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ABSTRACT

Described is a study concerned with the mode of
presentation of printed mathematical word problems. Tenth grade
students were given twenty word problems to solve, presented in one
of three ways: (1) prose only, (2) prose with an accurate picture
included, or (3) prose with a distorted picture. Experimental resalts
showed that the ¢roup with an accurate picture performed
significantly higher (.005) than the group with no picture, which in
turn performed significantly higher (.005) than the group with a
distorted picture. The subjects' intelligence scores, reading scores,
and grade averages in the preceding year's mathematics courses were
related to the subject!s experimental achievement. (RS)
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T Kilpatrick (1669) indicatea tnat increasing the
ability of stude.=s Tvo solve provlems hes icaz been .
goal of mav. . ._ce Liigraction. Tne conlercc. ol Ui

Cardrid e {on.grence on HCR00l .athematics STiteld TL S
the solviz:: of mabtheratics problens was golnj3 ©C Cl..-

tinue To . ..porvantv ir Tae metnerctics curricua~lll.

i ,\tiCS, - ;«55)

...oroblem materials saould be considered &v i1&i3%
as iwzportant as the text proper; and it shoulc .get
&t least half of The tiuze ard zttention of thne
autnors.

Tnis ervicle is a report of a researcn study concerned
withn the mole oI presentation of printed matneratical

word prot.. . The study's specific concern is the
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effect of presentinz a pictorial representation of the
proolen situaticn.

Riedesel (1969) included the following in hnis
list of aids in the iwmprovement of problex solving;

iake use of drawings snd diagrsms as & tache
nigque to nelp yucils sol rovlens. This
vechnigue is helpful to pupils of all ability
levels., It forces the chiid to consider the
problem situstion.
Cther educavors have also stresseda tae importance of
using pictori.l &ids in oproblem solving (Henderson
and Fingry, 1353; osloom and Sroder, 195C; Young, 195&;
Trueblood, 1935).
Jita respect To the uce of & pictorial repre-
sentation, 3loom and Broder (1950) suggested tre fol-
lowing:

1. Ton't let vhe physical format confuse tne
students.

2. If you use diazgrams use them correc: C1ly.

2. ALrrangement of the data can distract from
the meaning of the problem.

4. Indiczte clearly now tiae questions are To
be answered.

Young (1968), against the purpcseful insroduction
of error into a problem solving situation, nade the
iollowing statement:

Neat, orderly work is always helpful, and fizures

irawn at least fairly accurately are often SUZ-

zestive,

-t ic well not So Try to correct the conseguerces
of an error discovered, but work afresh.




Brownell (1951), in nis genmeral discussion of
problew golvinsg, suzsested the followirs:

Fart of the real experience ir problem solving

is the cbility to differentiate behwesn the

reasonable and the absurd, tne loziczl and the

illozical. Insteud of beinz 'protected! fron

error, the child shoula many tines be exposed

Go error and be encouraged to detect and demcn-

strate what is wrong, and why.

Bigze (1964), in agreement with Brownell, wanted
Listvakes to be used to advantage. »Bigge (1964) nade
the followingz coumment abcut mistakes:

reking mistakes often encourages us to re-examine
sometning we had rezrarded as True. Teachers

usually do not let students wnike encugh nistekes.

Tae preceding aiscussion inaicates the existence
of an area of aisagreement witn respect to the use azd
accuracy oI pictorial representations of problem situ-

ations.

¥etnods

i testing instrument was developed to gzather
Lata walch would support or reject the conterntion thet
subjects' achievement in solving printed mathematical
word problems is affected by The presence of & pictorial
representation of the problem situation, regardless of

the accuracy of the pictorisl representation.
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Test Develorrent

Forty proolems were selected frox the Y- and %-
population Test batteries of tae National Longitudinal
Study of .stnemamtical Abilities (BiSid) and three mathe-
matical textvooks (Dolciarni, Berismn, and Freilich, 1952;
Jurzensen, Jonnelly, and Uolciani, 1965; Vannatta,
Goodwin, znd Fawcert, 1362) on tae basis of thne following
TWO criveria:

...t0e problems could be solved without &
pictorial representation of The problem situation

...une problexs coculd be solved even if the
pictorial representavion oif the problem situation were
distortec.

4 pilot study was conducted to determine if the
administrative procedures would work in one fifty-five
minute class, to find the twenty problems vhut discrinminasved
best, and to improve the sets of distractors. The tTwenty
problems tnat discriminated best were then used to con-
struct three forms of the finzl testing instrument.

Foru A of the final testing instrument contained

oniy the prose description of the problem situutions,

o]

)

each with five distractors. Forwm B contained &n accurate
pictorisl representation for ezch item, in addition

to thne =susme informetion irncluded in Form A, Foro C




contained a aistorted pictorial representuztion for each
item, in &ddivion to tne saiwe information included in
Form A.

For eacz ivea taere was a set of rfive distracvors.

cistruactors tnere was one called the

iy

In sacih sev o
"distorted answer". <The distorted answer was vhe chcice
tnat would nave been correct had the distorted pictorial
represenvavions presented in Form C been correct.

Pizure 1 contains an exawple problerx from the
fingl testirnz instrument.

Insert Figure 1 about hnere

Adrinistration

The Testv was administered early in the fall
sesester of the school year to 322 tenth grade students.
The tests were acdministered iu the students' usual mathe-
ratics classrocms by the students' regular matnematics

.-
v

achers. The test booklets. were arranged in randon

@

order using & table of random numbers sand distributed

To the students in the students' ordinary seating

Tae teachers were directed to answer questions

of & mecnanicsal nature, i. e., uestions concernin<g




Tae snarpeniny of tase provided pencils, typorraphics
errors Taat ulzat be found, etc. wne sudbjects were

not told that the pictorial reprosertations in Forx C

w

were distorted
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period.

Backaround katerial

Reading scores (California Achievement Test),
I. Q. scores (Califdrnia kienval Maturity Test for
Junior digh School), and grades in ninth grede mathe-
n&tics couries were collected for each student in
order to test the effect of the variables on achieve-

mente.

Nesulvs

The results are divided into two main sections:

(1) test analysis and (2) test of the hypotheses.

Test Analysis

The means, standard deviavions, and reliability

|




coeificiernts of the three forms of the testinz instru-

ment &are presenteu in Tuble 1.

There were 114 subjects ian Group A, the zroup
that was administered Form A; 96 subjects in Group E,
The group ¥hatv was sdrinistered Form B; 112 subjects
in Group C, ©vhe group thut was admiristered Form C.
Table 2 contains the dava that represent the perform-
ances of eacn group on each itew, as well as how many
vimes Group C chose the &istorted answer.

Due To the differences in the size of each group
it is userul to compare the percentage correct for each
group on each item. Table 3 contiains the means and
adjusved means in percentaze form for each grocup on
each itew. In Table 3 one will also find the number of

non-answers for eacn item.
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Insert Table 3 about here
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The data in Table 3 show that Group B scored
higher on all the items except 4, 12, and 15. Group C
nad the lowest percerntage on all the items except 2, 6,

oA

9, 12, and 18. Cn twelve of the twenty iteas Group B's




percentage was at least twice Group C's percentaze.
Again referring to Teble 3, one notices that on only
ore item, item 12, was Group C's percentage greater
then CGroup B's percentase and tne aifrerence was 1.0
percent.

The datea in Table 3 also show That the subjects
in Group C favored tihe dlstorted answer over tne cor-
rect answer on all items except 4, 5, 6, and 15. On
only five items did over 25% of Group C choose the
correct answer while for fifteen items over 25% of
Group C chose the distorted answer, and for five of
those fifteen items over 50% of Group C chose the dis-

torted answer.

Test of the Hypotheses

The study tested two nypotheses:

l. The swbjects; acnieverent in solving printed
rathemeticel word problems is aifected by the presence
of & pictorial representation of the problem situation,
regardless .f the accuracy of the pictorial representa-
tion.

2. The subjects' acnievement in sclving printed
rethernatical word problems is affected by T. {. scores,

reading scores, and grade aversacses in the prec-ding




yvesr's matihematics courses, regardless of the method
used to present the muthnematics word probleus.

To test the first hypothesis the means of the
three groups were tested by analysis of variance. The
analysis can be found in Tsble 4.

R S G SN G G NP Y GG G WS W SN ERS IV GmE G WU GRD T WP GO WD SIS G WS VS SV 8¢

Insert Table 4 zbout here

The source of the variance, indicated by the
significant F-ratio in Tsble 4, was determined by

spplying & modification of Duncan's ltew lultiple Renge

=

Test. The nodified version is one, developed by Xrzaiuer
(1956), which is appropriate with unegual cell size.
Phe final ranking showed that Group B's perforimance

iznificantly higher than Group A's performzance

})

wes

0

2

and Group 4's performance was significantly higher
than Group C's performance. The level of significence
wes .005.

The second hypothesis was tested using Jdouble
classification analysis of variance. Teble 5 c¢ontains

FA!

the test of the means when the three groups were divided
I. Q. scores. Figure 2 is &a grapricsal

accorainz ©o
representation of the means of the three groups divided
according to I. §. scores. I. . scores were available
for 236 of the 322 subjects in the study. The average

I. §. was 108. N




10

wnen the three groups were divided accordinz to resd-
ing scores. =i-ure 3 is & graphical represerntation
of vhe meesns of the three groups divided according to
reading scores. Reading scores were availeble for

244 of The 322 subjects. ‘The average readinzg score
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Tne ctest of The means when the three groups were

BRI pe

divided eccording to grade averazes in the precedin

Figure &4 is & graphical representavion of the reans of

the taree zroups divided according to grade average in
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and Figure 4 zbout here
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ticn gnalysis of variance significant main effects were

noved. The data supported both aypotheses.
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sentavion of an accurate pictorial revresentation of




the probler situation facilitatves student acaievenarns

Ny

-

and the presentution ol 4 distorted pictorial represe

L

tion of Tize problen situation debiliteates student echieve-

ment, The subjects' I. . sccres,; readinzg sceres, &n
ves in The precedin? year's nmatzesnctics
courses were related to the subjectvs'! achievemesrnt,

rezarcless of the xevihcd used to present the word

In all three &pplicevions of double classifi

e
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otner two I. . groups. However, ihe

rankins of the zroups was not altvered. BEquivealent
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results were cbvained for the reading end 3zrade averag

ZToups.

‘‘ne results discussed in the last section must

be invergreved in the light of the fact tThat the siu-

11




sclved without & pictoriiu. represernctation, tane deta
seen to show that the sublects tended To place emphesis
on vne pictorizl represerntation ravhner vnan the prose
description of the probler situation.

Since students, at least in a testirng situadion,
tend to assume Toe inroriation presented is correct,
the teachers shoulid empnssize, &s sone eaucavors have
advocated (Crownell, 1951; Bigze, 1964), thnat separas-

-

irz tre lozical frox the 1llogical is part of solving

nz eifect of presernting the distorvtion in a

h)

testinz sisuction was so strong that The high reading

group teking Form C scored lower thzn The low resdirng

crin & or Form B. an eguivalent
result was cbtvained for The grade averaze variable.
The effect of presenting an accurate pictorial

representation as &n &id in a tesving situation was so0

strorg tast Tthe low zrade average group taking Form 3B
scored higher then any grede average group teking

either of the other two forms.
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The ci rcun:exencc (distaxce erourd) of & circle
is 24 and the lenzth of a minor arc is 4.,

vhet i1z the measuﬂe (in dezrees) of the centrsal
engle Icried oy the two radii wnich intersect +the
circle Tc for.i twiie arc?
() o2&
(3 20
(C) 45
(D) &0
(£) 90
Forx B* Form C*
L
PRS

*form i contained only Uae prose description of the problem
situation and vhe five distrzcvors. Form B conbained tae
sexe informuvion &s Form s, in adaivion to the pictorizl
rerresentavion on The left. Form C centeained tne sane
irforiiation &s Form A, in =zdaltian To the pictorial
rgoresenvition on vhe right.

Figure 1
Exemple Froblexm
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Test lieans, Standara Deviations, and

Reliability Coeificients

oL Cean Steandard Crcunoscn's
= F Lo . .
: Deviation Alphe

A 4,94 2.12 .40
3 8.56 3.31 .70
C 3.79 - 2.13 .53




TABLE 2

Comparison of the Performances of the

Subjects of All the Groups

Number Choosing Number Cnocsing

Correct Answer Distorved Answer
A B C o
1 19 21 9 oL,
2 22 32 50 52
> 51 85 22 75
4 19 14 15 11
5 65 61 o4 6
6 20 25 24 15
7 18 71 4 ol
8 19 56 6 o6l
9 36 51 41 51
10 24 41 3 45
il - 32 42 20 53
12 49 31 37 52
12 22 8 31
3 o7 55 39
20 13 1% 9
48 56 27 29
16 42 15 30
15 47 21 45
22 26 11 33

21 20 15 17




TABLE 3
Ive:m Analysis: Iieans, Adjusted lLeans,

Number Not iinswered

Leza Adjusted No inswer

Item Form = g ? g Forzm
A z C £ 5 C A B C

1 17.3% 22.,1* 8,2* 17.3* 22.1* 8.3* 0 0 1
2 20.0 33.7 27.3 20.0 3.0 27,3 0O 1 0
3 28.2 89.5 20.0 28.2 89.5 20.0 0.0 O
4 17.3 14.7 1..8 17.4  14.9  11.8 1 1 0
5 59.1 &4.2 58.2 59.6 64.9 58,7 1 1 1
& 18.2 26.3 21.8 18.7 26.3 22.0 3 0 1
7 16.4 74,7 3.6 16.4 74,7 3.6 0O 0 ¢
8 17.3  58.9 5.5 17.4  58.9 5.5 1 0 0
9 32.7 53.7 37.3 32.7 53.7 37.3 G 0 O.
10 21.8 43,2 2.7  21.8 43.% 2.7 O 1 0
11 29.1 44,2 18,2 29.4 44,2 18.2 1 0 0
22 44,5 32,6 33,6 45,4 32.6 33,6 2 0 0
13 10.9 23.2 7.3 11.1 23.4 7.3 2 1 0
i4 31.8 60.0 30.C 32.1  60.0 30.0 1 0 O
15 18.2 13%3.7 11.8 19.2 13.8 11.9 6 1 1
15 42,6 58.9 24,5 45.7 58.9 24,5 5 0 0
17 14,5 an,2 13,6 15.4 45,2 13.5 6 2 ©
18 13,6 49.5 19,1 14.4  50.0 19.1 5 1 0
i9 20.0 27.4 10.0 2l.4  27.7  1¢.0 7 1 0
2C 19.1 21.1 14.5 20.4 21.7 15.0 7 % 3

Tetal huxi
kg%UAisggrggf 49 13 7

*The nunbers in taese coluuns are DETrCEenveges.

L
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TABLE &
Comparison of tane Group Heans:

iralysis of Variance Table

Souzrce inean Square af F~ratio
Tota 11.37 321

Groups 6l12.64 2 80.62%*

Zrror - 7.60 319
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PapLE 5
Comperison of the iieans Vhen

The Groups are Divided by I. @. Scores

sSource Mean Sgquare ar P-ratio
Totel 11.52 226
Between 173.69 8
Group 502.55 2 30.25%
I. &, 13%5.33 , 2 24 ,30%
Group X I. Q. 28.43 4 5.11%
Error 5.57 218

* < 005
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TABLS 6
Comparison of the Keens When the ~~oups

Are Divided By Reading Scores

3ource Lean Square df F~ratio
Total 11.3%3 236
Between 165.70 8
Groups 466.07 2 78.80%
Reading 134.91 2 22.81%
Groups X Reading  30.91 4 5.23%
mrror 5.91 228

*p £ ,005
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Low Middle High
Tevels of Reading
Figure 3

Achievement as & Funcvuion of
Group Membership and Reading
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Comparison of the Leans ‘hen the Groups

Lre Divided By Grade Average

Socurce lzeen Scusre axr F-ratio
Total 1l.34 241
Between 146.82 3
Groups 461.86 2 69.08*
Grades 4.29 2 11.11%
Group X Grades 25.56 4 %2.82%
Irror 6.69 233
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