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" students' underlying ideas of percent and its related topics.

patterns of_misconceétions about bercent which seem to have

o

ABSTRACT B
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kigh School Students' Understanding of Percent ‘ . o
R & . . ' . . ‘
o ’ .

&

Elaine Wisenthal

This study investigated high school students’ under- . ‘ .
. ] .

standing of percent. ertten tests were adqlnlstered to

over‘200 secondary I and II (grade-7 and g) students. The

test items ‘included: questions on-the meaning of percent

aﬁg on the mechanical skills involved, basic percent prob- -
) & \‘

lems and questions about fractions, decinals, ratio and °

proportion. Follow-up 1nd1v1dua1 interviews of e;ghteen

.

. - L .
students were conducted, . . ~ . S ; o

An item analysis was carried ut to determine percent-,

age success rates and to identify types of correct and in-

correct responses. The intervidws were analyzed to trace ‘4
?

The results indicate that high’school students who had
completed their formal study of percent Stlll have a rela-
S tively poor-understandlng of the tOplC and its applications.
,Furthermare, mechanlcal skills for handllng percent problems : .
are poor, as is tné ability to work with decimals, ratio

and proportion. ' ‘ o .

_Another’finding was the presence of unanticipated
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emerged,thrdﬁqh=ideas which were understood. For. examblq
the recognitién that the number 100 is assbciated’with per-
cent often 1led to the misuse of thié number in percent prob-

lems; The Scceﬁtance of the idea that 100% represents. one

whole led to tﬁe rejection of qucents larger than 100. The

[N

ability to mechaniéally change a.two digit be;cent to its
fractional or decimai‘eqpivalené xéé to a ggnefalized in- =
correct method to éhange larger percents Eé other form§ .
(e g. 115% = 0,115)-. The uﬁe of Eésic arithmetic operations

to solve s;mple percent problems led to a tendency to ran—

’domly multiply or d1v1de the ngmbers in any problem.

Suggestlons for further research are given. .
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CHAPTER I i
INTRODUCTION

The mathematics cu;riculum encompasses fmany varied con= -
cepts, most of which share 'o common. characteristics. Each
topic studied is a prereqﬂte for enother mathematical
concept, yet its Felevance éo most students is merelj limited
to wiihin the clasgroom. One exception is'thé coﬂcept of
p@rcent.d

Although there are prerequisite topics leading up to its

study (fractions, decimals, ratio and proportion), percent

" itself is ngﬁ esseptial for the development of other mathe-

ﬁatical concepts. " Furthermore, percent is one of the few
mathematical topics that has much immediate re;gvance outside
the classroop; It appears in a variety of'contexts‘ipvﬁhe
daily life of both.the student and the adult for whenever
comparisons of amounts are to be made, these are likely to
be expressed in the language of percent. Its preéence is
not only a part of the business world but is found in any
aspects of consumer living (e.g. profit, discount, interest
on loan;, etc.) and recreat%onal activities (e.g. sports).
The media will, for example, contain advertisements regard-
‘ing sales and conduct opinion polls using the language of A
percent;

. In the mathematics classroom, as well as in most text-

books; percent is commonly introduced as an extension ofjxhe
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topic of ratio and is related to fractions and decimals. At

"

first, much time and effort is spent on the‘coﬁvefsion of -
fractions and decimals into percents and vice versa. Later,
concentration is placed on the solution of basic percent
problemé (base x ;ate = percéntage)_which are usually divided
into three 'cases’ depending upon the uﬁknowﬁ,‘(e.g. "What
percent is 20 out of 802" "What is 3% of 1502" and "li
is 25% of what‘;umber?'). These exercises, are later accom-
paniea with some simple wqfd problenms that require the solu-
tion Sf the abéve types'of broblems. Illustrative examples
usually use the idea of 5 proportion to solve all £ﬁree
"'type;' of problems in-a similar fashion. For example, the
problém on%qof what number is 152" would be solved with
the following proportion: A
20 15
To0 = %

Finally, the'discussion on percents leads to applications of
percents to problems with discount, profit, interest rates,
etc.

The treatment of éercent in most texts and by most
teachers is so similar that there appears to exist a tacit
agreement on as to how the subject shoﬁld be appr;ached.

The following texts demonstrate this similarity: Ebos,

Robinson & Pogue, Math is l; Dolciani, Elementary Algebra

Part 2; Forbes, et al., Series M Mathematics SI Edition;

Maclean, et al., Mathematics Book 7. Does this mean that
¢

the topic 'percent' is understood by students?

~

"
i
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X 3 CHAPTER II

PURPOSE OF THE STUDY

‘There has been a great deal of research over the years

on' fractions, decimals, ratio and proporﬁion.u A combination

3

of recent research oh fractiops (Chuate, 1975; Ellerbuch,

5

1976; Nivillis,-1976; Phillips & Kane, 1973; Stenger, 1972;

. Coburn, 1974; Greeﬁ, 1970 and others) shows four categories

of study: sequence, approach, tfbe of algorithm and the use

of materials. These categories have provided a different

" focus from which to investigate children's skills and led to

. moré coordinated efforts on research with frac%;7ns (NCTHM,

L

)

1980).

. Decimals is another area in which much research has been

' conducted. Faires (1963), O'Brien (1967) and Willson (1969,

119727 studied sequencing; Fluornoy (1959) and Kuhn (1954)

studied how to determine the lacation of the decimal point
in the quotient, and Bauer (1975) s;udieé'common - fraction
equivalents, expanded exponential notation and number - line
approaches (NCTM, 1980).

‘"Piaget's ideas as they relate to mathematics education

"have influenced research as well. His work on childrén's

notions of ratio and proportion (1960, 1968) prompted others
to study these concepts. One such study began at Laval
University (Gerald Noelting). Subjects were asked to rate

the strength of a pitcher of orange jdtce, given the number
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of glasses of water and orange juice within. This and other
studies based on Pi‘agetian schemes indicate that the notion |
of proportion is né‘i’: an easy one for children to g_r}sp.

, Although the topics above are closel§ related to percent, '
regsearch on the latt;er is very scarce. ‘A survey of recent
research shows 'that only the National Assessment of Educa-
tionmal ’Progfress (NAEP) of 1973 and 1978 include some questions
on percent. The results of the 1973 study were &s follows:

1) "1/5 is equivalent to what percent?"”

izesu-lts: Less than 1/2 of the l3-year-olds and
only 65% of the l7-year-olds answered
) cbrrectly.
2)* "In a school election with three candidates, Joe
received 120 votes, Mary received 50 votes, and
George received 30 votes. What percent of the
‘fgtal number of votes did Joe receive?" |
Results: Approximately 18% of the_ 13-year-olds
while 45% and 48% OFf the 17-year-olds
and adults respéétive%y solved the prob-

- lem correctly.

The. NAEP study sunmarized its findings in 1973 as fol-
'lows:\) "Consumer problems involving percents: were very dif-
ficult for l3—yea‘r-olds .(less than 20% correct) and general'ly
difficult for 17-year-olds and adults. However, the adults
consistently did better (approximately 60 percenf correct)

than l17-year-olds on all types of percentage problems (NCTM,
1978).

.
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Five yeérs latér, the. 1978 NAEP study cont;ined\more ‘
varied questions on percent (NCTM, 1981). The main findiﬁgs'-;
. are summarized below:
‘*(a) duest;pns'relating the meaning of peféent to 'per
100':
1) "Express 9/100 as a percent.f
' Results: 36% of thef;B—yéar—olds and 53% of the
17~-year-olds responded correctly.

2) ne 37 percent of the U.S. population is under
s 20 years ofiage, Qhat percent of the populapion '
is 20 years of age.or older?™ ‘
Results: 36% of the 13-year-olds respdnded
correctly. )
35 "what percent of the circles is shaded?"
¢ 0 0 O !
. . 0 0 0 0 % o
/Results: 28% Sf the l3-year-olds and S3% of
the 17-year-olds related the one- ‘ ' :
fourth of the shaded circles to 25%.
‘Many more knew that one-fourth of E
the circles were shaded but failed
to expre;s the quantity in percent.

LS

{b) ngaéiggs which attempted to aésess the ability of

»

) \
the students to relate decimals, fractions and percents: '~

e e e 5 b g At e
«
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,"Cﬁange 25% to a common .fraction."

"Cﬁggge 125% to a decimal fraction.”

3) * "Change .15 to a percent."”

+

% correct

S : :
57° . 81 //)
27 44 -
68 © 47

1

s , . - . g
The results on other questions sinilar to questions (1), (2)

and (3)

(c)-

1)

2)
3)
4)
5

- {
show a similar sugfcess rate.

Applications of percent:

-

~

A

o T~

"30 is.whatfpercent of 602"

"What is 4% oOf -75?"

Age 13 Age 17

%

correct

"12 is 15% of what number?"

“What lS 125% of 40?"

“6 is what percent of 1209“,

(N

.

s¢
T 27 .
12 -
31
}6

The results indicate a ldw performance for both age levels. :.

(d)

1).

Word problems:

N
*a

. >

"A store is offering a discount'df 12 per¢ent on

Ywinter coats. What is the amount a customer will

., save on a coat regulafly priced at $307"

Results: 10% of the 13- yeaf-olds and 40% of the

l7-year-olds responded correctly. -

" Altogether 20 &uestions were administered to\@he séﬁdente

and overall performance from the basic concepts through to

applicatlons was extremely low.

The résults of the findings

~

qf these exerclses should glve cause for concern if one .

Ao o iR g

- . .8

3
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expects the adolesceht to exhibit a’'working knowledge of the

concept of percent. [The poor level of achievement in working

- . ‘

. N [}
with percent hints at the existence of a possibly hidden

aspect in the notion of percent that is being missed in the
. R . R . J

“classroom, in texts and in research. & .

o _ \ .
To-reiterate, percent is a direct application of pre-

vious mathematical ideas; the groundwork is laid down before
the concept is approached and,furthérmore (unlike most. other .

mathematical topics), percent is widely found in the student's

o

, environment. ‘' Butler and Wren (1965) made the following ob-

servation: "Since it [%] is so" closely allled to the subject

- - »

of declmal notatlon and fractions, one mlght conclude that
its appllcatlon would lnvolve no dlfflcultles ghat are not

involved in the study' or epplication of decimals as such.”

v
v - N

However, classroom experlences seem to suggest that percent

a

.is not a topic that is readily understood by students as

shown by the following quote which is typical of textbooks

- on teaching methods: "Percentage has been.and continues to

be one bf the most troublesome parts of arithmetic. 1In

~

splte of its importance as an 'nstruﬁent for analysis and a

vehicle for'communlcatlon, many students fall to attahn an

assured mastery Pf it." (Butler & Wren, 1965, pp. 261).
Although there is little research on percent, the

two NAEP studies suggest that the concept of percent contains

hidden subtleties for iaeand 17 year old students as well as
adults. The ‘studies show that the areas of difflculty are

the meanlng of percent and the applxcatlons of percent in

-
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problems. ' . "
The purpose of this study is to explore further the  °

nature of the difficulties secondary school,étudents~enc6un- -

z

ter in percents with respect to three aspects: , ‘ .
’ /
(A) The Meaning of Percent

e Whatido students un&erstand by the word 'percent‘ and

the symbol '§'? How does this meanlng affect their ablllty

4

to solve problems lnvolving percent?

(B) Mechanical Skills : >
. Can a student change a percent to-another equivalent
_number? ' How does a student solve.the three basic percentage

’

. problems? What strategies does he use? !

. (C) Prereqpisité”skills

what skills has the student developed in the prerequls;te
concepts leading up to percents? How does a student 8 grasp

of fractions, decimals, ratio and proportion affect his

s

_understanding of ‘the meaning of percent and his ability to

» .

handle percent problems?
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lquestioﬁs. The examples and discussion that follow will

L5l

' ~. CHAPTER III

-
\

'METHODOLOGY

This study was ihtended to explore secondary'school

students' ldeas about percent and "the method emproyed had' to

-

be congruous with this end. Written tests and 1nd1v1dual
° =\ :
interviews were used. The tests would prov1de data about the

v \

general behav1our of students on different types of 1tems °
while’ the interviews would shed some llght on the underlyin

aspects behind that behaviour. It would then be possible t

generalize about the group of students and also to attempt
to explain-the ideas which 'seem to influence students' res-.

ponses. : , . ‘

TESTS RS

- Two tests were required. These will be referred to as .

Test I and Test II and can be found in Appendix I. Cate§0r7

ies of test items included the multiple- choice items, true/

false jtems, fill in the blanks, 'activity' or pictorial

&

items,‘and problems requiring written solutions. The use of )

these varibus categories of items enabled the widest explora-

tion of a étudent s comp;ehen31on of the toplc since dlffer-

™

ent objectlves could best be explored by certain types of,

-

clarify this.:

\

‘Listed below are some of the categ0ries of test items
. * . \
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with sample questions, some rationale for the format of the
question, as wéll as some pertinent comments.
In. the discussion below, the Roman numeral in brackets.

s

to the item. . : ) °

>

Ya) Multiple Choice:

-

(i) Wwhich one is not equlvalent to the rest?

' !

(a) 1: 4 _(b) 1/4 (&) 25%\\(d) 0,25 (e) all are equlvalent i

(r;10). - . , T
This question was.used to provide a general picture of the

,

student's ability to deal with'fractions, decimals, ratio,

etc. Since the aim was not to study the strategies used to’ ‘

t

solve these types of problems, multiple choice items (or ‘

4 - \l
other ltems Smely requiring an answer with no -work) were ¢
quCk ways to tap the student's level of performance.

{b) True(False:

(). 100% of 80 is greater than 80. (I;18) ' ‘.

(1i) 172% of 80 is greater than 80. (II;9) - !

.As:there should be no work to solve these problems and there”

are only tdb plahsible'choices, they lend themselves .to the‘

4 = true/false }ype of questibn; ; : L o ,

\

(c) Activity or Pictbrial; ) ) » -

(i) shade-in 7% of the grid below. (II;17) :

\

wl




ing of the concept? ' )

o ‘ ' N ‘ o
' A : T ‘
< ' \

A is what percent of B? (I;7)

.- / e
(iii),nlv'vvtn'lu A
B

"A is % of B? (II;8) '

These questions attempf to assess the meaning of percent in

different contents. Do students have a pictorial understand-

&

‘(d) Problems Requiring Written Solutions: N

_ (1) what is 15% of 752 (I;2) . v
& (ii) 80% of = 8 (II;1l1)
These questions deal with the basic percentage pfoblemg.-f,

Although these could have been made into multiple choice or

‘

true/false items,»mére iﬁformation could be jobtained by

haviné the student show hisehorkm

" . 'Until noﬁb/the discussign of tesft ite ﬁerely,loékgd

a£ the catégories of questions involved. et us turn our
attention to the rationale for ea&h questipon on the tests:
from the point_of view of its ;élevance to the study. The
object;yes of thé)study are restated belgw but ére broken

down to ﬁore specific components’.. The st items that were

investigation. _ 5

! . M L '
) / - .
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\ (a) Mean1~g Qf Percent: - _ ‘ ,
. o \ The meanlng of percent was studied through three types
of items. . /'

{
1. x% of 100:

o

-

Listed below are the nine'itemg used to investigate .
this particul&r idea. | . o ‘
(i) what is 17% of 100? (II;1)
(1) 6,28 of 1oo'equglg? (r:21)° - | S
(1ii) wWhat is 1/2% of 1002 (II;25) |

(iv) Shade in 7% of the grid below. (II;17) .

¢

[ S

(v) What percent of the grid is-shaded? (I;17)

o (vi) 32 is $ of 100. (I;19) -

Coo(vil), 0127 $ of 100. (I;5)

kviii) Out of 100 apples, 40 were rotten. What percent
was thlS? (II;3)

> .. (ix) 708 of the children in the park like to play.

If 70 children like to play," how many are in the

N . park? (I; 6)

, < Y

The first three items are str?ight forward examples of find-

3 - ’
P PRy . B cewora

Pa—-
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first three (x%‘of 100) but are more inVolved; "Items {iv)

sents an entire entity. The following items looked at the

- 13 -

ing x% of 100 in which the number ‘x' is deliberately

" varied - whole number, decimal and fraction. The aim was to

»

assess whether the students would approach these guestions
in the same fashion or not - if not, what would the differ-
ence be? ¢

The other questions listed test.tbe same idea as the

and- (v) are pictorial repfesentatives of itemg (i) and (iii)
respectivelf. Items (vi) and (vii) are similar to ‘(i) except’
that the percent is to be found. Furthermore, item (vii) | ‘
involves a percent greater than 100. Item (viii) invplves
the same idea as (vi) but is a word problem.. Finally item
(ix[ assesses the basic idea that x% of 100 is always 'x'.

2. Notion of 100%:

A second idea regarding percents is that 100% repre-

student's giasp of this particular notion.

k]

(1) Circle 100% of the squares below. (I;25)

. o |
O. 0O. O
O oo -0

. (ii) - There wefe‘3b questions on a test. Mary got 100%
| of the questions'correct; How many did she get
correct? (I;13) u
(iili) True ox False?

100% of 80 is greater than 80. (I;18) N

» -~

—— b . 1 H R e eI et B e b AR ek b
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. A is $ of B? (II;8) -
\(v) 87% of the students passed é test. What percent )
failed? (II;23) ‘ N
The first three items are straight forward, merely requiring
the students to know that ;00% is the whole thing. However,
thése guestions do differ'from each other in that (i) is a

pictorial representation of the idea; (ii) involves marks on
t . o

a test and (iii) deals with 100% of a given number as opposed

. to 100% of an object.

3

Question  (iv) is again a pictporial representation of
the idea under discussion”;’-—however§ the student is given that

two things are identical and must decide what percent one

thing is of the other. Question (v) is quite different from

the others in that it assesses the idea of 100% by requiring
the complement.

3. Percent Greater Than 100:

The third idea‘f; that a percent can be larger than 100.
The items selected were designed to require little or no
work.

(i True or False?

172% of 80 is greater than 80. (II;9)

(ii)A|||1v1i1|v|JJ -

-
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(iii) A .is 208 of B. B is what % of A? (II;16)

. \';x’ﬁ 3 Lo
’ "(iv) R Ds| ‘

N

Draw 150% of R. (II;5)
3

Item (i) assesses whether the student has an intuitive feel
for a percent larger than 100 - does he know that the answer
must be greater than 80? In item (ii), line A ié clearly

o three times the length of B - does the student see that A
is 300% larger than B? Question (iii) is more involved than
(1i) but assesses the same idea - if A is 1/5 of B, does
the student see B as 500% of A. Finally, item (iv) assesses
the student's ability to show pictoriallyllso% of a rectan-
gular object. )

The division of the first objective.of the study -
meaning of percent - into three subcategorie§ is not meant
to/imply'that this is-all that is involved in understandin§
percent, but father was a way to facilitate the investigation.
All the items here were specifically designed to assess the
student's understanding of percent in a.content requiring
little computation, if any. Other jdeas involved in the
notion of percent will be discussed later on.

(B) Mechanical Skills:

The items designed to assess the student's mechanical
skills in working out percent problems involve equivalent

forms .and the three cases of percent.



‘ ~(a) 1:4 (b) 174 (c) 25% (d) 0,25 (e) all are equivalent (I;10)
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1. Equivalent Forms of a Number:

" The following items were used to assess the student's

ability to change a number from its percent form to its

décimal or fractional equivalent and vice versa. it :%;;
(i) Write 128% as a fraction. (I;3) j?giQ

(ii)_ Write 21% as a decimal.'(II;7)
(1ii) Write 112% 85 a decimal. (II;21)
(iv) Write 12,8% as a decimal. (II;26) |

(v) Write 31/4% as a decimal. (II;24) L

(vi) Which one is not equivalent to the rest?

&

Item (i) involves changin§ a percent (larger than 100) to a
fraction while items (ii) through (v) involve changing
different percents to a decimal numeral. Finally itém (vi)
assesses the student’'s abil;ty to identify equivalent num-
bers. ‘ . .

2. Three Cases of Percent Problems:

.

The items here assess the ability of students to deal

with three cases of peréent problems.

CASE I: Find x% of N
(i) What is 15% of 75?2 (I;2) ) !
(i1} What is 120% of 60?2 (I;23)

(iii) Shade in 50% of the grid below: (I;21)
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Niv) Circle 20% of the triangles below. (II;14)
A A A \ o

A A 4 A A
. L J

(v) Which is larger? 20% of 65 or 65% of 257 (II;22)

The five items test the same skill in different ways.
_Items (i) and (ii) are similar bﬁt item (ii) involves a per-
-~ cent larger than 100. Item (iii) is a pictorial represen-
‘tation of the other items in which the use of 50% should
v reveal something about the student's notion of percent.
Item (iv) is another pictorial representation but involves
a different percent and context. Finally item (v) is similar
to (i) but the student has to compare ‘the results.

CASE II: x is what percent of N

(i) 16 is what percent of 50? (II;4)

(1i) In a group-of 40 people, 25 were on a diet.

What percent was on a diet? (II;10) ’ B

.

Both these items test the same idea; however, the second

question is a word problem, which has to be interpreted as

N

(i) first.

/ CASE III: x% of what number is N

(i) 80% of =8 (II;1ll)
(i1). 23% of = 184 (I;11)
\(iii) 80% of the books in a library were old. If
240 books were old, how many.books were there

. altogether? ¢(I;4) / N "

S T A S o R R R S T N . - .
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(iv) 12% of the apples are shown below.

How many were»theré altogether? (I;20)

Items (i) and (ii) differ only in the level of difficulty
due to Ehe numbers involved. Item (iii) is a word problem.
Item (iv) involves a pictorial representation.

In addition to mechanical skillss the above items %}39\

»

prqvide information on the student's knowldege of perceﬁt as

Al

well as fractions, decimals, ratio and proportion.

-(C) Prerequisite Skills:

The test items here were designed specifically to
assess the student's ability to handie fractions, decimals,
ratio and propofﬁion. .

1. " Fractions: .

(1) 18/100 x 100 equals? (II;l2)

(ii) 88/100 x 25 equals? (I;1l2)

The fractions chosen in the items above have denominator 16.““
so that if a student succeeds on these test items, his
difficulty in solving a problem like 15% of 75 or 17% of lOQ
cannot be'attributed to fractions. |
. 2. Decimals:

(L) 0,45 x 100 equals? (I;8) /'

(i1) 0,12 x 55 equals? (II;6) ' \

. \

The rationale for these items on decimals is the same as

that for fractions. Hence, if a student can change 3,8%

[}

.«N"""“*s.;
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to a decimal, and he can also do items (i) and (ii) above,

Q

then his difficulty in solving a quéstion like finding 3,8%

of 20 is not due to difficulties with fractions and depiméls.

3.
(1)

- (ii)

(iii)

-"

These four.items involve ratio and setting up a'éropoftion.
However, the level of diﬁficulty variés withrthe nﬁmbers'
involved. Work with the three basic percent’problemé éis-
cussed earlier usually involves soclving such proportions.
Hence, sgccéss.(or failure) on these items provides a basis
for ahalyzing the performance of students on the three cases
of percent problems. \ _

Listed below are other ‘items that were designed to

A

(v)

(iv)

further study a studént'é concept of ratio and proportiqgf~\ .

- 19 -

Ratio and:Proportion:

4:10 = x:75. Find  x. (II;2)

6-,8:100 x:4, PFPind x. (I;1l4)

315:100 = %x:20. Find x . (I;28)

PR

2:19 = 7:x. Find x. (II;27)

,

.

[

John is 13 times as old as Ron. What i§fthe-' 0
ratio of John's age to Ron's? (II;13) o

AAAA

w

BBBBEB
What is the ratio of A's to B's? (II;d8)
What is the ratio o§ shaded rectangles té -

non-shaded in the £ gure_peiow? (II;15)

v * .

»
v - . —

/ L=a3 \ a
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(viii)

(ix)

(x)

(xi)

(xii)

(xiii)

f

. The above items were an attempt to’presgﬁt~questions on

&
i
H

- 20 -

-

If the ratio of shaded rectangles to the total

-number of rectangles is always as in the

following

.‘,' ' [ s .
b’ ™ -
g | ‘

© « Q

shade in the appropriate number of rectangles

below. (I;26)

-
The ratio of students who passed a test to
students who failed Qﬁs‘Z:Bf TIf there were

60 studénts in all, how mény pag;ed? (II;28)

4 out of every 5 boys likes qurts. Ina . .

. group "‘of 45 boys, how many.like séorts? (I;22)

There is a leaky faucet in which 5 drobs of

,water drip.every minute. How many drops of

[}
-

waéer ére there in ‘one hour? (II;20)
If 2 shlrts cost $3S how much\would 7-shirts
of the same type cest? (1;24) ’
One pitcher of orange juice contains ,6 glasses

of -water and 2 cans of orange concentrate. A
. . ot

second pitcher contains 4 glasses of watervgnd

- 3.cans of orange.concentrate. . Which piﬁcher

J

. has the .stronger ‘orange taste? (I;lG)"f .

¢ o -
-
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ratio and-éroportion to_the<studepts in sevefal different
ways. Items "(v) t0'(vii)'should require no work. Items
(viiif'and (ix) are similar ‘except that a picture is provided
in (viii). TItems (x) through (xii) can bg solved wifh .
proportions. Item (xiii) is a 'typicAl‘ questiéh on ratio °
and proportion but the numbers.invblyed permit success on
the problem even without any understanding of the concept.

- ‘Finally, the four items llsted below were 1ncluied in
the tests Eut do not seem to flt into any one of the ;ate—
gories above. ,. o

(i) 87% + 50% equals? (II;1l9)
(ii) 3/4 + 20% equals? (I;15)
(i;i) 4:5 = x:5. . 'Find x. (I;1)

] * e
(iv) This rectangle

is one-half a larger

0 rectanglél Draw the larger rectangle. (I;9)

, Items (i) and kii) were used to see if students consider
percents as individual numbers or onl}*as x% of sémetping.
Item (iii) provided a simple example of ratio. Item (iv)
was used to-indicate if a student understood what was being _ .
asked in a similar item involving percént. .

..INDIVIDUAL INTERVIEWS i

hAlthough the written tests would'prov1de a lot of pre-
liminary 1nformatlon, it is only with the imdividual lnter-
views that much of this quantitative data could be inter-
pretéd._~Sometimes, what ig written on paper will not give

a clear picthre of the ‘student's comprehension. What may

%

LU
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9 . appear, to be a 'silly' mistake may, in fact, be a hint of a
lack of real understanding. Furthermore, even with correct '’
answers, we can Qet a false picture of the student's breadth

" of understanding. According to Ginsbw§g (l§81f, ’ .
"the test does not offer the‘kind of flex-
" . ihility reéquired for extensive exploration, N
for the immediate pursuit of interesting

* phenomena, and for the checking of intrigu-
. ing hypothesis." (pp. 6) )

Therefore, the personal interviews were conducted to give a
more complete picture.
g2 The clinical interview allowed for an intellectual
- discussion between.the'Studest and interviewer and the gques-
tions posed were'de;endent upon the student's responses.
Hence conjectures could be tested and patterns of mathemati- |

a s o 8
cal thought could be'cqtegorized. "When the aim is to iden-

'’ tify structure by eliéiting'verbalizations, evaluating them,

and chgcking alﬁernative hfpztheses, the clinical interview’

‘procedure (a) employs tasks whiéﬁ‘éhannel_tﬁe subject's

. ;Etivity into particular areas; (b) ig demands reflec&ion;

. (e¢) the inperviewef' queétions are co;;iﬂgent on the child's

respénse;'(d) the in::&éiewpr employs basic features of the’

¢ w» experimental hethod:»dnd (e) some degreevof sténdardipation
may be possible." (Ginsburg, 1981,Jpp. 7) Although-the
clinical method is not foolproof, it certainly prov}ded a
medium by which to explore the student's mathematjcal be-

’ .
o haviour which otherwise would have been missed (with stan-

S -

+ . 7. dardized tests only, for éxample). "Put simply, if you
v ! ’. . 'a " C ‘\.

b e, PO [R— . .- e
.
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want to know what someone "is thinking, ask him". (Ginsburg

Al

1981, pp. 7)

a3

Many of the questions in the interview were similar to

the written test items but the ensuing discussiqns‘allowed

¥ )
.for a deeper insight into the student's understanding. Items

on the written tests which seemed to hint at certain general
s | : '
results: were further investigated.- Also, several items

which were poorly wordedpon the tests were reworded and asked
in the interview. |

The intexrview itself'consisted of two main ﬁgrts. In
the first par;, each student waéﬂégked sixteen standard
gquestions. -These.were presented (for the most part) to thel
student as if they ﬁad all been previgusly posed to other
stud;nts. The student béing interviewed was required,to
judge whether the anéwers were correct or not. This method
of questioning was ex£remely helpful in starting xhe'inte£-
view. Firstly, it standardized the interviews somewhat;
secondly, it provided clues;as'to what the student seemed to
grasp and what he'did not grasp. Thus.it was possible to
formulate questions appropriate}y for the s;cond part of the
interview.’ In additioh, this type of questioning seemed to '
calm the students down - the preséure was off them to pro-
vide answers, and they felt pofé comfortable criticizing or

agreeing with the work of other students.

The second part of the interview consisted of, at the

'most, fourteen standard questions. However, here, the inter-

‘view was much more flexible so that often one question would

o

. . P
Al ’ ) % .
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lead to a long'discussion. Hence, not all fourteen questions

v \

were asked of each student; morecver the same question posed

to different students often led to differént discussions.

When time permitted, the interviewer also asked'the student

/

| some questions based on his oyn written tests, ' "
l

Finally, a tactie used which pfoved useful was to ask

a student to formulate his own question on a’ particular

\

aspect of percent. The student's questions provided some

useful‘information and ‘were helpful in uhderstanding aspec;s

of the student's notions,of percent.

.

N The standard queséions of the interview appear in

N -
Appendix II.

An

|
\
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v CHAPTER IV

PROCEDURE

o X - .
-

This chapter describes the selection of the student

sample, the administration of the tests and the interviews

and the method of analeis of the data collected.
L] LY / I
SELECTION OF STUDENTS o

The sample of students was selected f;qm.two.co-educa-

¢

tionél high schools in Montreal; a private’school whose

students come from middle .and upper class Homes, and the

-othef,a typical public high school with students from a
\

_° " middle class background. From the‘private school, 85 students

in 4 secondary I (grade 7) classes and 51 students in 4
seqondary II (grade 8) classes were selected. ' The students

in this sch;ol are streamed accoréid@ tq‘theif mathematical
abiliqy. Thé top and bottom grgups in eacﬁ g;adé level were
not used for the §tudy. From the public school,@S,stﬁdent;
in 5 secoéndary I classes andH21'students in 1 secondary Il
class were selected. In this school the 'students are not
streamed. The- classes chosen weré those of the teachers

willing to cooperate with this study.

ADMINISTRATION OF TESTS

-l

B [
The test items were organized into two tests .~ Test I

and Test II,lgach consisting of 27 items, This was partly

. ’ .
to take into account the lemgth of a class period, the number

-

-



V students. This was: to ensure that the topic was covered
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of test items and 'to separate items of a similar pature.

[l

’ -

The tests were hand written and photocopies were made in

order to have a set for each student. ), .

The tests were administered during the-month of February

to secondary II students and’°during March to secondary I

completely in thg schools before the testing began. ‘Tﬁe tests' T
were administered by teachers in two separate sessioné éuring,
the regular mathematics period of 45 and 50 minutes in’the '
private and public school respeckively. To 'ensure uniformity
each téachei was given the same instrugtions. Test I was
written by 231 studeﬁts and test II—by 239 students:

There were minor ﬁroblems in the édministration of the
tests. A few students were present for only one of the tests.
Some students came late to class or left early‘so that they

3 ’

did not complete the tests. There were also some problems

with several test items. Items (I;9) and (II;5) required a

ruler and were not done properly by students. Items 6, 12

and 17 on test II were cut off on many of the tests. Although

teachers were provided with correction sheets, many students °
omitted these questions. Item (II;22) was meant to compare
20% of 65 with 65% of 20 and not with 65% of 25. Finally,
item. (I;16) on ratio proved to be a pbor choice so that’most
students obtajned the correct answer by chance. Where

necessary, the coxrect versions of the test items were in-

" ‘cluded in the interview.

- N [N e AN SR R e 1 SR i il A T R M o N
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INDIVIDUAL INTERVIEWS
-

Eighteen students were interviewed - twelve from the
private schoél and six from the public school. These in-
cluded ten boys and eight girls; ten of which were seconaary
I and eight of which were secondary II. Students from the

private school were chosen in a random fashion - they were

" selected if they had a free period When the interviewer had

a spare period as well or if they were in a class whose
d /s

teacher -did not mind excusing them. More organization was

required for the interviews at the public school (as the re-

searcher did not work there). Hence, the researcher provided

‘a list of students to be interviewed to the teachers involved

and students frdm this list who could be excused from class
were chosen. The list was comprised by the researcher -
students of various levels of understanding according to

«

their written tests were interviewed.

Students did not know about the interview before hand in
the pﬁblic school. 1In ;he private school, sometimes a studént
was informed a period or two in advance and in rare instances,
a day in advance (if he was to be interviewed first period
in the morning). 4

' The individual interviews began three to four weeks after
the testing in order to minimize the effect of the latter
and to allow the researéhér an opportdhity to undertake a

preliminaxy analysis of the test results. The researcher

interviewed all the students herself. The interviews were

"conducted in one of the spare classrooms in each school.

P

"
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Each student was provided with a notebook for any rough work

he wanted to do, a réler and a pen. A taperecorder was used

g

to .tape each interview. The researcher sat next to the
-

e

student and the taperecorder was placed behind them (out of
sight). Each interview began with an introduction by the
résearcher of herself, what she intended to do, for what ,
purpose, and that a taperecorder would be used. After any
preliminary questions by the students were answered, the
taperecorder was turned on and the interview began.

Each interview lasted approximately forty minutes. The
students were generélly communicative and willing to answer
questions and solve problems. Naturally, there were some
students who were nervous so time and effort had to be spent
on relaxing them. Hence, they might have been presented
with fewer questions than most studeq?s but this did not pose
any real difficulties. % real atﬁempt was made not to make
any student feel 'stupid' - if a student was feeling this
way, £he interviewer moved on to a different form or aspect

of questioning. In general, a relaxing atmosphere was

. achieved as jokes or idle ‘'chit-chat' were resorted to.when-

ever the interviewer felt it was necessary to calm a student

oy

down. (Sometimes, this idle chit-chat just occurred natu-

rally without any forethought on the part of the interviewer.)

ANALYSIS OF TESTS AND INTERVIEWS
This section describes the method used to analyze the

written tests and the individual interviews.

-t
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WRITTEN TESTS . L)

A prelinimary analyéis wés performed on the written
tesfs before the interviews were conducted. The written
tests were carefully scrutinized for patterns of correct and
incorrect items, methodseof working out problems and types
of errors.

" A more detailed analysis of the test data was undertaken
in stages: (1) calculation of the success rate on each item,
(2) identification of the typés of incorrect responses\bn
each item and (3) comparison of the performance ¢of secondary
II students Qith the:total population.

l. Calculation of Success Rates

For each item, the number of students who answered it

correctly was calculated as a percentage by the formula:

o

§ students answering correctly

total population * 100

Y success rate =

The success rates of the.combined population of secondary I

and secondary I1I students Qh:the twenty-seven items on each

- s

test are included in Appendix III.

.2. Identification of Types of Incorrect Responses

Each item on the written tests was studied garefully to
identify the type of common incorrect responses. The percent
of students providing those incorrect responses was calculat-

ed. These results arxe included in Appendix IV.

»

¢
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. I
3.f Comparison of Secondary II Students with the\
Population \

Separate success rates were calculated for secondary IT -

students on each item. These were compared to the success
rates of the total populatién (secondary I and II). The
results are included in Appendix V. \
INTERVIEWS

The analysis for the interviews waé a qualitative one.
Each interview was transcribed and then studied. . The aim

'was to try to look for (1) evidence of correct or incorrect,

‘notions or percent, mechanical skills and brerequisite skills

and (2) similarities amongst questions that students succeed-
ed on aé well as those that tﬂey had troubli with. Using‘

theée similarities as a b;sis for énalysis,\together with the
general observations from the written tests, it'was possible.

to arrive at some general conclusions together with specific

representative exerpts of interviews to illustrate them.




CHAPTER V

FINDINGS AND OBSERVATIONS

In the sections that follow, the purpose is to pool
Y

" together the information from the written tests:-and inter-

~views to illustrate the performance of students on percent

3

and to reveal some of the general miéconceptions students
seem to have about percents. |

In the first part, the written tests will be examined.
Each generalization about students' coﬁcepts regarding per-
cents will be accompanied by apprépriate test items that
illustrate the ;;ecific‘observation being made.

In the second part, the same areas will be ekplored

through the oral interviews. Selected exerpts will be pro=

. vided to corroborate observations made form the written

tests. 1In addition, new observations dirscovered through the

.

interviews alone will be reported.

OBSERVATIONS FROM WRITTEN TESTS

L
Overall Performance

Test I and Test II were given to over 200 seéondary I
andésecondaryDII students. E;ch test contained items on per=-
cent as well as on related aspects on fractions, decimals,
ratio and proportion. The table below Ehows_the range of'

success on the twenty-seven items on each test.
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Percentage TEST I TEST II TOTAL| %
Range (# of ques}}gns) (# of questions)
76 - 100% \\,-,,qf/G 10 16 | 30
51 - 75% 8 9 17 | 31
26" = 50% 10 ;1 14 | 26
0 - 25% 3 - 4 7 |13

This table shows that out of a possible 54 test items
i) only 16 items were answerec correctly by ugre \
than 75% of the students; that is, students
performed-well on 30% of the items.
ii)\\only 33 items Qe;e answered correctly by more
Fhan 50% of the students;

\ i
showed' just average performance on 61l

that is, students

the e

items. 1In faét, exactly half the_x6tal number

of items in the two tests were answered correctly
by more than 60% of the students tested. \

The results thus -show clearly that the overall perfor-
mance of secondary school students on tests\boncerned with
percent is quiée low. This low performance becomes more f
significant when one considers three faetors. Firétly,
secondary II and in particular secondary I students had

, recently reviewed percent. Secondly, the test items had been

o

deliberately designed to require'little“or no computation.

Thirdly, the results do not reflect true understanding since

/
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a sprrect answer could sometimes be obtained by an incorrect

;nethoa. This can be shown by compariing the success rate of

similar questions as shown below. -

(a) Item (IIX;l4) . ' Item (I;2)
"Circle 20% of the triangles below."  "What 'is 15% of 752"

A b, 8,8 .

) ) A

success rate: 85,4% success rate: 32,9};
Ite;ll (II;14) yielded a_ high success rate. However;.,this
level of success is questignable since students obt;ined a
low success rate on questions i‘nva'lving similar concepts as
shown 5y item (I;2) which yielded a success rate of 32,9%.
What could be the pobsible differgnce in the problems thdt
could account for such a discrepancy on the respective rates
of success? :

Many. of the incorrect responses for item (I;2) were the
answers 5 arrived at by diviiding 75 by 15 or 20 arrived at
by incorrectlir dividing 15 by' 75. 'Further, if one di:vides .
20 by 10 in itemi(II;l4)_, the number 2, the correct answer,

©

is obtained. This method gives a wrong answer in (I;2).

(b) Item (II;7). Item (II;21)
- “’.
"Write 21% as a decimal." = "Write 112% as a Jdecimal." .
success rate: 88,7% success rate: ‘57,3%

The items assess the same ideab except that (II;21) involves
a percent larger than 100. The common response to the second
question was 0,112. The stydents used a method which gave‘

a cor.rect answer in kII:’I) but not in (II;21).
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We shall now consider in some detail the performance of

©

studenhts on selected itepms involving prerequisite.skills and
percents in order to try and account for the overall poor .
performance of students.

A S R
1. Development of Prerequisite Skills:

o

The mere‘understandipg'of the .concept of percent§is not -

enough to be able to succeed with problems on percent. One

must have the ablllty to work w1th fractlons and deC1mals‘

Moreover, the ideas of ratlo and proportlon must be under-
stood before one can truly have an understandlng of percent.

However, the written tests indicate that student performance

in these skills was poor as illustrated by the examples

-
<

below.\t

i .
(a)' Fractions: , .

Listed below ate some of the itgps involving work

"with fractions together with their respective rates of

\

N

success. . , .
% N ' ' N a\
L ¢ »
Number Item . v Success Rate
(I1;12) © | 18/100 x)lQO\equals? , 59,4
(1;12) . 88/100 x 25 equals? g 52,8 .
(I;15) 3/4 + 20% equals? S 42,9

t
~

The success rates for items’ (II;12) and (I;12) are low for

' such ‘'seemingly easy problems. ‘Appendix III also shows the

wide range of answers provided for. each item.‘ Item (I;15)

—
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may have puzzled students. One incorrect answer was 23/14
obtained by adding §/4 + 20/10; a second Qrong answer was
23/104 obtained by adding 3/4 + 20/100. In 'both cases,
students merely added numeratoxs and/ggnominators. Therefore,

"

“ these three examples indicate hat segondary I and Iiiiijﬁents

had difficulties with fractionms.’ i

| ggaréntheti¢;11§, it should be added that the intent of
'itan(IfLS)was not to test arithmetic skills, but rather to
[ S _See how a student would deal with a percent as a number and
R ‘\hpt-as a part of something.) . ) . \

: . (b) Dec%mals: el

- »

The following table contains some.of the questions that
‘involved work with decimal numerals as well as their respec-

tive success rates.

- 1

? ~ | Number “ Item _ Success "Rate
S | 1:6) | 0,12 x 55 equals? .o 65,7
| (1:8)  ~ . 0,045 x 100 equgls? : 66,0
? (i};n) 6,8¢100 = x:4 ~Find x o 12,6

The success rates are rather low for secondary school
students. It seems thgt‘students have difficulty with oper-
.afions involving decimal numerals - they do not seenmn to know
‘Where to place the decimal point. 'For‘example, item (I;8)

yielded answers of 4,5; 45; 0,45; 0,045; 4500 and 450. All

" “of these have the same (correct) digits but placing the

decimal point caused difficulties. Similarly, onitem (I;14)
. E

«

- . / N ¢
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the decimal point in the answer was placed in various posi-
tions: 0,272; 2,72; 27,2; etc.

L3
t

‘ Students also seem uncomfortable performing any opera-
ﬁ .

tions that do not yield whole numbers and théy have diffi-

v o ~

culty providing a'decimal numeral as an answer. For example,

¢ . on item (I;2), they had to find 15% of 75. Thé success rate

.

was 32%. However, 8% of the students were able to provide

-

' some sort of answer between 1l and 12 - quite close tq the
correct answer of 11,25. Hence, they performed correct steps
toward solvxng the problem but their arithmetic and working
with decimals led to difficulties. :Thas;can also be seen
on iteﬁ (lI;27) whefé apﬁroximately 7% of thehstudents pro-

" vided answers such as 66;65,4; 66,6; 67; etc. while ﬁhe

correct respoﬁ%e was 66,5.

LI

It seems that a general error in divisidn with decimals

[

- arrives with the "remainder". ‘For example, on itém (II;10),

) students basically had to transfer 25/40 to a percent. The

long division appeared as follows.

T - & .62 T
40 725,00 - ' ‘
24 0 -

oo : 80
! ) ..

It is at this stage that some students have difficurty cq;?
tinuing - the problem is what does one dolwith the remainder
of 20. Approximately 4% of the students then provided the

\ answer 62.2%. T

It should also be added that it is not always clear

»
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—  whether the incorrect response was due to carelessness or

K

~  to puor skills. 1In item (II;6), the stublent was required to

calculate 0,12 x 55, ‘Some answers were 5,6 and 7,6 while

[
.

the correct answer is 6,6. .

(c) TRatio and Proportion
The notion of ratio seems to he poorly understood as
illustrated by the examples that follow  (see page 38) and

their respective success rates.’
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Number

Item

Success Rate

(II;18)

AAAA BBBBBB
What is the ratio of A's to B's?

85,4

(I;16)

One pltcher\of orange julce contains
6 glasses of water and 2 cans of
orange concentrate. A second pitcher
contains 4, glasses of water and 3
cans of orange concentrate. 'Which
pitcher has the stronger orange
taste?

~184,0 -

l(x1;20)

There is a leaky faucet in which 5
drops of water drip every minute,.
How many drops of water are there in
one hour?

" 83,3

(I;22)

4 out of every 5 boys likes sports.
In a group of 45 boys, how many like
sports?

63,6

(II;15§

What is the ratio of shaded rec-
tangles to non-shaded rectangles in

'the figure below.

52,3

(I;24)

If 2 shirts cost $35,°how much would
7 shirts of the same type cost?

47,2

(II;13)

John’ is 13 times as old as Ron. What
is the ratio of John's age to Ron's?

39,7

(I;26)

If the ratio of shaded rectangles to
the total number of rectangles is al-
ways as in the following

AUy

i
[ e

. [t
shade in the appropriate number of
rectangles below.

28,6

(I1;28)

The ratio of students who pass%d a
test to those who failed was 2:3.
If there were 60 students in all,
how many passed?

5,4

\
[T W SO SN2 S - ST Y S SR [ [




S

- 39 -
The success rates on the nine items range from 5,4 to 85,4.

(i). Items (II;18), (I;16) and (II;20) had the highest

success ra;eéf All three were also fairly obvious.

(ii) Items (I;26) and (I1;28) appeared to be tﬁe most

) difficult.

{iii) The rgmaininglitems ranged from fair (39,7) to
aﬁerage (63,6).

It is difficult, however, fo know in some cases whether
the incorrect responses were due to carelessness and/or to
poor arithmetic rather than'to a lack of understanding on as
to ‘how to wo;k‘with ratio. For example, in item (II;27),
students were asked to find x given that 2:19 = 7:x .-
This ques£ion had a success rate of 22,6; however,  one gtu-

dent had an'incorrect response of 68,5. His work showed the

possible understanding of ratio as he was calculating 19 «x

- 3,5 and arriyed at 68,5.

Percent problems are often categorized into three typi-
c;l cases: (i) x%3 of N= _,  (ii) x = __' % of'N
(iii) x%'of ______=N. The test results sth that many
students try to solve percent problems by setting up a pro-~
partion. ‘However,ﬁfhey do not seem to know where to place
the nd;ber%.. Therefore, sometimes tbey will arrive At the
correct response while at other times they will not. If one

takes any one of these problems and places the given numbers

- in any of the four positions of a proportion, one can obtain

g
each of the students\ various responses. Presented below

are several examples of 'typical' percent problems with the
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"What is 120% of 607" (I;23)

various answers and the student's work that led to these

.
B el TN WL A W ¢

Responses Given Work Comment
AN
) © 7,2 75 = o5 | (note the 000)
\/\- 4\\\
36 oL L — (note the 200)
o X 120
24 g0 = Ioo
, 60 _ x X
50 = 100 (note the use of IUE)
T (ii) "23% of. = 184" (I;11) .
Response Given Work | Comment
g 42.32 23 _ x (some students answer-
T g 100 187 ed 4232)
l 23 _ 100 ‘
800 187 ~ Tx
(iii) "16 is what percent of 50?" (II;4)
Response Given Work
16 _ 1x g
//‘ 8 16 = X
/ I00 30
I ‘
4
—_—_ i RS, It vkl et e a2 T s 1 r's aR . H
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(iv) "What is 15% of 752" (I;2) -

Response Given Work e
i 15 . x 15 _ 75
C 75~ To0 °F % 100

/

¢

Once a student has‘constructed the propo}tion {cor-
rectly or not), his work solving it showed difficulties with
other areas. Mulitplication and divisioq with ffactfgns
usually involves cancelling. Some students solve a propors
tion of the form a/b = ¢/d by cancelling 'a' with 'd'.'
for example, indicating trouble with fractions.

Work on other examples also demonstrated a further lack
of understanding of ratio and propértion., For example, when

}
s

students were asked to solve for x given that 2:19 = 7:x,
» ‘ b R

- one incorrect response was 22,5 arrived at by adding

19 + 3,5.. Another response was 24, obtained by addiné
19 + 5. (Note:- 5= 7 - 2). Tn short, the examples listed

f
above suggegt strongly that the notions of ratio and propor-
P ‘
tion are not well understood by most students.

.2, ngﬁgfhg Percents to Fractions and Decimals

4 (and vice versa):

The examples listed below suggest éhat‘stﬁaentEWhave

a

difficulties in changing percents to decimal numerals.
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: Success Incorrect
Number Item Rate Responses
(II;7) Write 21% as a decimal 88,7
(II;21) | Write 112% as a decimal 57,3 0,112

There is a large discrepancy in the success rate on
these similar items. The students tend to change a percent
to a decimal by the method of moving the decimal point to
the left of the digits. This method need not be based on
any real understanding but it does yield a correct answer
for any two digit percent. However, the.method fails in
other cases - for example, for a percent larger than 100
like 112. 1In fact, it leads to 0,112 which was the common
incorrect response for item'(II;Zl).

Changing percents involving fractions and decimals to
decimal numerals is even more difficult for students. The

two examples below, together with their respective sugcess

rates and common incorrect responses illlustrate this.

N\

Success Incorrect
| Numbexr Item Rate Responses
. . : , .3,25; 0,325;
(II;24) | Write 3 1/4% as a decimal l6,7 1,03 1/4 B
A e

l11;26) | write 12,8% as a decimal | 28,6 12,8; 1,28

e e s . “ e e e
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Students will correctly change a two digit percent to

a fraction simply by placing the number 100 under the digits:

e.g. ﬁB% becomes 28/100. However, it,séems that they are
under the misconception that one i; to place 100, 1000,
10000 etc. depending on the number of digits. ,That is, one
" places two, three or more zeroes depending 05 the number of
digits in the given percent. For example, 128% = 128/1000
while 28% = 28/19q: Therefore, once again, arriving at thé
co¥rect response in the second example does not necessarily
imply understanding or even cofrect mastery of the skill.
It is worth noting that some students will write 128%
as 128/200, using 200 probably because 128 .is larger than

100.

3. Use of the Number 100 in Solving Percent Problefs

The number 108 is implicitly a part of all percenﬁage’
problems and it seems that students are well aware of this
fact. They will use the number 100 when working with per;
cents even if the number is not explicitly given in the
problem. Uﬁfortunately, although they incorporate the num-
ber 100 in their work, it is often ﬁsed-incorrectly. For
example, in item (II;1l4), students were‘presented with ten
triahgles and asked to shade 20% of the triangles. This .
question, along with its highly suspect success rate, h;s‘
previously been discussed. However, approximately 8% of the
students provided the answer of 5, arrived by dividing 100

by 20. Another illustration of this phenomenon can be seen

in item (I;20) which states: "12% of the apples are shown

i
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‘below. d§5d§bﬁow many were there altogether?" Approximately

%

6% of the students provided the answers 8; 8,4 and 8,3 which
- are arrived at by dividing 100 by 12.

4. Concept of 100% as a Whole:

o

. One “Concept that seems to be understood is the idea
that 100% represents a whole. Examples of items testing the
ﬁnderstanding of this idea, together with their respective
success rites are listed below. Thesé success rates are

very high indicating that even the poorest students seem to

have grasped this concept.

Number Item Success Rate
(1;25) Circle 100% of the squares below. 92,6%
a 0O g a
]
O 0 O
- g
(I;13) There were 30 questions on a test. | 9b;0%

Mary got 100% of the questions
correct. How many djd she get.
correct? i

I
1 N .

(IT1;23)| 87% of the students passed a test. 86,2%
What % failed?

(I;18) True or false? 100% of ‘80 is 83,1%
greater than 80.

(I1;:8) v 1 v 3 1 1+ 4 A A is % 82,0%
Ly 1t 1 1 31 4 B of B

Although it seems safe to say that most students under-

stand this notion of 1008, in other instances this conclusion

e

,.}_/" .
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is questionable. For example, in item (II;16) ("A is 20% of

B; B is what percent of A?"), approximately 6% of the stu-

~ dents gave 100 as the answer even though some of these stu-

dents probably succeeded on the above questions.

Percents Larger than 100:

5.
It appears that the general acceptance of the idea that

100% is a whole .leads to difficulties wiéh a'percgpt larger

than 100%. This sﬁéuld not be surprising. What possible .

meaning could 110% of something have, for example, for a

student who firmly believes that 100% is the total, the

whole object? ' ,
Items portraying the difficulty with this concept are

discussed below.

¥

* Success | Incorrect
4 Number Item Rate Responses
1 72; 907
(I:23) What is 120% of 607? 31,2 50; 4 ;50% 4
(I;5) 127 = '$ of 100 46,8 27.
. 1
(1;7) A TN TOUUN Y N NG SN O SO O N N N 13,4 300; ‘5‘7
! A 1is what percent of B 260, etc.

The, success rates above are low regardless of the way
the &uestion is asked, the content or the numbers that are
used. The range of incorrect responses squests further -
that the students do not even have an intuitive feel for a

percent larger than 100 - these responses in fact are often

wy
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smaller than 100% or smaller than the original number.
6. Use of Basic Arithmetic Operations in Solving

' Percent Problems:- ‘

The most unexpected observation mﬂ?e was the rampant

- use of basic arithmetié-operations in s?lving percent prob-

lems. Although all of the observations discussed above were

generally quite common, none was aé widespread as the use of '
written arithmetic computation in %he problems.

The following three specific 6Pservatiops emerged from ‘
a careful scrutiny of the test papers: (1) Some students
will use one operation consistently for any percent problem
while others will use the\arithmetic operation under centain
conditions. For eiample, some students will consistently
perform the operation of division for a particular type of
problem while others ;ill perform the division only if the
numbers divide evenly. Otherwise, they will resort to using
other means to solve the problem, (2)! Thé students, includ- ,
ing the best studénts, will resort to written multiplication
or division to solve a problem if they!have difficulty with

it. The tendency to resort to written computation tends to

increase with the items students have difficulty with and

also with the presence of numbers that divide evenly. (3)

Although division was the most common #ype of arithmetic

! .
students added and subtracted the given numbers in a problem.

Many of the incorrect responses §rovided by students were

v
18
we bn M ks st v e s s . < ' . , SR
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indeed obtained by performing some arithmetic operation wiith

the given numbers in the problems. The compufations were

often correct but of course invalid for -the problems at hand. -

The examples below best illustrate these observations. .

1. Use of a Single Operation:

The items listed below are all from one student's work.
They show that this student uses the operation of division
when working out percent problems. (The student's work ﬁgs

clearly shown.)

[SHR

Number . Item Answer |How Obtained
(I;2) What is 15% of 757 . 5 75 + 15
(I77).' A [ I O I N I A N A l.l [ 23 13 é 5

By v v v 0 ~

‘A 1is what % of B?

23

(1;11) | 23% of ‘=184 - | 42 | 184

[y

The items below are all from one student's work as weli.
They show that this student uses the operation of sub-

traction.

¢ S ’

F
't
¥
;
i
§
3
|
!
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Number Item Answer |How Obtained
(I;2) | What is 15% of 752 60 *75 - 15
(177) Ay b vy 8% 13 - .5
. B, 131 \l
- A is what & of B?. ™
(I7;11) 23% of = 184 16 184 - 23
(I;19) | 32 is $ of 100 68 100 - 32
(I;20) 12% of the apples are shown 88 100 - 12
below. - ’ ;
How many were there alto-
gether?
z. Tendéncy:to Compute (multiplication and/or division):
Success | Some Incorrect How
Number Item Rate Responses Obtained
(I:2) What is 15% of 752 32,9+ 5:;5% 75 + 15
(Ii;}) |What is 17% of 1002| 87,0 .535,8 100 + 17
(I;20) |12% of the apples - 15,2 24 o 1l2 x 2
are shown below,
- . ~8;8,3;8,4 100 <+ 12
How many were - .
there altogether? 6 12 + 2
(IT;11)(B80% of = 8 69,0 10.. - B0 + 8
] 640;6476,4 B:x 80
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On item (I;2), 20% of the students provided the answer of

5, obtained by division of the numbers in the problem. ‘It

is interesting of note that although item (II;1l) had a high

success rate, the single most common incorrect response was a

number between 5 and 6, obtained By dividing 100 by 17.

Ttems (I;20).and (II;11) show the use of multiplication

as one of the operations in addition to division.

(II;11)
6.and 4

‘answers

¥

(In item
several incorrect responses have the same digits of
although they differ somewhat. It seems that these

were arrived at by some multiplication of 8 and 80.)

~ 3. Use of Different Operations:

- Success |Some Incorrect How:
Number Item Rate Responses Obtained
(II;1) |what is 17% of 100?| 87,0 83 100 - 17
(II;16)'A is 20% of B 9,6 80 100 - 20

B 1is what % of A? 120 100 + 20
(I:6) 70% of the .children| 54,5 30 1Q0 - 70
; in the park like to . .

play. If 70 chil- 49;490;4900 70 x 7

dren like to play,

how many are in the

park?

f

The items listed above show subtraction and addition being

used in addition to multiplication and division.

An excellent example of the rampant use of random arith-

metic operations is provided by item (I;4) cited below. ."80%

of the books in a library were old.

If 240 books were old,

:\huw many were there altogether?" " Incorrect responses, to-

ot



~

- 50 =~

gether with the ways of arriving at these answers are in-

-

The succe
60 and 74
been made

consider

BT TR i PO o¥ AN 3 WS . PR, Ao - - B L e

cluded in the table below. y
‘
Response N Arithmetic Performea

320 240 + 80

480 240 x 20 (Note: 20 = 100 - 80)

460 2 x 240 - 20 .

192 240 x 0,8

270 240 + 30 (50 is obtained by incorrectly divid-

* ing 240 by 80)

432 240 + 192 |

252 j%o + 12 (12 = 240 < 20) .

243 240 + 3 (3 = 240 + 80)

‘ ‘ t
As this problem was extremely.difficult for the students
(a success rate of 35,5%), thev resorted to the seemingly
comfortable use of arithmetic. This problem shows the

. students using all operations and-some were using a‘bombin- !
ation éf several types of operations.
7. Questions with a High Success Rate:
There were items on ‘which the students did very well.

ss rate was greater than 75% on 16 items and between
% on another 11 items. Some reference has already

N A Y

to sever of these items. The purpose here is to

them separa}éiy as a group.
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3
Number Item Success gate
(I;10) Which one is not equivalent to 70,0
- the rest? ’

(a) "1:4 (b) 1/4 (c) 25%

(d) 0,25 (e) all are equivalent
(I;3) Write 128% as a fraction 69,7
(I1;7) Write 21% -as a decimal 88,7

Item (I;10) suggests that many ﬁtudents were at least able

to. compare a simple fraction, decimal, ratio and percent.

The item is suspect since it is possible that some students

might have guessead.

However; the high success

rate on 1item

‘(I;BJ and a reasonable success rate on item (II;7) seem to

suggest that many students are at least able to obtain

~equivalent forms. -

(II;7) is suspect as was discussed in section 2 above.

+b) *Ratio and Proportion:

However, the high success rate on item

[y

- 4
Number Item . Success Rate
(I:1) 4:5 = x:5 Find x 84,4
w Y /]
(I1;18)| AAAA f-/ 85,4%"
BBBBBB
What is the ratio of A's to B's?
(II;2) 4:100 = x:75 67,0
Find x

-



o . - 52 -

- L
The first two items show a high success rate above 80%
which suggests that students have some knowledéé of ratio in
conteﬁts involving small numbers and pictdérial representations.
The third item with a success rate of 67% also suggests the
view that more than h&lf the students have some eleméntary
knowledge of ratio.-

(o

It has already

Concept of 100% as ;‘Whole:

been shown‘earlier in secti®fi’ 4 that the °

concept of 100% is well understood by students.

d) The Case: x% of N:
Number - Item Success Rate
(I;2) What is 15% of 757 . 87,0
(I;21) Shade in 50% of the grid below. 90,9
', )
r . .
(II;17) Shade in 7% of the grid beldw. 80,8
(II;14)| Circle 20% of the triangles below. 85,4
A A
A A A
A A A
A A )

P L L R O

. W
L

B
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The high success rates on the above items involving different

contents indicate that the students understand the concept

of x% of N where 'x' is a one or two digit number.

Although the performance by the‘students on the above

items demonstrates some knowledge, it is worth noting that

“it can sometimes be a source of trouble. This has already

beenr alluded to in the previous discussion in sections 1

. v . . .
through 6 and so0 we will only consider it briefly here.

i) It was shown in section 2 that students have

ii)

. part of 'b', or both 'a' and 'b' as two distinct

trouble with some equivalent florms: e.g. changingAb
percents to decimal equivalent forms: 112% and
3 1/4%. That is, their success is limited to one

and two digit percents.

~Although students had a high success rate on item

(I;10), it seems that idea that 1:4 and 1/4 are
equivalent could pose a problem. There is a '
difference in the idea of 1/4 gné the idea of a
ratio }:4. It seems that students do not differ- .

entiate between- the possible interpretations of '

“a ratio - the ratio a:b could have 'a' as a

parts of one entity. Specifically, in item(II;28)

the low success rate ;f 5,4% arises because stu-
dents seem to .treat the problem as if it states

2/3 and arrived at the incorrect answer éf 40.

Item (I;26), although involving a similar con- - oot

cept to item (II;28), had a slightly higher
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success rate. This could possibly be due to the
fact that the students had a concrete figure to
work with. However, 14% of the students gave
the answer of 16. The diagram below shows how

p ¢

the 16 rectangles were shaded. It seems that

students merely tried to reproduce the given

pattern, .

U
7

iii) It was shown in sections 3 and 4 that students
seem to know that the number 100 is involved in “ |
percent problems and that 100% répresents a

- whole. Again, both these ideas lead to trouble.

1t was shown that 'students tried to diwvide 100

by other numbers in the problem -'especially
when the number divided evenly. Finally, the
notion of 100% tends to hinder students from

accepting percents greater than 100. .

\\\ In other words, percent, like other mathematics topics, .
\ . containsg hidden subtleties for the unw;ry studént. ‘Méthe-
matical knowledge that is narrow and based on a shaky foun-
R \\' ‘hation is decept%ve since it often leads to spurious gener- a

alizations.

vl vhatvr YA
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{:, 8. Comparison of Secondary II Students with Total

Population:

Appendix V lists the success rates for each item for

for the total population (secondary I and II).

'secondary II students with the corresponding success rates

Items with

a difference of more than 8% will presently be looked at

and discussed.

~
.

Success

Rates
Total Secondary
Number Item Population IT
(I1:8) [N I H T I I I 82 91
. . 3 ¥ v 3 I B
A is % of B?
(II;14) | Circle 20% of the triangles 85 95
below.
4 A
A A A
4 A A -
A A
(II;18) | AAAA 85 97
BBBBBB .
What is the ratio of A'S to
B's?
(II;20) | There is a leaky faucet in 83 94
which 5 drops of water drip
every minute. How manw ‘
drops of water are there in
one hour?
(I1I;23) |87% of the students passed |/ 86 97
a test. What percent
failed?
fﬂl
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The above items have already been discussed in section 7 as

items with a high success rate.

The results show that .

secondary II students performed approximately 10% higher

. than the general population on these items.

Listed below are another group of items in which the

secondary II students performed about 10% higher than the

3 total population.

most students.

However, these items are poorly done by

Success Rate
) Total Secondary
Nunmber Item Population II
"' (11;25) | What is 1/2% of 1002 30 43
1(1527) 6,2% of 100 equals? 33 45
(II;10) In a group of 40 people, 36 51
25 were on a diet. What

percent w;i on a diet?

The table below lists items which had fair results by the

total population (average: 52%) yet were performed consid-

erably better by the secondary II students (average: 64%).

(N

. . -y - L.
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Success Rate
] ‘ Total Secondary
Number Item Population 11
(1;5) 127 = % of 100 47 59
- =
(I;15) 3/4 + 20% equals? 43 52
(1;8) . 0,045 x 100 equals? 60 70
(I;28) | 315:100 = x:20 Find x 49 64
(I;22) 4 out of every 5 boys - 64 78
-Tikes sports. 1In a group
of 45 boys, how many like
sports?
(I;24) If 2 shirts cost $35, how 47 61
much would 7 shirts of
the same type cost?

The probable cause of improvement in performance on
items (I;8) and (I;28) is that the students are required to

work out questions of these types in secondary II science

and hence get more practice with them.

Items (I;22) and (I;24) also showed a higher suéceés
rate by the secondary II students. 1Is it possible that the
concept of ratio is beginning to be grasped at some level by
secondary II students?

Listed below are the items on which the secondary II

v students performed worse than the general population.

e i L



A Tt D — . s e e s A

- 58 ¥
Success Rate
Total Secondary
Number . Item Population II
(I;2) What is 15% of 757 . 33 23 i
(I;3) Write 128% as a fractiones | 70 59
(II;21) Write 112% as a decimal 57 42

Since students seeiﬁgéAperform‘these type of questions
mechanically without any real understanding, it would seem
thatfzngndary II students would be at a disadvantage.

They forget the 'method{ as a longer period of time has

passed since they have studied percent (compared to secondary

T students).

Two other items which showed a considerable difference
between secondary II students and the total populatioq were
items (II;6) and (II;12). As was mentioned earlier, these
questions were cut off on some papers and therefore many
studeqts left them blank. None of the secondary II pépers
had these questions missing and hence very few were left
blank. Therefore, little information can be obtained in

terxrms of a comparison.

A SHORT SUMMARY

A population of over 200 students was required to answer
54 questions on items involving percent and its rxelated
topics of fractions, decimals, ratio and proportion. The

variety of responses and the wide range 6f success rates

-
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encompasses a wealth of information. éome of the major
findings have been discussed above and are now summarized
below.
A. The overall performance of students is low indicat-
ZP*ing a poer undérstanding of percent and the topigs
] asdociated with it.
i) Although students seem to associate the word
'pércent' and the symbol '$' with the number
100, what exactly that relationship entails is
not clear to them.
1d The concept of 100% as an entire entity seems
(t:7 to be accepted and upderstood by a majority of
ftudents.
i1ii) Percents larger than 100 are poorly understood o
and‘the students do not seem to have any intuitive
feel for these numbers at all.
"iv) Students will resort to basic arithmetic opera-
tions when solving percent problems. This tén- | _ .
.dency seems to increase with the level of dif-
ficult§ of the problem. They may be consistent
in the oberation being used and in the instances
these operations are employed or they may approach

. similar problems differently depending upon the

particular numbers in the given problem.
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B. Mechaniéal skills hecessary to work with percents
are poorly developed.

i) Students can only perform conversions between
fractions, decimals, ratio and percent when
simple numbers are involved. However, the
general facility to change any number from. one.
form to another is lacking.

ii) Students can perform the basic problem of find-’
ing x% ¢f N if one or two:digit numbers are
involved.

C. The prerequisite skills necessary for success with

percent problems - facility with fractions, decimais,

ratio and proportion - are underdeveloped. The

H

lack of these skills hinders many students in their

0

work with percents. For example, the poor under-
standing of the concepts of ratio and proportion
leads to difficulty in solving the three basic
types of percent problems. *

One disadvantage of attempting to assess a student's
understanding from his test paper is that the written re-
sponses in themselves tell us very little. It becomes nec-
essary to look for patterns from which to make lnferences
about the thought process used by the student/ Such in-
ferences are not always correct. For example, on the’ratio
item (II;27) students were asked to find x givén that

2:19 = 7:x. The succeés rate was 22,6%. One student had.

an incorrect response of 68,5, although‘h%f calculation was

t

B
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¢

19 x 3,5. Now, 19 x 3,5 = 66,5 which is the‘correct re-

sponse. Was the incorrect response- here due to careless-

ness, poor arithmetic skills or just a lack of uhderstanding

of ratio? Secondly, it is .often difficult to explain fr‘ém

written tests only why there is a discrepancy between the

results of two similar ité‘ms, ’ For examp‘ie‘, item (I;26)

involved ratio using ?i::ngles {Jhile item (II;28) was a

word problem on ratio.

»

was 28,6 and fgr the latter 5,4. How can one account for '

€ sSuccess ra

A}

the discrépancy between these results? ’

te for the former item

Hence, the findings from the two written tests only

allow us to generalize that the overall performance of the

students was low and probably reflects a poor understanding -

of percent and related topics.
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e " OBSERVATIONS,K FROM INTERVIEWS: hS

N

The individual interviews of eighteen secondary I and
II students involved twa basic techniques. Certain questions
were merely presented to'the students and they were asked to

‘ g?ke judgments on other students' (hypothetical) responses;

at otheritimes,;the students being interviewed were required
-t6 solve the pfebIemsvtheéselves. fhe interview questibns
° involved'decimals, ratios) proportions and pergents.

. The discussion below will deal with three aspects:

- -(i{ prerequisite skills, (2) mechanical skills and (3)
peréent. In each case, the discussion will be based on
dxerpts from the interviews. Partly because of space limi-
tations, only a few exerpts selected from individual inter-

. views~will be used. These éxerpts: have bees chosen for two
reasons - they clearly reflect the aspect being discussed
and they are fairly representative of the responses in the
other interviews. ,In(using the exerpts, an attempt has been

.Jnade in various ways to recreate relevant features of‘thet

Jinterv1ews, and in particular the student S responses:

significant portlons of the student s responses are under-

-y

lined; a long pause by the student is indicated by‘elther

F e LT

-'d

S (papse..,) or just..., (e.g. well...); comﬁents on the

< " student's gestures are occasionally used for emphasis as are

e,

the signs '?' and "!' (e.g. that's wrong!); square brackets
, are used to indicate what the ipterviewef or the student
wrote down (e.g. [1/4 = d,ZS]), or to indicate what is being

" teferfed.tO'(e.g. a student says: "This here is 1/72."

»
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[ points at 50%2]). Unless otherwisé indicated, numbers are )
used rather‘téén the corresponding word equivalent (e.g. "I
thiné,SO% of 78 %s 39.%) 1In addition, it should be noted
that the exerpts are exact quotes and not summaries of the.

"discussions.

1. Development of Prerequistie Skills:

¢ M .

It was shown in the written tests that the performance

of students on fractions, decimgls, ratio and proportion was
Qﬁite poor. The interviews provide further evidence of this
and also illustrate somé of the incorrect notions students
_have.

It was observed in the writtgp tests that students did
not use fractions in working out percent problems. To" save.
time, the interview did not focus épecifically on a student's
ability to handle fr§ctions. It was felt that a. student's
‘use of fractions Qould arise in the discussion on decimals;

ratio, proportion and percent.

2
.

{a) .Decimals ‘ o

The written tests indicated that when students divide

a number by 100 or 1000, they have trouble with the position

of the decimal'pointf A similar difficulty arose in multi-
pliﬁation. It was surprising to see thatJSOme students would
insert rows of zeroéf/when performi?g such multiplication.
For.example, 1,63 x 100 would besébne as follows:

N ~
.

- L (‘-

. .
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o oo .- [PYIARRIReS Fp e —— PR TR P



LAY DR R S EER T e b e Y RN Y S T ey R R TN wme e s s P

- : 464 -

1,63

100

000 ’ .
000 '

163 :

+163,00

Difficulty #n multiplying decimal numérals by 100 is illus-
trated beiow in the‘interviews with Diane {;), Lainie (L)
and‘Nancy (N) .
(i) Diane
Diane seems to believe that one merely adds two zeroes
to the end of a ﬂumber. \\N
I: OK. Another question. Let's turn the page.
1,63 x 100 . The answer I got was 163. Was
that right? .
D: No.
I: What would it be?

D: 1,63...sixty-three thousand... 1,63 double zero
[1,6300] .

\

I:  OK. What if the question said: 0,023 x 100?
\

D: um...0,023 double zerc [0,02300] .
. .
I: So what method are you using to do these?

L}

D: Multiplying

I: How do you get the answer without doina it?

|
D: You just add two zeroes.

(i1) Lainie

\

Lainie seems to suspect thp one is supposed to move a
decimal point but she doesn't:know how many places to
move,

I: Let's'say you had to do 1,63 x 100 and the answer

Poares g emeemaere faast.. B L —— > apa 1o - - \ P N

A
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I got was 163. Do you agree?
L: No! [witH certainty )
I} OK. What would the answer be?
L: 16,3
| I: 16,3. How did you get that?

L: Because when it's 100, you move the decimal one
place. [1,63 to 16,3]

I: what if it was 0,023 x 1007

L: OK. 1It's 0,23.

Diane and lLainie illustrate responses that were qﬁite

- common among the interviews. In a few cases, students de-

.monstrated individual methods which showed little knowledee

i v

and some guessing. Nancy's interview below is a typical
example.
(iii) Nancy
Nancy seems to believe, apparently without much con-
victioq, that 0,023 «x 109, for example, is just 123.

I: Here's ahother one I asked them to do: 1,63.x 100
and they gave me the answer 163, Do you agree?

' N: ...Ya.
I: OK. What if the question was 0,023 x 100?
N: What would the answer be? wum...123 o
I: Where is the one coming from?
N: From here. ([pointing at the one in 100]
.I: OK. 123. What if it was 3,4 x 100?

N: um...13,4.

I: OK. So what is the method you are using in order
to get your answer? Is it the same method for each

! ."!\'c. '(""a,
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example?

N: Ya

I: OK. So what is it that you do?

N: I just add this on like I just ...um...123 like
this 1s 100 so there are 3 places to the 100 so

T add the 23 here and it goes and this here I
don't know...I just guessed.

(b) Ratio and Proportion

»

The interviews confirmed the finding in the written
tests that’students as a whole‘had a poor understanding of
~ratio and proportion. Even the brightest student has trouble
with problems involving ratio and‘while he may perform better’
on ratio problems than most students do, when probed enougﬁ
in an interview, he will usually show some féck of under-
standing. |
In the discussion below, exerpts are used to illustrate
three general typés of difficulties encountered by students:
Type I - basic idea of ratio; Type II - ratio as a fraction;
Type III - solving a proportion. . .

TYPE I: Basic Idea of Ratio.

The 'interviews with David and Richard indicate that
students sometimes think that one cannot determine a ratio
of two things if they are both unknown quantities even if
one knows the relationship between the two amounts. ' ¥

(1) Dpavid | -
Even when several eiﬁmples led to the same response,
David claimed that it was mere'coincidence and that,

in general, one cannot determine the ratio without

- ‘\‘»/
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knowing at least one of the two quantities.

Michael's age is two-fifths [2/5]. of his
mother's age. I asked them to write the ratio
of Michael's age to his fiother's age and some
students said it couldn't be done because you
didn't know their ages. .

That's right. You would have to know one of
their ages to figure 1t out. If you told me
Michael's mother's age 1s 25, you would be
able to figure out that HMichael 1s 10.

Then what would the ratio of Michael's age
to his mother's age be?

The ratio would be 2:5. I'm sorry 10:25.
why did you say 2:5?

ﬁell, reduce it, right? Hopefully? No, you.
could reduce it but, um...

-What's 10:25 reduce to? T,

Reduce it...10:25. Do it this way.,.2£5...ya

OK. The ratio woﬁlq be 2:5.

2:5.
OK.

So I was right the first time!

.

Right, that's the same thing. I told yoﬁ that
Michael's age equals 2/5 his mother's age; right,

and the ratio you got at the end was 2:5.

2:5. But that's only if you know one of their

_ages. I just chose ‘because 1t was easier to

do it with., But if you would give me a different

age, it would be a different answer. :

Whgt about 50? Let's say the mother is 50.

He would be 20 which would be the same -~ same
thing reduced.

Right.

It's not working.

o bt

B

¢
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I: Are we -just picking numbers that make it work
out always to 2:5?

D: Ya, well...
C 4

I: Because if I said 47..

D: Ya, it would be different.

-

N (ii) Richard
Richard was asked the same qguestion and he too had
difficulty with it as i shown in his exerpt below.

I: They said that you couldn't do it because you
don't know their ages.

R: No, not using x ?

I: I don't know. I mean can you write the ratio
at allz

R: Uh...no, you can't. Michael's age is 2/% of
his mother's age so you could possibly say,
Michael's. age is 2/5 to, if you knew his
mother's age, then maybe you would be able to

- write 2/5...uh, dot dot [ :] to his mother’'s

age. But if you don't know his mother's age,

you can't.
I: m‘at if".

R: Nothing to compare .

I: what if you were able to use x, then what
would you do? )

R: 2/5 compared to .x

TYPE II: Ratio and Fractions

The interviews with Barbara, Richard, Brian and Lee
suggest that the concept of ratio of two things is égen more
in terms of the familiar idea of a fraction. In other wofdg,
the ratio of a:b is seen as a/b even if a and b are

distinct parts of a total quantity.
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(i) Barbara
. Barbara illustrates the view that if the ratio o? girls
to Soys ig 3:7, than 3/7 are girls and 7/3 are boys.

I: The ratio of girls to boys in a school is 3:7.
If I have 210 children, how many would be girls?

B: 90
I: How did you get 907?

B: 7 into 210 is 30 and I just times 30 by 3

I: What fraction of the total are girls?

! B: What fraction? 3/7. : .o .

{ ) I: what fraction are boys?
’ B: 7/3 ‘ ~
I: What does the ratio 3:7 girls to boys mean to you?

B: For every 7 boys, there are 3 girls.

I: OK. What is the minimum number of people you A
see in front of you to see that ratio? ' :

P

B: all you need is 3 girls and 7 boys = 10 people.

I: What fraction are girls? ,
B: 3/7 - : '

I: Of 10 people, you mean

[

B: I don't know... Ya, 3/7

(ii) Richard
Richard responds in a similar fashion as Barbara
although he is less confident about his answers.

R: 3:7 girls to boys. So that was 3 girls to 7 boys

I: ah ha . ' .

R: How many were girls? - - : ' - 3

[P
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Ya

OK. ..uh..Let me work this out. 3 over 7 is what
of 100? Uh..,.How do I work this out? 3...3 into
ese [WOrk: == 160 ] So I would keep on going
... [long pa&se]l

Uh. I don't know how I would do this. I may say
it would be 160 girls.

160 girls. OK. How do you get 160°?
Uh...mainly through a guess, but...

OK. Well, let me ask you a question. What was
the basis of your guess?

The basis of my guess. Well, I knew there would
be more boys than girls and I took it that ...that
for every 3 girls there were 4 more boys

OK

So, 7 into 210 is 30. No, I would say there were
90 girls. ’ ‘

OK. 1Is that a guess or is that more edjfated?

That's a more educated guess.

How would you get 907?

Because 7 goes into 210 thirty times. So I would
say 30 x 3 would be 90

.

OK. '

I wouldn't be 100% sure. I wouldn't bet my life
on that.

I'm not asking you to bet your life on that. There
aren't many things that you'd bet your life on.. -
What fraction of the group would be girls?

Fraction of the group?

Ya, like I don't know, 1/2, 1/4, 3/9
3/7 i

3/7 would be girls and what fractioﬁ of the group
would be boys?

Uh, would be boys

LA e e o ' P
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Brian

Brian performed very well on his tests and showed a:

good understanding of the basic ideas in his inter-

~—view as well, On item (II;28), Brian was one of

the few students to provide a correct response. The

' question was: "The ratio of students who passed a

test to students who failed was 2:3. If there were

"60 students in all, how many passed?" However, the

concept of ratio still posed difficulties for him.

For instance, he was shown his answer to item (II;28)

and the -interview continued as follows:

I: Can you explain how you got 242

B: [pause]

I: What does it mean if the ratio of students who
passed to students who failed was 2:3? :

B: 2 people passed and 3 people failed )

I: OK. So out of a total of 60, how many passed.
How would ypu work that out? By the way, just
because I'm asking, I'm not saying it is wrong.
There's no work there [on test paper:] so I just
want to know how you got that answer.

B: [pause]

I: If I asked you to do it now, would you get the
same answer? -

B: [ long pause] I don't know.

I: what fraction of the total would have passed?

B: 2/3

SO T N - : ‘
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* I: And what fraction would have failed?

B: um...3/2?

For whatever reason, Brian seemed unable to handle the ques-
tion. 1In fact, his responses here reflect the common in-
correct response of 40 in the written test obtained by cal-

culating 2/3 of 60!

Another item similar to (II;28) but based on a diagram i
was (I;26): "If the ratio of shaded rectangles to the total

number of rectangles is always as in the following,

SN M ‘

-2 : .

shade in the appropriate number of rectangles below.

The'success rates of students on (I;26) and (II;28) were 30%°
aﬁd 8% respectively. Although both success rates are'low,
students Aid perform somewhat better on the first question.
However when item (I;26) was asked in the interview, it was
found that many studegts who succeeded with this queétion
did not use ratio. Through various methéds and the aid of
the diagram, they were at least able to obtain the correct

answer. K

(iv) Lee

Lee's exerpt is but one example of the above. He f£ills

ey o . 4 . w“i
[T 4 . . .
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in the rectangles by counting them - for every 8 not \

shaded, he shades 4. When he is left with 3 rectangles,

he shades- 2 and omits 1. -
I: How many did you shade? _ .

L: 18 ’

I: How did fou get that?

OK. I didn't know that it wasn't going to be

even so I thought 1t would be like this: so 8:4

- here's 8 and here's 4 [leaves 8 out and shades

in 4 and keeps on doing this process ]; here's 8
and here's 4; here's 8 and here's 4 and then that's
equal to 2:1 and since I only had enough room
lonly 3 left and not 12 ] here's 2:1 [ leaves out 2
and shades 1] .

o
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lee's work is also more interesting in light of the way that

many students arrived at the common incorrect, response of 16.

These students merely tried to fit the given pattern into

the empty grid as shown below. .

4
77

Furthermore, students who attempted to work this example

out arithmetically, used the fraction 4/8 and not 4/12 just

as they would use 3/7 and not 3/10 in the ratio of girls to

fgzaz%?; T, &
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boys discussed above.

One might be led to think that Lee's method above in-

dicates an understanding of the concept of ratio. However,

when presented with the same question as Barbara, Richard.

and Brian above, his performance was identical to theirs.

L 4

His interview is shown below:

I: What fraction of the group is‘girlé if‘the ratio
I is 3:72 ' ' g
L: [pause]
I: Like are 1/2 of them girls? 1/4 of them? What
* fraction are gizxls? . .
" L: 3/7
I: wWhat fraction-would be boys? "
L: 7/3
TYPE III: Solving a Proportion <

’One aspect of ratio which students appear not to have

grasped is the multiplicative concept involved in a propor-

tion.

This is illustrated"clearly by the responses of

Debbie and Karen to the following question: "Two pitchers

of orange juice are made with orange concentrate. One

pitcher has 3 cans of orange concentrate and 2 cans of water.

The other has 7 cans of the orange and 5 cans of the water,

Whi¢h of these two is going to taste more orangy?"

(i)

juice.

Debbie R. S

This would taste more orangy - 7 cans of orange

LY

OK. Why?




K:

Debbie'and Karen illustrate the typical responses of most

students.
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Because there's still 2 cans more -orange juice,
than there is water while here there's only
one more can | pointing to the 3 cans of orangel

@

Karen

[
o

This one [ indicating the%second pitcher ]

4

Why?

Because when you figure it out, this one'[first
pitcher] only has one more can of orange Julce
tnan water from these two [pitchers |-

)

OK. What if I had this: 9 cans of orange
and 8 cans of water?

LY
S

' That would be the same consistance [as the 3:2]

-

These two would be the same [{9:8 and 3:2]. and
this one [ 7:5] would still be stronger than
those two [3:2 and 9:8] . Correct?: .

-] y a

Ya. y

v

They focus on the number of cans of orange juice

[}

more than water, and use additiop.

The

Lorne and Dlane Lllustrate further tﬁe tendency of students

"to use addition to’ solve numerlcal problems on proportzon.

(1ii)
I:
'
D:
I:
. D:
o~

. Because 2+5 = 7 and 19+5 = 24 ., &

exerpts below from the interviews with Nancy,

What about this question: 2 qver 19 equals 7 _
over X [f% = % |
Um...24 - “

OK. Why 24? How did you get 24?

.
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(iv) Lorne

' I: what if you had this: 3 to.8 is 15 to x
! [3:8 = 15:x) 2 ‘

-,

L: - ...20 - '
I: Why 20? ,
L: I dunno. 1'm just thlnklng in the way that 5 T

1is separatlng both.

(v) Nancy

I: What if I gave you this one: 3 to B equals
15 to x? [3:8 = 15:x].

N: 20 " T o oo
I: OK. How did you get 20?2 .
N: Cause there's a 5 difference here and there's

a 5 difference here.

. . . J

A.second difficulty students have is associfted with their J

underde&éloped idea of a'proportibn. It was shown in the

written tests, for instance, that by placing the given num-

bers-in a problem.anywhgr; in the fou; pargg of the proportion, -

one could grrive‘aﬁ the various answers obtained’by stpggﬁts,\\\:
The intefview exerpts below}i%lustrate‘ﬁypical difficui-

ties that students have when solving percent problems using

proportions. , RN
(vi) Richard / ‘ N _ ’ .

Richard .is hnving dlfficulty figuring out - the following
B

problem: "If you hgqp *75 questions on‘a test and you’
get 25% of them correct, "how wany did you get correct?!

Afta: playing with the nun&drl, the fcllcwing discuasion
" ensued:. . ‘
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I: What are you trying to do here? [pointing at
" his work ] . '

[ Work : —%5- %1

Well, what I do wrong a lot is I know 1it's 25
over 100 equals someth17§7- I don't even know
if it's x over 715 over x because I
haven't worked on this in a long time.

(vii) Lainie

In the exerpt below, tainie qbtains the correct answer
by using a proportion. However, she has an equation
with no unknown, performs some arithmetic and arrives

at the answer.

*

: Look at this: 3 is 12% of what? -

3. 12 25
[ working it out: I“- 100 ° 12Y300 ] 25%
. 24

"o,
I: 'OK. How did you get 252 Co®
. w l
L: Cause I did % - Iﬁ% and I cross multiplied and

) 12 into 300

It is doubtful from this exerpt that Lainie has ruch under- )

standing of the 'proportion' she used.

‘i

2. Mechanical Skills: . o

-~ w

Students seem to have difficulties in the conversion of a
perdéné. to“}ts fractional and decimal eguivglent.forms'ﬁnd‘
vice ée:sa. .In addition, .ih changing a pefcent to a fraction,
for instance, the students not only showed a lack of under-
standing 6f equivalené-forms; but they also revealed miscon-

ceptions about the meaning of percent and its application.

o A oo
f



oo~ At S e AN i S P [P - - .

r

A
- 78 -
The inerviews with Jerfy, Karen, Dévid and Richard are
representative of the general misconceptions students seem
to have in this area. ‘
(i) Jerry -
| According to J;rry, it seems that if a number is greater
than 100%, one changes it to a fraction by putting it

over 1000.

\ ' L

I: Here's another question. I don't want the answer.
I want you to explain to me what happened. I
asked them [other students] to figure out 115% of
70. OK? One student said the answer was 20.
K No:, several students looked at this answer and
said.. '

J: I'd’have to draw a chart.
I: Wh;t do you mean by a chart%

. N\
J: [draws the following chart

P W 3 (
70 115
1000 )

And this is parts, whole and percent. Percent
is 115 over 1000 and of 70. 70 is the whole
so you have to figure out the part. < SqQ you go
x over 70 equals 115 over 1000.

[% = ity I Is it 1000 or 1007 -

70

I:. OK. Why are youkpﬁitgng 10007

J: It's bigger than 100 and the next thing is 1000.
I: And why would you put 100? ‘
#®_ I don't know...it would be 1000

Jerry is aware that 70 is the whole. His\eifficulty is
that he seems to think percent means part 80 115 is over
1000 since 115 is greater than 100. This leads to

ot
. v

g T
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(ii) Karen

Karen seems to think there is a choice - one can put

the

K:

number over 100 or over 1000.
Write 115% as a decimal.

Well, if it's out of 100, you put 1,15

You said .if it's out of 100. What else could it be?
out of.lOOb.

Then the answer would be?
£L,115

OK. Now, there's something I don't understand.
What does it - what do you mean? You have the
choice when you see percent - it could mean
either out of 100 or out of 1000?

Well, I was told that it could be out of 100 or

.

How do you know when it is out of 100 or out of
1000? Do you have to be tol?d in the example that
it is out of 100 or 1000?

Ya

Later on in the interview:

It

K{
I:
K:

I

Lo

. v‘wmw'ﬁvw s g 3
N s m kS
B .

,,g,,’

Can you draw for me 150% of that rectang%e?

We‘l what is txis out of?

) L " '
I don't know what you mean - "what is this out of"?

Well this could be out of 100 and then I d have
o add on more.

OK. What else could it be out of?

”
s Ay e b , p YR e g s 6 % e A honate 6
! od By .
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K: 1000 and then I'd have to draw 3/4 of that. '

Karen has developed a theory of her own through which she
can do both abstract and concrete problems using éither 100
or 1000.
(iii) Debbie 'W.
Debbie verbalizes‘the Mtion that percent means over

100. However, she cannot use this to solve any per-

~—

cent problem.
I: What does 12% mea-n to you? h

D: 12 over 100

I: OK. 12 over 100. So, if you have 100 toys and
I ask you to pick up 12% of them...

D: So then you go uh...heold on...uh...if you have
how many toys?

I: 100 toys and I ask you to pick up 12%

D: uh...¥You go...uh...l don't know

Debbie illustrates the case when a student verbalizes an
0
apparent correct idea without knowing to apply it.

(iv) Nancy

The discussion with Nancy concerned the question:

A]

"Which is larger - 65% of 20 or 20% of 65?" It appears

Nancy does not understand the problem. Indged, Nancy
. does not eQen know that 50% means 50 out of 100.

I: Do these numbers [the 20 andy¢he 65 ) affect /is
at all? Does it matter what these numbers are?

Nz Yes
I: OK. How does it affect it?
N: Cause if th;l is 20 and ...um... of io and this

Cfgz'.ﬁ ;‘? | '. :' . ; .
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was 65&..um..yes it does..um...begé;se if this
was 20%. OK. If you get...um...50 out of 100
on a test, it is not very good but 1if you get
50% of 50 on a test, it 1s excellent.

; ~
Clearly, Nancy's view that 50 out of 100 is not very good

while 50% of 50 is excellent indicates a misconception of
what perceﬁt means.

Changing percents to decimal numerals also showed theh
students having develope? their own ideas and methods. The
basic idea was to mng-tﬁe decimal place to the left of the
digits involved in the number.

(v) - pavid |

David's exerpt portrays this method.

I: I asked them [ other students ] to switch 33%
to a decimal and the answer I got was 0,33,

D: .That's right.
I:. OK. How do you do it?

D: Well, you have this example - if it's a two

number percent liKe 33 or 44 or something,

vou write a decimal in front of the two numbers ..
and if it's only one number like 8%, you would

write 0,08. . S
I: What 1f there were three numbers like 115%?

D: You'would go\b,lls.

Thus, David's. method yields a correct answer for a one.or

i
§
t

tﬁo digit d;ciuml and an incorrect answer for a three or more
digit percent. - |

However, percents involving decimals and fractions them=
selves are treated differently. Most students merely drop
the percent sign (%) and seem to believe that by doing 80’

~
-~

’
A
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they have solved the problem correctly. Hence, 5,2% is

written as 5,2, and 3 1/4% as 3 1/4. Other students do have

their own method for dealing with these problems. Richard's

interview below illustrates one such method.

(vi)

I:

R:

Richard

I asked them [ other students ] to write 33% as
a decimal and they wrote 0,33. Is that correct?

Agféed

OK. What would 115% as a decimal be?

0,115 -
What would 5,2% be?
5,02

OK. You want to tell me how you figured them out?
This one [ 115%] you said was...

This one I said was 0,115
OK... |

And uh... I figured that one out, cause I know
two spots after decimals it means over 100

OK.I.

and 115 would go into 1000 so it's three times -
3 decimal places

And here: 5,2

I would d@o 5 dec;mal .uh... t are you asking
me- to flgure out?

Change this to a decimal - lxke get rid of the
percent sign

5,02 cause it's the five is b g
8o I would forget about it and put two in two
percent of 100 so it's (02

Ah ha. So if I asked iou to just change 2% to
a decimal you would write...

R .
s L gt Ay et v % iy pegd g op s oA
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R: '02
I: OK. What about 3 1/4%?

R: 31/4%?2 I would do 3 decimal...uh...3,25

I: OK. How did you work that out? How do you get
3,252

R: cause 4 times 25 is into 100

‘ /
Richard has a method for each type of percent problem. For
a whole number percent, regardless of the number of digits,

Richard places the decimal point to the left of the digits,

ensuring at least two decimal places. Therefore, for example,’

2% becomes 0,02, 35% becomes 0,33 and 115% becomes 0,115.
For a percent with a deci;ral, one seems to ignore the whole
number and change the decimal part as in the methad above.
Therefore, 5,2% becoOmas 5,02. For a percent with a fraction,
he used a different method and’ 3 1/4% became 3,25.

Like Richard, other students also have difficulties-
with sucl‘: problems. When the percent was less. the_m 1s, it
seems that they merely disregard the percent symbol. .For
example, 1/2% of ‘59 is 25. When students are questioned as
to a possible difference between 1/2% and 50%, their responses
suggest that they believe they are equiva}lent. This is
illustrated hy the interview exerpts of kﬁreh and HNancy.

(vii) ren ‘

I: Could you shade in 1/2% of this grid?

b . e e
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You shade in all that.

AN ’
N N -

Y S \ ) NN

SN LN R

1) O R SRR N
X

OK. What percent are you shading in?
50% ‘

OK. What did I ask you to shade in?
1/2 of that [grid ]

Right. I said 1/2%. Do 1/2% and 50% rean the
same thing? . |

Ya.

Later on in the interview,

I:

K:

what would 1/4% of 800 be?
You would divide 25 into 800

L]

25 because... .

1/4 is 25% ' o

OK. I have a question for you. What is the -

‘smallest percent?

™

zero K

Dumb ‘questio;z besides zero
one -

OK. ) So is there nothing smaller than 1%? /;/
No. .

OK. When we say 1/40 or 1/2%, which of these two
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I: numbers is bigger - 1/4% or 1/2%?
K: 1/2
I: OK. A lot bigger?
K: 25 more bigger
I: How do you get 25? -
- K: Cause like 1/4 is 25,..4 quarters

I: and 1/2 is...

| K: 2 quarters

.(Viii) Hancy
I: What would you do for this: 1/4% of 8007
N: 1/4% of 800 would be...250 |

I: OK. How do you get that?

N: Cause I figure this [1/4%}is like 25/100 and then
25 from this [B800] is 250 ,

I: Wait, you are going to subtract 25 from 8002

N: No. Um...250. ..wait...I.'. .I...[ long éause] 25
from 100...1'd say it would be 200. -

I: What does this mean' to youé 1/4%?
N: It means like if someone said to me they gave \
me a quarter of the pie, I'd say they gave me
. 25% of the pie and like 4 quarters make a dollar
So . e

I: Is there any daifference between 1/4% and 25%?

J—

N: No.

Thei{two exerpts above show that Karen and ‘Nancy persistently
~ ilgnore the percent sign in a fraction (e.g. 1/4%). This ,
leads to the idea that 1/4% is 1/4 and 1/4 is 25/100 which

is 25%.

A
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3. The Concept Percent:

The written tests have shown that many students en-

countered a variety of difficulties with percent problems.

'The interviews not only corroborated this, but also provide

some insight into the students' thinking.

The individual in£erviewg confirm further the~findin§
from the written tests that studenté associate the number
100 with percent and that they regard 100% as ajwhole so

"that they have trouble with percents greater thae 100.

a) Use of the Wumber 100

The exerpts from the interviews with Lainie, Richard
and Michael illustrate some of the typical ways stuéents
" involve the 100 to solve percent problems.
(1) lainie

I: lLet's say I had 100 toys in a room and I asked
someone to pick up 12% of them.

L: Uh huh' .

a

I: So they [other students] went ahead and said,
they'd pick up 12 toys. Is that correct?

L: HNope : :

I: OK. How many toys should they pick up?

L: In the room...if you asked them to pick up 100%? '
I: 12%

™y
L: Oh, 128! 100 over 12 fr

I: OK. Aliight.' What if thelk were 50 toys in the

room and I ed- you to pick up 12%? -
L: 2 toys |
I: 2 toys

~ " . N
N i )
i [y
* o . ! .
. N \ r ‘} * 5 )
o .
. .

. o e

. . .- . .
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L: Ohno. That's half...ohlno...z toys

I: .OK. ﬁhy 2?

L: Because 10...uh...100 over 50 is 2

Later on in the interview,

I: OK. There are 28 students in a class. 16%
play sports. Can you tell me how many students
play: sports?

N: 9,48 {working it out as follows:

16 o 2 28
00 28 128
: 78 - )
948 ] - N
I: OK. How did you figure that out?
N:e 16 x 28 is 948; 100 into 948

We see that Lainie uses the number 100 either as a!multiglier
in 100 over 12 and 100 over 50, or as a divisor in 100 into
948.

(ii) Richard-

I: OK. Here's another question without working it
out. This one is to compare these two numbers:
20% of 65 with 65% of 20. I asked them [ other
students] which one was larger and several
students said that the seconé one was larger
since 65% is bigger than 20%.

R: I would agree that it's larger because 20% of 65
wou e a lower number because there's only
out of I00 which Is 20 out of 100, of 65. And
then you have 65 out of 100 is 20 and b5 is
greater out of 100 than 20 18 out o
k)
I: Do these numbers [65 and 20] really make a
difference? : .

R: No. Because you're dealing with percent of this
one [ the number and not the percent] and it's
how much out of 100 these two numbers [ the per=-
cents] are. This one [65%] is 65 out of 100

;o w
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... Wwhich.is only leaving 35 and this lZO%Lfis 20
out of 100 leaving 80 numbers so like there 1s
more - there 1is not as high a number.

»

" Richard seems to know that percent means "how much out of

100". He uses the number.100 to make the comparison: "65
is greater out of 100 than 20 is out of 100", so that the

actual numbers in the problem become irrelevant.

(iii) Michael ' I

I: Let's say we have the ratio of girls to boys
in a school is 3:7. Let's say that altogether
there are 210 children. Can you tell me how
many of them would be girls?

o

M: That's a 7?
I: Yes
~
M: 135?
I: OK. How do you get 135?

M: Un, well, um, 3 x 25 = 75 and then just the rest
is the girls.

I: 3 x25 is 75
N: the boys ‘ ‘

I: OK. the rest are the boys. Why did you multiply
by 25?2 \

N: Because that's what would give you 100

I: OK.

N: Like 4 x 25 will give you 100
I: Right g
N:/ So 3 will give you 75 and then the rest...
I: OK and %hen the rest would have to be boys. Right.
Oh. Alright. -Wwhat if I asked you 20 is equal. ta,
.. What percent of 507?. N o

N: It's 40. o

o
v o
"

‘s
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I: Right. Why 4s it 40?
N: Because 20 x 2
I: Why multiply by 2; why not go 20 x 32

N: Because 50 x 2 will give you 100

Michael's intervieéw ist puzzling because he gets t.ﬁe second
problem correct but not the first one. Does he really
mderst&ndl percent? Or does he merely try to fit t§e number
into 100: e.g. "4 x’25 will give you 100" and "50 x 2
wi‘]'.l give you .100"?

' (b) Concept of 100% as a Whole

‘ It wag shown earlier that the success rates in the s
written tests on items involving 100% were very high, indi-
cating that students grasped the :.dea of 100% as the whole.
The interviews also confirm t}us as J.llustrated by the two

\ ver

of a given rectangle.-

¢ ©

interi"riew exerpts below on drawing 100%

i

(i) Debbie

'I: what I wanted them [other students] to do was to
take this rectangle and draw over here for me 100%

of that rectangle.

D: The same thing.

-

- I: They should draw the same thing? SO what they did
. was they took a ruler, they measured it exactly,
' ¢# and copied.it over. . Would that be the right thing
to do?. ‘

D: Ya

I: OK. Why sheuld. you draw the same thing?

Dz Becausa 100% of tha rectangle is the whole rectangle

—
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. I: Another questlon I asked them was to" draw for - S
, me 100% of that rectangle. They took a ruler, SR
fel N . measured it and'copied it for m® exactly. /\ .
3 ~ N / -~
| - 'D: That's right. ‘ ] h “
+ I:+ OK. Why would one copy it exactly if you were 4 T
) asked for 100%? -~ C e

' Db Because when it's 100%, it's the total amount -
t's the exact, total amount.

v ~

The exerpts show that‘both students respond confidently and
A verbalize clearly in their last statements that 100% of the
rectangle is t@# "who;e rectangle" 'and "the exact, total

4
amount”. .

P | (c) Percents Larger than 100% .

»
oo , ' It was shown that students obtained low success rates -

Vo ©on probiems involving percents gredter than 100. The 1nter- y

v1ews confirm that students as a whole have no grasp of thls

notion, even in situations involving pictorial represen— ,

4

tations. The interviews with Eséher,,Lo;ne and Lee illus-
‘. . . ™~ ~ . ) . . “‘. ]
trate. this. ) RS . L

\

‘\\\\\ . (i] Esther ~' , ' ’ ;

o N Three” exerpts aré‘provided. The flrstbaﬁd last oneé v ¥
TF\\\ deal with finding the percent of a number. The secohd
1;4;"2p“§§eals with drawing 150% of a rectangle. « A
“ ‘ }i: I asked the students to'figufe out 120% of 100
- and the answer I got was~120. L A A
E: Héw can you have:lzo%?' : - “ /;/{ . ‘,‘ : °
I: I don't know, I'm asklng you? * .. . "h .
E? No, ‘but how caneyou have it; it's overzthe.: «

- o e e e K . . et e e - . - - ' - b -~
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.~ Later on in the lnterV1ew,

NI:

=

1{

B

[

N
roN,
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" ...percentage thing.

OK.

-

X

What about 115% of-707?

I don't know why they do that; there is no such *
tﬁlng as over‘lOO. l

What s the problem with over 100?

Cause 100 is the whole thlng

'

I want you to draw 150% of that rectangle

~

OK.

of original rectangle]

2

And what did you make it measure?

3

OK.

'2000

No, you don't have to.
~._one is left 1/2.

¢

Now I'm going to ask you what you did.
What does this measure over here? [ length .

What-does .this measure down here?
[width of original rectangle]

Oh,

I have'to put it...

]

This is 1/2 and -this

[widths of both rectarigles]

No well the Qhole is here- and I just added 1/2.
[1/2 of the orlglnal length . ‘

3

fﬁches]

Flve mlnutes ago you said you can't have a pexr—
- cent more than. 1004,
you can't have a percent more than 100?

Ya.

It was me.

Wasn't it you who saig -‘*

'.
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" i I: "OK. I didn't know if I was sbekking to some-
L one else. * . . .
’ - ‘E: Ya, it was'me. -Well; you told me to do it -
so- I  had nQ choice. o .
i I: Well, does it make any sense?
:E:  Well, it's Just a rectangle 1f you don't count
any percent. ‘ }
'I: - Well, butllhéhid to.you: draw 150% of that
rectangle. o .
e E: I would count it as 1 1/2%
./ ‘j
' ' I: Well, does it make sense to ask you\to do a .
. problem' like' this: 150% of 20?
- -E: - No. 1t doesn't make sense, but 1/2...like...
I don't know., It makes sense but I can still
\ work it out... It doesn't/ make sense cause .
it's r ‘the whole thing but 1f youd put 1t
. in -geometry terms then can do 1it.
I: OK. -So if'it's a picture, it can‘be done but
if it's a number, it can't be done,
E: It can be done but it- just doesﬁ't“hakefsensg.'

Still later on in the interview,

"

;' m

-

+
. e

Can you figure out what 150% of Zoais?

...7-’1/2?_ ‘ ~ e
Why 7 1/2?

20 lnto 150. . " ' . -

v
o N . A}

I can see the reasoning for that - if ‘the per-
cent is larger than 100% it _doesn't make too
much sense to you, but if there's a picture or

something we can understand a llttle bit - could -

- you have 150% of a pie?

. Not if yog don't add another pie.
¢ . Right, you need a\sqcond pie.

1/2 of a pie. - N )

.I' | ' | ‘/.
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'no such thing (percent) as over 100 (%)
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a

The three exerpts clearly suggesé%that‘%o Esther "there is
because "100% is the

Even when she copstructs 150% of a reétangleh

she distiﬂguishes between
don't count any perggnt" and "count it as 1 1/2" in ﬁgeo-

metrical terms" i.e..a rectangle and half a rectangle.

“(ii) Lorne ‘ ' L

. Lorne states that a question 1ik;_130% of 100~is-a
s %&ﬁller" since "I just don't get it cauge‘it's over'
100 (%)"." S

I: Another question was 120% of 100

L: That one's a killer . ] o
* I: .Why is that one a killex?

L\ I dpﬁ“t know; I just'don't get it. Um..JliO%.::

I: If you had to make up a percenf question'%hat
numbers would you want to have there that‘ g
wouldn't be a killer? . )

sa 9

L: %Vell-SO% of 100.

I: OK. What's 80% of 1002 ' .ty

'L: 80% of 100 is 80% . . S s i'\
I: OK.. .

'L: But um... S SO

I: Make yp another example that wouldn't be a killer.

Wouldn't'or would?
I: Wouldn't.-

- ‘ * [
’

“L: Well if you ask what pqrcent of 75 is 100

L]

I: Ya

L:- It's 75% . . L
\\ ' . »' . ’ -

"it i§ just a rectangle if you .
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A SR
?'9.4'f :
What makes this problem [orlglnal ong} a a. ‘
‘klller ?

.

lcuz this is over 100 [ points to %]
Q

So as” long’as: I make it under 100 it's no _

problem. What about 52% of 100°? -

'52% of 100 is 52%

. ; .
i Q
‘
L

Although Lorne is able to gmve incorrect examples of percent%

less than 100 such as _80% of 100 is 80%, he cannot even ex-

(c)

‘use of arithmeti¢ operations to golve any type of problem as

The individual interviews also.conﬁi?med the rampant::
. ‘ - N -

* -

" tend this simply to 120% of 100 is 120%. . L

Use of Basic Arithmetic-Operations in fSolving-

L]

Percent Problems =~ .

4

observed earlier’ on the -written tests. This aspect has been

.

apparent ln the 1nterv1ews we have already discussed. . In >

|,

the exérpts that follow, we 31mply illdstrate the cohtinuing

'use of arithmetic operations even i ery simple problems. .-

. S \
(1) - Karen . )
- X ' . > - . .
Karen -seems to divide when the ers are "easyg:*

I:
K:

ﬁI:

otherwise, she has to "fidﬁre it out".
; .

3 is equal to 12% of what number?
4

OK. #How did you‘gét 4? N ' Y

.3 times 4 is 12. . -

Aliightu How come you didn't start this way?

" [pointing to a previous example in which Karen

was asked to fill in the blank: 15 =~ %
of ‘20 and she proceeded -as follows:

- 15 X

35 = 160 and fouhd what x .was] o o :
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r = 95 =~ ' - ce T

K: ' Cause this one's -easy. - .
I: OK. So let'’ 5 say dinstead of 20' over here

{15 = % of 20], let's say I-wrote 15 13

what percent of’ 457

®

"K: I'd still haye to figure ‘it out.

I: OK. So what do you mean when you say this one
[3 = 1284 of. ] is easy? What makes this
one ea8y? ..

[y

K: 3 x 4=12

I: Well, 15 x 3= 45. . | : ,

K: Well, I don't 'know my' 15 times table. .
) . 1 .
I: OK. Let's say you knew that fact.

} '.D \ - .

K: It'll make it easy. P

I: What woulq the answer-be? ‘ S o
. K: 3. . - v ;e
(ii) Diane . ‘ £ .

Diane resorts to d1v1510n although she a-qmlts she does

not remember percent. T
I4

I: OK. What percent i§ B of A?

D: Two eighths 12/8] - . : ;

I: OK, which 1§ what percent? ’ "
D: [mumbles and pauses]

I: ' You don't have to do it ln y0ur head all the
’ time.

L C .
D: . I know -that...4%

I: HOw- are you getting 4%7?

.

- D: Divide 2 by 8. I can't remember how to do percent.
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. wher | gg - e
“...I'm having trouble with -it.
¢ . ' | ) - e
(iii) Esther _ o > N

I Esthér guesses the answer by attempting both multi-
. . . S ' _ U X

.
‘ [

" LSJ/icai't'io}a and d-i'visj_'on‘l "

J o .
I: 3 is 12% of what number? ST .
‘~E: . - ...4? NO. . -36?
LI \ -, * |
+ I: Why 362 o

. . |

E: { don't know. I guessed 3 x 127 |

v

liv) Michael" o b Vo

o

‘Michael regorts primarily to division.

I:“ Let's say there were 75 questions on a test.
and 'somebody got 25% of them correct. How
mary questions did he get right? .

M: 30 )

I: OK. How did an_gei 30?7

M: Well, 75 divided by 25 is 3.

I: OK. ) n

- N

M: I just addgd a zero.
» I: Why did you add a zero?

M: To make it a tens'number.

Later on in the interview, - A
o ,

"I Let's'say I have a class of 28 stﬂ&éﬁts\\\\\

and from that’'class.l6% of them play sports.— -

[ Brief discussion about sports ensued:]

I: OK. So 16% of them play sports. <Can you
" tell me how many of them play sports?

M: 4 e : .
.I: How did you get 47 ) i ,
‘M: Well,. I went 4.goes‘iﬁto both of théh.

~

-

R

N

»
3 W——



NP TR AR <t Suadada] ~Q-m¢~«" e e e o e -
q{
- - N -
. A
-
. - . ) ) ’ ‘ f o,
. - 97 = - .
a" ' . T ‘
- “ Ld
- . , . - N ~ N .
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_Nancy simply uses add:Ltion.

I: Alright. 12% bf my students didn't do their
homework. This meant that 3 studentg did not
‘do their homework. Can you.tell me how many
students are in my class?

N: 15 -

I OI\ How did you get 15? ‘

N: 12 +3 E o

To summarize, ‘the ’i’\nter.view vc;xerpts above confirm further a

genéral tendency among stﬁdents to resort to ariEMetic

operations to solve percent problems, even in those cases

yvhere they do not really understand percent.'

". .(d) Unanticipated Phenomena Associated with Percént

P

Several unanticipated phenomena emerged from the inter-

-

views, fWe have already illqsﬁrated the .restricted concept
of a percent as a whole number between 1 and 100. We saw
,t':hat a percent less than one, for example 1/4%," is equivalent
to 25%, and also, the notion that percents greater thgfx 100,
sa{z iZO%‘, do not make sense. . L : ) .
Another more general phenomenop' that emerged during the

interviews involves two main .ideas associated with basic per-
cent problems. When students a‘tre gsked to ﬁind x% of * N,
where x and N are nhr}\bers, they seem to believe that the
answer is simply x , regardless of what number N is.< .
'These students also fall intp two subgroups: one subgroﬁp

will not accept percents greater than 100 under any circum-

stances, an aspect we have already discussed. The second

~
)
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subgroup accépts or rejects percents greater than 100 dépend-

ing on the size of the number N 'in relation te the percent‘

. . L : P .
x . For example, they accept 150% of 200 but not 150% of 20;

that is, é'percent greater than 100 i!'acceptable only if it

., is less than the number N . This phenomenonh was not appar-
ent in the written tests, nor was its existence anticipatgd; . ..

' Consequently, it emerged slo&ly in the interviews and was

¢ . .
only appreciated during the analysis. Hence, it appears in

scattered~bortions of the individual interview, often quite
by accxdent as lllustrategﬂ&n the seven exerpts below from
the- lntervzew with Nancy/and one exerpt from Mlchae;'@ inter-
view, i

(i) Michael

Michael's exerpt demonstrates that x% of N is

always x , regardless of N . It should be noted

that Michael did not consistently use this idea but -

even for simple problems this misconception led to

rlncorrect responses. ot

I: I told them that I had 100 toys and I asked them |
to pick -up 12% of &ge toys and they said that ////7> -

they would pick up 12 toys. 1Is that correct?

'M: [ long pause] Yeah.

' I: OK. How do you get that answer?

/. M: . Well, becasue there's a...you have 100 toys

E / T: Right
/“‘ M: and if you plck up 12 of them, pick up 12,
: because...

T

I: OK what if there were 50 toys o



s
M: The answer is still 12

i

(ii) Nancy" ' |
L The exerpts illustrate 'three characteristics of the

’

_above phenomenon in her ideas: x¢ of N is x, one
can do a problem if x is less than N, and one can-
'not do the problem when x is greater'than N . Nancy
uses these idea.sl quit;e consi'steﬁtly.

(a) x% of W \is 'x’, where x is less than N

(1 . ‘ ' . -

I: Let's say I had 100 toys in a room ahd I asked

’ somebody to pick up 12% of the toys. They <

‘[ other students] said that'they would pick up
12 toys. Do you think that's right?

\

N EY . . e
N: Because I'dsay...um...12% OK. You have 100%
and you take away and then...uh...you would
have 88 left, so 88 toys left; 88% plus 12%
equals 100% ’

” PR BN

N: Um, yes ~

I: OK. Why?’

I: OK. What if there were 50 toys and I asked you .
to pick up 12%. Then how many would you pick up?

N: Um...Same thing. I would pick up 12 toys.

I: You'd pick up 12 toys. So it doesn't matter if
there are 100 toys or 50 toys because you're
picking up 12%. You would pick up the 12 toys.

N: -Yes, but I don't know; maybe I'd pick up 6. I
don't know cause half ot fﬁo ws 1 GON't know,

’ .
I: OK. Alright. What if you have 75 questions
on a test and you get 25% of them correct. How
" many did you get correct?

N: ...You'd get one third correct which is...what
do you mean: "how many would I get correct?”




~ - S

The .above exerpts show that if x is less than N , then x% ‘

of N°

~ (b)
(iv)

I:

' N

. - 100 -

s

".Well, I mean, there are 75 c}uesﬁions. Did

you get 10 right; did you get 12 1/2 right?
Oh! 25

OK. 25. How do you getr 25 again?

Cause you have 75 questions and you have 25%
of them which are correct, 80 you just take
off the pexcent and you get 25.

OK. If I asked you what percent is B of ' A,
can you tell me what percent it is?

‘ 1Y
I N A
17 . B.

URe. . . 2%

How did you get 2?

/

Cause there's 2 here [ pointing to the 2 squares

in Bj

x , regardless of what number N is.

4

x% of N, where x is larger than N

How would you figure this .out: 17% of 81?2 -

Alright. You have to go 17 into 8100 or
something like that and .then you have to figure
1t out how many times. ’

Why 81007 .

I don't know; that's how somebody told me to
f:.gure it out.

Well, let's say I asked you 52% of 16. Then
what would you do?

You can't ask me that. I don't think its
possible.

=
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Why not? How do you determine why this one
[17% of 8l] is possible and' this one [52% of ..
16] is. not? What makes these examples dlfferent?

I think it's because 17 can go into 81 because
81 1s higher than 17 but 52 cgn t go. into leé. \

- Would this example be possible? ([writing 3%
of 96]
Ya.-

- this one? [96% of 3] |
...NO

What about this one? [writes 120% of 300] -

Um- e ya'.'

¥
H

How would you figure this answer? [120% of 306]

9

I'd go 120 into 300 I guess.

.20 is what percent of 507

20

Let's say I have a group of 28 students and

of these 28 students, 16% play sports. - That
would mean how many play sports? .

16

Can. you make up an example with 112% in it? -~

What do you mean?

Can you make up an example? Say you are

making up a test for your class with some words
and they want you to use the number 112% in the .
example. Can you think of something? ‘

112%...plus 50%. I.don't know. Something like
that or do you want me to use words?

-
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I: Words - kids hate word problems.
M: Alright. 112% of the birds flew east. Hoﬁ
many birds flew east?

* I: Let's say you started out with 50 birds. )
' * ‘What would be 112% of the birds or could you
do that? I don t know.

i

N: No, you can't. - -

.I: Let's say you étarted with' 200, birds. What
would 112% of the 200 birds be? T

N: 112 birds - ' S
I: But lf I gave you, for example, 100 birds? ﬂx

N: I wouldn't be able to do that.

I: Alright. So this number [the number of birds]
has to be what in relation to this [ the %]?

N: Greater than.

)

HBere Nancy argues that x% of N can be done only if x is
less than N . For instance, in exerpt (iv), she says 17%

t

of 81 can be doné but not 52% of 16 "because 17 can into

81 because 81 is higher than 17 but 52 can ‘e go lnto 1"V

SUMMAR& \ : .,' :

_The major points outlined in tho observations above are
.summarizea below. |

(A) " The indiviauai interviews substantiate further the
limited understanding of the coﬁceét of percent among

‘qstudents. The followiog specific observations were made.’
(1) ‘Again students showed a belief that the nunber
100 is involved with percent problems but were

not always sure how to 1ncorporate the number.

R

-
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) .
' Students' verbalizatiens about. the concept of

 100% as-a whole corrdborated the observations

v .
from the wrltten tests that this idea is wel ‘
o ib; .

" understoQd. ' ‘ ' T

(iii)

(iv)

(v)

-
3

Difficulties in Qraspiﬁg_percents less than 1

part, ;students gound the latter not'iori

aanj.g;reater than 100 were explained - for the

confllctlng w1th the idea thauthO% represents
an entire: entlty , . e

Students verbialized notions about the use of

./

arithmetic operations to solve~§ercent' roblems.
rﬁ§:%at

For example, to use éivision, some fe

~

the numbers had to' d1v1de evenly, otherw15e,

one used a-different method to solve the problem.

g

Regardless oﬁ\thelr methqu, heﬁlntervxews e
demonstrated that studentss frequently resort to
the basic arithmetic\operations when dealing

.

with percents.

Several phenomena that were not readily appareﬁt

in the tests also emeréed ﬁrom,tne‘interyiews:

One is the restricted notion of ,percent as a.

-

whole number between 1 and 100, .

Thus a percent

less than 1, say 1/4%, is ihterpretedj@s.l/4\ :

Of 1008 so that 1l/4%.meahs 25%.

A second pheno-

/
menon is the notion that a pércent larger than

o

100 does not make sense. A third Ehenomenon is

is .» “fegardleSs‘what

.

the idea that x% of N

5 et ——
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number N is, ‘except that there werd certain

o : ~

conditions necessary regarding the relation-

. shn.p betwees x and N in order to be able'to

«

- . solve the problem = x must be less than N.

M
, {B) Mecham.cal Skllls in work:.ng w:.thé percents were

also shown to be 'poor. Students verbalized incorrect methods
- about changing a number from its percent form to its decimal

or fraction equivalent. Some stated that when changing a .

u

percent to a fraction, one i:uts the number over 100, 200 or °
1000 depending on rhe vspecifio exemple. » When changing a .
percent to a decimal, the most common incorrect method stated

e - -_ was to méve the decimal point to the left of ‘the digité
involved. ' .
' . . N . ¢
* (C) Students' verbalizations revealed an underdeveloped

. ' notion of, decimals, ratio and proportion.. This was in turn

reflected in the difficulties they encountered when dealing .

¢

with ’t"he three basic cases of percent problems.

- .
. In short, the 1nd1v1dual 1nterv1ews corroborated the
. i ., overall low performagce on[ the wr:.{ten tests of secpri/d54
- )
tions .

- " I.and’ II students by demonstratlng that the:.r t7rba
revealed. the ‘acquisition of 'a narrow concept 9f percent,

. . ;TS
inadequate mechanical skills for handling 'these topics and

. ""underdeveloped hotions of decimals, r,atio and proportion.

-

¢
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It was the attempt.of this exploratory study to inves-

tigate the high school studenf's understanding of the 'concept;

of percent after this topic was completed in the schools.

: Uﬁde;stan’c‘ling} of the main ideas leading up to percents was

-

To investigate a student's understanding of a particular

El

comcept is not an easy task. What is being referred to here

is not the time and effort involved in the actual testing

" and interviewing of a large number of. students, but rather,

S
the designing of the actual methodology for the study. To

bégin with, one might question £he \;aiidity of using testing
and "interviewing to carry out this investigation. Further-
nxé.lgga,' although a gredt deal of effort went into the thought
and preparation éf thé test items,~ one can always queétion

the validity of particular items - did success (or failure)

on an “iteém imply:under’standing'. {oxr l-ack of understanding) of

percent? Was the construction of the items such that the

——

students clearly understood what was required of. them?
oThe above ‘thueries car; be raised regarding the ques;:ions
asked in the inte;views as well. Moreover, one must kéep in
mind ‘:t;:‘hat a student's failure on. ax:xﬁz question could be due

to factors other than his understanding of the concept‘.being'

L
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‘tested. For example, a-student may have been overly nervous

‘ - . * - !
or may have had difficulty expressing himself verbally in

the interview. - Hence, Keeping in mind the limitatiodns of

this study, let us now turn our attention to its mdin find-

" ings.

At the olutset, three main objectives were outlined for

which test items and interview questions were specifically
designed. Therefore, after a detailed analysis of the re-
sults was performed, it was possible tolfdfﬁulate tentative
EOnclusiope‘wﬁich attempted to answer the questions-:original-

<

ly raised. ' T- .
. The first objective and the main purpose of “the study‘

was to investigate the studedt‘s understanding of peieent./

The study showed that thie gnderstanding among Eecdndary I v

and II students is poor indeed$ Success rates on test iteme

were generyally quite low and .ensuing discussions in the

interviews showed lietle or no Pnderstandiqg in manyacases.:
Indeed, the small number of students who did show a géneral

understanding of percent yere those who seemed to have a=$
basic mathematical aptitude. They had acquired the prere-

1

quisite skllls leading up to percent, were able to solve

percent problems and the dlscu551ons in the 1nterv1ews show~-

A Y
ed a general understanding of the ideas being explored.

\
Students did not react any differently to the word per-

. cent than they did to the symbol '%'. 1In fact, to most

students, both the word and the symbol implied somethlng.to

do with the nﬁmber 100; however, they did not know exactiy

<

~

o

/
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i
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.what to do wi£h this number when working out problems. -
\~Fuk£herﬁore; it seems that students really did‘nét under-
\sﬁand what is meant by x% “bf a numbei. For example, in
some instances, an answer to.a question of this form (find .
x¢ of N) would be given as a peréent ke.g. 80% of 100 =
80% and not 80). In other cases, students verbalized the

-

. > .
notion that one cannot take x% o©f a number N if x ' is

larger than N . ’ )

-

" The study did show a genefal understanding among stu-

L

dents of the notion ofvioo%‘as a whole entity; howéyer, this
seéméd to lead to difficulties in’&nderstanding percents
laréer than 100: Many studentslrejectea the existence of
such numb;rslas they probably.éonflicted’with the notion of
100% being é whole object. Other students, Qho probably
performed mechanicallg'bith ﬁhese numbers . to obtain correct
answers indicated a lack of understanding in othér'instancesﬁ
For example, they woilld state that x% of a'number N

(where x lis larger thaq 100) is sﬁaller than N, ofr when
asked to formulate problems with a.pefceqt larger than 100,
‘they misused the numbers in.éuch a way as Eo indicate little

1

comprehension. \

The second main objective of the study was to investi-’
gate the student's acqui;ition of ﬁéchanical‘skills associ-
ated with/work with be;cents. The findings showed that stu-
dents.can change a two digit percent to its fractional qr:'
deqinﬁl equivalent; however, their-success here often seems

to be a coincidence. The methods being used to change other

* - 1
. o
. . . s N
,
' -
\
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percents showed little understanding and raised gquestions"

about the ssuccess with two .digit percents. It will be re- ,

.o called that to-change a percent to a dgcimal numeral, many

students used the method of moving the decim&l,point'to the

4

c el T : L@ ,
left of the digits. Henge, they would succeed with two
digit percents but nqﬁ with the other'numbers., To change a
g o, . .
" percent to its fractional equivalent, students would place

100 undergﬁhe number if it was a two digit numbdr but would
. R .

use 1000, and in some cases ZOQi;if the ‘denominator if it

’

was a three digif percent. Therefore, success with ‘the two

) aigit percents does not necessarily imply understanding or

. L J

even mere .acquisition of the skill of changing a percent to

another: equivalent form.

3

A second skill'involved solving the three basic percent

5

problemé. Although the students were quite successful wi;h::

N R 6 ,
the first case (finding x% of something), their overall per-

formance on the three cases was generally poor.] In many

instances, the students tried to set up a prob rtion for

prehension of percents among students.

The third objective of the study was t¢ investigate the

v

student's ability to deal with fractions, decimals, ratio

and proportion - in other words, the deve \pﬁent of the pre-
requisite skills necessary, tos work with ercents.QNSuccess'

, ) T / o -

i
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these areas, their 1nterv1ew responses showed that they did .

proportion for their solution generally proved to be diffi-

i L e M e Lt S T . o o g o P
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rates with 51mple problems dealing with fractlons and de01mal

\

nuﬁerals were guite low. Slmple arlthmetlc operatlons with

.fractions and decimals were often perfeﬁmed incorrectly.

/
Furthernore, when students did succeed w1th some work in

- v . 1

not always seem to understand'what they were doxng. .For
exahple, when mult;plylng a de01mal numeral by 100, students
who used the-rule:' 'move the deeimal.beint two plaees to the
right' did not know why the rule worked Moreover, students
who memorized this rule could not remember how many blaces <o -
to move the dec1mal point. ,\’

' The prerequ%slte concepts‘mbstlpoorly de eldped were

those of ratio and proportion. The success rates on these .

., topics were very low, and any discussion in the interview

that probed a student's notion of these ideas often showed .
a lack of;understending. ‘ ‘

| Indeed, although eope stuﬁents could solve for an un- -
known term inia éropé;tion when the numbers werefsimpie ones,
they were ttdublea when the qpmbers were more complex and
would usually resort.to methode that showed little éompre-’
heneiohx For example, a stuaent mlght try to solve

[

2: 19*= 7:x by adding S5 to 19 even though he was able to

" solve 2:19 = 6:x - correctly, based on the idea that two

divices idtofsix. Word problems that required setting up a

cult tasks for most students ‘except the very able ones.

) At the eutset/ it was shown that percent is-a peculiar

. ~
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students have many difficulties with the concepts of frac-

\‘_/ . ..\\ ) .\- 110 - ' . ' .
topic in school mat%ematiés in~thét_it has a utilitarian,

-

rathér than a‘matpé tical 'value. In addition,, for the study
éf percenﬁ, many pijigquisite concepts must be learned; how-"
ever, percent itself is‘not a prerequisiterﬁgf other mathe-

matical ideas. The li%?rétur; showed little research on'per—

cents as compared to the amount of research on the prereg-

uisite topics of fractiohs, decimals, ratio and bropo;tion.

’

. Research on the latter showed that students have difficulties
. N ] '

with these ideas. SN . .

. 3 - ) N
The National Assessment of Educational Progress (NAEP)

studies of 1973 and 1978 cor;oborated previous research that .

4

[ N 1] - \\ .
tions, decimals, ratio and proportion. Furthermore these

studies also investigated some ideas with percents and show- .

ed that students generally performed quite poorly on problems.
~ a \ A
involving percents. \ ' ‘

.The findings of the present sﬁudy are ‘consistent with
N \ -

_ the NAEP results. In addition, it showed (i) a very limited

underétandiné of percent itself,‘(ii3 misconceptions about coo
changind percent to‘igg\equivalent foxms, (iii) serious mis; |
conceptions. about percents less-than”lq‘and 1ar§er than 100%,
(i&) difficulty solving the three basié\?ases of percent
proslems and (v) the rampant‘uée of siﬁpie_arithmetic opera-
tions to solve percent‘préblemé. It was QPown that the main
idéa students do have ébout the wPrd peréeﬂt and the symbol

. A B . .
'$' is that it is somehow asgociated with tﬁe number 100.

< . . Ll
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Further;;re, the only concepts that they seem to have 'grasp-.
ed is that 100% represents an entire object, and that x%

of 100 is x as long as x 1is a one or two digit number. .
Beyond that, pércent remains a mystery and a source of con-
fugion; ]

The disturbing’ feature of thé study is that the students"
involved had completed their formal/studY.of percent.
Fﬁfthermore, since ﬁhe present study involved a sample of
over 200 high school students in a privat!%@chool and a pub-

N
lic scﬁool, bt seems lixe;y that the findinés would hold
true fér high sqhobl students elsewhere as well. Henée, the
findings should be of concern to teachers of mathematics and

< ~ /

researchers. . -
The study raises questions for fukphgr research as well.
The sequencing of the relevant topics in the mathematics .
Tc&friculum - fractions to decimalé to.ratio and proﬁortion~
and finally to percent - is a mathematically sound approach.
The study showed no evidence to the contrary in that no

student showed understanding of one of these topics without

-

having acquired knowledge‘of the prerequisite topic. However,

specific research should be performed to investigate the
validity of this sequencing. If indeed it can be shown to

. be valid, then the poor results of this study can probably

be attributed to the mode of presentation of the topics and

not to the order of their presentgtione
The association between fractions and decimals and per=-

cent should be further investigated. What specific aspects

4

-
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of fractions.a‘nd decimals ar'e needed ‘for hncierétanding of
p_e',rcgnt? Wh?l do \students have so much difficulty\ in cha'ng-
;i.ng a‘percent to %ﬁraetionél or decimal equivalent?

The study discussed an association between ratio and

-

g propoition and percents. It was shown that all these con-

cepts were poorly understood. However, one should try to

-explore the degree to which the understanding of percents is
) he J

dependent upon the understanding ‘of ratio and proportion.
Clearly éme .cannot perform a percent. problem as a proportion
if one does not comprehend the latter but can one Lmderstangi
percents in a different way without total comprghenéion of
ratio and proportion?.

Another a.rea to be explored are the concepts which were
well understood. One example is the notion éaf 100% as a
whole. What is it in the teaching of this idea that ensures
higher success rates than with other concepts?' Is the con-
cept a simple‘one or are we dc;ir{g something to make it better
understood?

It was shown in this study tﬁat pictorial representa--
tions 6f ideas ‘do seem to be helpful in exploring some of the
abstract ideas of percent. For examp'le,'v;hereas most stu-
dents have difficulty with percents larger than 100, some do‘
show success when a concrete obje'ct or picture vis involved
even though these numbers were not totaliy grasped on an )
abstract level. One should try to invéstigate furthérrwhat”
other specific‘ aspects of percent students ungierstand on a'

concrete level, even if ‘the concept P not fully understood

/
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in the abstract. Then one could pqssibly use this informa-

/

tion to gain more insight into the student's thinking about

percent in ‘general.

\ .

A;thougﬁ the‘ééneral performance by the students in this

study was poor, it can be seen that the success was greater o

on questions involving the most 'common' percentages (e.g.

20%, 25% and 50%) as well as with questions where the given‘

¢

numbers divide evenly. It has been shown that success in

!

these questions does not neceigarily imply understanding as |
students sometimes use incorréct mephéds which yleld d@rrect
responses under certain conditions. However, it should also
bé educational to study the types of problems students are
given in textbooks, clgssroom exampie? and on tests."Do the
problems‘always involve the sém; type of number§ (e.g. 25%
and Sp% as opposed to 13% or 1/3%)? Are the answeérs always
whole numbers and do the éiven nuﬁbers of a problem always
divide ‘evenly? Are all the numbers in a problem used or is
‘there sqmetimes extraneous information? An invest;gatién of
the types of questions commgnly presented to studentﬁfmight

provide the reasons for the success with specific types‘of

problems. . :

The results of such an investigation can prove to be
especially useful in education today. In our world of modern
technology; calculators and even computers are becoming more

accessible to the average person. “Therefore, we will no
. N —_ "

longer be restricted as to the choice of numbers fjﬁprqblémsp’

ooy
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f presented to students to ensure easy calculations. ° Hence, . ‘
the emphasis of our teaching can be focused on understanding" »

of concept and not on computation. Perhaps ‘\~th\en, the future

i

will bring more success in comprehension of percent as well

as of other mathematical topics. u
{ - AN , N
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APPENDIX. I

t

Listed below are the items from each of the' two -tests.

The actual test papex':s'gpresented to the student had the )

4

..:Lter'ns spaced out and allowed for work épace to the right of

each item. ' o '

-

'TEST T

Answer each question in the space providea, Work space

is ;provided on the right to be used when necessary.

3

:l.» 4:5 = x:5 Fing} X

2. What is 15% of 7572 - . '

3. Write 128% as a fraction '

~

4. 80% of the books in a library were old. If 240 books

were old, how many books were there altogether?

5. 127 = % of 100 - "

L]

»

’ .childrén like to play, how ma‘ny‘are in the pazik?' ' .
‘?.A'--""""“!‘\u C .
B .1_.4_1__1__1. ' >
" A is what* % of B? . E
8. 0,045 x 19q equals? - | e
9. This r’ecta’ng.fl.“e' L S| is one—h,a];f a lar’ge;r -

rectangle. Draw the largef: rectané’le.~ -

-
a°
-

’ n

6. 70% of the children in the park like to play. If 70 (\~§ |



U e

10.

lll
12.

13.°

".14.
15.

‘.‘160

17.

18.

19-‘

) 20'

JERSRVRY J U

. . | - 118 -

Which one .is not equivalent to the rest?

(a) 1:4 © (b) % . (c) | 25% (@) ‘o,gs
(e) “all are equivalent. 4 i
238 of = 184 . o

a8 | ﬂ Cw

o6 * 25 equals? . '

There were 30 questions on a tesf., Mary got 100% of

- the questions’ correct. How many did she get éo;rect?

6,8 : 100 = x:4 Find x

-

% + 20% equals?

A

Ohe_pitchér of orange juice contains 6 glasses of water

and 2 cans of orange concentrate. A second pitcher

contains 4 glasses of water and 3 cans of orange con-,

-

centrate. Which pitcher has the stronger orange taste?

.

What percent of the grid is shaded?.

a

) . ‘. o 1]

mrue,dr«FalseQ
100% of 80 is greater than 80.
32 is % of 100..

12% of the apples are sho&n below. .

. How many were there altogether? °

- p N o e gk e dpda s o

S b
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" 21.

23.
24,

V5.

26.

B,
k 4

27.
28.

.If the ratio of shaded }ectangles to the total number

‘ A [ —

,315:100 = x:20

&

_119'_ BTN
Shade in 50% of the grid below. -

L ]

4 out of every-5 boys likes sports.“In a group of
45 boys, how many like sports? | |
What is 120% of 607

If 2 shir£s cost $35, ?ow much would 7 shirts of the !
same type cost? . . /

) r
Circle 100% of the squares below
: : @
(W] a.
o oo T
0 . Y
R a . a

< \

‘
[N

of rectangles is always as in the following, . @

—

- N

shade ih the appropriate number of rectangles below .

@

6,2% of 100 equals? . '

Find x

-
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12.

13.

+ 120 - - . ' L ‘ )

TEST 2Z
Answer each gquestion in the space pro&ided. Work space

provided on the right to be used when necessary.

What is 17% of 1007? ' y

4:100 Find x

Oout of 100 apples, 40 were rotten. What percent was
. .

16 is what percent of 507

R is mt Draw 150%:-0f R .

3

0,12 x 55 equals? ) . . T -

Write 21% as a decimal.

ST W, YK T T TR T T Y 3 ) o K

v v 4 v vy 3y B ]

v " L} v
. ’ L 3 4

A is $ of B? .

-

True or False?
172% of 80 is gféater than 80. . ‘
In a group of 40 peoéle: 25 were on a_ diet. What per-
cent was on a diet? C

80% of __ ' =8 . .

f%% x 100 equals? . ) - v

-

John is 13 times as 0l1® as Ron. What is the ratio of

John's age to Ron?

o

. ‘o
3 ' -\ -
\ ¢

' Al - 4

v s s e ek - B T et Rt
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»

. ¢ L
14. Circle 20% of the triangles below. - .-

1

- - A A

‘ 15. 'What is the ratio of shaded rectangles to*non-éhaded

/

rectangles in the figure below?

=

.- *

=
T

[

16. A is 20% of B.
, B is what % of A?

17. sShade in 7% of the grid below.

%S

18. AAAA y

BEBBBB
~“‘z What is the ratio of A's to B's?.

19. 87% + 50% equals?
20. There is a leaky faucet in which 5 drops of water déip
- every minute. How many drops of water are éhefe in
. one hogr? .
2l1. Write 112% as a decimal. ‘
5 224 Which is larger? 208 of %65 or 65% of 252
"23. 87% of the students passed a test. What percent'

failed? . S
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24. 'Write 37 % as a decimal; . . ,
. o T . ' .
—25. - What is > % of 1002
a4 o ' »
- 26. Write 12,8% as a decimal. : -
, _ ‘
27. 2:19 = 7:x Find x © !
’ 28. The ratio of students who passed a test to.students -
who faileéd was 2:3. If there were 0 students in all, . =~ ‘
~ how many passed? . ’ . '
I . ‘ . - 4 N N
I .
~ ’ » ¥ f“ .
X N . .| '
v ¢ N
‘! se
! ’ ,
. . . - « \
. .
a - 13 ' .
4 . \i/
" .
~ * « . ’ e
. _ - * \ ’ /
‘ » ' . ‘ ~'. ] 4 O
— v r ’ & - ’ 5
" } - ' N .2 M .. i
[} ¢ . " 2 - N
1] - . ' ' ~ .
v }\
3 “ . Iy
| ! . i * .
- t "
\ v 'A 2
Py o ! . * ‘ .} .
. . , . .
.‘ )
N - s - ' ¥
/ . VY ' R o
. £"'l
5 | lr! i
o ’ » J ’ -
< L] ‘. . L
. , ‘ . . \ ' o



, APPENDIX II
THE CLINICAL INTERVIEW A
. * - -
Part I ' b .
\I. % = 35{- Some students wrote 'x = 3 . What do you e
, % »~ think? What if the question was -i-= —%- ? What would '
‘ ' the answer be? -~

2. There werxe 10‘0 toys in a room and Michael picked up 12%
of the toys. This meant that he picked up 12 toys. Is*' ) ;
that correct? Why do you think so? What'if there werxe

50 toys altogether and ‘he/was asked to pick up 12%? .

‘

Why?

-

3. A lot of questions had to do with writing a percent as

a decimal.

(a) I asked for 33% as a decimal and the answer I got'

was 0,33. Is that correct? How do you figure it

out? Why does it work out that way? ‘ )

[ Y

: ° .+, (b) °What if I asked for 115% as a decimal? - N ¢

. (¢) 5,2% as a decimal?

(d) 31/4%7 ' a g
4. Peter got 15/25 on his test. This meant he got 6'0%. Is
that ' right? How do you figure it out? |
K 5 'Here's another que.stion: 1,53 x 100. The stt.;dents se;,id
? the answer was 163. Do‘ you agree? What if I asked you"

0,023 x 100? What method are you using?

b Y

.
LS L - Lo o, eIt - ¢ . . PN -
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-10.

11.
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‘How do you read this? 2:5 = x:15? Some students said

-

x'= 12, Do ygu‘agr,ee? Why or why not? What about
3:8 = 15:x ; what's x? -7
I have two books. The first book is 1/3 as large as -

the second book. Whis book is larger? How many times .

' .larger\?w Let's take another example with two different

Fd

[y

size items. ) .

A L1 I O O O :
N ; /

. v .
B is what percent of A? : . ‘

”,

"I asked a student what 115% of 70 was and he said the

"answer was 20. A second student said that this was

impossible aﬁ:rm_c:ih he didn*t even work anytl'/),a"i.ng out - he
just looked at the answe‘f and said this/was i;npbssible.'
How do you thihk he knew this?

There were two questions on the test. One was to ca:L-: .

culate 20% of 65 and the other was tg calculate 65% of

20. Several students thought the second answer must be

bigger since 65% is larger than 20%. ' Do you think this
makes sense? Why or why not? o ‘

I asked students to write 18% as a fraction and the
answer I got was 18/100. Is thié correct? Why or)why
not? ) .

Michael's age is 2/5 that of his mothér's./ I as;ggd

students to tell me the ratio of Michael's age to his

mother's. Some said it was impossible without knowing
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_the actual ages. Do you think they .are figh;g
Look at this card: /AABKBAAA

T
. What is-the ratio of A's to B's?

o

—

— “

12. I asked students to draw 100% of the rectangle below.
They drew exactly the same rectangle over again. Why
do you think they did_this?

-~

o [

13. Look at this grid. Please shade ip 1/2% of the grid.

14, I asked students to qaléulate 120% of 100. They said
the answer was 120. What do you think? =
What if I asked for 1/2% of 100?“
15. Read this:
. ‘ 2 12

7 X
What do you think x is?
16. 31 is what percent of 100? How do you get this?

3 is 12% of what number? Why?

.
-> . 4 .
t ! !

. )
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 Part II - - ‘ .
1. Calculate 17% of 81.
2, ;1-?9-=;7{- Find x . ) »
3. The fatio of girls to boys‘ in a school is 3:7. If .=
‘there is a group of 210 childrén, how many are girls? '
4. 20 = % of 507 " ]
.5. Draw 1’50% of this rectangle.
6. ‘12% of my students did not do their homework. If 3
, "students didn't do their homework, how many are i;1 my
| class? . ‘ |
7. in a ¢lass of 28 students, 16% éiay’éports. How many
play sports? -
8. If the ratio of shadéd rectangles to non-shaded xiec-
' ‘tang'les is always as in the following,
-
) - ol fuﬁ
, shade in the appropriaﬁe number of rectangles -in the.
grid below. |
9. Write 25/40 as a percent.
10. What is 1/4% of 800’?

eF -
&



11.

12.
13.
14.

- 127 ~
A 1is-50% of B . ‘
B is what percent of A.‘?
What is 3,8% of 202

148 is what percent of 60?2

I have two pitchers of orange juice. Oxé has 3 cans

of orange'concéntrate and 2 cans of water while the
other has 7 cans of orange concentrate and 5 cans of

“

water. Which one tasts more orangy? Why?

v
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OVERALL SUCCESS RATES

TEST I , TEST.II
Question Succeds Rate (%) Question Success Rateée (%)
1 84,4 1 : 87,0
.2 32,9 2 67,0
3 69,7 . 3 - 87,4
4 35,5 4 61,9
5 46,8 6 65,7
6 54,5 7 88,7
7 13,4 8 82,0
8 .60,0 9 . ' 69,0
10 70,0 10 . 36,4
" 11 29,4 11 69,0 .
12 52,8 12 - 59,4
13 90, "’13 39’7
14 12; 14 85,4
. 15 42,9 , 15 52,3
16 84,0 16 9,6
17 55,8 17 80,8
18 83,1 18 85,4
19 66,2 19 84,9
20 15,2 20 83,3
21 - 90,9 . C 21 57,3
22 63,6 22 ‘71,1
23 * 31,2 ‘ . 23 86,2
24. 47,2 : 24 © 16,7
25 | 92,6 25 30,5
26 28,6 . 26 42,7
27 33,3 27 22,6
28

o

48,9 28 5,4

.
s e ———
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APPENDIX IV

% BREAKDOWN OF VARIOUS ANSWERS PER QUESTION

-1

ﬁach'of the questions from both tests is cited below.
Beneath'each question are a list of various responsés pro-
vided by the students together with the percentage of the
popﬁlation providing those answers. The first rgéponse is
the correct answer and hence the percent should correspond
with the percent given in Appendix III. Thg category 'other'
herely groups together miscellaneous responses provided by /
the students, none of which could be classified as common‘
to the population. Finally, the symbol 'B' symbolizes that
the students left the question biankx

&

TEST 1

Item 1: 4:5 = x:5 Find x Item 2: What is i5% of 75?
Response Perdent Response " Percent

4 84,4 11,25 or 11 1/4 j 32,9

other - 4,8 5 or 5% . 20,3

. - 10,8 20(20%;0,2;2) 10,8

¢ 11-12 : 7,8

other ) 19,5

] 8,7

\d V' [N




6 N

.- R - 130 - (\
Item 3: Write 128% as a Item 4: 80% of the books in
fraction. : a library were old.
i d “If 240 books were
Response Percent’ old, how ‘many were
, 128 32, 1 7 there altogether?
! ’ ’ ® .
— 160" 25 e ., Response Percent
E 15y 69,7 300 , 35,5
: 192 (1920;19200) 11,3
128 - 10.4 260 2,6
1000 ’ 270 2,6
other 10,8 ggg i';
B 7,8 ’
’ 1/3; 331/3 1,7
- other 14,3
B .25,6
i) i‘?‘"
R N
.
\ . .
‘IItem 5: 127 = £ of 100 Item 6: 70% of the children
' in the park like to| ,
- _ play. If 70 .chil-
Response . ?e;cent dren like to play,
how many are in the
127 46,8 I
27 4,3 park?
other 16,9 :
B 32.0 Response Percent -
100 . 54,5 A
. ~70 o 8,2 ‘
- 49;490; 4900 8,2-
14;140;1400 3,0
30 6,9
other e 5,3
B ) . 13,9
Y 2
-\ ’ 3

.« e

.
JUPIN AU

R .
7 .
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L4

Py

Item 7: {§ Item-8: 0,045 x 100 equals?
r N T N N N T T Response . Percent
B, 1. v 1 4,5 60,0
‘ . . 45 . 4,3

.A is what percent of B? 0,45 3,5
' co 0,045 4,3
Response " -Percent’ - 4500 6,9
' - - f 450 1,3
300 13,4 other . 9,0
1/43 4’8,? M l 10 7
33 1/3; 33;33.3 " 9,5 '
260 4,8 . ‘.
13/5;5/13 ' 1,7 - -
1/4 0,9 - . ’ o
75 / ) 0,9 ‘ )
.25 . v 2,2 L
other . ’ 45,0 -
M ‘ . 16'8 " a
]
© ‘.‘ ® o \
' e s
Item 10: Which one is not. Item 11l: 23% of = 184
B equivalent to the o ~
A V. rest? > Response N Percent
(a) 1:4 (b) r/4 (c)g25§ ' 800 29,4
{d) 0.25 (e) ill are equiva- 42,32; 4232 42 8/25 _ ‘8.2
ent 8 8,7
- ’
. | 161 1,7
Re'sponse .. Percent other 18,6
. ‘ ) ' '33,4
E . 70,0 .
-A 9,0 ®
B . 0,9 \
c 3,4
D 11,6 .7 .
)5 '511 P S

¢y
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"IItem 12:

s

e - 132 -

%)

/

156 x 25 equals?-

88

:ﬁ
Percent

Item 13:

There were 30 ques-
tions on a test.
Mary got 100% of

Response the questions .
correct. How many
22 52,8 did she get correct?
.2200/100 2,2
2200/2500;22/25 3,0 Response Percent
88/2500 0,9 .
2200 3,0 30 . 90.0
other s . 25,5 other 4,8
v B 12,6 B 5,2
. . , ‘
N ‘& /‘ "'..
\\ﬁ
Item 14: 6,8:100 = x:4 Item 15: 3/4 + 20% equals?
-. Response- Percent Response Percent
0,272 12,6 95%;0,95; 95/100, -
2,72 g 3,0 19 42,9
27,2 L l 3 20 ! .
272 h ’ * 68 I 95 « 3;«9
8368;0,068 17y %6 20 3/4;203/48° 4.3 -
other . 35,9 23/4;23/104; . o
¥ . 43,3 23/14 2,2
' 15;15%; 15/100 5,2
other 26,0
B 15,5
L) [y
- he
N '

A e o

= = SRR
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Item 16: One pitcher of Item 17: What percent of
orange juice con- the.grid is shaded?
tains 6 glasses of
. water and 2 cans of 3
, orange concentrate.
A sqcond pitcher
contains 4 glasses .
of water and 3 cans :
of orange concen-
trate. Which . : :
pitcher has the Resgponse _Percent-
stronger orange T : .
taste? ‘1/2%;0,5% .55,8
Response Percent .200'T0 70,005 ., 12,1
© 50% 0,9
second . 84,0 . 0,005% ‘ 0,9
_first 6,1 99 1/2 4,8
same 0,4 0,05 o N 1,7
B 9,5 other ‘ 13,0
B : 10,8
- ’ ~
Item 18: True or False?: Item 19: 32 is $ of 100
100% of 80 is ’
greater than 80. ].
° Responge Peréent .. Response * Percent
F 83,1 32 . 66,2
T 12,6 - other ‘ 16,1
» 4,3 p . 17,7
“ L}
!
.g ~
'h o
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|Ztem 20: 12% of the apples -| Item 21; Shade in 50% of
K are shown below, the grid” below.’
~~ }
How manir were
there altogether?
Response Percent
16 2/3;16,6; 16,6 15,2 ; :
16-17 o 13,7 Respon‘s'e . Percent
2: . g'é correct. 90,9
!
8:8,4;8,3 - . 6,1 IS b
' 2 4,8 ! A
other . "23,4
B . s 25,0
4 <-, Vad
o-
ftem 22 4 out of every 5 Item 23: What is 120% of
boys like sports. 602 .
In a group of 45 .
boys, how many like’ Response Percent
sports? .
72 31,2
Response Percent 90 2,6
. ’ - 50 4,3
36 *63,6 1/2;50% ‘ 3,5
40 3,5 ~ other 39,8
44 b 3,5 h 18'6
b 9 5.,2 = v,
. other - 13,0 -
B , 11,2 ‘
¥ ] )
' -
/ \
/

PR s e >
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. . L A%
Item 24:  1If 2 shirts cost Item 25: Circle 100% of the
~ $35, how much would : squares below. -
7 shirts of the o '
same type cost? . o a o-
Response | Percent ‘o0 O
. 0 a
122.50 47,2 ' |
245,00 15,2 Response Percent
ot;er Zg,é ‘correct 92,6
‘- wrong 3,9
) 3,5
- ‘/

Itém 26:

-2

)

If the ratio of shaded rectangles to the total
number of rectangles is always as in the following

| 3
B l@b“% :

shade in the appropriate number of rectangles

below. 4 /)

Response - Percent
18 28,6
16 | 13,9
27 , 4,3
24 . ' 2,2 °
9 ! 2,2 " '
other 25,1

B. 23,7
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Item 27: 6,2% of 100 equals?| Item 28: 315:100 = x:20
. : 4 Find X .
Response Percenip Response "Percent
6,2 33,3 63 48,9
" 62 \ 8,2 15,75;1575;15,15 4,8
620 5,2 235 0,9
6,2/100;0,062 3,5 other 16,0
62% 2,2 ¥ 29,4
63 l,3 " ’
0I62 ' 117
other 13,4
TEST II ,
Item 1: What is 17% of 100% | Item 2: 4:100 = x:75
- : Find x
Response Percent Response Percent
17 87,0 3 , 67
5-6 2,5 other " 17
83 2,0 ¥ , 16
17/100 1,7
other - 443
B 2,5 /
//
B
-
v N\
/
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L 4

- Item 3:

40
60
other

B

Out of 100 apples,
40 were rotten.
What percent was
this?

Response,

,

Percent

8

N W O]
U1 00 W o

’
’
14
[

Ttem 4:

»

16 is what percent

of 50?2

Response

32
8 i
16

other - °

¥

Percent '/w

< 61,9
12,1
2,9
12,5
10,6

o

other
¥

Response

Item 6: 0,12 .x 55 equals?

e

Percent
/ 65,7
18,8
15,5

It 7: ‘
; I -

Response

0,21

Write 21% as a deci~

mal.
{

’

other

B

4

Percent

8

N
L

8,
7,
4,
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N\

Item 8: Item 9: True or False?
‘ ’ 172% of 80 is great-
I R B A ™~ er than 80. .
P S T T T B T Response -Percent
A is what % of B? : T 69,0
' F 27,2
Response . Percent )] 3,8
e 100 - 82,0
other 2,2 . .
B ‘ 8,8
Item 10: In a group of 40 Item 1ll: 80% Qf = 8
people, 25 were on |- i ‘
; a diet. What per- Response Percent
cent was .on a diet? :
- C 10 - 69,0
Response Percent 160 . 7,5
. 1000 3,8
62,5 36,4 640;64;6,4 2,5
10 - 6,7 other 8,4
15 5,0 B 8,8
62,2 v 3,8 -
‘other 36,0
¥ . 12,1

RE. ekt e o dem b n o weow aem e
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.

Item 12: I%% x 100 equals? Item 13: John is 13 times as
old as Ron. What
is the ratio of

Response Percent John's age to Ron?
othig correct 59,4 ~ Response Percent
answers (ex: -
1800/100) . 2,1 ig’l 39,7
1800 : 7.1 X 7,5
4 x:13 3,8
1800/10000 3,8 13:13 2'5
other 14,2 . 1113 5’9
B 13,4 * ’
. 13:0 1,7
other 16,3
B 22,6
Item 14: Circle 20% of the . | Item 15: What is the ratio
. triangles below. of shaded rec-
tangles to non-
A A A A shaded rectangles
A A A in the figure
A A A below?
Response Percent — ‘ - |
(Gl P
2 85,4 )
5 7.5
other’ 3,8
¥ 303 Response Percent
4:5 52,3
4:9 27,6
5:4 7,1
other 8,8
M 4\,2 :
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Ttem 16: A is 20% of B.

Response 1 Percent
500 — 9,6
80 ' 37,7
120 ' 7,5
100 6,3
20 12,6
other 11,7
4 14,6

\

B is what % of A?

grid below.
Response " Percent
7 rectangles " 80,8
7 columns 3,4
© other . ) 7,9
o« B ’ 7.9

Item 17: Shade in 7% of the

Item 18: AAAA
BBBBBB

What is the ratio
of A's to B's?

Response Percent
4:6 (2;3) 85,4
other . 8,8

B 5,8
g \

Item 19: 87% + 50% equals? -

Response Percent
137% 84,9
68% - 59% r,7
other 7,5

B 5,9

! |

ol e =
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Item 20: There is a leaky Ttem 21: Write 112% as a
. faucet in which 5 decimal.
drops of water
drip every minute. Response + Percent
- ° How many drops of
water are there in 1,12 57,3
1 hour? 0,112 29,7 |
’ other - 7,1
Response Percent ) 5,9 -
300 , 83,3
other (130;12;
misc-.) 8,8
. 7,9 -
Item 22: Which is larger? Item 23: 87% of the students
\ ‘ passed a test.
20% of 65 or What percent failed?
65% of 25? - .
' Response Percent 4
Response . Percent
13 86,2
- secohd 71,1 other 6,3
first 21,3 B 7,5
same 0,8
B 6,8\ -
&)
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Item 24: Write 3 1/4% as a | Item 25: What is 1/2% of
decimal 100? .
Response Percent Response ' Percent
0,0325, 16,7 1/2;0,5 30,5
) ,031/4 9,6 50 25,5
e r 325 9,6 50% 13,8
3,25 23,4 1,
other (,3 %; 3,5 28,5 700°0/003 745
mis¢.) Lo,
12,2 7%,0,5% 4,2
. 99 3 1,7
_other 9,3
B 7,5
' .
~ JItem 26: Write 12,8% as a Item 27: 2:19 = .7:x
' decimal. Find 'x .
Response Percent Response Percent
0,128 . 42,7 66,5 22,6
12,8 21,8 |~ 66 - 67 7,1
1,28 9,6 24 10,5
other 16,7 other 29,7
B 9,2 B 30,1
” )
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Item 28: The ratio of students who passed a test to students
- . who failed was 2:3. If there were 60 students in
' all, how many passed?

-~

{

Response : PeLcent

24 5,4 -

40 , 7,2

20 . - 9,6
othér , 29,3 S

” t t 1 r 5 —
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APPENDIX V

A Comparison of Secandéry II Success Rates
with General Population (Percents were round-

ed to the nearest whole percent) .

I

TEST I ‘ ‘
Question Secondary II General Population
1 89 . .« . B4
2 23 - 33 ?
‘ 3 59 o 70
4 39 : 36
"5 59 ) 47
6 52 55
7 14 . 13
8 70 60
<10 72 ' 70 7
11 .28, 29 -
12 53 ' 53
13 98 ] 90
y 14 14 13
15 . 52 43
© 16 -91 R , 84
< 17 62 56
18 88 83
19 70 66
20 " 13 15
21 98 91
22 78 .64
23 23 31
24 61 47
25 - 100 - 93
26 33 - 29
27 45 . 33
% 28 64 49
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TEST II

Secondary: Il
89 1.

75

95

65

77

21

91

<

_ General Population

*

-

87
67
87
62
66
89
82
69
36
69
‘5“9

40(
85

52
10

81
85

85

83
‘57"

- 71
86
17
30

+ 43
23

5
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