12 years and have mastered formalereasonlng by the txme

\

‘sample 1ncluded students from grades vae to nlne in an Iowa

\ u

:school. All students in the sample were admlnlstered a test

3

con31st1ng of 14 palrs of 1tems.f Each palr of 1tems con31sted;'

. Lghe.
' .
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of a concrete reasonlng 1tem and an abstract reasonmg J.tem.-
i

The 1tems were matched on the baSJ.s of a pllot study .-

: conducted 1n. an attempt to develop a val;d testlng

~

1nstrument. The results of thls study 1ed Golledge to

-conclude that many students be’iow 16 years have not mastered

-
-

. elther concrete or abstract reasonlng but that both types

of reasoning - J.mprove Wlth age o B . T e T

)

-In the U s.s: R. Gurova has made several attempts to

"study the problem of the effect of visual clues on problem

SOlVlng “Tn 1960 he'-studled the ef‘fect of v1sual clues on )

' -the process of’ solv1ng spat’lal problems. In thlS 1960 study,

‘Gurova used drfferent geometrlcal models to determlne the ’

1mportance of v1sual olues in the solutlon of- spat:l.al

lproblems He concluded that vrsual clues are sometlmes

-

o helpful, sometlmes not.: The helpfulness depends ‘upon the

“

Spec1f1c task to be performed In 1969, Gurova contlnued his

R B

'study in th:Ls area and zlnvestlgated the function of concrete
-y

~and 1magery componen..s in problem solv.lng ‘L. Zusne glves

"us the, ‘follow:.ng Eng‘lsh summary of the’ conclus:Lons Gurova

' reached as a result of his 1969 study

4

.io b [ . R o
1

"An analys:.s of v1sua1 and 1og1cal solut:.ons of | o
topolog:.cal\problems preSented -either v:.sually

. or as .sets of logical propositions show that two

. distinct but interrelated modes' of thlnklng exist:
a verbal mode and va mode, that uses’ 1magery. These
two modes are not’ equlvalent.. -Their use depends on
the nature of the problem; in a serial ox 2-
dlmensa.onal proble.m,. either mode works: equally well..

.-When a problem is characterlzed_ by an n-dimensional "

-,



g

- mathemat1cal.~

space of parameters, the. image mode is superior =~ . Y
to 'the 1og1cal mode in that -search time foi: a ' ' '
solutlon is vastly reduc:'ed : -

‘Nelson: (1968) designed.a study to determine the,

relatlonshlp between verbal v1sua1 spatlal and numerlcal

‘.abilities and the learnlng of the mathemat1ca1 concept ofa

'functlon. HlS »sample c':onSJ.sted of Q84 eighth—-grade students.

o

One of the purposes« of the study was to- determlne the

efflcacy of four dlfferent 1n'structn.onal methods of teachlng

© \

8
the’ _conqept of functlpn.' “These four 1nstruct10nal methods-_ ot

: ' g
P NS

-

- were classified as: a.verbal-treat?ént,‘- a visual treatment, -,

j a rhumerical' treatment and an eclectic treatment. -'Thre'e_

- o

elghth-grade classes were a551gned to each of the four

,treatments "BOr ten class perlods. Results of the Spec:LaI

and Spec:Lal Retentlon Tests showed that the visual- treatment

- & o
'

' was more effect:.ve than the other three treatments w'hen
‘the total sample was considered.- When the total sample was

"partltloned 1nto abJ.llty groups th:.s result was found to be'

2

greatest with students Yow on all three verbal, v1sual— '
spatlal and numerlcal abllltles.

In .1968, Hlnz made a study whlch, although 1t dld

-not use mathematlcal J_nstructa.onal materlals-. resulted in

.flndlngs that have impl.lcatlons for. stud.les that are

N

HJ.nz used a group of college students in her study

"\in an attempt ,to determlne the -relat:.onshlp between ‘the mode

\

iv

A e Ry Lk K] L abe = 7

i

S



of presentatlon ‘and’ the mode of test response. THé major
B premlse of he*r study was that the test mode ‘would'influence '

the effectlveness of the presentatlon mode. The experlmentai: ‘
. y <

modes used :Ln the s“tudy were v1sua1, aud:.tory and a
‘ comba_natlon of these two Her flndlngs dld ‘not- support T

her: major "premlsé. .However, the study led Hinz to. make

~

the follow:mg :mterest:\.ng conclusn.on., ‘ o N

- s LI
) This study found -a marked superlorlty for ’
. visual over auditory presentatlons with college
level students. This would imply the 'need to .
.examine the conventional - lecture without - . e
-:mstructlonal v1sual mater:.als. : BT,

. v
- L i

Frandsen and 'Holdere(l969) worked w1th ‘a sample of

. 97" freshmen and sophomore students. . They found that student

R

' sﬁccess :m solv:Lng complex verbal problems (deflned as
| problems requ:.r:.ng mental representatlons and: manlpulatl.on
\E data and condltlons) correlated w1th the Space Relatlgns -
(r=. 56) and leferential Aptltude Test of Verbal Reasoning °

' (r=.63) subtests.,‘ ‘From “the subtest sample 18 pa_J.rs of -

. »
’ 1

students were chosen to, r'eceive'instruction' in diagramatic -
representatlons ‘of the components of . the complex vex;bal .

problems.. These 18 payrs were matched on . verbal aptltude

4

" but selected at the extremes (hlgh and low) in spatlal—
.\ h
_Visuallzatlon aptn.tude.- The remamder of the subtest sample

. l

- ser\ied as a control group A posttest on verbal problem—

' solvxng performance showed a s.tgm.f:.cant galn only for those



T, w .- students low 1.1'1 spatlal—V1sual:Lzat;Lon aptltude who had

.. . v 3

,'recelved 1nstructlon.' Lo Tt .. . e

v ST Sherrlll (1970) conducted a: study to determme the

'effect of accurate and’ 1naccurate pictor:.al accompanlments
',w:.th mathematlcal word problems upon the achlevement of >

Ta B et g -

tenth-—gradea students, ‘TWenty word problemsvwere ,chosen as

[ . -
2

" the tésting instrum‘e'ht.: Each of these’ problems could be -
solved ’w"ithout' pictures. B sample of 32,0 tenth-—grade T

.

Sl 'puplls was chosen for the ’ study.," Approx1mately one-—th:.rd

! A v
Form A conta:.ned the probﬂ.ems 1n verbal form only- Another

' one-—th:n.rd receWed Form B of the testlng 1nstrument. Form

~
i . “ e

-B ‘contalned the problems in verbal form accompar_ued by ‘an

- +
o

Lo ..accurate plctorn.al vers:Lon/ of: t'he problem. " The r'eniain‘d"erf L

of the sample recelved For'm C of the testlng 1nstrument. b

-

‘-Form C contalned the problems J.n Verbal form accompamed by

- S al dlstorted plctorlal vers:.on of the prbblem.‘ -Intelllgence

* "

- SCO S, readlng scores, grade average from nlnth-grade

* N

Students who had recelved Form B scored s:.gnlflcantly
A : .- ° )
R hlgher ( 005 level) than students who had recelved the s

7 e i s

other two forms.‘ “Form C was found to\ be least effective

. Jy . " o N

(. OOS level) A follow—-up to this’ study was carr:.ed out by
_Webb axad Sherrlll (1974) ' The testmg mstrument used was ~f.

“,‘v-that wh‘.tch had been used J.n the 1970 study by Shgrrlll but-

' * - s . & T - . ~

. 0
° «

7 of thJ.s sample reCeJ.ved Form A of the testlng J.nstrument. ' A

al

KU
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- plctures are 1nr:1uded they MAY OR MAY NOT 'BE ACCURATELY ..
-+ > - .
Eds =

& DR.AWN" The sample cons1sted of 80 preservxce elementary

’f

< ae T

"'the number of test 1tems was ,reduced to those ten that
were. cons:.dered most approprlate for the sample. ';. Th.e\

' T

“

1nstruct.1.ons were ertten on the tests and the students

o K

were glven exp11c1t dlrectlons to, read the 1nstruct10ns.

© v

‘o Added to these 1nstruct10n‘s was‘ the statement: - “Some of _

O
- -
.,v .

- -the problems may 1nclude plctures or dlagrams. Lf such

S-
& Ce w S
o

school teachers Who were at that tlme enrolled 1n mathematlcs

" e, o

.o Py

courses desn_med for prospeqtlve elementary school teachers.

Even though the students had been told -din the 1nstruct10ns

I ' 0

that some of the pJ.ctures may be J.naccura.fe, the flndlngs : ‘_'_ '

from th:Ls foll'ow-up study supported each of the fmdn.ngs of

LA A . > a_ BN . . -

‘the 1970 ‘study s LT U T T e

-
° - . r e ¢
- i ¢

_ Archer (1972) studled the efféct of concrete, i

concrete and abstract teach::.ng methods .on mathemat:.cal

N v

achlevement, transfer and retentlon at the colleqe 1eve1. .

' Thlrty three college freshmen were used as’ a sample, 'Th'e',

sample was lelded :Lnto three sectJ.ons. concrete, seml- '

Y
b} - - v

concrete ‘and abstract. ' Each sect:l.on was: gJ.ven~ 1nstru.ct10n .

.

T one princ.lples related to ‘the mathematlcal concept of

.
o,

functlon. ) Common lesson plans were followed ‘for each of

the three .SectJ.ons w:.th the follow:.ng excep;tlons~ the seml—"
o

concrete sectJ.on had r"itls lesson plans supplemented w1th

" e .

dlagrams and draw1ngs, the concr.é'te sect:.on had - .'Lts .lesson-

B
. . . R . I . . N . » -
e . . N ' ‘o b 2, M A - R
O . . W - -

\ll..~..‘ .'-

.t

g



ot s .
;‘plans supplemented w1th phys1ca1 materlals constructed
:by the experlmenter to Serve as manlpulatlve -aids. "The

_frndlngs of thlS study supported thg%hypothes;s that

-
. . e -
AR ° - ¢

A ,“. . ‘college students who: are provrded w1th concrete manlpulatlve
v Co T — e & . R
- aids. may be able to achleve, transfer and retaln mathematlcal

'knowledge better than those who are not prov1ded w1th these

-

conCrete v1sual alds are valuable 1earn1ng alds.

Tee L - . . -
i b
. s
- ,

" A study\by Kulm, Lew1s, Omarl and Cook (1974)
e ", 1nvest1gated the relatlonshlp between aptltude and the

- e 4 0

T o - .effectlveneSS of textbook (T), student generated (S),

1 -.'

'11-}i:‘;"'_plctor1al (P), textbook and plctog}al (T+P), and student—

. word problems. The sample con51sted¢pf 115 nnnth-grade
e 2 . “)1 " .. . . -

0

'algebra studénts-- These‘students were randomly a551gned to

L de s d'o»ne of the flVe treatment groups Yhereﬂéach SUbJeCt was

' asked to %olve ten probhems.. Performance was judged on the
. - - , . . ¥ - e e
L‘i,zqn«_ ba51s oﬁ the follow1ng flve thlngs--.(a) porrect answer,
o , : . e . o
S (b) correct methodfﬂthat 1s, the use of the correct
. PN

o 711. ¢ arlthmetlc operation-and procedure, (c) percentage of total

™~

.n. A - < ¥ . N g ' ¢

- of crltlcal 1nformatlbn copled durlng presentatl n, that 1s,

‘\ P

I the numbers and relathns negessary to solve the problem

‘2f _:_'and a statement of the questlon of the problem, aﬁd (e)
: -~ - N\,

‘.T}f. '\t:: ’ presence of a sketch 1n the notes

. B . . : <. . TR .
oo T T el L N R T :
° L e 0 . L . . e, .. - . v PR

4 . N t ST _j' - te” .ot e, ; P T . .
ot : 5o A - . T, L . . < o~ L B . .

words and symbols copled durlng presentatlon[ (d) percentage.

,"23‘_'f alds. Thls study dld not support the-hypothe51s that ‘semi- f

ngenerated w1th'p1ctoflal (S+P) presentatlons of mathematlcal .

%

or. solutloﬁ of the problems o



/30

'(' ~3i) Students in the (P) and (T+P) were found to copy
'I ’ 0 -
a s1gn1f1cantly greater (p <. 01) percentage of words in -

'attemptlng to arrive at ‘a SOIutlon than students 1n the

H

‘5other treatments. The (P) treatment also gave 51gn1f1cantly

greater (p ¢ .01) scores when making a sketch was the .. .

ér:r:.ter:.on« However, this study falled to’ reveal 51gn1f1cant

dlfferences in- treatment effects concernlng the number qQf

A S i RN o

‘correct responses or the use of the correct method of

v

solutlon for medlum or hlgh I Q. students,” Low I. Q

students used more correct methods ‘o solutaon and obtalned b

\

more correct answers when the (T) .or . (S) treatments were n

.'.\§

‘used The (T+P) treatment was 1east effectlve of all the
ttreatments (p'( 05) with these students. ‘The 1nvestxgators _Qf#_l

suggested that the:presence of plctures maf-cdnfuse low <I.Q.

. ~
?

s:students rather than a551st them 1n thelr problem solv1ng

attempts.

] L — . Lo

e . Summary and implications of research =~ . = .
4 . . . ? \ .. '

'findings.related to' the studx“

A rev1ew of the research related to the present : : :-“' .
problem of the effectlvenes;j;?lplctorlal accompanlments

in helplng secondary school students solve word* prohlems o’

-reweals a llmlted number of studles and 1nconclu51veﬁf1nd1ngs.x

I3

The studles of Abel (1932) and Golledge (1966) both

_ supported the oplnlon that secondary school puplls do” not
C— )
always dlsplay loglcal abstract thlnklng even in s;tuatlons SN

‘a

\ - . 'y '
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. "' ., . .y
ot . . . " A B

that demand thls mode of thinklng S oo

’ The use of v15ual alds 1n teachlng dlfferent

A~

mathematlcal concepts to elghth-grade students was shown
“to be effectlve by Anderson (1957) .and by Nelson (1968)

. ;’ a Kulm, Lew1s; Omar and C ok&(1974) dld not flnd
SLgnlfloant dlfferences among plctorlal treatments and

t °

other treatments 1n the solutlon of word problems by high

and medlum ablllty nlnth—grade students.- Low ablllty

- - D . .

students, hqwever, achleved least well when they- had
received the pictorial " treatments._ The 1nvestlgators

suggested that plctures may add to the confus;on of low !
/
ablllty students rather than help. them flnd solutlons to.
: . . /. .
word problems. . . - )

Sherrlll (1970) reported that tenth-grade students n

\

who were glven accurate plctorlal accompanlments w1th word
problems achleVed 51gn1f1cantly hlgher (. 005 level) than

) students who had recelved elther no plctorlal accompanlments

-y

or lnaccurate plctorlal accompanlments Students who had

<

recelved no plctorlal accomoan;ments achieved 51gn1f1cantly
(4

hlgher (.005. level) than students who had recelved inaccurate
plctorlal accompanlments. Thls was supported by Webb ana

Sherrlll (1974)

N

Frandsen and Holder (1968) found that only those >

]

freshmen and sophomore st&dents who were ld% 1n spatlal—

L]

v1sua11zatron aptltude gained from lnstructlon in

2.

[
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" diagramatic representations of: the components of complex

32

4 -

I

verbal problems.

v

Studles by Gurova (1960, 1969) supported the view .

that visual treatments ‘of word problems can be helpful

- but- added that the degree to whrch such treatments are

helpful depends both upon the type of students" 1nvolved (

and upon the - types of problems 1nvolved 1.3‘ . \

- From her 1968 study, Hlnz concluded that Vlsual ;

7

P presentatlons are superlor over: audltory presentatlons_

\

[P

w1th college students." o - .
Archer (1972) found that college ireshmen beneflted
from use of concrete alds in learnlng the mathematlcal .

concept of functlon but he falled to flnd support for use N

of seml—concrete alds 1n learnlng the same concept

A - . °
1

The problem 1nvest1ga¢ed by these studles is ‘not

a trivial one that can be 1gnored because a llmlted number
P

of Studles have falled to reach general agreement among the.
flndlngs.I Much more research is’ needed
The, present study ‘was’ desrgned w1th the 31ncere Lo

3

hope that the students and teachers of Newfoundland could

: contrlbute to the answer of a problem ‘that 1ncludes them

A Y

and extends farxbeyond them.

‘ ‘ ! "
N <t ' L . . . 4
,



 CHAPTER III .

| - § METHOD,ANDfRRocEDUREs

N
t

Thls study 1nvest1gated the dlfferences in the

. ablllty of tenth-grade students to arrlve at eorrect SRR

P

‘solutlons to mathematlcs word problems when these problems

3were presented ‘in’ three dlfferent forms- 1n word form v
only, 1n word form accompanled by an accurate plctorlal

°

representatlon of the problem, and 1n word form
accompanled by an’ 1naceurate plctorlal representatlon of
the problem. ' | .
§ : ~The preseht chapter includes‘sectlohs on each'gf‘the
h-'following;‘ the. develcpment Of. the testlng 1n$trument, ?-:
-L.: ; c definition of terms used 1n the study, a. desdrlptlon of f?
l the pllot study, the results of the pllOt study, the |
'selectlon of schools for the sample, the selectlon of
students for the sample,“the collectlon and analy51s of
the data, the 11mitat10ns of the study, and ‘a summary of
‘the chapter.- : .
S [-'.:‘,Developmeht of  the testingyihstrumedt: B ”;'

coe Y. The testlng 1nstrument used ‘in the present study

’

.was a modlfled version of the rnstrument used by Sherrlll ';

“in hlS study, The Effects of leferent Presentatlons of

.



¢

X ‘... . ) '\ R M '-h’ ‘ . .
Mathematical-Word.Problems Upon the Achievement of Tenth

' Grade Students. ; 'i,' ".} "'-_2 : : o -
o ” Sherrlll developed his instrument in the foll i: g
. - C

.: manner' Flrst he selected 40 problems. from the Y- and Z-

"populatron test batterles'of‘the.National Longltudlna14
Study of . ﬂathematical Abilities'(NﬂSMAl-and three,

mathemat1ca1 textbooks- Dolc1an1, M.P., Berman, S L..'.

[

and Frelllch J Modern Algebra Structure and Method Book

'AOne.: New York Houghton leflln Company, 1963 Jurgenson,

" R. C., Donnelly, “A. J., and Dolcmanl, M. p. Modern Geometry

“uStructure and Method . Boston.. Houghton leflln Company,

;1965 and Vannatta, Glen D., GOOGW1n, A W ’ and Fawcett,-?

N

H.DB, Algebra One A Modern COurse.' COlumbus- Charles E.

Merrlll Books, Inc. 1962- ‘L - T
Sherrlll selected the- 40 problems on the ba51s of.

v {

) two crmterla-‘

...the problem could be’ solved w1thout a plctorial L

representation of the problem situation
.. .the problem could be solved even if the plCtOIlal
. representation of the problem 31tuatlon were
',dlstorted. . :
: Eive-distractors'were'constructed to accompany each'*’
|of these 40 problems.

A pllot study was conducted by Sherrill u51ng the‘

problems in word form only w;thout plctorlal accompanlments f

and w1thout ‘the distractors. He conducted thls pilot -,

Y

. study to determlne 1f a 55-m1nute class provided suff1c1ent

- m R AN e s LM, Y

Aalgine



tlme to- carry ‘out the admlnlstratlve procedures and have
e

“the. class flnlsh the test 1tems, to find the 20 problems

" that dlscrlmlnated hest among good and bad problem solvers,,

- % R

and to 1mprove the set of dxstractors.

As a result of the pllot study the 20 problems that 7

[

' dlscrlmlnated best among good and bad problem solvers were
selected to be contalned 1n the flnal testlng lnstrument. T
Five dlstractors were chosen for each 1tem (these dlstractors

comblned some ", whlch were created by Sherrlll and some . whlch
. -

were created by ‘the- subjects in the pllot study), and three

',‘ forms of the flnal testlng 1nstrument were created.{ Form A
contalned each problem in word form only, Form B’ contalned
.each problem 1n word form accompanled by an accurate plctorlal
representatlon of the problem, and- Form C contalned each

problem in word form accompanled by an 1naccurate plctorlal

H

'representatlon of the problem.l

v

Sherrlll reported the rellablllty of hlS three '

\flnal test forms .as follows
.- TABLE 1

’
L

Relgability-coefficients:of Sherrill's testlhg instruments

.t

Form ., R Rellablllty coefficient .

v : R ' (Cronbach's Alpha) b[ a 'g"
o Y 1 5
.\-' . .70‘ “
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Pend

»‘question., That 1s, 1t appeared in words only.

\

. .
Y i N

e .

In the present study the flnal testlng 1nstrument : Af--'

used by Sherrlll was mOdlfled in several ways. .The

‘dlstractors were omltted from the questlons. It,was hoped

”that thisg omlss10n would create for the students a problem

solv1ng smtuatlon that more closely paralleled a- reallstlc

et C e

classroom 51tuat10n.. It was further hoged that the‘

*omlssron oﬁrthe dlstractors would ellm%nate the gue551ng
'&f correct responses. It was -decided not to use- three. ¢ .~ '~

’forms of the same test Instead three alternate tests

\ ' \ K
were used Each test contalned seven questﬁgns of Type- A

"seven questlons “of Type—B and seven questlons of Type-c

: Slnce the flnal 1nstrument used by Sherrill contalned only
*.20 1tems, it was necessary to develop one addltlonal ltem
‘ The seven questlons that were glven as ije—A in Test I

:were glven as. Type-B in Test II and as Type-C in Test III.‘

.S

'Questlon Seven 1s used to 1llustrate this.

: In Test 1, Questlon Seven was given as.a- Type—A

o

v

-“éhestién'?**Test I

If the three pclnts, whose coordlnates are (- 3, 2),

J .

(l, 5), (4 l), are- consecutlve ‘vertices of a square, what
are the ‘coordinates of the fourth vertex?: “

]
L

. In Test II, Questron Seven was glven as a Type-

questlon. That ls, 1t appeared in words accompanled by an'
: IR " . .

-

_“ré'.' : .
- - - - o

(LT P
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‘. accurate pictorial repnesentation of‘the-prbblem. ' B L ‘

N PN . N
. . .

'ﬂQﬁeStiOn 7-—Test Iir - T L

PUEEE 7 2

If the three points, whose coordihates are. (-3, -2), o
. X 4 . . 4 s B .o .
‘ - - - N '4 ; a - , ‘. R " . . \ . . .. ) ) i
(1, 5),.(4, 1), are consecutive vertices of a sguare, what -
are the coordinates of the fourth vertex? .~/
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In. Test III, Questlon Seven was glven as a’ Type— .
questlon. That 1s, it appeared in. words accompanled by
: an 1naccurate plctorlal representatmon of the problem.
' Question, 7--Test.III :
Y o L R
. Ve ' ~ ‘ .
If. the three-p01nts whose coordlnates are (—3, 2),
(i, 5),, (4, l),'are consecutlve.vertlces of a square, what
-are he coordlnates of: the fourth vertex’ ‘< '-:
N - . . . . ’
0 /N ,
. ;. ‘ ,
; : . "\ i ; ) ;.
! e .
. y \~ '
. 7
H . - * ‘ \’ *
. . ( - [
. , ‘s s ¢, {
, . .
\ - s, 4 ‘ !
V- The remainlng 14 éuestioﬁs of'Test I were alternated
‘in-a SLmllar mannér in - Tests 1I and II¥. This’'is summarized
in Table 2% ' . L T .
. . . ., . M . ) . - .;_7. . . '.‘ ) ~
M N § F-3 ° ‘- .' ' e ' ’
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' . /.. = . TABLE 2 S
) A o R .
Sdmmafy‘aesbriétiéh of tests - . NI . _
o ; . 7’
' St Test I CTest I Test IIT . -
' ‘ \ . . .. ' B - . N
’ ' s\ % ' L * T
Type-A D S N ¢ SR 3 o v
Type-B . Z T X o e o
! Type-C : C ._,bY . - yA .“" X v .
s . = . . : ' — " . ' . R p
- Where X represents seven test -items, Y represents seven ] \
$ . ~ different*¥tems, and Z.represents the redaining seven test’ b
A more .detailed description of the.three tests is . :
' ' ; o ... ' . Mt
. ‘b
LT - i

-

given -in Table 3.
"
S .

. d
,
¢
’
.
SN
.
. i .
N . i~
Y "
V- }
5, >
- -]
.
. o« A L
. . e s
® L] B
»
. .
» \ .
) .
v v f
. .
- - - .
. , .
.
Y - At - .
AY ) -
. " \ A
. .
e 3
. .
: ‘ ‘%
- \ .
. :
Y - \ ’



2y

M

40

.. LR ERTVLL TmEen  een b 3
R e o T e R L o L

&

.

. [an]
. H
N S H,
i
B 7]
@ .
B
Tw - -
- 5
[}
= 0 o
+ =
- o
L +- 2
¢ -0 - 0 >y
) O B
e B
. 0
™ Coerd
s PN |
o .. ol
— ©oe
g .o
\. . -
. . B
e 2]
@ Q.
— - B
~ -
o - .
\#b -
Q. - - .
(a]
NV
m
- . n
B .
e-..
+4
H

3
.

UM A0 0 m MU UM A AU UM

o
- . [
+ Y

. A3

mMUeUCa @O C U A

-

MmO € U & M| m.O

< MOUMU L EMO MUK ARNOMOC @O

. id

21,

AR

" 16
17
18
L9
20




ot A
"—-.\__

TABLE 4 |
Tesﬁs itéms.grbuped on basis of diﬁficdity

'Ttem , Ttem Mean (in. Item TItem.mean (in - Ttem -TtemMeanh (in
no. percentage): . 'no. : percentage) no. ‘pexcentage) . .-
" reported by - -

'.?-‘{‘ reported by -

" Sherrill ~

Sherrill..

.reported by -
.Sherrill . :

A T2
13’

. ' - 19 .

'59:1

"32.7
o218
RSN
17.3
16.4-

25,3 -

.. 43.6
29.1
28.2.

- 20.0
17.3

14.5

24,4

10
14

16

:iZd

. 4455

'31.8
A B
24,7

20. 0

T 18.2 -

17.3

13.6 .

24.3

74,7

1 ~V .
16 . 64.2 3 58.9 4"
207" © 5357 '5 44,2 -
g LT e AT s 214 4472
2" £ 19 0 s23.2 11 33.7
10 :ﬂ§‘> L;,:, ‘ 22:1’ ; .15 14.7 .
14 o120 21417 17 13.7-
. . ———— R ot
.42@'.7' :

'.43;2{“":”

S - 2. .33.6 . - 1. 58.2
e 24.5 4 30.0 - - 6 37.3

14
20

.16

'21.8

19.1°!

'ié;o'

10.0 "

. 5.5
19.9
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18 .
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’ I R - +.". pefinition 'of ‘terms. "' - .. ) E
T - Coe H,- L I ' e
& - : S . C— . RS
: . N . L, cn
T The terms’ Whlch follow were deflned for -use in the-
present study.. ‘°.,‘ . L . ~_-, )
o™ 9 Te . A ', . R R N
: WordrProblem- A word problem 1s deflned'as a problem that
“ -1s capable of belng solved by the appllcatlon of some 'ﬂ’ L

T tplctorlal representatlon of. the problem. r': | ‘~f; o
“ Test I:liTest I is found in Appendlx A. It consiststof‘sewen:
. (#s',‘i' 6 7 12‘ 13, 18, 19) Type-—A questlons,‘ séveh'?#s-4,
;l6. 20, 8, - 2 10 14) Type— .questlons; and,sewenj(#s'll,r3{.f
:2‘* 9; 5y 21, 17, 15) Type-c questlons. '~:;j -1M;(':J‘p" l:ﬁ
.; Test II Test II, found in Appendlx .is‘an‘aiterpate formfi.

¢ ~ . -

_'mathematlcal pr1n01ple or operatlon when 1t is presented~

iny in word form- w1thout the accompanlment of a plctorlal;2
13 . . v

representatlon. N ": R
N A A

o

'Type—A Questlon-' A TYpe—A questlon 1s deflned as a word

°

N <

problem presénted only ln word form..~_-nb‘:.-'b

-

Type—B Quest19n~ A Type-B questlon is deflned as a word .ftg;

- o
q.‘." » s e

problem presented in. word form accompanled by an accurate

plctorlal representatlon of the problem. , Jﬁ‘ :f' s Vi
Type—c Questlon' A Type-quuestlon is deflned as a w° rd .
K o, ‘r - s \‘

problem presented 1n word form accompanled by an 1naccurate

of Test I., It consxsts of seven (#s ll ~3, 9, 5, ?lyfl7?'15ls;

Type—@ questlons, seven (#s 1, 6,7, lz, 13,.13;'195.Typefg
. qqestlons, and seven (#s 4, 16 20,'8, 2[’16, lA);Type;C .

» e
¢ e,

‘ questlons.

at |

- ogen
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prov1ded 1n Appendlx D . ".,:~}ifég,

Test»III~. Test III iound 1n Appendlx C, 1s an alternate
form of{ {‘I‘est I It cons:.sf_s of seven (#s 4 16 20; 8, 2'-,'

. B .
‘10 14) TypehA questlons, Seven (#s ll ; 9,55, 21, 17 15)'

Type B questlons- and,seven (#s 10 6 7,'12{All,J18 19) :“ffgh‘

wv

Type C questlonst"j f]f,:-x 23 1-' ““,"f'::g .1;;5.J

Correct- A solutlon to a word problem 1s deilned as correct

. when the answer 1n the answer space prQV1ded on the glven

~ . . -

test 1s the same/as*the correspondlng apswer pfov1ded 1n~ A

.

Appendix D.z,:5'35}"j.:‘pf.'ﬁ&'ﬁa_ e - .'-u

e < . A B .' . .

Incorrect. A solutlon to” a’ word problem is’ defmned as-'lf

~ N

-t 6
1ncorrect when the answer 1n the answe;fspace provxded on,p.,

T

the glven test rs not the same as the correspondlng answer e

L

v b

Populatlon- The pOpulatlsn 1s deflned as all students from

. \ ‘ '

e ot

the geographlc reglon east of Grand Falls, Newfoundland _i:‘
! A
(1nc1uslve §nd south of Carmanv111e, NewfoundIand (1nclu51ve)

5 R

who, durlng the academlc year 1974 1975 were enrolled 1n-

N .. \,

ean approved program of studles for ténth—grade students.

>

'Gample~ The Sample lS deflned as the/280 students selected

by thelr teachers (031 the ba51s of deflnltlons prov1ded to;

4

j these teachers. These students attended ten schools chOsen

" "i PR <

_at random from the populatlon,(By u51ng a Table of’ Random_

13
. “\N:\ L .- . . ' ' “ _ ° \
Dlglts) R . "23 f:'i o '

'Good Problem 801ver- A good problem solver is’ deflned as a-

-‘student 1dent1f1ed as" "good" by agreement of at least two of

= !

'~hls past or present mathematlcs teachers on the ba51s of the

o



the ba31s of the followxng deflnltlon supplled to these C

3

- . . ? . . .
following definition supplied to these’ teachers: .

A "good" problem solver is a student who can
' solve 70-100%* of the word problems that require
s6lution in his preserdt mathematics’ texts -without .
‘Seeylng a551sta ce om . his classmates ar* teachers. .
He is one who, sko confidence in his.ability to
arrive at a corréct- solution and will attempt
. .alternative methods of solution whén ‘a,present
+ method fails. = - A : . S

°
.,

Average Problem Seolver: An average'problem'SOIVer is

;deflned as a student ldentlfled as-"average" by agreement of

‘at least twa of hlS past;:i'present mathematlcs teachers on _:

o ..

teachers: o Lo e .
: RN o N
. Lo . . o r

An average" problem solver is a student who can

T3 solve 30-70%* of°the word problems fthat .require- AR

jsolutlon in his present mathematics texts without

- seeklng assistance from his classmates or teachers. -
He is .one who usually seeks verification that his
solutions are correct &nd when-his, fifst Sr second
attempt. fails to yield a-Cprrect solution he will
work no longer on his own but will seek a551stance
'from his. classmates or hlS _teachers. x e

» s L !

Poor Probleﬁ'Solveri, A. poor problem solver 1s defln?d as .
a student 1dent1f1ed as "poor" by agreement of at least. two o

of his. past or present mathematlcs teachers on the: baSlS of

.

the follow1ng.def1n1tion suppl;ed £0 these-teachers: o )
- : ce . 9 . ) : S .o

'K ."poor" problem solver is$ a student who can -
solve 0-30%* of the word problems’ that require
solution. in his present mathematics texts without

L . 3 Al

* Percentage'arbitrarily’ohOSen_by the ihvestigator,

‘ . . - T L . o~
L TV y . '



seeklng assistance from his classmates or ,
teachers.. He is 6ne- who-has very little ‘
confidence in the correctness of his solutions ' ;
- as shown by the 'fact :that he can easily be. J R
'a%' S " convinced a .correct solution is. false. He ' '
. T usually needs assmstance before .he can begin a
B ‘ problem and glves 4p in despair 'when his first
attempt does not yleld a correct solutlon.

r o . The pilotfstudy

pilot study-was condubted'prior to-the main study
1n an attempt to dlSCOVer the follow1ng thlngs'

1. to determlne if students had undue difflculty

i

'w1th the questlons without the aid of the dlstractors °

R T o determlne if an afternoon session (two hours)

9

T _,//has suff1c1ent time to conduct ‘the study so that tlme could
. 4be omitted as a factor contrlbutlng to student performance'

. ' g 3; to determlne 1f the admlnlstratlve proﬁedures

3 . '

} . l and 1nstructlons (Appendlx F)- were adequate

Al

. 4. to establlsh the rellablllty of the testlng

~ ‘
1nstrument in the Newfoundland settlng x ' ’ .

[ cof i ‘ B ¢

e A ThlS‘pllOt study took place in one. of. the hlgh
{ % .
' schools in _the c1ty of St. John s. One lntact-mlddle—s eam

tenth~grade. class .of 22 students took part ln thlS phase o;
the’ lnvest;gatlon. The 1nvest1gator read the 1nstruct;ons
. A

L (Appendlx Py to the class durlng whlch tlme the three forms

of test were randomly distributed: to the students.‘ The -

1nvestlgator remalned w1th the class during the two-hour T T

afternoon se551on._ Approx1mately one-thlrd of the students

. . . B 3 .
. . N
4 . *

wel e TR a0

T

R
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~were asked if they con51dered the test 1nstructlons to be \

46"

~ -

A Y

had completed thelr tests after 60 mlnutes had elapsed
After 80 mlnutés had elapsed two-thlrds of the’ students
had completed their tests. At the end of _the two—hour

o

session only two tests remalned to ‘be collected. After all.

tests were collected the lnvestlgator held a short questlon

period w1th the partlclpants At.thls.tlme the partlclpants

[

‘adequate. They unanlmously agreed that they d1d They

b 2R

were. also asked 1f they thought they could have gotten more

test "items correct lf the test.perlod were lengthened._

Therd was' unanimous agfeement that they. cbuld'not.‘ At thel~

end of thls questlon perlod the 1nvest1gator felt she could

conclude that the administrative procedures and 1nstructlons.'

were’ adequate and that an' afternoon sessxon (two hours) was

suff1c1ent tlme to conduct the study, so that tlme could be

omltted as a factor contrlbuting to student performance.

t

Results - of .the pilot study

N “'.\ ’ . @' } v L
o . -

One of the purposes of the pllot study was to
determlne if students had’ undue dlfflculty with the questlons

w1thout the aid of the dlstractors The perggntage of

correct responses for/each test 1tem 1s given in Table 5.

b2
1)

Tt -

w
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~_.TABLE,$‘

“Pilot’ study percentages of correct.responses per Egét’item'j S

' f
LA . ce .
v, “ . . . . 3

’ . F ¢

Test item . o 'Percentage. of correct responses - (
T - \
‘ . 54.55, .
SN o 63.64
N N 1Y I
R 6364
| L 45.45 . o
DR 1: DU - J T
L 2%
L 86.36 h

- S B. T S TSNS R S I

) R - - (O :
10 ‘ . ‘.31.82- §~ . w/“' ‘
11 . 40491 SRR
. " p.00- g
18 : s
14 ) L e
e , " 0.00
16 N AR
i e
Lo - - 5§9.09: " - ‘-
19° , BRI I |
20 © 18.18 " - )
° " 9/69
‘ L

, Table 6-gives. a breakdown of the percehtéées reported.
N . 0. . . . -" . ' ‘-' ' . N . - R
in Table 5. ' .o

4



TABLE .6

. Pilot study percentage of correct re

~

4

‘pexr teét~itemwclassifigd by item type- -
. [N .

1

]

sponses

Y

Test item :-:.

Percentage of correct responses

Type=A

" Type-B

. Type-C .
s

O N0 U W N

R R e T 2 o =
H O VO ® I G U & W N H.O L

. 37.50
1 57.20

Lo . 14,30
= : PP 57.20 ___.
' ' 28.60

. 75.00

. ""100.00
- 42,90
42,90
28.60
0.00
12.50

. 0,00

10,00

42.90

_0.00 .

37.50
0.00
10,00

'0~0 00.\ ’

57.20

50.00 -

57,20

87.50
85.80 -
© 71,50
42.90
62.50
57.20 "
©37.50

42.90

" 0.00
14.30
' 9.00

'0.00

. 25.00

.0.00. .
.85.80
14.30
50.00
28.60

"
T

u

g
.4

[y

71.50

85.80 °

25,00

" 42.90

" 25,00
"'57.20

0.00 -

*.100.00

12.50
"14.30" -

'50.00

o,bo

014,30

2860

L0000
" 14.30

12.50°
.57.20
0.00

_ 0.00 .
v 0.00
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Although Table ‘6 revealed several instances where

‘ no- student had responded correctly to the test 1tem, 1t

was decided that the~students~of the'maln study would not
'“have undue dlfficulty with the questions w1thout the aid

of the distractors. This decision was based upon "the overall
percentages of.correct responses reported in Table 6, .
\.upon the fact .that the pilot stud;\bonsisted of .only 22 R
'students, and upon that fact that-these 22 students were'
a-middle-stream class and were, therefore qnnlikely to be ..

totally representative of the “good" problemvsolvers who

" were to form a part: of the main study. o v'.¥£5,1
h

The final purpose of the pllot study was to estab
) the reliablllty of the testing lnstrument 1n the Newfbundland
L,setting The split-half procedure was followed to. obtain
uthe adjusted Pearson—Product Moment Correlatlon Coeff1c1ents
freported in: Table 7. - S "). S

A . , . o v, . .
. TAB]';.E)"I |
Reiiability of teat;lcelculated frdmﬂpilot study'scores.

v

Ve ~an
P S

g L L e )
- Test : S : .jReliability coefficieht

: R a | | ‘ .
oo T e s




to'proceed with othe' study

'\They .als.o_-zncluded the J.nstr,uctlons the schools were to

necessary.

5.0

2

.Thése coefficients were deemed sufficiently high -

. Selection of schools .for sample _ 4
. . . :
The geographic reglon east of Grand Falls, Newfound-

" land (1nclus:.ve) and south of Carmamulle, Newfé’undland

(1ncluswe) was deflned from wh1ch the Sample ‘for ' the
study was chosen. '

v Ten schoofs were chosen at random from this

- Qeographlc rng.on.. At the same ‘tJ.me back-up schools Were

o chosen to be. used if some schools refused to become -a part '

°
[

\of the sample.‘ 'I'hese random selectlons were madé by use of -

a Table of Random DJ.gJ.ts.

c_, . “

CIn March,a letter (Appendix E) was sent to each of

'the pr1nc1pals of the ten’ schools selected to become a part

- of the study. These letters requested the permlsslon of the

‘

- ._prlnclpals to have their schools. included in the sample.

e

:follow’if the'y'-ag'reed to par'ti'cipate in the study.'l
\ (: ' !
vooR Seven of these ten prJ.nc:Lpals most w1111ng1y agreed

to have the:.r schools partic1pate in ‘the study. The -

remalnlng three did not. . : . g '
. Although flv,é schools had been selected as back-up

schools to be used 1f some -schools refused to become a part-

of the sample, some changes in- this plan were belleved
. o

o

B



h .on the follow:.ng ba51s~

' of "Edu&®ation.’ The schools were asked to make theéir

~

B

The flve back up schools selected were smaller
’schools. . Two of the three schools that needed replacement

were large sbhools. It was felt that the larger schools‘

4

would not be adequately represented if. all three schools

'were c osen from the back—up schools. Therefore, one
school was chosen from the randomly selected group - . of fr)e‘

back—up schools.' The remaa.nlng tywo,schools. were .s_elected

L}
-
'

l. the selected school represented the same c1ty
-or town as‘the school it replaced
' ' 2-... the selected school had a school populatlon
and programs of study sunllar to the school 1t replaced.
. ~The f:.nal sample, then, consmted of e1ght schools
_‘chosen totally at rand%m and two schools selected to

closely parallel the two schools that had beén chosen at

random.but'had refused to-becoxqe a part_ af the_study. '
. o - e P " , .

v - Selection. of, students for ‘sample

The selectlon of students for the sample was the
) respons;LbJ.lJ.ty of the 1nd.1v.1dual schools. These schools :

were provlded w:.th a list of instructlons (Appendix. E)

which they vyere asked to follow .in making the:.r selections."

Each school was esked.to select a maximum of 30

students who were at the time enrolled in a tenth-gr&de

mathematics program approved by the Newfoundland Department

-



\
v

select:.ons on the follow1ng ba51s- ten (feiver if. the .
school could not prov1de ten) 'bf the students selected

\
- were to be “good“ problem solvers, ten (fewer 1f the school

v

&

could not prov1de ten) of the students selected were to be
"average" problem sol-vers; _and -ten (’fewer-:l.f\ the s&hool
ould not provid'e ten) of - the. students selected were to be

‘"poor" problem solVers Operational definitions of "good",

. "average“ ” and “poor" were, provided- J.n the a.nstructlons. '
N ~ :

These operatlonal deflm.tlons were prov1ded 1n an. attempt

to reduce subjectlv:l.ty oia selectlon 3 A further attempt to,

A

reduce subject1v1ty of selectlon was the requlrement that

| at least two te_achers who were presently teachlng. the tenth- L

..grade studen'ts inathematics or. who had t'aﬁght them mathematics

S in: the nlnthl—-grade agreed upon the selectxons made ‘to £ill

each of the three categorles of "good" "average" ahd

llpoqug. ' T . : . ' . C .- J

\

Early J.n Aprll,a second letter (Appendix- E) was
!

sent. to each of ‘the ten partic;p_a-t'mg sch.ools. ThlS letter
suggeste'd a time when the fnvestigator planned tO'visit

each school provided the suggested tJ.me was agreeable to

-

the school.' ThlS second letter gave each school the |

5

Aopportunlty to complete its fJ.nal selectlon of students

: before the 1nvestlgator v1s1ted the school. In all :Lnstances

! i

-the puplls were told that they had been’ chosen to take part

.in a mathema‘t:.cs study and..they were g:.ven the opt:l.on to

: refuse to become:a part of th@study. The total flnal‘ sample



T

consisted of-96 “good"y 98'"average“, and 92 “poor" problem
o solvers. - At no- tlm% were the selected students told that

they had been categorlzed as goodfi' average ‘and "poor"

~ problem solvers._ : ' T T . S

"Collection'ofithe~datan

e

All the data of the study was collected by. the
investlgator durlng the flnal two weeks 1n Aprll and the

flrst week in May Immedlately before each afternoon sessxon

-

Ly .
',began, the partlclpatlng teachers learned, for the flrst

;tlme *of the hypotheses to be tested by the study ‘ The\\
'names of the part1c1pat1ng students were wrltten on’ the 2
'tﬁsts 1n an attempt to ensure that the three'alternate

tests were equally dlstrlbuted among "good" "avegage“ and'

. ) &
-"poor" problem solvers in each school . 'Each partlclpatlng

- .

.group of students was glven the same 1nstruct10ns (Appendlx
F) and each was glven one complete two—hour afternoon sessxon

w1th1n which to complete the tests.

A}
,

-f' dg'ﬁ

1

N | ' Analysis-of the data *© . - T .

V
s K . . '
\ N R . - .

: »

The tests were scored by the 1nvest1gator.‘ An ltem

’

n‘ il ,J
‘response was accepted as. correct when the answer in the

. ,

answer space provaded on the\glven test was the same ‘as’ the

t ' -

correspondlng answer provided in Appendlx\ | Each correct’

. response was glven one.p01nt, An item response was
™" B -,

class1f1ed as 1ncorrect when the answer in. the answer’ space |



\

' response was given no point.

27,
o

R
% ' ! .

“.provided on the glven test was not - the same as the

.

correspondlng answer provided J.n Appendlx D. Each incorrect R

'

Aftér all of the test 1tems had been cla551f1ed as;
i

correct\ or lncorrect, each student who had partlcn.pated in
we

the study was glven four scores. The 0verall score of each

student was the total number of correct responses he had

' N v

made on the entlre test. The overall score’ for each student

‘was a number betWeen 0 and 21 1nclus;\.ve., The A—score fo,;?

each student represented the number of Type-A questlons he-

:-'had responded to correctly Each A-score was a number

¢

T
LS X R

_.Q_;‘_;’,.,',between'.oan'd 7 inclusive. Slrrularly, each student recelved _

»

. s v Y

7 a B-score and_a ‘C-score.
K " The oyerali scores are sed‘ in Chapter IV -in
Section Ohe in a one—way ana1y51s of varlance‘ carried out
to test. the.' assumptlon that no statlstlcally k51gn1flcant
. differ'ence's' ex1st‘ed among the scores of tests ‘I, II and III.
| | -In‘Sectlon Two of Chapter v .the A-,'B- and C-scores
. are used in three one-way’ analyses of var:Lance to ‘test .the

unlne hypotheses of the study. » A )

R . e 1.

S . Limitations of -the study

; The f1nd1 gs of any study have a number cf ir;herent

°restrictlons._ These reflect the weaknesses "of the chosen

1

de\sign, methodology, '‘sample and;testn.nvg instruments.

W

. . ' \ . R °
. N ’ .
- - v . '
N .
3
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Kl

.. . One of 'the proble'm's in the'"p.r‘esent study Was‘ the AN

o i - . -

1dent1fecat1.on of’ ,good“ "average" and "poor problem

solvérs. Whlle factors such ‘as m\-}ellrgence, readlng

1

‘ abn,llty or computatlonal ablllty may or’ may not be found D

to be hlghly correlated w’ith problem solv:Lng ablllty,.

eV1dence of the ex:Lstence of‘such factors ‘does not °neceésarllyg .

ensure a good" aver"age" Jor- "poor problem s°olver. "It‘

.'may be argued that hlgh school teachers who work w:Lth

therr students every day (sometlmes over a permd of several

years) are most competent to J.dentlfy and cla551fy students ‘

. as “good“ "‘average "poor" problem solvers. Yet, any

lv * I
such teacher 1dent1f1catlon cannot escape an elément of

- » [y

I

o subject1v1ty._ ThlS study used classroom teachers to

b

:Ldentn.fy good" "average" and "poor" problem solvers. ‘_it

¢ 4 '

1s belleved that these teachers were ebest qual:LfJ.ed to make.«":

such an 1dent1f1catlon. An attempt was made to reduce the

sub]ecthLty 1nvolved in such teacher 1dent1flcatlon by

havmg the stude.;)ts selectedron the basis' of agreement by
two teachers 1nstead of one and by prov1d1ng these teachers

i

wn.th operatronal deflni,tlons of “good, " "average" and "poor"

fon whlch to make thelr selectlons.'

v

> A second problem was the - llmlted number (seven) of

o

questlons of each type of problem that could be lncluded in

"

the test. If more than twenty—one J.tems were :mcluded J.n

:~'~

]

any one test, fat:l.gue mlght have blased the results. An

attempt was made to. OVercome thJ.s problem by develop:n.ng I

I
3 o . . v

2

oL
Y Y e e, Y T

- e e
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'

. test: and comparlsons were made among types of questlons

-hot among tests.

$ F 3 . s
’ .o : N

-

ﬁuree alternatlve tests sO that, 1n effect, the Vtota; test

1ncluded twenty—one questlons of each of the three types. 'a

@

In the analy31s, f:he three tests zzere consa.dered a total

~ LI
o .

A thJ.rd problem was _the* gresentatlon of the questlons, ' -
\ . '
to . be solved 1n the form of ‘al test. . It is poss:Lble that

. N o
a 3.
e 3

P a

- students tend to belleve more f&ﬁn the “correctness“‘of >

£

_',w1th a tenth—grade enrollment of 1ess than 30. puplls.-_a R .

.- of the accurate. from the q.naccurate 1s a partg of,_problem

;rom whlch the' sample was chosen. Although the geographlc_~

. ,
“

dlagram"s* and plctures ‘when. they are’ presented as a part of .

5

..a test J.tem than when these same quest:}lons ‘and plctorlal

o4 s ',

representatlons are presented 1n regula c-la‘s-suroom 'problemf

solw s:.tuatlons.\ ThlS poss:.b.l.llty o] uld have blased l

the results of the tests, espec:.ally t,he results of °'I‘ype- Lo 3

questlons. However, lt can be argued that dlscrlmlna,tlon

Q

' . - £

solv:mg in.any g:.ven s:Ltuat:Lon. R . f' o R T

A fourth problem was the limlted geographlc reg:.on Sy 5"'

~u’ .

reglon was llmlted, 1t was suffJ.c:Lently la-rge to 1nclude L0

schools that ranged »from large" c:Lty‘ schools w:Lth a tenth-grade S

. A S
enrollment of several hundred puplls ‘to small outport schools T

d

'f - N N r . . T =
»x oo PN P - . - . . - i
. . S e
T - . Tt
N 1

_— A ,Summarz_ L e

ool ¢ . o - .
0. . . RO ! ., - ;o RUEEN

' This chapter has descnbed how the p}:esent study

developed. It has descrlbed how the testn,ng 1nstrument '__‘

-



.

-
]

was déveldped; the pilot''study, the method by. which-the .

:samp;e'fér;the %Euay:wa§;$eié¢ted,

of e R ..:

_in the &llection of the datd....

. s [ bl
. l' A [P X
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CHABTER IV ...

Lo . . .ANALYSIS.OF DATA L

‘e Fr——

PR This%chapter is divided'into three sections.' The . .

A

flrst sectlon 1ncludes flndlngs that test two assumptlons
of the study dlscussed in Chapter ITI. The second sectlon

1ncludes the results of ,the statistical analysms of the

P
-~

4

The thlrd sectlon reports addltlohal flndlngs relévant to

the»study ‘l.u - i oL .

- B . . . - . . R
vt , . . [ ’ . . ’ N

Che 5'Findihgs related toastudy assumptions.

The sample for the study was selected by classroom
o - teachers. It was’ assumed that because these teachers had

N worked w1th thelr students every day for a perlod of one

I or more years they could correctIy c1a551fy these students

" v as "good" average or’ poor“ problem solvers when they g
were provlded w1th operatlonal deflnltlons of "good"

average" and "poor"n. The'® data reported in Tables 8, 9"

lO and 11 appear to support thlS assumptlon.' .

) . data collected for each of’ the nine hypotheses ;n the study.

@
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o . S N
RV . . 4y - TABLE 8 S -
f Pefcentage of correct responses pér test-item
. fqor good, average ‘and’pQor problem solvers .

¢ . - . ’ ~

, ‘ Percentage of correct réspoqses‘
_ Test item - Good . -Average Poor

46,67 . 36.73 < 15.22
57.78 ' 41.84 .  20.65
'47.78 - 34,69 " 15.22
-63.33 47.96 . 25.00
58,89+ . . 25.51" . 9.78
82.23. 58716 27.17
©132:22 L 19.39 . . . 9.78
T, 84.44 . 54.08 ) 30.43
" ss.89 . 48,89 - 25,00
36.67 . . 21.43 ©10.87
46.67  : " '19.39 . - 11.96"
110,00 . . .2.04 1 0.00 -
31,11 LL15.31 - cguB2
51.11°% '18.37: . 6.52
20,00 - 5,100 ' . 0.00
47.78 . 26.53 5.43
23,33 - ' 3,06 0.00

»

© O N Ve WwN

T T
N W eWwN PO

18 , 76.67 . - 63.27 12,30 |

19, 14.44 .. -4.08, 1,09 !

20 . © 52,22 . 32,65 23191 .

+21 20.00 8.0 1.09 '
“ e |

A T - ] N . ' “ |
‘nf‘ ~ Tables 9, 10 and 11 give a breakdown of the percentages

."{reportédfin Table. 8.: This breakdown is'on the basis of ‘
.o AR _ ST T = ~ e o

‘ .
’

. ' .
v, C .
B . * N . - v - '
. - . . . ) .
. 5 . ) .
' ‘L . Y v, - . ,
f “a . . ., .
- ’ - . - M
. AN . . - - . N
. , . . A .

reserbo e,

R,
3
-
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' problem type.'*Table 9. glves the percentage of correct

a,

v, reSponses'per test iteﬁﬂyhen the items were presented as

p e

1
Lt
¢ %

Type-A questlons.

L TABLE 9 . R
) '! w‘ . : ) . . ," ot " - " N '. ' .
Percentqge'of correct’ regponses. per test item as Type-A -
guesfioh for good, average ‘and poqr problem solvers:
&

1

L . o Percentage of corrett responses .

_ for Type-A questlons J ’
Testfiteﬂ" + Goog Ave;age : '; _ Poor
' 54.83 ° . - 21.88 . 12.90
56.67 © 48.57 . . - 20.00.
55,17 .- 25.81. 12.90
. 60,00+ . . 48.57 13,33 )
55,17 - 16.31° '3.23 5

. 83 88. © - 31.25° ~  ° 29.03°
38,71, . 5.71 . 6.45
Ie N . .

80.00 . -+ . '51.43. . 22,880 '
48,28 7.+ 3870 120,03 - {5/
40.00 . 34.29 i i3.33 '
51,72 . .. 22.58 «” " 9.68..
6445 . © - 0.00 0.00 _ ’
.38,71 -+ 21.88 . 9.68.. . ;.
26.67 . ., 14.290. 0. . 3,33
20,69, -,  6.45 ¢ 0.100
30.00 1. v 34:29 T . 0.00
6.45 = 0.00 " 0.00,
74.19 45070 - . 35.48
P 22059 . “3a3z 3,23
b 36467 Co25.m 13.33.. .
9,68 Cole.as . T 0000

0w, I T I R

NN B S e e e e
H O YW O NN e WN B O

’ . e o -
e

[P
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fable,ld«gives the percentage'of correct responses

Yo
%

‘per test.item‘when the items were presented as Type~B duestions.

- .
TABLE 10: (,

-

Percentage -of correct responses per test item as Type-

questlon for good, average and poor problem solvexs
\) o« D

Percentagé of correct responses
n,for Type-B questlons

Test ditem ° . " Good L Average +° - Poor . \
ot L 8276 . 6l.29 0 25:81
2 L, 70097 . 31, 43' .. 119,35
3 60.00 ° 62.86 . 6.67
4 74.19..° 7 48,57 © 45.16 -
5 c 60,00, . .45.71 _ 20.00
.6 " '86.21 . .., 7419 22,58
T 41.38 Y. 45,16 . . 45.16
i 8+ ;. - 87.10 - . - 45,717 o Ar.94
9  '86.67 . . 68.57 -+ 40,00
710 51.61 " . 2000 - 12,90 0
S 40,00 - C2s.70 L é.67
.12 . 20.69 - " 3.23  t0.00 ¢
a3 L] .31.03 - 12090 . 6.45'
; 14 64:52 . 12000 - ~ 9.68 -
I T- .33.33 -~ 8.57 " " 0.00
16 64.52 © "' 20.00 T 12:90. N
17 .27.67 BT . 0.000
Sowo TS T a0 67.74 - ‘4830
) 19 .t 44.83" .. . .68 - olog' ‘
20 74.19° S 46.88 | 45.16
2L 33.33. . 17.140 .. 3,33
. . ' ‘ g
.
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" vTable 11 gives the pefcentage of'corpect fespbnses per

... test item when the items were présénted/és'Type-C questions:

@’ i

TABLE 11-
. \¥ercentage of correct respoﬁées per.tesﬁ.item aszype-p

" question. for éood,~§verage and poor’problem sblvers .

P

4 .

Percentage of correéct responses
‘ .for Type~C questions"

Test item . = Good : Average ~ Poor

\

133,33 | 28.57 . 6.67:
44,83 . 41.94° . 22,58
29.03 11.43 .. . - 25.81
55,17 ' 4l.94 - 16.13 -
61.29 . . 11.43 " 6.45
76.67- . .- 68.57 L. 26,67
'16.67. 8.57 - oloo
86,21 61.29. MzENe1
" 41,94 © 725,00 . 6.45
17,24 . 6.45 " 6.45
148,39 B N RM 19.35
3.33 . . 2.8+ 0.00

W o d Ot W N
—

<
(T
NS

13 123,33 © - 11.43° - . 3.33
S T I 62.07 - 19.35 " 6.45

15 648 _10.00 . - 0.00 .

16 . 48.28°. . . 22,58 70 . 3,23

17 C 35.48 0 v . 3,13 - 0.00

18 {. - 6333 . 71.43 - 41.94 .
.19 ‘ 0.00 . 0.00  0.00 .
20 . 44,83 25.81 - . 12,90 © -
21 - 163 . 0.00." " “0.00- ;

v t
Ve 3 .




. Three alternate Eeets-were,used‘in.the‘study.. This:
.wasfdone}in oxder:te increase the‘EQtal numberlof'questidns

. of Iype-A,:Type—ﬁ ahd‘TQPeec without inefeaeing the number~' y
‘ef i?ems on any tese. The‘results of a study by SheiﬁiIl

'(1970) were used to censtract the three alternate'tests,-

Test I, Test II and Test III. The ‘method by which these

tests were constructed is eprained ih detail) Ln Chapter III.

I The assumptlon was made that Tests I, II and IIT, were
comparable and that there would be no'statistically
significant differences ih the overall~scores of the three
tests. The- results of a one—way analysis of variance of

' the tests scoreg follow.: These results verified that ‘the

. N , L ' b . 0
“aasumptien was correct for the sample tested in the

.

TABLE 12 .. ’

. A o S LN
- Mean. and standard deviation of ;
Test I, Test II and Test IIT . .
Coq i : . .
Lot ° . '. K — _\‘\ , =
Test . Mean o Standard Deviation
I o609 T .. L. 4005 -
I I ; .‘ ‘ \ 6 ) 31 . 5 o ff."-‘- 4 -,.Ql :;: Y

11 6.4 Y

o~
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. TABLE 13 -

S

‘1

Analysis of variance of scores of Tests-I, II and III V//(J'

1Soﬁ£ce;gj/6;riance - 88 ‘ df MS F p
" ! S . _ ‘ . .

gléefﬁgen.tests . 3,22 é ~ 1.61  ..096 ‘ 5.25-

‘Within tests .. 4,667.18 = 277 16.84

Hypotheses testing

_' 1

\: This sectlon reports the- results of the statistlcal‘

N

-analys;s of the data collected for each of “the nlne

- hypotheses in the study. The nine hypotheses in. the study

1

were. stated 1n Chapter I. They_aregre—steted.here 1n‘the'

null form.-

- Null hygptheses: ’ . :_ ‘ E . \

i

1. lheie is ‘no significant differehde (.05 level

of confidence) in the scofes obtainedﬁon Type-A questions .

and the scores obtalned on Type-B questlons for "good"

/
"problem solvers. ,

gli- There 1s no 31gnif1cant difference (.05 leVel
O
of .confidence) in the scores obtained on Type—A questlons

I

and the scores obtalned cn Type-C’ questions for "good"

problew solvers. -

F v . LT

o

B A
e ke L

s N

RIS ENE
I L tmin

¢ -
-
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III.' There is no significent difference (.05 . level

o

- of confldence) in the scores obtained on Type—B questlons

and the scores obtalned on Type%p questlons for. "good“

\ . A i
o .
(. A . - ’
. . - ‘l
. - . R 4

st

problem solvers.

. IV. There'is no signlficant difference. (.05 level

offconfldence) in the scores obtalned on Type—A questlons

and the scores obtalned on TypeuB questxons for ”average"

\

problem’ solvers. o N

V. There is no 51gn1floant dlfference ( 05 level.

of confldence) 1n the scores obtalned on Type-A questlons

[y

'and the séores obtalned on. Type-c questlons for "average"‘

problem solvers.
' VI. There is no slgnlflcant dlfference ( 05 level
- of confldence) in the scores obtalned on Type—B questions
and the scores obtarned on Type-c guestlons\for ?average“
e * - e

problem solvers.

VII. There is no 51gnif1cant dlfference (.05. level

\of cbnfldenoe) in the scores obtalned on Type—A questxOns

and the scores obtalned on Type-B questxons for "poor"

1

PrOblem solvers. e Tt

VIII. There 'is no significant difference (.05 ievel-

~of canfidence) in. the scores obtained on Type—A questions
’ LY
" and the scores obtalned on Type~C questlons for "poor"

- -

oblem solvers.
1.

There is no signlficant dlfference (.05 level

of confidencde) in the. scores obtalned on Type-B questlons

) v - ’
. M
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broblem solvers.

L ' ; B ' .
. \ . ' ' t . N =
and the scores obtained on Type-C questions forfgpoor"

4

. L]
[} . s

These nine hypotheses were tested.by using three

one-way analyses. of var ance followed in eachhqgfe by‘a ,
. . .. .‘.- . 4 ! .

Scheffé “test of multiple cohparisons.f This method of

'Hanalysis was considered most appropfiate since the under-.

ly1ng assumptlons of these statlstlcal tests were met by

the study ahp 51nce the method df analy51s of - varlance

achleved the purpose of the study by allow1ng for the
' estImatlon of how much variance in the scores was- attrlbu-
" table to the dlffereQ; modes of presentatlon of the WOrd

problems' and the dec131on of whether or ‘not significant

dlfferences existed among the modes of presentatlon.

Testing'ﬁhll hypotheses I, II and III

The A-, B- and C-scores for "good"problem solvers

.were used to test null hypotheses I, IT and III.

Table 14 gives the pean and standard deviation of .~

the A-, B- and C-scores for "good"” prohlem solvers”
. < .S :

.66 -

-
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" TABLE 14
Méan and standard deviation of A-, B—.and-C-scores'
. for "good" problem solvers
Score C Mean Standard Devia£ion
~ * " . . N ‘a
S . 3.00. ' ‘ © 1,607 v
B, . U autoe O 1.60 ..
c ... © T 2.70 B 1.37. .

A one-way analysis of variance revealed that a
. 'e - ) \ o L - .
- significant difference did exist. among the .three grqups of"

scores.. The results of this one-way analysis of variance
. N § . \ . .

are feported in" Table 15. , _ ]
‘ . e . . : 'I.‘ABLE 15 . .- - v : . . \'-.
'Andlysis of variance of A-, B—’and C—scofés."r_"f
“for ''good" problem’ solvers
Source of Variance ‘ss = - daf MS F - P
. Between Scores . 97.80 . 2 "7 4B.90  20.04 001
Within Scores .  652.00 . 267 = 2.44 |



A}
v

: ' The Scheffé method. of multlple compajlsons revealed

. that the 51gn1flcant dlfference reported in Table 16 ex1sted

between A—sceres and B sgores and Between B—scores and c-

3

scores but did not exlst between A-scores and C-scores

The results of the Scheffé test are reported in Table 16.

a

o

. o o . ‘TABLE 16 B

Multlple comparisons' of Aj B- and'C-scores’ for “good"

problem solwers by the Scheffe methbd .

C

. = S . : . __ . . ' k :
X r L ' - . , .- R
‘Contrast oonk - ..95F (2,267)

/a e 110 - 0.05 _ 0.23 4.78 .. 3.00

/(/( /Ilc 1:40 005 0.23 . 6.09 O( 300

/LL ,Ll {7 0.30 0.05 . 0.23 ' 1.30 - -  3.00 . * -
C . o . ‘ : ] .- . : . -'. .

* estimate of the contrast’ .
. ¥* agtimate of the variance

3 e

v . . A

«  The fesults of’ the anaiysis of test scores - for the
A

igood" problem:solvers who had taken part in the study showed B
.that these students performed 51gn1f1cantly better ( 05 level)

. on _Type-B. questlons thaﬁ'on either Type-A or’ Type-C questlons.

N LY

'However ‘there was no 51gn1f1cant_d1fference in their scqres

on Type-A and Typeec questions It followed that null

hypotheses I and 111 were rejected but null hypotheSLS II



\’-.\

e~

' was not 'rejected.. . .- R

[ _ Rt *
- S = o
. s
P .
.

z

: ’
v .

Testing null hypotheses IV, V and VI j .’f.

- ’ . ! !

IS

) -The-A; B- and'cescofes for "avefaée" prbbleﬁ
solvers were used to test null hypotheses IV, \'s and VI.
Table 17 glves the mean and standard dev1at10n of

the A-, Bd'and C-scores for average"mproblem solvers.- >
- . N " . ) "%] . .

TABLE 17 . .

'_Mean-and standard deviation.of A-, B+ and -.

-~

C-scorés for "average" problem solvers

: " ' . C i
- . f . Lo »
. " B

" score . _* Mean .= . ° " Standard Deviation --

3 : . L~

1

.~ 1=a2’
2.52. 1351,

c .. ¢, 1ise 1.34

§ a
. . | T \
T FENENEREEIETY B |
' A one;way-aneljsisiof vatiaﬁce:rebealed'that a: )
51gn1f1cant dlfference d1d exlst among the three groups -of

scores. The results of thls one-way analysxs of wiflance

are reported ln Table 18. Lo . ’ .
ol Ll A
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1 9-5' * ) ° .
. ’ ) Tt ‘ _ , o
i . - . R : ‘a- o Y e N ) 7Q , .

g ‘ '.‘ ‘ ' o . L “.’ ..“‘.; L :'« 0..- u l.‘.
’ AR " TABLE 18 ° ISR Vo .
N ) . . . € " e e ’ * « PR N - ' v B
N Analy51s of variance ‘of A-, B-nand C—scores ] Doy o

-..,> ) '.; . ‘for " a.\Vera'ge PrOblem solvers W Tl e T
. - : LR S L - T L '
- .« : . . ‘ ) - v oYy .‘:. . ' ¢ v
- - E— > '
. ' i ) , B [P . '.- . ' - L ) o B ) "L .. o . o
Source of Variance . 88 df, .MS | S R T ° ‘ -
R ‘ "’ - N . 2 - K L. . ‘,ﬂﬁ?..‘ : " ‘(;
.- Bétween Scoreés: . 51.62 .. |2 25.81: 12 47 X 001. - o -7
LN ' " ! -~ feel | - E 3 o ': I oL, 'l N o : . v fq‘ .$ ’ ’D..
/ Within' Sceres. . . '602.15 | 291 2 07,.., , REPREE s 0
-“ - . .\‘ .. - R L . . . . '.: ;’ ) :\"" : --. :,‘ : ,-\ «i.‘f.:, & o L a -t
. , B -\ K . \ L . 5 L : - . ) R l . . L a ‘1
— — : ‘ r— e . ;
o Loe. - SRR : T I AR LA - 1
. . . . " - . " s ALl - . . :\
e L The Scheffe method of multiple camﬁarlsons revealed b
A RPN ° L 1, ', : - - N ) .
O that the 51gnlflcant dlfference repoxted ln*Table 19 exlsted :
. o btheen Arscores and B—scores and betWeen B*scores and ~ o
e ' C-score§ but dld not exlst bétween A—scores and C—scores._' i )
. The results of the Scheffe test are reported 1n Table 19. : ; ﬁ%
_ 5 - ' Sk :".f_, i S e S “"5 o e 5
- s ) TABLE 19 S A .
. ; L Multlple comparlsons of A- }BE and C-SCores for - . :
‘ ; - "average"'problem solvers by the Scheffe»method . :
o ! T \. " ‘ o ;\ M :.:"";__*. L :' ;: "' L <
.o . N 'r * . al , P b F X ’
} a._l_.:antrasts . X ’3fi" g V7} .95‘ (2,291)
A -1 .ot . L0 . . - ‘. "J\ - A 4 ° o . \
5 ' /¢3’/ﬁsn“’o,3o_ OﬂQ4 0 21 3 80 3:90 . )
T /%8 e E0 96 0;045 0 21 4 57 » 3.00 . :
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'ﬁdlfference in thear scores on Type-A and Type-C questlons._
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average" problem solvers .who had taken part in the study

9 .

A
-, -at

.shoWed that these students performed s1gn1flcantly Better

v

( 05 level) on Type B questlons than on elther Type—A ora;

'.Type-C questlons.

‘]Tt followed that null hypotheses 1V and VI were rejected,

I 5

»

The A—

were used to<test null hypotheses VII,. VIII® and IX.

Y '
the A=,

Cae
. . ..
H ¢ o .

.

3

4
.

v

o

" "~ Mean ‘amd standard‘deyiation'of A~

1

'

'i § 'lesting nutl hypotheses VII,.

’ R TR “
- - B~ and C scores for "poor" problem solvers

tl

._ st . 1‘.' PRy .‘ ".,'. .‘. o ' :-T"«ABLEL 20;-- a

)

¥

4

e

.

2 P

‘o

o

,.B~'and

R C—scores~for "poor" problem solvers .

)
However there was no 51gn1f1cant

B*'and C-scores for "poor" problem solvers.

LY

The results of the analy51s of test scores for the

Table 20 glves the mean and standard deviatlon of

7L

o
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A one—way ana1y31s of variance revealed that a, X

'

A

are - reported ln Table 21..: 4

\

fSlgnlflcant dlfference dld EXlSt among the three groups of

'scores. The results. of this’ one-way analy31s of varlance-'“'

- i".;. R - } Kl . . i .. « " . -
P \ - o e L -, ':- -

U TABLE;Zl; ! i : ‘ Lot
.\ . Lo . * r . ) . .o N ce Y I
. . BT ol - T
:g : Analy51s,of varlance of A=, QQS/C scores. N
T ol for “poor" problem solvers ' .

L , “ .

. M - \
. v, .

" Source of VAriance ': 88 . . 4af . MS

: . s E - ;“fﬁﬁ : L
Within Scores . ,.258.97 . 273 . N 95

R R ) g \
. .

Betweern Scores’ B l9r02 " .2 .le.s1

'10.017"

<001

LT T
- . ‘ * ' ! ‘
, N .
The Scheffé method of- multiple comparisons revealed
. * ’

L that the 31gn1f1cant dlfference reported ln Table 22 existed

‘between A—scores and-B—scores and between B-scoreS'and G~

scores but dld not exist between A-scores and C-scores. -

@

The results of the Scheffé ‘test are reported 1n Table 22.
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TABLE 2%

%

'A—; B- and C—scdree for

'QéjF‘ (2,273)

Ve

A . H

/s \ 3
. " §

\ Contrast - * o g “ A
. . R ~ \x% d‘\m . 0’; , . .
) ’v_ N ' q . . '1{.. . ,?. )
. — — ;
/“a /MA . 0. 59 . . 0,02 0.14 4.21 Yeo3,00 .
.8 - . : ‘ y
0.61 ,0..02 '0.14 4.36 ' . 3,00 '\ﬁ
. . , [
H

'//LB.-/L-LC, \ | .\, L
| /Q%‘“/LQ ‘o.oe. 0.02° ~9.1§ 02 SN o
‘ ' | . - ‘ ;

&
'~ * estimate of the contrast’ . < e ‘ f
** estimaténof the variance " . - "'g
4 Y. ’ . . . s

.

J

l
showed, that these efudents performed signlflcan ly bet{er
(.05 level) on Type-B questlons .than on either, Type-A or
However there was no signi ican&/ -
‘ . X
—Céguestioneﬁ .
rejected,

-

Type o questions.,
d;fference in their scores op Type-A and Typ

It followed that’null hypotheses VII and I wer

-

but null hypothesis VIII was not réiected

¥

: . Additiohal findings

altefnate tests, Tests I, II end



\

- ¢

an additional finding which, although not supporting a
hypothesis of the present study, is both intercsting and
relevant., ‘ N e~ L ' . \
Chapter III‘(Table 7) reported the reliability
: coeffic1ents of the alternate tests, Tests I, II and IIIf
using the results of the pilot study. since the pilot
~ study was limited to 22 middle-stream tenth- grade students

it was deemed necessary to verify these reliability

coeffic1ents using the . scores from'the entire main stuay

74

"The’ split half procedure was followed to obtain the adjusted

Pearson Product ‘Moment Correlation Coefficrcnts. - These

v‘coe§?101ents are roported in Table 23 Ty ,
r7snn 23 v
y B i.‘y _ - :

Reliability oﬁ‘testg calculated:frbm study scores

.. -
[

at

——

Test L }k \ ?Reliability’coeffieient\
. B "nyy. : : .
I.. -‘ ‘.l e '83
. ) . ' ' :Q 3
11 r’€;7 ‘ ) 17
III - o .83 &, (

4 . . '

The split-half prqcedure to establish reliability

was used ‘in this study in'éreﬁerence to Cronbach's Alpha

A4 .
v Lot

- t , o, Lo ) . v 3
. L.:, ; o - . N ~ .
3 . L . . - — ) .
Co : o L o ) i { . .
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-inaocurate pictorial representation of the problem.' Seven

- the problem.

75

-’

nsed'by Sherrilll This was done bccause the split half
procedure 1is’ more widely used and recognized as an,
acceptable measure 'of reliability. -Pprthcrmore, oneiof'
theAgreatest probiems associated.sith the spiit-half-.

v ]

procedure, that of dividing a test into comparable halves,

"could be avoided in the present study by using the results -

\

- of the item analysis £ ¥om Sherrill's study

anh of the three alternate tesqs used in’ the
present study contained 21 quqstions.‘ Fourteen of those

21 qucstions were accompanied by either an accurate or an

Y

\The students were given no instructions

- of these 21 Sluestions had no picb’orial representation‘of

concorning the use -of their own" pictorial versions of the

.problems: It was, therefore, interosting to flnd that the

"good" problem'solvers drew an additional 539 pictures'to.

accompany their problems: thc "average" problem solvers

- drew 436 pictures, and the “poor" problem solvers drew 300

pictures, Most of thesc student drawn pictures were used

withfthe Type-A questions. In many cases the.student-drawn

" plctures were ineccurate‘and'did.not.appear to-help the ‘ 3:

students’ obtain correct solutions to their probloms. .

v \
. i
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. from thé level- of trial and error in problem solving to

'b‘

w v

?

-mcaningful whcn thcy are accompanied b accuraté. pictorial

. s ) e Lo o
e ' CHAPTER V

v e
, SUMMARY RESULTS, CONCLUSIONS AND

RECOMMENDATIONS FOR FURTHER STUDY

summary

If schools of the present have'one responsibility,

it should be to prodec opportunitics for students to

' 'dcv910p confidcnce and skill in problem solvf;g To risc-

‘the lovcl of symbolism and abstractions is to be diatinctively,

man, Mathcmatics was creatcd by man to help him.solve

s

problcms.“ Mathematics educators, therefore, have the

ﬁxesppnsibility to help students find ways to ‘use mathematics
6 %
to solve- problcms. o . .
\ ‘ L
L yany matRematics éducators bclieve that no single'

tochniquc can hclp all atudents bccome proficient problcm
~solvcrs They furthcr belieVe that techniques without -
moanfngs and- undorstanding are uselesa.- If teachers arc
to holp sLudcnts become better problem aolvers, they muat

\ -~

find waya to make problems more mcaningful to. their studcnts.

:Many belicve that mathcmatics word problems can bocome’ more-

'J';oprosontations. Tho bcliof is that pictures will provide|a

v

T

tltnk betwoon thc concroto aituation that the problem ropresents

N
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‘and the abstract reasoning needed for its solution.: This'
’bellef, although shared by many people, has received very
little research effort at the secondary school level. The

limited number of gtudies that have been earrled out have .

[l

not "always supported each other. e

N

The purpose of ‘the. present study was to compare

o R

the results of mathematics word p;oblems solved by tenth-

grade stndents when these problems ware. presented in three

different forms: in word form only, in.word form accompanied
ST e SRR R S '

by ,an accurate pictorial representation of. the problem, and

" in word form-accompanied by an inaccurate pictorial

@
R d

representation of the problem. R S SR

‘Three alternate tests, Tests I, II and III, were

'

developed for the study. These alternate tests were
.constructed by using the” items from a testing instrument

“daveloped by Sherrill in 1970._ Each of ‘the alternate tests"

contalned the same 21 items. Each test contained seven\
Type A questions, seven Type-B questions and’seven'ije-é
\qmestions. Questions classified ag Type-A were mathematics
.word problems presented in word’ form only. Quesﬁions

elassified as Type-B were mathematics word problems presented .

ln word form accompanied b§ an accurate glctorial

[ 4

representation of .the problem. Type-C questions were:
' mathematics word problems prosented in word form accompanied

[ ) .

. .:by anDinaccurate pictorial representation of the prob em, ;' ! '

The seven Type-A qutstlons qp one test appeared as Type-B

N .
.
. - » .
. - L] .
' DL F . o . .
v ‘[_v i A ]
. - ,'. - LY
., . ; . .
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e

.
"and gouth of' Carmanville, Newfoundland (inclusive) . Letters

‘questions on the seeond'test and as Type;C guestions on
the third test[ for eXampIe‘guestions nunbered”l 6, 7.
12! 15, 18 and 19 were presented as- Type-A questions in
iest I; as Type—B guestlons in Test II, and as Type-c

questions in Test ITI,

A pllot study ‘was’, conducted prior to the.main T

'.studyh The pilot study involved 22 students from. one ° '

‘intact mlddle stxeam tenth grade class frOm one of the
rschools “in.the city of St. John s. The pilot,study failed °
to suggest that any changes were needed in_the plan of.the‘
studyu- o | S -." o _ .
Ten*schools were chosen at random to ptonide the

sample for the study.’,These ten” schools came, from the

\

geoyraphic region east gf.Grand Falls, Newfoundland (inclusive)

L ” « ‘ s !
were sent to cach of the principals of.these ten schools

.

asking fg:;permission to use their schools in. the study.
rSeven of the ten schools agreed to become a part of the

1, \ :
‘etudy. An eighth school was chosen at random. A ninth and

tenth school were selected to replace two of the three

schools that had not. agreed to become a part of the study.
The total sample consisted ‘of 90 "good" 98 "average" and ‘;
92 "poor“'problem solVers selected from these ten schools.'
Theso Zsoﬁstudents were selected oh the baeis of agreemeAt f
by at least two of their mathematics teachers that they

satisficd the éfinitions. of "good", "average".and'"poor", .
T 'l4< . ".. - .“'

¢

1

I



" hour afternoon sessmon within whlch to finish the- tests.

: Test 1,..77 for'Tost‘II,and .83 for Test I111. : °

'o«tf" fhe analysis of. tho dhtn

' gave the followinq results.

supplled by. the 1nvestlgator
The 1nvest1gator admlnistered all the tests 1n1the

study. Each group of students was read the sameelnstruc-,

tions (Appendix P) and was glven a maximum of one’ two-

Care was taken to randomly dlstrlbute the three, alternate

tests among Wgood” "average" and "poor" problem solvers

@

in each group. All tests were scofed by the 1nvestlgator.

’ » *

,Each correct response“was gbven one poxntﬁ Each lncorrect

oL — N

response 'was g;ven no p01nt oL e

The hypothéses of the study were tested by using.

4

‘three one way analyses of variance followed in each cage
.hy a Scheffé test of. multlpl@ comparisons | . The scores-
‘from the Type-A, Type -B and - Type-C questlons were used to
‘test’ the hypotheses.: The . 05 1evel of confldence was set ’
+.for ‘all hypothesi's testing - ' " o ,f;

The rdllability of the ‘testing instrument wasg checked

by using thc scores from the main study. The split-half-

procedure was folhbwed-and,the adjusted Pearson-Product»'

Moment Correlation Coeff101ents were found to be .83 for

A

L e,

“

+ 2 ‘ ! o -
&m? 4 “ Results of dathfandf i ' K b

r

{
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.'i . . ] "@(;‘o ‘,‘b )

790



R

of the groblem. o ‘ Lo : : <:

- S IR . 80
T o L . " .

1. Hypothesxs 1 was accepted The ." good"
\

‘Problem solvers in the study rece:.ved s:LgnJ.fJ.cantly hlgher

_,__——4

(.05 level'of confldence) scores on mathemat’ics word/

’

. problems that were presen*l:ed in word 'fo_rm accompanied hy

an accurate pictorial represe'ntation of thel‘p‘ro'bler‘n"thah
5 .

A

they recelved on these same mathematlcs word problems ‘
a4 . - .

presented in word form only.,_

2. Hypothesxs 11 was rejected There was no

s:.gnlficant dlfference (.05 level of confldence) 1n the -

~ scores recea.ved by "good". “problem solvers in the study on

=
mathematlcs word problems presented ;m word form only

and ‘these same mathematics word problems presented 1n word

form accompanled by an 1naccurate pictorlal representatlon '

of the problem. - . & . S

3. Hypothe91s III was accepted The "good"

!

problem solvers in the study received 51gnif1cantly hlgher

(.05 level of conf;dence) scores on mathematicg word problems

’

that were presented in word form accompanied by an accurate

3’15ict;orial 'rebresentat;ion of the problem than they recei\}ed :

_-"on these same mathematics ‘w,\ord.problem‘s presented in word

. ‘@
9. .

.form accompaniéd -~by ax.m inaccur'ate piotor‘i/el representation.

- .

4.u

4. wnypothesls IV was accepted. The "average"'

problem solvers J.n the study’ rece:.ved signiflcantly hlgher

\

o (. 05 l,evel of cqpfidence) scores op Jmathemat:ics word { _'

- problems that were presented in word form acoompanled by

v%



of the problem.

.

. 81

an ‘accurate pictorial representation of the problenm than

they received on, these _same mathematics word problems

presented in word form only

+

5. Hypothe51s YV was rejected There was no

A

~ 31gn1f1cant dlfference (.05 level of confldence) in the = %

uuuscores received by "average" problem solvers in the stu&y

s

on mathematlcs word problems presented in-word form only ;p.

]
and these same mathematxos word problems presented in word

ﬂ

form accompanled by an 1naccurate plctorlal representatlon
d N N \ *

6. Hypothe51s VI was accepted The "average"

problem solvers in the study recelved 51gn1f1cantly higher-

(.05 level of confldence) scores on mathematlcs word I

problems that were presented in word form accompanled by

'an accurate plctorlal representatrbn of the problem than,: ’

they recelved on these same mathematlcs word problems ;

. presented in word form accpmpanled by an 1naccurate plctorlal

: representatlop oﬁ the problem. '& o .

i

.

7. Hypothesis VII was acoepted."fhe "poor"

problem solvers 1n the study rtcelved srgnlficantly hxgher

. pictorial representatlon of the

»

( 05 level of confldence) scores on mathematlcs word problems

that were presented in word form accompanied by an accurate

roblem than they recelved

on the same mathematlcs,word problems presented in word

form only.

:’.‘

Pt

SN



8. Hypothesis VIII was rejected. There was no-

..8ignificant difference (.05 le\;el of confidence) in the’

scores received by "poor" problem solvers in the 'study on:
mathematlcs w0rd problems _preseénted J.n word form_only and
tﬂese same word problems presented in word form accompanled
by an rnaccurate pictorial representatlon of the problem
.'9. Hypothesxs Ix was accepted The "poor" prbbl‘em

solvers in the study rece:l.ved srgnlflcantly hlgher (. 05 :

,1evel of confldence) sdores on mathematlcs word problems

that were presented in ‘word form accompanled by -an accurate

-

. pictorial re‘preSént'ation of the problem than they receiv'ed

tenth—grade problem solvers receive significantly higher .-

on these same mathematics word problems presented in word

form accompanled by an 1naccurate plctorlal representatlon

of the problem. _ ,_':" : A ' S SN

,' In summary., the 1nferred populatlon flndlngs of
the present study follow- "good!, "average" and "poor
(.05 level of confldence) .scores on mathematics word problems.
that are presented 1n word form accompanled by an accurate '
plctorlal representatlon of the problem than they recelve

on mathematlcs werd problems presented m eJ.ther word form

' only or in word form accompam.ed by an J.naccurate p:Lctorlal

representation of the problem. 'I‘here is ho s:.gnlflcant

'dlfference ( 05 level of confldence) in the scores rece::.ved

) - by . these stude_nts on'mathematlcs word: problems presented in

word form only and in mathematics word problems.acc_ompamied g
B ' . ‘ . | 1) . . . .

[
[y
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(Y

orang:mg from elghth-grade to college. No support was‘ o

o k4

- . R} .
Sesd

by an inaccurate'répresentation 6@ prOblem.
! 1Y
" These results support the flndlngs of Andferson ;

. (1'957), Gurova (1960, 1969), ‘Nelson (1968) and ‘Hinz (1968)

) B

who found that the use of v1sua1 a:.ds:can be effectlve

o

:Ln teachlng dlfferent mathematlcal concepts to students

3

. found for Kulm, Lewis, - Omar and Cook (1974) who: found that

.
K _'/;\

" while plctorlal treatments in the solutlons of word problems
-# % A . P;. . " A

,seemed €o have ‘no s:.gnlflcant J.nfluence upon the - S

f
5

performance of m.gh and medrum ablllty nlnth—grade students,

such treatments seemed to confuse rather than help low

i *

. abJ.llty students.. Support, in part was \ﬁound ﬁor tBe : .:

iy
.studles‘ of Sherrlll (1970) and Webb and Sherrlllf (19743
¥
Tenth-gxsade students in the present study, llke the tenth;

/*g.gade students J.n the’ study of Sherr111 (1970) and the

college students of Webb and Shernll (1974) ’ -recen,ved

51gnrf1cantly hlgher scores on mathematlcs word problems -
5, .

accompanled by an accurate representatbron of the problem

o

than. they~rece1ved on mathematics word problems pres.e.nted in®

either -word form only or in word. form accompanied by .an *

E)

'1naccurate representatlon of the problem. However, Whereas,.

the students 1n the studies by Sherr:.ll (1970) and ‘by Webb -
and Sherrill (1974) scored s1gn1ficantly higher on

' mathematlcs word problems presented in word fofm only than

" on mathematlcs word problems presented 1n word /Jform

.accompanled by an lnaccurate repre entatlon of the probl
. )
i_ " /_ .

v

[ : ‘ ) . ' 1]

t
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study

study}zand the danger of drawiné conclusions 'p"n-. the'basie. .

y

¢, .

) ﬁm.:'uw

N AU
Conclusions ' .

Iy
P

.no such srgnlflcant dlfference was found in the present

1

a,
ar

While realizing th‘e'glimit,at‘ions' of any single

of very 11m1ted data,,the 1nvest1gatqr of any study is ”

L

’ 1eft w1th a- general 1mpress:;on that is as much a product

0

o

s of the entlre study as -it is a, product of the statlstlcal

{

analys:.s of-the data.
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The general lmpresszton from thls study is that

- i

plctures and graphs can be a valuable teachlng Caid when

e

helping secondary stﬁdents solve mathematlcs word problems.

¥

v et

' ), Secondary students{eppear to belleve that plctures and

v

;e

T

..

-/

graphs help them flnd solut:.ons to’ word problems.
plctorlal accompam.ment is. gn.ven w:x.t‘h a- problem many a .

students w1ll attempt t

-

create thelr own plctorlal .

representatlon of the problem.

-

However r

3

.
v

o ¢ 7

4
only pl ctures and

graphs that are acpurate help these secondary students

ne

drawn pbctures are often :maccurate an;i the%eﬁore

°helpful
. o
4

—
e ¥

-
-~
\

»

dlagrams and gr’aphs 1n _teachlng mathem?t"lcs wo

L]

\

-4

[N

-'l

-

Y. o.

to thg~ :anestlgator. R

’

- m

e

[N

n

3

- -

0

[}
a.

}.

.on

b 2%

arr:hve at correct solutlons to theJ.r problems. 3 Student,;

\' ‘-w'J

'not -

o
LICH

‘1 . P

- "....

o Thls study, then‘ has suggested foux;, conclu51qns

When no

'

‘
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x"\,b.
wee TR
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-

Secondary studen‘ts can benef:.t from the use of

)

rd problems .
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of‘Abel (1932) and Golledge (1966) that secondary students~.

- making abstract.51tuatldns more concrete; - T

have suggestéd the following récommendations as topics of

further -research: = - : 7 e

. . S

L]

“ 2. When diagrams and graphs are used to help -

students solvé word problems they should he accuratei

Ry

representatlons oﬁ the problem.» . - . : °
3. Secondary students need Help 1n learnlng to

distinguish accurate diagrams f om'lnaccurate dlagram%.
e ©or 4. Séqondaqx students nheed help in learning to
P ) ) ‘a'. . - J N
construct accurate dlagrams '

. ’, . . [
e

These conclu51ons tend tO\agree w1th the flndlngs

o

do not always dlsplay log1ca1 thlnklng even whgp this mode *
of thlnklng is demanded. 1n the glven 51tuatlon Further— | 0
nore, these conclu51ons support the oplnlons of educators

such .as Hanna (1930), Bloom- and Broder (1950) , HendersOn

and Pingry (1953), Henderson (1954), Polya (1957), R
Alexander (1960), Fugll (1963), Johnson (1967) and Dahmus® = - .’ ‘;;

LA . .
(1970) who state that the'use of™ sem1 concrete aids can’ ’

-help secondary students solve mathematlcs word- problems by - g

N4

Lo~

Recommendations:forefurther studj.

“ o

-0
t .
‘ « . . . . * 4

1. It is recommended-that the present stud?vbe
5

repllcated with tenth—grade students usfhg a test;ng j} B
, L.
L

“instrument COntalnlng different test ltems.

The findings.and conclusions from the.present'study:_; vy

e . .
»

CRE



.
b,

v

results, of'secondary stuaentsfwho'ére given a unit of

R)
+

o ?

322" It is recommended that%studies similar to the

present study be- conducted with eleventh- and twelfth~grade

. . .
B

',students to try and determine if there exists a level in

r ., ~ . .
secondary. mathematiqs where the semi-concrete can be - .
,.. . . . . . . . y * . )
discarded as no longer useful. - ] ‘ : - .

. . .
. ‘. . N . ¢

3. It is recommendéd‘thﬁt exberimehtal studies

at.diffetent'grade lgve;s“be cérried out to compare the -

" - .

4. “ .
classroom 1nstructlon in learnlng to. dlStlngUlSh accurate .

dlagrams from‘lnaccurate dlagrams and secondary students

who do not rec;gve such instructions: . ' - -

4. It is recommended that experimental studiés '+

a

at aifférént grade 1Evelsibe carried dut to:comparé the

! -

'results of "secondary students who are glven ‘a unlt of R

classroom.lnstructlon in learnlng to construct accurate' T
s PR
dlagrams .and’ secondary students who ﬂo not recerve such
. . ° . ”~
instructién. . e e
. . B °° c"' « N . , h - . :
: " ) | .
' .. 3 ! " Y
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o k4 ‘o - ! .
. -] . o s . v . . ‘ .
» [ +
e _ T . ~ ' .
LI ) =
B ’ By o . -
1 e u. s i . v
- . SR . s
a , ' °
' - Lt ',b a ‘ M
¢ "‘ lo' ' ) ¢ e
. ' : . - & . ‘ \ y
.' - Y 4
ﬁ< ' b

.
L4
R
¥
g




REFERENCES
. ‘ "I
Aﬁel, Theodora M. Unsynthetlc modes’ of thlnklng among
adults. American Journal of Psychology, 1932, 44,
123-132,. - . . : .Q

~

. ’ . ’ . - N v -
Alexander, Vincent E. 'Seventh graders' ability to solve’

problems. School Science and Mathematics, 1960, 60, -
603 606: N ' .

Anderson, George R. Visual-tactual devices---their efficacy
in teaching area, volume, and the Pythagorean relation-
ship to eighth grade children (Doctoral dissertation, .
The Pennsylvania State Unlver51ty) Ann Arbor, Mich:
Unlver51ty Mlcrofllms, 1957 ‘No. 58-214.

[y

-

Archer, Jullan Andrew.. Effect of concrete, semi-~concrete

A

Coleridge, S.T. Lectures on Shakesggare,_Bohd Library,

and abstract teaching methods on mathematical achieve- '
‘ment, trafisfer, and retention at.the college level
- (Doctoral dlssertatlon, George. Peabody College for ,. .
Teachers) Ann Arj7r Mich: UnlverSLty Mlcrofllms, 1972,

. No. '72-25, 370

Bassler, Otto C.féﬁa'kolb John R. Learning to teach
* secondary school mathematlcs. -Intext-Educational
Publlshers, 1971. T : T '

.

Blpom, B.S. and Broder, L.J. Problem solving process of._
- college students. Chicago: The University of CQ}cago
. Press, 1950. ‘

Bowers, Joan E. Proceddre to strengthen ablllty to sOJVe

arithmetic problems. School Science and Mathematlcs,'
. 1957,. 57, 485~ 493 o T

q
Ll

Brownell Wllllam A. Problem-sdlving.. The Psychology of .
,.Learnlng. The Forty-First Yearbook of the National .
Society for the Study of Education. Chicago: The
Un1vers;ty of 'Chicago Press, 1951, 415 443. L

Bruner, 'Jerorie S. Toward a theory of 1nstruct10n. ' cambridge; | -

Massfr The'Belknap Press of ggrvard, 1966.

a

¢

1926. o A : .
oo o e e



.88

) Dahm'us,AMauri'ce E'; How to te‘a'ch Verbal.p‘foblems. Schosl )
) Science and Mathematics,,l’970 70 121-138. \

De' zafra, .Carlos Jr. Teachi,lng for critical thlnklng St ke

The Clearing.House, 1966, 41, 231-234..

:Earp, N. Wesley.
dilenma. S
182~-188.

Pro lem—solv:mg-——ar:.thmetlc s persustent
1 _$ci: nce and Mathematlcs, 1967, 67,
Educational Policies Commission. ‘The central purpose of )
american. .education. Washlngton- Educational Policies |
Commission of the Natlonal Education Assoc1atlon, 1961,
12. . -

[y
-

Fitzgerald, William M. The role of mathematics in a :
comprehensive. prohlem solving curriculum in sedondary
schools. School Science and Mathematicé, 1975, 75, . ~°
40. ’ '

Frandsen, Arden, N. and Holder, Jan{es R. Spatlal

_visualization in solvmg complex verbal problefus .
"Journal of Psychology, 1969, 73, 229-233.. ' o

Fujiiy. John N, An introduction,'to‘-t'h{eleiﬁents of
matﬁematlcs New ¥York: London, John Wiley and Sons,.
inc. 1963. - - . . T,

‘Gaghe, Robert. ' Implications of _some’ doctrlnes of .. Lo L

mathematics teachlng for research in human learnmg.
Research Problems in ‘Mathematics Educdtion, edlted by
'P. DuBois and R. Feilerabend._:Washington, D. C..,

’ GOVernment Printing Offlce, 1960, - 52~ 53. e '

Golledge, Ma¥rgaret Ruth:. “The development of Piaget type *
formal and concrete reasoning (Doctoral dissertation,
"The University- of Iowa) Ann Arbor, Mlch- University ;
Mlcrofllms 1966 No. 66~ 7201 TR Coe T

"

Gurova,, L‘L. (Psychologlcal Instltute Akad Pedagoglchesklkh
_Nauk RSFSR) Vliicanie Zritel 'noi: Opory na. protsess -
"'reheniia prostrans tvennykh zadach (Effect. of visuil
clues on the process.-of solving spatial prob’lems)
Doke akad.Pedag.Nauk RSFSR, 1960, No.‘ 5, 57- 60

———————— . (Institute of Psychology, Moscow, USSR) Funktsn.ya
' .Naglyadnoobraznykh komponentov v reshenii'zadach grhe )

"¢ function. of concrete and imagery components in 'problem @

_solvmg) Vpprosy psmkhologll, 1969, 15, 76- 89. .
. AN

LN « s
I | ¢

e



.ql,f

9T .

. Hanna, Paul R. Methods of arithmetic problem solv1ng. x
Mathematlcs Teacher, 1930,,23 442 450. . s

Hazlltt v. Chlldren s thinking. British Journal of
hd PSYChOlOgy, _1930' 23’ 354 361 , ‘ B ' r

Henderson, Ronald. How I teach analy51s of verbal problems.' :, R
The Mathematics- Teacher, 1954, 47, 275~ 276. . ‘

Henderson, Kenneth ‘B. ., and Plngry, Robert E. Problem
solV1ng in mathematlcs. The. Learning of - Mathematlcs.
Its Theory and Practice. The Twenty-first Yearbook ;
yof The National Council of -Teachers of Mathematics.
/ Washington, DP.C.* The Natlonal-Counc1l of Teachers -
of Mathematics, 1953 228 -270. . o e

/Hlldebrandt “E. H. C.. Mathematlcal modes of’ thought. The - .

: Growth of Mathematical. Ideas K-12. The Twenty—fourth .
Yearbook of The National Council of Teachers Of e
Mathematics. . Washlngton, D.C.: The, Natlonal Counc1l
of Teachers of Mathematlcs, 1959. .

. Hlnz, Marlon Carol. The effect of response mode ‘on the
learnlng eff101ency of presentatlon mode (Doctoral
dlssertatlon, Indiana UnlverSLty) Ann Arbor, Mich:
Unlver51ty Mlcrofllms, 1967, No. 68~ =4726. S

-

'. JohnSOn, Donovan A Instructlonal materlals in the :
' mathematics classroom.. Natlonal Educatlon A35001at10n .
Journal, 1967 56 .39- 40 R S, ’ /

P Kulm, Gerald, Lew1s, Joan F., Omari, Issa and Cook, Haéold. .
The effectiveness of.téxtbook, student-generated,/and ™ .
plctorlal ‘versions of .presenting -mathematical pro lems h

- in nlnth-grade algebra.  Journal for Research in , '
.Mathematlcs Educatlon, 1967, 56, 39 40. - -

Y

'-Marks, J. L., Purdy, Rlchard C., and Klnney, Lucien B. :
Teachlng Arithmetic for Understanding. New:York: . a7
McGrawy-Hill Book Company, Inc., 1958. ' Lot o

1

A -

Nelson, Leonard Theodore. . The relationship between verbal,. .
visual-spatial .and numerlcal ‘abilities and- the learning

- of the mathematical~ concept of function (Doctoral . ..g.'ﬂ.h
, dlssertatlon, The University of Michigan), Ann Arbor, o g
L Mlch Unlver51ty Mlcrofllms, 1969 No. 69 -12, 196 . e S

O'Brien, . Katharlne E. Problem—solv;ng., The Mathematlcs .
Téacher, 1956’ 49, 79 863A.n N . _ “‘

Polya, George. How To So1%e. It. (2nd.$editionl Néw‘York;'j‘
o Doubleday Anchor Books,.1957 ‘ T

Ve * . - . gt s . . . : .
. -’ Al . * 0 . - -
-~ » . - e . . N . 1
. . . .
. . X . . . » o
. M * v ‘ N \ . . v
) f . . . ' . . FS .
. o - . \ . . . . . .
. . ¥ . V. . . .. R . A
¢ e 7 o LN “ ' ' ’ N L . ' NE
. . . . . . . , . ,
. . Lo . N N . - .

o



o . Riedesel, C. Alan:. «Problem solJing:- some Suggestlons from-
. > research. The Arithmetic Teacher, 1969, 16, 54-58.
- o ). ' - ’ .
' Sherrlll, J. M., THe. effects of‘dlfferlng presentatlons of ‘ oo
, ., mathematical word problems. upon the achievement of. .

SRR tenth grade students (unpubllshed doctora? dlssertatxon,
. aUnlver51ty of Texas) 1970.

o []
RPN ~ . . . .

e mm——— and Webb, L.F. - The effects of d1ffer1ng ‘
' pqesentatlons‘of mathematlcal .word problems upon the'
- achievement of’ preservice. elementary teachers. School

1)

Sc1ence and Mathematlcs, 1974, 74, 559-565. .. . . %Jy'
o 5 Spitzern H. F. Teaching Elementary ‘School Mathematics. VI

. Nationpl Education Assocxatlon.; Association of Class- ~ °~ - -,
. room: Teachers, 1970, .. ; ‘ v o

R 1{/ .. ot ’ o ." ' o

Thbrndlke, E.L. The measurement of educatlonal broducts .

. (paper read .at_ the meeting of Harvard- Teachers . . e
oL o Assoc1at10n, Cambrldge, March 9, 1912) The échool Rev1ew, IRCEE
pe 20, "Nov 5. . Co = . D

- ‘Troutman, Andrla Price and Llchtenberg, Betty Plunkett. :
‘Problem. solving in. the general mathematlcs ‘classroom.,

., 1 7 The Mathematics Teacher, 1974, §7,.5907596. . r
. JiTrueblood, Ce01l R Promotlng problem solv1ng‘skllls through o\
: nonverbal problems. The Arlthmetlc Teacher; . 1969 _é, oo
7 9 ' I ' ' E
@ o Underhlll Robert. Teaching. Elementary School Mathematrcs. ~—
! T Charles Merrlll Publféhlng Company,.l972 o
) j o o . . . ) = L_
N\ ,9 ’ ’ ¢
:\ '. ' . 4-‘ B -
® 4 :



=
- .
N .
r
g .
-
. - »
yo—— -
. .
. .
P
.
- -
- -
t .
.
.
-
g = =
o e
. o
3 -
.
CON
. ..
“ L, - 13
H
.
., ®
.
-
v
»
& .
= L
. -

*
o = L
B
I
Y P -
=
B
.
.
" -
.
Ol 3
. .
. .
. >
3 B
. .
°
. -
-
A . . . -
e
“
r .
,
e G &
q -
- - * .
L
< .
. & .
i, .
.
'
.
[
-
4 -
. -
3 i .
N
N - i
o o 4 i,
of i}
. .
. .
.
.
-
- N ¢

<
<
[l

.nNua
)
- B
-
.

L]

‘e

M

..
LA
s 2al
-
o .
5 B
-
2
c
.
B
B
b.ow |
o >
o I
.
.
Lo 1
.
.
5 &
-
«
*
s
4 '




i .
o
»
B
.
’
~
“ g
'y
*
’
v
td
-~
4NN
'

: . - .
' ' ;’ Lol ]
e . . N -
0 Question 1

Y

. A rectangular room is 10 fe,ét. wide, 40 feet long, o

[3

‘and 8 feet high: ' . N

A spider is on one end wall, exactly half way
. . . . (]

between the side walls, and one foot above the floor. A

fly is on the other end wall, exactly.half ‘way 'lgep;eeen the _\

side wal’is, -and qne foot below the ceiling. -The: £ly is l

- i

asleep and stays.where it is. N L o

.. What is the 'shortest distance the spider can crawl.
to-catoh the fly (tt}ere isn't time to spin "a web)_?-

Work your probleh in the space provided below: | S

. . . 7 . . .
. - \ . o Lo L.
, . Co - ; .
. . - v -« -
.
\ Q N
[
. \ -
2
.- o
. N ¥ hd
- i
-
N
L} N N Ay
l T :
. "
'
.
Py
e - I3 B
N 7
.

P

B}

“ L »
el B

| . . B
.

A ) . . ' . .
. N

v

'Place your answer in.the .félldwing" spécé. --:—---;-.f—-vf--—“-4-r;-

,



Place your .answer i

- A N
.\: » . ‘ .
“ A < ! 93
. a . .
. S - N ! .
. o « |Question_2 - ) o ,
: " LN R | 3
' e Y Lo <
In a Certai@ classroom, the teacher notes\that whjn
J
the attenda‘nce is - 92% there are. exactly seven: empty seats,
but when gttendancé 1% 88% there are exactly elght empty"
. seats. ' S -, o _ LA
What is the total number of empty seats when '
attendance is 100%2 . ' ‘ ‘.
., . i ) }’ 5,
: ’ N : . s ‘ . N
' Work yqQur answer in t;'he space provided bélow:
. N L] :I — : \..
] 1 Y
. |
. : . . '
L] . : ! ."I ’4' - ./.. ‘ ‘ a l
f . ‘ ) L , ,-. . ; v‘ . . . d I ‘
| 10 20 30 40 50 60 70 80 90 | 1608
I HE
: o
LI
. I\ i s . " . \ . . ..‘ I l
10" 20 30 40 50 60 70 80 9D 100%
P R
3 | N
- 'L . N .
‘ '10 ‘20 30 40 S0 60 70° 80 90 J h.0,0%
v N T LI M v ¥ vl
: !
. .. 1
_ o
! ' I l /
‘ S

o .t
- ..
@ 0

4

ni the- followmg space "'.'.-i"'."":!"—‘-_-"""':-—"f""-'-'f;"

. o . “ PREEY 1 . . v

§
v
LA ?
B

\

. . f M
M . - 0 .
- . ’ . .
.. .
. '
- N .
N ‘e ' N . . - .
Y NN . . -
) ‘e
“ - . ' . CL A L - v
s ' a . a4 ) .ot P .. .
. v CN ’ .
. , PR g s M N '
. S '
Al . . . i .
- w et # . ‘. . . . . s !
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R\ Quéstion 3" : o

L If-you weré drivi'ng down U.s. Highw'ay 171 Eind you

"

from the town of L. When you get to the town of L, if

be 3 m:Lles \from the. town of P.-

Continuing in the same

eventually you would ar"riye in

N

as far from T as it .is frorsn P,

»

. were just leav:.ng the town of T then you would be 6 miles

I"
3

g
Ll

L]

\you"-cohtlnue to drlve in the same dlrect\loln then you would

di’recti!'on‘ fas 'you were .driving

i .y

the town of R. R-s.twice

)(:4
P
3

' ‘\\“

,
l
|
|

.~ } How far.i’.s the town of R £rom the town of L” \
. - A s
Work your problem in-the space provided-below: '
i e . ‘\ e . ' Pl .
. 3 ) f
r ) . ; ’
i \.. ) * . 5 e
“ o i U .
Y . ‘ v
. . 4 R )
N 3 N ]
=R- P. :
» 3 3 )
. . TS T T o TN T T T e ’
B R — omm— =4 oo—— ) = — v
. . 5 . : , . ".‘-}:_k
. ws
“_ ¢ Y [
. . .. . .‘ ‘° o "
\ 4. . " ! *
. » e o - ] .
N . - s e - )
Place your -answer in 1:he.f.ol:low:.nga EpPaCEe == ———— o mm e ——
~ . : L .
1 . . A ) b



r

F i ,'\‘ o . g‘~‘ - . - . . .
) .» . " , . ‘ < o i 7, ‘ \
- Place . in the . i)

R . . - A4 - . 1 ’ 7 e

o -

\: ’ N N - .
. : : - -
. ) «-‘d - . o
' . * ’ . . ‘ v
v. ¥ \ 95
- * t ,.. ) - . - M ' N N . ‘ !
- ‘Question 4 : - T :
X oo : oo . - > B
s . . . o . : ’ .
' .- {? % . N . *
&5 Each of f:Lve chl’ldren (Joe, Sam, She, Jlm, and .
N Z“’ ) ) ' I. N »
Pam) choosas hlS favorlte color. . ' \' .. Co e :
Joe and Sam choose the same color, Sam and Sue . |
do not chogse the same color, Sue -and Jim do not choose o .
the same. color; also Jim and Pan ‘do not. choosgthe ‘same .
-color. L - S ’ . ) .o
. . . Y . -" o -' ) ‘. . . . r..;
_What is the smaltest number of different colors L
thac could have@bJegn chosen? '
N 'r‘ ,‘ .. > ) \ . . ] ~:
s Red-Blue—-Red-Blue-Red . ‘.’
R / "‘,' ‘t - AR : © K h.‘\ 0
‘Work your p \ob\l{em in the space provided below: . : o L
7 b - T : e R gl
> . \ . . e 1] :
[ o s . , .
. | v . L - "":’,,:i ‘ \; ) » '.-' ::.
. R \ S ', N . - D ;
- " ‘ﬁ 5 R : * . '”: -
\ o N . ) . ‘i. b}
]
‘ : « -/
. v N . . ' o “‘ JU" ' N
) ; K % : “
‘ . “ - ’ o - [



i

0 ., . '_ "4 R )
- . . .
. M ' ’ . - - ’ 4 ‘. o !
. " . a , . - 'y . 8 . .
- : ﬁ [
f N o lapm . M
. . - .. ) y o s i 96. . .
F. - .
el ‘ e Question 5 ' ' .
'I‘he cxrcumference (dlstance 'around) of a c:.rcle 1s
. BA : N _, R N et
24 and the length of a mlnor arc ;s 4, : LT .
' 2. Loe i A . .. .
: What lS the measure (ln degrees) of the central ‘ ; .
" . ) ’.' M X
.
angle formed by the two radll whlch 1n‘|:ersect the cucle c % i :
to form. the arc? - _ N L '
' o .,’T:,,,a PR ' ) *
s R LI , R - .
3 LY . '
. 3 . . .-’
.. Work your -problem .in“the space provided below: .7 - L
. 0 ¢ M of'?.’ - '. ’ 7 »l ) . .
B ' @ . . . g
t . n b f;z
) LI R L e
. R ) s * O W
i . ' . - . ! n':(é
] ., . s
et S P
. ., " -
‘-( L - °‘
» - ‘»‘
t o , e ’ , ’:( '
. < i ~ * . o
? - N A »
\ . F ]
¢ M y
'j K ’ v \ . . \3
‘,t'\‘: . ) o .
"{{_ ‘: $ 4 .
1.‘;‘;3"7’/ o,- ' y ‘ 8
5)5
- "o ' 9 :
R . A R -
A . '- > . N . ..; ‘ )
- Place ‘your answer in the following space -~g~-====bomcme—eeen— “
LI o , . .. . ' A. Y : e . . ' . .. * . . \ ) .
‘.. ' 5 v LN ' ‘ ] i ‘ ‘a
3 M ’ ° s b
L Ve B
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. , k y ! v 3 - - (4 ] ‘.o; ) l .. { o .
. N @ = P S0 ’ - ; ;e : T )
° [N 4 ) a ° wl . .
. : o \ » . . . \ . L
SR . ) ° k) - S YR L o . : :
. LY ,. ‘. ‘ ‘y ) :“‘ . s '_‘ : T ) 1 o ‘ﬁ" ’
P . . ° X : . < , .
. 4§ 3 o« . ‘ L 3
oo Yo B e - I8 '.c o . o AT . ’ " '-
b c : . 5 SRS 97
' ol 0 . , . \ 5 " 1, S N .
‘ . . - . P Qguestion-6 - C s R s
. . . a . * . ! ' . . .
I . - _" o . ‘; :" n'.‘;‘ B P Pe . -l" < -
ol - . Rq (' . s . N o [T ' ” " .'u . ". N N N ¥ . . -
* : s e DT o * A ] : ’ ' ‘ -
' .« Eleven boys 'stand in a circle. No two boys . .- .
. ’ 1y ° . . L ) . N . . @ *
s - l'. i ) ., v t - . ° ) ' P . ST ' N °
T s ".standing. next to each'other have Qn'shfrt%of’ the samé. - ¢ ]
\ a - [ . s » L . i
3 . - v N . v . o 1 .
. | . . « I -~ ? Ld
: ) . - . ; RN Lo ,
" w: 'eolor. - .. .o : R - o
. 1 . i . '-»- . . :"‘ . ., :.,‘.‘ oy » P . o 0
. . . o { 5 . ~ - . , . . ‘e . ° .
v .. What. is tRe minimu numbez;p#of colors the eleven _, .. ‘
. L. N . . -'n * ‘. & ' N !
. N * . . v i . . . 1) . '
v EO , ) . . ! . : N .
boys' shirts -can be? " N e o . - ’
4 N . . % i € m - . '
' STy n ,' e ) ) . ! ’ T e :
i & ] N “' .f\ - . . ‘ Vs A . -0’ . ot . - ... . L
A » L) : ", . * . w
N A ‘ N 0 . N . N . ‘e . ¢ ’ = , 0
b > - » . - - L 1 - .
poLe .Woxrk yodur, problem in .the space provided.below: ... . T
) " | CL - ) . N A : ‘e . . : . - . o o o . 2 .
PRI LT T ol . L . [ s ..
l‘ . ‘e : o ° A . - ' o o T , ‘° ° T
". av . : ’ ' * ¢ ¢ . . b *
- \ Cie : S. @ . . . R T
N ¢ : N i ’ ‘. N 3 .
. . - -~ e R NN . R .
. . . e L t L4 Y . .
-t . ’ w ° M "’d ] ‘ » e ‘
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‘ y [T ~ ) ’ T 3 * o
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f N o~ - N s * . Q o
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. . g ; . o S L o
. 5 : t .« ® \ . : o n’ v - - @
. ' . ’? - R . . °t’b
. . - . . e ’ ' ¢
. . o o ) N . . '
< - Coale L : s ’ o p * ; ‘
] ‘ N . o - n"a . . f
o “t e v ' e ‘.1 '.F N S ] *
" + N LY M . 1
T @ . ) \ o -
; ‘g . 5 K . L N . e o
L » = N * . e g v '
3, ® . s ‘:1. :’ : 4 1] , v .
!' .. '*‘ - ‘ay N - . °. . . * M -
- - o . [
o ~ . ' ‘@ N ® )
. . . - , , . '?/ . , s -
., b ) - G M ' b e N . L
. " RS % B . N Y
°, . i » o LT ’ . - .
o . . - o Loet o ® , o - g »
“ ‘ ot . . ' - "
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' ’ » C e I . AL * “, . ¢ . RPN ' V3 : { . = - . Ay
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, [a . - h " . o
t)' o ¢ s l ¢ ' ! ' * ° 5 ..
e ' e 4 s ..
° s o e . e,
1 . \ , 4 4 B \‘ i
- . - e N . ; N . .
. . 1 . s o .o® [ I , . ’
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* N . L - 0 . ° ,I ’ ’ ‘e * . .. o ) A
D -, Place your answér in the following space --—t—-cs--tee—oco—ld—
. - ' . ! . . . « * i N . ,
0- Fy o . 4 ) ! ' s . ~ .
L : R . . * o . R ¢ . : .
’ < 3 N P o R
* e S Y ’ - °, R N :
° . N > 'bl- ° \ R °'. ,
~ . o‘\ 1 ' ’ ® 3 -« ) " . vl 'I -
. v ‘ v a . - . .
s . voo. " -
LI . . [T ¥ R - B 2 . .
ol . N ? - . : | b
. : N . s = . . , ] N » . .~ -



. . .
. - [ P L4 R ’
° o, . { \“ e .98
. . 4 . £y ~
' . Yo é - . ) . ’
' ‘ . ' ' . v - A A . > ’ . ot 1
) ' e e . . . ++. "Question 7 - B e
* . .- ' ' . : Y ’
s s o : - NN ¢ - -
™ ‘0 . ‘1’ : s h M : ‘ N : " ° L]
« ' - . . ’. ) -~ R . . - .
- . If the three points, whose- coordinates are (-3, 2),
© AL, ,5), and (4, 1) are consecutive vertices\of a-square, .
. ; : SN . _ T -
. .what are.the coordinates of the fourth vertex? LT .
Y . . “ . . . . . - i »
‘ ST ‘ L 1. - i - s )
. o . . ) ; ) P \
- . g’x - 4 . . . R " . .
’ ) -.Work,ypd.problem in the space provided below: - - . .
R 'y R o . - M , ) . . . . .‘ &
1 4 o ) l' - - M N . ) .
Wy “ . R > "2 .
-, . - ~ " o~ . > N .
‘ ar ., . - o AN * . .0 N - : ‘
(‘ ] [ e . -
) . ' . e ) . .
B ¢ - . T . P * v ¥ roe ,,
o ‘, ’ M . . . a ’ s , .
. . ' .‘S. . . - , ; . .
- . . . 7 . K ‘ . s . : . “ . . -
. - P .o R - ) )
, ~~ s a ) < o i ,
. E - AN -~ .
' . s ’ ) ) . PR . ! :
. 3 . e, ' RN - /§
. - . . . . - e
. " t . T o+ . . P ‘l.- - ' .
- . v- o .. - I : . .
< -—'" A// .' - ‘ . . \\ . a\ - -
. . ° R °e : N at
- ° . ‘ ’ ”~ 't . .’ - ) .
; ; ’ - , T, . ! . /
. P e o , X S , )
” - R e - * v . .
: S . r, ’ ¢ P . : 5 . i
N . - . ¢ ,
- H . M - 1 9
. oA - » : -
i LY v ! .! . -~ L
[/} 1 L . - . v -
” e . . \" h I
PYSR { . v P
' - - . o . »
1 Al v + / ' : -
. L N . ‘ -
. ., ‘ . i 1] L . " « . [ad
o A . ‘. . RN
' ‘.' ’ ) - ’Y . ~ . . . ‘.‘ t .
’ . 7 . * ; -~ T a . - i . *
- ‘ . - '.&-m . ot . /, ‘. K ..
¥ ¢ ° : - [ - e . ﬁ-: ]
. . . o= - . . e :". . ' -
. . :, - CL R oot - .
. Co o, ; I _
. . / B & ,

o Plaéélyour.answe;fih éﬁelf6115Wing space . .

. R .
- N > v LT e : T
. . : . R . .
™ . ) ) ' )
H « . PR . ' ¢
¢ (
i R LY ‘e + -
' T < ° i) - y Y o,
. 0 N ” ¢
. ° P . E
.
o . {
3 .



E-4

! - ! - ' . ' u'
. . s
- , . . s e R
> T, . R : . . N . . K
. 2 ° - LV o e s,
. ) < . .o .o : : 99
- : z - . u
3 , a . "
) . ! . ) . o f' -
T . "Question- 8 ' v e
. o A m’an 6 feet tall, rest:mg agalnst a telephone -
PR - - .
. 1 !
pole, g:asts a 4- foot shadow If the telephone pole césts
’ . ’ M R o t
a 20-foot shadow, how hlgh ‘is 1t? . . .
. o o . )
. . ) . ’ ) . *a... . .- . ¢
Work your problem in the space prov1ded below: -
. 4{- . , N N M J . ' ‘ .
. A e, T . . - ' g
. Q - . -~ ’ M'.
. . Q . < " .
N . ] ‘ ! ’ ) N FE '
. . LT ' ) o | .
. ) N H a % R "
3o T - 'l :
L - e, ) . " .
. . et - . . ) ' p
S B ’ . L
. - - ) '\ . » "
. . © 3 Nae N
Kl - : *J . . | . . 1 . . -
. T T ' . 3
- ' N ‘ .'- " ) * " 4 N
e 4-£60t . shadow.) ... 20-foot. shadow _
4 . "t B ; . o
' . ' » . -.‘ ' y ..a Y ‘
. Co e < - T v e
Place your answer J.n the follow:l.ng space ---—-—---------—--——-,—-
. 8 ; . - 3 N . ,
e N . . R] .

g



o '

_ 3§ 0 N . : . ,
% . ~
1t El - . . @ .
- . . ¢ . .
. Y ; P . . n. '
L . . 100
\ ¢ .1i . ' .
LN . . °. oo \. .‘_n.‘-- .“ ., . . « °
oL . 7 "Question 9

. .
L o 1 -

'y
. 2,

. ”

.

x -
[} '

", ¢+ ,."-What. geometric figure is formed when One connects

a2, =2,-20 (-2,70); (4,

2) and (I, 2)?

. Work your. problem in the space provided below:
R - T . A . T 2 : R
‘ b ] ) 4 v: al. /'.‘ ) :
. - e v
K ﬂ_ - . /\ . . -
- ‘) R K s ‘ e
“l .. . ’ . - '
. [ a: . 1 '“.
¢ ! . .
. . : . i N
0 N L :
. , L B
A ° - ". ~ .“, .]‘ ’
‘ ' (-2,.2)] (1,-2)_ (4, 2)
S !" | -
3 s 7 e M I ] . -
.. — . B ﬁ_;yr I - - l .
. . ‘ l . | . ' l "
e L
BT | o
: (-2, ~mb — L — —— ks, -4
*" ' h -
) [ )
I - .

.



: :
, B ‘e - N
'. .o [ ] ’ v 4
T - - 101 -
’ : . Question 10. i ]
+ . 4 ° ) -~
'+ S8.is_a cardboard circular disc of‘radiué\gj;/ﬁow

many bi;cﬁldr cardboard discs -of :qdidg 1/2R can be placed. -

on S such that .the smaller discs do not touch each other? ™

’ ’ ’
; ' . . . T o
Work your problem in the space provided below: -« ., - S
. - , 1Y . B f‘ 4 o : . s )
o . -
N » 1
. t -
) - .
"'
-‘5
e 0
N |
i . » ,
1 -

v -

Place your answer in the foltowing space~—-=---——=-==e————ll_

o L] . . , . ) ’ ' . . {'

[ A ' . ' e

N
4
’ e e AZT
. PN
» v
W 1

s

&

N ..



1. for a 25%-disqount.“ﬁfter the sale the coat was hankeé'

.

.;'Quéétién‘ll'-

A céat, regdlafiy"p;iced at

up'30%,'what does it cost now?-

K

I3 .
.Wdrk'your problem in thespace provided below:

{

¢

$50.00, is on sale

e
.

v

0 : o R DY 0
A " de,

t

 f  ?¢‘A

10 2030 40 50_.60_ 70 ho_-90_ robs.

M > (0

20

25

30

'35 B0 45 '§5

o

T

10 15

Yy

-~

v .

l *

" 10 20 30,40 50 60:70 80 90 100% -
L T T ¥ T g T “l j .

5

T

-~y

10 1520 25 30 '35

‘wa HmeE

ol

H
L g ——— |
|
l

" Place -your qnswér*in the followiﬁg'épacé;—f—fr¥44 -----------

[~

»

. “
e e ke . CRE

.



S H\f"iA . - .. OQdestion 12 P
o . . o L Tt o
B R . . ' RN

A Cardboard box (w1th no lld) is 3" feet long,,

’

2 feet Wlse, and 1 foot deep.-'In the box are a couple of

fleas, George and Lee., Georbe 1s -in the corner of the .0

A}

“ , box where the 51de wall meets the end wall ‘at the very

top of the box. LEe is .in the corner where the opposxte"

- h -

N ‘s1de wall meets the opp051te end wall and is at’ the very

’

bottom of the box. ,' : I‘ R - 1 - 1 i

» hat is the shortest path George can take to get:
to Lee,always remainlng in coﬁtact_wlth the box?:
' Work -your problem. in the space, provided below:
= 1 “
" A . " ’- ’
. u g ¢
, S ; p
- : ’ M .
) . ; ; s
;“ ) . » . » "«
, N ‘ AT * bl
1 < . ,
- ’ = 5. L
. ] "
' Place your answer in the following space ==========~~—m—mous

e

.:,_;."J‘-; Iy

oy



Place your -

answer

7 °
. » ) ) ' - :
! - .
N ) ! ' -"( ) s . ° .
I3 4 ) . 104
L h , ' . ’ o
-, ‘ ! E .- -
* " . - (' N . :
e ” . t ’ A ¢. B \ .
s . : Question 13 o ) .
’ N ! .v ‘. » ' ’ ... . - :'. “\
. 1 .. Co s . - . . -. .
. 'In 1964 'the average salary of a skilled -worker -
in the United States of America was $3,000.; in 1965, ..
o - : . - ! N . ", ' v - . - ’ !
$3_,_400.,"..3L'n 1966, .$4,300.;%in.1967,-$5,000.; in‘”l958, Lo ‘
. $6,000. - o S ’ : e
N . . ) ' . M . ! v 2
v _-In what year was there the greatest percentage '
-, . ' t . . * N * “ ’ . i - 4 . N !
'increase in average salary? . B
e :
.Work your problem in the spacde provided bélow:
. ‘ . t ¢ , , o
v . 'l. .
T ) S, . S
Y , * " ' M - ’
Y - ¥ . - '
Pt : . ; K
/s ‘ Y 3
. ,- ° ’ ’
[ 3 t
~ ,
il . “ R N '
RS SR '

in the following spacété-l----Arﬁaé--;---—--



IR Quéstion 14 = Vo
i- A-farmer‘has a'plot 6f landzbb feet by'lS'feet
Let s call the plot of land ABCD such that AR is 20 feet,
BC: 1s 15 feet, .CD’ is 20 feet,’ and AD 1s 15 feet
L There are three paths runnlng through ABCD ‘The

.flrst path 15 AMswhere M 1s some poxnt of BC "the Secgfd

'105.

Apéth is 210} where P 1s some po;nt of AB and Q is sqme poxnt«-

'of CD such that PQ lS perpendlcular'tb both AR and CD.-

‘The-last.path lS RS where R is some point on .AD

and S is dome. p01nt of BC such that RS is pefpendithar -

1

Y

;‘to both AD and' ','.-" . .
o '~ If one walks down AM 10, teet one finds a p01nt z
“where three paths 1ntersect.,; ‘ ' N

: ‘ leen PZ is 6 feet.flnd the tgtgl aree in: square

féet of the two plots of land RpQZ and PBSZ.
. - . P ,
. A,

7
|
I

0
!
\

Q

?



s

. . " Question ‘15 T""' Coe : ;

. . e 3 7- o . . .
" A rectangle has length 140 feet and width 3/7 .

of its ‘lepgth. What is the area of the inscéribed circle

: . oo . ] - -

. of the.rectanglé? Give your anéwer in terms of "(pi) . .

' Work your problem in the space provided below: : :
- I , !
§ . - . ! ,
- ) i . .I‘
! .' * . Q ;
. ?.
- ¢ N -] ‘
s < . ’ .
> ! - I ' ) ';
" N \“ " ‘ v - ) C . N ! 1 e . , N Jf
(3/7). 140 | B oo o ©
o ) N . . ) . :.. . . . ) ..." . '.- .,.
. I . 'E . . 4 . ( R
- ) b
- ’ L .2
“ - i ‘
v . ©
4 .
) ? N & ’ . ]
- ‘. . *
Pldce your answer in the ‘following Space ==r—m—-m=memmcmocmadn ’
A - . | . e B
' L s . : . . .- - . T ’ ..

. . . L . . . B
f , . . - . ! :
. . . .
. . ' ’ . . -
’ . : . ! et . s e i
’ . . : . . . v, . .
. . , - L. . . L.
- L. N . . .. " Ll * . 3



¢ N <, »' b \
, SR ' ¢t 107
o : : . ’ o . " - ' .\
| e : . . ..© \Question’lé .  r - | .

‘At what 'point will the graphs y=x+3 and y=2x+5
intersect? ' . '
Work your .problem in the spéce provided below: ™

A
-

N .
- . L] ! !
s, d .
’
’ . . . s
Y ' . .
' . .
- ° . . i
[
. A N . - ,
.o R . . . .o T .
' . . . . o ,
' ) P ’ . . . ' .
. . s
. T - . .
) , R .
. L . .
. . X . .

3

o A

3,

ey



B

-~ -

(8, “1), and (2, -7). T-is a square region with ve
g . -

1
-, > R
. . Y .

%uesf:ion 17

8 ié a squéré region with vertices (2, 5), (-4, 41), ‘\
o . ) ) - . ’ e ., 6 .

rtices

N

(0, 3), (6, 9, (6, <3), and (12,°3).. o

by the ;pteféeCtion.of S and T? o :

¢ Work your problem ib;the space

'.l,

'

What'is the area of the rectangular regiog formed

.

s l.
*

' Q

-

fprovided Bglow:

A

‘1

7 2T M
Place your answer

in, the following space —=—r—=T=———ro=——a—-

T

3

"ﬂ-é}

C ol -
RS

. .- .
© omree Tw o eadat

e
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o ¢ [
. Co
it " ' '
. Y - . s - Fi -~
p | .
AY ¢ ‘i L]
" ~ . .
T e o . T )
. ) Question 18 . .o
L] R .
, -

S R . : o o
.. What geometrical figure can contain all of the

" following points: '(—3q-4y, (3, 4), (-5,°0), (3, 54){_

v (5, 0)._(-3,.-8), (0, 5), (0, -5)2
. - ft“:;l}"‘ N ) ) o ) .

v e . - L .
s Vi - ; . . - -
= A -
BN

ST s A ‘ o
Work your problem in the spacé provided below:

* . L ' N . .‘
o ; ~ «Q " B N M
i ! . . M . M
'3 ’ '\ !
’
' . v
’ - ‘ ¥
, .
.,y ’ ' »
-t ‘
Y ! i ., ¢
' ‘\ ! », .
. ¢ . ‘ B
~
1]
A )
\ - “' ~ N -
N ! . ' M

LY

‘ ’ 4

. . \

% .
- ’
. »
e ’\
. ‘. . . N ) -‘ !
Place your answer in the following space -~-——c--——i——-
. ‘ . . ' L8 .
o o K : P :
i . ,
L : L vy :
Q N \ * , N .
' . ‘. '.. F »

L