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O ABSTRACT | - /
This thesis is concerned with the processes used, by / _:
: high school students in solving ratio and proportion

problems. The research had two main objectives. The

i
o /////first was to compare performance on problems with varying

B e, _ P

semantic content. The second was to investigate the changes

RV S

in strategy that occur as, a function of increasing grade

”

P

i
level and exposure to scientific subjects. ,

Each protocol was encoded on the basis of solution )
“ §

paths obtained by a preliminary task aPalysis. The time RN ,
< ’ b ’

’ of each step in the solution path of each protocol was then |

measured. ,

Results showed that meaningful word problems were

.

) more difficult than symbolic problems. Furthermore, an

interaction between grade level and semagéic content was N

&

found for purely symbolic content problems, but the inter-

action differed with other types of préblems.

AT RS TSSO T 29 ™ 4 WAl T TR (oo ¢
'

There was a rsii§ionship established between the '. ,

i type of ;strategy selected, solution path times, and the o .

- difficulty of the problem. - .
T * . Processing methods‘seemég,to differ with grade level: |

4

The results indicate that there is a systematic shift to

A

; = ~ a more optimal form of strategy.
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L'id&e principale de cette th&se est centrée sur les

RESUME

tméthodés employé&es par les &tudiants d'une &cole secondéfrg“
ayant pour but de ré&soudre é;s probl&mes de proportion. .
Deux objectifs saillants dominent cette recherche. Dans
li premiére, une comparaison du rendement sur les pro-
blémes_de contenus sémantiques vari&s. La seconde servait
d'investigation des changements qui pre;nent lieu propor-
tionellemént en fonction du niveau scolaire accroissant
et de prendre connaissance des objectifs scientifiques.

La classification de chaque procédé se faisait d'aprés

une base de solution pré %frminée, obtenue gridce a une

> . tache préliminaire analysée. La durée de chaque &tape‘de

cette solution f{it alors mesurée.

* Les résultats obtenus démontré&rent que les proﬁzzmes
- verbaux siqnificatifs frent plus difficiles que les
problémes 3 charact8res d'ordre numéral. En plus, une
intéracﬁ#on entre le niveau scolaire et le conten séman-
) tique a &té& trouvé pour seuleméﬁt les problé&mes symboliques

par contre l'inté8raction diff@rait avec d'autre genre de

~

» problémes. : .,

Une relation fue &tablie entre le genreﬂdé strat&gie
? . -
choisie, le temps requis pour arriver 3 une solutiog, et -
fa v

a
-re

A

- le niveau de difficulté du problé&me.
. . " g
Les méthodes de procédé sembl8rent différer avec le

ii
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niveau scolaireéy Les résultats .indiquent qu'il y a une
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‘tendance systématique & d§
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‘ CHAPTER 1 . : " L 5

INTRODUCTION ’

’ . N

This thesis is concerned with the processes used

' by high school students in solving ratio and proportion

problems:—The rescarch has basically two main object-

\ v b arsin p 3

d ives. The first is to compare performarce on problems vt
/ ' with varying semantic content. The second objective is '
to investigate the changes that occur as a function of - \
. < increasing grade level as well as exposure to scientific
subjects.
In reviewing the curient research on the topic of
ratio and proportion, the following areas of concentration s

will be reported. First, the science and mathematics lit-

erature will be reviewed in order to present ratio and

L d
A p Mt £

prdportion in the proper context. Also, this literature

examines the developmental aspéct of ‘'ratio and proportion

o — RO e MRS e S

, : problem solving as well as hinting at other possible ex-
planations for the difficulties encountered in this area.

] The vast majority of literature does not deal with stra-

tegy analysis, but it does poiﬁt clearly towards a need for
such? an analysis.

With the establishment of the need for the stddy, re-
/

/
Spec1al emphasis will be glven to the area of mathematics

lated literature on Task ®nalysis will be (\Ylewed

(“) . - research because of the sxmllarltles found within the

S

e o —————p———r o ————

. various sub-categories of mqthematicgi thinking,. ~ /
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The technique which will be used specificallyy in this ¢ -

study is an analysis of subject protocols. A review of

related literature in this area will beapresented as well
as studies which use response latencies to measure speed
of processing, in particulér, those dealing with ar¥Yth-
metic computation.

Finall&, a review Qf the apQ&ied protocol analysis
dealing with expert-novice variagions will be presented.
Jéhisnwill show how+in-depth protocal analysis is able tq
explainprocessing steps with relation to time &nd strategy

sl

variation factors. -

-

REVIEW QF THE LITERATURE s
1. MATH-SCIENCE RESEARCH: Introduction

A substantial amount of research has been done in the
area of rat?o and proportion, but only in regard to the
areas of teaching, and the dévelopmental\problemg which
ratio and proportion tasks seem to exhibit. Very little
research has been done on the processes involved i% ratio-
proportion problem solving. It would -seem, at‘first glance,
that the methodology used in ggthering infqrmation on ratio
and proportion has not been efféctive in tapping areas.of
procedure, at least according to the mathematics and science
literature.

Studies such as that done by Kaﬁpius et gii (1577)
exhibit findings which show that a substantial amount _

of students between the ages of thirteen and fifteen years

» - " 1,
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"lack the ah;ility to argicglate proportiénal reasoning
andy/or control of variables”. These Tesults stem from

an interna/tional stud§ involving 3600 boys and girls from
seven different countries. Based dn this 'data, Karplus et
al. recommend that science and mathematlicé programs in all

but. the highest levels should take diversity{of student

reasoning into account before designing programs or se-

.y

* s . . oo : .
lecting curriculum topics. Similar findings are reported
. - \

. 0 .
f)y Rogers (1977) who, in a study of ratio and proportion

problems involving sixteen year old students found that

—

only about '12% to 15% of the students whom he tested (about-

one’ student in every seven), obtained correct answers.

A

Other research differs, however. As has been mentioned,

.

the main theory regarding the concept of ratio and pro-

portion is that it is a developmental concept. Research °
* 3

in this area has préduced significant data to support this .

’ f¢\ | ?

Ratio and Proportion: Developmental Research

theory. -

Piaget and Inhelder (1958) make the clear assertion
that students are unable to use !proportional logic until
.they are capable of forma} t:.hought. Formal thought, ‘
according to Piaget is Stage IV of his hierarcilical the.csry
“of deve%opment; Formal Operations. This statement has
re"cej.ved considerable support in Va‘rious other studies,
Elkind (1962) and Lovell (1971).

L Piaget?nd Inhelder's (1956) research with geometry

i <

v
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problems reveals how‘'the development of proportional

reasoning i; thohgh%qto evolve. Their procedure was to ¢
show their subjects a rectangle and ask them to re-draw
the rectangle in larger prdborﬁions. Studgnts bétween
the ages of four and eiééP'(Stage°iI)nwere oyerly con-
éérned with the length of the rectangle, increasing it

<

out of proportion and'increasing=the width of the rec-
AN

tanglg either sl%?hﬁly or not at ail. Stage IiI students
maintained a:éonstant relation;hip geéween length and
width ana were eventually able;to produce simple ypole
number ratios such as 2 to 1: ’Stage iV'studéhts were

able &o formulate proportionalities and were able to apply
them to a}l cases regardléSSKOQ whether the ratios were

whole number ratios or not.

Further .work °by-Piaget and Inhelder (1956) was done
we o . *

» ,
using duplication of triangles as the task. Stage II and

"III students were able, in ‘some caseéhlto duplicate ghe
* ., o

v

triangles, but only through what.Piaget and 'Inhelder refer

to as a "grouping of operations", Which is merply a

qualitative ré-structuring of the figure: Extensive

ﬁ&hntificapicnnonly appeared in Stage IV subjects.

Régers‘ (1977) study of sixteen year old,subjects,
using tasks from Piaget and Inheiderf%lQSS) ﬁpd Karplus,
Karplus and Wollman (1914) as well'gs his own tasks, up-
held the theory that formal-operdtional’ schemas involved’

a quantitative as well as a 'qualitative phase Which pro-

ceeded in a develppmental fashion,

¢ f
K ° ¢ A o " 4
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(m} ' ' ‘ Wollman and Karplus (1974) examined the performance .

o

, of 450 seventh and eighth grade students on four concrete
proportional tasks and two completely abstract propdrtional
tasks (numerical and geometrical items). The result;

- gshowed inconclusive eviaence for a strict developmental sé—

guence for all students. 1In the concrete task area, more

students answered the questions successfully than in the

C vy o WA ot

v abstract task area. Only one fifth of the students applied ~

proportional reasoning consistently over several ‘tasks and i

L

only one fourth of the students applied formal reasoning \\

LEC NS

on some tasks. Other students used incorrect additive
\ strategies in their solution attempfs. .
# ) \ . . Y
g These results can be explained in either of two ways. *

First, consistent with Piaget and Inhelder's theory, it \\\\\
could be maintained that only twenty per cgg% of the
—

_students had reached the Stage IV level of formal opera-

\

™, tions. Several studies have obtained results consistent

i 5 2N

; with this view. Hoemann and Ross’(1971) found that. in

2

easier concrete tasks, th child depended upon "magnitude -

a . Y

discrimination®, similar to Piaget and Inhelder's triangle

. A
" 'study. The students obtain a correct answer but for the

wrong reason from the standpoint of ratio and proportion.
Magnitude discrimination is seen as a precursor of pro-

J#portional thinking, not necessarily ?s formal thought.
This could explain correct solutions&ﬁf students who do
not seem to apply proportional logicf .

Wollman and Karplus (1974) seem to agree with this

3
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in order to assess more precisely the effects of various

-6-

thedry. While maintaining that thé application of simple

ratios is proportional reasoning, it was noted that many
students used addition, ‘estimation, or even guesswork when

faced with more complex proportional problems.

13 . 13 A 1
Other research offers explgnatlons for discrepancies

k

in proportional thought over age groups. Karplus et al.
(1977) found both so#ioceconomic status and selectivity of .
school affected the performance of students on proportional

reasoning tasks.

karplus and' Peterson 11970) studied urban and suburban «
school children from.nine to eighteen-years of age. Sub-
urban subjects achieved mastery of\the proportional tasks
by the end of high school whereas &rban students showed
little or no progress over the same p%?&od of time. \ ‘
Of perhaps considerably more int§¥g;t to the present
study however, is the second reason for Wollman and Karplus'

- i

(1974) results mentioned earlier. This is the effect of

both cognitive stvle and strategy. B g
Both Lunzer (1972) and Karplus, KarplU§faﬁd Wollman
(1974) maintain that many subjects use\se?eral glternate
procedures depending upon cues which may\be given to.them
by the t&sk. This_is viewed as a development in strategy
rather than as a separate developmental level. )

The present study will attempt to analyze the strate-

gies of individuals doing proportionallreasoning problems

. , ) ¢
strategies on success~-failure and response rates. Further-
1 \ '

BETE W



,moré, if proportional reasoning is developmental, then

» perhaps ichoice of stra;egX,may correlate in some way with

the level of development. -

P £

Ratio and‘Prqportion:‘ Effect of Instruction

If proportlonal reasoning is indeed developmental,
as some seem toO imply, instruction shoulg have little or
no effect on success rates unless rote procedures for
solving problems are taught.

Herron and Wheatley (1971) advocate using a unit
factor method to teach ratio and claim significant success
rates in proportion problems in chemistry. Brown and
Kinney, (1966) advocate the use of the concept of per cent’
in‘teaching students to solve proportion procblems. Karpilus
et al. (1977),in their international study of seven coun-
tries féund small bét significant differences that teaching
methods seemed to have on the development of proportional ’
reasoning.

These studies notwithstanding, there is evidence con;
trary to the above which must be dealt with., Wollman and
Karplus (1974) maintained that success rates in the
teaching of proéortion to younger students are often
tainted by the use of procedural techniques such as frac-
tional egquivalents as well as those mentioned previously
which do not teach préportion but merely treat the symptoms.

Fischbein, Pampu and Manzat (1870), using five to

thirteen year old students found that instruction in-

[P
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' creased performance but only on simple tasks. This .

.

£
coincides with the studies of Hoemann and Ross (1971)

i

and Piaget and Inhelder (1956) mentioned earlier.

Boulanger (1976) found that intensive training on Piaget's

'

Task 2 caused the student to mistrust his intuitive logic
P <

in deference to teacher-induced procedures. He concludes
that theiconcrete—operational child cannot be taught to
retain and transfer formal-operational schemas. \

X What seems to be needed, therefore, is an approach to

! the analysis of ratio and proportionalitx which looks at.
the processes and strategies involved in this type of pro-
blem solving. A task anaMdysis using apbropriatebtechniques
would seem to add considerable light to this area.

© 2. TASK ANALYSIS: Infroduction

Analysis of specific tasks in order to obtain infor-
mation about procedure is not a new concept, but the task
analysis literature reviewed here will primarily deal with
the more recent research in the area of mathematics and
\Felatéd problem_solving.

'\ Task %?alysis is seen by Resnick (1976) as the "study
oé)complex performances so as to reveal the psychological
/ﬁrocesses involved™. This type of analysis referred to

by Resnick emphasizes changing data collected on a specific
task into a psychological description of behavior. Task
analysis was® seen as a fundamental tool in.asseséing how

learning takes place. Glaser and Resnick (1972) emphasize

%

e e
.
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that the analysis of the task itself and not only the oo
processes of how learning takes place is also important.
’ |
Glaser and Resnick perceive task analysis as character-

. ‘ ized by the "description of tasks in terms of the demands
they place on such basic psychological proceéses as
attention, perception, and linguistic processing. Fur-
ther, since the individual's capacities change over time,
task analyses reflect current knowledge and aésumptions

on the part of psychologists concerning the processes

available at different stages of learning and development".

Historical Overview of Mathematical Task Analysis

Task analysis in mathematics has its roots in S-R
theory beginning with Thorndike's (1922) Psychology
of Arithmetic. Thgrnéi%e began a process of sequencing
mathematical problem§§{gjorder of difficulty, depending

upon such factors as time and number of steps involved in

i o B it ¢
(-2

the solution path. This concept is continued with the J

P

work of Gagné (1962; 1968) and the development of his

|

‘ Learning Hierarchy. Gagné&'s hierarchy presupposes a

knowledge of subordinate concepts in order to achieve a :

specific task. Theﬂconcepts are arranged in order accor-

., |
ding to difficultyj“and no task can be accomplished with-
/

>

out a knowledge of subordinate concepts. Tasks, according
to Gagné, are studied with relation to the hierarchical
structure. By analyzing a person's so%iéion path, the

level of kno%}edge is determined. In effect, positive
o |
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transfer from simple to more complex tasks is expected to

occur. . F ”

%

Gagné does not deal with processes in his work, at

least explicitly, yet in order to determine and develop

/
4

a learning hierarchy it seems necesiary that some aware-
ness of the cognitive processes involved in each level of'
the hierarchy would be implicit in Gagﬁé]s theory. Pra-
cess analysis does not appear in his work, however. 1In a
study of mathematical concepts,“Gagné (1963) supported
his hypothesis that an individual is unable to learn new
know}edge without a subordinate kpowledge of other c??éépts
yef he explains away inconsiséencies in the data as measure-
ment error rather than attempting a~process analysis.
Somewhat contrary to the behavioristic approach of
THorndike, was the gjgtalt psychologists' view of task
analysis. The work éf Wertheimer (1959) dealt with com-
paring and contrasting different ways of solving problems;
either by memory, using basically a mechanical approach.
to the problem, or by an actual understanding of?the con-
cept underlying the problem. Wertheimer's findings showed

fairly conclusively that it was the efficientimanagement of

inﬁer structures which helped solve the problem. The
/

,efficient management and application of appropriate mental

sets seemed to be more significant than memorization of

- facts and operations.

His work stressed the necessity of analyzing the

components of a task in order to see their true relation-

e
3
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ship to the problem. Merely the‘aﬁplication;of an algo-

rithm which somehow worked was unsatisfactory. Only the

M

structural and perceptual aspects of the problem, when W

properly understood, could be generalized to other tasks.

'Y

Structural aspects of specific task’s were studied by N

-

Piaget (1956) and examined in terms of &n individual eithen

s -
having or not‘having stfuctures of different kinds. This
¢ - 4
_possession®of structures was synthesized into a develop-

‘mental theory (Stages I to IV). /The main contkibution of

Piaget's theory to task analx,is was that it was able to
point out specific differenées among various age levels in

. , . -
their approach to certain tasks. Piaget assumed different

levels of knowledge as well as different processing abili-
ties were brought to a task by different individuals.-

Piaget was able gb confirm his hypotheses through protocol

£

analyseskyhereby different structural levels could be
&!’ »

detected. What Piagetian task anélyéis did nft explain/
however, was what subjects actually do 'in solving a parti-
cular probleﬁ. For this type of analysis, the area of\-\ .
Information Processing must be examined. - ‘ .

~ o

Resnick (1976) distinguishes information processing
task gnalysis from that of Thorndike and Gagné inhthat -
information pppcessing explicitly attempts to describe : .
internal cognitive processes. It differs from the wqrﬁ of
Wertheimer and Piaget insofar as it is also more interested

in fihding temporélly organized sequences of action in

individual structures rather than the presence of "logical

’ o/ x
LTI ) - i L
, / A
A.\- i i ' i‘)a; \/

’ -11- % Py
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L] LN £

_&

[T

- . - A s o e
T




D

(Larkin, 1977; Egan and Greeno, 1973; Mayer, 1974) but
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J

operations”,
Empirical Information Processing analyzes tasks based
on the interpretation of the data received from individuai !

human perfd¥mance. From this data, the approach attempts

. to develop a process model that would account for the data.

(
Both Resnick (1976) and Gregg (1976) outline what a

‘task analysis sho?ld do based on information processing

méthodology. Fir%t, it should identify the component
) el

skills which assure success on the task; secondly, it -
should specify a complete set of strategies suitable to the

task;éand thirdly, it should map feasible strategies into a
v

process model. / !

-

Further work -on task analysis has been done concerning

the }nstructional implicatiopé (types of instruction such

as conceptual or strategy Eeaching) on performance,

JRCE

will not be developed here.

It e kSt ¢ it S

Strétegx

The task analysis area which is most important to this 3

study is the analysis of strategy. Thé source for most of

the current work on strategy is not definite, yet—there is

some evidence that most research stems from eithef Gagné's
(1962) Learning Hierarchy or, more recently, from Newell,
Simon and Shaw's (1958) Gene;al Proeblem Solver (GPS).

GPS used a means-ends type of analysis which classified

things in terms of the functions which they served. The

iz
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system formed a basic heuristic for problem solving.

s {

Strategies were developed by GPS and formed the basis for
further study. The means-ends analysis was of ﬁarticular

[ [

interest to the area of task analysis since it was capable

of duplicating many of the strategies used in human per- "\

formance.
When means-ends analysis is used, both the initial and

terminal objects are known. Searching processés using the

-technigue of generating and removing differences have the

\

general effect of limiting the search to objects that lie
between, or\clo;e to the initial and terminal objects re-
spectively. It also finds paths ?et&een start and finish
that are relatively short and direct. Working-backwards
methods start froﬁ the goal object, using informatiol
about it to reduce the problem space. GPS on the other
hand, uses the reiationship between tﬁe initial and ter-
minal object, which imposes a far more\efficient search
sysﬁem on the program.

Both types of strategies are used by human subjects
but similarities among individuals exist depending upon
situational cues. Paige and Simon (1966) and Newell and
Simon (1972) both emphasize the importance of quali@ativé
similarities among individuals and stress that if there
were no such similarities and each subject and each task
was completely idiosyncratic, there éould be no tég@ry of

problem solving whatsoever. ,

Newell and Simon's (1972) work with protocol analysis,




s

1 e

% > / /\
-14~

strategies‘and production systems stands aé‘perhaps the
most significant achievement in problem solving in the
past decade. The present study, however, differs from
Newell ;nd Simon's analﬁgis in that the development of a
production systém is not a part of the study. A more
detailed protocol an;lysis coupled with. precise sélution
path times should reveal more exacting data needed for T%i
the analysis of'the strategies involved in the present ol
problem so%;ing area of ratio and proportion.

further work concerning strategief in a problem-
solving task has been done by Simon and Reed (1976). 1In
theif investigation, a computer simulation model was
fitted to human laboratory data for the Missionaries and /
Cannibals task in an attempt to explain 1) the effects
upon problem performance of giving a hint,;and 2) the
effects of solving the problem a second time after one ‘
successful sclution has been achieved. The subjects who
were given a hiPt averaged 20.3 moves in sol;ing the, pro-
blem; subjects who did not receive the hint averaged 30.6

moves in solving the problem. Simon and Reed explain the

difference with a strategy shift model involving a shift

i

from a "balance strategy" to a "means-ends strategy".
Similarlyf a significant reduction of moves occurred

after a successful completion of the problem because of -

o P F R e

the same strategy shift. ' *

s

Strategy shifts and the processes involved in specific «

e °
types of strategies have also been studied extensively by
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E s Greeno (1978, 1973), Mayer and Greeno (1972) and
~. N

\\\\\ L/Sehég;;eld (1978), but will not be discussed in detail

1 N
. i .

! ~here.

| A somewhat different area of research us;s sgb—goals‘

I Q as the focus of study in strategies used in problem solving.
Simon (1976), after studying student' performance on the
Tower of Hanoi problem limits strategy types to four: a
rote method, a recursive method (storing a solution stra-

tegy in terms of his or her.own analysis), a peréeptual

method, and a pattern method. The establishment of sub-

goals and sub-routines can be an integral part of all of

these four types of strategies.

? ) Similar sub-goal creating strategies have also been

t found by Greeno (1976) in t#e area of Geometry and by
Ericsson (1975) in the é'% éuzzle. What seems to be ip-
volvéﬁ in all bf tﬁese'studies is a procedure which re-
places unknowns by knowns, thus creating sungoals which

aid in the solution of the final goal.

The tree searching techniques of Alderman (1978)
‘indicate yet another system of sub-goals which seems to

: . be consistent with both GPS and Gagné's hierarchical

structure.

variables Affecting Strategy Sellection

. |
In the review of the literaﬁure on strategies, mention
was made of cues which seemed to have an effect on the

choice of strategy on a specific tasl; Task analysis

P
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63 studies revort various factors which affect choice of
stﬁategy in solving problems.

T Mayer and Greeno (1975) compared "meaningful" format

with "equation" format and concluded that meaningful
format allowed individuals to assimilate information and
N\ connect it with other sSystems of knowledge. Egquation

formét, on the other hand, resulted in adding infor-

» mation to memory in a way that retained original detail.

Rosenthal and Resniék (1974) experimented with the
processes involved in addition and’éug£raction usingu
‘veibai expression and processing as the wariable. Using
two grougfjgi third grade children, a series of problemsl

were presented in which the identity of the unknown set

as well as the order of mention of chronological events

A AR PNALE e g

was’%gried. Findings of the study indicated that both
P 3

backward order of mention problems as well as problems

‘with unknown starting sets produced more errors than did .
. - ‘:L'

oqhér types of problems. Problems with an unknown start-

ing set also produced longer latencies than did other

- \ Hu

[y

types of problems. “N3 w)

Simon and Hayes (1976) tried to predict human p}oblem

solver processes using the UNDERSTAND program. They fbund

A
o that human problem solvers are able to interpret relgvant

sentences in word problems by mapping them onto list

%

structures previously stored in LTM.
(:} In a later study, Mayer (19Z§) used four data state-

ments describing quantitative relations among the elements.

\\JJ . 0 9
3
. .
w
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A further statement aski a questioﬂlconc rning eith;r a
numeric or/comparative question. The results showed that
smaking correct inferences .in quantitativé;réasoning is much
more difficult than in comparative feasoning,fbrobabky

due to the ad&igional prpcess%qg;;gquired in a guantita-
tive answer. Further results suggested that there were
differencésuin the amodnt of information_stored:gylgubjects
wiéh different problem-solving sets. Numeric set ;ubjects'
encoded material, in awway that retained more detailed in-
formation but performed poorer on comparative reasoning

tasks relative to the comparative set subjects. The

reverse regarding the comp¥rative set subjects was also

i}

’ apparent. o ( 3

To what extent‘difgerent cues and sets promote
different stratégy selections is not specifically Known.

Thehpresent study may shed some light on the area.

Mapping Strategies

I order to set up an aléo;ithm to follow the step by ’f”‘
, . B 4 )
step procedure of a particular strategy, 'somé researchegrs -
have used flowcharts. Paigé and Simon (19686), inia%f

4

eéxtensive protocol analysis of students' performance on

" algebra word problems used a flowchart procedure, de-

9
[

veloped by Bobrow (1964}, to anflyze the strategiesg used

[
3

. on the problems. In}ﬁoing so, they were able to compare

. A
contrasting strategies easily, using the same coding
' L

-

systemf
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(~) ‘Similarly, Groen and Parkman (1972) used a flowchart 4‘« ‘
i ¥ model in an analysis of addition .problems and were able
to chart responig latencies accurately because:of in-. . 0
crementiﬁd procedﬁres"used by the. students. —

A

In the presentﬁstudy, a flowchart will plot the
possible strategi?s used forfghe ratio ané p;oporfion .
. ‘( ‘problews given to the sthdents. This will enable easier
encoding and andlysis of £he individual strategies and :
processes used therein. N

3
& #

3. REACTION TIMES AND RESPONSE BATENCIES: Introduction

"In the presentastady,"précessing speed and the attain-

ment of sub-goals and steps in a specific procedure may |

o

prove to be a significant variable in the protocol analysis

.
spdon duietd T

i

presented. Early efforts to measure the speed of mental

processes were undertaken by Donders (1868) and many years i

later revised and re-instituted by Sternberg (1969). The
Donéers method. involved a suﬁtraétive techniqge which - L
first partitioned xeactions into separate variables and sthen
subtracted the time for the‘vériable under study from the “
other reactions. " Chase (197}) gives a brief outlige of the
subtractive téchnique as’well as an historicél ove;view ‘

of early reaction time studies®involving various areas

of mental processing. o'
t) °
L

~ » -
- .
i

L4 .
(Z) Mathematics and Reaction Time Rates B

pa—

Perhaps- the most extensive diagnostic work in the -’

A}
©

£ = 324?‘{*
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area of arithmetic has been done by Buswell and John

L4 -

(1926) . AA extensive time analysis investigation, using

&

°o thirty elementary school students ranging in age from
eight to twelve (levels three to six), was done usiné \
standa?d talking aloud technigues.‘ An analysis of the
four fundamental operations of addition, sﬁbtraction,

multiplication and division showed mean times required

. for each of the subordinate operations. Extensive tables
1 ' Y

on all four mathematical operations are provided by

>

Buswell and John showing percentage distributions of

o

required time. The results show an irregularity in the
percentagé of time required by the different subjects for

« the various sub-processes. Obvicusly, one does not ex-
pect perfect mathematical regularity in thé‘iptervals ,
required for the operations involved, but extreme varia-

"tion is seen by Buswell and Uohn as an indicator o¥=in-

adequate mastery of some fundamental number combination.
Buswell and John also show many techniques for remedial

treatment of fundamental processes.

-

. . [
It seems evident that reaction times can be used as an
» b ‘ .

eﬂﬁect%ve indicator of actual speed of mental processing
and retrieval of stored information. This study, of simple -

arithmetic problems can probably be &onsidered the fore-
\

runner of modern arithmetic processing research. :
i

Littfe had been done since' this study until Groen and

his associates started extensive analysis of arithmetic
¥

processes based primarily upon reaction time information.




&
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Simple addition problems, were given to first grade

children by Suppes and Groen (1967) and reaction -times

were takap for the solution paths. A choice-type model

'of incrementing was develope rom this data. Similar

work by Groen and Parkman (1972) involving first grade

children and their performance on addition problems was

b

. also measured using response latencies. Groen and Park-

ey

man found that these latencies were be§t~explained either
through an incrementing ai%orithm, or’thrgugh a process of
direct search of memor;{ i study by Parkman and Groen
(l§il), using subjects who were adults, seemed to favor
the "direct memory look-up process" as Chase (1978) has

referred to it. ' <

ES

A study by Groen and Poll (1973) tested children on

open sentence, problems which are structurally similar to

subtraction problems. Again, using response latencies,
Groen and Poll were able to establish a process invo}ving
a mimture of incrementing and decrementing which seemed to
fiéJthe data. A later study by Woods, Resnick aﬁd Groen
(1975) , concerning process models for subtraction, found
the same process to be used by most subjects.

Reaction time techniques were also used in an analysis
of chlldrens' solution p;oéesses in arlth&etlc word prob-
lems studied by Rosenthal and Resnick (1974). Once again,
thgvtype of process involved in correctly solving a problem

! /

was inferred direct%y from the responsde latencies‘mgasufed

by the researchers.

LB, e S S I PIIGA A Te ot Bats T Bk e e wh
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A somewhat different area of research was studied b;
Klahr and Wallace (1976) using quantification latenéy
measures. They grouped all quantitative judgements into
thfee cateqories:\subitizing, counting, And estimation.
The first two refer to mechanisms dealing with numerical
guantity whereas estimation can be used either numerically
or for cgntinuouéhquantity.

5

Klahr and Wallace went on to develop'a computer
N -

simulation of the guantification task which uses subitizing
(immediate apprehension) as the basic mechanism, and beyond
that range (Broadbent's (1975) estimate is about four
"chunks"), a more compleX/process of grouping and adding
takes over. Other experimental evidence (Akin and Chase;
1976; Beckwith and Restle, 1966) seems to be consistent
with Kléhr and Wallace's model.

Further research has bein done on sugitizing. Chi and
Klahr (lQZ?) found that when adults and five year olds
were asked to state the number of dots in a randomly
arranged display, thé adults reported that they primarily
gfouped and added whereas the five year’olds merely
_Ecunted. Chi and Klahr noted that within the subitizing
range, iﬁbencies were fast and error free, but latenc%es

outside of this range increase linearly with number of
)

objects and error also increases with N. , »

s

It seems evident from the research cited in this
section that reaction times and response latencies were

able to help isolate processes which appear within specific

/




B

strategies. . ]

The main problem with reaction time data, however,
is that the procesgsses inferred from this data do not i
necesgarily.reflect only those specific processes.
Processes such as memory search cannot be inferred from
such data. Long reaction times, in particular, can hide
subordinate processes which can interfexse with those - .
processes which are being measured. It would seem,
however, that even those steps in a procedure with long
reaction times provide valuable information on Eigg of -
strategy used in the solution processes.

\

4. PROTOCOL ANALYSIS: Newell and Simon's Analysis

The analysis of protocols is not a new procedure for
gathering data about mental processes (Buswell and John,
1926; Duncker, 1945; Johnson, 1964). However, as a

systematic technigue, protocol analysis is a more recent

investigation. The most extensive work in this area has

been done by Newell and Simon (1972) who have presented

-

a detailed theory of mental processing."kn analysis of the
verbal protocols of their Qubjects in the areas of crypt-
arithmetic, symbolic logic, and chess lead Newell and Simon
to the development of production systems.

The protocol an;lysis in the cryptarithmetic tasks

consisted of trying to infer rules of operation that the

subject used in the solution of a problem. In analyzing

these protocols, Newell and Simon summarized the thought

5 e 5K o

oAbt &
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processes in terms of rules or productions of the form

[N
-4k

P =>A, where™P is a predicate and A is an action which
/ -

is executed if the predicate is true. The set of these

-

rules is called a production system. X
Extensions of the production system approach have

been developed by Newell (1973) to include many of the
more elementary processes which were not tapped by Newell
and Simon earlier. Klahr and Wallace's (1976) model of
quantificgtion, mentioned earlier, was also based upon
Newell and Simon's work.

w.Newell (1977) outlines four steps for making protocol
analysis a useful tool, This series of steps attempts to

point out regqularities in the pretocols which serve to

construct process models of an individual's solution

. paths. 7TIhe four steps include: a) dividing the protocol

into phrases which includes encoding the various steps in

+

~

the protocol; b) constructing a problem space which serves as

an hypothesis about the subject's behavior; c) plotting

:

!
the Problem Behavior Graph (PBG) which is an application

P

of the operators of the problem space; d) creating a pro- ”&J/
duction system which is a synthesis of the regularities
1 .

which appear in the protocols.

Paige and Simon's Analysis o

Paige and Simon (1966) used protocol analysis in an
empirical study of the solution paths used by students
solving algebra word problems. They compared their

h

~
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cant new findings in pr7blem solving research.
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findings to Bobrow's (1968) processing system STUDENT,.
which represents probléms as equation sets. STUDENT was
able to translate English statements into algebraic
equations by parsing the language into simple statements,

applying function tags to these statements, and then

applying an appropriate egquation to the statement. Using

W

"cues", STUDENT was also able to handle sufficient auxi-

liary information to enable it to solve a wide range of

algebra problems. These cues were structured by the

" 0

rules which determined the order of the levels of operators
used in the program,

Paige and Simon also investigated the algebra word
problems within the context of verbal processes and found
significant differences between STUDENT and human problem
solvers. They noted 1nd1v1dual differences in subject
protocéls in: a) the use of direct transformations of

information contained in a problem in contrast to the -

R

use of auxiliary information that went beyond the infor-

mation presented; and b) in primary reliance on either

R

physical-spatial or verbal representations of the problem

situation. .

-

Paige and Simon's research stands as one of the major .

WO

studies in mathematical problem solving, insofar as the

extensive analysis of individuwal protocols and the steps

within these protocols enabled them to arrive at signifi-

Their work differs substantially from that of Newell
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and Simon primarily in their degree of emphasis on
artificial intelligence. Newell and Simon have, as,their
goal, the development of production systems which attempt
to duplicate human performance. Paige and Simon,von the
other hand, are more concerned with individual processes
which appear in the protocols. Paige and Simon develop

a more in-depth treatment of the individual protocols than
Newell and Simon, and as such, are more interested in
strategies as individual problem—solvin§ teéhniqueé. It
could be maintqined that Paige and Simon study protocols

for differences in strategies whereas Newell and Simon

attempt to limit strategies into a production system.

Protocols: Analysis and Strategy

Greeno (1976) used protocol analysis to show how

2

human problem solvers generate and use an indefinite goal

—-

structure in the process of working on an initially well-
structured.prob%gm. - Greeno continues with the notion that
goal structure may simply be a system of pattern recognition
processes. This seems to find some support in the problem-
solving procedures that Newell and Simon (1972) ﬁse in
descriptions of the problems used in cryptarithmetic.

Both Greeno and Newell and Simon use the production system
formalism in establishing the theory of pattern recognition.

' Other studies are cited in a review article by Larkin,
HeTlér and Greeno (1978). An analysis of protocols collected

on high school geometry problems was developed into a
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K (‘, computer simulation model called Perdix (Greeno, 1976;
| : .

, . Greeno, 1978; Greeno, Magone and Chaiklin, in press).

« K

The model solves problems uéing similar steps as those

used by students. Perdix involves threeﬁkinds of knowledge:
Ia) a set of propositions used fo£ making inferences,

b) a set of perceptual concepts that perform pattern recog-
nition, gnd c) strategic knowledge, comsisting of pro-
cedures %or planning and settind goals. Current research
is contiﬂuing using this type of computer simulation

N approach.
! Reed, Ernst and Banerji él974ﬁ studied the protocols
.0of college students on the Jealous Husbands and Missionary-
Cannibal problems in order to find out whether similar
strategies were used for homomorphic problem stateés. It
was found that strategiesg, determined from the protocols,
were only similar if the students actually recognized the
relationship which existed between the two types of pro-

blems.

3

A study by Kantowski (1977) using ninth grade students

solving non~routine geometry problems also provides some

v

insight into strategies derived from protocol analysis.

T T b ey e o et s IO AT

When a problem was repeated, either of two things happened

which seemed to be affepted by prerequisite knowledge as

S

well as by personality factors: a) some subjects tried new
techniques if they had been unsuccessful previously (A
(js strategy shift was employed); b) some subjects abandoned

the search for a solution immediately if they recognized

r
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A Sy
. (~ a brob%em as one being too difficult for them to solve.
i Days, Kulm and Wheatley (1979) studied process
differences between concrete and formal operationai
| students using protocél anatysis*and a unique encoding

system. It was found that problem structure plays a

greater role in determining process use for formal students

than for concrete students. Also, problem structure had a

greater effect on problem difficulty for formal studenﬁ;

than for concrete students.

A criticism of Newell and Simon's theoretical apprbach .
levelled by Chase (1978) is aimed at the protocol analysis
which was used in their research. Chase states that their
‘level of analysiE and methddolbgy were appropriate only

fo;x%omplex pro;esses whichntook several seconés to per-

form. Chase continues that Newell and Simon's theory

must be "constrained by the evidence in the protocols, and

the level of amalysis and the real time constraints are . ~
k an order of magnitude higher than appropriate for elem-
l entary processes. There is iittle evidence that elemen-

tary processes are available to conscious introspection.

Indeed, nowhere in Newell and Simon's protocols can any ¢

>

verbal description be found that describes a memory search

process." (p. 83)

S rene e ) w ne
A

The research on protocol analysis is conspicuous by

the absence of any extensive solution time data. It would

’

T o e o

seem that solution times would substantiate programs developed

4
o
3
b
i
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to simulate students' protoéols. Likewise, very little

°
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{
r ctioﬁ time data has u;éd protocol‘analysis as a tool
support the results which héve been presented in the
earlier part of th£S'review. This study intends to use
the techniques of both protocol analysis and solution

time data to analyze processes involved in simple ratio
" .

and proportion problems.

5. EXPERT-NOVICE COMPARISONS: Strategy Differences

Recently, Simon and Siﬁon (1977) performed an extensive
protocol analysis of the individual differences of expert
and no&ig; in solving physics problems. While these
problems were muéh more complex than the ratio and pro-
portion problems used in the.current study, the patterns
of sub-goals and the resulting strategies seem to be some-
what consistent.

Simon and Simon's analysis showed clear strategy
delineations between the expert and the novice that did
got seem necessarily developmental. The novice, fqr
example, used two different methods to solve two prpblems
of the same type, indicating a problem-solving épproach
based upon the cues initiated by the problem which in turn
trigger retrieval of a strategy stored in LTM.

In the same study, Simon and Simon exhibited péodf
that a sﬁrategy which can only be labelled as "physical
intuition" appearé. The advantages of physical intuition

seem to account for the superior ability of the expert.

.The expert also exhibited a "working forward strategy"

B P A

v
3
i
3
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( much like that encountered in GPS,(which involved a se- -

: quential attack on the problem, leading difectly to the
integﬁgdvgoal. The novice, on the other hand, exhibited
a "Working backward strategy" encountered previously in
the Logic Theorist (Newell,\Simon and Shaw, 1958). This

strategy was characterized by a somewhat erratic sub-goal
_ -

._problem solving, leading ultimately to the final goal.
Ty .

The expert's approach to prbblems has been character- K

“ »
ized by Larkin, Heller and Greeno (1978) as a "physical"

approach whereby the expert moves from problem statéments
to\physical}situations and from there to equatfbns. in
6ther words, the expert must have the laws of kinematics
organized and "indexed" in LTM. The novice's approach is
"algebraic”, going directly from problem statements to the
equations. jJ
Similar findings have appeared in the research of : ..
Larkiﬁ (1977a, 1977b) who also used verbal protocols to

4 study solution strategiés in physics problems. Again,

as in Simon and Simon's findings the novices went directly
| i

v ot Ty AT

from the problem statement to the application of equations.
‘ .

The seguence of equations evoked was similar,to that of

trial and error procedure insofar as when dead ends were

Sod ' - reached, the novices tried other procedures, until a final

S

:
H
; .
i
!
4

solution was obtained.

B ]

The experts in Larkin's study, however, were slightly

s ot A

- dissimilar to the expert in Simon and Simon's work. The

expert in Larkin's research used a planning stage before
' LB

J
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generating any mathematical equationsf * This planning . 0
v - .
‘ AR o

stage was explained as being a result of difficult pro-

blems even for the experts, uniikeithose problems in

Simon and Simon's study. o - L. -
In all three/studies, however, the experts apgeafeq

L]

to have matched solution methods with°generalized problem

° e
e

typss previously stored in LTM. . 5

t

"Chunking" e \
y “ c
An extensive review drticdle on expert-novice problem
0 N /"P o
solving has been written by Larkin, McDermott, Simon and

Simon {l979). As well as the differences between ngvicé

o

and expert already mentioned, experts seem to be’ able to
"chunk" familiar stimuli and are able, by pattern recog-

nition, to evoke stored information about strategies from

S A N

o~

memory (Simon, 1974).

The critical component of translating verbal statements

©

into mathematical equations is’also evidenced more often

in the expert problem solver. The result of;;his is that
the experts solve the problems in less than one quarter of

the time required by the novice and with fewé£ errors.

An auéomation ﬁrocess is also noted as being a part of
the expert's strategy. While the expert, in his verbal |
»protocol,‘%entions only numerical results, the ﬁovice goes
through the entire 1i£éral equation. This difference’is
explained by Larkin et al. (1979) in terms of the expert

rd

having stored an entire procedure while the novice stores

S e b T 4 n A ek et -
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the knowledge that particular equations can be used in

3 2]
certaln circimstances.’ Thus, the novice verbalizes

© a

her recognltlon of the dJ.ff"erent ecuatlons while the
expert verbalizes the solutlon of the entire procedure.

“The ‘process "of LTM storage and’ rétrieval is noticed 3
most partlcularly in chess. Studies by -Chase and Simon,

!
(1973, 1974) and SJ.mon and Gilmartin (1973) reveal that

an expert chess player can reproduce ' from memory the g

pagsitions of about twenty f:Lve chess pieces with 480% to
, N

90% accuracy/after see:.ng the pleces for only five™ seconds.
The weaker player| can reproduce only five or six pieces.,

The’ master chess player can also play at a speed of
/ N Lo
ten seconds per move with very little loss in playing

strength. o

‘This information supports Simon's (1974) theory that

familiar stimuli are chunked and then stored man‘d re-
s 0

trieved through a pattern 'recognition cue. Similar.

ROV N

findings in speed of recognition and accuracy of place-

et Aoblt R

ment of pieces have also been reported by DeGroot (1966) .
. The ability of the .expert to chunk information enables

him o recognige early patterns forming in a problem state

and furtiler enab"l,’/e the expert tp*preparec a strategy using

;. the processes stored in LTM.

—\,\‘Stlher studie;; mentioned supporting these hypotheses
ha.‘}'?e ‘been- reported in the areas of physical dynamics
aproblems, (McDérmott and Larkin, 1978, and Larkin, in

% :

press), and also- in froblems of chemical engineering
s
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thermodynamics (Bhaskar and Simon,sl977):

In conclusion, the expert's ability to -use pattern-

indexed schemas enables him to -'solve problems more

efficiently. sSimon and Simon's (1977) reference to

"intuitiogﬁ Tight be ,synonymous with this ability. .
~

9“@?!5!5 OF IﬁE TASK . wh . . \\
'\l

In order to test the abilitfes of the subjects on.

[

rgtio and proportionnproblems, ten problems, were compiled

_on various task areas with varying degrees of difficulty.

Four of .the problemslwerea“symbolic" problems where the
€

e o

position of the unknown was syStematically varied. The

remaining six problems were word problems./ Two of these

. were "nonsense" problems where the: snames, of the tenms—were e

1rrelevant to the solution of the: problems The next two

problems were convent10nal "story“ problems where the terms

were familiar objects gown to the sample; and the last®

two were problems involving chemical terminology which,

\
1

although meanlngful had nothlng to do with the solutlou

of the problem itself. | . .

&

It 1s lmportant to note here that, although the ten
. questions- were grouped 1nto fomm dlstlnct sectlons or U'
types of problems for the purpose of analysis, n&’attempt \
has been made to make the questions within each sectlon'

linguistically equivalent as was done, for exaggle, y

& ;»:,

Rosenthal and Resnick (1974).: This was primerily becayse
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each of the qgestiéns was intended to be analyzgd separ-~
ately, with no direct comparisons between questions
implied or attempted.\@;he ten quesgions in their finalé
form appear in Table 1 on the following page.

In an independent study, three mathematicians, (Senior
mathematics teachers from the high school) were asked to
%}dentify all ‘the possible solution methods for all teﬂ
problemsi The flowchart notation was us%é in order to
help identify individual steps Qithin a specific strategy. - -
These steps were ideﬁtified, labeled, and numbered in
ofdér of occurrence in all possible straﬁegies. The
flowcharts were then checkedupy the mathematicians to en-
sure reliability. Each strategy developed by the ﬁathe—
maticians was then run through the flowcharts until the
flowcharts were able to accomodate each strategy within
° N

the prdered steps provided. k

——

. Two charts, labeled METHOD A and METHOD B were -

the result of the task anglysis. Both of these structures

PRSI T 1 N
o

>y
follow with a detajled 'explanation of each.
™ (It should be stated here that other
‘possible solutibn paths were suggested . i

by the mathematicians, but it was

unanimously agreed to that the likeli-

(]

hood of high school students using such

highly sophisticated mathematical com-

‘ putations was highly improbable. These

methods, therefore, are omitt%p.)

@L/f\\ i \ . .
¥ .
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Table 1
. —_—
PROBLEMS " P
\‘h Lo
s , <
4 _ 9 2, 8 __ 10
6 — 2 ? T 15
. 3
2 __ 40 4 12 g 2
35 7 56 24 — 78
| ) !
There are 10 bottles of clééning fiduid in a case, ' f/;

If 2500 square feet of flooring can be cleaned with
4 bottles of fluid, how many square feet of flooring
can be cleaned with 3 cases of fluid?

|
~

A man buys some grain to feed his cattle. He pays

a total of $700. for 200 bags of grain. The following
year, prices remain the same d he huys 275 bags of
grain. How much does the man pay for the 275 bags of
grain? {

{
If 2 Serbs can make 7 sets of Tods, and 35 sets of 3
Tods are needed to make 1 Fot, how many Fots can be
made from 30 Serbs?

4

If 7 Ergs make up 4 Zots, how many Ergs can make up
28 Zots? . 3

___________ . &
In Chemistry, a mole of Nitrggen weighs 28 grams. If

G}

a mole of Nitrogen is also equal to about 22 liters in
volume, what will be the volume of 35 grams of Nitrogen?

If 80 grams of N&OH and_98 grams of H SO, are needed \
to make 36 grams of water, how many grams of NaOH and
‘H2504 will be needed to make 45 grams of water?
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Method A, presented in-Figure 1 is used for all
problems using only four variables. These problems are
numbers 1, 2, 3, 4, 6, and 8. Method B i% used fogﬂthe
problems using six variables. These are problems 5, 7,

9, and 10. It should be noted that Method B is the same o
as Methed A except that the?é is a tomplete duplication
of Method A using new terms in £he second part of Method
B. Ve

V' Method B is seen as independent, however, because of

the necessity of having the student"choose the correct-
variables iq the solution strategy. A further explanation
of these Methods is necessary before proceeding further.

, . ? |

METHOD A

Method A enables ;he student to choose a number of
solution paths starting with step 1 (READS PROBLEM). To
explain Method A, problem number § will be explained

according to the various steps used. Problem 8 reads:

oy

"If 7 Ergs make up 4 Zots, how magy Ergs can make up
28 Zots?".

For purposes of this explanation, 7 Ergs will be

term A, 4;Zots will be term C, the unknown term B, .and
finally 28 Zots will be term D. Following Method A,

the student must first of all see a reiationship betweenx
the two sets of terms and among all individual terms.
This ccmprehension is represented as step 2 (COMPREHENDS

2 éTATEMENTS). From }his point, the student must produce
‘ ¥

v




(4)

(5)

UNIT SUB-METHOD
\

PRODUCES FIRST RATIOS

FIGURE 1

METHOD A

v
i

| READS PROBLEM |

~

(1 '

COMPREHENDS 2 STATEMENTS

a is éelated to ¢

b is related to d

(2)

d

SETS UP_RATIOS

a t o, b:d

(dependant upon pos-

3 -

EQUATION SUB-METHOD

PRODUCES FIRST RATIOS

(4)

a: c as unit a : xl ition of unknown a:cas b Xy
a ! unit a as ¢ : %y variable) a : ¢ as xlz d
a : xlas b:d
. xlz cas b : d
i \ . »__,“_é* - ) L
. PRODUCES FIRST EQUATION 1 PRODUCES FIRST EQUATTON ! t
. I
a . _¢ . a _ ¢ X, . c a_ . a _.. X 5)
unit a x ! b T x b~ d x " b d .
1 o 1 1 i
‘ 4
CROSS MULTIPLY e \\
— (6) E—
Nl X D2 = Y
. N2 b Dl°== z
- . ‘:.__
SOLVE FOR X
Z_ Y (7)
3 ¥ . VA (
\ _\! ¥
ﬁIVISION
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UNIT SUB-METHOD

//

PRODUCES FIRST RATIOS

L_; b is related to d

o

SETS UP RATIOS

a: c, b :d

(dependant upon pos-

(3)

EQUATION SUB-METHOD

PRODUCES FIRST RATIOS

a : c as unit a : X, ition of unknown a:casb: x; (4).
a : unit a as ¢ : Xy variable) a : c as T -d
) ’ a:xjas b :d
N L xt casb:d
| N J -
Y — T e
PRODUCES FIRST EQUATION PRODUCES FIRST EQUATION : T}
a c ’ a c Cox c a . a_ __ X,
- —_—i —— T — - A T (5)
e = e
unit a xl | b xl b d xl i
. CROSS  MULTIPLY |
— (6)
N1 X D2 _¥<Y
N2 X Dl:: Z
: | SoLVE FoR’
/ 2z X Y (7)
X Z
Y — A
- DIVISTON 8 )
Y/ 2 2z /Y , ( )\
- !
A ¢ +ANSWER (9)
(Produced for ¢ ,qu X
Unit Sub-Method-
Only) ) .
PRODUCES SECOND EQUATION
unit a — x \
b Xe
>
,-w«-ﬂﬂ"“ﬂ"d
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a ratio, that ish A is to C as B is to D. This is
step 3 (SET UP RATIOS). The student is then able to pro-
ceed to step 4, (PRODUCE FIRST RATIO), by introducing -the

fnknown, X, into its dorrect position in the equation.

~fHhus, A : Cas X : D in this case. From here, the student

proceeds to step.5 where he chooses either of two paths--

the UNIT éUB—METHOD or\the standard EQUATIONlSUB-METHOD.

The standard EQUATION SUB-~-METHOD will be explained first.
Step 5 of’this method enables the student to prodgcé

an equafion using the four terms. Step 5 is (PRODUCES

FIRST EQUATION). In this problem the equation would be:
' A _ < ’
Xl D

or 7 Ergs 1is to 4 Zots as how many Ergs is to 28 Zots?
Step 6 simplifies the problem by using the means-
extremes postulate. (This is done by cross multiplying
the four wvariables). Thus, Nl or numeraﬁor A, multiplied
by D, or denominator D, equals Y, ana N, or numerator C,
multiplied by DI‘Ur‘denominator Xy equals Z. Ip this
problem, Y equals 7 time 28 for an answer of 196, and

z, equals 4 times X, or_4xﬂé This process completed,

the student moves to step (SOLVE FOR X). In this case,

+

since the unknown is a part of Z, the division process

—

of Y divided by Z takes place:



v

R it i A S SR AL

R e L

BT 6y

-37~

s

Thus, 196 divided by 4X is tﬁe procedure followed.
Step 8 involves the actual division process which is
performed, (DIVISION), which gives the final answer Xf
in step 9 (ANSWER). Thus, 7 Ergs is'to 4 Zots as 49
Ergs 1is to 28 Zots.

(Note: At any time during this process, the student
could have reduced the variables to their lowest terms.
Reducing the variables aids the student by shortening the
length of multiplication and division process times.)

The second sub-method, the UNIT SUB-METHOD mentioned
previously has more steps to the solution path but is
very similar in many instances to the EQUATION SUB-METHOD.
Using the same problem, Steps 1, 2, and 3 are identical.
At step 4 however, (PRODUCES FIRST RATIO), the~;tudent
produces as hisifatio: A is to C as Unit A is to X. 1In
this way, the student strives to find the numbér of Ergs
needed for one Zot and once that ﬁumber is foupd, the
number of ﬁ¥gs needed for 28 ths is determined.

At step 5;-the production of the first equation reads:

A - C or 1/‘ 4 Zots __ 7 Ergs
Unit A~ X 1 zZot ™ X

1

Steps 6 to 9 are EQUATION SUB-METHOD equivalents, but the
solution, Xl’ is merely the first stage of a two stage
process. Once Xl is established, in this case, 1.75 Ergs,
then a second equation is produced. [This means a return

to step 6 (PRODUCES.LSECOND" EQUATION). The equation®

-

i
i
i
i
'
{
i
é
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Method B, found in full on the following page is
similar in type of steps to Method A, but it is more
complex in that Method B is able to handlé problems with
six variablesﬂ The major difference in Method B is that
after producing the first ratio-in step 5, and following
out the calculations to the first answer, a second seg
éf ratios MUST pe set up in order to complete the prog%hm.
Mgthod A provided for this second equation only in the
UNIT SUB-METHOD, and the arrangement of variablés for
thaF equation was not nearly as complex. Method B uses

this second equation as an Integral Part of the EQUATION

SUB-METHOD used in six variable problems. .
Method B, because of its complexity, has much greaterl
margin for error. The student must produce two sets of

ratios at two different times during the problem set

using new variables and confusion can occur precisely

/
, 3
.
\J
"38" X {
produced is: T
unit A _ Xy or l Zot __ 1l.75 Ergs
B = X 28 Zots X
f £
Step 7 continues and proceeds as in the EQUATION SUB- ot
METHOD on to the final solution which would be 49 Ergs.
Again, as in the EQUATION SUB-METHOD, the student can
i
, reduce the variables to their lowest terms during any
step of the solution path to save calculation time.
METHQOD B
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FIGURE 2

METHOD B

TREADS PROBLEM |

COMPREHENDS 3 STATEM}ZNTS

a is related to ¢

" b is related tosd

o
L e is related to f *

-~ SETS UP RATIOS

a:c, b:d, e:f

UNIT SUB-METHOD

4 - —- -

PRODUCES FIRST RATIOS |

: f as unit a : x

N )

PRODUCES FIRST RATIOS

1)

(2)

(3)

[
a :
a .

e 1’ or c as b : Xy» or
e:unitaasf:x1 . basc:x1 e : cas f X
PRODUCES FJRST EQUATION PRODUCES FIRST EQUATION 7~
. _f e 'unit a 1 a _ ¢ a b e _f e _ ¢ (5)
unit a xl f x1 | b x1 c x1 c x1 t xl
: o l
F
- L -~ CROSS MULTIPLY o
* 1y l
N 2 z w0
\ g %Dy Y ()
N, .~ D, ="12
A L/z/ L
! I 4
\ [ SOLVE FOR X |
% 7 ‘ (7)
, . j
—_— .
[ DIVISION °
» : . . i (8)
, oy z .
ANSWER
. (9)
< £ x ! ) ' wWa.
. - 1 .
. —ct
. SET E k
. 1 i . e B
| e fasx1 xf,or} :a.xlasb.xf,orl
- l‘e :xlasf:xf ; a:basxl'}sf A}
/ ~ L ——— Gt
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ey
f

SOLVE FOR X
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N

P

A

; SETS UP NEW RATIOS j )
: . 1

(7)
.hu"_d/ ¢

; (8)

(9)

e 7 f as x. : X, or | ‘"a ;. X, ag b :
X

;X
f

CROSS MULTIPLY |

. = (12)
N, ~ D, Y

N, -« D = Z
SOLVE FoR % ]
Z

¥ <

(13)

- DIVISION: ]

C a6

_i
- ¥/2
. 4 ¢
, . ANSWER |
' £

L " |
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because of the ihclusion of the two extra variables. v

iy« e VRETSHIER

-

It can bp noted also, that Method B has a UNIT SUB-METHOD

° - 1

similar to that used in Method A. Again, the main

3

e o e ra

difference between the two methods is the number of var-
gy N °
iables/ with which each deals. Method B's UNIT SUB-METHOD

handles two extra variables and as"such, is more complex

J/

0 . -
although the process which is used for both methods is
alike. Since the names of the steps are the same in
both methods, a further example will not be used to a

4

indicate the use of Method B.

CHAPTER. I 11
METHOD: SUBJECTS
Difficulties in ratio and proportion problems seem to
/ ' maﬁifest themselves, primaridy at the grade nine, ten, and
% eleven levels of high school education (Piaget and In- A
i i heider, 1956) . These difficulties seem to arise, not .
E only in the area of mathematics, but also in related areas
such as physics and chemistry. For this reason, a sample )
of students taken from these three levels were chosen as
; \\\ a somewhat represengétizf~group of the stﬁdents who chose
g the more difficult subjects of physics, cHemistry and
2 higher mathematics.
f e ' Students were asked to participate in this study on a
volunteer basis,.and as a result, six students frpm’grade

"

‘ 9, seven students from grade 10, and six students from

:

¢
f

v rc R 5 A s A

grade 11 were chosen. No effort was made to completely
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{\; . randomize the sample, since the aim of the experiment
was primarily to examine the protocols or solution paths

which various students used at different levels. Students

S WSS L i

with laarning diéabilities or below average aptitudes in
mathematics were automatically eliminated since thes;
students were not a part of the population examined.
The students chosen came from a suburban high school
with a total population of -approximately 550cstudents. .
Those students who were selected ranged in age from 14
to i? years and were considered by their teachers to be )
- of between average and above average intelligence. (
Background information on the studénts in the three
S grade levels was limited to sex, age; relevant school -~

courses that were being taken during the current year, )

and any intelligence or aptitude'tests which had been

e

.
s
‘,
H
5
§
i
g
%

given to the students during the course of their high

schoql careers, .This information is provided in Tables

2, 3. ana 4.

I3

. PROCEDURE - L~ '

-

A test consisting of ten questions was administered

to the 'students on an individual basis within a two week

TR a0 RS v o ST - LT O

- « period.

’ AN

The ten questions were presented to each student in

written form identical to that in Table 1. This test
3
paper.was presented face down on the desk while the in-’

"

structions were given. The in®tructions were standard
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. TABLE 2~
‘ : ) BACKGROUND INFORMATIO \
1 GRADE 9 i
j — —_
’ #RELEVANT SCHOOL COURSES | 'OTHER TESTS ' V
NAME ' SEX AGE Day/Mo/Yr Math 37 Mathmagic***  Otis Quick Scoring, Alt.**
“John K. M 15 10/04 /64 91% Yes 114 131 :
° =Y
Robert M. M 14 . 30/10/64 887 No & None b
- John'N. .« M 15 31/12/63 - =~ 847 Yes i None
* <~ Stan. N. F 15 10/10/63 . 54% No . 108 -
Vince R, M 14 09/08/64 882 , No None
- Paul Y. M. KIS 10/10/63 99% Yes None < ’
*% The alternate form of the “Otis Quick Scofing Aptitude Test * -
~ k%% An interest course in mathematics for those especially interested im rapid calculatidn.
. ‘ No mark is assigned to this course.
~ X
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} .
. ’ BACKGROUND INFORMATION )
- - & &
3 ‘ -~ GRADE 10 H
- . - p————— 1
. . - - - . i
, s RELEVANT SCHOOL COURSES © OTHER TESTS . 3
NAME SEX AGE _Day/Mo/Yr Math 42 Chem 44 Otis DAT* * . ;
.= Allan G. M 16  22/03763 772 752 . None Lo
- i ‘ = - 1
Paula L. . F 15 ~ 29/06/63 962 84z ' None v
. Sharon P. ¥ .15 22/11/63 ' 897 i// 752 " None !
Glenn R. . M 15 27/09/63. - - 87% 752 - Nome , -
i y : | . o & S el
Angﬂc{ela/R. F 15 28/99//?.’?/ 91% . 812 None z
. ) - - » ! e ‘ ;
. Ruth V. ~ - 15 10/06/63 602 607 - None ) i
- ' X i M . _/ 1 4 . /};‘ :
- . Leanna V. F 16 03/10/62 77% . 15T 115 70th. cent. ;
J | ® : Mathematics B
7 i = _ ,
% Differential Aptitude Tést T ] 4
‘ [ A
* ey - . o 2
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s . . BACKGROUND INFORMATION Y
- . - . GRADE 11 : ‘ . —
o ) . ' RELEVANT SCHOOL COURSES OTHER TESTS )
NAME S%\ AGE Day/Mo/Yr Math 52 Phys 51 Chem 56 Otis MEAT#** v
© 4 Jagkie D. F 17 27/04/62 79% 772 - 93% Nomne 1
. ’ - {a
‘ Tony G. . M 16 19/12/62 60% 607 60% - None !
. < Karen H. F 16  .14/09/62° 712 79% 752 113 683 .
* . ’ 96th. Cent.’ =%
Peter R. .M. 17 13/02/62 86z 767% 70% None ‘
Sue W. F 17 18'/0‘\24\6& 837% 85% 7827 " None
o
Diane Y. ° F 16 20/05/62 - 913 897 817 116 683
q 96th. Cent.
' * % ‘Ministry of Educat‘ion Aptitude Test (Provjincerof Quebec) .
. . )
- 9 ' a . 4 .
° - - ]
¢ Y
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fog each student with slight variation occurring only
when a student quéstioned the instructions. ‘If a ques-
tion was asked, the instructions were repeated. IP all
nineteen cases, the instructions 'had‘c to be repeated only
three times in three individual casgg.
The instructions were as follows:
You will be given tep mathematical
problems sto solbe. Instead of solving
» the problems in your head) however, what
you are. asked to do is to~think out loud
as you are solvingﬂthe problem. For ex-
ample, if yéu are asked to multiply 12
®y 37, by thinkinq»out loud you might
. say: "2 times 7 is 14, carry the one,
then 2 times 3 is 6 and 1 is 7. Then 1
times 7 is 7 and 1 times 3 is 3. Adding
.the two lines, we have 4, 7 plus 7 which
o -5 14, carryythe 1, 3 plus 1 is 4. The
final answer is 444."™

o
Even when you are not doing calcu-

bt 2

lations, I want }ou to tell me specifically
what you are thinking about. You may use
;the pencil and paper provided on the desk

. ) . ‘
/in front of you, but remember to think out
loud for all of the probiems.

If, for any reason, you can't do some

of the problems, try to tell me why you think

4

RN,

At 1 PR e

2 )
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you can't do it. Likewise, if you

can't finish a prdblem, try to Epll me

why . ) .
I'm going to tape record all of

your thinking out loud.-and don't %orry

about time limits or the number of

questions that you get right or wrong.

Juét do your best. Do you have any

14

questions?

and start. Please remember to think
out loud when you are answering the
guestions.

Occasionally, during the time when' the student was

working on the problems, the observer would ask "What

- are you thinking about now?".. The observer would not

interrupt calculations, however, merely try to obtain

thought proceésses during times of seéeming inactivity.

A 5

o
The student's protocols werethen tape recorded
//

until»thé'sfgégg;/had/f;aicated tha£ he/she had ‘com-
pleted the problems. Dufkng the tests, questions were
sometimes asked by the student, but no direct answers
were given to indicate that one or another solution

strategy should be foi%owed. No further facts other than

those presented in the test paper were given to the stu-

dents at any t%me.

When all of the' tapes were collected, all of the

0.K. turn over the question sheet N

a
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individual protocols were transcribed word for word T
onto ééper. The individual protocols were than coded
according to the steps indicated by the task analysis

!

outlined in the previous chapter. .
Once these individual steps were established, the

tapes were re-played, and the reaction times for each of

the steps weri placed next to the agpropriate phrases in

thelprotocols. Reaction times were established. using a

stopwatch and recofdga‘to the nearest two tenths of a

second. The same person used ;he same timing mechanism -

for all the data in order to maintain some degree of con-

!

sistency.

Reaction times were only measured after the student
had read the guestion completely once. Any further re-
ferral to the question was included in the reaction times.

, As soon as a student reached the conclusion ta a

step of the strategy he/she had chosen, the time taken

to accomplish that particular step was recorded and the
time for any further steps was calibrated from that point.
The use\of a tape recorder with an instant st;;:start
mechanism proved invaluable for this type of reaction-time
data. .

fhs reliability of the feaction-time data should
be good since the accomélishment of a particular step in \
the éask is immediately recognizable from t?e subject's

verbalizations. As soon as the goal "number" of a parti-

cular step is heard by the observer, £He time of that step

RS T »;4.4173

S SINN
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is recorded immediately. Thus, the beginning of

/,

each step is not a subjective estimation by ‘the observer,

but rather a precise %&ping of a definite and distinct
period of processigg.

The timing of the steés in the various strategies
very often involves the process of what is often refefred

to as "chunking" (Miller, 1956). Two‘or more of the steps

involved in a particular strategy are grouped and timed as

a unit. This is done since it does not appear that these - -

steps occur,fgdividually in the strategies of the sample
in some cases. Since any attempt at breéking down the
chunks into their components would be impossible, the
chunks appear intact with a single time repfesenéing the

]
entire chunk.

Total times for each problem were also calculated !
for further comparisons among grade levels and individuals.
Allr of these protocols are listed alphabetically

according to grade level in Appendix II of this thesis.
Incorrect answers to individual problems are indicated
with a circle around the number of the problem. The
precise step where the error°occurred is indicated by

a large arrow in the left hand margin. A)summary of thex
number of errors mgde by each student, together with an
error analysi; will be found ih Chapter IV. The encoded

phfgses toéether with the times of each step in any

particular problem are found in Appendix I.
]
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CHAPTER 1V
RESULTS

The percentage of correct responses for the ten
queétions given on the test is presented in Table 5 on
the folléwing page. e

From these results, some in?eresting patterns
appear. There seems to be no difference among the three
groups of students concerning the basic symbolic problems.
Gradg 9 students fared poorly compared with the, éthe£
students in the two other grade levels on the story.
problems, and vet scored higher than the othef groups
on tge nqnsense problem®s. The grade 11 students scored y
higher than the other groups on the chemistry pro¢lems.
It is worthy of mention here, that both the grade 10
and grade 11 students Sould be familiar with the term-
inology used in the chemistry problems, even though

. ;.
a knowledgevof chemistry was unnecessary in arriving
at solutions to the two problems. '

A further breakdown of the ten problems appears
in Table 6. In this table, a summary of the number of®
errors per problem pef individual are detailed. 1It’'is
interesting to note that although the same types of

]

problems were given in the Symbolic Problem section of
n\
the test, (numbers 1 to 4), a practice effect seems to

¢

take place. Most errors were made on the first problem
(8 errors) and least erroxs were made on the fourth

problem (1 error), with four and five errors made on

-

e




Table 5

PERCENTAGE OF CORRECT RESPONSES AT EACH GRADE LEVEL

Symbolic Story Nonsense Chemistry
Problems Problems Problems Problems
*
G'":’ADEQ 19 42 92 33
6RADE 10 79 57 79 36
GRADE [1 71 58 75 75

_6 7—

N.B. These percentages are grouped accord%ng to correct
- kY

responses alone. Method 1s not a factor in-these figures.

o " e - . R e N T TN
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! Table 6 ) ) ) - i
\ ’ ,
SUMMARY OF ERRORS ¥
SUBJECT- ( QUESTION NUMBER
1 2 3 4 5 6 7 8 9 10 TOTAL .
VINCE R. T x X _ X X X 5
ROBERT M. X X X X 4
, JOHN K. X X “ 2.
* PAUL Y. X 1
e STAN./N. X X X X X X 6
JOHN N. X X X 3
SN AUV S NI : —_ \
GLENN R. X * X 2 3
PAULA L. X ° X 2 !
LEANNA V. X X X * X X X X 7
RUTH V. X X X X X X 6
ALLAN G. X X 2
ANGELA R. ! X X 2
SHARON P. | ! X X X 3
__________ S o ———— - — e
KAREN H. X X . X X X 5
-_TONY G. . X X s 2
JACKIE D. X X X X X X 6 .
DIANE Y. ] - X X 2
SUE W. X X ) 2
. PETER R. . X 1
_ —_—— —— ——te _—
TOTALS 8 4 5 1 9 9 7 0 8 12 63
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pioblems two and three respectively.

Problems 5 and 6, the Story Problems, seem to have

been difficult for all three grade levels with the grade

11 students having only two less errors -than the grade

9 students and one less than the grade 10 students. In

three cases, John K., Diane Y., and Peter R., the only

mistakes which were made on the test were in this section.

John K. and Diane Y. had both guestions incorrect and

Peter R. had one of thg guestions answered incorrectly.

Iﬁ the third section, Nonsense Problems, the grade

9 students performed markedly better than the other two

-4

grade levels, having only one error in this section.
is interesting to note that question number 8 of this
section was the only question which the entire sample

computed correctly. S \

) The last section, the Chemistry Problems, posed

-~
]

wabout eaqual difficﬁlty,for the grade 9 and 10 levels,
i

af ough the grade 10 students were familiar with the

termss\\:hree students in both grade 9 and grade 10
I

solved both*chemistry problems/incorrectly while none
of'the grade~nll students had more than one mistake in
the Chemistry P leem section,

The total number of problems answered by the 19
students was 190. Of the 190 problems, there were 63
problems solved incorrectly. fhis result clearly

indicates the difficulty which students in all threé

grade levels experience with ratio and prgoportion
~
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problems.

The six grade 9 students had a total of 21 errors

for an average error rate of 3.5; the seven grade 10 }

- /
students had a totél of 24 errors for an average error -
rate of 3.4; and; the six grade 11 students had a total
of 18 errors for an avegage e}rog raté\of 3.0. u

Median solution times for correct answeré were
taken for all pré@l%ps and appear in.summary form in
Table 7:ﬂ The inigg;l reading of the problem was excluded
from the median solution times.

From the results in Table 7 it seemg evident that
there is a definite interaction between semantic content
and gfgde level. For the Symbolic Problems, the solution
times decrease as grade level increases. On the other
hand, there does not seem to be any evidence of change as
a functidn of grade level for the Nonsense Problems.
Response times for the non-trivial séctions (Story Pro-
blems and ﬁhemistry Problems) increase as a function of
grade level.

“ Table 8 shows individual reaction times according
to problem as well as the median times of correct and

incorrect responses. It is worthy of note here that,

except for one particular case, the grade 10 median

‘scores for problems 9 and 10), the\fii:an solution

times follow the same pattern as that es

Table 7 which uses only correct responses as median times.

The number of problems having incomplete solutions

v

"
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Table 7

{

N Ry T SR
.

[ 4 -
, ~MEDIAN SOLUTION TIMES FOR CORRECT RESPONSES. (SECONDS) ,

Hia

. i
- ! ’ - Symbolic Story Nonsenge Chemistry bl ;L
. ~ Problems Problems Problems Problems !

X e

o

GRADE 9 42 67 74 \ , 132
GRADE 10 24 98 : 56 : 157 . : /

P 1 N R

GRADE I 19 125 61 172 ;

to
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! ‘ Table 8
_ _REACTION TIMES®
‘ ’ Question Number
-~ SUBJECT 1 2 3 4 5 6 7 8 9 10
Vince R. 42.0 32.8 93.2 33.6% 141.4% 135.2 241.6% 33,6 ,166.6% 373.0%
Robert M. 46.8 24.6* 69.8 35.0 81.6*% 86.4* . 103.0 78.6 167.8- 122, 8*x
John K. 28.8 ~ 9.8 80.4 15.2 42.6%  79.0% 70.0 40.0 62, 97.2
Paul Y. 44.8 46.4 13.4 13.5 101.6 122.4 99.0 , 48.6 190.6 » B4, 2k
Stan. N. 120.6%* . 33.4 123.2%  64.4 156.0%% 142.6%% 217.2 108.6 101.4%% 45 2%%*
John N. 19.5% “~68.6 62.0  -13.0 61.6 - 66.6 66.8 . 18.4 82.4% _ 107.4
MEDIAN 43.4 . 33,1 75.1  24.4  8l1.6  86.4  101.0 T 44.3 166.6  107.4
) K Glenn R. 19.6% 19:8 73.0 s18.6 109.0 124.4 94.4 ,65.0 243.6 522, 2%
. Paula L. 22.0 12.8 96.8% 15.6 86.4 99.6% 65.6 37.4 98.4 339.4
Leanna V. 37:6% 28.2% 58.4 40.6 75.2% 113.4%  106.0%* 30.6 61.0%% 113,0%%
Ruth V. 24.3 64.1%  54.2 26.8 59.3% T17.4% 33.6%% 39.2 56.0%% 38 Q%%
. Allan G. '41.2 25.0 ~62.6 31.0 121.2. 68.2 56.2 55.6 131.0% 297.6%
Angela R. 9.0% - 21.8 45.6 13.4 63.6 53.8 75.8 20.4, 100.4* 107.2
Sharon P. 30.4 13.8 61.5 16.8 125.0% 112.2 140.4*% 80.4  146.6 392,8%*
o ' “"MEDIAN 24.3 21.8 61.5 18.6 86?&.# 1122 75.8 « 39.2 131.0 318.5
Karen H. 11.0%, 23.0 64.4% 19.4 120.6 112.6% 218.2% 44.2 115.4 230.0%
Tony G. 111.4 21.4 50.6 12.2  178.4 112.4 165.4% 68.6 57.4 169.4%
Jackie D. 37.4% 21.0% 78.2%x 14.8 138.8 182,2% 84.8% 18.8 126.0% 281.6
Diane Y. 18.6  10.2 22.0 7.8 52.0%  66.4% 69.6  26.2 55.2 184.8
Sue W. 37.2%. "516.0 64.0%x 17.0 125.2 97.0 120.4 60.8 143.6 391.2
Peter R. . 24.8 13.8 93.4 , 15.6  149.2% 126.2 142.6  45.4  171.6 192,6
‘;* v
MEDIAN ~ 31.0 18.5 4.2 15.2 132.0 112.5 131.5 44.8 120.7  211.3
* Error **Incomplete Solution —-- not included in MEDIAN calculation
¢
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(} ) * indicates that the indi&i@ual did not know how to arrive
~ f ) s
. at the solution, either at the beginning of Qf probilem

or at some stage during the solution process. "Of the
g thirteen incomplete solution processes, three indivi- o

- ~ dupals, one from grade 9 and. two from grade 10, were 3

responsible for 10 of the problems. None of the grade

11 students left a problem unfihhshed.

‘ The types of solution strategies used by the nine-

R

teen students are broken down by individual problem in

s the following pages., All of the solution strategies

Wi

include oenly those problems which were ip the completion . :

i e

process. If the- - problem was started, but insufficient .
- & I} ;
information was deyveloped to determine a method, the *

strategy was completely?omitted.‘ The strategies in-
L4 ’ ’ -

[

W i

volved are either: N

a) Method A

Sub-Methgd (Equation)----Ae

ok L AT Rt

- b) Method A - Sub-Method (Unit)-=-—===== AU

c) Method B

Sub-Method (Equation)--~-Be

d) Method B - Sub-Method (Unit)--—----- Bu

- ~e) A combination of the Sub-Methods (a -~ d) .
e.g. Ae+ Bu would mean that the first part .,
of the problem was done using the A '
Method and the equation sub-method.
The second part of the prgblem was done
using Method B'and the unit sub-method.

Questions 1, 2, and 3 of the Symbolic Problems evoked

the same strategy, Method Aé‘ for all students in all three
. grade .levels.u The tables on the following ‘pages, Table 9, lOr,

and Table 11 indicate that six grade 9 students, seven

b 3
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o - ’ Table 9
, - ) " Use of Method and Format by Grade Level
. 3 . - Problem 1 - - Symbolic Problem Area
: METHOD A" ' p )
*  Sub-Method Grade 9 Grade 10. Grade 11,
. . ' - N- ¥ & of ,Exrrors N .° & of Errors N % of Errors
A} 1) . ki - v
-~ ) ) ‘ 6/// -
- . Ae : "33 7 42 - 6 -50°
’\/ ’ . < ﬂ R - . ’
° . s @ 1\:\ 1a?
& , 7 .
° - - ’ " R . , -
- ’ .. . Table 10 C, .
. A __-Use of Method and FormcaAt by Grade Level
‘e : ’ Problem 2 - - Symbolic Problem Area
°  METHOD.. ) ‘ o 10 G 1
’ Sub-Method n(jrade 9 ,\Gra'de 0 ) rade 11
- . N % of Errors N % of Errors N $ of Errors
- ~— ] . .;’nn
N . Ae 6. ]:,6 7 - 28 , "; 6 . 16
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. ¢ » Use of Method and Format by“Grade Level
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Table 11

-

METHOD
Sub-Method

e » ‘l._
n _-Problem 3 ~ - Symbolic Problem Area >

Grade 9

Grade 10

3

Gradg 11

°

N $ of Errors N % of Errors|. N a% of Errors
& | P e o
Ae 6 16 © 7 14 6 - 50
P 1"‘ o ®
. o Q )
o frable 12 "=

3

LI -

. Use of Method and.Format by Grade Level, .

o

) Problem 4 - - Symbolic. Problem Area -~ L
METHOD : “ . ) ’
Sub-yethod ) Gradecg . . G?ade 10 Grade 11 -
) N % of Errors N - % of Errors N % of Errors
Ae 2. .0 '3 0 2 7 0
Ae +RLT 4 25 4 ' -0 4 0
T o ,L -
. N } ~l ’ EK\ :
- @ ‘ ) .
- o j: o (
o ©
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grade 10, anpgd six grade 11 students all used Method Ae.
Two sérategies were used in problem 4. Although the
same method was used, Ae, the step RLT was included. RLT
indicates that the Jariaq;es were reduced to their lowest
terqs béfore Method Ae was applied. It can be seen En
Table 12 that the split among the stydents is approxi-
matedy equal. Half of the students used RLT and half did
not. The only exception is the grade 1l students who did

not use Method Ae and Ae + RLT to the same extent as the

\

grade 9 and 10 students.

Three different strategies were used in problem 5.

»

The grade 9 students used a combination of Methods A and
B with different sub-me®hods whereas the grade 10 and 11

students used Method Be with only two exceptions. Table 13

o]

clearly shows the discrepancy in methods used by the

three groups. ' .

LY

The solution st}ategies for problem 6 also varied along
the same lines as problem 5. The grade 10 and 11l students

;

used one distinct method, Method Ae, and the grgde 9

’

"students used a unit sub-method of a totally different

%o

method, Bu. There was some crossover amoig the three

groups, but there is a marke% difference between the

)

groups using the two strategies indiecated in Table 14.

It is also worthy of note that the grade 9 students

o

differed from the grade 10 and 11 students in a similar

t&pe of problem; both problems 5 and 6 were Stofy Problems.

* The strategies used by the groups of students for this

. . . o

%
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Table 13

Use of Method and Format by Grade Level
Problem 5 - - - Story Problem Area
. ° . METHOD : D '
s Sub-Method Grade 9 Grade 140 Grade 11
> N % of Erxrors N %2 of Errors| N % of Errofs
. Ae + Bu 4 100 1 . 100 0 0
Ae + Be 2 0 1 0 0 0
Be 0 0 5 40 6 33
& < Table 14 );/'
o A
Use of Method and Format by Grade Level A
N Problem 6 - - - Story Problem Area
METHOD
Sub - Method Grade 9 Grade 10 Grade 11
New, % of Errors N % of Errors | N % of Errors
- . " Bu | 4 75 2 50 B g 100 .
Ae 2 0 5 20 5 40
- .
- \
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type of problem are obviously different whereasjgo such
distinction was evident in the Symbolic Problem area,
(Questions 1 to 4).

Four dlfferent strategies were used to solve
probiem 7 in the Nonsense Problem area of the test As
Table 15 indicates, there was no distinct method or
strategy which any group of students favored at any
grade level. Most of the students seemed to use a com-
bipation of Methods A and“B to arrive at a solution.
Only three students, gne grade 10 student and two grade
11 studehts used one method totally (Be) to solve the
problem. A

L]

In the second Nonsense Problem, Table 16 indicates

a

that the sarfle method-is used by all of the students in the

three grade levels, but all of the grade 9 students used /

RLT, reducing the variables to their lowest terms, in order
to }irst simplify the problem. Half of the grade 10
students also found lt necessary to simplify the terms,
yet only one grade 11 student found this step necessary.
The grade 11 students ang Half og the grade 10 students
used a straight solution strategy (Ae) to solve the
problem. u

The solution strategies for question 9, the first
Chemistry Problem are ;ll non-combination sérategies.
Tabie 17 shows that equation methods, gither Ae or Be - 7

are used by all of the grade 10 and 11 studénts and two

of the graden9 students while a unit sub-method Bu,

»
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o Table 15 \\

v

Use of Method and Format by Grade Level g

Problem 7 - - Nonsense Problem Area »
Sugﬁggggod Grade 9 Grade 10 Grade 11
. : N_ $ of Errors N % of Errors N $.0f Errors
Au + Bg, 1 0 1 100 0 0
Ae + Be 3 33 1 0 3 66
Au + Bu 2 0 2 0 0 0
Be 0 0 1 0 2 0

} *not completed - two grade 10 studefits, one grade 11 student

Table 16

Use of Method and Format by Grade Level
f‘\

Problem 8 - - Nonsense Problem Area
METHOD Grade 9 Grade 10 Grade 11
Sub-Method N $ of Errors N $ of Errors N % of. Errors
Ae + RLT 6 0 3 0 1l 0
Ae 0 0 4 0 5 0 ¢«
a‘ ) o
— »

0

-, §
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Table 17

Use of Method and Format by Grade Level

S

Sugﬁﬁgggod Grade 9« Grade 10 Grade 11 )
N % of Errors N % of Errors N $ of Errors
Au = 3 ° 2 50 0 0 0 0
Ae + iBe 1 0 2 0 - 1 0
Be o . 0 2. 50 3 66
Ae + Be 0 0 | 0 1 0

*not completed - three grade

9, three grade 10, one grade 11, students.

~

—

Problem 9 - - Chemistry Problem Area
METHOD *
) Sub-Method Grade 9 Grade 10 “ Grade 11
_ N % of Errors N % of Errxorsg N % of Errors
& -
Bu 3 33 0 0 0 0
Ae 2 50 3 66 - 4 25
Be 0 0 2 0 2, 0
‘ *not completed - one grade 9 student, two grade 10 students &
) )
. ) h
Table 18 N
Use of Method and Format by Grade Level
—_ Problem 10 - Chemistry Problem Area ! /
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- sub-method at ledst once when a difficult problem was

14

/ -63=-

is preferred by three of the grade 9 students.
Problem 10, presented in Table 18, shows four

strategies being-used. ‘Similar to the strategies used

. in problem 9, grade 10 and 11 students use equation sub-

methods or combinations of eduation sub~methods, while,
with one exception, grade 9 students use a unit sub-
method (Au). ‘s

A further breakdown of methods and sub-methods ‘is

e

required, however, in order to show‘specifié patterns ‘of
usage which develop. Table 19‘provides a complete
analysis of strategy type usedoby each of the 19 students
for each of the 10 problems. Before analyzing the téEié;
however, it is necessary to recall that the use of a
unit sub-method in either Method A or Method B is an
established procedure, but needs much less of an under-
standin; of the ratio-ﬁroportion concept. Equation sub-
methods, on_ the other hand, reqﬁéﬁf the establishﬁent of )
more éophisticated ratios and a clear understa;ding of the ?
goai. ’ %
The overall pattern pf strategies used-to Sétack
the problems differs markedly among grade levels. Grade

9 students use some form of uniﬁ sub-method in 15 indi- o

\
vidual ¢ases. All of the grade 9 students used a unit

encountered. Grade 10 students used a unit sub~method
w . '
in 5 cases and grade ll students used a unit sub-method

in only/l individual case.

- P YoNvr N - v e )
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Table 19 .

ws - Use of Method and Sub-Method by Subject
’ SUBJECTS Broblem Nu;nber ) )
& 1 2 3 4 5 6 7 8 9 10
Jobn K. Ae Ae Ae Ae +RLT | Ae rBu | - Bu Au +Be | Ae *RLT | Bu Au - 3X
Robert M. Ae Ae Ae Ae ] Ae +Bu Bu Ae +Be | Ae +RLT | Bu | = ——e—ue
" John N. Ae Ae Ae Ae +CRLT Ae +Bé Bu Au ¢« Bu | Ae ’\}}LT Bu Au - 3X
) Stan. N. | Ae Ae _ Ae Ae Ae +Bu | Bu Ae +Be | Ae #RLT| === |~ —mmeme
Vince R. | Ae Ae Ae Ae »RLT | Ae +Bu | Ae Ae +Be | Ae +RLT | Ae Ae r 3Be
Paul Y. | Ae Ae Ae Ae +RLT | Ae rBe | Ae AucBu | Ae +RLT| Ae |  —————-
Allan G. | Ae Ae Ae Ae Ae +Be Bu Ae + Be Ae A%J Be_
Paula L. | Ae Ae Ae Ae +RLT Be Ae® Be Ae Ae Ae + 4Be
Sharon P.| Ae Ae Ae Ae +RLT | Ae +Bu Ae Au +Be | Ae +RLT | Be Ae » 3Be
* Glemn R. | Ae Ae Ae | Ae~BRLT| Be Ae AuwBu | Ae Be % % %
& . Angela R Ae Ae Ae Ae +RLT Be Ae Au r By | Ae +RLT | Ae , /“Be
Ruth V. Ae Ae Ae s Ae Be_ Ae | e %? |
e Leanna V.| Ae Ae Ae Ae Be_ Bu | e Ae +RLT | —~=~ | = ———=—
Jackie D.J Ae _Ae _Ae Ae -RLT | Be Bu Ae +Be | Ae +RLT| Ae Be
Tony G. "Ae - Ae Ae ) Ae rRLT Be Ae X Ae +Be Ae Ae _Be
Karen H. |_Ae Ae _Ae Ae Be Ae | mmme— Ae ° Be Be
Peter R. | Ae Ae Ae | Ae «RLT | Be Ze Be Ae Ae Be
Sue W. _Ae Ae _Ae Ae ~RLT Be Ae Ae r Be Ae Ae Ae + 3Be
Diane Y. | Ae Ae Ae Ae - Be. _Ae Be Ae Be Ae r Be

* % * many sub-methods

underlined - error

-Vg_
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Strategies whereﬁy combinations of methods and sub-

e e et ¢y e TR RIS

methods are used also differ among the three grade levels.

‘ Combinations of method and sub-method at the grade 9 level:

were used in 15 cases, exgluding the methods where RLT
was used, since RLT was not an individual sub-method
of either method, merely a single step to be used or re-

+  Jjected at any time during the §olution of a proSiem.w
Grade 10 students uéed combination methods and sub-methods
in 8 casesfxcluding RLT. Grade 11 students used combi-*
nations in only 5 individual cases. ) .

A breakdown of reaction times according to method
mﬁ and sub-method is presented in Table 20. 1In all cases f e
but problem 1, the median times for the incorrect‘probLems
were higher than the median times for the cgrrect answers.
o Thisdresult seems to suggest that slower processing times
seem to correlate positively with some degree of erforl
In all but two cases, (Problem 1 and 5, Method Be), '
median times for incorrect answers were higher than total

Q

median times for all methods and problems.

L R RS TIRRGATT SR R A S ete Xt

O -

Table 20 also indicates that problems 7 éndnlo both
used the highest number of meth and sub-methods (4) to
solve the problems. This seemsgiztindicate that these two
problems were considered more complex than the other eight.

[

Although no one particular method and sub-method was preferred

A S M S AP T O S Hp ey

for these problems over the three grade levels, equation
‘ sub-methods for either Method A or Method B were used in .

21 of 'the 28 solution attempts.

wey
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Tabte 20 -
§ Reaction Times for Method and Sub-Method
Problem Method Number of Number of Z of Median Time Median Time Median Time
Number Sub-Method Students Errors Errors Correct Ans. Incorrect Ans. All Ans-
B e 1 Ae 19 8" 42.1 30.4 25.9 32.0
2 Ae 19 4 21.0 17.2 24.1 17.2 - o
3 Ae 19 5- 26.3 59.7 75.2 60.8
4 Ae + RLT 12 1 8.3 15.0 33.6 15.1 5
v Ae 7 0 0 29.2 ——— 29.2
—5 .| Ae +Bu 5 5 100.0 —— 85.6. 85.6
Ae + Be 2/ - 0 0 76.6 — 76.6 \
- » Be 11 5 45.4 83.1 84.1 88.1 X
6 " Bu _ 7 5 71.4 69.0 111.0 97.4 ®
’ \ Ae 12 4 33.3 92.0 96.4° 92.7
7 Au #Be 2 1 50.0 31.8 140.4 86.1 °
. Ae r Be 7 3 42.8 88.4 140.0 101.3 i ~—
. Au r Bu 4 0 0 27.1, — 27.1 .
Be 3 0 0 68.6 — 68.6
8 Ae +RLT 10 0 0 32.6 —_—— 32.6
Ae - 9° 0 0 ) 41.2 —_— 41.2
9 Bu 3 0 o 75.2 —_— 75.2
Ae 9 4 44,4 102.0 126.4 123.6
10 Au %3 2 1 50.0 97.2 107.4 102.0
Ae r3Be 4 2 © 50.0 ° 309.2 345.2 257.9
Be 6 3 50.0 170.2 286.9 179.7 v
Ae rBe 1 0 .0 15878 —_— 153.8\é ] ’
T | , »
I — .
- | \
e
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ERROR ANALYSIS

" Tybes of errors for question number and individual -

’ * +

are presented in Table 21. The types of errors made by .

the saﬁ;le were divided into five specific qategories. ‘%

Multiplication errors (MULT.) indicate an error made in

computing one number times ano£her. Division errors (DIVwg

fnd§cate an error made in a long division process. A

processing error (PROC.)} occurs @hen an individual is . ;

A either unable tq‘s?t up correc? ratiosétg enable a ;olution
process to take plave, or the individual confuses the
variables. such that the ratios are incorrect. (RET.) in-
dicétes that an individual attempts thedproblém but gives ‘ .

13

up on the solution before estéblishing a strategy. Care-

-

less mistakes not covered by either arithmetic or processing
errors such as copying a number down incorrectly are in-

dicated by (C).

. L :
It is interesting to note that errors related to ,

strateqgy account for only one third of the errors made in

B4

all cases. Strategy errors are either processing errors,

-

(PROC.) or retiring from the problem, (RET.). Multipli-

P N TS - Voo N

. cation and division errors account for the remaining two -
{
thirds of the mistakes. Arithmetic errors are m?de up

of .either multiplication or division errors, with approx-'

o F2g

imately 50% of each type appearing in the errors. Since . 4
s b §
both multiplication and lels;on involve the 51mpler

processes of addition and subtractlon, it seems evident

that errors in the ratio and proportion problems presented

o
. o
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. % Table 21 -
« \ . .
. . TYPES OF ERRORS = . =+ ,
i - LT Question Number 4. T . .
S . . - - i . -
ubject | 1 2~ . 3., 4 5 . 6 7 8 9 10 - ‘
. . John K. - . . | munr. monT.|T - S ‘
. . Robert M.] - ° C~ - MULT.- MOULT. - RET. ¥
- g John N. PROC. - ) DIV. PROC. ;o
‘Stan. N. | DIV. DIV RET. RET.| - " RET. RET. ® %+ ~
P Vince R. ’ .o : DIV. DIV. PROC. DIV. DIV. - -
Paul .Y. g . N | RET. /
. [ -
Allan G. ‘ ’ o - : . - DIV] MULT.
~ | Paula L. | - DIV. - i *DIV. | .
> Sharon P. ; - . MULT. MULT. ¢ ! MULT. o ¥
"I0 Glenn R. | MULT. ] g ‘PROC. i
) . Angela R.; MULT. - - ' ) - ' i DIV.
. Ruth V. PROC. |~ PROC. MULT. |, RET.: ' RET. RET. T
Leanna V.. MULT. PROC. ‘ RET. MULT. RET. | RET. RET.
_ . Jackie D.| MULT. PROC. DIV. - MULT. | MULT. - | DIV.
‘ Tony G. o . . ! MULT. | DIV, '
L. Karen H. ¥ MULT. DIV. DIV. § RET.: . DIV.*
R [I. peter 'R. S 1 o-ct A B
.. Sue W. DIV. DIV. S | ! \
i Y. ’ DIV. .MULT. )
Dlan?_g . “ g - + ‘
19 MULT.....error in multiplication . Y )
20 DIV......error in division ' - .
. 8 PROC.....error in processing J
14 "RET.....- student retires from the problem .
2 « Coesssee..careless error not related to the above processes ' (
- . ¢ . -
- X 1
2 ® o . "
A Y ) . . ‘ .‘ A ) ;
F‘-'" ’“”T"’* ) ) _,g‘;’ ; X : Hine sy s #o sy ‘:,.y,,«““ et "“‘*"""‘:‘(“M’&gg@fé
:“m<l . ’ . 1 . e - -2 - B
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“of the 5 errorg made in that problem, and problem 4 has .

¥
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in this test can be seen as computational errors in 66% /

- v

of the cases.
s | el e

' It is also interesting to~note that processing errors

a

were responsible for:incorrect answers in 4 of the 5

¢

cases in problem’ 2 whereas the othe:r:"three problems "c,)f

«+that section have only computational errors. Problemsﬂ
5, 6, 7, 9, and 10 all have both procéssiné and computa-
‘ o

tional errors, with problem 8 having. no incorrect responses .

o 14

whatsoever. ?roblem.B_has division error making up all .

Coa L . . . . 4
a division error as its only mistake. Likewise, other than

those students who retired from the problem before com-
pletion, problem ? has division mistakes as the only errors.
The most imp7rtant point 1s that no studénts of the

nineteen students' tested solved all ten problems correctly.
Alsoi/saf fdct that there were 6§ errors out of a possible ?
190 correctfanswers indicates a substantial error rate in .

simple ratio and proportion problems. The hypothesis that n

'
.

ratio and proportion problems posed difficulties for high
° school students was”not,‘apparently; unfounded.’ Difficul- {

e v 7 ’ ) N 'g
ties in ratio and proportion were not merely limited i

one grade Jével. All‘things being equaI{ grade 11 students

should have had subétantially less errors than either th

grade 9 or grade lo‘studénti. This 'was not the case.

@

N ‘9 - .
Average~error rate per grade™level was almost equal, al-

~ N
. 'f'

though.different ﬁ%oblemsnposed particular difficulties
: : S

for various grade levels as the, results have shown. ‘
o b .
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" difficulty arises with the multiplication of these.two .

1&‘:70" ‘l h‘,' .
'+

The two areas which posed the most“difficultfayere ‘

the Story Problems and thé Chemistry Problems. There seem®

to be a decrease in error in these two areas,” however, with
> A .
o o \

increased grdde level. Thi's decrease’in error rate coupled. :

)

with increased solution path time seems tp be consistent A
. Ty ¢ H
with Larkin (1977) where a planninq-stage followed by, &

equatlon methods is used., Accordlng to individual strategles,

this seems to(be the case with the grade 11 students. X

- \ N 1
~ s o \
‘e N N A S ’ 1:

ARITHMETIC ,ERRORS ” . o -

’

' The arithmetic errors are evenly distributed over the ™ -3¢

three grade levels and are equally dlstrlbutedcbetween s o

!

multlpllcatlon and lelSlon erro?s. . An examlnatlon of the .

cma

protocols reveals some 1nterest1ng facts. concernlng 1n— .

- Problem 1, for example, has five

d1vxdual problems.

multiplication erroﬁsg

-

3 .
Protoésl analysis-.reveals that the

same error was made in all five cases. The.problem, 9

times 6, was 'ealculated incorrectly, suggesting perhaps ,

-

N IR W T e e R e RS

. + . ° .
retrieval from memory or interference

o
’Since multiplication tables .

a'lack of accurate
‘on this particular pf%blem.

are e‘ﬁemorf-task, it would seem that elther the tables B

were not practiged

N

sufflclently or/that some® specific

. numbers. . Thé answers 36 and 63 were given twiece each, and

48 was given once.

PR

Since this error was responsible for~
t b

over a 25% error rate on a Symkolic Problem, it woula seem
. B \\ ; / ,
to be an interesting area for further regegrchﬁ .

.i
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Problem 3 has five,6errors. and al@ of the errors are
division miscalculations. Similar to Problem 1, the same
. d ’
division error was made in all five cases. The proPplem

56 divided into 1400 was given as 23 twice, 22.9, 25.6,

)

and 2.5, Again, this,same error was responsible for over -

25% of the students getting the problem wrong. It would
seem that there are a number of problem areas here.

Since long division uses both subtraction and multipli-

@

. cation processes, an analysis of long division strategies

at the high school levéi might reveal some interesting data.

Question 6 reveals, after examining the individual
protocéls, that of the six multiplication errors made on

the problem, four errors were made on the'multiplication
< i

of 275 times 350y givingy various answers, and two errors

i

were made on the multiplication of 275 times 700. Again,

v

various elements of simple arithmetic could be responsible‘

J

for these errors which did not show up in the protocols.
‘Question 8 was the only(question which none 8f the
nineteen students erred on. Question 8, as was stated
previously;‘ﬁs'the/Word ?roblem which is most similar to
the Symbolichroblems (Numbers 1 to 4). Since it was

notedxthat a practice effect seemed to be occurring with
T

the Séﬁpdlic Prbblems, it could be postulated that this
T . A

' same practice effect was responsible for the lagk-of error

in Problem 8.
Finally, question 9 had fiVve division errors. Three'

of the five errors occurred with the problem 28 divided

\ N R

i B

o~
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into 770. 1In fact, all three students, when performing
the first operation of dividing 28 into 77 said three and
did éot notice their errar wheﬁ multiplying 28 times 3 in
the following step. All got less than 77 for the multi-
plication of 2& times 3. The other two division errors
were 4 into 22, and 14 into 385.
Division aqd multiplication misc;lculations wvere
responsible for 39 of the 63 errors accounted for; almos%
62%. Perhaps errors in basic arithmetic processes are- -
responsible’ for a great deal of what is assumed to be
processing errors in fatio and proportion problems.
Still.,, however, 22 errors out of 63, or almost 35% of the
errors were rétio—propo;tion érocessing errors. - These
errors were distributed over ten of the nineteen students
who hagstaken the .test. Thus, more than 50% of the studenits

made an error in conceptualizing the variables in one or

more of the problems.

RATIO-PROPORTION CONCEPT ERRORS (PROCESS ERRORS)

Of the 22 errors made by the students, four students,
two frém grade 9 and two from grade 10, were responsibie
for 16 of the errors. ‘Thus it seems clear that four
students, 6? more than 20% of the sample have great
difficulty with ratio and proportion problems. Process

errors were divided primarily among problems 2,7,9, and

10.

[y

An analysis of the process errors by problem will:

\/

i
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shed some light on the strategy areas which were not clearly

unlderstood by the students in general., More will be men-—

tioned of the individual students (four) at a later time.

Problem 2. was responsﬂble for four processing errorsy

An analysis of the protocols reveals that in all four casés,~

’

the fouf variables of the Symbolic Problem were c6nfused

so that obviously incorrect answers were put down simply
because the students foilowed a learned strategy and would
not doubt their answers. Answers such as 8 over 15 is equal
to 10 err 15 wduld not be challenged by the studehts. Th%s
phenomenon corresponds to Boulanger's (1976) findings on
intensive training of formal operationa} concepts to con-—
crete,oper;tional students. He found that the student mis-

trusted his own intuition and instead blindly followed a

teacher-induced mechanical formula. The same results did

- not occur with- the other three Symboi)c Problems, however,

which implies that the placement of the unkmown variable
could have been a determining factor. Rosenthal and
Resnick (1974) Eound that there was a difference in error
rate dépending upon the position of the unknown set. The
problem in tQig study had the unknown variable in an un-
usual position for a ratio problem. The three other types
of Symbolic'Problems afé usﬁally used more frequently. As
a- result, none ofatpe other Symbolic ﬁ;oblems had any pro-
cess errors whatsoever. '

As can bé seen in Table 21, none of the other 9 J°

problems had as many process errors. Other problems had

—
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many RET.'s which involved retiring from the problem be-
fore a strategy was either started or- completed.. Specifi-

cally, this involved probleﬁs 5, 7, 9, and 10. Question

G
2 seemed, . for some reason, to be 'a singular occurrence.
O0f the fourteen cases where the student retired from

the problem, three students: one grade 9 student and two

grade lO students were respon51ble for eleven of the cages.

‘These three students were also three of the four students

making the most concept errors. These;%m&ee students will

be discussed individually.

SN, RV, LV.

1

SN retired from both Story*ﬁ £ lems and both Chemistry

Bl

v
v

Problems, yet was able to cglculate correctly both Nonsense

Problems which were at least as difficult, if not more so,

.as the two Story Problems.” SN Had.no difficulty with the

, Symbolic Problems ekcept for two calculation errors, yet

when she attempted the Story Problems, she could not main-
tain the variables of the problem in theif correctare-/

lationship to each other. Contrary to Simon and Simon's
3 -

~

(1977) study concerning the novice<ewho kept creating
equations out of the variables involved, she would attempt

to unitize all the\yarlables and eventually confuse the

3

goal of the task

K

For problems 9 and 10, SN gave up after merely”reading

the problems over a number of times with the statement:

"I haven't the faintest idea.....you know that eh?"

#f

e

. i
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(f; This type of reaction s similar to that found by
{ u Kantowski (1977) whereby students would merely give up on

the problem instead of shifting strategies. XKantowski

& attributes this giving up to ejther a lack of pre-requisite .

knowledge, or to personality factors. A review of SN's

o

mathematics marks compared to tHe other students ‘chosen

. .
from her grade level reveals that the former might be the

ra
\ s -

case.
‘RV .and LV both have difficulties similar to SN's.

! o

Problems 7, 9, and 10.pose what RV and LV see as insur-

mountable problems because they are unable to see the re-

L S B

problems with the problems with which they haveri§3flculty.

‘ A LV, in problem Z;/éganges the’ variables from the nonsense

syllables to ho/ses and chlckens in an effort to concretlze

e : v
the varlables This effort also falled This seems to

’ lationship between the place:jit of varlables in former

place LV'in a concrete operational level of performance.

. , That she was able to solve other problems‘corfectl§ was

. o @ J
~ probably due to learned proceduresywhich she was able to /

“ apply. RV stated that she. could not do problems 7, 9, and

10 and proceeded to state that she had trouble controlling ‘
£ . " d@ N . N © \ !

\ X the variabies and their placement. Also, for problems 9

- and 10, she admitted that the Chemistry terms confused her.

- This would seem to be an obvious laack of the concept of

9

1]
ratio and proportion. Again, she was.able tg work @ﬁ the

\ former Symbolic Problems suc¢essfully, but probably with

the same learned strategy which she had used in similar

A
£




(“3 situations. Similar results occurred with LV on problems

9 and lq! but she was not affected by interference from the

- . 9

chemistry terminology.

\

CHAPTER V o o

GENERAL DISCUSSION

°

It is cldar from the previous chapter that one of the
mostgsélient features of the ratio and proportion problems
is that they pose a great deal of difficulty for all levels

« of high school students, particularly grades 9, 10 and 1l.
, 0

The word problems seemed to be more difficult to solv¥ o

L3

than the symbolic problems, and the,Storf Problems as® well as ;

!

the Chemistry Problems seemed to cause the most confusion

ot

of* all.. Arithmetic errors were the cause of the ‘majority

of mistakes on the problems, yet process errors were still

evident-in more than half of the individual protocols,

,.
e e A LUz s

Reabtiqn time ?atafdirecély linked to straéegy ]
g type éccounps for large discrepancies in solution path
times among the three groups. While one might have ex-
pected the grade 11 students to process information much
more rapidly than the grade 9 students, the reverse seemed

‘ £, to occur. An analysis of the more difficult word problems ¥

o

revealed strategy dlfferences whlch accounted for a
g . i ).
, plannlnc st&%e which the gyrade 11 students used which %

‘\\\\\Q was not ev1dent in the protocols ¢f the other two gradek\
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It should be noted here, that conventional §ignificance

'tests were not performed because Qf the small and highly

variable number of observations in each cell which would -
~ N A o

somewhat negate adeguate statistical conclusions. 1T&lsof<\v
the problems were not linguistically isomorphic nor mathe-

matically equal in difficulty so a detailed analysis of
pooled scores might be misleading. The information dealing
kY ° °
Y
with strategy type was considered of more immediate im-

portance in this the51s and thus-individual protocol analy-

sis seemed to be more conducive to this type of study

Strategy differences were the most interesting aspect,

o .

¢
of the research. and most of the evidence collected from the

o [}
protocols revealed relationships existing among the areas

-

of error, reaction rate, and strategy type. \ ‘ L

» ;.‘3 *
All three grade levels used a basic equation sub=-

[N

method of Method A °for the first three Symbolig, Problems.
The foeurth Symbolic Problem uses an identical strategy
except for the factlthat twelve of the nine£een students
reduced the variables before applying the strategy. Thus,

the same strategy is used for all %our Symbolic Problemns.

1
"

P

The strategies used in the word problems‘were not \

as precise, in many cases, insofar as there was not, one
o - . N

single strategy used in the solution procedures. Ques-
* i .

‘tion 5, a Story Problem, shows a distinct strategy

differential appearing among the students of the three

o

*

grade }evels. 4.
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STRATEGIES: A FUNCTION OF GRADE LEVEL

The grade 9 students use combinationhstrategfes of

°

Ae and githe; Be or Bu. Remember that Meéhod Bu is a
ugit sub-method which is not as sophistiéated as the
Lequatioﬁ sub-method for solving a problem. MethodaBu~
requires less of, an understanding of the concept of ratio

and proportion and relies more upon a standard learned |

Q

procedure of reducing the variables to unitd and then

\

incrementing the appropriate unit to whatever number is

required. . ]
]

Grade 10 and 11 students tuse, for the most part,
Method Be which is an equation sub-method using six
I%ariables and' requiring a precise grasp of ratio and n
proportion as a concept. nwhat seems evidénﬁ, is a‘de-
velopmeﬂtal trend from grades 9 to 11 wheéeby specific’
thought processes evolve either throﬁgh practice and ex-
posure or through intellectual maturity. This trend seems
to be the most ssalient feature of the ddta whféh seems to be
supported consistenti& throughout the range of guestions '

on ratio and proportion as well as being strongly supported

.by grade level comparisoné.

This hypothesis seems not inconsistent with Piaget's
£ Py L , . ‘
(1977) later writings. Piaget maintains that the stage
. .
ofi formal operations is reached somewhere between the ages

of eleven and twenty, depending upon the student's aptitude

or specialization (advanced studies or apprenticeship).

Piaget‘continues//however, that the manner in which the

>

r - - +
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structures are used could be| different in many cases.

Thus, there ts a possibility that grade 9 students and

some grade 710 students have not adequately incorporated

the ratio and proportion concept, yet they are still

\ capable of achieving a ssatisfactory conclusion to a-pro-

\,

“blem £hrough a rote procedure which has served them in the -

past in similar situations. .

- An alternative developmental framework which seems

N
to explain this difference 'in.strategy more precisely

is provided by Siegler (1979) in an extensive discussion on

e i v e

=

-

developmental seaquences. According to Si;gler, competence
can be correlated with strategy type instead ¢f relying
totally on a Piagetian type of developmental maturity.

Thus, processing conceptual variables in different ways

B R

can be seen as a norm for measuring developmental compe-"~ i

1
1 4
tence. The Piagetian framework does not seem to allow for : ;-
initial, intermed%ate and final competencies of a specific

concept, whereas giegler views develppment as being linked ~

s consistently with the tibe of strategy used in these .

e o o

different areas of competence.
P - ‘ Question 6 exhibits the identical trend whereby a

id unit sub-method (Bu) is used more extensively by the grade

9 students and an equation sub-method (Ae) is favored by

°

the grade 10 and 11 students. Curiosity ébgut wheth;r the

-

. more sophisticated equation procedure for ratio and
- . * . e ’ ) .
' (} ; proportion problems was taught in the later grades was

aroused. After 'questioning the teachers and the mathematiés

e

P . . < - - ] LY

#
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(}A ’ department head at the high school', "it was found that no
o4

o 85 Al

such procedure was introduced. In fact, the topic of ratio

and proportion as a'specific area of concentration had -been

—

VDD, A S 3

dropped from the mathematics curriculum four years previous

to the present study. y %
!
° l/\ . /A é
s STRATEGIES IN THE NONSENSE PROBLEM AREA % )
r The types of methods used in the Nonsense~Problem area :
3

‘ differ greatly. Questioq 7, a problem involving the man-
' ipulatio;hof‘sﬁx variables, sees a gradual progression in X
types of method There seems to be a developmental trend
takjpng place simllar to that in the Story Problem area

mentioned previously, but’not to as great an extent. . ;

. Grade 10 students seem to be vascillating between unit

P SR T

t " vand equation suq-methods, similar to the grade %gstudents.

14

ety

Grade 11 students, however, use only an equation sub-method
- of either methods A or B. This evidence-seems to.-lend more

support to the developmental hypothesis proposed earlier.

The grade 10 students, in this case, seem to be mov1ng

towards an equatlon type strategy such as that used by the

4

grade 11 students, and away from a unit strategyipre-

dominantly favored by the' grade 9 students.

I

B -
T
°

“STRATEGIES IN THE CHEMISTRY PROBLEM AREA

In the Chemistry Problem area, the unit sub-method
is adopted primarily by the grade 9 students, and the -

: equation gyb-method by the/gréde 11 students‘With the-

¥
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grade 10 students using either equation sub-methods, unit

°

sub-methods,qor combinations thereof.

ve
.

<

CONCLUSIONS ON STRATEGY VARIANCE .

The evidence seems relatively cléar. Something like
Piaget's notion of a developmental structure evolving ‘
betwegn adolescence and eariy adulthood, or Siegler's
notion of a strategy shift s;ems to be supported. Th;
use of a somewhat more sophisticated strategy, the equation
sub-method, by the olderustudents seems tb indicate that
these students are capable of abstrécting“the éossible
variables from a problem at the outset of the sirategy
and arevcépablg of arranging those variables into workable
équation§. In effect, the older students seem to be’able
to set up subordinate goal structures while still keeéing
the ﬁltimate goal in view, . The younger students, using
the unit sub-method, seemcless capableﬂof deducing what
should be the final goal at the outset of the problem. As
a result, subordinate goals are arranged in order to guide"

- "
further thinking towards the final goal. This is very simi-

.

lar to Simon-and Simon's (1977) findings in the area of
expert-novice performance an ph&sics problems. Subordinate '
goal structures in the problemslworked on by the expert

were set up in a sipil;r fashion to the way the grade 11
students solved the ratio and préportion problems. Like~
wise, Newellvand Simon's (1972) findings régardingﬂsub—

L™
oXdinate goal structures in problems on cryptarithmetic

¥
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.
and~the Tower of Hanoi problem also p;ovide almost f o
identical s;rategy patterns. Thus, the most effecti&e
processes used in ratio and proportion problems seem to

be more readily avéilable for use in the older stu&enéén

than in the younger ones. The students using the unit

sub-method seem to see ratio and proportion p2Zoblems as,

" being solved by a reduction process whereby the concept

seems less formally defined in their thinking.

Further, evidence aiong the lines of strategies used
in this area is needed.“h;f these strategies are truly
developmental, then similar differences should arise inw
other problem~soléing areas other than mathematical
computation. It would be interesting to evaluate solution

’

protocols in related areas of problem solving.

1 o t
SQLUTION TIMES .

The decision was made to conclude the research for
this thesis at the stratégy isolation stgge. A procesg
moéel for‘the strategies needs further detailed ahalysis
of the individual protocols which will be concluded ?t
a later time. Some in-depth analysis has been done,mhow-
ever, on these protocols in ceréain specific areas of
interest wgich will be mentioned. It is useful to con-

sider certain features of these protocols in order to

explain specific dis%repancies especially regarding *

¥

-

] ﬁ ! A 0
solution 'times.

-

The median solution times for correct responses to

' -
-
N
4 3 ]
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L Thé two areas of specific interest are the Story

-

- 3

all four types of problems indicate a direct relationship

¢

between semantic content and grade iével._ The mean times

for the Symbolic Problems suggest that the grade 11 'students

>

-
@

can process the information and rapidly calculate an appro-

priate response much more gquickly than #the grade 9 students,ﬂ
as midht be expected. Even though the same strategy'ii Lo
' ;

rused for-the Symbolic Problems, a practice effect seems

eviﬁen£ where5§ proficiency in this type of problem increases

{ 4
with age and grade level.» Somewhat similar data occurs in
e L \ g

< x

tHe Nonsense Problem area.’ Speed increases from the gradg

N

9 ievel to the grade lgmievel but decreases slightly at

[

the érade 11 ievel, Upon careful examinagion“of the pro-

tocols, this decreasg in speed is due directly to the .

(

strategy used by the gf?de 11' students in not using §LT,

(reducing the variables) before applying the equation sub-

¢ . v

method. This accounts for the slight discrepancy seen in

the Nonsense Problem area. .

STORY PROBLEMS AND CHEMISTRY PROéLﬁhS

”

Problems and the Chemistry Problems. Tpése)two areas
‘decrease in reaction time according to g&ade level,
directly contrary to the Symbolic and Noq§en§e ProbleT' e
areas, ‘in examination of thé protocols 'in theﬂétory I
Problem area revéals some interesting~%xplahations.fqr
this somewhat unexpected turnabout. ‘It would seem that ,
. the 'reaction times for thewgrAde«9'studeh;5‘qhit .total -

L
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‘3; of 7 out of 12 reaction times because of error. It is

-

also—interesting to note that all of these errors occ%r{id

’ in a unit sub-method approach to the problem. Strategy
TR ) )

Ae Be was used by the grade 9 students and only one grade \\\

A

[ %
yégzyudent for problem number 5. This strategy resulted
in¥an accurate afd time-saving procedure. The grade 10

. and ;l studentg, but for the one exception mentioned, used
’ a strategy with fewer steps (Be), but with a longer solution

~ time. Similarly, problem 6 has parallel findings. More

grade 9 an; lO,students.used a unit sub-method (Bu) than

C did the gréde 1ls (Ae).a Again, Method Ae has fewer steps

in the strateqgy, yet seems t? have taken. more time. This

may be because the protocols revealed that in both cases,

problems 5 and 6, the grade 1l students and _the grade 10

/ students who used the same strategy; took much longer in
-setting up the variables before proceeding with the pro-

, >
¥blem solution.

The discrepancies between f$rades 9 and 10 can |be
explained by the combinations of grade 9 and 11 st ;tegies
used by éhe grade 10 students. Grade 10 students who

SN uskd the same strategies as the grade 11 students con-
v - tributed.to a higher reaction time for the enéire grade

.1§ve;. ¥

(%)

1

Similar reaction time differences occur in the~
Chemistry Problem area. In question 9, grade 9 students

! use predominantly & unit sub-method (Bu). An examination

O
of the*“protocols reveals that the unit:method used by the

-
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grade 9 students takes just over half the time that the
s

S

other:two methods used in this p}oblem take, (Ae and Be). )
. ¥ T

The time factor is againh directxy linked to the amount of

B ‘ ‘“

time needed for the grade 11 stuéents and some grade 10

students to set up the preliminary ratios. ‘The first

step gdZEQe unit sub-method used by the grade 9 students

PR
- s

has a medi %}time of less than half the time taken by the . -

dthef two méthods. o “
Problem 10 shows similar occurrences. Thergrade 9 -

‘students ESed a unit‘subfmethod in 2 of 3 cases while the 3

grade 10 and 11 students used an equation sub-method _ :

[

E A

e

steps). The unit sub~method solution times were at

e

the very least, 56 seconds faster than any of the other
stFategies used. This accounts for thé idw Jledian solution
times in Table 8 for the grade 9 s§ydents.

Similar discrgpancies such as thdse pointed out

for ﬁroblem 9 also account for the di’fferencé between .

SRR R I N R A,

the grade 10 and 11 students. .
"

These results are reminiscent of those of Simon and
Simon (1977), and Larkin (1977) whereby a planning stage /
was used by the expert before generating mathematical
equations. This planning stage in the present study,
however, is not done by an expert as is the case in
{£é£gin's and Simon,and Simon's studies.; This discrepancy

v

%ﬁcouid result in the grade 11 dtudents taking more time to

¢! -
set up the ratios involved. Perhap$, with sufficient
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practice, this planning’stage wofild be:greatly reduced

in time. \
CONCLUSION .
* These reaction time results continue to support so&e
form of developmental difference in strategy. BStrategy
‘type and.reaction time seem to be inter-related b;tg for
the Symbolic and Nonsense areas on one éextreme, and for the
Stbry and Chemistry Problem areas on the other.
In this study, it may be evident that the strategy
type used by students at various levels of performance ig
a useful indicator of conceptual attainment. It was noted
that grade 9 students used a unit sub-method strategy;
'grade 10 students used half a unit sub-method and half an
equation ‘sub-method strategy; and the’gréde 11 studen%;

&
- used almost entirely an equation sub-method strategy.

w

Development of‘fit':he concept of ratio and proportion can

also be- seen in the absence of process errors by the

.

o
Y]

grade 11 students. In effect, there seems to be a direct

relationship £étween strategy type and number of process
errors. ‘ .
The examination of the subject ﬁrotocolsthas seemed
to be a consistent and accurate metbod of determining
?oth learning methods of students at various grade'levels,
as well as deterﬁining the typés of strategies with which
the students are familiar. It would seem that teaching

LY

methods adapted to the strategies for solving ratio and
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s

prbportion problems which the students use, would be more
6
effective in promoting development of the concept. Further-

"

more, conceptual development might be inferred from the

,

type of straEegy which the Et/udent uses in solving problems.

K]

1

" oot
b4 b LR A sty s T v Rl s v el T S Al ]
s




-

TS PR,

- e ot eex

-88- ‘ w Ly
BIBLIOGRAPHY T

Akin, 0., and W.G. ChHase. Quantification of\ 3-Dimensional

Structures. Paper presented at the meeting of the Mid-
western Psychology Association, Chicago,.l1976.
Aide.nnan, D.L. Tree Searching and Student ®#roblem Solving.

Journal of Educational Psychology, 1978, 70, 209 - 217.

Beckwith, M. and F. Restle. Processes of Enumeration. _P}_sx:_l'_g-

1

logical Review, 1966, 73, 437 - 444.

Bhaskar, R., and H.A. Simon. Problem Solving in Semantically Rich

Damains: An Example fram Engineering Thermodynamics. Cogpi tive
) ) v D .
s SCienCe, 1977, i’ 193 - 215.

Bobrow, D.G. Natural Language Input for a Computer Problem-Solving

System. In M. Minsky (Ed.), Semantic Information Processing.
Cambridge, Mass.: MIT Press, 1968.
Boulanger, F.D. The Effects of Training in the Proportional Reason-

‘ ing Associated with the Cohcept of Speed. Journal 'of Research
in Science Teaching, 1976, 13, 145 - 154.

Broadbent, D.E. The Well Ordered Mind. The American Educational

Research Journal, 1966, 3, 28l - 295.

Broadbent, D.E. The Magic Number Seven After Fifteen Years. In A.
Kennedy and A. Wilkes (Eds.), Studies in Lofg Term Memory.

New York: John Wiley and Sons, 1975.
Brown, G.W. and L.B. Kinney. Let's Teach Them About Ratio. Mathe-

matics Teacher, 1973, 66, 352 - 355.

Bundy, A. Analysing Mathematical Proofs (or Reading Between The
Lines). Department of Artificial Intelligence Research Memo

No. 2, Edinburgh, 1975. ‘ -

A

N o " . -
BRI L n L s )

T

N

e elins, QORI G R R e 1

-

st e PR S h L %5 G




NET T [ “n . . I N N -
Bt EF ere g w oMb SNy v R ARt g ey B I e v T NI I ,;x

789— -

Buswell, G.T. and L. John. Diagnostic ‘Studies in Arithmetic. | ‘

¢ {

Chicago: 'University of Chicago Press, 1956.
Chase, W.G. Elementary Information Processes. In W.K. Estes, (E4.),

Handbook of Learning and Cognitive Processes, Vol. 5. New
-~

York: John Wiley and Sons, 1978.

{

Chase, W.G. and H.A. Simon. Perception in Chess. Cognitive

Psychology, 1973, 4, 55 - 81. . 3

Chase, W.G. and H.A. Sinon. The Mind's Eye in Chess. In W.G. Chase . A

‘ (Ed.) , Visual Information Processing. New York: Academic Press,

Nt

1973.
Chi, M.T.H., and D. Klahr. Span and Rate of Apprehension in Children

and Adults. Jowrnal of Experimental Child %Jﬂx, 1975,
N

N e o TR ae

r

19, 434 - 439. 3
A . ' # )
Cloutier, R. and M.L. Goldschmid.® Individual Differences in the 3
Va ‘ Development of Formal Reasoning. Child Development, 1976, .
47, 1097 - 1102. ¢
Days, H.C.; G. Kulm, and G.H. Wheatley. Problem Sti'uctures, Cogni-
tive level, and Problem Sclving Performance. Journal for Re-
i search in Mathematics Education, 1979, 9, 135 ~ 146. | - e s

DeGroot, A:D. Perception and Memory Versus Thought: Same 01d Ideas
o .

m\ and Recent Findings. In B. Kleinmmtz (Ed.), Problem Solving:

Research, Method and Theory. New York: John Wiley and Sans,
1966. 1

o

. ’ . ¥
Donders, F.C. On the Speed.of Mental Processes. Acta Psyghologica,

- 1969, 30, 412 - 443. (Translated fram the driginal by W.G.
Koster——1868, 'I‘weede Ee;;ks, II1,-92 - 120. T .
< ' 653 ) [ A
¥ " \ “ s L)

.



ot g s

.

| -%0-
! e !

Duncker, K. On Problem Solving. 'ﬁ'éyc:hological NBnographs, 1945,

58, (No. 270).
Egan, D.E. and'J.G. Greeno. Theory of Rule Induction: Knowledge ac-
quired in Concept Learning, Serial Pattern Learning, and

/ ,
Problem Solving. In L.W. Gregg (Ed.), Knowledge and Cogni-

tiorig Hillsdale, New Jersey: Lawrence Erlebaum Assoc., l'974.
Elkind, D. Quality Conceptions in College Students. Journal of

!

"Sdcial Psychology, 1962, 57, 459 - 465.

Ericssén, K.A. Ir}struction to Verbalize as a Means to. Study Problem '

? Solvi_r;g Processes with the 8--Puzzle: A Preliminary Study
* (No. 458). Stockholm: The University of Stockholm, 1975.
Fischbein, E., I. Pampu, and I. Minzat. Camparison of Ratios and the

¢

Chance Concept in Children. ild Development, 1970, 41,
! )

377 - 389.

Gagné, R.M. Ilearning and Proficiency in Mathematics. The Mathe-

matics Teacher, 1963, Dec., 620 - 626.

Gagné, R.M. Learning Hierarchies. Educational Psychologist, 1968,
6, 1 - 9.

Gagn&, R.M. The Acquisition of Knowledge. Psychological Reviéw,

1962, 69, 355 - 365. ‘ .
Glaser, R. and L. Resnick. Instructional Psychology. In P.H.

Mussen and M.R. Rosenzweig (Eds.), Annual Review of Psych-

Y

%

o ology, 1972, 23, 207 - 276. - 1

Greeno, J.G. Indefinite Goals in Well-Structured Problems. Psych-
ological Review, 1976, 83, 479 -.491.

\ p .

Greeno, J.G. Somg Examples of Cognitive Task Analysis with Instruc-

\

=\



' -91-
tional Implicati{)ns. Paper presented at ONR/NPRDC Conference,

? San Diego, 1978.
Greeno, J.G., M.E. Magone, and S. Chaiklin. Theory of Set and

7

Constructions in Problem Solving. Pittsburgh: University of °

b Pittsburgh, Learning Research and Development Center, in press.
"Gregg. L.W. Internal Representations of Sequential Concepts. In B,

: Kleinmuntz (Ed.), Concepts and the Structure of Memory. New

York: John Wiley and Sons, 1967.
Gregé, L.W. Methods and Models for Task Analysis in Instructional

Design. In D. Klahr (Ed.), Cognition and Instruction. New :

RS -

York: John Wiley and Sons, 1976.

e

Grde.n, G.J., and J.M. Parkman. A Chronametric Analysis of Simple

Addition., Psychological Review, 1972, 79, 329 - 343.

Groen, G.J., and M. Poll. Subtraction and the Solution of Open i

Sentence Problems. Journal of Experimental Child Psychology,

e

y 1973, 16, 292 - 302. §
_Herron, J.D. and G.H. Wheatley. A Unit Factor for Solving Proportion ?

- Problems. Mathematics Teacher, 1978, 71, 18 - 21. -
Hoemann, H.W. and B.M. Ross. .Children's Lmde:r:standj_ng\of Problem |

Concepts. Child Development, 1971, 42, 221 - 236.
Iphelder, B. and J. Piaget. The Growth of Logical Thinking from Child- g

hood to Adulthood. New York: Basic Books, 1958. i

Kantowski, M.G. Processes Involved in Mathematical Problem Solving.

Journal for Research im Mathematical Bducation, 1977, 7, 163 -

179.

Karplus, ‘R., and R.W. Peterson. Intelligent Development Beyond




-~

-—9‘2_ ' " : )

Elementary School II: Ratio, A Survey. School Science and

Mathematics, 1970, 70, 813 - 820.

i

Rarplus, E.F., R. Karplus, and W. Wollman. Intellectual Development

!

Beyond Elementary School IV: Ration the Influence of Cognitive

Style. School Science and Mathematics, 1974, 74, 476 - 482.

Karplus, R, and E. Karplus, M. Formisano, and A.C. Paulsen. A
Survey of Proportional Reasoning and Control of Variables in

Seven Countries. Journal of Research in Science Teaching,

1977, 14, 411 - 417.

Klahr, D. and J.G. Wallace. Cognitive Development. New York: John
Wiley and Sons, 1976. ‘
Kulm, G. and H. Days. Informatjon Transfer in Splving Problems. .

Journal for Research in Mathematics Education, 1979, March,

" 94 - 102.

Larkin, J.H. Problem Solving in Physics. Technical Report, Group in
Science and Mathematics and Education, University of California

at Berkeley, 1977a.

. Larkin, J.H. Skilled Problem Solving in Physics: A Hierarchical
I4

Planning Model. Unpublished Manuscript, University of Cali-

fornia at Berkeley, 1977b.
Larkin, J., J. McDermott, D.P. Simon, and H.A. Simon. Expert and

Novice Performance in Solving Physics Problems. C.I.P.

. Vi -
working paper No. 410, 1979. d —

Larkin, J.H., J.I. Heller, and J.G. Greeno. Instructional Implica-

]
tions of Research on Problem Solving. In W.J. McKeachie /,(E:d) '
- 7

Y
1
.
.

Leaming, Qoénition and College Teaching. San F:ancism> {'\#NM/~~ ‘\

¥
N t

Y
\\_/

[
v

AR e s s e

o e



VB ey - e = = e e

o>

|
A agrereeeers g SR o F e Spne g g e PPyt omm gl g
N

_93_
-
Jossey-Bass, in press. L
Iovell, K. Problems Associated with Formal Thought and Its

Asses t. In D. Green, M. Ford, and G. Flammer (Eds.), ’

MeasuraLent and i?iaget. New York: McGraw-Hill; 1971.
r

Mayer, R.E. isition Processes and Resilience under Varying

Testing Conditions for Structurally Different Problem~Sclving

Prpcedurss. Journal of Educational Psychology, 1974, 66,

644 ~ 656. . £

&

Mayer, R.E. Effects of Prior Testlike Events and Meaningfulness of
Information on Mumeric and Comparative Reasoning. Journal of

Educational Psychology, 1978, 70, 29 - 38.

Mayer, R.E. and J.G. Greeno. Effects of Maaningfhlness and Organi-

f
zation on Problem Solving and Camputability Judgements.

Memory and Cognition, 1975, 3, 356 - 362. *

Miller, G.A. The Magical Nuwber Seven, Plus or Minus Two: Same
1

Limits on our Capacity for Processing Information. Psycho-

logical Review, 1956, 63, 81 - 97.

Newell, A. Productlon Systans Models of Control Structures. In

W.G. Chase (Ed. ), VJ.sual Information Processing. New York:

AN .
Academic Press, 1973.

Newell, A. On the Analysis of Human Problem—Solving Protocols. In
P.N. Johnson-Laird and P.C. Wason (Eds.), Thinking. Lgmdon:
Cambrldge University Press, 1977.

NewelI,A J.C. Shaw, and H.A. gm ElenentsofaTheoryof

Human Problem Solving. Psychological Review, 1958, 65,

151 - 1e6.

—~y

Ry g NIRRT R A, T g R MR AN AR Py F o

!

o
25

£
§
i
]
’
3
H

P
At g
o
E
-+

A‘U

O -l - s T N R R N SN, g L.

e

e &




Hoef e TG o

]

’

P AT, o

»

. -94- \

v

Newell, A. and H.A. Simon. Human-Problem Solving. Englewood Cliffg,

New Jersey: Prentice-Hall, 1972.

7
Paige, J.M. and H.A. Simon. Cognitive Processes in Solving Algebra

M LI
‘Word Problems. P:n B. Kleinmuntz (Ed.), Problem Solving Re-

&
search, Method and Theory. New York: John Wiley and Sons,

-~ 1966.

arkman, J.M. and G.J. Groen. Temporal Aspects of Simple Addition

and Comparison. Journal of Experimental Psychology, 1971,

Piaget, J, and'B. Inhelder. The Child's Conception of Space, tranms.

by F.J. Langdon and J.L. Lunzer. London: Routledge and Keegan-~
Paul, 1956.

o
Reed, S.K., G.W. Ernst and R. Baneriji. The Role of Analogy in Trans-

fer Between Similar Problem States. Cognitive Psychology,

-

1974, 6, 436 - 450.

Resnick, L.B. Task Analysis in Instructional Design: Same Cases

. fram Mathematics. In D. Klahr {Ed.), Cognition and Instruction.
New York: John Wiley and Sons, 1976.
Restle, F. Speed of Adding and Camparing Mumbers. Journal of
Experimental Psychology, 1970, 83, 274 - 278. ’
f

Rogers, P.W. A Test of Piaget's Metric Proportionality Construct

Using Ordering Thgory. Journal of Research in Science Teaching,

I
H

1977, 14, 499 - 506. ‘ 1

-

Rosenthal, D.J.A. and L.B. Resnick. Children's Solution Processes

~
i

in Arithmetic Word Prcblems. Journal of Educational Psychology, N

1974, 66, 817 - 825.

el




-95~

~
g

Schoenfeld, A. Problem Solving Strategies in College Level Mathe-
“  matics. Technical Repox:t, Group' in Science and Mathematics
Bducation, University of California at Berke]{.rey, 1978.
Siegler, R.S. How Can We Know When We Know What'We Know: The Issue
of Develommental Sequences. Unpublished Manuscript, Carnegie-
‘Mellon University, 1979. , | ¢
Simon, H.A. The Theory of Problem Solving. In C.V. Fr\e\{\\an (E4.),

4

Information Processing 71. Amsterdam: North-Holland, 1972,

Simori, H.A. How Big is a Chunk? Science, 1974, 183, 482 ~ 488.

J —_—

Simon, H.A. Identifying Basic Abilities Underlying Intelligent
Performance of Camplex Tasks. In L.B. Resnick (Ed.) , The

Nature of Intelligence. New York: John Wiley and Sons; 1976.

#

- 8imon, H.A. and K. Gilmartin. A Simulation of Memory for Chess Pieces.

Cognitive Psychology, 1973, 5, 29 - 46.

Simon, H.A. and J.R. Hayes. The Understanding Process: Problem Iso-

morphs. Cognitive Psychology, 1976, 8, 165 - .190. .
Simon, H.A. and S.K. Reed. Modeling Strategy Shifts in a Problem-

Solving Task. Cognitive Psychology, 1976, 8, 86 ~ 97.

Simon, D.P. and H.A. Simon. Individual Differences in Solving Physics
Problems. C.I.P. Working Paper No. 342, 1977.
Sternbery, S. Memory Scanning: Mental Processes Revealed by Reaction

Time Experiments. American Scientist, 1969, 57, 421 - 457.

Suppes, P. and G. Groen. Same Counting Models for First Grade Per-

- formance on Simple Addition Facts. In J.M. Scandura. (Ed.),

'
Research in Mathematics Education. Washington: Council of
Y .

Teachers of Mathematics, 1967.

-

~ o

P R




R

& . B \\i
/ -

“ ~B
T A N R e P LA RO R e U IR ety Vmi SRy st e g s meww;@w%@mmm’?ﬂim%*,’lfz"%:i""i‘?g#*"”'
\
o i , o .
-96- 7 . - *
O Cforndike, g::.L. The Psychology Sf Arithmetic.. New York: Macmillan,

1927, - o d
Wertheimer, M. Productive Thinking. New York: Harper and Row, .
,;v' . M
1959. S ;

Wollman, W. and R. Karplus. Intellectual Development Beyond Elem-

entary School V: Using Ratio in Different Tasks. Schocgl Science

@

and Mithematics, 1974, 74, 593 - 613. ~
. ] % N \
Woods, S.S., L.B. Resnick and G.J. Groen. An Experimental Test of (
Five Process Models for Subtraction. Journal of Educational e
' Psychology, 1975, 67, 17 -21. ° -
Q@
/ .
L] . ‘
{
& ,-——'\
3 ,‘
] [c) w I
t o
# o
¢ | :
: Q i ‘




%

L

8 4 . : ) N 0 -
° i 9 . , ‘o . ) *
- . "Individual Solution Strategfes '~ .~ X &
,‘.} . . [ . Lo . ° . ) ;80
o Encoded from the protocols in N .
,‘: 7, Y s . o P ° ) ‘\

N s Py . )
* Appendik II. A - ~

o v © ¥
: Cy . : u
E N a \
° |
4] a0 i
. . o0 -
"o 4 3 e . |
{ T B i
ey P ° s
e \ ~ ° - ] .
@ & .
o ) . o
o 4]
o O D" ® N B
o
\ .
? i e a N T
‘ 3
'Y e 1]
@
ks t ° ~
@, ° . &
¢
. 4
. i -
o, t
- 1 @ L3
PN . T
. o , .
- s .
° .- % o-
- 4 -
. ; ; o
L o : .
Coe i N
¢ 1] o i
v a N 3
0 -t B
L4 e P '3 N

C : (RN .




o

- o/ . - " oML T P T o e
. . S -

;

]

LY

-98~ a /

-
\

KEY TO ANALYSIS
[,/"\\ 4 e

- SUR...Q....Sets up a I,'atio

PFR........Produces the first ratio
PSRe.ec....Produces the second ratio

. PIR.s.+....Produces the third ratio

PFR*,......Produces the fourth ratio
XM........ \Cross Multiplies

‘Sx..l......Solves for x ,/ M

e oo

Deeeees....Divides S .8

xl.........first subordinate goal

- S
. \.

X9eesees...5econd subordinate goal
Xqeesseeea.third subordinate goal

Xoeeveoss. .main goal (final ans&er) g *
3 \

xf ~i &3 .

l........main goal (first of two final answers) N

b \ '

" "2asseses.omain goal (second of two final answers)

RLT.......Reduces to Loé;st Terms

éga....:...lndicates an incorrect answer

e
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\ Jouan X. N
* . i
L 2 S b -
s /7 e 4 ( N /
8,0 |PFE 4.0 |PFE 3,8 |BFE, 7,8 |PFE SUR
5,6 |&XM 3,2 |XM 11,6 [XM 4,6 VRLT 4,4 |PFR
Sx - Sx Sx_ D 12,4 |PFE &« } i
o A ——-L—-—-.
15,2 |D 2,6 D 37,0 P 2,8 \xf - RLT .
- \x£ x£ kxf 15,6 |XM
S % %28.0 Sx
METHOD ’ T 7.6 k.
Ae - Ae Ae Ae RLT - Ae RLT
' Replaces original terms with simpler forms y ,

* * Re-checks Calculations

4 T /- /H / "4 N ;
2.6 |PFE 4,0 |PFE 6,2 |°TE 3,0 |RLT SUR -
11,4 XM 14,0 |XM 28,8 |XM 9,6 |PFE 34,8 |PFR R
Sx Sx o Isx 12,5 |X EFE '
32,8 |D 6,6 |D 34,8 D Sx 21,6 |XM
x£ @ xE 9,8 D 14,8 |RLT !
(xf XM ‘
7,4 [Sx
I M Q(f
METHOD . I
Ae Ae | Ae " Ae Ae RLT
\J !
bad "
( 1 !'w‘,yfﬁr" ! .
/ >y . )W -
#
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] John K. / ’ #
5 5 Z 9 10
! Ae ' Au
Bo Method Bu Method Re Method gy Method Au 3Xx .
sm (s (SR SR . (SUR
13,6 |PFR / PFR TPFR PFR 25,2 |PFR
, PFE 14,2 |PFE 7,8|PFE 40,4 [PFE  __ __ |PFE~ p
M XM XM XM XM
Sx Sx Sx Sx 1,0 |Sx
4,8 b ¢ (D D D D \
- %1 16,0 {x, 3,6x, 4,8 lx, 4,2 8 .
;. SR (SR (s (SR " fw
: PSR 8,4 |PSR 9,4/ PSR PSR 8,6 PSR
PSE ; PSE PSE 4,6 |PSE PSE
i 3,0 IxM 7 XM XM M IxM
: Sx Sx Sx Sx Sx v
—_—
E D 40,4 |1p 3,0p D 15,6 |D
X X O ek x 11,2 (x X
& ED ok g % N £, ,
(SlR SR . SUR
2,2 |PTR © |PIR ¥ ‘|PTR
PTE 4,2|PTE 32 |PTE
XM ‘ XM © XM
- Sx Sx Sx
19,0 |p D D .
@ \ 3,81x; 38,4 .gcﬁz
** Re-check§ calculations.

i
¢
5
&
r
;
¥

ko o o ———————

I' Replacément of original terms with simpler forms
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Robert M, | ‘

5 6 7 9 10 * ]

——— ———— —— ————— e —————. g

(3 / b

Ae Ae e 4

Method Bu  Method Bu  Method Be  Method Bu Method - | 3

“ fsmr (SUR (SUR (SUR Unable to i
PFR PFR PFR PFR SUR H

7.5 PFE 9,2 |PFE 2,2 |PFE 18,2 |PFE ;
XM XM XM XM 122, :

Sx  Sx [ Sx Sx Ny

\xl 15’ \xl doke 2‘1 ? \xl ‘ ._:

(SUR (SUR (SUR (SUR ‘ / -

PSR 11,8 |PSR 6.2 e, 6 |PSR .
7., |PSE |PSE PSE 7 |pse ' v -
4 IxM T3 XM M

| Sx 49,8 [Sx Sx g |Sx ™ !

17.4 P D T,20p . 3284 5
’ \xz @ X, (% . | K
(sl . (SUR -~ :

3,4 JprR PTR 4
| PTE PTE §

XM 2.2’6‘XM 4.;

Sx Sx
4690 D D
@ . 19,8 X,

** Re-checks galculatioas

—
*** Time sgent"}ﬁtempting the problem '
-~
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John N. /
L 2 = A / L
, **57.6 , ,
_ 1.0 (PFE _ 1,0 [PFE 2,0 [PFE 9.0 [pFE [sur
p20 X 7,0 |xM 9,0 |XM 1,0 D 10,8 [PFR
7,5 |D Sx : Sx D 4,0 [RLT
M 4,0 o 51,0 b 03,0 xE T x4
9,0 fD x£ x£ 3,6 |sx
&£
METHOD
Ae Ae Ae Ae RLT Ae RLT
p————— Changes procedures .
*% Interference from previous problem
Stan. N.
1 2 3 4 8
” / / ’ /
15,0 |PFE 3,0 {PFE 5,8 |PFE 8.6 |PFE SUR
51,2 XM 18,0 |XM 31,4 |Xd 17,6 |XM 25,4 |PFR
. Sx Sx Sx Sx v PFE
) D 12,4 |D 86,0 |D 38,2 |D RLT
2 38,0@ xf xf 53,4 |XM
Sx
. . | e
** 29,8
o
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PFE |prE prE 252 IpEE Le
XM 19,8 1™ . Unable to XM - 15,0 |4 . 1 T :
o ° 25’6 Sx SX 4 4 Sx ‘Sx . . T
- =7 b D pre 9% Ip 4,2 |p . o
. \xl 79,6 %r ‘ L e{l - \xfl u‘ '3 ] 5 r’;
, (SUR =288 . gy . -fsi °
23,4 |PSR PSR 20,6 |PSR . A
PSE 26.3 |ESE PSE - . g
1.6 XM . XM 57,2 |xM - j
Sx. ! Sx Sx B
60.0 |2 ‘ . ” g D 76,8 D p
- K¢ Xs - @j .
B . \
: * :
/
/ 1
5
4\ J
\
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) DPeterDR. ’ ]
SR 5. Z 2 0
B w” v | ° toe
Method Be Method Ae  Method Be  Method Ae  MetHod Be
@ ° . ~
-  [sur +[SUR SR -1V S [SUR SR
. - [PFR 40,2 [EFR 29.¢ |EER 42,0 |PFR 27,6 |PFR _
S “|PFE | PFE 2~ I|PFE PFE .__|PFE «
) XM M 17,6 (XM 21,6 |XM
29,0 1 —_—22 3
> sx 4y638x 826 Isx. Sx Sx
. D 64,0 nx} D 112,0 |p 12,4:13 ;
) X l 3 » a1 X ~xf1 N ~
‘ [SUR P (SR o (SUR
" 1% g |PSR® PSR 13,2 |PSR
11,8 { s .
>_|pSE . 83,9 lpse - |PSE
3 &
8.6 |XM . M ( v 31,4 | XM
@ R Sx . 'u 19 4 Sx b e SX
.' - 45,0 ' . g b .79,0 {p
o ’ @ — e = \]‘f - $f2
v Q
~ “. *
% o
¢ J, Y - o’
; > Ingsert ...,. RLT \
" ¢ { * B
« 4
’ kS
b, -
\l, ” *
-4 ! n \3 .
it - B
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- Diane Y. w ,
. , .
L 2, I =N 8
é ' / y
2 [prE ,2_[PFE ,2 [eFE .2 [erE SUR o
3,4 |xv 9,0 |xM 9,6 |XM 4,4 XM 6,0 |P
Tolsx. Sx s Sx Sx P . v
15,2 |D 1,0 |p 12,2 |p 3,2 7,6 {XM
xf xf xf "|xf Sx
\ \ ~ ¢ .
., : 12,6 |D
o ) xf v,
METHOD . Y,
" Aeﬁé\ Ae . Ae Ae Ae. ‘ -
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L) Sue W, -
< \B
2 ¢ 6 L 2 10
’ Ae Ae
Method Be Method Ae Method Be Method Ae Method #Be
_ Bw [SUR SR 61,64 [SWR Adds Totals 70,8
42,% PFR 24,4 [PFR PFR PFR
L1, 00/PFE PFE 63,6 [PFE 10,0 |PFE SR
2,2 |xM RLT XM 12,6 JRLT 21,2 |PER
Sx_ _ 21,4 %M Sx 4o | _|prE J
2,4 ID 3 Sx D 4 ‘Sx 34,2 XM
Xy 42,2 {D 5, TP Sx ’
x¢ ) 33:0 [x, 81,8 [D
[SUR SUR %,
21,0 |PSR - PSR ,
- |PsE .22,0 [PSE SUR
15,0 |XM 4y 94,0 |PSR
27.0 Sx Sx PSE
A ) D 39,0 (XM !
4,0 ¢ X2 Sx )
. 28,0 D
° SUR \)§fl
’ 26,8 {PTR
PTE '
L o ™M X = Xg Xg
\ s.qs L2
. D
E¢ )
' -
b
v -~
- P
- 5
N
'y > ‘
< . rs
, & . 4
. o
\Z 3 ° - /
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Diane Y,
- J i
' (=4 §
5 5 1 kN 10
| Ae }
Method Be  Method Ae Method Be Method Be Method Be 4
; 23 8 [SIR [Sur — [sw [SUR Adds Totals 25,2 .- 3
f >7 |PFR 22,4 [PER PFR 10,2 |PFR
g PFE  _, PFY 46,0 [PFE  _____ IPFE (SUR ¥
! - 7,0 (X 25,4 |xM ~ XM M 4,8 [PFR 4
! Sx 10,0NSx Sx 23,4 ISx ——— {PFE E
! D P 6,8 |D D 16,4 |XM %
A 8,6 (x X X Sx
M1 L 1 23,6 [D
‘ (SUR VSUR rSUR Xy . '
i PSR PSR 9,8 [PSR :
H PSE PSE PSE SR ;
r, § 16,8 JxM XH 30,0 [psR :
, S : Sx 11,8 |sx PSE ; 3
b 21,2 D : ’ D D 14,4 1XM : 3
‘ X X , Sx 3
‘ £ ~f 20,6 |p
. - 3
3{fl. 3
kdhdkk  x, - = E
] [1 xfl sz
‘F‘SUR
12,0 |PIR
. PTE
PN ' ) 16,0 |XM
\ Sx
21,8 {D
(',

*¥ikk  Step omitted in favor of further calculations.

> Insert.......RLT
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APPENDIX ]I

——————————————————

Individual protocols of the 19

students are reported alphabetically

by grade level.

AT A

AU e gt ¢ B
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KEY TG APPENDIX

\
a

" BELOW ARE THE EQUATIONS NEEDED T0O SOLVE THE 10 PROBLEMS. NOTE

THAT THE PROBLEMS NEED NOT BE SET UP IN THE SAME MANNER, MERELY
THAT THE NUMBERS ARE LABELED IN THIS WAY FOR RECOGNITION PURPOSES.

THE BASIC FORMAT FOR PROBLEMS WITH 4 POSSIBLE VARIABLES 1S:

aC . _ c
b d
THE BASIC FORMAT FOR PROBLEMS WITH 6 POSSIBLE VARIABLES 1S:
Q. C
b 4
E  F

IN THE FOLLOWING PROBLEMS, THE LETTER Xg WILL BE SUBSTITUTED FOR

THE UNKNOWN VARIABLE. ANSWERS LEADING TOWARDS THE CORRECT ANSWER -

WILL BE LABELED AS X,, Xz 4 X3 .....%,.

‘ ; B
a C a" c xF C
(1) 4.9 () & ___zo (3) —X.. ._ %0
é x X rs 35 54
b e . X d | b d
a X; t;- % a
- /
W L - X (5 3 35 (6 200 700
24 g b < 2785 X
_——— .ol L
b d_ E £ b XF_
4 - 2800
. 30 x
o C X '?.('F
l ’ 7.0 a‘ C— i;
(7 = (8) 7 Y
30 x =
b x, X 2¥
---z---"do x d
E E F
35 /
los x

~

M‘J‘«m«uma-j.,»w [ T MVt S
' .
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KEY TO APBENDIX CONT'D.

1 \ a . c oL c
% 9) = ag_: or 2y 22
. - ' 35 3s xX
; x b x
_____ P A, F
: E ‘' F
a / I . _22
12S X
1 . x-l xF /
f (10) e
o c B c
fo . - _36 178 . 36
x 45 X Y5
D(‘:‘ d'— X d—
; X E F a ae
, 27 . _3¢ g0 - _J7F
I x T 45 x 223, 5
Xea d Xg, X
1 E Q&
9F . 175
X 222,58
-
Xfa X

LY

Step where error in problem was made. >

~

Incorrect answer.

RE D 8 s et
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JOHN K.
~ QUESTION TIME STEP
1. 8,0 0.K. 4 over 6 equals 9 over what... ) N
2. <
b ¢
5,6  so I cross multiply...6 times 9 equals 54
be = 2
1,0 4 :
O.Xr_ = L’ )
14,2 into 54 goés....13,5...so the answer is 13,5
2z .
—_— X
¢ °F
TOTAL 28,8 secs.
! <
2. 4,0 8 over x equals 10 over 15
a C
- . S
\ xp d.
03,2 again I cross multiply...get 120
N &4. = z A,
s *1'
2,6 so the answer is 12
z
—_ = X
F
— 7
TOTAL . 9,8 secs. ;
/
3. 3,8 X over 35 equals 40 over 56

Xg | e ]
b d ‘

7,8 35 times 40,..,.1400
bt: = Z

@




oo exid

F Y gy

3,8

37,0

28,0

-133-

«es56
{
&xF:V
»...50 the answer is 25

z .
g T XF

check it..56 times 25,...1400,..0.K.

‘1)‘:(,::2 -

TOTAL 80,4 secs,

>

4. 7,8

4,6

2,8

12 over 24 equals 4 over 8

S
b o
* reduce 12 over 24 to %
.. b
=

equals to &4 .over 8

xf

TOQTAL 15,2 secs,

11,2

2,4

hmmm...so 10 bottles of cleaning fluid in a

case...that's 4 tenths
E

mp—

C

or 2 fifths
E C

———,_—

~ ~
3 cases is 30

bC. =.I,

4 times 7% equals 30
@
X

=X
E R

s

G 1s X b Kty 25 3 aan Y
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21,2 2500 times 7,5 is....187500 square feet

U

FJ(.?_ - X.F

TOTAL 42,6 secs. '

&
14,2 0.K. 200 into 700 goes about...3%...
c_ .
a_ = X v
16,0 no._..33,s \
~—~ \“ : o

x
% () o

\
> 48,8 0.K. so 275 bags of grain times $3.50 a
4 piece....275 times 3,50 equals....so it
costs hip 947,50...does that include tax?

~ !
TOTAL 79,0 secs.
/ L
7. 11,4 0.K....2 serbs....7 serbs,...l serb can make
' 3% sets of tods —_
< . ) o
F o X, . i
) 9,4 oh well that's sort of easy....30 serbs times
3% is 115 ‘ ,
3,0 .-'105 //
38,2 uh...105 tods...105 sets of tods..right...so
' ’ let's divide that by...hold 1t...3,5 times 30 °
l.‘los
iz )
» T o‘: X3- -
4
’ 8’0 that'S 'right.oclos diVided by 35.--3/
f
4 ! x . -
. = xg \ {
N E /

TOTAL™  70;0 secs.
.

W s

o o AL Dt e m
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3 B otk e s
R i

8. 4,4 28 zots is 7 times that ?
/ e :
I , g
12,4 7 apples makes up 4 bushels how many apples
make 28 bushels §
rEFfo.cc-:me;vt S 1
0 s
15,6 that makes,..so...apples...time§q7 §
o ax; = Xg ‘ . ~ l"&
756 e..is 7 times as many apples too...49 apples A E
- . og\ergs. ' §
ax, = SEF ’ §
[ 2
TOTAL 40,0 secs, . B %
- ‘ i
: £

9. 45,2‘ hmm...s0 that's 28 grams...so volume of 35 J
grams of Nitrogen...35 grams is a mole and % :

T T
7,0 so ¥ of 22 is 5,5 . : / :
: F_ . ‘ :
7 = Xg é
4 ' 3
9,8 would give you 27% liters ¢

Ff'.x?_ = XF

TOTAL 62,0 secs, /

» v
° ~

10, 25,2 If 80 grams of...I don't know...80 grams of
e apples....98 grams of oranges make 36 grams
of water, how many grams of applesxgnd oranges
' make 45 grams of water °

' : FDEP/G.CEP"ENt

5,2 45 1is % more ' ’ , v

~/_C'L:°(I . :

c
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24,2 so 36 grams is gonna be % more of each so
that'll be...lO0 grams of apples and NeaOH

Q. < -
x, X2, Qrxz = Xg,

23,4 and 98 over 4.....24,5

E
x, F X2

-

19,2 so that's 98,5....118,5...122% of H2804..0.K.?

9 /\\,—} '
E’l’x&’fpa’

TOTAL 97,2 segs,

@

N

-y

s EE

=
Ba .

SRR S et

2T

HEE IR e ma O T i

i RN S e
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ROBERT M. &
QUESTION TIME STEP
1. 2,6 4 over 6 equals 9 over x
& . & |
b~ X .

8,6 0.K. 9 times 6 is...54

be » =z
2,8 so 4
Q.-Kr_ =L/
32,8 times what equals 54.....13,5 oo ' %
f i
z . :
R | |
TOTAL _ . 46,8 secs.
‘ . R ;
<:::) 4,0 <8 over x equals 10 over 15 :
& L& : : 7
: xe —d o . !
9.4 8 times 15....120 .
ad -« z - ‘

4,6 um...10 times

mmm e e m e W A ey n o

\ - R
OcX g =
| , )
N\ "
9 6,6 12 would equal 120 so 8 ovér 120 equals—10
over 15 .
> z - _iE_ = -E-q,
]T." = Xp s z d_
v TOTAL __ 2%,6 Secs. - rt
3. 6,2 x over 35 equals 40 over 56 :
Xpg €
b
L -
| -
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0 . [
17,4 40 times 35.....1400 )
a - - E
be = = - 3
; T ) .
~ 11,4 so...l think I got it wrong...so 56 * . ,
. d.J.F s 11 |
£ t
34,8 into 1400...s0 it would be 25 over 35 equals 1 8

40 over 56 1 .
. - ! z - x ) " ;
1 - F i

E 1 :

¢ TOTAL 69,8 secs.

; 4, 3,0 % eQualsZ/\ o ' \ 3
; a ! , E
4 =, = /

] r’ F , ~

t ‘* T ;
1,8 x over 8 ‘ E
, %} .. Xg

' ‘ b d '

i 7,8 so that's 12 over 24 equals x over 8
: ’ —3- LS X 4 ‘
? - , b~ T : :
T 8,4 9 . ~
ad-= z o . m .
&
; 4,2 whata. 24
| e | b {
| ’ I 9,8 into 96 is....so that's 12 over 24 equals )
‘ o -~ 4 over 8 .
. .—s_( = XF
< TOTAL 35,0 secs, )
o T W
s @ 7,6 - so that's 3 fimes 10 1s 30
e be=x, -
. . ~ -8 7

e s ORI
b 2050 ‘ ¥
PO B
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&
/ . o

6 4 into 30 goes....?...7,;5 ) :
X o /
= X, . . /
& #
A
D 49,4 7,5 times 2500....7750 square feet
sz' = xF» - . h ) 2 o
. l j r; % -
TOTAL 81,6 _secs. . ) « e

‘ ‘ . ‘ . %
24,8 hmm. ..200 into 700....goes 3,5
, C e RN

. = . Y

e

. \ {
_?61,6 3%...80.3% times 275....$996.25..1s that right?
‘ x, x b - xF . b
“DQTAL 86,4 secs. e
5 ’ : @ 9
7. 3,0 2 into 30 goes 15 o e
& ¥ ) - %: = -X' ,Lv ')
- 19,0  so0...0.K....I have 14} times 35 |
i ‘?0 x E o B ‘
o ’ o
) e ¥
25,2 I don't know..2 serbs makes 7 sets of tods so .
you have 30 serbs to start off with right? So :
if you have 30 serbs you divide it by %...you “(
get 15 .
B b » X, ’
. a
13,4 cause you need to...and.then 15 times°7:..105 |
Cx, = X, . . ‘
» : [ / /
42,4 - that's 105 tods,...l105 divided, by, 35...2...s0 N
N that's 3..3 times 35 equals 105 so you can have
. 3 fots . h
¢ ! Xa ° N
. . a3 = x,; : ; ’
. E ‘ [
TOTAL. 103,0 secs. . ’ o C

: v
J . . 1 ™~
¢ 0

[
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o SRR L VR BORR TRRATABT S VI R Shad (S T TR b OMAY | e wmew e a ooy, T T e ,n,/;« B TR R S0 L S

e
5]
. @ <
. %HAJ.‘N bl
J 8, . 56,4 28....7 ergs makes 4 zots...hmmm...7 ergs
. .ve7 times 28 would be...196
o Q' C o
——— B &d_ A z_ -~
» -XF d’ ’ “
2 22,2 so 196 zots.,.how many ergs...7 times 7 is, 49
so you need 49 ergs....don't ask me how I get ]
that ’ ¢
4 . .S-, __c,L__ ) a.d. = xF N
: o = =
» / .
$ ** - TOTAL - 78,6 secs.
A 9. 42,4 28 into 35 goes....1,25 , .
k & . ‘ '
1 c T % . .
o
125,4 if IM of No....1,25 times 22,...I did make a
3 - mistake.,..hmmm,...1,25 times 22...would equal @
. 27% liters in volume

Fx’ = xF o,

TOTAL 16748 secs, ’ -
L

¢ 4

L]
[N
<
AR bt s ¥ a w e

\ * 27,2 36....45 minus 36 is 9 ;o © !
¢ . oL -c = x -
RN , ‘ ’ |
) 95,6 I don't know...IL'm trying to figure out a way
4 to figure out the corresponding numbers...I ]
: don't know if I can do.this..... -
) o 1 ,
RETIRES
TOTAL _¢122,8 secs, : ‘
} //f\'
Y * ‘
v
' [}
a 4
e T ’ \
-~y
. . . b
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‘:} ' N / JOHN N, :
/ QUESTION  IDME STEP S )
§
(:::) 1,0 Just cross-multiply ' 3
. &£ . £ Y L
b xg . ¥ 4
« 2,0 for like 9 times 6 is 54 ' i
bc = K > §
t @ ‘1 ) A
H %
| 3,0 so...no that's wrong ’ 3
| , \ ‘
f \
, > N \
‘ })ﬁ,S the 4...how many times four can get into 9 i
i 'E- 2
7 oo 3

1,0  whieh is 2,5
= /

n

9,0 So I times 6 times 2,5 and gete.....1l5

I HOSRMST p e

j © px o= xg )

TOTAL 19,5 secs,

L

W
] 2, 3,0 How many times 8 goes into 10
( s .
. b
4\ . : o T, :
R . 4,6 which is % — \ -~ )
N X '
’ (-]
3,0 " No...wabt a minute,..l¥ ”
° . x ;
/ . \ ‘
; 47,0’ No how many times 8 I'd get into 10 so...

No that's not right either,..,

L
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i

1,0 forget that one.......yeh...l'd cross- :
multiply... / A,k

) & o Xr
b 4 :

1,0 10x . X %

3 bxF= ‘1 ' § %
6,6 times 8 times 15 is.......120 / %

&(‘. = Z B Eé

;§

£

k4

&

:

f
i 2,0 ¢ross out the zeros
y z
] — 3 -
é 3 1 r. l“
' v 2,0 go my answer is 12
| . - <.
E‘ ! F -
f; ’
';( o TOTAL 68,6 secs.
i
i
S 3. 2,% Same thing with number 3 I'd cross-multiply '
- -
Xg R c '
\ b ol ;
8,0 40 times 35 is ummm.....1400 4
- k:
’ bc =
) 1 - ( | |
' 1,0 and 56 - N 3
C(XF - Z ) ,///(/ ' B 'i
£ N ’///// - ~ i
51,0 goes into thgt.....so the answer is....25 .7 \
e K
' g4 - x )
TOTAL 62,0 secs, ° .
/ 4, ¢ 9,0 " Number 4 is I just see how many times 8 goes

into 24 \

. b
—-— 2 X
d
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! , _—
‘:} 1,0 which is 3
b o !
. 3,0 so timeS....divide...divide 3 into 12 which
N is &4 C l
) PR = -xF
3 .
\ 1
5 TOTAL 13,0 secs,
’ o
- o !
\
s ! 5. 46,0 Well I'm trying to find out how many square feet
in one case.,.with the cleaning fluid, which is
S TiT. . 6250
¢ ' C - x' y o £ X xl = )Cz_
E
6,4 and you times 1t by three to get the answer, .

; e that's 18750
\ “ xaxb=x'F

9,2 So how many square feet of flooring can be done
| with one case so I just times it by 3.

X

TOTAL 61,6 secs,

6. 33,2 . 1 divide 700 by 200 to see how many it costs
- for 1 bag...---.that's $3'50 '{‘
c i
3 ) -_d_. = x' — i

3,0 and I times it by 275 to get the answer

‘
30,4 esss.owhich 1s.....8962,50

o Xr U

TOTAL 66,6 secs.

R i .
et h P e JCEE I S g S Y.
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oz

s - ) o
C 7. 50,0 how that works.... .figure out how many fots....
how many serbs will make....get 35 sets of tods

-

’ ' P

. 1,0 which is 10 . ' ¢
E = R :
am— X a - x -
| 3 ! )
f i
% 15,8  and which is 3 fots because 30 divided by 10 -
| is 3 -
; _b__- = X :
5 <, F .
!
; TOTAL 66,8 secs, t
/ :
- . /
8. 10,8  You just times the one....you times the ergs by 7 4
; ‘ = x ‘
! n b
4,0 to see how many zots are equal to 7 zots !
‘t . \ XX O = IF . N —S"
3,6 are equal to 28 zots because 4 times 7 is 28 zots 3
1 ' xe
. —— TOTAL 18,4 secs. §
32,6  well you just time the....just add ¥ of the 22 :
liters to the volume . }
d .« £ i
-Cc 12 X, )
5,0 o....because 28 plus % of the 28 is 7 '
] ' F
e X, = '
= ¥ <+ d , .
2,2 and that gives you 35 grams

N ’ ‘

/)35,4 so add % of the 22....that's 8,8
I’ + F = -xz' = ‘f" *
' X

%,
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-

rws, Tiers .
ity Tisiong b oo e

‘ 7,2 so it would be.....s0 the volume would be
30,8 grams,..uh...liters in volume

F + DC.R.‘= xF

LR TR P S

4.

e TOTAL 82,4 secs.
. ) »

35,2 Uh....1'd figure out that I need .9 more grams

D‘C"x,

SO

1,6 so %

‘v

c
x,‘xo?-

\

gt O DR S e

A,0 so 1'divide by % because that way it comes to
NaOH but then you still need.... ¢
/ o ° .

. X
. \\P &.

S) 9,4 ° then divide that in half (divided the %in half)
7 to get. the,..split the two....the difference
between 80 grams of NaOH and 98 grams of H,S0,
/ =% < %
2
39,6 so that gives you 88 grams of NaOH and figuring’
, out one eigth of 98 so.....12,25

QTX3=xF‘>°E*'x3,'ng_’ }i} .

cas SRS SN AR N

2

m

°

14,6 so 88 grams of NaOH and 110,25 grams of H,S0, . §
Xe,, Xga

~ TOTAL 107 Py ‘0 sSecsS,
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STAN. N,

STEP

a . <
b d (xg)

N

s

P

1 forgot how to do that,...0h no...4 over 6
equals 9 over,,. .

51,2 1 don't know...0h.,0.K....that doesn't make ~

any sense...you
for this,..I!
o "how to do thi

54

be = =

-

picked a real stupid idiot
m telling you.:..sit I forgot
S.++.3 numbers,...6 times 9 is

Lol

16,4  Is 1t?,..I'm figuring out by cross-multiplying

Q. C

-

b - xg

1,8 I guess 4x

P4

AN
) 35,0
7

1,2 equals 54

Z. [

‘3-=XF

L{

TOTAL 120,6 secs,

2, 21,0

I must be doin
8 times 15 is.

od = =z

1,8 divided by 10

CxXp = Yy

P}

(1

X equals 4 divided by 54755 0.K
meke any sense,,...15,2

\

+e.s.that doesn't

T

g something wrong around here...
..120

10,6  .....12, that sounds more realtistic — =

*F

TOTAL 33,4 secs,




* ~-147-

‘ \
(:::) - 37,2 that would be 35 times 40......1400

- »bC=1.

divided by 56

how many times does 56 go into 140......

4 23...3 would be 23
Xe
TOTAL 123,2 secs., - \ /
4. 938 24!. -
bxF = ‘1

16,4 equals 12 times 8 would be .....96

°G.CL=2.

30,0 ' 24 into 96....help....24 into 96.......4
' 2 -
— _Dx‘_-_ -
-
8,2 my, 'we're brilliant today....it would be &4
right? yeh 4, so 4 is 4

XF ’
TOTAL 64,4 secs.
-
\
<:::)/ 23,2 3 cases of cleaning fluid....so 3 cases womld
“have 30 ~
Q c o ‘
b [
31,4 , each.case,..0.K.... 'so 3 cases would have,.. -
30 cleaning bottles so that would be 4 into 30
-y e x
' T ,.,__.‘ = xa_
- E
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38,8

o

'y

N
) 62,8
V4

- q N
Oh, I/did it wrong...Oh,.,. what did 1 do now?
«++2500 square feet ...well I just figured
out how many bottles of fluid can... 0.K.
if 4 bottles of fluid can.....if 4 bottles !
0.K.....4 goes into 30, 7,5 times

xX,
e
= A
that means,..ummm,...l did something wrong around
here...how do you figure it out,....if 2500.....
RETIRES

¢

¢ TOTAL 156,0 secs.

N
)67,4
/

0.K. that's easy enough....200... no that's not
.»e..that would be 200 into 700.....3,%

c
—= = 3,5 = X, .

so that would be 3,5....how would you.;..how in
the world does one figure this out?...I can't

think...0.K. let's go back to grade 7...let x be
OQKtanauanRETIRES [~}

.
i
R

TOTAL

142,6 secs.

68,4

52,4 -

‘ . —_—

What ‘are tods?... laughs...this must be a polish
one...0.K. this one's easier... 2 serbs into... N
2 goes into,..0.K. wait a second, this one's easy

I know it is,..really...2 serbs,...2 fifteens...
fifteen times,.. get it into pairs

b

-
why don't you times it out you jerk...7 times 15
.Ol..los
X, X € = X, . ,
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82,0 so you have 105 sets of tods....is it...no...
) 35... so that's.... 0.K. 105...1 figured i
~ out...l got one...no I don't it a
second people...2 § make 7 tods...and 35

sets of . make 1 fot...0.K...30 serbs,..
get...you pair em off, so 15 serbs to make
.++0.K. 'so you pair that mess off and you get
2, 15's makes 105 sets of tods

. X, x C =, \ S

are needed to make 1 fot, therefore, so how’
many fots can be made from 30 serbs.......3...
is it right?

’ ...J_C_B'_-:.JCF

E

-

TOTAL

R

g

217,2 secs,

25,4 We're getting better, we're up to ergs and zot's,
) 7 ergs make 4 zots... 4 times that makes 28

Tae =x gy L a .

<

&
53,4 4 times 7...0.K. wait a see that would make it 7 &
ergs....that would be 7.....7.....7...you need
49 2
e ° O,;=-XF

o IS

29,8 we figured out 7 ergs make 4 zots and we needed

+ 28 zots in all, so we figured out is how many |
ergs, well....if 7 ergs make up &4 zots, there
are 4 sets of zots in 28 zots...so that would

: ‘meke. it Iike 7 times 7.

’
©

2
o = Xip

TOTAL_

108,6 secs,

, R 101:4 ..T..A mole of Nitrogen weighs 28 grams,....
. ) 22 liters in volume....22 liters, what will be

the volume of 35 grams of Nitrogen. Oh, 0.K. ~ i
35’ grams...l hate this...22 liters...28 grams
- 1 don't know how to figure this out..RETIRES

« . TOTAL

101,4 secs., ' ;

fo? e e G gam

oy

e




g
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O

N
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5

+»++.Help....80 grams of NaOH....98 grams
. of HZSOQ are needed to make 36 grams of Hq0.

TOTAL

S

I haven't the faintest idea....you know that
eh?,..RETIRES N
45,2 secs.
\ //
-7 //
e
, {
7
\
o
9
{
AY
! ?
. \ ¢

wowErer b

-

LR RS e RN 2t L R 8 e g 5




TOTAL

32,8 secs,
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7
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¢
, VINCE R, e i
QUESTION TIME STEP . oy
1. 3,2 4 over 6 equals 9 over x '§
. & . c ¥
b Xg o .
o ¢ |
7,2 6 times 9.....54 :
bc = Z ~ < '_‘
G
2 i
2 ) 3
Q..IF_ ] '1 1;:
":3.
29,4 into 54 goes.....bring down the 4....13 and 2 %
. guarters...13% é
z '
< 4 x SR ‘ 4
, S Xe §
g
TOTAL ___ 42,0 secs. 4 %
3
2. 6,4 '8 over x equals 10 over 15 -
& . = . -
. Xp d.
4,0 -2 goes into the'8 ’ o
o . '
r )
-+ 19,2 +...Cross multiply..15 times 8....120 ¢
: ]
" ads z ey
- °q 2,2 so that equals 120.and 10 . . 5
oz ’
N T X - .
1,0 into that equals 12 bl
\
X
y, F
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N ,
[.\ 3. 4,8 x over 35 equals 40 over 56 N \
Xe . = -
b T od
18,& 35 times 40.....1400, so that's 1400 1
, ‘ © be= 2z :
: 2,2 56 3
. ‘ ¢ 4
»;’i
67,8  into 1400,..56 goes...6 into there...0.K. 1
that makes ....that's 25 so that's 25 over 35 %
» equals 40 over 56 \ . v %
N —?— = -xF ,§;
. TOTAL __ 93,2 secs. . . f
. ﬂ ;
@ * 3,0 12 over 24 equals x qver 8 o
-2"—- = _J.(..F ;
[ ¢ b‘ d_, ) ) 5 b 4 ’
N ) 0
> 4,8 0.K. that's lowest terms...so that's,.uh...
7/ © 3
~ 3 eights 3
+ —b—- s x |
/—N\\: d‘ = F
10,0 24 divided by 8 is 3
b .
— = X .
* d g F -
15,8 and if you divide the bottom by 3 you gotta ' .
. divide the top by 3 and it'll be the lowest term
- that‘a 's 12 twenty-fourths, 3 eights
A { ’Cf-
] TOTAL 33,6 secs.
* % .
@ 6,6 0.K. that®s 4 times...4 bottles over 10 bottles
’ E. ' ﬂ‘ - o= 7

i

<
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- 3
a / 2 Y .
0, X .
) ‘ T =153~ - —
. q
O ‘ - \
19,8 ° so 4 bottles cleamr 2500...how many square Y )
_feet of ‘floorigg: can be cleaned with 3 cases '
' ] . so 3 cases...3%imes 10 which is 30
- ) bc =
{ .
L N N\ ) ' ¢
T 21,0 4 into 30....0.K. 9...s0 that'd be 9 and 3
- ' 4 ' quarters °
X e " |
E .. TF 4 ‘3
11,2 times the...so let's figure this out...9 times ¢ ;
1 4 J,
X.F_'*x = N ' ~ “ ?
f ) ' . © ’ v “QE
; 25,8 wait...9 times 3 is twenty...that's 8...0.K. ‘. A
: 1. did that wrong...so that's gonna be 8,5, .
’ ¥ - i
i xF' N naé
¢ . - 57,0 times 2500...0h I made a mistake...0.K....s0 - s !
5 that makes 21,250 square feet of glo.ori“ng" ;
:‘ - v x 1 * . ! s ‘\gb
- FRFE e Xy .
; TOTAL® _141,4 secs. ' X f\{
. " ~ ° ’
: I
, | . |
' } 6. . 19,8 0.K. for 200 bags...$70C, for 275 what is it, . : i
3 ’ . so that's 275 equals X . ] . s
h ' °& - c’ {
: b .x,gg_( |
. \\s !
] 44,2 0.K....s0 that's ...275 times 700...so that |-
] : makes 192500 '
. be= 2z !
‘ B ‘ ‘ ’ < ,
b . *‘ » » . v k4 ;
&\ ‘ 71,2, so how many times does the 200 go into it...0.K. x
'» ; . you'don't need that.,.so that's..,.962 and the x .
: r ' 1s.$962,50- ~ . g
’ - ’ N a x ‘“—Z‘- c‘: X
‘ } PR F- 1 3 ‘1 F
1 TOTAL 135,72, secs. o ’
B ) : h I : F . '
i\ B | ¢ . ‘ ' I'd N
'I ’. . ’ ) w . ~
- i - v
} :‘ / .y /L ’ N | &, ..virwv"
: : R VO
) - . .
5 * s

T R AT el
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1

' 32,6 0.K. if 2 serbs....7 tods....35 sets of tods
o+.sl fot...so I gotta multlply this (7 tods)
. tlmes 35¢...
; o C x € -
o - ¢ ’
22,0 no wait...that's wrong cause that's 7 sets... o
so that's 5 times so that's 7 tods ‘times 5 is
1 fot...0,K, so 7 times 5....35

C X 5§ 2 E

y Van Q ‘#
1

36,2 hbw many fots can be made from 30 serbs, ,0.K.
Ylet's see...s0 2 equals 7..0.K. fots equals...

. 0.K. 30 serbs..glet s say we have 30....
0.K. if we miltiply*this by 15 . !
a T =
16,8 walt a minute ybu don't need that 7 fotso..yes *°
/ § \you db...0.K....7 makes .7 times 15 equals...lOS ’

a

CX:JC,

[

. b44.%° " that is 35 into 525...let's say this is a gset

\
;)33,6 so 105 times 5 would equal the fots...that is
v % bl
. 325 . o .
x, xi- = -3&,; « . .

©

T

S50 A is to A, B to B, C to C, the A works with
A the B times 5 times 5,..0. K. so that's right :
that's 525 fots :

T Xg
o o E -
26,0 let's 'see if it was this...2 over 35 which
29uals 1 fot....30 over 5

- P o=

= * ? . °

\ a b o
=y = r°
. - E 5
. 30,0 times 15....yea the answer 'is 525 fots. '
S Lo,k . n
5’ a. o o
TOTAL . 241,6 secs. - ’
° \
o S e - -~
o *
s o ® ¥ o °
f 2

AR Sseaabe 305 mttrech b

o lebee
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o

here we go again...7 ergs...let's write this A
down...7 ergs over 4 zots équals how many ‘
ergs are gonna make up 28 zots...let's see \
4 into 28...7 times

d

R

4

[T

a c d <.
— - S— et - x 3
so ya gotta multiply the 4 by 7 and the 7 Sy 7 0
so that's 49 ergs make up, 28 zots

s B e B

1Sy

‘ x’ X Q. = xF

TOTAL

33,6

5€cs, .

v

62,2

17,0

21,4

7,8

N
™ 27,8
7

=] A

If 1 M of Nitrogen gas is also equal to about
221.....50 that's 22 liters,..what will be the
volume of 28 grams of Ny..,60 that's 28 grams-
0.K. that .equals that...sd I've got...all we
know is that 28 grams ;é“é&ual to 22 liters in
volume and we're trying to find out what 35
grams is in volume...and we know that 7 goes into
35 and 7 goes into 28.,.goes in there &, goes in

there 5,.that's 4 fifths,
s, 4
r ~

y 2

\

L Tt B MR T UL L B R S e, TSk

Lo

o v Te.

S
which is...28...that's 28 over 35 which is

4 fifths...that's 22 over x
& . c :

-
-

ub ;F’

all I've gotta do is cross multiply...0.K.
22 times 35 is...770 ,

° bc; = Z -
28 0 ‘ o
hme = 7

into 770,828x equals 770....s0 that's 3 and 10
28ths.

o
8
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. %t?

§

30,4] I forgot to mgrk this one down...which is 30... 3
30 and 10 twenty eighths, %

»

z ’ %

= = E(F 3

Y o

TOTAL

166,6 secs.

1

90,8 0.K. let's see,..80 grams...that's 80 grams
0.K....so you gotta add that plus 98 grams
which is...H,80,...that's how much it takes . <
«..50 that's equal to 36 grams of Hy0...let's
see 45 grams gver 3...that's 36 over 45...
cross multiply so that you get the other side
so that's 80 equals 36 grams of NaOH sb that's
80 plus 98 which is...178

u 4 x

— T

3 Q.+ = QO

C . oC
AN
;) 37,2 let's cross multiply...let's see now 270
ad = z -

3,0 divided by 36

= .
N\ ‘ y e h
) 53,8 ...wait’ now...what times 36.equalse270?...ch ,
/- that's right divide...28%..
% ° -—:——- :x?."( -
67,4 0.K. let's see does that work...36 times 7,5..,

let's see now...so that means it made...l have
a total of the 2 put together...wait now, I

have 270 grams of NaOH and H3S04 v
Z = Xf
!
51,4 so the 2 numbers of the grams equals 270..so ..

so figure 2 separage ones,..here we go again...
1 figured out what the total would be so all I
. gotta do is figure out what the 80 and 98 would
A be if they were cross multiplied...so how many
grams of the NaOH would take and how many would
take from the H,S0,...the 98 that I got...the
total of the 2 would be equal to 270

? 1
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\
9,0 0.K. so 36 over 45 equals 80 over x
c = & - '
< ° =

22,6  wait...45 times 80.....3600

, ad -

12,0 so 36 into 3600...goes" 100 times
(1 XF’, .
4,0 so 80 over 100 all right... .
L
¢,
. i &
21,8 heh that's right, it takes 100 grams of the NaOH
and subtract 100 grams from 270 and that takes
170 grams of H,S0,
] X ? -— XF = XFZ.
TOTAL __373,0 secs, -
/
1 ) 3
*
4 ’ :
4]
[ 4
, -

3

[t ARt T
W, el -

2l
]
Wg:v Ter X
22k
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PAUL Y.
QUESTION TIME STEP
1. 6,6 4 over 6 equals 9 over x
\ L . c -
g b X
S”}f;ud’i;% B F \
éﬁﬁl 12,0 4x
5 . .
' ﬂ quF L4 ZL
4,0 equals 6 times 9....54
AR ST
22,2 X equals 54 divided by 4 equals....x equals
. 13% 4 y
- = TF
secs.

(*A TOTAL 44,8

7,8

32,2

\

X over 35 equals 40 over 56

Xp _ .C_

-

56x .
ixF = ‘—l

equals 35 times 40,....1400

bc:z

X equals 1400 divided by 56....% equals 1400

divided by 56.....25

\ ‘g‘ =g

TOTAL 46,4

seés.

- 3. 3’0

8 over x equals 10 over 15
& K=

-
-

&

o 4 e e

P




2,0 + 10x .
CXF:V

o

6,4 equals 15 times 8.....120

4 gt RS N RT IR .;.'&'ﬂf.ip‘m
=%

OLCL = 2z

&
13
2,0 X equals 12

z S 2
=Z. = .ucF »
Y .
TOTAL 13,4 secs. ' ’ v
/ - o ;
! s b, 5,0 12 over 24 equals.....k v %
a4, b
r’ F
2,2 % equals x over 8 |
jé - e
) 7
. F < j
6,2 ....4 ., g
X
F X :
TOTAL 13,4 secs,
* Se 41,4 4 bottles equals 2500,...uh...uh...10
divided by 4 is 2% . N
c \
€ X< .
33,6 2500 times 2,54....6250 ]
® e s
, .I, - .XL
By 26,6 6250...1 case,gf £luid can clean 6250 square )
feet....7 cages is 6250 times 3,...is 18750 .
~ ’ be = XF
TQTAL _ 101,6 secs, .
//
ol




t
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6. 11,8 700 divided by 200,....is 3% -
” < - .
o T X
o 58,4 uh,..200 bags of grain equals $700, 275 bags
. 4 ' of grain....wait...x
i a _ ¢
a b Xg ’ ' -
3,4  200x » ‘
Ll X =
R & F L‘lﬁ b
' 14,0 equals 192500
be = 2 )
13,0 1925 divided by 2 :
; y z
% ~
1 ! ol r
H 21,8 i$¢...962,5 bags of uh....$962,50
¢ zZ .
L o — 2 X
’ F

~C

TOTAL 122,4 secs,

%
. , . i
: 7. 14,6 0.K......1 serb would make 3% sets.of tods’ 4
S L x , , o
o - T i
. . %
\ _ - 61,8 and 35 sets of tods are needed to make 1 fot 4
, © +...35 tods....it takes...35 uh..3%, uh 4
35 divided by 3,5 would be 10
E .’ ‘
X, oL e
) 17,2 . it takes 10 serbs tg make 35 tods which is 1 .
/ ) fot...so 10 serbs to make 1 fot 1 C
! xl = F '
) ; 5.4 so how many fots can be made from 30 serbs...3
‘{" N . .
—2- = XF
X2

. o
TOTAL 99,0 secs,
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ABCRPART,

. 8. 25,6 0.Kee..7 to make 4.....4 zOtSaes..28 zggs uh,..
28 divided by 4 is 7

!

N C j\\
§ ’ : 4
E , . 23,0 «..it takes 49....1it takes 49 ergs to ma&é up r
: 28 zots . . ]
g axy, = J(F_ ig
- = 3
' o TOTAL 48,6 secs, 3
: oy ' o ¢ g
; . e %
-] r}}
9. 23,8 um....l mole of Nitrogen gas....l mole equals i
28 grams, and 1 mole also equals 22 liters g
: therefore 28 grams equals 22 liters in volume ?
G = :%
i
6,6 i
. 56, what would be the volume of 35 grams of -/ h
. ' Nitrogen,...28..,..28 grams....35 and X... b
L i O0.K.oso.uh..28,,.uh..grams is the same as g
. ‘ 22 liters so 35 grams will equal x M
ol “ a | < : 4
b Xp g
) %
8,6 35 times 22 is.....770 . i
/ . . i
/ . bc = =
4,8 770 divided....770 equals 28x #
QXF = b’
96,8 x equals 770 over 28....770 divided by 28 is
" eee.29%,,..that's a 7...275 would be the volume
of 35 grams
- __E—- = xF *
TOTAL 190,6 secs.
66,2 0.K. uh... 80 gJa.m‘s of NaOH and 98 grams of
H,S0, equals 36 grams of Hy0...it's uh...
’ . e’ 80 over 178... :
¢ y ® 2
) : a g :
‘ »




°

‘

\
> 18,0
Vd

RETIRES

TOTAL

84,2 secs,
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eesel don't think I understand how to do it....
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° ALLAN G.
QUESTION  TIME STEP '
1. A3-,8 0.K. 4 over 6 equals 9 over x
\ . £ )
b Xg )
1,4 4x
OL.:C& = ‘1
4,2 equals 9 times 6 which is 54 . :
be= = .- * .
g 23,6 54 divided by 4....s0 the answer is...9 over
13,5 )
-_— JCF ‘ -
9 . ~
8,2 . times 2 is 18 over 27 <
( XF (wholg NMMBEF) o
TOTAL 41,2 secs. e
3 ; ,
2. 2,8 8 over x equals 10 over 15
L . £ ”
xg
1,6  10x - .
Xg = "
S “*e 7T
10,6 ° equals 15 times 8....whif:f1 is 120
ad=z
" 4,0 .x equals 12
P »
. = = Xf
. b -
6,0 so B8 over 12 equals 10 over. 15...1is that right?
IF °
TOTAL _ 25,0 secs. 0
"ﬂ !

Wit

N

o

A4 s el

e
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penrs

v

—
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. 7,0
3,0’

\ 15,4

)t

37,2

3

Sy AR R e ¢

*, tew
e e i aal A [lr S 80
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; ’ |7
PS \ 2 )
Q’ “. -
x over} 35 equals 40 oveg 56 o :
IF e C - r .:

b d - - . ’
56x ﬂ ! '

\

d_xr_--‘-{ R - N

gﬁuals 40 times 35...s0 the answer is 1400 - s
bc‘—z.

so then 56 divided into 14¢6...25 so 25 over
35 equals 40 over 56°

N

__.-=DCF_

q

62,6 secs, : il ¢ x A

o1 . 5 i PR - o Nl B AT P AL
Bt B e, S et e TR b
\

T 4,b

t
e
.
]
e ewm;hmmm,ﬁw
4G

12 over 24 equals x over 8
Q’* Xg

b T d e ‘
24x s

bxg =~y

equals 12 times 8......96

~

[~ e ) ad == ) B
\ ' \ s . ¢ , ‘ B !
| 31,6 x equals 24 divided into 96...x equkls &
i ¥ = & xg ' .
4 n :
! + TOTAL _ 31,0 secs. ! .

57,4

LN

° L]
,
5 ’,
* o
al A .
«
v

1

You got me in a weakness, I can't do problems..o
Oh..so &4 bottles...I'm just thinking...so *25000
square feet..so that means 10 divided by 4

- v
.
~ & .
.
s X S .
—_ . :
s X,, .

E
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18,8

24,4

~O

18,6

Ve

£

<«¥

\

b
166~ o

if it*s 3 cases that means 30 .
2% C .- '
—_— == 2 X -~
b ’ .)C, ‘ | '

Oh yea.. that's all mu1t1plication...so that

means 4 divided into 10 is .2, 5

.

E c ! y

-~

that means 2,5 tmes 2500 that will equal...”
6250 ,

X, x F = X, ! b
. ~
and then you have 3 cases so -1t s still times
3 so it's,...18750 square feet....I hope...

Is it right or wrong?
bx x; = X¢ s o

o

/ TOTAL 121,22 secs.

6. 23,0

. \49\’0 !
* |

Y4

So then you'd take off the zeros

o e
=

and you'd go 2 into.7 gées...that wi.ll equal
‘3,5 isn't it. .g¥ea 3,5

< *
~ = X 1
. r 4 ' . b
5,0 that's your ratio, well that's the price for )
1 bag )
- &
: . radl B
E] ’ - a v ° s ) ‘\\“
) 9 ~ ;u
30,2 -so if you have 275 bags times 3, 5....w111 give
you....so it' itls $962,5-" {
N Fhee j
TOTAL 68,2 secs, ) - o
’ »
- | &
\\*r i .
. I . \ 1T
7. 38,2 Hmmm,’, . 1§ erbs.can make 7 sets of tods.... Ty -
- well that means if it's 30 serbs...that s ’ |
. ) . e
; . @ ‘ ‘
1 — %
¥ i ‘

~
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. » o 23
» ‘Y ° - ¢ Q
) v ;oo
. -16‘7— a )
N ' o ! . A
o . o .
15 times more ) . .
m S T
6,8 so 15 times 7 is.....105 . o0 v
. o x‘ X C.. = xz_ [
' . ° ?
v... 11,2 that means 105 tods and 35 sets of tods are ¢
) needed. to make 1 fot..that means 105 divided P
‘ ' by 35 will give me...uh....3 T '
¢ . ¢ i X et ’
. | g  —°F A
N TOTAL 56,2 secs.’ ) ’ . T
. « . ’ :
° 8. 27,4 04K. that means 7 ergs me}ke up 4 zots, . ) S ’ﬁ
o . - so if 7 over 4 wequals x over 28 1
. . 4
.&— - .E-E ! - 3
® ™ - - ~ s Oy
) hb E:L N i i ¢ ‘ %
u ‘ 2,00 4x . ) g
) N y , .
"2 bXF, = ‘1 & Lo . v xjg
- d 3 a \ l-
. 9,2 equals....196’ ", \ . .
- \ <
, ad s z - ) , m
< “‘g *
4,6 x equals 4 divided by 196
~ : ‘1 » d
' 12,4 x .would give me 49 ergs . . ¢
o, . 4
t.\‘ \ R IF ' 2 +
. r L .
TOTAL __ '55,6 secs, i ) . . . o
) 47,2 Oh boy.....the volume....that's a tough one.... ,
) oo e /" thdt means 28 over 22" equals 35 over x L
) R -4
s 1 Q. . _9__ ) ) .
A ) b Xge ) . ‘
. . . P ' B
- ¢ ’ .
- 3 [ ;
¢ $ ' N
. “‘ i
. ? . ) )
&“_‘-*'\ \ -




o
, » : ¢
_ -168- / !
g ; . L |
“ - 2,2 | 28x
. AAX =
9 F %
3 2 . i
. . 19,0 equals....770 . -
N ) L lpc. = Z
N ¥ .
> 55,4 X equals 28 divided into 7‘/0...50; that'll go ,
9 / K El LN .
31,07 ", « ‘
P L1 - F .
3 . 7,2 maybe it's wrong...so 31,07 liters.......
] o that's wrong. ... v
i X .
; \ TOTAL _131,0 secs, a {
} i
% toa v i 4%:
. 98,4 ' Hmmmm....that's all ratio again...so 80 grams '&;
: ¥ ’ e...do I have to break it down?...0h I have to %
‘ . do two of them...80 grams of NaOH and 98 gtams ¢ '
\ \ of HySO04...that's in total the 36 grams... %
. \ so 80.....80 over 3& will make x over 45 4
I N by
' « ¢ QU - DC| '
[oR . Zi .
) . 6,2 36x : [
cx, = ‘ :
! " 7 a
AN
> 12,0 equals 45 times 80.....3840
V4 Y . .
. da. = Z
! Y 46,2 36 divided into 3840 will go....106 .
bd
y Z
. Y = X, (xf'l)
' : & . * ’
16,0 106...ybu're kidding...yeh that's it, 106.6
’ is grams\of NaOH- | '
IFl
15,8 fo now the other one,..so exactly’ the same
hing...so this time it'll be...98 grams
s N .

3
»
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e i e B e »-m«wm;ww’:"rﬂmmﬂ'“"‘-?‘t”'ii* ’r‘»t\*‘t&- ""\‘:—mm’ SRE kg e me < ed SRS, TV
1]
4 “ 4
/ , . 5 .
o -169- ©
A over 36 equals x over 45 ‘ 0
o ‘E . Xa :
. F a
2,4 o 36x- ¢
sz_ = ‘al
51,6 eqlials 45 times 98.....4410
‘ RS
: ed =z .
49,0 so x will equal 36 divided into 4410....122,5
so the H,S04 will equal 122,5
2z
‘17 = X2 CXF-:L)
TOTAL _297.6 secs. ’ -
” \ - :
-
4 »
1] .
) ; v S e
! # \
} y )
'S /
! /
-
’ L] ' ) ‘ @
. \ . i

TRt L0 g

f
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PAULA L.
o
QUESTION TIME STEP
1. 2,6 0.K. so this goes 4x
Q'XF = % -
4,0 equals 54
be = 2z
~ 15,4 54 divided by 4 equals 13%°
_—— a2 2L £ 2
v, Ff X
TOTAL 22,0 secs.,
y 2e 2,4 0.K. 8 over x equals 10 over 15
' a . < c
X d’
3,0 10x
CIF = ‘—{
& 5,4 equals 120
5 ad =
oo )
! 2,0  x equals 12
T =z
j — XF
g 1
" TOTAL 12,8 secs,
@ 4,6 x over 35 equals 40 over 56
) 2 . Xr
S A .
7 3,0 56 %
. bxF.g Lf
N T }
) 15,0 equals.......1400
/ .
L{’ ad_ = L]

2




]

R L TC R JA

R

’ no...wait a minute...yeh...yeh I guéss so...
X equals 56 into 1400..ummm......25,6

=z

—__L{ = XF o . ~
TOTAL 96,8 secs. -
4, 4,6 12 over 24 equals x over 8
2 - Xe
\ b - d
10,0 ' well, it's just a half
“ . &, b | - oy,
r r \ )
1,0 Je..lh k
xF - N o
TOTAL 15,6 secs. , C % -
} . . - @
‘ ? :l’fq P ‘ﬁn"\ o
. e N
- B
5. 29,8 4 bottles give 2500 so 12 bottles to clean 7500
3XE __3XF
u 12,2, 0.K. so 4 bottles equa;SXZSOO square feet
which means...no wait a minute....30 equals x
E . £
. X, XF
. . 12,8 . 10 bottl?s in a case....3 cases, so 4x
' cxb=x,, Ex-= Y
Y 3,8 equals 75000 a )
* 'Fx, = Z
27,8 X equals ..eee.018750
IR ‘ .o .
) r—-r-s—' =3 xF ] ¢ ‘
TOTAL 86,4 secs, °

<
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0.Keuusa.200 bags equals $700., therefore
275 equals x

Q& . < x
b x )
v 737 F €
2,6 200x -
° CLXFzL{
A S - ]
25,2 equalS..c.... 192500 J °
\ ", be =z
e .
) 8,0 X equals......2 into 1925 -
4
o 4,2z, Z :x
= r 9 .
, 44,0 X equalss.....$975.
. . Xr )
TOTAL 99,6 secs,
[ ‘.w . N N
!
7. 44,8 0.K. so 2 serbs equals 7 tods,..you needs..
- how many fots can be made from 30 serbs,....
0.K. so it's 30 serbs,...how many tods I guess...
o 0.K. 2 'serbs maké 7 tods 30 serbs makes x
~ &;—C— s ’\
b x,
1,0 2x ” ) .
ox, = Y a
® A
‘ 2,2 equals 210 T
be = = .

15,6

X equals 105ﬂ
Z Lk,
\ 9
then 35 tods can make 1 fot then divide by 335
x' x ¢
——— F.
E .

TOTAL 65,6 secs,

R

R

e g
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0 :

° ....givesl‘you 3.//.0.1(. 3 fots.
‘f: x » P
F

° ;

) . , o
8. 17,4 7 ergs make 4 zots, x ergs make 28 zots ¥

- a . < | |
Y _xF d_ o ' “‘:..
> 3,2 0.K. so it's 4x {/.;

° . <
CxF =\L{ 0 -
7,8 equals 196 i

od:=2z 0 %"

4 9,0 x equals....49.,,0.K.? 9
.E— = xF . ) :‘
\ 1 1
TOTAL 37,4 secs,” K
ki

‘ 3

) 9. 17,0 Ummmmm, . .....0.K. 28 grams équals 22 liters, ’
* 35 grams equals x - ’ ;
. Q (o} -
° . - = - - P 1
. b Xe :
o L 4 . ¥

o 3.4 28x
P axe Y - «

15,6 equals 22 times 35..../..770

bc z Z
62,4 X equals......27,5 liters o
. \\”n —-——Z\ = IF . . |
' {gx‘\\\, L1 ° N b ~ N 3
TOTAL 98,4 Hecs. , . et |
' »
. . |
: |
g
1{“‘"
5 q ,
% ) / ’
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¥

10. 41,4

10,0

3,0

6 ‘ 27,2

51,2

. 45,2

®

3,%

-

o » 32,0

_174L_

0.Kk. ....B0 plus 98 makes 36, therefore
° o how much would make 45...Ummmm...98 plus 80
equals 178 ‘

L+ 2 = RE

-

[

178 equals 36, x equals 45
OE _ ¢ J
x, a

cross multiply, 36x '
cex, = Y ’ -

Q <

equals 178 times 45.....8010
aexd = =z
X equals 36 into 8010...that would mean
222,5...the total is 222,5
z E
. = (X)X,

I3

this ratio...the ratio would be 98 to 80...%
no that doesn't work...Umm..ratioc would be...
divide by 10 _
: & E & '
F [ '
no that doesn'X work...Ummm...maybe a ratio...
a ratio of say the NaOH to the total...Oh right,
0.K., 80 to 178 is the same as x is to 222,5
a = ok

. ————————

x2 X

l178'x
xqu = ,"’

equals 222,5 times 80,......17800
a‘xl : Z ()q

0.K, 178 x equals 17800, x equals 100

A A
1\\ \ Z = _)CF| (xz)n

(1

L
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3
¢ . .
13,4 therefore
. .
. : H,50,, :
-
. , x ;= x 2 =
) ! -
.
TOTAL 339,4 secs.
" a ¥ '
.
.
) .
‘ P . : ‘ :
o
b @
. .
) .
-
' +
.
a @ °
Q
i ’ .
V " N A
@ N
.
\ N
. f
@
M N L] .
.
.
o * Pd
.
.
. .
L
. .
X e .
3
i .
. ) ) ;
-
.
3\ .
\J 1Y * ‘\
A\
. .
. r
. .
R

,XF

n v g e e it

there's 100g of NaOH and 122,5g of

R R
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SHARON P,
o
QUESTION  TIME STEP
“
1. 5,0 4 over 6 equals 9 over x
o .= ~ v
X '
1,0 4x
&:Lf_ =Y )
1,0 equals 54
\ N
b = =z
13,4 X equals,.. x equals... I hate this....
}— -
10,0 13,5...50 x equals 13,5 ) «
= = XF
o a
TOTAL _ 30,4 shcs,
. X ,
2, 3,2 8 over X equals 10 over 15
8 . & ,
Xp d. . {
) 1,0 10x e i
k- . exp =y
Tt equals 8 times 15....120 .
' e ad = z ’ . A ’
et ) ’
- 2,2 X equals 12
= = X
L’ !
TOTAL _ 13,8 secs, . : - S
]
3. 6,0  x over 35 equals 40" over 56
! xF ,. [ ' ‘ - .} A\
bo ’ i .
Q \ , .
N - .




«
o
rs
PN S )

2,0 563{ ° Yoo g
° {
dxg =y 4 :
21,0 equals 35 times 40......1400, that's 1400 3
o . L
. be = z ) ' %
.30,0 x equals 56 divided into 1400.....’ . / 1
w‘ 2z . /A N * ’l )
¢ 2,5 so ¥ equals 25 = i
X | g
TOTAL 6145 secs, . % ﬁ'
4o 4,8~ 12 over 24 equals x over 8 §
» ! i
. - b d’ , .
) 5’2 -00-0-04 ) ' ;
a . & b
- y x‘; ) O u §
3,8 4 eights equals 12 over 24
. R ‘ - - k
5 >*F ¥
- . \ s, &
. 3,0 + yeh... you reduce it......4 ’
o a b - .
_':_ s T JCF “
TOTAL 16,8 secs, o ’
- s -
M
. ) v
40,8 s90:010 bottles of cleaning fluid in a case...
' 0.K. so 2800 can equal 4 bottles so 10 times 3, !
* . bxe =X,
’ -~ / .
3,0 30 f B .
x, ]
o \ ﬁ,‘gta; ! , (/ TS
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~-178-

equals 30.... is this all right? ...that I'm
running?....(sure)....equals....so that's 2800
square feet.,....so if 4.....how many 4's are

i
'
4 . N
-

TOTAL 112,2 secs.

-y

that doesn't..t.

' ) in 30.. N
r / Xy . .
| , = tF |
08’0 .-...7,5 ) N °
( Xz . .
N\ ' .. ’
P10:2 ...s0 7,5 times 250....2500 .
! ’ ,xz' X F a xF_ :
26,8 cees.S0 25750 square feet,
o~ x R '
~ o F ° N
TOTAL 125.0 secs.
. > B
6. - 28,8, 0.K. so 200...200 to 700 equals 275 to x /
. 2 . < | : "
u ° b oxe :
X 2,0 200 X‘
b ° - .
Q—XF = '-’
’ % 31,2 equals 700 times‘275.....192500 = .
be = z
/ .
t \ 2,6 192500 divided by 200 o )
’ z |
‘g* 9,0 so that's 1925 divided by 2
‘ ::', y .
* F o
\ 19,4 4 eee..s0 it's 962,5 .
) ;‘ a xF ‘
° ’ . V / .
19,2 that's not right,..(confused) -




<179~ ,

N .
B3 a
. 4

@ 45,0  Uwomm....0.K. so we need 5 to make 7,..we need ’
5 tods to make 1 and if 2 can make 7,...No

34,2 2 serbs can make 7 tods....35 make 1 fot,
how many fots,.,..then,.. i{f 2 can make 7 then
30 can make....l can make 3,5 )
C ° :
- Sl ! - "

» x
‘ &
AN PN~ v Lh <y Bk’ B g SRt

. ) »
> 3,8 then 30 can make 30 times 3,5

7/
x;x b=xz

15,0 - 1050
a xa' 4

10,4 10502, ...1050 divided by 35...

. > d
.._...2’— = X3
® E . ¢

32,0 Oh good grief, so 105....30,..0h that doesn't work.
(Retires) . >3 . .

<

Fy
TOTAL _140,% secs, . ® «
\\
8, 35,2 ese.1f 7 ergs make up 4..., if 7 ergs .. 0.K. so,
thath's 7 to 8...it's what to 28
a ‘ )

= - T
29,4 oops....that's wrong anyway...if 7 goes’to 4 zots
if 7 ergs make 4 zots how many ergs for 28 zots..
Oh.. x over 28 .

DO ' |
A b . ‘ ~

10,0  that's it ..0.K...so that's times 4 by 7 .

4
a- x & Y » \\\
b } v . -
2
LN
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¢ ' %49 T : .

ol

-
S R

n
%

4,2 you need 49 zots,.. 49 ergs
a xF

TOTAL . 80,4 secs. ' \ D

gt e

- . & ~

9. 32,0 l You'll kill me if I don't ge;: this one eh? N
OoKh 1'11 read i-t againc-o-

1
N . M
¢

28 equals...if 28 grza.ms equals 1 mole then 35
grams equals x

: . “
- o
’ 4 B . d— xl ) - \\.rv
S 55,4 So 35 divided: by 28... 28 into 35....1,25, that's
o 15 ad: z, ¢x,= ‘1;\ =Xy

<o

s
)
H
¢
[
e . R R AT e T e

Y
v

9 P} . ' 9
\ N - 3’6 SO 22 times (/1’250-00 : . \
x' x F. = XF ; , <
o C l&‘}’6’ Umm.....Oh.....so 27 5 .
° - . xF : ‘ ' , -1
- ! o ; me}’
\ V TOTAL 146,6 secs, = . . Ca
! ) - 3 ] “ d ' ' "‘ ) . .
i 63,2 .+..Wwhere'd you get this thing....p.K., Umnmm... -
. - 80grams of NaOH and 98 grams of H,S0, to make
- ’ . 36 grams of water,...36 grams of 0.. how many
) ' grams tb make 45 grams of water...add 5onto [
each one,.. DN . o
) . o+5, E -5 - T .
~ . - \ v
. ‘ . ) ' '.\ﬂ K. .
LS © T
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wﬂ%(- e oo A el ST IR IR+t ottt osar - L o & (e ) ol R

o \ ) . ¢
. N ;
C i s
| A r §
N R ;3
¢ - ‘ C “?
o S 3,0 85 and 103.... , . :
x X v, ' Yoy
P L) ) Flﬁ) €a !
, ’ : P
e ) 1 92,2 No... that isn't right.,..let's erase this... : , 4
, s0... what time is it...NaOH and H, 504.33\&V . ]
) . o gives you water,.,.some sort of H20... I have : :;
, ) to figure out the whole thing...Oh he's getting y
us back you know...80 grams of NaOH and H,S0,\ 8
gives you water...0h 0.K. that's 0.K.....
i N T 80 plus 98 give you 35 - Oh - 36 * - /

o+ =C6 . -
71,2 I need to' know the wh...yes...but if I don't

know....I can't do 1it...Oh am 1 ever dumb....
' 98 plus that....0h T know 80 plus 98 equals ‘178

: over 36 t3 x over 45 s
- . . « /
., o+E =R, ~Re . X
.- , . c D
P o > /
]-’0 36X *

. .
it RN ol e SRETIAARY _ in

, o+

Tx, =y

4,2% equals 178 times 45
7/ PEXD =Z

q

AN

~> 40,6 so that's 7610
7

« Z 4 ’
8y
, 8 59,4 so 36 into 7610 goes....so that's. 211
= h -4
Y — X .
e !
1 : ' .
7.4 now my ratio... 80 is to 98 N
' o E
v 25’6 NOss e SO I'l.]. reduce it’ 40 iS t;) 49..-48.-049
o [ N
i (\ \ '-h b _r- : . . . N
8,0  divide by 40 .
xl ' ' -

2
r
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2’0 40 into 49 LI

£ '

A;'ac‘\.
@ -
N
F
e veees Retlras,

‘ 15,0

-
’(
*f
s
1
‘ b4
] Ve TOTAL _392,8 secs. « ,—‘
_ v
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w v
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\ .
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| .
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| ' QUESTION TIME B STEP . .
e @ 4,0  0.K. 4 over 6 equals 9 over x
. S~ .
: b .IF . . i
. 6,8 so using the means-extremes postulate, so it's '
" - i 4x A ¥
, Caxp sy | .
Y ) .
— ) 3,0 equals 48 :
V4 . . .
\[ 1, hc = =z ) ( ‘ )
5,8 so x equals 12 o
°‘Z ' ¢ )
= :'3
- . u Y F
TOTAL 19,6 secs. % ¥
2. 4,8 8 over x equals 10 over 15
: : . _ <
cxe o d oo
4,0” ‘using the means-extremes postulate again, 10x
’ ) * ) . CxF N t1 ) . v ‘t\‘!‘
X 6,0 . equals...,..120
ad=:z
5,0 yeh...so x would e:qual....lz "again ' 3
1 2 . ’ .
= = X
¢ F ﬁ*
TOTAL 19,8 secs, . . -
L
e —a §
3. 8,4 x over 35 equals 40 over 56
Xeg, c -

- —
——

e b 4

R R L
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¢
4,8 using the means-extremes postulate, 56x

d”‘F"{ : '

13,2 &qﬂéls.....lémo ’ N

bc.:;z

we .

: /
36,6 so it's 14000 over 56 which equals.....so the
answer is,...X equals 25

,
o R T

¥ et

-_— = Iy_ %

“ . :

73,0 secs, %
1

6,6 ° 12 over 24 equads x over 8 | o
‘o o ) o

—— - xF - * ~ x§‘

b d 4

5,8 but the 12 over 24 can be reduced to 1 over 2 %
equals x over 8% %

S .

2,0 S0 2x ' :
bIF-‘- '1 :
1,4 equals 8 /
od=z ‘

i 248 % equals & : ) E

18,6 secs,

43,4 0.K. there's 10 bottles in 4 case and if... s0 =
2500 ft, of floor cam be cleaned with 4 bottkles,

so how many can be cleaned with 3 cases,..30
é
X,
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13,8 0.K. so if .4 bottles equals 2500 square feet
then 30 bottles equals®x feet

& . _E
x, XF.

3,2 so cross multiply, 4x
EIF - L’
11,8 equals 25 times 30....75000
&’6. { . Fxl = Z

36,8 is that right?...that's 75000 divided by &
....ss0 the answer, x equals 18750 sq. ft.

v o
z -o
i 7 -— x F v
. y [N »
TOTAL. 109,0 secs. y
. 3 \ " :
6. - 34,0 . 0.K. same thing almost...200 bags equals $700.
and 275 bags equals x
‘a ¢
b e
3,8 cross multiply, 200% .
.\ *i a'xF - (1 , —

19,6 equals 275 times 700...so equals 192500

be = =

67,0 so you divide that by 200, 192500 divided by
200.¢...4.50 X equals $962,50 for 275 bags of
grain. z *

= -

TOTAL 124,4 secs.

7. 81,0 ~ 0.K. if 2 serbs equals 7 tods and 35 tods
equals 1 fot....then 30 serbs....equals x fots,
Hommm. . ..you can't turn it off if you want to ’
think?,,.that means...that's,..0.K. if 2 serbs
equals 7 tods and 35/tods equals® 1 fot, that

/

] —_

s




o \1,]

equals 3 fots...so the answer is 3 fots.

G}
-t = X '
3 X £

TOTAL

&

SRMEIRORALK T Fr -

9% W secs,

0.K. so 7 ergs equals 4 zots...how many ergs are
needed to make 28 zotls... so 7 ergs over x

ergs equals &4 zots over 28 zots '

\ -—a—'~ 1S i’.— - 'l

xe¢ d.

8o cross multiply, 4x

.
w

‘,/c’x'F'.; L! ‘x;" ) s
‘\ o M o ” =

equals 196 N .
ad:z
24,0 x equals...49, so the answer is 49 ergs aré
needed "to make 28 zots, 7

..-:XF ¢

TOTAL

, o
.
.

65,0 secs.

'71,8 0.K., so 1M of N, equals 28 grams and 1M of .

N, gas 1s also equal to 22 liters so what

would be the volume of 35 grams? Ch.,.0.K. -

so if 1M of N, equals 28 gramss..then...Oh boy..

0.K. 1M of N, equals 28 grams-then'x Moles of

No equals 35 grams
-
x, &

642 cross multiply, 28x

‘// C;x'=(1 | .

\
4
5;

™ . L R

a
O i TIE

"
b
1 © )
- ¢
: -186- . . . -
* . i
- / » l *
s 20 serbs equals 1 fot - (
v / \'\ .
% X A\ ,/
. Nl '
so if 20 serbs equals 1 fot, then 30 serbs e

.
e
J\‘ *

e

.
P

RN g e,
e ~

~
LS AAE VS ] sl S B S . by o

7
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' / o 2,2 equals 35
« & © - d I3 /'
SO ¢ . o.d =" Z-

A 74,0 28 goes into 350..goes into 35...s0 x equals
veeely25

- N 1
‘9,4 "+ so0 1,25M equals 35 grams of N, -
_x‘ ) . ‘ s 3

T

/ 25,4 so 1M of N, equals x liters" 0.K. I gotwit..
. IM of N, equals 22 liters therefore 1, 25M of *
£ . N, equals x liters

J . E . _F .
. } 54,6 so x should equal.....so 27,5 liters of Ny
P . in 35 grams of Ny
) /:xl:z £ Xg =\c./, ._E.;xF ‘

. J Y

° R TOTAL  243,6 secs,

e
LS
[l

-
’
-

- / . 168,6 Hmmm...th:.s is a toughy....NaOH and HZSO4 don't
. . make water do they?..0h 0.K. plus something

"Ey' o / else. So...I think you have to make an equation
‘ T o v ...I'm not sure but I'll try to make an equation
, Co ) s so NaOH plus HS0; reacts to form NaySO4 plus
1 . £ =, . H0... Balancing the equation...you don't have
C , to balance it...let's try something..Ch 80g
) /4 . " . - equals NaOH ...Oh isn't this the thing we went
) . \ over to find the ratio between....If I can
by ' . remember how to do that now....0.K. Na equals - -
o " 3 \ 23 grams' and 0 equals 16 grams and H equals 1,
> - totalling up to...40, so that's half of what
. ’ o 7 -you need /
' : .* NaOH = ZF o hY

N T — .
- - i

85,0 so 2M of Na, 2M of O and 2M of H and for the

) next equation;...Hy equals 2, S equals 32 and

b 0 times 4 equals 48, no 56, no 16 times 4,...
> ' " 64...50 total them all up..that equals...98,

c v - 3
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70,0

5,2
1,8

37,6

41,4
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> 72,0
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)

and that's it...so it's 1M of H SO, plus 2M
of NaOH equals 2M of H,0 and what have you

Ha504 = 1E e

Oh. shoot, 1 think I went the long way didn't
I...36 grams of Hy0 equals...so it's 2M of
H,0 equals 36 so...shoot ...0.K. so that
equals’so'ZM of NaOH and 1M- of H,S80, reacts
to form Na,S04 plus 2 M of Hy0 so if 2M
equals 36, x Moles equals 43

x, = D
so 36x
CX,= ‘-1 e &
equals 90

2c)o = z

36 divided into 90....2,5...s0 2,5 M equals

45 grams ’
= - X,

s ‘1 ;

so all the grams are increased by...no I can't
do that...0.K. so the difference in Moles
from Hy0 is ,5

X,-RC = X

so I think...I think you have to...the

" difference in NaOH would be ,5 so 80 plus

20 equals 100 grams of NaOH
¢ O XXy =2 = JCF
é’ >

1

and for H,S04 it's 1,5 times 98...s0 it's

1,5 times 98...147...50 you need 147 grams of
H)S04 1

E"'xi =IF&

TOTAL 522,2 secs,
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. fo ) )
QUESTION  TIME ! STEP
@ 2,8 0.K. 4 over 6 equals 9 over x : ’
» i - o w L3
-4 : - — .
s N b xF . v A
1,0 4x ] ‘\V
9 - = ° s
[ & J(.f' :1
] N L o T y
2,0 equals 36 .
4 . .
bec = 2z
f 4,2 X equals 9 __Z‘_’_ = x"._. .
¢ TOTAL 9,0 secs. - ) \ v /,,\
! £
{ . -
{ 2. 6,2 8 over x equals 10 over.15
" a -C
1 .:';r- T d ‘ ‘ .
7,8 8 times 15 is......120
C adey
4,0 120 equals 10x _
9= |
3,8 X equals 12 ’
> . r
‘ TOTAL _ 21,8 secs, Xe \
) .
R
) /
e . '\'
3. 7,0 x over ‘35 equals 40 over 56
. xe <
< ° B
2,2 56x B
. N d_xF - ‘7
- -

0

e el ey
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C A . | | '
' 10,4 equals 35 times 4.......1400 I
be = z
& B
0 : |
. 25,0 oh God.....1l400 over 56.....equals 25 ,
-— x.p / N : 5
4 ( 1,0 . x equals 25 /'
Q xF ,
I -
TOTAL 45,6 secs. / ,
i 1 3 o //
: / I .
T4, '6,8 - 12 over 24 equals x over 8
4 & . X
g b d '
: ‘ b’
4,0 24 divided by 3, 12 divided by 3 N
¥ b a4 -
4 F I F ‘ -
— LR
E}’ . 3,6 equals 4, x equals 4, 4 over @
Ly x 4 ‘
2 -
TOTAL 13,4 secs.
| b
5 33,0 0.K. so 4 bottles cleans,..wait a minute...
10 bottles...4 bottles cleans 2500 square feet,
& q
3 cases, if there's 10 in a case....then 3 times
10...1if there's 30 in a case:
2.5, x - .
l, Fooxg
2,0 cleans x amount of square feet ‘
NS - S -~
;X X¢
1’ :L hx [
. Cc XF : '1 i
®* .
‘ \—”\_./—\

}‘5
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¥ . . .
2,4  equals 75000 o Ct
dx, =z | ‘
_ 25,2  0.K. 4 goes into 75...0.K....once.....1875
: x equals 18750 e
Zz
= = 1F
° Y
TOTAL 63,6 secs,
6. 23,2 0.K. so he's paying 700 dollars' for 200 and
how much, x, 1s he going‘to pay for 275
‘ a . <
. Xe ad
14,4 275 times 7.1s.....192500
ad =y ‘ :
2,2 equals 200x. 2 ,
CIF = Z “
‘ 2,4 knock off the zeros . ,
' 4., 2
w2 F
11,6 X equals 2 into 19......7.962,5
.ﬁ- = X - . ) .
> F
TOTAL 53,8 secs.
7. 33,0 0.K. 2 serbs equals 7 tods, 7 tods equals.... &
o wait a minute...2 serbs equals 7 tods,..35 tods,
equals 1 fot...how many fots can be made from 30
serbs -
* a:b c:id, e:F
10,2 0.K. get this all the same...so for every 33, /'
» that's times 5 % J .
E ’ \\\\\M,/‘

—— .x'
C

5,4 that's 10 to 35 to l...they'ne all the same

Sa = E = F . zzw -

x

At Mt £ 5

o ntas -l

& i
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1456 so that's serbs, this is tods, this is fots,
Iy so 1'm going to use 30 serbs and I'm gonna
have .that's tifies 3

<]
—_— = X .
-y ol f
1,8 - so I'm gonna times this by 3

: . .4

. 48 that's gonna be 5 \

L) " A ] x} "'
3,2. that's 105 times 3, is 3 >

a

1 . ' ,:C_; X -;3 .
2 . ' , . -
¥ : . 6,8 what's the question?,..how many fots can be made
: from 30 serbs...0.K. 3 fots can be made.
'-,r‘ . !
__x_.?— = XF
E
' TOTAL 75,8 secs.
~ !
, 8. 17,4 0.K. 7 e:;:gs make 4 zots, x ergs make 28 zots
. a . <
. K Xe d - N .
. 1,6 that's 4 times 7 (reduced fraction to-L_ from
, 7
: 4 ) c o : \
. 28 ) —_y - . .
. ‘ > FF -
1,4 7-times 7 is 49
od = xp : :
) . * TOTAL 20,4 secs. )
E . y 3

-

N equals 28,..., N equals 28grams equals 22,
liters ’ J

a = C

|8
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| p . N
) 19,0 " 0.K. 28 is to 22 as x 1s equal t6 weight... .
_’_j« 3 . how many grams?,..35 grams...0.K. as 35 is to x
w ) N & o -'a c !
' b Xr :
Lo T N13,4 35 times 22 is.....770 ,
be = Y
. 5,6 770 equals 28x . v
i . ) : . = 2 "
" . S‘l\ -~ N ) L
3 - N R
1 s - __DA47,0) 770 divided by 28....28 goes into 770...31, 4
K4 ‘" 0.K. 31,4 liters
. & . i
‘ —3—- = X -
TOTAL. 100,4 secs. . T
o e ' ) S -
(o3 28,0 0.K. 80 plus 98 equals 36,...0.K. how many grams s

. of NaOH and H,SO, are needed to make 45 grams of
H20.-..This is ‘going from 36 to 4500-.0 K. we,ll ‘§

- cross-multiply
’ / a +rE = C
° 3 . .
- 12,2 0.X......the ratio is 36 to 45...0.K. 9 goes into
. .  hege 4 times and into there 5 times ... four fifths
' . | &, £ , .-
. F, . ' ,-*\ .
: : 11,0 0.K. 4 is to 5 as 98 isto x ’ ;
e d . ‘
Y —L.z _b-— '
E X, ° ,
' 6’10’ 98 timeiS is.-.--%l"go ! . .
. - - M R ’ oy q
Ex o = Z .
. 4,2 490 equals 4x . .
: y / .
’: » ° 3’. x regis Z =
. tXTEY 9 S
. 16,8 \x equals...what am I doing? ...0 K. x equals,...
: T 122,5 . \
. =z . .
SoE T Xe (x.)
. D ’ ° t lfﬂ“
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. v
v

so 122,5 of the one 1 had 98.... so 122 5
e+%..0.K. NaOH,..80 over x equals

0.K. y e
of H S0
4 over

’ Qa

L2

17,4

-
-—

<
rs
= .

'— .
. 2,2 that's going to be 400 ‘Y ¥
¢ . Ol x -F = Z ‘ - ’
2,0 equals 4x ’
<, - - )
\ XLX -~ (” L
b 4 . [
¥4 X equals 100...s0 you need 100 /ams of NaOH
. . 0.K.? - ,
-.. --;1__ a: XFK (x&') @ ;o
TOTAL _107,2 secs, ’ o
Y 4 —~
— . ;
c©, 0 & o oy
- - o O
. .« 7, J vt -
¢ 4 ! o . . ’ e . 4.
M . : ) "
o aa 9 o o Y .

z
[
oo ¢ oy K}
@
H —
4 5
o -
8
0 -
, 2
f
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o
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° o
s
o 1 3
/y * ° B
p
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, % .
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. “o, v
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.
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"QUESTION TIME

1. 2,5

3,2

13,0

s

~195~ o
RUTH V. ,
N STEP
So 4x
O K, = "1

is equal to 54

Qﬁ
o

be = 2 3 v
0.K. so then 4 divided .into 54
= = Xp \
T -
that m&es. e e .13’5
XF ,
TOTAL 24,3 secs, ’ )
i
~y
8 over 10 times x over-15 N
Qo . Xg
b d S
so 10x
bxF" Z \v

3,8
AN
- 3,8
‘i;>
29,0
7
9,2

B

is equal to 15 times 8 which is.....125w§:

ad = Y

AN
so 120, divided by 15

H = W
\ £ ’

veesssWhich is 8 times

w

]

so it'll be 8, so 10x is equal to 8

Z = W dﬁ;

so that's ,8 3
W
=z T *F

-“TOTAL 64,1 secs.
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B -196- <
A ' Y
QUESTION TIME STEP
= a3, 7,0 X over 40 equals 35 over 56
: Xe b
N o d
4,0 so that's 56x *
cd =y / "
4,8 equals -35 times 40
ab -z
. 8,0 which is 1400
R Zz -
5,0 ''so then 56 divided into 1400
—_— 2 X
Y f ) p
25,4 gives....,...that's 25 i
X
L F \
)
TOTAL 54,2 secs,
4, 5,2 x divitled by 8 equals 12 divided by 24
a _ b
Xp d
‘% 1,0 so 24x a 5
- 3 bxF = ‘1 AV
5,0 . equals 96
ad =z
4,0 equals 24 divided into 96
4 - . N
_7. = _xF
11,6 so that's 4
.)(Fr .
TOTAL 26,8 secs. . N L
d‘ﬁiﬁ.}
- ‘J"
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.

@ 12,7

26,8

6,0

YT F .

! PR Sty SR A
B O T = Sl Al
- h ¢

i
-

d L]

]

,=197-

STEP
-
0.K. so that's the same type

x; € {a., b, c. &?‘"

so & over 2500 equals 3 over x S .
a c

-

b--x’-_

L4

so 4x
o xp s ‘1
equals 7500 T
ceb= 2z -
4 divided into 7500 (
r-a ! !
1Seee0ess. 1875
Xp ’

so my answer is 1875 square feet,
]

TOTAL 59,3 secs.

%

56,4

3,2

\

\ U
: _p11,0
7

3,4

XK. it's a bit different though - well if the N

-

piice stays the same - well it's the same thing,
we have to try and find the price - 0.K. 200
over 700 times 275 over x~

a _ b * ‘

c F
so 200x et

oxp =y |
equals.;...equals 1925 ’

be = 2 ’

so then 1f 200x equals 1925

L’-‘-Z .
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35 * 4,0 then x equals 200 into 1925
_3.. H XF Y%
17,6 (should I go to one decimal place?) Hmmmmm, \
something's. wrong..... ' .
o xF A < ¥
- 21,8 Question: What is your answer? . b ) %
956.¢.....can I try the next one? s
t o
X X
F o ‘ X
TOTAL 117,4 secs, ‘ 2
o LY :is
| (:::) 1,5 0.K. so 2°1s tao 7 E
) a'b %
- v Ind 3
- 4
\ +
21,0 well I think I can't do this one 3
7
1
. i
-- - Question: What¢is throwing you off? f
5,8 the fots,...well.,...there's 3ess.y0UuU need 3 ’

variables here....

3,2 look - you gotta do first 2 to 7, right?

. &-’b
3,0 then 35 to' 1 .
c:d | .
a :

4,4 and then you're mixing up these two

11,2 you see, this is to this and this is to this,“
but these and this don't go together anymore v

’
3,6 I don't think it's impossible, but I don't think,

1 can do it

L0TAL 337 secs,
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QUESTION TIME

8. 7,0
;21,2
9,8
‘“6,2
3,4
7,6

3,0

Hrommm,...0.K. this is an easier one

0.K. first youdo 7 to 4 and then x to 28

T

R

0.K. so 7 divided by 4, times x divided by 28

T a0 ey

equals 7 times 28
Clcl‘= Z

equals....196

so x equals 196 divided by 4
(l.ZlF = '1

ceseeess.49 ergs

"3

A Feosmi At 4

TOTAL 39,2 secs,

56,0

I don't know how to do this one -- I don't
know what you want me to find here -- I don't
know what they're talking about here.

[

TOTAL 56,0 secs,

38,0

This is the same as the last one....... I can't
do this one either,




- vt ’ ‘rf_, - ~N I
{ s '
- =200~ ‘ T
— ’ LEANNA V., . :
- N ‘
Q‘ QUESTION . TIME . m\o . o
; @:1,0 0.K. 63 i ’
b be = 2 | )
1,0 divided by 4 _
° - 7 M
n ; &xF = '1
o ‘ -
35,6 is.......50 & over 6 equals 9 over -15,75 0.K.? . y:
; z A} ~ W
—_— = XF
1 ' .
N ,
! TOTAL 37,6 secs. - !
,”5 P, .
} .
@ 5,6 8 over question mark equals 10 over 15 ) :
’ . ' 1
; Twwerw, ! _X__; . = g :
. b d ‘ é
: , 4 6,0 15 times 8 equals 120 3
b ‘ [ be = 27 3
\ ;
~> 8,6 120 divided by 8 equals 15
— ; ) ' :
dxp sy, 72 o x, , ’
) L’ ¢
/ 8,0 so 8 over 15 equals 10 over 15......0.K.?
x
f A
R TOTAL _ 28,2 secs, . ’
;o .
3. 7;2 What over 35 equals 40 over 56 “ '
/
‘ . . Xe &
, 5 4
/
K 6,6 35 by 4 equals......,1400
. / »
s / . be = «1 ®
. 4,2 divided by 56
, . 4 )
//, d—xF - Z 3 --Z-/_.
' ¢ , ¢ ? ?

-
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o ’ . % a - -
N 3 LN R
' ﬁ - 40,4 seesols 25...50 25 over 35 equals 40 over 56
L. x , / ,
- | ¢ ‘ ,
TOTA.L 58,4 secs, .
F VRN VO . )
’fﬁ' 3 T s
! ° 4o - 5,0 0.K. 12 over 24 equals what over 8 .
3 ‘ - a - XF <. - ) M
. . TR cstm—
S o b . d' ’ - A
’ 9,4 # 12 by 8 equals...96
62:: Vl & . ' - - . &
/ . od- Y
” '/' “
23,8 9% over 24 is......4
-~ fi "

. "‘bx = z = x ¢

*’ R - \

‘ 2,4 so 12 over 24 equals % over 8 - Ca ,
. e X . 1
| : -~
¥ TOTAL 40,6 secs. ' ‘

i

i

+e...0.K. there are 10 bottles of cleaning . »
fluid...if 2500 is 4 bottles....how any...3 i,

e
g
8
.

e
~
v
N

; / £ases.,,.if 10 bottles,..4 bottles..,.0.K. ¢
£ / ‘ 4 equals...0.K. 3 cases,..,0.K.,,.2500 times
{ . \ 30 equals 75000 square feet ’ R
» . \ a C '
i _— X —= =z X X, X F = X
g ' . \ b X, Fs ! F S it
TOTAL 75,2 secs. : T |-
‘l < . .
. L - SN
)
34,6 \0.!(. so $700....200 bags...0.K. 700 divided - . e e
by 200 SV
@ L . ‘ -1
\11 Q. = x, ! 2
i
: |
15,6 1;. and a half . ‘
\1 x' . | |
" / . ’
¥




6,0

AN
~>»57,2
4

-=202-

3% times 275, .

xIXB‘-‘xF 1

3 ar

wait a second....the following prices remain
" the same....the prices remain the same...0.K.
so it's 900...one decimal place....$972,50

b &
F N

TOTAL 113,4 secs. )

>4

g /

35,0

L 2

0.K. 2.serbs equals 7 tods and 35 sets of
tods...:T‘fot...hOW‘many fots can be made from

30 serbs....
.

2 cows....7 sets of horses
35 sets of horses are neéded to make 5 chickens..

how many chickens can be made from 30 cows
replo.ce mewvt

~

2 cows equals 7......0h no....I don't believe
this....I'm gonna go on to the next “one..0.K.?

o C

TOTAL 106,0 secs.

/ 8. 7,8
J «

0.K. 7 make .up 4....how many ‘ergs make up 28

zots . ' :
Q _ <

4s - P :

O.K.....7 ergs make up 4 zots, how many ergs are
needed to make up 28 zots...you go 4 into 28..
fé:.x a. = J(F <

C .

o

 JOTAL 30,6 secs., ) .

»
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B

L
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S

“® .
61,0 O9.K.....28 grams equals 1 mole.....22 liters
+++¢35 grams.....In chemistry a mole...28 grams..

| ~«203-
t

++eg0€S 7 50 you get,,.multiply 7 by } ergs
and you get 49..,.49 ergs )

xe . |

!
)

~1'm gonna go on to the next one 0.K.? .

&

s —

TOTAL: 61,0 secs.

~ .

41,6 +s+..0.K. 80 gra-ulso‘--.36 grams of wa:tEro~.h0w
- \ many grams.....HZSOa.....geez...BO grams to 36

/

1

V4
- (.7,4 + 80 plus 98 equals 178
a+E = AE T
4,0  to 36 ) o
. nE " C Cy ( -
\ v .
)84 ...i178 divided by 36 . ‘
AE _ .
¥ - c ' T :
34,2 veood,9
" . : X,
17,4  [....that's hard..:...RETIRES o
TOTAL 113,0 SECS. A -
a.. A &
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5,2 sp it's a ratio of what...2 to 3....
C.

Nns— ,

TR

TR Ot iy a1 s s erens g PRI A i g me e na ST B SRR AT o 1 s
\ ) - al ,%
¢ -205-
%
8
" {
i
H
A
JACKIE D, /
e H
UESTION  TIME STEP i
” @ ) 2,0 4 over & equals 9 over question mark i
/
o | e ' R
b g
4,0 S0 you go 4 times x \ ;
Q.-X_f_(: (.' 3
N T é
>2,2 is equal to 53 f
wd .
bC. 2 Z i
| | ;
29,2 63 divided by 4 is equal to the x,....do I H
wq{:k it out?.......15 and three qfarters ;
rd

—_— =X §
y ~°F |
IOTAL _ 37.4 secs. j
o " g
|
@ 2,8 8 over question mark is equal to 10 over 15 ]
. a 4 " i
t

N\
_? 13,0 T 8o this would be a ratio of.....18
i

IF /
TOTAL 21,0 secs, . .[
@ b4 X over 35 equals 40 over 56 ,
B SR 3 .
b d

16,0 they're getting tough...well, 1'd go S6x
C(x;: : ‘-f
L N
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' M -206-
N -
] ST . .
i
o 15,2  1is equal to 140... g
LIRY - s ‘ b& = z—\ Ex
}
' . 6,2 no wait....1400 L ;
be = z / ' , ,
N . {
- 36,4 divided by 56....1'm really lousy at this § :
7 ¥ you know....you picked the wrong person... " ¢
that's about 22,9 ' '
-, p 4 4 3
4 . — = .)(_F
4 * ;
TOTAL 78,2 secs,
S > ¢
4, 8,0 12 over 24 equals question mark overJ8 |
a . X ’
b d ‘ ' 3
‘ .
\ 6,8 oh...it's 4,...it's juét a ratio of 1 to N .
| 2,5, x B :
TOTAL 14,8 secs,
/ !
' 5. ° 17,4 10 bottles of fluid....2500 square feet.... P /e
) .l oh no...oh well 0.K.. 3 cases is 30 bottles
bc. = X, “
, 18,4 so & bottles can clean what...4 over 2500 - o4
‘ so 30 can clean x B ‘,) ,
| . e, x! ' |
£ - - R
19,6 cross multiplying....so 7500 divided by - .
A4 - .
Fx " = ‘Z ’ o N
" ’6 4 . n,: ) b "*’—"Au\\. .
expry .
- . ";:
' ] ; s . (':"‘:s.



\ «
)
. 0 B e T s i
3 5 ! 4, : o Y, N Ry
o A ) . R CECTE s LY SO L A e TR I RS T
.

<

. ' /'4 07~
0‘ : | . ; ' :'

68,6 uh.....s0 it's 187,5 or 518‘75 just a minute

- - : . ' _—-z- =X s e .t . 7 N
. 1 £ : -,
u " 9,2 it's 1875....no it isn't ’
i Z
—— 2 x
, 7 f
5,0 this is stupid... it'"s 18750 g
N ° ; 2 - F
v \ . i —71‘- - xF o, % ea L/(‘j
. TOTAL. 138,8 secss ® Lo
1620 0.K. so well 2 over 2 and % , .
= W - N ,
. TRk - - :
. . ¢ ¢ \g\:} °
- . S 20,0 so he increased by 1507... " V
) ‘ ; b = /z, Q..
. g '»»f’\
RO 3,8 no...15% right?ﬂ
\- , b= /5ol - ‘ . .o " &
P 4 ‘v (
21,2 Just a minute...so let's say... so it comes
' , N out to $7 for 2 bags
' . o o :
T . ’ o ~ q’ [ o
M V o N o 3 g .
56,8 - so 275 bags gives him......I've got it w-rong... ’
! : '$7 for 2 bags so $3.50 for 1 . % /
B \—& X /
. - \ _° ¥ +
S D 51,6 timﬁ 275....s0 275 times $3.50 and that-gives '
k * 4 . . W.SO-... 5 ,
. : ) &
oL bx, = xg
12,8 no«..$9.52.9...so $9.52 is the answer
S a . P bx, # x¢ a
. TOTAL _ 182,2 secs. ’ L
& ¢ ¢ v . . /\/ . ' {‘ a LY !
. N K ° . s
, <, , o 1
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Well 30 serbs give.....1,5 yes 15

— Ciprmmers: - .
, s X . ¢

O ¢ ‘

N \
et SRR TP TR
,

N R . ,
- ~ D>15,4 © so 30 serBs make 150-sets of whatever
/ J I3 )
— /O&, < B—(g.
& a
21,8 so 150 divié»‘ed by 35 gives k,,.yea &...Is it
s right? .....Is 1t right" ;
' v
X;’ - 1]
& G e
_TOTAL 84,8 secs, u e I
]. 9,0 Well &4 times Teeeaans :
4 .
. s x,
. E . . ] ° )
A T 4,4 7 times 7%.....49 .
. " : - \
( Q.oe, = Xgp .
5,4 4 into 28 is 7 right?, 'so 7 times the 7 ergs
i d— -
o N -— = X = -
= =3 o-x, xF
TOTAL 18,8 secs. {/ -
22,0 See I'm taking all this in Chemistry...I have :
) 28 is equdl to 22 and 35 is equal to x «
2 . <
- b XF' ‘ ) -
\ B ) . o .
9 11,8 so it's 14 over 11 -
D "'?"' ) ’ . . e,
o o
* 11,2 . equals 35 over x >
- a b
=~ = f_‘__,v_n
r'“}g T - ;
' \ ’ - B @? °
. I
A Y 1Y
° H
&«

L N

K
A
¥
i
5
£
H
-
i
%
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o ' .
1,2 so it's 385 S )
c .
o br=2 g
AN ;
N 2,0 divided by 14
V4 e =
Sy Sl )
’ :
79,8 just a minute...oh shoot...all of a sudden 1 y
can't remember...see this is where my trouble is.. i
7 . dividing...it's true, I have a real problem .
dividing...well let's say 27...it's 26,9....27
Z d ¥
— - F & .
& ‘1 - Lo ?

w
¥

TOTAL 126,0 secs.

[ I Yo

- / , . ) R
] 10. 62,4 ¢ Well...I'm just...well so far...well anyway... “ J L
1 ' so it's....it should come out to about 17 ~ y g
*Q (reducing) - i

. &, & . 4
A\ 5
h '-l'/ L] v . ) \é (:
= , N , v - - uv‘ i
131,2 . or could I do it another way...l usually use A, ;‘
T - a calculatot....well look sée you know it's a §
A ) ratio of 40 to 49 )
& , E o
/ s | S of .
13,2, it could be lower...I don't know and uh... x
; - e I cross multiply 45 times 49....and that gave
L ) me 2205
. < —— —E— a * -
J - - FRECZ \ »
- . ¢ i
. . 6,4 divided by 18 ahd that gave me 122
Z
° = = X Co. -
- . r ,
¥ 40,5  but now I'm gonna do it the other way...so : -
} . . 45 times:40 so that gives me 1800

d.%'= sz(Z)

¥
14,6  divided by 18 gives me 100

. , = Xpp '
~8 .

»
\
- 'r\mlN
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4 - L )

‘ ’

©13,2 so the... I think it's 100 and 122 i}
xf’ni xFL

| TOTAL 281,6 secs.
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14
t
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[
. i oy B
-
¥ o
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Q hd ré
u
|
.
< ) - T
a
W N , .
i
v
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/
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«
f
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.
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u
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4
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¢
'
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.
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QUESTION TIE STEP . Tt
L. | 2,6 4 Qver 6 equals 9 over x
& . &
- b % |
k!
2,2 o801 go 4x
. X
2,2 equals 54 - b
~ he s L '
/‘\ .
7,6 X equals 54 divided by & that's equal to 13... .
ot = X_F \ ¢
6,8 I think...no 14 ) .
2 .
, 7 |
90,0 hmm. . .something's wrong..: I thought it came
! out evenly...wait a minute....this is bugging me
«..0h, no wonder, 0.K....I'm getting the fractions
wrong...that's wvhy 1 was wrong....13,5 .
o z ™
E
TOTAL _ 111,4 secs.
. i
2. . 6,4  0.K. 8 over x equals 10 over 15
a | .
k8 x; 4. ’ -
3,0 10x -
CXp = L’ f
8,8 equals |15 times 8...that's uh...120 '

a.d_zz_

Vs v T
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3,2 10x equals 120, x equals 12

*f
_Z:— - xF
‘.1
TOTAL 21,4 secs,
3. 8,8 x over 35 equals 40 over 56
' .:f- = -E- W
b d
21,6 you can break that down to....divide by 2 )
so 20 over 28 B te
e, 4
7
20,2 you can still bregk ittdown.....l get x equals
25 d d c z
\ < = 4 .——XF = b - = Z —_ 3 X
Ve . J] (o J
r. ’ ~ r L, Lf F
TOTAL 50,6 secs,
¢ <
4, 7,0 That's just %
a b
)~
542 equals x over 8, x is equal to 4 !
- ¢ d . x .
= b - -
T T d = F
r 5
TOTAL 12,2 secs. - ’
5. 61,6 10 bottles...2500 square feet...find feet...

2500 square feet,..0.K....how many square feet
in 3 cases...3 cases i{s equal to 30 bottles

be = x, l

12,2 2500 is to x as 4 is to 30 ,
E . £ " |

a—

xp. x’

—
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=213~

3,0 4x
EXe = Y .
T »
<) 24,2, equals 2500 times 30.....75000
’ Fx, = z .
-~ ’,\ . a
77.4 4x equalg 75000, x -equals....that doesn't "
look right.....x equals 18750
. Z
_— XF )
(1
TOTAL  178,4 secs.
6. ® 16,4  0.K.....s0 it's 200 bags is $700 and 275 bags

is to x ) /

e . <
b xF ( N - &
6,8  200x

’ .Q.-XF = L’

17,4 equals to.,..2x equaié t0 Teeonoe

_i-, bC.‘—‘_Z._ h
r

r
35,8 s0 2x equals 1925

M. =

[= r

3

36,0 x equals to.....s0 X is equal to $962,50

M)

2 —’(F\

TOTAL

;kkh

112,4 secs,

86,8 2 serbs eqdals 7 tods and 35 sets of tods...
0.K. s0.....all 7right we get....15 times 7...
/ 2 is to 30, so 15 times 7.....105 .

/ -—-—-b = xl’ _c,x,:xz

anx 4w

m it e o n s e et AR b v
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4,2 so 2 is to 7 as 30 is to x
2 &l
b xr'
N\
> 9,4 so 215 tods
) be = x; ]

65,0 divided by 35 sets....0.K....s0 6,1 fots
can be made 7

X3
- = X
= F
TOTAL __ 165,%4 secs, '
8. 11,0 7 ergs is to 4 zots as x is to 28 zots
o . < :
xg ad )
8,2 so 4x
C.XF_ = ‘—’ y

6,0 equals to 175

. ! ad: =

15,8 x is equal to ...oops...I made a mistake,..

0.K.

3,4 7 is to 4 as x is to 28 s

& - &

IF d_ . i
. 2,0 4x .

Cxp = Y )
11,2 equals 196 .

ad=z /

-

11,0 X equals to.....49

TOTAL_

68,6 secs.

P e )
AT, ¢
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¢ .
. 9. 10,2 So it's 28 grams is to 22 liters as 35 grams
is to x . :
S = ’
; b X
> 7,4 so the common factor here is 7...so that's
. four fifths . ,
a, b ’.
- ~ ~ ;
} 3,0 4 is to 22 as 5 is to x s :
a c ;
= _= : :
b <p :
P \
! 6,0 so 4x [

4,4 equals to 22 times 'S5 which is 110
’ b -
- ~C =z

20,2 that's right’...x equals to 4 into 110.., o
X equals to 27,5

e e L R
-
———

Z . ~

. 9

6,2 so the volume of 35 grams of Nitrogen would :
be 27,5 liters 1

. ,5(# : \

TOTAL 57,4 secs. % .

! 13,0 So it would be...add 80 plus 98 which would be
178 grams

: 0L+ E = LE )
v N
28,8 are-needed to wake 36 grams....now we don't .
o add them ...take them individually

ae = &, &

16,4 80 grams is to 36 grams as 40...as x is to 45
QU o

N ' - —— D e—
. -x F' d'
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B 12,0 so the common factor here....l....
a <
e
5,4  9x
\( -
g =

8,6 equals to %00
$d -z

v

23,6 \\ X equals to 100...100 grams,

Zz

= : x
L’ F
14,8 and the next one, 98 grams is to 36 grams as
x is to 45
£ - £
Xy d
7,4 . 98 times 45 is.....4410
" ed =z
5,4  36x
FXe, = Y

Z . x
H F1

-

TOTAL 169,4 secs.

0.K. it takes
100 grams of NaOH to pake 45 grams of H,0

. .
) 34,0 equals 4410,?1: equals to.....122,3 grams, so
4 it takes 122,3 grams of Hy80,4 to make 45 grams
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" QUESTION TIME

2,0

STEP _ W ' ,

/

You just....cross multjiply....0.K. & over 6
equals 9 over x

Q. ()
B X
4x

Q;J(F = ‘1
equals 36
be = 2z

X equals 9

_E.-.xF

TOTAL 11,0 secs.

%
2. 3,8
1,8 —
\
16,4
1,0

a

Uh...then 8 over x equals 10 over 15

& =

.19 i . t

hén 10x
C )CF

1t

equals 15 times 8..... 10x ‘equals 120
oad = 2z

X equals 12
Z
—_— = XF_

11

TOTAL 23,0 secs,

() e

* 2
X over 35 equals 40 over 56

- Xe _ &
b

M

L3

1
. I

Co
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Fali
7
um. ... 56x

dxp =y

7,0  equals to 40 times 35 which is.....1400

be = z
\ - o
- _ 7} 46,2 Oh...0.K....wait...x is equal to 2,5
; P4
—:.)CF
v
TOTAL 64,4 secs,
#
T , :
4, 3,0 12 over 24 equals x over.8

B
b qL -
9,8 24x
\ -
bxp = 4 \

1,4 equals 96

Q&: - |

5,2 X equals &4

TOTAL

19,4 secs,

5.

25,6 Oh...it's like a proportion problem...well
you have 2500 square feet and that gives you |
° 4 bottles and then which would they want to know
how many square feet for three cases and there's
10 bottles in a cﬁse, so you have 30 /
bC < J(l

23,4 4 is to 2500 as 30 is to x
E_-_ FE

——— PR =

et ‘ ——
*f

ﬁ:’i‘ﬁa’k*‘.* IR et
2
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‘ i |
4 ! »
O
£5,2 so then you get 4x
i —— Fx, = t.’ B
’ ' - — 4
’ 6,4  equals....75000 .. ’
Exe =
/
60,0  x equals...I lost it...0+K. 18750
j \\‘1~ 4 - x . I
‘ = % -
° z o -
; TOTAL _ 120,6 secs, * -

T Ry

14,2

65,4

°

j 13,2 "200 over 700 equals 275 over x
)’j —_— e *Q’ - —b—
Ee ¢ T x
i \ F
O.IF = L.{

equals 55 |
be Z

”

so divide each side by 100 to cancel out the
zeros to make things easier

4, z ,

r ~ » :
«ve0H...I think I've lost it,....78,57 v -
oz

“"..;‘-"F v

TOTAL

112,6 secs.

\

16,0

Um,...0.K. the ratio is 1like 2 serbs make
7 sets of tods and 35 sets of tods make 1 fot

0.K. so 30, wait, so 35...35x

’

2 . <
TE T F i
equals 30 )
Exp = b .

. y » e SR TR
R T N f T st et SR ol - o A et "
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60,2 ' 0.K. it's like... so thén...so they'd make 5 N

E n | i .
. c _X.F_ e . { v
43,0 no it's wrong...I got them mixed up...0.K. 3
can I just start that one all over again... , . )
0.K. 35 sets of tods in”eachi..O;.K. so you'd. "
s .divide 7 into 35 [ T i
E N o b N s !
—— = _x © s v \‘
: o ) ; < F . . , :
53,6 ...0.K. like...you'd go 35 into 7 ¢f°thoge...
: v RETIRES ~g = g o
* L3 o By ' * P ’ ?‘
TOTAL _ 218,27 secs. " ;o A ¢
a t Dr ¢ i » e ]
iy S o °
. DL 8. "+ 8,2 0.K. it's just a ratio... you say 7 ov\er 4 ‘
is equal to x over 28 o . )
,’.. ' i - >c @- ' o é
P ~ . ‘ 0~ .
¥ [ 2 : :
CXF = (—’ N
[ . ° i
T, 9,2 equals to ...196 o ﬁ
. ad =z ’ . :
23,6 so ¥ is equal to...49 . )
= * . A
- — x a e
" ¢

TOTAL 44,2 secs,

9. 42,2 &9.K. IM equals to 28 grams...0.K." so first;
like you go...over,..like 1 over 28 to find
the molarity so like 1 over 28 is equal to

X over 35 ‘
a . Xg
C d
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o

.t%ti;t's about"‘...l 2 moles
z.:
CXF ‘1, Qd =, '71'- 2

so you Just multlply that by 22 to find out
how many liters it'll come out t0uearons
26,4 liters

s Fx’ =‘le

TOTAL

115,4 secs.

ca

0.K. like yoix do the one at a time so 80 )
grams over 36 equald x over 45, A

;
|
3
?
;
ﬂ

5’8 ¢ oéO 36x &
° ¢, s
- “c z s ch‘ - q A ,
. o 9,2 equals to 3600
L, “ad sz )
) 4,2 SO X equals to .,.you need 100 grams of NaOH
© 7 :
o —_— = X
E] ‘/ F.‘ '
20,6 Um...and then to figure ‘out the H5S0,, thé”
. , ratio’ would be 98 over 36 ,equals x over 45
o E ;}
. e F E[ i
f”” . 21,8 ° O0.K.|then...so the same thing, 36x \
, F'XF&. = LI
35,4 is lequal to 98 times 45,4..15 equal to 4410
ed =
> 76,8 R
; ’ s0 X equals to 4410 @i@ed by 36...50 it would
e be about 122...ah...0.K. 122,3 liters
: ’ = . x
¢ ) o Y Fa
o ‘ L‘& - -
T0TAL _ 230,0 secs, .

4
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QUESTION TIME . STEP .
P - v
1. - 3,8 4 over 6 equals 9 over‘x ’
° N -
o \\Q; x¢ - .
. 2,0 4x ) * \
~ V\o‘x F- °= ‘1 . ' . ’fr‘l\.}:;,}eq, = ®
e e rtey oS
. . W
¥ 3,0 equals to 54 e i ! \
. be= 2z = - . *o
e . :
16,0  x equals S4divided by &ee.....13,5 o
- -2 , .
- _ Lt xg '
o ' .. » .
TOTAL ° 24,8,secse N ) \
- . o]
" & .
2. 4,0 8 over x equals 10 over 15 \
. __%_ = d‘ . -
e X 4 o S
- 1,4 10x . 2 | ,
C—XF B Ll v ) . oo
“ . :6,0 equals 8 times 15.....120 0 Yoo~
Qd\. = Z ) X .
o 2,4 .x equals 12 ]
. 4 N
- -_z.:— = XF Y
N 4 .
TOTAL 13:8 SecS.
. \
‘ . S
3. 8,2 x over 35 equals 40 over 56
(% . 4 x F . c / [
— - —— {1
bal'e ‘ b 4
~ . | *

oy

-

PR

L AT

R B A ey

el e

2 i b o AP T 4 81

~&



-
[y

maw».mmmvvwwwmvw;r"mw,mrw;uwﬂxrr‘w;mmvs‘w‘av%m PP T S e At s - e twmmywwm?‘?ﬂ‘m@ﬁjw Ay
/ ‘ ]
»
. -223- -
v i - ) -
\& . 11,2 - 56x
~
y C{_IF = (‘{ Xﬁ
o d 10,4  2quals 40 times 35......1400
) f bc = Z -
' ' ' q
E ” 63,6 56 divided into 1400 goes....)'.ZS, X equals 25
) . .
¢ ' ‘ __...z- - xF I'
. ] ) ‘1 - j
{b ° ~ R i
i . TOTAL 93,4 secs. o ‘
: o : 4
Q o ¥
: 4, 7,4 12 over 24 as x 1s to 8
3 ’ - _?:_. - xE _
5 &
5,0 % equals x over 8
a b w
7k . N
2,0 2x equals 8 .
- ‘ 2 ad=2z '
B BIF - L1, Z ,
L &\,2 ' Mu&ls 4 N
z .
"‘,_?‘ 2 Xg . .
\
. .
TOTAL 15,6 secs,, R
Lo N
A - S
. 1 @ ' 29,0 4 bottles.....2500 square feet, 3 cases, that's
30 bottles ] ‘
L - o, c
, ) o am— .
} b X,
. 11,8 crissigucross, 4 over 30 equals 2500 over x . B
. \E . E
LN . nx, x‘; .
' ’ . . 22 that's 4%
% - Exp = Y
. . ©
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.
A BRI  ge l b z B
o e e X,

6,4 equals 250 times 3.....750 ‘

TOTAL 149,2 secs,

£
»
V ’ !
:
s
v
a

=

40,2 206 bags of grain,...$700....0.K. Keaps
200 over 275 equals 700 over x

(o c Y

h
.

h ' i Fxl = Z' ' :é
N
y ) 45,0 750 divided by 4,..that's...187,5 square feet g
— — = / > §
1./ h xF ' %
. £
14,8 that's impossible...slightly impossiblegs.3 * ,
b _ cases...that's 30 bottles ’
. Y
‘ 7 b B T x, T g
%’ / 40,0 what's commg off?...750 dlvided by 4ece... / 5
f ) . 187,5 square feet, }i
a -4
Z = xr_ , 3

LA

4 .
i i -—
1 b Xg
: 74 reduce . by 5
K- _b_ - :
r’r
o 4,6 40 ’
a
12 T2
‘ = LI

.10,0 divided into 700 times 55

. .b_ X C =Z / i
64,0 so 4 into 3850.....$962.50 for 275 bags... W
962.50...that's what it is

i ‘ __Z_- _‘.‘XF

‘1 2

TOTAL 126,2 secs, °

/ l ° g
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7. 29,6 2 serbs.....7 sets,..35 sets,...egad...70 serbs
O X E = X, :

) 8,6 0.K. 70 serbs gives you 1 fot
x, = F

4 .
85,0 how many fots can be made from 30 serbs?...30 .

- serbs gives you how mény...DoTit again...2 serbs
7 setse..35 sets,..gives you 3? gives you 70...

x, = F
s

8,4 that's 35 sets is 1 fot
E = F - .

11,0 30 serbs you could get 3 fots

E - b .
T X tXe s 3 2

TOTAL 142,6 secs.

' '?

\
8. 10,0 7 ergs make 4 zots...how many ergs make 28 zots
a L
x¢ d
4,6 4x
' 5
przq .
10,8 equals 28 times 7.....196
od =z ‘

10,0 196 divided by 4........49

E R

L’

TOTAL 45,4 secs.

!

9. 42,0 ° .....0.K. what will be the volume of 35 gramsf
28 grams equals 22, 35 grams equals what
| Q c

- em——
- »

[ RV I 7Y

(

%

e

-

R T

A G T P B 1o

o7 e Sy e G2 B




L

Sorm—— @ o

-

3 PR S 1 v e

k\d

o

A
4,2
- ™
' 13,4
9,4
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so 28x

Gxeg * Y

equals....770
be =2z

28 divided by 770...no 770 divided by 28

__Z—-:XF

4
that gives you....27,5...27,5 liters,.you, that
should be it
I _DCF -

TOTAL 171.6 secs,

10. 27,6

7.4

17,8

4,8

11,4

4,0

Lo

"

1
4

80 over 36 equals x oyer 45

a | X .
c - L

36x
cx; * Yy X

equals 80 times 45......3600 .

od:z \

3600 divided by 36 ...that goes 100grams
= . \
= = x, (xp) -

Y .
A
Now NaOH...you would 100g of NaOH
(xFl) ’ [
Now H,804 you would need,.0.K. ...98 grams over
36 grams equals x over 45 .
£ . X2 '

F - BN
36x ’ - i%

Fxp = ‘
X2 ‘1 \ 3 '
i

Th il o e
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BT e T S
T 4

~Fi s

ST e MRS SR RS i e TR S b e &

oY

Pree




14
P care s v ERCI RS Taa | i e o e <
. =227~ )
27,4 equals 98 tiqss 45......4410
de - z
A
3 . - 79,0 4410 over 364...5...122,5 of H2804 and I'm
¥ A . finished. - )
% . 3 Z. - - “
7 N L1 - ( x F 3 ) ¢ Bl
1 5»
TOTAL 192,6 secs. ®
¥ : l [ § ‘f
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ey e g gl
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QUESTION TIME STEP ‘ .
] (:::) 4,4 0.K. 1 would cross-multiply,
2 . .
P ¥ : b = IF
6,2 So 6 times 9 would give me 54
! S be = Y .
N .
06,0 and 1 divide the 4”into the 54 _ »
~—7
Z . ;" o . -
; 20,6 and ;hen_my answer would be.....13,25 . .
B xF | o
|
H TOTAL 37,2 secs. . ’
¥
§ 2, 7,0 It's the same type of thing, I'd cross- é
3 multiply again :
¢ *“ . b 3
) JCF - 'a_ |3 3

2,4 the 8 times the 15

&

ad -
3,0 and get 120
Y [

1,6 and divide 10 into that

Gt

— I =

— z § S——
’ 2,0 and so my answer wé&ld be 12

DCF !
TOTAL 16,0 secs, —
(::::) 3,2 Again we cross-multiply.....
g . & .
o b d




-

=229~
¢

, a \)8,0 cross-multiplying the 35 times the 40
- 4
bC. s L1,, t
. dxg
52,8 and then my answer would be 23
2 xF ’.’
<TOTAL 64,0 secs., -

'

.
/

4. 9,6 0.K. it's 12 over; 24 /
L N Q i
; - |
b : . |
1,4 but instead of cross-multiplying,
Z 2,2° I'd reduce the fraction first
n a b .
x4 — v
f; ' r
’a - 3,8 So my answer would be,..uh...4
b X¢ ~
: B
. TOTAL 17,0 secs.
4
. »
5. | 42,6 0.K. well since you have 4 bottles of fluid to
clean 2500 square feet of flooring, and how many,..
— / E  F
¥ fl,O 0.K. ¢.....50 you want to knew how many square
‘ feet of flooring can be clea;ed with 3 cases.... -
/
4 2,2 you multiply the 3 cases times 10 bottles
\ | ' Q b
— T — o~ b Xec =X,
F X .
2,4 so I get 30 bottles

x, -~ !

P S rve, IIT R

L TTE T
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36,0 and that is again cross-multiplication because

you want to get the number, so my answer is....
2500 times 30, that will give you.....,75000 '

c ] CXF‘Dl

—— -

X, X

1,6 and then you divide 4

—— d_x, = z ) Y

»8 into 75000 '
Z

— -3

(1

28,6 So your answer will be 18750 square feet.you

can clean with 3 cases
X.F .

TOTAL 125,2 secs,

/

6. 24,4 0.K. well since the price remains the same,
uh.... then it's again a cross multiplication
-G
) x d
9,0 well first of all I can reduce the 200 over 700
to 2 over 7 N
a. ¢
. 2 r
. 4,2 so then I multiply 275 times 7
od -y
17,2 and I get 1925
‘ 1 ”
18,2  and I divide 275 into that.,...now. .. sorry,
’ ' sorry, 1 divide 2 into that ;
i
Z
24,0 50 my answer is ..,,,962.5
. ‘ x
{ _ F. *
IOTAL 97,0 secs, ’

.
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G QUESTION TIIME . SIEP : , )

7. 63,6 0.K. 2 serbs'make 7 tods and 35 tods make 1 fot,
then....0.K. if 30 serbs, that'll mean you can make
‘ . 15 times 7 sets of tods.... .
' \ b - !
- a——— C - x
o X i A

Bl i, W b senn S OANE o R,

22,0 2 is to 30 as 7 is to 105

N j&. ;mEL_ = X 4
: b X, I .
26 58 0.K. if you need 35 set%of tods to make 1 fot,
— then you divide your 105%y 35 sets to make 1
= 3
= = I‘; 7
8,0 so your answer is 3 fots can be made from 30 ]
serb
; . ° Xe
\ ' i
TOTAL 120,4 secs, i ; 3

ot
-
Lk S

&

. 8. 34,0 0.K. if you need 7 ergs to make &4 zots, it's -
' again cross-multiplication - — )
f- . ~ &, < | o ° {
3 i x d |
11,4 to find out how many ergs ar¢ needed to make 28
zots, sO you cross multiply and you get 196
- | ad <y
4,0 and you divide A/;;to 196
=z .
s 11,4 so your answer is you need...49 ergs tp make up
- 28 zots. U
~t
. '  TQTAL 60,8 secs.
c -~ 9, 30,6‘ 1 mole of N?. weighs 28 grams and if 1 mole is
* a = (<)

er
-
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, ' i
& 30,8 also equal to 22 liters y
N . a = C d
10,0 0.K. that means you have to put the grams over i

the liters on each side to figure out what the .
volume of 35 g of N, will be so

L LAl 0 A ity oty
I

8t 3] Wﬁw&lﬁlﬂwﬁxfn{w T o

&— = —C.- -~ '..«/? /

b, Xy
) 12,6 1 reduce it first of all.....the 28 over 22,
‘ 14 over 11
% o’ Q E ) ’ ‘
. ) R o :
. LN 4,2 and T multiply 35 times 11 and we getl.,...385

A o

. ‘ . 7 be = Y :

2,4 and divide 14 into 385

E . . g 45

:‘//“. ) Z . J%
T \ ° f R
' 53,0 - so then..... so the answer is 27,5 liters, 3
: ( X the volume of 35 grams of N, is 27,5 liters

- . F ;

TOTAL 143,6 secs,

.

10, 70,8 0.K. 80 gtams of NaOH and 98 grams of H3SO

are needed to make 36 grams of Hy0, and to make
| 45 grams of Hy0..... well this is a stupid way

' - , of doing it.....I'm.going to add up the grams of
NaOH plus the grams of H3S804 and 1 get 178

O +E =2 OB ~-

.
! @

6,2 over the grams of how much water you get, that's
. + o+ 36
. RS - ! M , O. E E ﬁ
c
! 15,0' so then x over 45, 0.K. so I'm going to cross
' multiply \ ~ -
_ , aE 5,
)Q\ ’ o , : C - D
‘:} . ' - / - 1
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36,2 and then multiply 17§ by 45, and 1 get 8010
CxX, = L,I ’ Dx RE = Z
81,8 so then 1 divide the 36 into the 8010, and 1
will get my answer, well then, separately;,
0.K. so then 1 divide 36 into the 8010, so
my answer would be 222,5 »
—,E": x'
A - 1
94,0 then 1 want to find out the separate,...well...
one way to work it out would be to work a
percentage, .,.0.K. so I'm going to put 80
’ grams over 178 grams which would equal x over
222,5
4 . xz
aE XX
\ )
14,0 I multiply 222,5 times 80-
] C
25,0 then I divide 178 into that number -
aexx;:z, -1
. R 5 =
28,0 SO X....S0 one of the unknowns would be 100grams
2oz (xe)
12,2 and the other would be 222,5 minus 100 which
—equals 122,5
'x’ - xF: = xFa,
: 10,0 so you'll need 122,5 grams of H,S0; and 100 grams
of NaOH, ’ ‘
' T XFO' 3 xFa- &
TOTAL 391,2 secs. '
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QUESTION TIME , STIEP

] 1. 3,6 6 times 9 is 54 ‘
be = z -

6’2 divided by 4 1Seaeee
G_JH; = H

&
é 9,0 13,5 . ) -
¥ Z /s
i - < X _
' , ] F
h ' TOTAL 18,6 secs. - <y
2. 6,2 15 times 8 is 120
£
i Q.d = 2 g , ' 2
3,0  divided by 10 is _
exp = Y |
1,0 12 ‘ v
z . }
. = XF
L’ >
TOTAL 1042 secs, .

3. 7’8 g"'o times 35 isooontlm 5 -

be = 2 ‘

2,0 divided by S6..... ‘

P o CLXFS l—’

12,2 25 .
Z
< ° Xg
TOTAL 22,0 secs.
o
’ . | \
[} - -
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QUESTION ' TIME STEP o
4, | 2,2 12 times 8 is 96
-
o-& = 2 L T ’ g J
2,4  divided by 2bee... is - ' =
bxF 3 u’
3,2 4 ‘z
——— -xF ‘
. T , @ !
TOTAL 7,8 secs.
/-
@ 23,8 2500 is to 4 as x is to 30 -
' & . £
.x, x’-_
3,0 4x °
EXF' = (1 '
‘ ]
4,0 is equal to 75000 ’
FxX, = z - !
\ . ) ]
? 21,2 X iS Equal to-.--lm.-...18725 [
s _.1._ ! X X
\ (1 = F
TOTAL 52,0 secs. ° ( b (
22,4 200 bags is to $700, as 275 is to xg‘
2 . =
b Xg -
3,6 200% : {
Qa xg 2 v.! :
‘A o
/) 21,8 equals 275 times 700 which is equal'to 193500
bc=z. ’
# -~
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i\\\ 10,0 x is equal to 193500 divided by 200...which .

is equal to 1935 divided B@ 2 o g
‘ 2z, 04 z ? . :

. ’ ’ —

" r Y i

) 8,6 ..fé%hich is equal to $96.75 \
e\ z g - >
aomi— :.x of
y. ~F )
TOTAL 66.4 secs. .
" 7. 46,0 2 serbs can make 7...35 sets of tods.f.35 sets

can make 1, so we have to get 30 serbs...we
have 7 times 30 is 210

bc_ = .7(,
\
. 6,8  that's 105 sets of tods b
_i—L = xl .
‘ & 8
16,8  and 105 divided by 35 is.....3 ° e s
, : . X2 ‘ "
|x E - xF ) 1;
TOTAL 69,6 secs, )
Kk | X
8. 6,0 7 is to 4 as x is to 28-
a L s « ¢
Xg d_ \
' - 1,2 4x @ i
. \
C :(F/ = '-‘ )
6,4 is equal to 7 times 28.....196 :
ad =z 7
12,6 * 196 over 4 is equal to.....49 _ v
. .
—_— = X
l1 F ¢ ¢ s §
TOTAL .__ 26,2 secs. ' o
LY q °
M v LN
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QO T !
3
9." IO,Z So that's IM of Nitrogen is equal to 28 grams ;
o . . and 22 liters and 35 grams...... ) ° :
?;' : @ Q— = C- = hF: <
Y ) i
’ 23,4 28 into 35 is.....1,2 « ' ‘
- . d. ° ° b6 F:
- = X, -
: i c
v
9,8 1 is to 22 as 1,2 is equal to x *
“ E . E ﬁ
- ‘ x, Xpe
3 1,0 X
i Exp =y - ' i
i 10,8 is equal to 1,2 times 22....which is 26,4 N ’
&5 . - y
" Fxl = Z’ = x'F o
. < j
TOTAL 55,2 secs.
L] ¢ °
® , - o {
10. 25,2 80 and 98 equal 36,.....do they mean add it toge-
« ther?....s0 98 plus 80 equals 178 is equal to
x 8 _ 36
v RE = RE J <
o . .o
’ 4,8 178 is equal to 36, x equals 45 .
/f;:i7 ‘ o, g - G
o~ -
' e
/ 1,0 36x | o - ° |
/ cc'thi' ‘1 .
v o
. 15,4 is equal tg 178 times 45,....8010 .
’ , , . das = = g o ’ ’
\ . ® ’ D o
23,6  x is equal to 8010 divided by 36.....222 N
& .
, .Y _o"”‘(Fua_ (xl) -2
¢ ’
-~
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30,0 80 is to 178 a;/s x is equal to 222
- O - Q€é
—— -

X X ‘

: - 6,0  178x ' ;
’ OEXz =Y

is equal to 222 times 80, ...178x equals 17760

g 8,4
w .
ax, =z .
20,6 % equals..s...99
A : .._z—- =
. xpl

V

12,0 H2504...;..98' is equal to 178, x equals 222

g ety
]

§!

£ - E _ GE
& ’ Xr, <
£ : Fa X
% . 1,2 178x

2

by

o ETFa 2 Y

14,8 equals 222 times 98.......21776
T EX, s

, 21,8 x equals 178 into 21,776.....x goes into there
122,....that's "it?

3 . z -
o = Xpg
- \ TOTAL, _184,8 secsh o
- / -
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