A STUDY OF THE EXPLANATION USED BY
ELEMENTARY SCHOOL STUDENTS IN THE
INTERPRETATION OF THE FRACTION CONCEPT,
AND ADDITION AND SUBTRACTION
OF FRACTION

CENTRE FOR NEWFOUNDLAND STUDIES

TOTAL OF 10 PAGES ONLY
MAY BE XEROXED

(Without Author’s Permission) )

MICHAEL JOHN EDMUNDS













. & I
T e .
\". > N
D T
A
bt .
. . T
G
. ¥ .

AR, T .
.\ ,---

T CANADPAN’ THESES ON MICROFICHE

THESES CANADIENNES SUR MICROFICHE . g _
‘, I* Nanonal lerary of Canada ZB'ihli\ol'héoue hationale/du'Canada .- R NP RPN ROREEE ST
e v‘v'.Collecuons Development Btanch, " Direction du developpement des collecuons L L e e e N DVREAEEE

[

SRR ‘Car,\adian Theses on. ,:' ,’* “.Bervroedes theses canad]ennes e .'
R __»,Mlcroflche Servlce L i B

surmlcrofrche TR L

. -';.Ottawa, Canada ; -
TKIADNG S

NOTiCE

:'The quahty of thrsx mlcroflche is, heawly dependent La quahte de cette mlcroflche dépend grandement de
. pon “the. quality of the onglnal thests submltted for. ,-Ia ‘qualité : de la- thése soumise au. mlcroﬂlmage Nods ", -

mxcrofulmlng "Every - effort has ‘been. made to- ensure . avons tout falt pour assurer une qualité supervedre_’,—‘j'-. :
the hlghest quallty of reproductlon possrble ‘i i LT x de reproductlon._ . e : R

g pages are mnssnng, contact the unlversity whlch S'|I manque ' des’ pages Vemllez commoniqoer'. -
granted the degree. St [T “’-avec I unlversné guia confere le grade _".: AR,

Some pages may have mdistmct prmt especra!ly _-" = La quallté d mtpressuon de certamEs pages peut-"_ :

'if the: ongmal pages were: typed’ wuth a poor typewrrter '_Ialsser Ex désirer, surtolt si les: pages ongmales ont é1é: - !

L rnbbon or if the umversny sent us-a; poor photocopy j ‘dactylograph:ees 2 *V'aide. d'un ruhan usé-ol si Iumver- o g
T RN . IR .. sitér nous @ -fait. parvemr une photocopre de mauvatse. Lo
. '_-,Quahté '.-:,'"-\ R . : AN

A I

R

Prevuously copyrighted matenals (journal artlcles '.'j,-_- Les documents qu| font dejé !objet dun dront' g

publlshed tests etc)are not fllmed e dauteur (artlcles de” reVue examens pubhes etc) ne,..-
S CUSRE SR ; S "'sont pas mlcrohlmés T :
Reproductlon m fU“ oriin. part of this. fslm is: gov- ‘ La reproductlon méme partlellel de ce mlcroftlm '
< erned by the. Canadlan Copynght Act; \R S.C.. 1970; . est -soumise: a fa” LOI canad|enne sur’ le "droit d‘aufed '

'_'SRC 1970, c. ¢-30. Veunllez prendre connalssance des'—‘.':'
L formules d aUtor:sation qun accompagnent cette thése. ST

/ .

el C~30 Please read the authonzatron forms which
accompany thls thesus

1', - .o
N oL

.;--."THIS DISSERTATION LA THESENETE. T
“HAS BEEN MICROFILMED " =+ MICROFILMEE TELLE QUE L
“EXACTLY AS RECEIVED . \NOUS L'AVONS.RECUE




2

. ‘A s'ruﬁr ‘oF THE"g;LANATIONS\ USED BY ELEMENTARY
SCHOOL STUDENTS 'IN THE. IN’I‘ERPR.ETATION OF - THE
FRACTION CONCEPT ,- ‘AND " ADDITION AND. .

'_g SUBTRACTION OF E‘RACTIONS R

, A Thesxs submltted in partlal fulfillment
of the requlrements for . the: degree of' s
' Master of Educatlon ~

Department of Curriculum and Ins'f:ruct:.on
’ Memorz.al UnlverSLty of : Nveoundland
: o August 1982 '

T, T L e .
T i e L I R A




o ' e
ABSTRACT . .
S e The purpose of thls study”was to” analyAthe
. N g . ’ 'l ' *y /V

-~

subtract:.on of fractlons.
e

concept and t ‘e ade.tJ.o'n' and subtractlon;v'

w s e

. developed test d, and analyzed Twenty students were

frandomly selec "'_ d and weré i%ervn.ewed and audlotaped.‘

oL

part of a set :Lnterpretatlon of a: frac’tJ,on and part of a:

4

T the study Were of two dlfferent typds.-' Type l questlons

B YOI

"‘_-",were of the form where the rhtmber in the set W&S the same

' s

as the denomlnator. v Tyge 2 qUest:Lons were of the form ;-""f\'
’ : : R R N

K ).,.

'where the num r in the set was a multlple of the

An analysis was carrled out to determ:.ne the

> \

and subtracta.on of 'fractlons '

r".

tatiOns Were found, they were analyzed to hypothes:.ze

theJ.r nature and cause \

' explanatlons gJ.ven by grade 51x students 1n thei_r J.nter- s

pretations of the fraction concept and the addltlon anc'i '. "
£ fractJ.ons Were

The quesiﬁons included problems at the phys:.cal, , plctoral"'", e

“':,and symbol:.c levels. Quest:.ons were presented us:.ng bothf-_‘.

whole :Lnterpretation of a fractlon. _ The questlons used :Ln ;'.‘“

1nterpretat10ns oﬁ the fract;Lon concept and the addltlon.{r"ﬂ’

'Where 1ncorrect 1nterpre-,
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. e ' There were very fev] incorreqt J.nterpretatn.ons
. | '_of the fragt—lon COncept and the addltlon and subt_raction &

- ':"_.of fractlons when the students were g;Lven Type l T;ue;tlons. Lo

e P
t oo
Ce
' .
1 ° ,I
N ;
1
- r
: o
Tt
.
S
«
=
' -,
B% 2 L
. .
3
p
v e
e s
pIP

The only co,ns:..stent J.ncorregt interpretatlon was t@at

the fract:.on concept and the addltion and su.btractlon of

N lf the errors were. systematlc.. B

"-.consmtent m using the same 1ncorrect 1nterpretat10ns :

' for all the questlonsh{ IR _ "._-.

&

f_thre:\a students expla:x.ned the fractlon in terms of a

relatlonshlp between the parts of a set rather‘than as

"""-.'a relationshlp be.tween the parts and the total number 1n '

I

3
‘ '

.the Set. N . . v Lo .- . .‘ , o ; . .: ’.:_ . ) :“. ’— A

.v. 7

There were many lncorrect interpretations of

\

'.attempt by the students to reduce the Type 2 questlons to

Type l questlons.. The students explalned thelr procedures

N , '

as 1f the questlons were Type 1. e "

: There were very few computatlonal errors made by
: S .

“'the students and therefore 1t was p01ntless “to determme

-

The J.ncorrect 1nterpretatlons were not found td

KA

v

: """;;'Pretations to particular questlons but they were not

< .

' -‘-'”be systematlc. Students gave cons:Lstent 1ncorrect inter—' :

~.,','I‘he most conunonly used incorrect 1nterpretat10n was an ".:' -

: :-..‘fractlons when the students were given the Type 2 questlons. .
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Educators

,nd researchers such as Streefland

i

"5(1978) nd-West (1978) have agreed that fractiOns can be

R A AERI : - TR T

.7c,;one of the dlfflcult}toplcs 1n the elementary mathematlcs

:n”:”curriZulum For example, Streefland noted

. -‘Names Iike one—thlrd -one—fourth, and so
e _ -+.0n ‘aré not self—ev1dent ‘to .childreén. »The -
oo T - meanxng thlrd,'fourth . i .refers to ' -
B A ' ’ ‘the ‘ordinal” ‘aspect of natural,numbers -
St ‘ " which might outvote the té&nder .concept’
N .~ .. .-+ of fraction in the. beglnnlng when it is-

B oo .Stlll developlng mentally. (p. 53)

'.Streefland 1nd1cated the necessity of emphas;z1ng and

et e . -

e :-eUnderstandlng the relatlonshlp between equlvalent parts,“

‘qua?tlties that“result from: the subdlulslon of ‘an’ arbltrary

. . \ M
-‘;f.funlt ,and the fractional names used to descrlbe these

i parts. sTh:.s understandlng develops over tlme and anOlves_ s
S ' S .
IR .manylaspects of the fractlon concept.d - ~

Lﬁ:,:f*“u lfu ‘ZQ}'_;, West (1978) suggested thatfthe road through .
(o, 0T L .
2 }d,'iy.mathematlcs 15 beset w1th dliflcultles where the learner

12

;l?:stumbles along the way to the attalnment of mathematlcal

‘skllls.‘ One of thesejﬂlfflcultles aeals w1th theffractlon

concept. He state_“

- . -b- - -
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””Witls based on actrons he performs.t When a student makes -a .

e it e o

Ty

Z‘Tthe concrete operatlons stage.J

'jfof hlS own loglcal thought., Thls lS partlcularly ev1dent:

'to be greater than 1/5 Uszng hlS own loglcal reasoning

"'_the student 1s correct due to hls past experlences W1th
'4part of comprehendlng & fractlon 1s that when we say thlrd
- we wr1te the numeral three, for fourth we wrlte four, and

'?above the llne and the other number below the llne.‘ It '

‘,’1s o wonder chlldren get the symbol confused.- Retkln;

'whole numbers.-],* ",j' -'f ) ~j}ﬁ":“;. _ _'::'

N-1e} on._ For chlldren, 1/3 lS just two numbers, ‘one number

uAnother problem for many chlldren 1s'
finding a fractional part of a set, even
though the same .children may find that’
-1dent1fy1ng a fractional part ef’a: reglon
is easy. Many texts try to ease the way’
by giving illustrations of sets arranged
‘in rectangulariarrays. “Unfortunately the
' §8bt . 's0 aCCommodatlng.

Plaget (1953) suggested that fractlons are ihtro— s

"

duced lnto the ourrlculum at a tlme»when the Chlld.ls at

These operatlons requlre

n;¥the use of.mental lbglc and the student's loglcal thlnkinghﬁh

i’

.Imlstake the error he has made should be looked at 1n termsﬁ'iui‘

a.g

in the reasonlng the student uses as he attempts to com—

<

prehend the concept of equlvalent fractlons. G1ven two

equlvalent fractlonS'such'as-l/S and-2/10 the student

'.knows that the numerlcal values of two and ten are greaterf:s.f,'!

‘-than those of one and frve, and consequently belleves 2/1d_ﬁ

o

v

Retkin (1978) suggested that the most con§351ng

\
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_3and the word fourth in. the denomlnatoxm

klnterpretatlons are needed before a student cah completely

suggested thls would rarely happen if. the wrltten word

.wereused in the denomlnator of the fractxon and lf figures
_or shapes were prov1ded W1th the names of the fractlons i:

wrltten as suggested (e g.,.uSLng a square wlth four Parts‘“'

i

:f,.write the fraction w1th the numeral One 1n the numerator

RN

- il v "/.' N

‘ThlS strategy

fEllerbruch and Payne.(1978) suggestedjthat many

l

AT . v \/ . VL
'Nfunderstand the fractlon concept. These 1nterpretat10ns 3~Q,y

S

1nc1ude fractlons ) measures of"reglons and segments,;

0

'3Lfractlons as parts of sets, and fractlons as equlva ent

"“?classes of - ordered palrs of natural numbers. From thelr'

: B
i -4'
. s
H
3.
i
.
-
'
RS

x

?research.and classroom experiences, Ellerbruch and Payne

r" RS

Iisuggested that the 1ntroductlon of the fractlon be based

e L

'. on a measurement model because 1t seemed most natural and

"rzuseful for chlldren., The use df such a model would requlre

“ A I

"

~"‘"'-:."d.L‘.Efiqu!vt for‘studeﬁts to COmprehend The:reasons for“l;

fiittheSe dlfflcultles need to'be 1nvest1gated It was proposed
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Purpose of the Study

The major purpose of the study was to analyze SN
- the explanatlons glven by students 1n the 1nterpretatlon A

‘of; the fractlon concdpt and the addltlon and subtractionqiiffﬂ,?

.

-ﬂiof fractlons. The study also 1nvolved an examlnatlon ofﬁ-?f“

] lt\

'7;the computatlonal errors that were found 1n the add1t1on5f"“

: lr'

"~and subtractlon cf fractlons., Where incorrect 1nterpred

‘fﬁf: l) What 1nterpretat10ns of the fractlon cbncept e
RCE ,¢5and the 'addition and’ subtraction of fractlons [

" are made by students? ,,.i‘ ,_n.f
VaWhat computatlonal errors are made by
”_Istudents 1n'the addltlon and subtractlon
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e *:Kf .denominators." The authors of the study suggested thlS 'QE;dEL;

FECAPL NS SR 4

_ i. ) could be av01ded by focu91ng more on the total sequencxng -
_ L e ..-of 1deas rather than on each 1nd1V1dual algorlthm.. They ) {

summar;zed thelr flndlngs by sta

C

;'Competency with fractlons is important. JA SR
';,quallty instructlonal program, should- strlve
“i-i*.t0 ‘ensure: that every student’, has,. frequent
o :Zopportunltles to: become competent EmphaS1s
©) - should be! placed, on. sourd-development of .
g:fractlons with &1’ algorlthms cOnnectlng:*\ ,
- ‘the maln 1dea of" the:lnltlal, evelopment.:;~'
“Bj(p: 42) , ;?;p. T T TR ﬁ.‘{;

nclu51on of fractlons

"'-_..'Joy (1976) supported th’

1n the currlculum and suggested that one of the main points gt;i?h"'"w

|-' -
J

SRS of concern was the methods used to\teach fractlons., Joy

stated Ehe need to lhtroduce the fractlon COncept through

N3

L inﬁigff: the Chlld The use of such a model would becomeyalway £or.g

N \”;i" remOV1nglone of the‘stumbllng blocks that studentslencounternlzp: o
rulkiiifgpﬁh;% when worklng Wlth fractions.:gj}4= e., “‘ '. | ... “'. I d?
’ % R i e Cabie (lé?d) suggested two reasonswfor'teachlng;
{h%” i}.;ﬁjfi. [ ﬁractions._ These reasons 1ncluded the need of fractlons

st

for comparlson purposes and educators have a commlttment

to teach fractlons because of thelr place 1n many areas

T

ﬁféi“ﬂf;fufj"f\ of. workﬂL Dana (1978) stated that the most 1mportant reason e

for Tetalnlng and uslng the common fractlon was that the

'H’case for the 1ncluslon«1ffract10ns 1n the currlculum

l

{:However,xan analy51s of the llterature 1ndlcated that

e T et et b
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hence an lnvestlgatlon of the fractlon concept and(related

operatlons 15 an 1mportant area for research
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fractlons do play a‘signlfxcant role ln mathematics and

‘-/ N

B T W

Secondly, the method fbr ccllectlng the datggmust

“;égnSLdered'TﬁThls;lndlvidualized method of interv1ew1ng' B

\cons;dered The students'had‘no prev1ous contact Wlth the







-fand solv1ng problems._

\\‘.

'of students




‘ﬂftw0 parts.” In the first part research on thé "think aloud;:ﬂff
e -'ifﬁfff;'ixitechnique"_and 1ts relatlonshlp to understandlng_lncorrectz:.g
o ' 'interpretations 1s presented.( In the sedOnd pai&&&esearch7j"~ L

-on the fraction concept and addition and subtraction of

:wQTfractions 1s presented.t-kaﬁ.

Reséarchers such as Cox

'wyto use to conduct a d1agnosxs.;

Qtypes of errors.t Follow1nglanalysis and tentatlve d1agnosxs,"

:the student.is then asked to explaln the procedure used to

-

teter - i

'#Tﬁg_f%f study. Rather than break the~algor1thm down 1nto varlous

x oo

evels, administer the test, and use crlteria for errors,

\.A o

Lankford held 1nterV1ews at various times throughout the'.:*”,'

- . o S,

Year.. He found that oral 1nterv1ews were an effectlve waya

to examlne the thought processes whlch students used ln L

25




:*!-Lperformlng mathematlcal exercxses. Once the dn rvxew

T Jwas completed and an analys;s carrled out, Lankford

}Z,{hypothe51zed the thow;ht processes used by the students.,lﬁ]"

L B
'"&ﬂ;From this he decxded hether or not the strategy used by

N
o

”*ﬁfthe student requlred ;hanglng or re1nforcxng..gfdff“
Walton (1975)uconducted an'exploratorgu;pudy to

determlne Yhether or n:t there arewpatterns 1n the thinklng

fb{ concluded that patterns do ex1st ln the thlnklng processes

:ss.of students but that the effect offpromptlng students{"
',’ - | o s O
'-ifq:through the use of guldfpg questlons was lnconcluslver‘

\-.'

Kantowskl (1974)\conducted an’ exploratory study

of processes involved 1nlsolv1ng mathematical problems

, 1 e M
under?heurlstlc 1nstructfon At the end of the study‘ .y

: 'posttest*was admlnistered 1n whlcg Kantowskl obta;ned

\,‘.'-- tL

verbal prdtbcols of solutlons of problems by hav1ng studentsTi:

1y“th1nk alo%d“ es they solved Problems.; The pxotocols were,;if

Xﬁrecorded on cassette tapes. She found that 1n a high

.‘J§5 percentage of the students who had been prov1ded Wlth a




not verballze his thoughts.< Kantowskl (1975) and Gagne .fI?”

and Smlth (196%) suggest that thls is a serlous llmltatlon

"f 51nce the_"thlnk aloud technlque" does not provide\

,.:Y'-

An analy51s of student explanetlons thrOUgh;the

qf students' 1ncorrect 1nterpretatlons

f of analyz1ng 1ncorrect 1nterpretat10ns 1n relatlon t

student Fxplanatlons shOuld glve some 1ndlcation of how

u{ a concept.mlght be made eaa;er fOr students to comprehend-‘~”




o

/1ﬂwere Stlll unable to dompute_thh fractlons.d

~3 Y

Research.on Fractlons Lo

. SRR

Campbell (1974) and Wagner (1975Y studled the

development of the fractlon concepttln young chlldren..?ﬂ{fh

i

to two were able to determlne the number of fractlonal

o

Parts 1n a whole and that undefStandlng occurred 1n thef‘f”‘

order of one-half one—thlrd, and then one-fodrth

o Ve

Campbell (1974 ana Carpenter, Coburn, Reys and:”t

Wllson {lQ?B).stressed the need for theucontlnued use of@q71?

manlpulatlves, espeCLally when the fractlon concept 1s‘n'ﬂ*¢
.l?' - . .

Garpenter et al (1976) suggested that the tlmé we choose 'jiéf;jf.

to USe mﬁflpulatlves 1s crucmal

(1976) and Peok Jencks and

Carpenter et a1.

.‘)\_

They suggested

\ | o
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.students merely performed a mechanlcal process Wlth llttle
- yfﬂ;jff;@"fwunderstandlng of when and why 1t needed to be applled. 'f:f.m

‘d_ They also found that students were unable to deteerne

The authors attrlbuted

fi'the reasonableness of thelr answers,_

' f to the students.;‘There was no relatlonshlp between the

":f}models and the“real Werd -rThis was espec1ally true for

’ﬁthe models used to teach addltlon-and subtractlon of

'Z:fractlons.a;

Knlfong and Holtan (1976) analyzed the written,;ﬁivfﬂl

LIRS

nv'work of sxxth.graders to determlne the typlcal errors made

: "5:by students to proylde teachers Wlth Q factual b3515 for

~

"plannlng 1nstructlon. Followrng analy51s they were

'-u

1&;successful in categorlzlng the computatlonal errors made

,\.

?:by students ln worklng with fractlons., They fouhd the mosts};jlilffti

‘“”‘common errors were of the type 3/4 + 1/2 computed to be ,';:'T-ﬁf'“fﬁd

4/6,. 2/3 % 150 calculated as’ 150

.

3~5-50,.and lnverted

e

”ﬁfresponses where a solutlon 4/5 was ertten as 5/4.

,:,

Hlebert and Tonnessen (1978) 1nvestlgated a

:”strategy to 1ntroduce the fractlon concept earller than

'fi.f@s presently done.:‘In thelr Study of students in the age;»ﬁidii-ﬁ‘“

o range of flve to elght years, they found that chlldren

v .

';5vfwere capable of learnlng the fractlon concept earller and *L:.

‘,ﬁfthey were very speC1f1c 1n how thls earller 1earn1ng of

':;fnactlons céuld be accompllshed.‘ The data collected - e

revealed that students could perform better if set/subset :"ﬁ

' EE L it o

L el -

~ ’ \ 1": "“". N
.iﬂ .Lni R : .h %ﬁ
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’.jydealt w1th.students 1n grades kindergarten to two whlleﬂ

. t vlsual recognltlon of parts and wholes._ These materials 1adfll

?ﬂz.experlence, vocabulary, and verballzatlon.. Brown and

°ytnor grade had any relatlonshlp t° elther the 1earn1ng Of

snﬂarea measurement or.. of the fractlon concept._ He statedf,

*;of u31ng the area’ model to learn the fractlon concept ﬂﬁd;H:‘:g

‘f{students.‘ It may be that once students are past the flrst

”:three years of school then area tasks can be used when

:*1nstructlon. 1u,5"s ;;~~ 3‘5 'Lp‘ﬁq13.¢_:.;_v xu# l.ff

d use of everyday actlvitles and materlals w1th whlch the

")students are famlllar should be theaba51s on Whlch to {?h*”

"g(and experlences can be utlllzed to brldge the gap between

- :Tucker found thlS approach contrlbuted to the development

~a , A E ._f . .';' 14 -
t -] - o ca
'. - ' N
RO tasks were used to help develop the fractlo concept
-”fv;ih.; rather than using length or area,tasks for 8l )

Owens (1977) presented an alternatlve v1ew Wthh

J .

confllcted w;th the flndyngs of the research=revealed by

-Hiebert and Tonnessen._ OWens concluded that neither age

u‘ FEERE

' h
Ca . .

-that chlldren in. grades three and four were equally capable4
/

Y

. o3

”‘fﬂIt is worthy to note that ﬂlebert and TOnnessén s studyf;“*v

RPN S

.\.\

"-Owen S St“dY was: oonducted usxng grade three and four . ﬂﬂ’f T

i worklng Wlth the fractlon concept._ Owens concluded that ';iffj},f'"J

-

.

L the area concept doés not have an effect on fractlon Jgfu;:“'

learnlng wh;ch utlllzes an area model as a bas:s for S

Brown:(1979) .and TUCker (1978) suggested that the ;”iff:ﬂh‘ )

p"'\

= \.

| develop the fundamental concepts of a: fractloniynamely -ﬁf}ifﬁﬁw

..‘.
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of the:fraction concept while revealing the real—world
Q" - :

application of the exercises. Brown summarized his approach

.ds "a good mind stretcher for the students' conceptual-

ization of'fractions" (p BY; , A : e .

Galloway (1975) studled the use of manlpulatlves

and focused on the usevof the number line to develop the -

13
| I

fractlon concept and the dlfflcultles primary grade students

. encountered w1th the fractlon N She lndlcated that even -l{ MO

:_\ - ‘-f
though all students were able to use concrete objects to :

‘1dent1ﬁy fractlons the lower ablllty prlmary grade student

"‘"jhad much dlfflculty 1n namlng and wrltlng numerals for_

"~

ffréctlonal parts.' She foundxthat the use of the ruler
.and number llne act1v1t1es proved very dlfflcult even for
9 and 10- year—olds.l She suggested that the use of the
number 11ne act1v1t1es for deVelOplng the fractlon concept.
(be postponed untll the student has a good understandlng of

the fractlon concept

Joy (1976) and Stenger (1971) studled dlfferent

approaches for;teachlng elementary school chlldren how to’

' add ahd subtract fractlons. The results of both studles

'1nd1cated that the least common denomlnator approach proVed

r

B Zry dlfflcult for students to use. but when an equlvalent
f

actlon approach was used 5tudents d1d better on lmmedlate
'and delayed posttests. They 1mplled that it may not be
the concept of addltlon and subtractlon of fractions that .

_1s totally respon81ble for students dlfflcultles but
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-:1mpllcat10ns for thls study. F;rstly, that the use of the

l"thlnk_aloud technlque“ 15 vary effectlve 1n dlagnOSlng

16

rather the approach or strategy used to teach addition
and subtraction‘of fractions. 1In Stepéer's study the
results from the immediate postteet showed that low IQ
students who used the equivalent fractlon approach scored
higher ‘than the hlgh IQ students who used the least common

denomlnator _approach.

Summarz.

student problems. ~Secondly, fractlons are 1mportant and

Wl

the meanlng-of a fractlon is a key component ln the

development of fractlons and assocrated operatlons.

Thlrdly, even though there are many problems with operatlons

on fractlons the lnterpretatlon of a- fractlon plays a major

role.. Fourthly, physical 1nterpretations of fractlons

v

seem to be significant in the teachlng of £ractlons and

"1mportant 1n terms of Lnterpretatlon of ! fractxons.

The research studles reviewed contaln some major"" '

-
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' were unfamlllar to the 1nvestigator and had no prev1ous

f contact thh hlm.

R CHAPTER ITII
DESIGN OF THE STUDY

In thls chapter a descrlptlon of the de51gn used

to carry out the study 1s dlscussed Thls 1nformatlon 15_;

presented as follows., pOpulatioh and'sample, de51gn of

the 1nstruments, procedure, analy91s ofndata;'and flnally

Populatlon and Sample

: The sample for thls

six students from two rural elementary schools.‘ Both

schools were w1th1n a- 40 kxlometre radlus of a medlum

51zed urban centre of approx1mately 100 000 people., TheseiP

,. L

_schools were comparable 1n fac1llt1es and programs, wrth

the average class 31ze belng approX1mately 25 students..';

Subjects for the study were randomly selected from claSS'Ul' ;

llStS prov1ded by the classroom teachers.- All the students

S

L

Thls partlcular sample oféstudents.ﬁasdselecte:"

for the followxng reasons; ,if :f

-
v

schools 51nce the 1hvestlgator-f"

v
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| . L . g . . ] -’:,".I'.','_'. = R ./ ..
' ﬁ =for the same h:.gh school and 1t was reasonable to assume

N ,the programs were compaztlble, and 3) the pr1nc1pals and

- . :classroom teachers had offered the:.r assxstance and co-'-

[ ' operatlon. _ )

. w a

e " -_" The Instrument o

'Progress and those 1ncluded J.

- s

: Sch\nol Mathematics, Level 6 (1,974)

:’... \ .; “_‘x"”' . . ,

' The questlons 1nvolved two-.lnterpretations of a

,:; K R fractlon w:.th some questions utlllZLng the part of a whole
'-'- model Whlle the remalnlng questlons ut:.llzed the part of

,a set model Bruner s leVels of concept development were

L . . g

also con31dered 1n the structur-lng of the quest:v.ons.
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*The code C2 refers to questlons that'"'




1275 dffthe

ffand Type 2

jthe study. L

:nype 2
Questions




In thJ.s p.'cture there is a “set: of 4
._clrcles. _If . you ‘add: 1/4 of ‘the’ c1rcles
to . '2/4, of -the circles, what'. fractlon of-
fthe set of'c1rcles do you have? E

:Thi. 1rc1e has 10 parts -

‘the: parts of the c:.rcle is subtracted
from.-4/5 of ‘the parts ‘of - the c:.rcle,
5what fractlon 1s left -




yions deallng w:.th the fract:.on concept were 4
.--a_" . .

\

add:.t:.on of fractlons, and flnally questlons deallng

-

the student to read.- Aften allowxng suff:.c:.ent tlme and

N

analyze

each quest:.on was determ:.ne& as belng correct or J.ncorrect




-

three sectlons to wclude the J.nterpretatlon of the 1)

fractlon concept, 2) addltlon of fractlons,

,,If a student:_
[ 4 "‘1

gave the same J.ncorrect respOnse 1n at 1east two of these

and 3) subtractn.on .

A o . ,. A - . .
Co I," .. . | :
- " .Question 1) 7 What J.nterpretatlons of ‘the e el
el fraction’ concept and the - . Ve e
; ;. ~addition and | subtractlon of T ' ST
, ; fractlons are made by students? .

The analys;s ﬁOr the questlon was dlvided 1nto I S

SR




; i - L ke v

- _ RN : e e ¥
3 - QueBthn 2) What cOmputatlonal errors are;f'”f3'n T

R - ) S .,'63 made ‘by students’ in: the addition Lt D
Geate : o -and subtractién of fractions? fﬂ'm &~Y5"uf'ﬁ‘

T ,The\analysis for the questlon was d1v1ded 1nto two ;

. ‘I\‘X ) . ~ Voo ’::_'. PR

R sectlons to 1nclude errors 1n the l) addltlon and 2) sub—"

tractiOn of fractlons.: The answers glven by the student.n“i

-Ewere determlned,as correct or lncorrect

'1 that were\‘ncdfrect an'a
. ) .

N i

For'the answera

':.

‘ Are the anorrect 1nterpretations
: and computatlonal errors systematlc?

”and 3) subtractlon of fractlons.L Once the 1ncorrect

T

analyzed further to examlne the‘explanatlons that led to

.,.\ Y L

the 1ncorrect 1nterpretatlons and errors.T S’ﬁce this

.

was an exi}oratory questlon and no a: prior1 crlteria for

P :s;y..s.t.f,ernsa't'i'c in‘:ééir_‘pré“té ﬁi‘b'ns;, -we’rlé '..j-.és.t'awiéi*shéar } it

- N

1ncorrect 1nterpretatlons and errérs.

VoLl
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”ﬁj#ﬁi.il 1n a dlfferent school The purposes of thevstudy were l)
R . ! to determlne 1f the instrument was a sultable devrce to

ﬁ:ff_l“" help gather the necessary 1nformatiOn, and 2) to famillarlze

the 1nvestigator W1th the technlque of 1nterv1ew1ng The

s

questlons and procedure uSed 1n tqs pll't were very

Sbme quest;ons Were reworded”becausej'ﬂ-

they provrded t00 much 1nf0rmatlon at the expense of:havrnq’

students responses.

For example,

ﬂ} lnformatlon that was felt necessary

inltlally

and.worded 1n the.follow1ng way-T ThlS 1s aiset of lO

/. ,\..




IR

study. 'Ilhls was the standard method that wan outlined in'

the proeedure In this way the quest:.on:.ng'was cons:.stent_'f“

for each student J.nterv1ew.




N

X relevant to the fract:n.on qogcept., the addltlon of fractions,

'What 1nterpretatlons of the
fraction concept and. .the:
_,,-jadd1t1on -angd’ subtracta.on of
' '_fractions are made by students?

of a Type l quest:.on was where the student was glven a. set

. _,..
.. - v

of four squares, one of thé squares colored green, and

S

asked to state what part of the set was colored green. _ "-" %

There wefe 13 students who were able to state the correct

R

solutn.on a\,nd use the squares to give a correct explanation




R . o
RSN,

of the:.r procedure. i The most common 1ncorrect :Lnterpre—'-'-_"'

‘-tatlon was to compare the three whlte blocks to the green

1}

block _A complete list of the .1ncorrect 1nterpre,tatlons SR

‘g:\.s given in Table l

caoaL e T ln‘.'___

3 [

‘,.Students . 1ncorrect 1nterpretat10ns of the fractlon
: concept when . fractlons are . presented physwally"
- - as’ part of a set usmg Type 1 questlons

L Number
! of Students a3

. I_Students compared the l green square to
“ithe.other 3 :squares. and responded that

-1/3 was the solutlon..‘-- ST L

i PO v ‘. (A N -

'.~.;"Student placed the green square “over.! the

L -other 3 squares to :.llustrate the answer.

Student used the 1 green square to repre-'_';-_ B

sent ‘the numerator. 1o get the ‘denomi~ -
:'.nator he subtracted the ‘green’ square !
'-from the total number of squares .

'.:-.'."Students stated that they d:l.d not BT
. _._=."understand the .. questlon and therefore o
o .dJ_d not glve an answer._{. S

'\ .
[

An example of the Type 2 questloywas where the

"."student was g:LVen a- set of 3 blocks and ‘dsked’ to f:.nd 2/3

_of the set. There were two students who were able to
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incorrect interpretation was to use the denominator to

determine group size &nd subtract one from the ‘group so

"that only 2 blocks remained.

was called 2/3.

' pretations is given in Table 2.

Students

This group of'two~blocks

A complete list of the incorrect inter-

TABLE 2

1ncorre9t interpretatlons of ‘the” fractlon

concept ‘when. fractions .are presented physlcally

48 part of a set u51ng Type 2 questlons

3

N

. Number o
. .Of students ~

o

ek : oo

Eﬁplanations' . : Che

el PV

T

. . f\'. .
‘Students made a group ‘of 3, removed 1,

and suggesteduthe remalnlng 2 was 2/3. .

7 thlS was 2/34 - _ ) e
. oo Lo
Students ‘made 27" groups. of 3, selected 2
parts from, 1 group,;and suggested thlS .
was 2/3., . . R ‘.

n
"y

Studgpts made a group of 2 and suggested‘

. ¢ - < ) P
‘Students made 2- groups of 3 and sald
*thlS Was 2/3 _H'g

Student selected.2 blocks and replled
2/3 1s half ‘the set p:. ‘™

Student placed 2 blocks over 3 blocks to
rllustrate 2/3. 5 . :

Student made 2 groups of 3 afd selected
2 parts from each group to get 2/3.

Student made -3 groups of .2, selected 1
-group, ‘and called it 2/3. U

Student stated he dld not understand the
questlon and therefore oould not prov1de
any explanatlon. o RN

-
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'isgiven in- Table 3

_of Students . - Y . Explanations | ,
2 . . Students comparea 3 parts of the reqt—
- angle to the’ remalnlng 5 parts ‘of the~
r B rectangle.'b=7_ ’ : A i
1. ’ . Student placed 3 parts of the rectangle
& - over: the remainlng ;5 parts .of’ the rect~

i

Part of a whoIe;éphysical presentation.,lAn’example

of a Type 1 question was where the student was. given'a

rectangle with eight parts and asked to flnd;%éﬁ of“fﬁe

rectangle. There were 17 students who were able to state

the correct solutlon.and use "the parts of-the rectangle ‘to

'

glve a correct explanatlon of thelr procedure. The'mcst
YR . . < o
common incorrect 1nterpretatlon was to compare three parts

of the rectangle to the remalnlng flve parts of the_»ﬁjff'“:

.,.

rectangle. A complete llSt of the 1ncorrect 1nterpretatlons

-r ) -
s L - L g - R . PR

R AR
TABLE 3

Students' incOrrect interpretat}ons of the fraction
concept when fractlons are presented physically K
‘ as part of a whole using Type al questLOns '

:Number : : .. \ ' -' . R . g ’ P

anglerto lllustrate the fractlon.;

..I

\,‘-.". . . . -
g . H Coe ,‘*" “ ."\’

An example of the Type 2 questlon was where the f”ﬁ

l‘ 4

student was glven a re¢tangle w1th 10 parts and asked to

flnd 2/5 of the rectangle. aThere“were,tWO'studehts who\‘
oo f , - S . o '\ ’ "
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procedure.

_ select.a N complete 1lSt of the 1ncorrect interpretatlons

y'y2v~"'conoept when fractiens are presented phy31cally

were able to state the correct solution and-use the parts:
of the rectangle to\glve a correct explanatlon of their
The most. common: 1ncorrect 1nterpretatlon was
to use~the denomlnator to determine, group 31ze and use

the numerator to determlne what part of only one group to'

13 glven in: Table 4 ;iik_f ;fﬁnt

R

T ! Ty

Students' incorrect 1nterpretations of the fraétlon

as part of a. whole u51ng Type 2 questlons

" -then selected: 5 other parts of the rect-
;j-angle,‘and called thls 2]5 - L
o o Student made 2 groups of 5, selected l
R ' group,.and called lt 2/5. ‘ ’
TLL Student stated ‘he aid’ not understand the'
: ' questlon and therefore dld not glve an’
answer. ' St )

31

4

of Students ' ‘ Explanations’

'-6-_ o Students made 2 groups of 5 and selected o
. 2 parts from l grouo to get 2/5 2 n
4 . Students made 2 groups of 5. and called
" . ) thlS 2/5 ‘ C .
'2;._f S Students placed 2 parts of the rectangle
o f: over 5- parts of the rectangle to get’ 2/5.

' 2. ‘_y.f' Students made 2, groups of 5 and selected
S 2 parts from each group. _1d; . . _-
1 . Student selected 5 parts of the rectangle

- ) " and called thls 2/5..': P
1. . Student selected 2 parts of the rectangle,-‘:ff‘
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. . .
f o ' Part of a\set—-plctorlal presentatlon.. An example

of a Type X questlon was where the student was glven a’

* : ' . picture of a set.of six c1rc1es and asked:to color 2/6

of the set.: There were 18 students who were able to state

the correct. solutlon and use the c1rcles to glve a correct

7

pretatlon lS glven 1n Table 5 5;j5fi f L

ect interpretatlon~ of ‘the fraction
“';concept whén fracthns are presented plctorially

“;Student's inc0~'

explanatlon of the1r procedure. The only 1ncorrect lnter—:_i;i:

Z
‘;\\‘ \ : L .
P NI -
W o - "Number®. - T A ;*w~='(_?z. S
A . of §tudents - o .o ‘Explanation’
: ' , . S R f_iStudents con@ared 2 01rc1es to the .
L o R e ~rema1n1ng 4 circles to get the answer. :

An example of the Type 2 questlon ‘was Where the

asked to,color 1/4 of'the set There were four students

H

_-who were able to state the correct solutlon ahd use the

- ¢

;@;l t!. }circles to glve a correct explanatlon of the1r procedure.}

'Q3-1 - student Was . glven a plcture of a- set of elght c1rcles andﬂ,"3“

S SRR “.:The most common 1ncorrect lnterpretatlon was; to color the'”“:
\},‘f'f; S _number of parts ln the set suggested by the number in ther'

P{'-'jf;_'u’dehomlnator‘ A complete llBt of the 1ncorrect 1nterpre—~-/




_tations is given in Table &7

L e TABLEG

Students’ xncorreét interpretations of the fraction
concept’ when fractlons are presented. plctorlally
. as part of a. set usxng Type 2 questlons

. Number-'r
of Students

fg{’called it 1/4

.'Student colored l c1rcle and compared 1t
;to 4 other 01rcles. . S
-_Students made 2 sets of 4 and colored 1
set to! get 1/4 _

c"\fl/S of the rectangpe.“ There were'l7$students who were

T

-‘ab&e to state;the correct_solutlon and use the parts of

‘. -;_-L.; ,ﬁ S
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. . v . o _ ' .""
S Lo e /:,fﬂCV}n7-' BT VI Ll
'Students“ 1ncorrect 1nterpre£atlon of the fractlon R u"”j;“

concept ‘when- fractlons are: presented plctorlally R L

; 0 s part .of a whole using Type'l questlons L :
Number -."."" ' ' E e
of Students ST .

-Students‘compared I part of the_fedt
angle w1th ﬁhe Gther,: 4 parts‘of-th
© e 3




s B TABLE 8
- - =N ot A .
Students' 1ncorrect 1nterpretatlons of the fract;on’“
concept when fractions' are presented piqtorially
Jfﬁz as part of av whole u31ng Type 2 questlons

A TP A LI e

Numberﬂ::

‘“a ‘of Students*_,fJfﬂfﬁJ”; E

»Students'colored l part ‘of the square
and‘sald thlS was;l/4

Students made 3 groups of'4}h
group,.and sald thls was l/4.'

Student.made a. group‘of 4. colored lf'
'5\part of the group and called it 1/4

i,'°Student colored Il parts and suggested
o the other uncolored part was 1/11

-

Student made 3 groups of 4 and colored
1 part. of° each .group. - Even though the
response was, correct,.thls student was }

“unableto’ expkaln a” correct understandlng
of the fractlon concept.. 2

[ SO,




U

U-cortect ekplanation for the meaning of the fractlon and:’

wrlte the fractlon stated by the 1nvestigator.3 However,f

N .
e S

Studentsiwincorrect 1nterpretatlons of' the fractlon.
-.concept when fraqtlons are presented symbollcally

ﬁ.mNumber
_”of Students_.

,..‘

.:gStudentustated that 3 fractlon meant sub—f'A
-Etractlng the top llne from ‘the bottom I

Student dld not prOV1de3any'explanatlon
of the meanlng of a fractlon. -
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JAddltlon,Of Fractlons

Part of a set—-phy31cal presentatlon. An exampie"

Of’ a Type 1 queetlon was where the student was' given a Bet
'_of 51x blocks and asked to compute 3/6 + 1/6. /Thexe were ;;ﬂ

2‘~”?12 students wh:f'ere a?le to state the carrect solutlon?,

n ;A complete! list 'of ‘the, incorrect-interpretdtions.

TABLE 10'“
L . . (.n..,, , . ' ) ) '
“Students' 1ncorrect 1nterpretat10ns of additlon of
fractlons “when fract;ons ‘3re presented phys;cally
K as part of‘a set using Type 1 questlon% ¥

;."-.
Students flgured out t e answer' I '
mentally, then selectedj4 blocks,but.
could ot explaln 1t P S

Studentueelected 3 blocks, then re-fs”




R A

] '
. . % <y
Number' R S DR R B
of Students_ ... .. . . . Explanations . F

'ﬁ"l.jffruu '“:ﬁtudent suggested that- there should be o
.- .+ ... "9 plocksso.she could place 3 blocks ™ - .. ..
S fe-over 6 blocks to 1llustrate the answer.

explanatlon of hls procedure. Two common incorrect lnter-

pretatlons occurredrﬂ The student would elther 1gnore the

denomlnator and bulld sets to correspond to the two :3”':?’“-

numerators or use the denomlnators to determlne group

.

ol :.Z.'-l.

B




S A T
' TABLE 1L . e
v Students 1ncorrect 1nterpretations of addltlon of

”} ;1-_' ' - fractions when fractions are. presented physically
’ . " as part of a set u51ng Type 2 questlons

. of Students R . |

;Student made 2 groups of 5, selected
"2 parts: From: each group, then 'selected
gl addltlénal part, added and got' /5'*

- xe_fl“pf-fff: -Student'placed 1 block over'4.blocks .
e L jﬁ?h'g;;:*“ e .to get. l/5, and,placed 2 blocks over Bﬁﬁﬂ
'*flg.iﬁf”'d:; ST blocks to get,2/5.-.j-;u\:_ o

'“ffi“f"-*f};'f”fifilf*fdﬁj' ) Student could not use the blooks and o
T Sl “found the 1ncorrect answer - mentally by ,
flrst addlng numerators and then addlng

R
el e 'j..-rﬁ~z‘ denomlnators.rx SR ,,_,;;3,

T ‘ Student ‘placed 2- blocks Gver 5 'blocks: ;Q
o {;g"-and could not proceedﬂany further.~~ A

: Student made 2! groups of 5 and suggested&':
;there should be. another similar group
lfto get 3/5 PRI S A _ e

Student made_ iuneven groups, removed L
fﬁ? 2 groups and called the remalnlng group
3/5.~ﬁ : R .

_,-,._.
v

Student selected 3 blocks and could not ;?yj"
.”:proceed any further.u SRR el

;Student selected 5 blocks, subtracted 2
;and-rsaid-‘this is. 2/5._,Then ‘He: added. 1
b}ock from the other group of 5 to get
C3/5. L , : »




Number

of Students

Student made 2 groups ofk5, took ‘3. from
l group and suggested thls -wa.s 3/5 ’

iStudents stated that';hey did., not under-
stand the questlon and therefore dld not




StudentS"lncorrect interpretatlons of addltlon of
fractions when fractlons are presented phy51cally
-as part of a. whole u51ng Type l questlons

. Number
of Students

.already chosen, added and got 5/9.

”iStudent placed 1:part over. 8 parts ‘to:
get 1/9 and then placed 4 parts over

An example of the m pe 2 questlon was where the

student was glven a square w1th elght parts and asked toi.
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et

IR

'”'E,H"T Students—-lncorrect 1nterpretatlcns o addltlon of
ARSI fractions when! fractions' are : presented phy51cally
as part of“' whole using Type 2 questlons '

L RS N

R
\
s

e

N A .

o TNt ALEAY

Studehts selected l part,ﬁﬁl'

372 parts, added and got 3/ ‘ :
'.‘Students made 2- groups of . .'4 but suggested
" ‘there- should be;another~simllar group to ? ;

lﬁget53(4;: , e R E:

i;Student made a group of'3 and a group of .
,4' added and got 3/4 e . IR
g"l_;.f;fkiﬁ;fqﬁiﬁﬁjfgi'fﬂ? . Student made 2 groups of 4,_Selected 3
by e T e T _-Parts fromd} group..to. get 3/4. NS

<
P

f e LRSS S :;;Student placed 2’ parts over 2. parts and'

! R L ol ccalled it 2/40 Then - he placed 1 part’
-»Ef“over 3 parts toLgét 1/4 added and got
e ‘3/4 - AR L

.‘ EE . oo . o

.n.Student made 2 groups of 4 and selected
'27from-each-group. He: th - selected 1"
,MOré - from each group.to ge a total of.

.6H RIS o ”n u . S

SStudent‘made 4 groups of 2,4selected 2
,=”;groups and then ‘selected 1 part. from
: H“another group, added and got 3/4.;»

;T'Student selected 4 parts of the square
izand could not proceed any further.zi :;:ii

Y

P RN N
i g8 W 1 T SRR, rran
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2/4 + 1/4
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Part of a set-—pictorial presentatlon. An example

» s

x -"':

of:a Type,quuestlon was where the student waS'giuén a - -

B

plcture of a set of four circles .and asked to compute

‘There were lB“Students who were able to .state

" the correct sdlution and usefthe'parts'of the set to giue

. Lol
a correct explanatlon of thelr procedure. .The two incorrect

o

1nterpretatlons are given 1n Table 14.

r

TABLE 14

sd
‘Students' 1ncorrect 1ntérpretat10ns of additlon of
‘fractions when fractions .are presented pictorlally
as part of.a set using Type l questlons

Number

of Students Explanetions \ '
1 ". Student added the denominators to find

the solution and was not able to color -
" . the . circles or explain a- procedure for
finding - the,solutlon.

then CQlored

1 ,.' Student colored 2 c1rcles)
1 of these 2 circ¢les, added and‘g t

3/4 o .

An example of the Type 2 questlon was where the -
/

-student was glven h plcture of a set of lO squares and

There were two students who

asked to compute 2/5 + l/5.

were able to state ‘the. correct solutlon and .use the parts

-0f the -set to give a correct explanatlon of thelr procedure.-f'
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Two common incorrect interpretations occurréd.

44,

J The students-

would either color the number of squares indicated by the -

"'sum of the two numerators or use the denominators to

determine group size and color the number of squares

-~

suggested. by the two numerators. A ‘complete.list of ' the

* _ incorrect interpretations is given in Table 15.

M .
P

TABLE 15
Students ‘ J.ncorrect interpretata.ons of addltlon of
fractions- when fractions are presented plctorlally
' as part of. a set uslng Type 2, questlons

N, -

* ‘Number

of Students Explanations
8 '~ Students- colored 1 .square, then colored -

2 more squares, added and got 3/5,

4 Students made 2 groups of 5, colored 2
' 'squares in ‘one group, ‘coléred 1 square
ifl ‘the' other group,' added and got 3/5

1 ‘ Student made 2 groups of 5, colored 1
- T square in each group, then colored 2
more squares in each group, added and

got 3/10.‘ ‘ .

.. Student made a group of 5. called this
graup -17/5, then added it to the other
. group of 5 to get 2/5

1 : Student ‘made 2 groups of 5, colored 2
' .. squates in each “group, colored 1 nore.
- _square in each group, added and got 6/10

1 B Student made 2 groups of 5, colored 1
- square and then 2 flore squares in- the
. samekgroup, added and got 3/5.

€.

. ' ~'-ﬂ-fg:.¢ . (dont'd,)*

1 N \ . . - . - N .
PRI L, T e I e e e g e 5 [ T

NS
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45
’ Number ~ L .
f of Students - " Explanations
: SR PR . ‘Student made 2 -groups ‘of 5 but could not ot
: ' T ' _give any further explanatlon '
1 . Student colored 3 squares, and then added :
. ' the denominators. i
’ ./1 -‘ . o v N 'v" o T . . . .
.” Part of A’ whole——p;ctorial presentatlon.\ An example
of a Type l questlon was where the student was glven a plcture
of a square w1th slx parts and asked ‘to. compute 3/6 + 1/6._
There were 19 students who ‘were able to state the correct
' " ' solutlon and use the parts of the-square to. give a eorrectl‘
'\‘*”‘\\\\\\- explanatlon of thelr proceduré. The only incorrect‘inter-'fd””
T pretatlon is given in Table 6. e o SRR
: N\ : A, - L e 'f?lgh
- - . TABLE 16 - v o I
fr ) . . . . . R
- Students' 1ncorrect 1nterpretat10n of addition bf Ces
¥ fractions when fractlons are presehted pictorially A Wl
i as, part. of a whole using Type 1 questlons : A
B BT ' L ' ] .
} C o Number o e o ST e e
i of Students " ..~ - Explanation ’
:.«‘_\_ B . o ) L . N ‘o T . .
: - L : Student colored 3 parts of the squarer
_ - " added .1/6 + 3/6, and got 4/12 as thé
‘ answer. S,
5 ‘. .\‘ /
B g :
e e r '
nf B " o
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An exgmple of the Type 2 guestion was 'where the Do ' e
student was given a picture of a rectangle with 10 parts - . o

and asked to compute 2/5 + 1/5 There ‘Were'tvbo'stud‘ent‘s

: who were able to state the correot solution and use the
'parts of the rectangle to gJ.ve a correct explanatl:lon of '
f ; N ' ' . the\;Lr procedure. _ Two common :LnCOrrect 1nterpretat1.ons d
: ' ?.7 | T 'odcurred.fh The students would elther color the number of-_l SR
e parts of the z:ectadqle suggested by the sum of the two
o
. ) ;-.'numerators or use the denomlnator to determine group size

N ' *and color the nu.mber of parts suggested by the vtwo numerators._

A complei:e llSt of the 1ncorrect 1nterpretatlons 1s givén ,
y " . in Table 17 o ', SR
i '+ TABLE 17

: . Students' incorrect interpretatlons of addition of . i

. ‘ fractlons when fractions are presented plctorlally

: . as’ part of a- whole u51ng Type 2 questlons

.;;’ . L : .\ - i

Fo . Number’ . . e, S
of Students = .. . Explamations . ;o
& 10 - o Students colored 2 parts of the rect- ;

angle, then- colored 1 other part of, the

i rectang’le, added and got 3/5. .

( - oo

;i 3 S Students made 2 grOups of. 5, colored 1
e, . o part of the; flrst group, thén. colored 2

. B L parts of the second group, added and got .

N

A & e et A T
-

. '-1.- s Student made 2 groups of 5, colored 17

- .°  part- of the first gxoup,. then. colored. 2
. parts of. the. second group, added and wp
£ got 3/10 e o ._ ik
L eonttdly.
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quest:.ons was where the student Was glven the fractJ.ons
: 4/7 and 2/7 and asked ‘to add the fractmons and explaln a

' ~'procedure for addltion of fractions. "; There were 18 students

: :~'.3“-__of these students were able to eXplaJ.n correctly thelr
procedure for flnd:mg the solutlon. ‘A complete lJ.st of

:',the, .r_nco_r.rect 1nterpretatlons lS glven :Ln Table 18. I_"_j."i"‘;' R

) . - ,

of Students T > -Ex‘p"lanations'ﬁ. o

1 ST Student made 2 groups of ‘5, cdlored 1 .

part in’é&ach group,  then- colored 2 other SRR

- ’ parts in eaCh gr‘oup, . added and got 3/5.

: 1 Student made 2 groups of 5, colored l ,
Cvo.LTo o part andrithen. colored 2 parts in. the o
R R ."-same group, added and got 3/5 o
. l .Student colored 3 parts of the rectangle.".',
i S ".".-"and\then added the denomlnators e AT SR,
T .‘Student stated he dldr not understand the po)

.-any explanat:.on.

' ‘ .
. .

Symbollc presentatlon. ' -'Anl'example of thesef '

::who were able to state the correct solutlon Jaut only four o

- B «. -

.o

e questlon and” therefore could not provrde‘_ :

RN ; N
B . -
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. - o ' .
O ‘ e . -
. s . .
" Ny ! v , 2
- ) s
K , .
o *
-
. N . .
. - ' -
\ - . .
Lo ‘ - !
' PR .
n ~ . /r‘ .
<. f
is . o '
: .
5 . . . .
- P . PR
K " 4 .
- - P EOn
S .-
(RETA -
[ . R
- N LT . i
o . . , R
™ »
- a PN —
R . Lo ' . .
. Sl L ]
- e o
it EEFIE p T
1 4 ~ B I L R e




. . " C
¢ ‘ . ) : B
i -'_“1- o, ' 'Ai
_-,;. f rMi(J:" . = s N ' 48 ’f

‘ B . :

: T N - "
TABLE 18 ST e

; . C Students"lhcorrect interpretations of ddition of 3”y¢ IR A

¢ .o ‘ fractions when fractions are preSented symbolically o o

-of students. ~~ ° - ... - . Explanations

Students merely used a rule w1th3little
xxor no, understanding ‘of : “why the.numerators
‘were : added andxthe denominators ‘were not*
:added. ", The. reasons - given by the students
L fOF;! not adding denominators 1ncluded l)“
. gA_because the" denOminatore ‘are the same,
Con cand 2)0 because ‘the denominatpr is: greater

i ’than ‘the Bim of the two numerators.u

,é. i 7_’?:}‘w:;’ T2, .;f':f'Students:added the denominators when RERCRS

X L ';ﬂﬁx IR finding the sum Of: the two fractions..;ig
oy oy W “;‘3‘." K TN o . R Ty A A
oty Ko . 0

‘ Subtraction of Fractions ﬂ,f'-'fg,; ;.”;f, - ﬂ:ffa{y ”q

-

“,Lq\ﬂ‘ ": . -”f; Part of a set——physical presentation.. An example

pof a Type 1 question was where the student was given a set

e oL e
. I

of 10 rectangles anduasked to compute 7/10 - 3/10 There

I

'iwere lO students who were ableﬁtojstate the correct solution f_f'

'Land use the rectangles to give a correct explanation of
':ﬁthe1r procedure. The most common 1ncorrect.interpretation
ijas to select seven rectangles, then select the remaining

1]three rectangles, and subtract. A completeflist of the

;;yifﬁ”f,.-1ncorrectrinterpretations is. given in Tablefjﬁ; fi.--'“

-y P
<0 o .
) . . .
. _ .
Z ! :
K : . .
: . . . L
. T, : L
. N \ .
. - . RN . S
J - (. i v .
N -“ . N
] N - . "
. , - - .
. e . . = .
o . o W i
. X
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Uy
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. 1y y 1 o < . AN N T



L N : be, K i
s ‘ S . ;

’ ) o Lo I ’ g .

i R 'I‘ABLE 19 '

; o Students' 1ncorrect interpretatiohs of subtract:.on of
T o fractlons when: fractions are presented: phys:.c:—.\lly

®-t-3 part of a Set using Type L quest:.ons ’

' W o
oLt . L
P . . ! [l A
LIRS . Ter e T
< ’e . - 4 v - ) RSN L e . - P PN TR
'

'of - Students, -

the‘n selected'
“the reman.m.ng 3 parts,' subtracted, and-'

:_:got 3 /1o

'r-.Student made 5 groups of 2,
. groups” and suggested ‘the. rema:.nlng 2,
"','[-groups was the answer_.'. VERNII

AR AAPEO _'.'_""-A‘Student removed 7 parts ahd suggested that
R :._the remalnlng 3 parts was the answera .,; -

BERTE S RTPR N _'Student found ther answer mentally, then
LIt e s e used. it to. make-a - group - “of 4, “then made
R R - group of 3 and suggested that 4/10 was
PR TR e '-fthe 'answe :

N

r_’

Lo PaT T the, questlon__and therefore d:.d not g:we
S T .'van ansWer. e cral

o An example of the Type 2 quest:.on was where the

Lo ST _' o i,,Student stated that he dld not understand

f’student was g:l.ven a set of 10 blocks and asked to compute

N : _'_._»3/5-- 1/5 There were two students who‘ were able to state
L -the correct solutlon and use the blocks to glve a ‘correct

. " expl;natlon of thelr procedur'e).._"' The most common mcorrect -

L I,:;.lnterpretatlon wasl. t° 1‘.Jln6re the denomln.ato.'rs fand sub\tract
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R f:.- Students lnccrrect 1nterpretations of subtractlon of -
SR - fractlons when fractions are presented physxcally ,
as part of a set u51ng Type 2 questlons

o R
* o

. . R . B ~, ‘_I..I' ] ." ] ‘- - :'v ...-:.. N v } - ’. .l:' } . Z."--- te, ‘\. "l.- . ..
TSR Number ' T R ERRA
Of Students 0 ExXplanations.

Students selected 3 squares, then:fF i‘tl%
selected 1 other square,

._ﬁStudent selécted 3:squares,,selected 1 of
, these 3 squares “Subtracted and got 2/3.'

.‘_. R

V7 .

R al".dﬁ-j Studept made 2 grcups of 5 selected 1
s e co "group, and called it 1/5.° The student
o B ~ then,selected:.3 squares from ‘the "other-

Wl _-;_{; answer. e

'73”31{h . j:“ flij ;t"pﬁ; Student made 20 groups of 5 selECted 3
TS e 3"-quares from 1 group, "then’ selected the

H N PR =
T T T N I
N - S T P PRI L

i L e subtracted these and got 2/5"

E S gl,'li; ' Student made_2 gr@ups of 5, selected 3
b ',"',I_.~‘=-fg " ..Squares from: each.group,” subtracted: 17
Eig R R T from each to glve a. total of 4 or 4/10 .
L 1 Z*'.iq'i Student made 2 groups Sf 5, selected 3
b AN f squares from. ‘1 group, subtracted 1

square’-to: get 2 squares left. These 2
T : squares were - then. ‘added .to ;2 other;}
B 1 squares from: the‘second group to get

oot P
SR S T

$ubtractedﬂand ;T“4"

group, subtracted l and got 2/5 as. the" ;?“

'*“j”m W a - remaining 2. squates-in that" group, ~ _F}ﬁ,,

A .'Ef.fj /5 as the anSWer. ) :
S "i.l Stndent stated that he dld not understand.?fd'ﬁ'
R TR the ‘gquestion’ and. therefore dld not glve e
S Can, answer.. ; : o G
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Part of a whole——phy51ca1 presentatlon. An example
‘-of a Type 1 questlon was where the student was glven a square ]

w1th 12 parts and asked to- compute 9/12 - 5/12 _ There were

L

,juse the parts of the square to glvela correct explanatlon

Students~ lncorrect 1nterpretat10nscﬂfsubtractlon>of
fraqtlons when fractlons are:presented phy51cally

. R . ee A g
e R ! Dy
i ~ ' ¥ .
e e AL N
. Number S PR

;of:-8tudents- . . ;:;dﬂ“_?,'_Explanations'u"-“'

—r

' 2 paﬁ#s left and ‘the answer lS 2/12. L
{ X ‘ ]f.'x Student found the answer mentarly but was
T Jj-ﬁnot able to ‘'use the. parts of the square
st L LTk £ind the~answer.:” _ .,

,a]"y .+ - removed 5-.parts ‘and ‘had' 4 left. :This' 4 .
©.o 0 was. placed :with- ‘the remalnrng 3 parts E
-, and. got 7/12 for an, answer Lo :

;fnf:wl.;l_gc;“: Student selected 9 parts of the square
ST e but could not proceed any further.

B gfzni} 'fS{;-Students stated that thzy dld not under—'

. 14 students who were able to state the correct solutlon and

R R d Student removed 10 parts,,sald there are.li

;;.1,3'13:18tudent selected 9 parts of the square,-'"

f--.as part of a whole using Type'l questlons “,H /g:".

¢

' .

[
o
K

.

o stand the: question- andﬁ\/erefore dld'not .-
el :~.ig1ve any anBWer\\\;,x”“ R K
9 EY ]’ . . . -5
> "‘ : ’ . .\' ot
. . . ] Q-
.. oo % i Lo
.. - - - .. g ¢

1
1
ol
§ )
Ve
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* .
An’ example of the Type 2 questlon was where the )
* s ’ . ? l‘ . : '. -
:student was. glven a c1rcle w1th 10 parts and asked to . . . T S

T : compute 4/5 - 2/5. There were _two students who were able

to state the correct.solutlon and use the parts of the:, o ;‘\ .f‘JvJ

U c1rc1e to‘glve a correct explanatlon of thelr procedure.;,f,'='
. o ,
L The most common lncorrect 1nterpretatlon was to rgnore the

\\,'
\

T

-'Students‘ 1ncorrect rnterpretatlons of subtractlon of
\fractlons when fractlons ‘are presented physrcally
. .as, part of a whole u51ng type 2 questlons

\

" Number . o
© -of Students. - . S e Explanations. -

.'.;6 S f i.-Students made a group of 4, removed 2
cane o .~ Erom - the group,,and got 2/5. :

.1:3'.“;f'ﬂgfstudent made a, group of 4 and a group °f
: . :-2, subtracted and got 2/5 C R

) 4 VStudents made 2 groups\of 5 selected 4
- ~parts from-l group and 2 parts from the .
) e u_fother group,{subtracted these parts and e
o ' S -got 2/5. TR . .
BT S f:;]tstudent added 2, parts and 4 parts to get
oo L w00 2607 He stated thére is 4 parts’ left so.
Lo ,N-}'T_’»Vﬁthe answer ;s 4/%0.. N )

S R :[,7Student made 2 groups of 5 aﬁd”stated~
AT }thls was’ 2/5 . S

. ;
{ B e s
. p b .
. ~ . .
. i .
PRI . (cont'd.)
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NE J .. istand! the questions and therefore dld not

.‘of a Type -1 question was where the student was g:.ven a

li'plcture of a set of s:.x c1rcles and asked to compute

-

. ‘ 53
Number . . _— S S
of Students . S --Explanations

the correct solutlon and use the parts of the set to glve‘.'--"i,!.

v, ‘| oo
' .

Students made 2. g’roups of B, selected 4 . .
. parts from’ one- group, ‘subtracted 2 parts- L
andgot2/5 B - o

.

,’Student made 2 groups \of ‘5, removed l

. part, from each .gkoQup. and stated there
‘were ‘4. parts left: 1nreach group. . He:
A S jfﬁthen ‘subtracited -2 :£rof . each group of
Ve to have ‘a; total of. 4_"parts remalnlng
) wh:.ch he called 4/;I.0 o -

: Students stated that they dld not under-."' '

."’
]

g:.ve -an. answer._-“- , B R A

v <
i

Part of a- set--plctorlal presentatlon..ﬁ An example

<

".

. 5/6 1/6. There were nlne studentg who were able to state 1‘-‘." '

. (

a correct explanation of thelr procedure.. The most common

1ncorrect 1nterpretat1.on was to color f:.ve c1rcles, then

color the other c1rcle,' and subtract A complete lJ.St of

the lncorrect J.nterpretatlons J.s glven :Ln Table 23. o, .' .

1rl

. . . . S . Lo R - - e, .
g TIPSR ,..-..-—.1..._.»‘-«, Y-a Syt T Yo e e e e T B RBITR Y PR g e
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o : - TABLE 23 RN : v
: Students' 1ncorrect 1nterpretat1.ons of.. subtraction of Pl
- -_ _ fractlons when. fractions are presented pxctorlally ERCEEERS
! SR as part of ar’ set USlng 'I‘ype l questlons RN

Tt e T e D Lo
oA el

.

T
-I-.
e

e S -_’ ' "-the other c:chle, usubtracted and got 4/6._ ’ _.'.'~';.

Number
of S tu dent S.

~.fStudent colored_ 5:. .:L_rcles, ,then colored
- Athe other clrcle, s‘ubtracted and got 3/6

_Student arrlved at the answer mentally e

- ,_,and could’ not use. the c:.rcles. R
: T EUTEE
3 ; ,,Students colored 5 cucles, then colored ..'_;_.- A

s

2 .7 .Students suggested there was not enough e
. ‘circles“to £ind the -answer bhut then pro- '
RSN .‘-.'-.','Ceeded to flnd the answer mentally;-,"- et

2 v 'Studénts’ stated that ‘they -did. not.under:
o -_'__'-:’_stand the questlon and therefore dJ.d not
'~g1ve ‘an . anSWer. R I

student was

|

/,- o

.,

asked to compute 3/4 - 1/4 'There were two students who {'-- A

were able to state the correct solﬂ’t:.on and use the,parts




Sishannn 5
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' 'denommators, ' color the number of trlangles suggested by
i T _'the two numerators,' and subtract A complete lJ.St of the __j e, ‘ ‘
e 1ncorrect interpretatlons is glven 1n Table 24 e A N

.\,

Students 1ncorrect interpretat:.ons of subtractlon"of _
R fractlons when fract:.ons are presented pn,ctorlally

S S . Students qolored 3 trlangles, then
CL e COlored 'l more" trlangle, subtracted the
B trlangles and got 2/4 L

-a'x'.." E

T NS students colored 3 trlangles, removed l .
W R trlangle and got 2/4._- S

B trlangles m one group, colored ,l triangle
.‘:A . 1n the other group, subtracted and got 2/4

4 Student made 2 groups of 4 and called -
i ; these groups 2/4 LT .

P
f '

Student\\colored 4 trlangles, then colored-.-'.-';"."
g 'more trlangle, subtracted the tr:.angles

’ Student made 2 groups ‘of: 4 nd colored‘_ l 'o'
o trlangle Anreach group.i’ The ‘gtudeént” .- -.
S lsuggested there ‘were >3 left 1n each group
to give an, answer of 6. e

' Student made Z groups of'4, colored 1
“in one group .and ‘dolored 3. ':Ln the" otner« <
o groug to ‘give a- total: of *4.. The" student
©-subtracted this™ 4 from- the'. total set of

8 trlangles to get an answer ,oﬁ 4. :




¢

s
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w ton Tt

Student made 2 groups of 4, colored 3 3
trlangles in’ one group, Bubtracted L of;
t‘hese tr:.angles and got 2/4 ’

-~Student made 2 groups ,of 4,- cologged 3 :
'.tr:Langles in one group, removed the other
J.angle_ln £hy Ul.same ?group and-got 2/4. ;

Student colored any 2‘ trlang’les, then ,
-,"colored 4., other trlangles, subtrac’ted’j and
got 2/4 - e .

i?art of a whole--plctorlal presentatlon. Z-\n example

L &
o . : L . e B
\ B Y

Type 1 questlbn was where the student was glVen ',-Pic;ture""f

: '-','; of .'a square w1th seven parts and asked tb compute 5/7 - 2/7
AR AN, There were 13 students who were able to state the correct

expl"anata.on of the:.r procedure. -.' The most common 1ncorrect

A ,u' .

;Lnterpretat,mn was to color flve parts of the square and

.

’ then .subtract from the fJ.ve parts the remalning tWO parts

a .

of the square. A complete llst of the 1ncorr'ect J.nterpre.—"

RN . tatlons is: glven ;Ln Table 25..‘.
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TABLE 25

. 6/“ ” )
Students' incorréct interpretations of subtraction of
fractions when fractions are presented pictorially
.as part of a whole using Type 1 questiors
: )

Number
of Students

Explanations

fe

-4 Students colored '5 parts, then colored
-the other 2 parts, subtracted and got 3/7.

1 - Student colored 5 parts “and’ could not
: prOceed any further.l .

1 - " Student colored 5 parts: and suggested

s ' . the remalnlng 2 parts/was the answer.

1. -,;' ‘ Student stated“that he did not5uhderstand
" the .question and therefore dld not glve
~an answer. '

-~

An example of ‘the Type 2 guestion was where the
a . student was given a picture of a rectangle with 12 parts
There ‘were two students-

o

and asked to compute 5/6-4'1/6'
who - were able to state the ‘corréct solutlon and use the
parts of the rectangle to glve A correct explanatlon of thelr

procedure.. Two .common . 1ncorrect 1nterpretatlons occurred

>

. The students would elther color the number of parts of the
rectangle suggested by the two numerators and subtract or
color the number of parts of the rectangle suggested by -

."the larger numerator and subtract the number of papts |

¥

suggested by the smaller numerator. A complete,llst of the

: fU/ih-. f'lncorrect interpretat;ons 1s glven in Table 26.

ot

- L.
N BN e N ST

ni-&':."_ i -.. ; ..- .
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TABLE 26

Students' incorrect_interpretations of subtraction of
. fractions when fractions are presented pictorially
N . -as part of a whole using Type 2 questions

Number

of 8tudents Explandtions
:_5 : Students colored .5 parts of the rectangle; - ," qj:fff
' - . then colored 1 other . part. of the rectangle, .. oo
subtracted and got 4/6 LT . d ’
5. C "Students colored 5 parts of“the rectangle, «..",“_El'
: B ﬂsubtracted 1 from the 5 parts and got 4/6. L
7nfl;j; “j“fi'Student made 2 groups of 6 and could not L
[ "_proceed any further., - : o '
2 " ‘ Students ‘made. 2 groups of- 6, colored 5
o parts in ene group, colored 1. part in the
. other group, subtraoted the parts and got
- 4/6.
1 ‘ Student made 2 groups of‘6,'removed 1. part -

from each group to-have 5/6 left in each
' group. The student subtracted 1 more part -
: L from each group to get 4/6 1eft whlch made :
- yoo : - a total of-8. o

1 . Student found ‘the answer mentally and
colored 4 parts of the rectangle.

1 ' ’ Student made a group of 6, colored 1 part
and suggested that there was 5/6 left.’

T | c ._-Student made 2 groups of &, colored 5 - ) ':' lf |
T . parts in one-group, removed 1 of these : S
parts to get 4/6 R . , o _." " vy

N S 1:r_' ' _'Student stated that he did not understand : ,
. e v .. the questlon and therefore did. not glve .
o : ' - - '.an answer. : . "

e
[
!

[
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Symbol it presentation.' An example of these ; 3
- Lo = .
questions was where the student was given the fractions

5/9-and 1/9 and asked to subtract the fractions and explain

a procedure for subtraction of fractions, - There were 19
r . n . .
S student's who were able to state the correct solution but .o

7Ly - only-five“of these students were eble to explain correctly

.thELI procedure fér findlng the solutlon. ,A.complete

v

=*list of the 1ncorreat interpretatlons lS given in. Table
27. o |
' R '3.1 e
L " A TABLE 27 S T N
: Students'~1ncorrect 1nterprétatlons of subtractlon of
fract10n3 when fractlon are presented symbollcally

Number . - . . RN
of Students c : Explanations

v

14 :* .-.Students used a rule to, find -the’ correct - DUV
. . answer. When -asked why they did not | Lo -
L subtract the denomlnators ‘three different .-
o : _ Yeasons vere glven. They'lncluded l) !
) . if you do;.you will- get zero; 2). the", _
Yoo - difference between ‘the. numerators is . '-. -
S, ~. 9. less that the" denomlnator, and 3) because
' ‘. .the’ denominators arelthe same. : K

el Student subtracted the denomlnators when
o flndlng the answer.,, ) _ Co

. EPR . '
- . . . -

¥
C
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Research  Question 2:

e b eton Pl e R ST

.60f

What computational, errors
do gtudents make in the

addition and subtraction
of ﬁractlons?l

The majofitY'of\studéhtsieommitted'very few com~

putational errors in the additiondand subtraction of

' frectioﬁs regardless if'theTQhestions'were Type

2. The most cdnsistentxcomputational efrorﬁwas

‘addlng{or subtractlng denomlnators.:

There were

who added the denomlnators and one qf these two

E)

who also-subtracted the denomlnators.“

3, »-

'

Flgure 4

rmﬁer.Typé

eitheér

tWé'studedtqf'

students

indicates

the number of questlons correctly computed for each ltem

type used Ln the study

’

. Even though the data in. Elgure 4 lndlcated that

students could correctly add and subtract fractlons, the

majorlty of students were not able to correctly model and

lnterpret the ﬁractlons phy81cally, plctorlally, and

symbollcally;‘

to - use the materlals to glve-a correc

For most item types students were not able o

thexr procedure.

R explanatlon of
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1o REPEENEREN :
B fl R M Total :  ' ) Total Number of :
p - S © +.° 7 Number of Number of.” Number of Questlons Correctly i
¢ . Item Types Studenus.'v.gQUestlons jQuestlons . - . Computed §
] _ ADDITION R T AR 3
: & ' B T ' ' ' :
& Type 1 o Phy31cal e w2000 2 L4000 T 37 ‘ 3

38

37 : - ,
33 .
36 -

2
S [iType. L uivrlctorlal_:ﬁfgig~2o B
;{“ﬁuﬂﬁj} }u_' Type 2 | —Phy51cal a0 L g
!f;*i’:ttif Type 2 Plctorlal“f;;ﬂl:'ZO';l:i Sy
T ':Qvéﬂ”*';‘ Symbollc S 20 2

SUBTRACTION

TYPE iﬁT"PhYSlcal G20 68 -
'l‘w“Plctorialf;_fl";.zo

.12 " Phy51cal  3V;i- 20
2', Plctorlalﬂ: . .20

Symb°llc-Q' 20

5
,
N AL RIS S AL i AT gl
N A R . -. .

A e

SR i, b

'\f,ﬁﬁIGUﬁﬁﬁq- Number of questlons computed correctly for each 1tem type used 1n the
EERTS study O ST N :

© 19
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. }1nterpretatlons are presented 1n two parts. Part one '; }_f-h o
,7ﬁlfor Type I questlons.ﬁ Part two deals w1th the 1ncorrect
"gave very few 1ncorrect 1nterpretat10ns'qf the fractlon
éfconcept and addltlon and subtractlon of. fractlons when
_students who gave con51stent 1ncorrect lnterpretatlons for

~the Type 1 questlons that dealt w1th the fraction concept.f‘

3the square was green..‘When these students.were glven the
' additlon and subtractlon Type l questlons,.thelr 1ncorrect

1nterpretat10ns were not con51stenta They gave-dxfferent N

'1nterpretatlons. For purposes of thls study the 1ncorrect } o Lo
,ffdeals W1th the 1ncorrect interpretatxons that were glven

flnterpretations that were giveh for Type 2 questlons.-h

For example, when given -a square with one of its four parts

. colored green, these three students Stated that 1/3,ef

[N * . \
vty te .-

o, - .
B ks s FR O R PRI TR S s e

‘Research Question 3¢ Are the incorrect interpre- & s
- *  _tations and computational
errors systematic?

A study of the data outlined in Figure'd indicated

that there were very few computatlonal efrors. Therefore,

1

this research questlon w111 focus only on the 1ncorrect

M

T

-s . T~

»r Fe

- . RN . ox

Type 1 questlons were glven.j However, there were three

‘

LREARSE

1ncorrect 1nterpretatlons whlch varled foi the ‘addition

and subtractlon questlons.-‘ﬁf?;'f.-;?i JT“ ihf_.,f‘:ﬂ ":
When these three students were presented W1th the.

four Type 2 questlons that dealt w1th the fractlon concept,;-;"

their 1ncorrect 1nterpretat1ons were con51stent Wlthln each
= . .o . , t 1
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':Lg,that were glven consmstently by students to explain'their

',Consequently, students explained thelr procedures %n::

f.relatlonnto the Type 1 questions.

'-fmaking 2 groups of 5 i:

selected 2 parts and l part from each of the grbups._ Once

TR PARE i

1
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of the questions but not con91stent across the questlonsl

lThe students were consistent in giVing dlfferent 1ncorrect

interpretatlons of the fraction concept and- their 1néorrect
interpretations;were,not cons1stent-w1th those.they had R
given for the Type l-duestibns.

There were, many 1ncorrect 1nterpretations given " oA
¢

':by the- students for all the Type 2 questlons. Although

.}there were many incorrect interpretations, there was little

~

(AN

indlcated the use of two common 1ncorrect 1nterpretatlons whf

. I

e

'~1_procedures- The most common 1ncorrect lnterpretation was

-~
<.

to reduce the: Type 2 questlons to Type 1,questlons.' :5}.21*

>

There were other students who were con51Stent 1n

'-u51ng the’ total number of parts 1n the set to explain their

h

:procedures.i Fon\example, given a set of 10 blocks and asked

”«to compute12/5 + 1/5, these students were con91stent in

- IAL",

However, they were not cons1stent

’.’:1n explaining their procedures for using the 2 groups of

.5;1 Some of these students selected 2 parts from one group

and one part from the other group.? Some students selected

"2 parts and l part from the same group. 0ther students

:Zjvev1dence of a. systematld applicatlon of an. 1ncorrect 1nter- ;G%v€f 

‘ﬂﬁgpretatlon., However, a study of bhe students' explanations:“;

NI Tn
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n _again thée students demonstrated that.t}-.x_eir were consistent B ' ._:
| in giving different incorrect intérp.xfétation‘s.i ' :
R S In }:hé’ next -chapter thé .:':e.as'ons 'sLtugieLﬁts were. L '
": consistent in givin'g' thése inc‘o.rré;:t."interpréﬁatidns'_axjé o o - ., .
. 'F".discus‘se.d. e . h | '

N

i o M e 7 o
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. of the fractlon concept, and the addltlon and subtractlon ?“:'

'the fractlon concept and the addltlbn and subtractlon of h. - } ,”'T'.f“mgr
.ejf%actlons are made by students? .
"nare madeé’ by st:jents 1n the addltlon and:"E”
'ﬂfractlons2

'”.tlonal errors\systematlc?

L  CHAPTER V

SUMMARY, DISCUSSION, CONCLUSTONS,
AND RECOMMENDATIONS
SN L

_'r-' - o .

A

i

In thlS chapter,a summary of the study, a discu5510n

The purpose of the stqdy was to determlne the

explanatlons used by grade Slx students rn the 1nterpretat10n

At

A
-.of fractlons. To examlne these thought processes three

research questlons were asked. What 1nterpretationsmof 7-:-," ' L ;ﬂf"'

[LIN
ﬁhat computatlonal errorsf.

©

;'e the 1ncorrect 1nterpretat'ons”and computa—-ag'{f“”

0 S

To 1nvestlgate these questlons'

a series of Sziltems on the fractlon concept, and the
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A _ ‘ : . . B v ' S @
? students were randomly selected and were 1nd1v1dua11y ‘ ’ ) ‘
E .1nterv1ewed and audlotaped Students were presented w1th
: ‘ 52 questions in threezdifferent formats to 1nclude phy51ca1 ?
h Y ) | -plctorlal, and symbolrc-presentatlons of fractlons. Some L | .
| of the fractlons were presented usxng part of a set 1nter- | j
_;\g, S d pretatlon of a fraction while other questlons were preSented i
2 , using part of a whole lnterpretatlon of ; fractlon. The o "}{ f;ﬁ
:;;ﬁﬁ;]_k‘ questlons used 1n the study were of two dlfferent t&ges.fia :
PN e :i Type 1 questlons were of the fOrm where the number 1n the {i
t:} - .f set‘was the same as the number in the denominator._ Type 2 .j;i;:;i
fﬁ}4—j7gﬁﬁf‘;3i questlons were of the form where the number 1n the set jff;{71f’f9ﬁ
'ng( I ~was -a multlple of.the denomlnator. v i R :
gl o ?,ﬂ: 'Inltlally,-the responses to all 52 questronshwere h-:‘-“.'lf}'} .
i analyzed for each. 1nd1V1dual student to determlne if the }«{nd -
? stuSEnt's 1nterpretatlon was correct por 1ncorrect.' Iﬁ . -
f _;ofi‘ﬁ"f °the 1nterpretatlon was 1ncorrect a note was made reqardlng
_%' ‘ the process the student used to- lnterpret the fractlon or -
:;E.f'_tf7.f{' :. Operatlon.l ﬂ:lfJ ? 'L-. o ,.':- ‘,f}-f"._. ):,.".fﬂ -
?E”-' 3‘% ‘.Lfi: L The ana1y318 of questxbn.one was d1v1ded 1nto R s
héjﬂfﬁjl‘l:-idh. three sectlons to include the lnterpretatlon of the fractlon
;ihi-f--f' .Thd: concept 'the addltlon of fractlons, and the subtractlon of ;
i fractions. For each of these sections the 1nterpretatlon
“gd j; glven by the student-was recorded If the 1nterpretatlon _V_fu

was 1ncorrect, the- explanatlon used by the student was

. e JOL

anaIyzed to hypothe91ze the nature and cause of the 1ncorrect

w“
[

1nterpretatgon and categorzzed The responses relatlng to ﬂ‘:'

C
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research question two were then analyzed so that the ‘types - ' ﬂ‘xk'i

of errors in .the addition" and suhtraction of fractions could

be categorlzed _ - - ..

’,

A study of research question three was carried Qut
baged on the responses to the flrst two research questionsf

Once the systematlc 1ncorrect 1nterpretatlons and errorsﬁ
. - . \

were found the responses were further analyzed to determlne-
the explanat;ons that led to the 1ncorrect 1nterpretat10ns

and errors, ‘Where faulty explanatlons were found to ex1st

. \
[ . .

o 1t was proposed to determine if any systematlc patterns

A

'.;J”'if ex1sted 1n the responses of those students Who gave

incorrect 1nterpretatlons and computatlonal errors.a‘
9. - . R '

Dlscu551on . :'t':'.;:'.,: S :,' i ': .{
L - o ”".ﬂ study Qf the results 1nd1cated that _there Were
' | dlfferenCes in the explanatlons used by students 1n the'
.1nterpretatlon of the fractlon concept and the addltlonﬂif

L] . ~

:and subtractlon of fractlons. These differences variedf;fﬂ_Qr

B LI

’. ~

"dependlng on whether the questlons glven Were Type l or-~/"

,":..,_...4

. o ’,["_1Type 2 Fonsequently, the dlscu531on ls presented ln two

e

'Sectlons to allow for thlS dlfference.

’

Students had llttle dlfflculty 1n interpretlng the

PREIIE AR

i e :
iy S e
.

v

'f"} “meanlng of a fractlon when Type l questlons were glveh.
: When the questlons were presented phy51cally and plctorlally

'the students were'able to state the correct solutlon and ﬁf;:‘ .-jfﬁ:

:fgfuse the materlals to glve a: correct explanatlon of thelri'
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,but had llttle understandlng of what Ehey were ddgng.yp_

"?i'were computed in thls way.} When questioned about the

-5;‘mean1ng of the fractlon concept (e g., 2/7) mos

68 -

KV : o B " ' '
-procedures.G'Fnrthermore; the studentsjhad little difficulty
in explaining their procedures for the addition“andfeuh-'

»

,tractloh Type I questlons., There were seVerai-students'

who found the answer mentally and then u5e§'£t3to-ekp1ain
a procedure for- computrng the fractlons.:'This sﬁggéstedi oL

that the students dld have the skllls to compute fractlons

-(.

:

.'presented symbolically the students had'ilttle dxfllculty
in computlng the fractlons. In most 1nstances students
found the anSWer mentally w1thout u51ng pencil,and paper.

e s o

Thrs 1ndlcated that students had had prlor experlences f""

' w1th fractlons presented rn thls way.- However, a study of

N

the results 1ndlcated that students were using a rule,

RS

.

. ( t

gaVe a very llmlted explanation.; They related 2/7 to S

parts Of a ple or some geometrlc shape and were unable to fi?"”
i \. ". X st

extend the meanmng to varlous other Places 1n’llfe'




e nt

'reduce the Type 2 qu&ktlons to Type l questlons._ The - .f- i~ﬂ

students pald no attentlon to the fact that the number

'they used part of the set to explaln thelr procedures as

{0

in the set was a multlple of the denomlnator.“ Rather,..ﬁ

'_1f the questlons were Type 1 These students contlnued

e

\

: to use thls procedure to explaln the addltlon.and subtractlon

i

d1v1ded 1nto equlvalent;parts. The students dld not

W . 'F L v
perqe've the whole Set as keeping 1ts quantlty of parts.p‘
They percelved a renamed fractlon as belng a Smaller group e

to work wrth.: Rather than express their answer ‘as’ part

of a whole set, the students concentrated only on part of

” X

' ﬁ There were other students who dld n;% attempt to

reduce the Type 2 questlons to Type 1 questlons

con51stent 1n explalnlng that the fractlons must be ;7

R . )

"'~expressed in’ relatlon to the whole set However,




_,.:t. f‘ selected é Some of these students selected 2 parts from

[ DRI - v’

N ' selected 2 parts and 1 part from the same group : Other
; . (:. students selected 2 parts from both'groups ahd l part

;’Eﬁ;However, 1t dld show that there were Students who were‘

~‘. v

"fjpreVLously dlscussed the reason for thlS wgg’p0531b1y

-.r’

x:Type l and Type 2 questlons that only those students Vho

‘

Gwere ableythexplaln the phy31cal and plctorlal exercxses

"Thls 1nd1cated that understandlng of physical and/or

.

'f\ o e “one group and 1 part from the other grdup._ Some studentsir”

] A 0 . - ..‘, . . :..
giable to explaln the phy51cal and plctOrlal exerc1ses.-““
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Conclusions L : -

The conclusions in this study are limited to grade

six level students. It may be pOSSlble to- generalize to

other grade levels and to other mathemat1bal concepts but

due to the nature of the study the invgstigator'is cautious-

conclu81ons-'- - .'*

,lr Students were - able to 1nterpret the meaning
3W-n=-of a fraction when Type 1 questions were, given. A
. The'. students also’had little’ difficulty in ;"Qf"hq
Aexplaining their procedures for addition and BV

subtraction of fractlons if Type l questions
were. given. o A

2.0 Most students (18 out\of 20) showednvery
. little'understanding of whgt they were doing
~.'__when they explained their procedures for the
. Type 2- questions that related to.the fraction
- concept and: the addition and subtraction of -
. fractions. Irn most cases they tried to .-* ' ..~ v
"reduce , the Type 2 questions to Type l RN T
questions. ‘ _ % : L
3. Students had ‘much difficulty in using the o
i 'phySical and ' pictorial ‘materials. to explain
thelr procedures for finding ‘the solution. ,' o
Materials§’ were prOVlded butithe : Students were =
unable to.’'use thel to give "a ‘correct explanation.
HoWwever . this wag-: ‘true only for- the Type 2"
';questions and nat the Type i questions.,

"4, The students demonstrated that they were able-
; S o) compute correctly but they were not able

"yv;-', to explain thelY procedures.;.~

.:!“5},:There was little eVidence of a systematlc S
' ,ﬂ;_application of an incorrect'1nterpretation. R PRI
) VﬁThere were . gty ents who gave consistent L e
."ineorrect ‘int pretations "for. particular
-consistently use this' incorrept interpr

Rather, the students

_\were con31stent in glving different 1ncorrect L
g.vinterpretations of other questions. R P

cobe o

; . -\ . "
’ T ', P
. , I

T g: In. summary, the analysms led to the follow1ng

"f-questions used in the: gtudy” but: they did not o ;_;p,-ffﬁf
ation _‘j.' R, '
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o 6. The plCtOIlal activities proved ea91er ‘than

3 _— . the physlcal for the students to exPlaln. - o
' Students correctly explalned 77% of the . .
Pictorial activities while they correctly. . '
explained 65% of the physical activities.
This was -possibly a reflgction of the type
of approach (i.e., illust¥ations on the

{ . . :

f RS IR : .. blackboard)- that the students had -more

. d . ~exper1ence with. : .

? ‘. S 7h;_The results showed that only those students ‘

R ' .-+ .- who wére able to- explaln correctly the - -
O .5'4physical and” plctorlal exercises ‘were,then -
e ‘ - ... .able-to.give a- cOrrect exglanatlon ‘of the .. ,~

' - T *'Llsymbollc ‘exercigesi- " There wéré no students:

L e :fﬂPﬁ¢:5”§exerq13es without' first being able 'té’explain | . .
RN 'hg”n4',_”73¥ﬁcorrectly the phy51cal and plctorlal ‘exercises, . a
eofr0Y 0. This indj ated that- understandlng of’ phy51cal""“;f;l

L and/or plctorlal presentatrons of fractlons, .Lt“jnn o
p - . for students,;nnthls -study was'prerequlsitefi;_f' PR
e L - to correct’ understanding of symbollc presen— -
' : .tatlons of fractlons. T, . : v

. 8. The use . of the "thlnk aloud technlque" appeared{
to be ‘an .effective stratégy to:determine how
students 1nterpret, add, and subtract fractions.
The- use| of. the- technigue can be used to ‘help -
.gather aluable -information which cédn not be so-

.readlly obtalned from pencil and paper tests.

Ly

At o e st e e e v
«

s Recommendatlons o ﬁff,“

v

o ) o ; dations are made for further research and appllcatlods

- . . “'~.
for teachers- : '

S 'j -el. A 31m11ar study should be conducted w1th a-
SR S . larger sample ‘and at”a perlod of’ time. closer -

'study was” conducted in - the" fall of -the year TR
_.and. the.subjects had ‘been - intioduced ‘to . & Lo Ry
"fractions ‘about- flve:months earller. Au".
‘gtudy ‘should ‘be carried gut .at the end of:
“the school year in whlch fractlohs ‘have- been
, troduced “In. thisg way-lt would’ be p0331ble
1.t -control the gffect.;of factors such- ‘as’
*.gummer. vacation -and lapse of tlme upon 3
lpstudents' perfOrmance..3”" : -

bR sq

S {;f,a?ﬂ.who were-able tO- explain:correctly . the symbollcig‘f{ff{fry L

As a result of ‘this. study' the follow1ng recommen- o

R fﬁ T S :to-when fractions are taught in school: Thls R :, h}fﬁ;{
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?Q§.?7:57f“j'4 Educators and teachers should not assume o
R ) that because students ‘are. able ‘to. g1ve the‘

L T

B L o L L SR 1P o Y W

2. Slmllar studles should bhe ‘conducted with
fraction concepts(i.e., equivalent fractions
. or multiplication of fractlons) to determlne
) i¥ these flndlngs are’ generallzable to these
: concepts.,'- , }
3, The empha51s given to symbollc activities .
. when working with fractions needs to be re-
~examined. -A study of the results -.indicated..
that students need- ample opportunltles to-
... . woxk. w1th phy51cal and pictorial presentatlons
' of fractions before: belng introduced” to'“ '
e symbollc presentatlons of fractlons.->If
b symbolic activities. are overstressed at: the
' expense of not- u51ng suff1c1ent physlcal

.and pictorial dctivitiesj then Students w;llffﬂ
. 'be-"performihg a- gkill with: llttle»under-“j;;m

{‘»l fh'; standlng of what.they are d01ng.5@

. correct. solutlon to: fractlgnal exer01ses
that the students: have an understandlng
I1f teachers wish to find" ‘out what . students
know about fractlons, it is :not sufflclent
. to: use only a.written tegt. »Valuable- and
- . helpful-i formatlon can bé- galned from
situations where student Lare given the -
opportunltles to’ explaln thelr thoughts,~

This®can. help’ reveal not only:what students

e f - . ~kriow about' fractions but also’ what: they do“f.i'if'

not know about fractlons.

5 PR Loex . - At

of the fraction concept and. its’ computatlons.{f

5.'J : adeas, -and procedures fo: {flndlng solutlons.gfjJ‘

73
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Al = 1. What fraction of- the whole set of blodkéfié
o green? o _ : o S ‘

;j,_ SR o - Z,B'Show me 1/3 of the set of blocks.

.. 3. What fraction of*the whole set of blbcks is . LA ‘iﬁ SR i

o o u-wjj';~f4a Show me 4/9-of the,set of blocks.; . ;ﬂ‘ ,h :;.zfi o ff{

The set_has 6 blocks._ Show me 2/3 of the set.-.

Show me 3/8 of the rectanglé.f{

qv'; o 'h:fgf¢?‘ﬂ'*ff” 5. The rectangle heé LO Parts. Show me- 2/5 6fizi':‘.h. -f',T' -
i s — A the rectangle., i . : : L Coe T

e S I I PR POTRE .
EI }i_f:;;;Azt ‘ 1. In this plcture “What fractlon of the set of ::« EEURNPOR

flgures are trlangles?

'n thls plcture what fractlons of the set
of flgures are-c;rcles? : :
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1,

:Here is as setjof 10 blocké

' In thls plcture there is a set of 4 01rc1es. I
X If you add> 1/4 of tHe.01rcles to 2/4 of the.;Qh,:

:'dp you have?

.-squates what fractlon of the set of squ
"- do you have? : :

H .:J-§7a{SEtﬁof'blocks., I y6u-add 376 Of
the'bIocks*tQ:J/G of the~ blocks, what fract;oh
Jof” the set offblocks do you have? <;~

If- you,aad 2/5 :
of ‘the blocks .to 1/5 of the’blocks, what. . -
fractLOn of the set of blocks do you have?

N A . RO

A

Here is a rectangle wlth 9 parts. If you
add-4/9 ‘of  the: ‘rectangle - t&. 19 of the

N

[
E

;Here 15 a“square w1th 8 parts.‘ If you add

fractxon of the square do you have? : )

If you add.1/5 of: the:: squares to 2/5 of:,

In this square there is'a"set of 10 squares.'ﬂ

"‘-reCtanglenWhat fractxon of the rectangle . },"f:_
aedo you have? 3f53- :,:‘ ,j'm

-;:2/4 of the square; to 1/4 of the*square,whatt%A;:n‘

Y ers e / V!
Show me 3/lQ of thlS square.
. 'The,. square has 12 parts. Show me 174 of
this: square. : \
What does the. fractlon 1/5 mean? )
erte the fractlon one—thlrd . .
-tWhat'does the fractlon 2/7 mean? SR tﬁ? .

PO
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:J. He%re As-a rectangle w:.th 6 parts.. TE 2/6

3
.1, 'Here is a picture of a squar'e.idith 6 parts..
» If you add 1/6 of the parts to 3/6 of the.

parts, what fraction of. the square do you
‘have? : ,

2. j'Here is a p:l.cture of a rectangle with- 10

-partsh If you*add 2/5 of ‘the rectangle - Lo

to 1/5 of the rectangle, what. fractlon
of the rectangle do you have?

Adas. 1/41 + 2/4 BRI

4/7 * 2/7

This 1s a- se't of 8 c.rrcles.v- I£ 3/8 of ’the.

what f\ractlon 15 left?

‘."12 Th:.s 15 a’ set of 10 squares.. If 1/5 of the ,' e Ll
A .squares :is subtracted. from: 3/5 of the squares,' Con A

what fracrtlon s 1eft? _‘7'-' R _.“: S

- "3- "Thls 1s a set of 10 rectangles. How much

more is 7/10 of the” ‘get of - rectanglfs than
3/10 of: the set of rectangles? _

._" '4 This is a set of 12 squares. "‘How mack more

is' 3/4 of the set. of squares than 1/4 of
the set of squares? b e e

of the parts of the rectangle is- subtracted
from 5/6 ‘of -the. parts: of the rectangle,
what fraction 15 left? "
[ v
Th:.s c:.rcle has 10 parts. If 2/5 of the
parts of the. c:chle ‘ig! subtracted “from 4/5
of" the:parts-of the circle, what fractJ.on

=1 rectqngle w1th lO ‘parts. How" itch
is 4/5 of the rectangle“‘than 2/5 of the

c1rcles is- subtracted from 5/8 of the c:.rcles‘,;'f"'-",'_.»'..f':;'.';‘l

AT
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'_ This. is a - plcture of a- set Of 5 squares..
1f 2/5 of the set of squares is subtracted

fract:.on J.s 1eft? o T . ,'f :

fr ction 1s

;.of 'the rectangle" ¥

. . . . * .

from . 4/5 OFf thé set of squares, what

.
. 0.
»,., . y N 3

’l‘hlS ifa plcture of ‘a set of 8 tra.angles._._. ~ ‘:' A
If° 1/4 of the set. of trianglés”is- sﬂbtracted TR
from’ -3/4 of ‘the set of trlangles, what e .._ S

‘)left?

."1s as'a“plcture of a: set of (3 c1rc1es. T

""ow much mo::e is 5/6 of the set of c1rcles~

l‘hi‘s-"'i's a 'iaii'étﬁr'ér. .6f} ‘a - eét "o" flO aqaaré's o
_How' ‘'myéh , more is- 4/5 of ‘the’ set. of squares

than 2/5 of the set Of squares.. S

If 1/6 of the parts of the’ c:.rcle is sub—" -
“trdcted from 5/6 of the parts of the circle,

what fractlon .1s left?

ThlS is'a: plcture of a rectangle wa_th 8 PG
parts. If. 174 .0f ‘the parts.of the- rectangle.® .

18 subtracted from 3/4. of the- parts of the:: "
rectangle, what fractlon‘is left? :

Thls isa p.tcture of a square w:.th 7 parts. Vi
How much more is- 5/7 of 'the -parts’ of the. .
square than 2/7 of the parts of the squ”are?

ThlS J.s a plcture of a rectangle with 12
parts. “How. much more.is.5/6 of: the' patts
of” the rectangle than 1/ "‘of the parts"
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