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Dur ing the last five years, sig
ni fic ,rnt  stud i es have produced con
vincing evidence that we are doing a 
rathP r poor job of connect ing concep
tual meanings or und e rstandings with 
the symbol i zation of fract ions and 
d ecimal s in the fourth through seventh 
g rad es. Peck and Jencks ( 1981 ) found 
that out of 20 s ixth graders, nine  
could  d raw p i ctures of s imple frac
t ions like 1 /4 ,  1 /3, l / 5 ,  and 1/4. 
On ly  five of the n ine could use these 
i deas to com pa re fr act ions correct ly, 
and only two of the five could use a 
conceptual approach to adrl fractions 
s uch as  2 / 3  and l /4 . Peck and Jencks 
ma int a i n  that thi s  smal l sample i s  
rep resentative of huncl reds of children 
they inte rvi ewed. 

In another stu<ly, less than 30 
percent of entering freshman at City 
Univers ity of New York coul d  correct l y  
s el ect the smal lest o f  a li st of five 
d ecimal numhe rs , while much higher 
p ercentages were able to compute accu
r atel y wi th decimals (Grossman, 1 983) . 
The Second National Assessment of Edu
cat ioncll P rogress repo rted that less 
than 10 p ercent of 1 3-year-ol ci  chil
d ren sel ected the correct cleci.mal 
equivalent for s imple fract ions such 
as 5 / 8 ,  and 38 percent selected . 5  as 
an eq nival,:,nt to 1 / 5 (Carpenter, et 
a l., 1 98 1 ) . These and many other re
searche rs and rev i ewers have concluded 
that sign i f i c;:intly more time must he 
s pent on concept1rn ]  rlevelop!Tlent of 
both fract ions and decima l s . 

Hi ebert poi nts out i n  an excel lent 
r eview of current research (1984 ) that 
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a major flaw in children ' s  mathemati
cal learning is  a failure to . mqke con
n ections between understandi ng and 
s ymbols. According to H iebert, con
n ections are possible at three sites : 
meaning of symbols,  unde rstand i ng of 
procedural rules, and cons iderat i on of 
the reasonableness of solut ions (a 
sort of real world  understand i ng 
linked - to symbol i c  mani p ulation). The 
f irst and thi rd s ites have received 
the least amount of attention in  cur
r iculum development. He contends that 
" i f  s tudents �an he assisted in devel
o p i ng rich mean ings fo r the symhols 
and i n  recognizing that solutions to 
written problems should make sense, 
t he i r  strugg le to l i nk form and under
s tanding, to learn mathematics in a 
mean ing ful way, would be greatly 
enhanced." 

Perhap s the JJtost cietailed and ex
t ens ive invest igation i nto what chi l
d ren know about fract ions and how they 
l earn fraction concepts i s  being done 
i n  a se ries of studi es by Post, Wachs
muth, Lesh, and Rehr (198 5 ) . Their 
teaching experiments and i nterviews 
with chi ldren have revealed that the 
c on cept of fraction i s  a complex and 
s lowly evo lved construct. The i r  work, 
howeve r, is beg in n i ng to lead the way 
for curr i c u l um refo r.m in the area of 
f ract ion concept development . Many of 
the i.deas pres ented as suggestions in  
thi s  paper are derived from their  
studies. 

Less 
d one on 

research 
the use 

seems to have heen 
of  models such as 



place value materials to develop deci
mal concepts or on ways to help ch il
dren connect fraction and decimal con
cepts. The suggestions in the activ i
ties section of this paper are based 
on extension of the fraction work by 
Post, et al. , and on my own experience 
with fifth grade children earlier this 
year. 

The current curriculum simply does not 
permit teachers the time to do 
required concept development.  

The overriding suggestion is that 
curriculum revisions must he made to 
create a signi fican t period of time 
for students in the fourth through 
sixth grades to work with a variety of 
both fraction models and place value 
models. This would allow them to de
velop not only the concepts of ration
a l  numbers, but also the connections 
that these concepts have with the sym
bolism of fraction s and decimals. 
This time, which seems essential from 
both a developmental standpoint and 
from results of empirical research, 
can he created by postponing all rules 
for fraction and decimal symbol manip
ulation until at least the la tter half 
of the sixth grade. The current cur
riculum simply does not pe rmit teach
ers the time to do req uired concept 
development. 

In a fifth grade class in wh ich I 
was working this year, students at one 
point had not begun the stud y of deci
mals and were well into multiplication 
and division algorithms for fractions. 
Yet only one of the seven children I 
interviewed had a firm concept of 
fraction. None of those I talked with 
had even a vague idea of the meaning 
of decimal numerals, and none could 
give any conceptual explanation of the 
fraction algorithms with wh ich they 

were becoming quite adept. About 
three weeks later, the study of deci
mals had progressed to the multiplica
tion algorithm. However, in a class 
discussion which I conducted, there 
was virtually no indication that  stu
dents understood decimals as represen
tations of simple fractions. 

To change th is relatively absurd 
situation , the curriculum must shift 
from an emphasis on symbolic rules, 
which appear meanin gless to children. 
Also, activities must he developed so 
that teachers will know wha t  to do 
with the va rious models for fractions 
and decimals. 

The activities suggested in the 
following pages are offered as ideas. 
The objective of these activ ities is 
to develop an understancl in g  of ra tion
a l  numher concepts and to connect 
these ideas to the symbolism of frac
tions and decimals. Special attention 
is given to the effort of relating the 
symbolism of fractions to that  of 
decimals. While many of the activi
ties are ba sed on recent research , 
many remain  to be tested and further 
developed. The intent i.s to get ll'ore 
physical models and activities with 
models into the classroom. Whenever 
possihle, connection of an oral form 
of the concept is con nected with the 
models prior to symbolization . Sym
bolic rules for equivalent fr act ions 
a re not cU scussed , although some ac
tivities guide students to develop 
these ideas in an intuitive man ner. 

Another focus of these activities 
is to utilize a variety of models 
whenever appropriate. Evidence sug
gests that  a well-formed mathematical 
concept becomes model free. Depen
dence on a single model has a tendency 
to leave a concept tied in flexibly to 
the model. One observes this q uite 
readil y in ch ildren who seem to have 
their concept of fraction firmly tied 
to circular reg ions. 
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Suggested Activities 

OBJECTIVE: 

To make meaningfu l transformations between models and symbols. 

1. Develop fraction " words" (halves, t hir<l s, fourths, fifths, and so on) in 
connection with assorted models. For each fraction word, there are two fac
tors that are essential: the correct number of parts must be presented, and 
all parts must be the same size. 

r 
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Introduce this notion with as many models as possible: 

• c ircular pies 
• squares and rectangles subdivided into smal ler parts for shading 
• sets of two-color or two-sided counters 
• colored fraction strips or Cuisenaire rods 

number lines, subdivided into various subunits 
• regions Made from posterboar<l squares or eq uilateral triangles 

e. o o o  

e o o o  

9 0 0 0  

D ' 

Fourths 

Whole 

, 
���� 
I I I I I I I I I 
0 

() 
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2. Orally , count unit f ractions with each model. 

DD D DD DD 
"�-fourt h ,  two-fourths 

"�-th i rd, two-thirds 

0 

0 

"�- fourth , two-fourths 

• seven-fourths." 

• f ive-thirds." 

s i x-fourths." 

3. When children can identify  fractional words and can count them accu r atel y ,  
introduce the wr itten form for fractions as the counting i s  done. llse as 
many model s  as possible. 

It i s  sign i f i cant to count several di f ferent fractional parts in a pa ral lel 
fashion. Thi s  help s to develop the di f f icult inverse relationsh ip hetween  
number of  parts to make a whole , and s ize of  the parts. In compa rison of 
3/4 with 5/ 1 2, fo r example, chi l dr en need to see that wh ile five is more 
parts than three , the fourths are much larger. This type of reasoning i s  
s low to develop and requi res a signi f i cant amount of var i ed experience. 

0 0000 
1 / 3  • • •  2/ 3 • • •  3 / 3  • • •  4 / 3 • •  , 5/3  

(ONE) 

V V V V V V . 7 V V V 
1 / 10 • • •  2 / 10 • • • 3 / 10 • • • 4 / 10 • • • 5 / 10 6 / 10 7 / 10 8 / 10 9 / 10 10/ 10 

( ONE) 

4. Use models to go from either a given unit or who le to a gi ven fract ion and 
vi ce versa. A progress ively di f f icult seri es of five question types i s  
s uggested. 
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( a )  Given a unit fraction , f ind the whole. 

EXAMPLE : [ f  the red ( 2 )  s t r ip i s  1 / 5 ,  what  strip  is the whole ? 
Answe r :  Orange ( 1 0 ) .  

EXAMPLF. : I f  three coun ters riakes 1 / 5 ,  how many beans in a whole set? 
Answe r :  1 5 .  

(b)  Given a unit fraction , find a nonunit fraction . 

EXAMPLE : T f  the li.ght green ( 3 )  s t r i p  is 1 /4 ,  what s t r i p  is 3 / 4 ?  
Answer :  Rlue ( 9 ). 

EXAMPLE : I f  four coun ters are 1 / 2 of  a se t ,  how many coun ters in 3 / 2  o f  
a se t ?  
Answe r :  1 2 .  

( c )  Given a nonunit fraction , find the unit fraction . 

EXAMPLE : I f  the clark green (6)  s t r i p  is 3/4 , what strip is 1 / 4 ?  
Answer : Red ( 2 ). 

EXAMPLE : I f  1 2  count ers are 3 / 4  o f  a se t ,  how many counters in 1 /4 o f  a 
s e t ?  
Answer : 4 .  

(d)  Given a nonunit fraction , find the whole . 

( e )  Given the whole , find a nonunit fraction . 

N OTE : The above quest ions cannot he <lone wi t h  pie pieces , nor any model i n  
which the whole is  a fixed size . 

OBJECTIVE: 
Develop the basic concept of equivalence. That is, multiple fraction names can be used 
to represent the same amount. 

I .  Provide ri n1wi ngs or cutouts of a fract io nal pa rt of a reg i on , and have chil
d ren find  frac t io n  names for the reg i o n  by covering i t  i n  as many ways as 
possible 1 1 s ing p i eces of the same size. Chi ldren shoul<l wri te all results. 
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Lat e r ,  ex tend thc> exe r c i se to inclurie  pieces not in  the se t of  man ipula
t ives . For example , " What i f  all of •J1 ir 1 / 8 p i eces were cut in half . Wha t 
c01 1 l <l  we cal l  this  pa rt ? "  



2. Provide sets of counters or drawings of counters in two d ifferent colors. 
What fraction is each color? By rearranging the pi. eces, ch ildren can find 
di fferent fracti on names. 

• • • • • •  
• • • • • •  
0 0 0 0 0 0  
0 0 0 0 0 0  

2 / 4 , 1 / 2 ,  1 2 / 24 

· · · · • • 0 0 0 0 0 0  
· · · · • • 0 0 0 0 0 0  

6 / 1 2  

OBJECTIVE : 

• • • o o o  
• • • o o o  
• • • o o o  
• • • o o o  

3 / fi  

• • • • o o o o  . •· e .  0 0 0 0 
, • • • • 0 0 0 0  

4 / 8  

To make comparisons between two o r  more fractions. 

1 .  F ind a way to show two fractions of the same un it or whole at the same time. 
(This activity is only useful with strips or counters, or with other models 
in wh ich the size of the whole can vary. 

2. Fraction pairs should he given to ch ildren in written form. Children use 
models to determ ine wh ich is greater. Many children will "know" (either 
correctly or incorrectly) which is greater without recourse to models. 
These ch ildren should use models to con firm or check their though ts. Frac
tion pairs can be given in three d ifferent categories: 

( a) like denom inators and unlike numerators 
( b) l ike numerators and unlike denominators 
(c) both numerator and denom in ator d ifferent 

Select fraction pairs so that it is possible with in the availah le mo<lel to 
form equivalent fractions with like denominators. 

The last two activities provide experience with all of the con cepts that are 
necessary for creating a general equivalen t fraction concept. However, no algo
r ithm nor symbolic rule is developed ( such as multiplying or dividing top and 
bottom number by a constant), nor should such a rule he introduced . Expe rience 
ind icates that as soon as such a symbolic rule exists, ch ildren will mindlessly 
use the rule and will ignore the conceptual referent no matter how poorly their 
ideas are formed. The next activity will challenge ch ildren even further toward 
d evelopmen t of their own symbolic rule for equivalent fractions. No rule should 
be provided .  
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OBJECTIVE :  
To investigate in a symbolic mode the concept of equivalent fractions. 

Provid e models for children to use in completing eq uations of 
shown. Notice that there are four different types of exercises. 
should be worked on within the context of several different models. 

the type 
Each type 

6 

8 

□ 
4 

2 

3 

□ 
9 

3 

5 

9 

□ 

8 

12 

2 

□ 

OBJECTIVE :  
To help with the connection between fraction and decimal notation. 

The models described here permit fractions with denominators of 1 0  and 100 
to be shown easily. Some models even show thousand ths. 

• Circular pie pieces whic h include tenths and fifths. ( If not used earli
er, they should be included prior to work with decimals, since children's 
connections with fractional parts of pies is very strong.) 

• Larger interlocking pie pieces marked around the ed ge in tenths and 
hundred ths. 

• Sq uares d rawn on paper cut into tenths, hundredths, and thousandths. 
(Models are given on page 43.) 

• Metre stic ks with decimetre strips and centimetre sq uares of tagboard. 

• Place value pieces, suc h as centimetre strip s and sq uares. 

These materials can all be used as fraction models, and many of the activi
ties described earlier s hould he done with these. It is important to use some 
of the same models for fractions and decimals so that connections between the 
two can be developed . 

OBJECTIVE : 
To extend previously learned fraction concepts to fractions with denominators of 1 0, 
1 00, and 1 000. 

l .  Using all of the models above, go from fraction to model and from model to 
fraction. That is, given a model, name the fraction and vice versa. 

2. F.mp hasize fraction eq uivalences between tenths, hundred ths, and thousand ths. 
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Show by means of the models that 23/ 100 is the same as 2/ 10 and 3/ 100. (Oo 
not use any reference to common denominators or symbolic a<ldi tion rules. 
U se only models.) 

The foll owing examples are to be done with children first in an oral mode 
using !TlOdels. 



2 7 / 1 00 = Q 1 0  and Q l0O 

6 / 1 0  = Q lOO and 

and 4 / 1 0  and 3 / 1 00 = Q 1 00 

40/ 1 00 = 0 1 0  

Use simi lar examples wi th thousand ths when appropri a t e  mode ls  are ;ivailah le . 
Children apparently do not automatical ly extend these ideas to thous and t hs 
without working wi th models . 

Dec imal1  Squares 

I I I i I 
-

I 
I 

I 

-

I 
I 

I I 

1 l l I 

I 11 I I 
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OBJECTIVE:  
To develop equivalences between s imple and fami l.iar fractions and fractions with 1 0, 
1 00, and 1 000 as denominators. 

l .  Using the rlecimal fraction models, have children find equ ivalent names for 
these simple fr actions: 

• halves, fourths, fifths ( requires only tenths and hun dredths) 
• eighths ( requ ires thousandths) 
• thirds (requires a discussion of continuous subdivision by tens) 

2.  Provide common and fam iliar models ( coun ters, pies, and strips) for fr ac
tions in the above families, and ask students to show the same amoun t  using 
one of the decimal models. 

OBJECTIV E :  
T o  introduce decimal symbolism. 

The following ac tivities are based on children's familiar ity with the whole 
number place value system. In particular, children should know that 10 of any
thing in one po sition is the same as one in the position to the left. Ten ones 
makes one 10, 10 tens makes a hun dred, and so on. Likewise, one in any po sition 
can he exchanged for 10 in the position to the right. 

With this understanding, decimals may be introduced as another convention 
for writing fr actions. That is, we can show children a way to write simple 
fractions using "regular" numbers. Decimal numeration in this scheme comes af
ter an understanding of fractions and even fractions with "decimal" denom inators 
( 10 ,  100, 1000 • • •  ). The reverse approach is essentially to assume that chil
dren can somehow extend the whole number decimal concept to place values less 
than one. Later, we try to explain that these are really just fractJons. The 
latter way seems developmentally awkward, if not backward. 

1. Using centimetre str ips and squares, agree that the 10 by 10 s quare will 
r epresent one. n iscll SS  hr iefly how a ten would be made of 10 of these 
s quares ( a  10 by 100 str ip), and a hundred made of 100 of these squares ( a  
100 by 100 s quare). D iscuss where each would go on a place value chart. If 
you wanted to place the str ips ( that the children already know to be 1/ 10), 
where would they go? Clearly, to the right of the ones ( by pattern or pro
gression). Now ask students to show, using their place value pieces, a num
ber such as 3 7 / 10. Place the pieces on the place value chart, and wr ite 
down what the chart shows. Enter the decimal point, becau se without the 
decimal, 3 7/ 10 looks like 37. The decimal is needed to indicate which dig
it is the ones digit. 
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With this introdu ction , have childr en first model with the str ips and 
s quares var iou s fractions and mixed numbers that are tenths and hundredths. 
The pieces are then moved to a place value chart and the decimal number 
written. 



□□ 
2 35/ 100 u ONES 

� 
I � � 

0 

0 D D 
0 

I Iii 

2 .35 

2 3 5 

Mod el a s  a fract ion . Put on pl ace value chart . Writ e decimal . 

2 .  Use oth er fr act i on model s subdivid ed in tenths and hunrl r ed t h s  ( f rom the list 
provid ed earlier) , and have ch ildr en transla t e  fract ion s il lu strat ed with 
th ese model s to d e cimal numerat ion . To do this, they f ir st show the same 
f ra ct ion using str ips and sq ua r es,  and th en move these pieces to a pla ce 
val ue chart . 

3 .  Give childr en fract ion s with the fa mil iar fract ion mod el s  ( pies, fract ion 
strips, set s of coun t ers) , and have them show the sa me fract i on with a d eci
mal fract ion mod el. 

4. Starting with nond ecimal fract ion s from the li st of famil iar fract ion s in 
the pr evious set of act ivit ies ( hal ves, fourths, f ifths, eighths, and 
third s) , have st ud ents  tran slate these to decimal numeral s. This is done by 
mod el ing the fraction with str ip s  and sq ua r es,  transla t ing it to a pla ce 
val ue chart , and then writing the decimal numeral . 

S .  Give children decimal numeral s, and have them show these with a decimal 
f ra ct ion model ( the reverse of act ivity #2 above) . 

6 .  Give children decimal numeral s,  and have them show th ese usin g re� ular frac
t ion mod el s  ( th e  reverse of act ivity #3 above) . 

7 .  Have children mo ve ba ck and forth between decimal and fract ion eq uival ent s 
using assort ed models to verify their r ea soning . 

8 .  Use decimal model s  to il l ustrate decimal s that are not "nice" fract ion s, but 
which are close to 1110 r e  fa mil iar fract ions. For exa mpl e ,  wh ich of th ese 
f ract ion s is . 2 3  close to: 1 / 2 , 1 / 3 ,  1 /4 ,  or 1 / 5 ?  Similar approximat ion ex 
er cises should be d on e  with a wid e assort ment of on e ,  t wo, and thr ee- place 
d ecimal numbers. 

Discussion 

Th e tradit ional curricul um ha s kept the subject s of fract ions and decima l s  
f airly sepa rat ed .  Even in the best d ev el op men t s ,  oral and writ t en names for 
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f ract ions are connected to a very special set of frac t ion mode l s  ( FM) . S imi
l arly , decimal nume ration in both oral and wri tten form is  related to a very 
d i f fe rent se t of models for de cimals ( OM) . La ter , children are taught decimal
f ract ion eq uivalent s . Thi s  is freq uently done through an unf amiliar meaning of 
fractions , divi sion . Bot tom numbers are divided into top numbe rs , and decimal 
equivalents  somewhat magically appear . The meanings that chi ldren give to de ci
mal s in thi s  approach is  based large l y  on their abi l i ty to extend the who le num
ber sys t em and understand the words tenths , hundred ths , and thousand t h s .  Evi
d ence sugge s t s  that this understanding of de cimals is weak , and that there is 
very little  understanding of the relat ionships between frac t ions and de cimal s .  

FM 

Oral ._--.,...--�� symbo l i c  
Frac t ions Fra c t ions  

II) 
.µ 
c:: 
QJ 
8 
Cl. 
0 

..-4 
QJ > 
QJ 

0 

QJ 
.µ 
t'd � 
t'd 
Cl. 
QJ 

ti) 

DM 

Oral '--�--�__, symbo l i c  
Decima l s  Dec imals 

The obj ective proposed throughout the sequence of introductory act iv i t ies 
for  decimals is  essential ly to firmly develop frac t ion concept s  wi th standard 
f raction mode ls . These concep ts mus t  he devel oped to the po int that the not ion 
o f  frac t ion becomes rode l free . That is , ch ildren wi l l  demons trate an abi l i ty 
t o  trans late frac tion concep ts from one mode l to another , and to use any mode l 
t o  illustrate meaning behind symbo lic activi t ies . When this i s  done , models  
that  read ily illus trate tenths , hund redths • • •  ( DM) are  introduced fo r famil
i ar i ty wi thin the alread y  es tabli shed concept scheme . Next , the symbolic scheme 
for de cimal nume rat ion is int roduced and connected wi th the concepts via the al
ready familiar mode l .  De cimals are , in this deve lopment , simply a new way of 
writ ing about ideas ch i l dren al ready unde rs tand . 

Oral 
Frac t i on 

FM 

\ 
\ 

\ 
Wri t ten 
Frac t i o n  

Or al 
Frac t i on 

FM _ nM 
� \ 

\ 
' 

\ 
\ 

....... ♦ Wr i t t en F r a c t i on 

♦ Wri t t en Decimal 

No t ice that oral fract ions and oral decimals are essent ially ind i s t inguish
able . A new oral language does not need to be devel oped . 
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Clearl y, this is not a complete development of rlecimals .  Comparison of dec
imals is a conceptual skil l t hat is import ant, hut was not addres sed here spe
cifical ly. Nor was a general convers ion scheme hetween fract ions and decimals 
( if t hat is , in fact, desired) .  The ideas here are present ed for trial intro
duct ion and discus sion as t his complex area of nu merat i on is researched furt her 
in t he cl assroom. 

Dr. John Van de Walle is a professor of education at Virginia ComIOCJnwealth Un i
versity , Pichmond , Virginia. Dr. Van de Walle ' s  article was presented to the 
NCTM annual meeting in San Antonio, Texas, in April .l 98 5 .  
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