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ABSTRACT 

This thesis is concerned with the processes usedüby 

high school studertts in solving ratio and proportion 

; /p:t;'oblems. The research had two main objectives. The 

~ first was to compare performance on problems with varying 

. , 

semantic content. The second was to investigate the changes 

in strategy that occur as, a function of increasing grade 
1 

level and exposure to scientific subjects. 

Each protocol was encoded ~n the basis of solution 

paths obtained by a preliminary task analysis. The time 
t 

of each step in the solution path of each p,rotocol was then 

measured . 

Results showed that meaningful word problems were 

more diffièult than symbolic problems. Furthermore, an 

interaction between grade level and sem~tic content was 

found fpr purely symbolic content p,roblems, but t~e inter­

action differed with other typéS of problems. 

There was a r~ionshiP established between the 

type of 1strategy selected, solution path times, and the 

difficulty of the problem. ' 

. , Processing methods 'se~ ta differ wi th grade level: 

The results indicate that there is a systematic shift to 

a more optimal form of strategy. 
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RËSUMË 
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/ 
L'id~e principale de cette t~~se est centrée sur l~~ 

,méthodes employées par les étudiants d'une ~cole secon~{r~ 
re ~~~ probl~mes de pro,portior!. '4 ayant pour but 

Deux objectifs saillant dominent cette recherche. Dans 

la premi~re ,. une compar ison du rendement sur les pro-
l 

bl~mes .de contenus s~m tiques variés. La seconde servait 

d'investigation des ch ngements qui prennent lieu propor-

tion~llement en fonction du niveau scolaire accroissant 

et de prendre connaissance des objectifs scientifiques. 

La classification de chaque procédé soe faisait d 1 apr~s 

une base de solution pré' terminée, obtenue grâce a une <4\, 
tâche préliminaire analysée. La dur~e de chaque étape/'de 

cette solution fût alors mesurée. 

<Les résultats obtenus démontFèrent que les probl\mes 

verbaux si~nificatifs fûrent plus diffici~es que les 

probl~es à charact~res d'ordre numéral. En plus, une 

intéraction entre le niveau scolair~ et le contenf s~màn­
tique a été trouvé pour seulement les prObli!me'S fY1!)bOliques 

par contre l'intéraction diffèrait avec d'autre genre de 

probl~mes. 

Une relation fue établie entre le genre.dè strat~gie 
>, 

f 

choisie, le temps réquis pour arriver à une solutioU,) et 
'-

.. ... 

le niveau de difficulté du problême. 
~ • ".iiq.. ,~ 

Les méthodes de procédé semblèrent tlifférer avec ~e 
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niveau sco.lair& Les résultats -.indiquent qu 1 il Y ,a une 

:tendance systématique ~ u~e forme de stratégie plus 

~ oo'timale-, , 
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INTRODUCTION 

This thesis is concercned with the processes used 

by high school students in sOlving ratio and proportion 

problems. The research has bas{cally two main object-

ives. The first is to compare performance on problems 

with varying semantic content. The second objective is 

to investigate the changes that occur as a function of 

increasing grade level as weIl as exposure to scientific 

subjects. 
o 

In reviewing the current research on the topic of 

ratio and proportion, the following areas of concentration 

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

erature will be reviewed in order to present ratio and 

proportion in the proper context. AIse, this literature 

examines the developmental aspect of'ratio and proportion 

problem solving as weIl 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 poi~t clearly towards a need for 

SUC~, an analysis" 

With the establishment of the need for the st~dy, re­
l 

lated literature on Task ~alysis will be ~iewed" /J 

Special emphasis will he gi~en to the area of~maih~matics 
", 

research hecause of the sirni'larities ·feund within the 

, .. various sUh-categories of 
- - ------~ 

m~themà)ticai thinking"_.~ , '. L 

" 
, 

, 

.. 
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The technique which will be used specificalJ.w in this .J ,~ 

study is an analysis of subject protocols. A review of 

related literature in this aréa will be presented as weIl 

as studies which use responsr la,tencies to measure spè'ed 
, 

o~ processing, in particular, those dealing with arxth-

rnetic c~mputation . 

. ' '. J Finally, a reV1ew qf' the ap~1ed protocol analysis 
" 

dealing with expert-novice variat~ons will be presented. 
,1. 

This will show how~in-depth protocol analysis is ab1~ t~ 

explain-processing steps with relation to time And strategy 

variation factors. 

RSVIEW Of THE LITERATURE 

1. MATH-SCIENCE RESEARCH: Introduction 

A substantia1 amount of research has been done in the 

area of ratjP and proportion, but only in regard to the 

areas of teaching, and the developrnental\ prob1em~ which 

ratio and propoEtion tasks seern to exhibit. Very littl~ 

research has been done on th~ processes involv~d i~ ratio~ 

proportion problern solving. It wou1d 'seem, at first glance, 

that the methodo1ogy use'd in gathering information on ratio 
, " 

and proportion has not been effective in tapping areas"of 

procedure, at least according to the rnathernatics and science 

literature. 
1 

Studies such as that done by Karp1us et al. (1977) 
1 

exhibit f~ndings whlch show that a substantial amount 

of students between the ages of thirteen and fifteen years 

.. 
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1 
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"laèk the abili ty to 
• 

articulate , , 
, 

and/or control- of variables ". 

\ 

o 

" . proportional reasonlng 
" 

Tq,~se resul ts stem from 
;-

~' -

an international study involving 360,0 boys and-girls from 

seven different countries. Based on this 'data, - Karplus et' 

al. recommend that science and mathematics progrélms in aIl' 
~ 

but, the hig'hest levels shouid take diversity of ,tudent 

reasoning into Çlccoun t before designing programs or se-

. 1ectilng \ curriculum topics. Similar findings are reported 
- \ , e . 

by Rogers (1977) who, in ,a' study of ratio and proportion 

Eroblems involving sixteen year oId' students -lound that 

only about '12% to 15% of the students whom he test:.ed (about-

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

Other research differs, however. As has been rnentioned, 

the main theory regarding the conc~pt of ratio and pt-o-< 

portion is tha,t it is a developrnental concept. Research 

in this area has produced significant data to support this 

theory. ... 

Ratio and Proportion: Developrnenta1 Research 

Piaget and Inhe1der (1958) make the clear assertion 
\ , . ,-

that students are unaQ1e to use proport~ona1 1ogl.c untl.l 

o they are capab~e of forrna~ thought. FormaI thought, 

according to Piaget is stage IV of his hierarchical theory 

of deve\opment; FormaI Operations. This statement has 

rece.ived considerable support in various other studies, 

E1k.irnd. (1962) and Lovell (1971). 

Piaget and Inhe~der,'s (1956) research with g.eometry 

• 
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problems revea~s how'the development of proportional 

reasoning is thoughl.to evolye. Their proceduFe was tio· 

show their subjects a rectangle and ask them to re-draw . ~ 

the rectangle in larger propor~ions. Students between 

the ages of four and ei~ht (Stage 'II) ,were overly con­
{ 
cerned with the length of the rectangle, increasing it 

out of proportion and' increasing' the w~dth of the rec-

tangle either slightly or not at all. 
... ' "~ 

stage III students 
• : ' o 

maintained ~ constant relationship be~ween length and 

width and were eventually able' to produce simple who1e 
" / 

nurnber ratios such as 2 to 1& Stage IV students were 

\ able to formulate proportionalities and were able te apply 

them to aIl ca~es regardlèss of whether the ratios were 

who1e number ratios or not. 

Further .work "byr;, Piaget and Inhelder (1956) was do ne 
.' D () " 

~ using duplication of triangles as the task. Stage II and 

'III students were able, in 'sorne case~ ,,, to duplicate .he 
,~ -

1" 

triangl~s, but anly through what,Piaget and Inhelder refer 
, , 

to as a "grouping of ,op~ations ", ~hÏ:ch i.s, rne~y a 

qualitatîve r~-structuring of tp~ ~igure~ E~tensive 

I?antifica~ion ',only appeare<f in ,Stage IV subjects. 
• ' 0 

• 
Rogers 1 (1977') stuây of sixte~n year oldosubjects, 

• <) ! 
, 1 

using tasks from Piaget and Inhelder i (1958) and Karp1us, 
J 0 

Karplus and Wollman (1974) ~s weIl' as his own tasks, up-
" . 

held th~ theory that formal-operàtipnal'schemas involved' 
'0 

a quantitative as weIl as a 'qualitative phase which pro-

ceeded in a develppinental fashion~ 

Il 

0' - , , 
'li.. " 

'0 

'" 
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Wo11man and'Karp1us (1974) examined the performance 

of 450 seventh and eighth grade students on four concrete 

prtrpo tiona1 tasks and two comp1etely abstract proportional 

t sks (numerical and geometrical items). The results 
, ' 

fi 

• 

~ 

showed inconclusive evidence for a strict developmental se-

quence for aIl students. In the concrete ta~k area, more 

students answered the questions successfully than in t~e 

abstract task area. Onl~ one fifth of 'the students applied~ 

proportional reasoning consistently over several 'tasks and 

only one fourth of the students applied formaI reasoning , . , 
on sorne tasks. Other students used incorrect additive 

strategies in their solution attempts. 
\ 

These results can be explained in either of two ways. • 

\ 

1 

First, consistent with Piaget and Inhelder's theory, it 

could be maintain~g that only twenty per c~ of the 

students had reached the Stage IV levelef fO'rmal opera-

"_ 1iIf 

~ 

i"-\ tions. Several studies have obtained resul ts consistent 
, 

with this view. Hoemann and Ross" (197i) found that. in 

easier concrete tasks, t~e child depended upon "magnitude 
"~- -

discriminatiori~l': similar to Piaget and Inheld~r 1 s triangle 
\ 

'~tudy • Thè 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-

,~portional thinking, 'not necessarily as formaI thought. 
1 

This c~uld explain correct sOlutions~ students who do 

not seem to apply proportional logic; 

Wollman and Karplus (1974) seem to agree with this 
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thedI'y. While maintaining that t~~ application of s~mple , 
'. 

ratios is proportional reasoning, it was noted that man y 

students used addition, "estimation, or even guesswork when 

faced with more complex proportional problerns. 

Other research offers explanations fo~ discrepancies 
)/> 

in proportional thought over age groups. Karplus et al. 

(1977) found both so~ioeconomic status and selectivity of 

\ 4' 

school affected the performance of students on proportional, 

reasoning tasks. 
- 1 

Karplus and' Peterson (1970) st~died urban and suburban • 

school ehildren from,nine to eighteen years of age. Sub-

urban subjects achieved mastery of the proportional tasks , . , 
by the end of high school whereas urban students showed 

little or no P!ogress over the same PfiOd of tirne. ~ 

perhaps considerab1y more int~t to the present , Of 

study however, is the seeo~d reason for Wo1lrnan'and Karplus' 

(1974) results mentioned earlier. This is the etf~ct of 
...... '1 

both cognitive style and strategy. 

~ Both Lunzer (1972) and Karp1us, Karplu§~rtd Wo11man 
C 

(1974) maintain that many subjects use, sereral ~lternate 
,'.... 110 

1 

proéèdures depending upon eues which may be given to.them 

by the task. This,is viewed as a deve10prnent in strategy 

rather than as a separate developmenta1 level. 

The present study will atternpt to analyze ~he strate-

gies of individuals doing proportional reasoning problerns 

in order to assess more precisely the effects of various 

strategies on success-fai1ure and response rat~s. Further-~ 

r , 
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)ltore, if proportional reasoning is' developmental, then 

~ perhaps~choice of strategy mar correlate in sorne way with 
. " '..J 

the level of deve1opment. 

, '. 
R~tio and 'Proportion: Effect of Instruction , 

If proportional reasoning is indeed devel'opmental, 

as sorne seem tb imply, instruction ShoUld have little or 

no effect on success rates unless rote procedures for 

solving problems are taught. 

Herron and Wheat1ey (1971) advocate using a unit 

factor method to teach ratio and clalm 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 probl~ms. Karp~us 

et al. (1977).in their international study of seven co~n-
~ 

tries found small but significant differ~ces 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 proportion to younger students are often 

tainte~ by the use of procedural techn~ques such as frac-

tional equivalents as weIl as those mentioned previously 

which do not teach proportion but merely treat the syrnptoms. 

Fischbein, Parnpu and Mânzat (1970), using five to 

thirteen year old students found that instruction in-

\ 
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!creased performance but anly on simple tasks. This 

~ coincides ~ith the studies of Haemann and Ross (197l) 

and Piaget and Inhelder (1956) mentioned earlier .. 

Boulanger (1976) faund that intensive training on.Piaget's 

Task 2 caused the student to rnistrust his intuitive 1agic 
~f" 1( 

in deference to teacher-induced procedures. He conclbdes 

that the cancrete-operational child cannat be taught ta 

r~tain and transfer formal-operational schem~s. \ 
What seems to be needed, therefare, is an appraach to 

the analysis of ratio and proportionalit~ which ,~ooks at. 

the processes and strategies invalved in this type of pro-

blem salving. A task ana)ysis using apprapriate Itechniques 

would seem to add considerable light to this area. 

2. TASI$ ANALYSIS:' In!roduction 

Analysis of specifie tasks in arder ta obtain infor-

mation about procedure is not a new concept, but the task 

analysis literature reviewed here will primaiily deal with 

recent research in the area of mathernatics and 

\

th€ m~re 
related prablern sOlving. 
" 

\ Task analysis is seen by Resnick (1976) as the "study 

oi)comPle: performances so as ta reveal the psychological 

1?rocesses involved". This type of analysis referred ta 

by Resnick emphasizes changing data collected on a specif,ic 

task into a psycholagical description of behaviar. Task 

analysis wa~ seen as a fundamental taol in.. assessing how 

learning takes place. Glaser and Resnick (1972) emphasize 

r 
i 
j 
l 

( 
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that the analysis of the task itself flnd not only t_he 

processes of how learning takes place is also important. 

Glaser and Resnick perceive task analysis as character-

ized by the "d~scription of tasks in terms of the demands 

they place on such basic psychologtcal processes as 

attention, perception, and linguistic processing. Fur­
/! 

ther, since the individual's capacities change over time, 

task analyses reflect current knowledge and ~ssumptions 

on the part of psychologists conéerning the processes 

available at different stages of learning and developrnent". 

Historical Overview of Mathematical Task Analysis 

Task analysis in mathematics has its roots in S-R 

theory beginning wi th Thorndike' s ,( 1922) Psycho10gy 

of Arithrnetic. Thc;rn~e began a process of sequenc.lng 

rnathematical problem'~~order of difficulty, depending 

upon such factors as time and nurnber of steps involved in 

the solution path. This concept is continued with the' 

work of Gagn~ (1962; 1968) and the developrnent 'of his 

Learning Hierarchy. Gagn~'s hierarchy presupposes a 

knowledge of subordinate concepts in orde'r to achieve a 
. 

specific task. Th1 co~cepts are arranged in ord~r accor-

ding to difficulty,/' and no task can be accomplished with-
1 

out a knowledge of subordinate concepts. Tasks, according 
• 

to Gagné, are studied with relation ta the hierarchical 

stfucture. By analyzing a person 1 s s~~tion path, the 
• 

leve1 of kno~edge is determined. In effect, positive 
'. 1 
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transfer from simple to more complex tasks is expected to 

"c;:cur. " 
Gagné does not 'deal with processes 1n his work, at 

least explici tly, yet in order to dete~ine and"'develop 
1 

1 

1 

a learning hierarchy it seems neces~ry that sorne aware-

ness of the cognitive processes involved in each level of' 

the hierarchy would be imp1icit in Gagné:s theèry. Prf:!­

cess analysis does not appear in' his work, however. In a 

study of mathematical concepts, Gagné (1963) supported 

his hypothesis that p,n individual is unable to 1earn new 
.. 

knawledge without a subordinate knowledge of other concepts 
1 , u 

yet he explains away inconsistencies in the data as measure-

ment error rather than atternpting a-process analysis. 

Somewhat contrary to the behavioristic approach of 

Thorndike, was the g~talt psychologists' view of task 

an~lysis. The,'work of Wertheimer (1959) dea1t with com­

paring and contrasting different ways of so1ving problemsi 

either by memory, using basica11y a mechanica1 approac~ 
" 

ta the problem, or by an actual understanding of 'the con-

cept uriderlying the problem. werth~imer's findings shawed 

fairly canclusively that it was the efficient''I,management of 
1 

i~ner structures which helped solve the problem. The 

efficient management and application of apprapriate mental 

sets seerned ta be'mare significant than memarization of 

,facts and operations. 

His work stressed the necessity of analyztng ,the 

components of a task in arder to see their true relatian-

t 
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ship to the problem. Merely the 'application"'of an algo­

rithm which somehow worked was unsatisfactory. Only the' 

structural and perceptual aspects of the problem, when 

properly understood, cou~d be generalized tb other tasks. 

Structural aspects of specifie tas~s were studied' by 

Piaget (1956) an~examined in terms of an individûai eithe~ 

having or nét \havi:ng structures of diffe~ent kinds. This 
v ~ D 

possession~of structures was synthe ized into a devEl>,lop-

mental theory (Stages l to IV). 1he main cont~i~ution of 

Piaget's theory to task anal~ is was that,it was able to 

point out specifie differen6es arnong various âge levels in' 
\ 

their approach to certain tasks. Piaget assumed diffèrent 

levels of knowledge as weIl as different prbcessipg abili­

ties were brought to a task by different individuals.' 
<, 

'il' 
Piaget was able to confirm his hypotheses through protocol 

. " 
analyses whereby different structural levels could be 

"/ " 

detected. What Piagetian task analys'is d~d jot explain, 

ho~ever, was what subjects actually do 'in so1ving a parti-
, " 

cular prob1em. For this type of analysis, the area of 

Information Processing must be exam~ed .. 

Resnick (1976) distinguishes information processing 

task analysis from that of Thorndike and Gagné in that 

i,nformation processing explicltly attempts to de scribe 
" 

internaI cognitive processes. It differs. from the wqrk of 

Wertheimer and Piaget insofar as it is also more interested 

in fihding temporally organized sequences of action in 

individual structures rather than the presence of "logical 

( 

1 

&.. 
, 
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operations" • 

Empirical Inform~tion Process~ng analyzes tasks based 

oh the interpretation of the data received from individual • 

human perr~~ance. Fr6m this data, the approach attempts 

to develop a process mode1 that wou1d account for the data. 
1 

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

'task analysis should 
1 

do based on information process!ng 

methodology. Fir~t, 
l , 

it should identify the component 
..-

skills which a,ssure success on the task; secondly, i t-

shQuld specify a complete set of strategies suitable to the 
1 

task; and thirdly, it should map feasible strategies into a 
• • 1 

proces.s model. 

Further work-on task analysis has been done concerning 

the instructj..onal implications (types of instruction such 
"- ... -/ , . 

as conceptual or strategy teaching) on performance, 

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

will not be developed here. 

'\. 
St.Fategy 

The task analysis area which is most important to this 

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

the ?urrent work on strategy is not deffnite, yet-there is 

sorne evidence that most research stems from either Gagné's 

(1962) Learning Hierarchy or, more recently, from N~well, 

Simon and Shaw's (1958) General PrGblem Solver (GPS). 

GPS used a means-end~ type of analysis which classified 

things in terms of the functions whjch'they serv~d. The 

" 

! 
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system formed- a basic 
1 

S~rategies were developed by GPS and formed the basis for 

further study. The means-ends ana1ysis was of particular 

interest to the are a of'task analysis since it was capable 

of dup1icating many of the strategies used in human per- \ 

formance. 

When means-ends anaiysis is used, both the initial and 

terminal objects are known. Searching processes using the 

- -technique of generating and removing differences have the 

general effect of limiting the search to objects that lie 

b~tween, or close to the initial and termi~~l objects re-

spectively. It also finds paths between start and finish 

that are re1atively short and girect. Working-backwa~ds 

methods\start from the goal object, using informatio~ 

about it to reduce the prob1em space. GPS on 'the other 

hand, uses the relationship between the initia~ and ter-
, 

minaI object, which imposes a far more efficient search 

system on the program. 

Both types of strategies are used by human su~ject,s 

, '1 
but sirnilarities among individuals exist depending upon 

sltuational eues. paige and Simon (1966) and Newell and 

Simon (1972) both ernphasize the importance of qualitative 

simi1arities among individuals and stress that if there 
, 

were no such similarities and each subject and each task 

was completely idiosyncratic, there could be no thebry of 
"..' 

prob1èrn solving wh~tsoever. 

Newe11 and Sirnon's (1972) work with protocol analysis, 

.~ 
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strategies and production systems stands as'perhaps the 

most significant achievement in problem solving in the 

past decade. The present study, however, diff~rs from 

Newell and Simon' s analysi,s in tha t the development of a 

production system is not a part of the study. N more 

detailed protoco1 analysis coupled wit~.precise solution 

path times should revea1 more exacting data needed for 

the ana1ysis of the strategies involved in the present 
:v 

problern solving area of ratio and proportion. 

Further work concerning strategies in a prob1em-.. . 

solving task has been done by Simon and Reed (1976). In 

their investigation, a computer simulation model was 

-'~l); , . 
~ ,'- " 

*1 ~~ 

fitted to hurnan laboratory data for the Missionaries and 1 

Canniba1s task in an attempt to explain 1) the effects 

u~on problem performance of giving a hint, land 2) the 

effects of solving the problem a second time after one 

successful solution has been achieved. The subjects who 

were given a hint averaged 20.3 moves in solving the, pro­

blern; subjects who did not receive the hint averaged 30.6 

" moves in solving the problem. Simon and Reed explain the 
-----"-..!::1 

difference with a strategy shi ft model involving a shi ft 

from a "balance strategy" to a "means-ends strategy". 
, , 

Similarly; a significant reduction of moves occurred 

after a successfu1 completion of the problern because of~ 

the same strategy shift. 

S'trategy shifts and the processes involved in specifie 
r 

types of strategies have also been studied extensively by 
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"(~-.L, Greeno ,(1978, 1973), Mayer and Greeno (1972) and 

~"'",,~~nield (1978), but will not be discussed in detail 

1 

" 
A somewhat different area of research uses sub-goals 

,< 

as the focus of study in strategies used in prob1em solving. 

Simon (1976), after studying stu~ent' performance on the 

Tower of Hanoi prob1em 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 perceptual 

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

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

these four types of strategies. 

Similar sub-goal creating strategies have also been 

found hy Gre/eno (1976) in ~~e area of Geometry and by 
, . 

Ericsson (1975) in the 8'~ puzzle. What seems to be in-
1 1 

volved in aIl of these studies is a procedure which re-

places unknowns by knowns, thus creating sub-goals 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 

he consistent with both GPS and Gagné's hierarchical 

structure. 

Variables Affecting Strategy Se~eetion 
• '1 

In the review of the litera~ure on strategies, mention 

was made of eues which seemed to have an effect on the 

choice of strategy on a specifie tas~ Task analysis 

, 
i ' 



1 
, 1 

f 

( 

-16-
.. 

studies recort various factors which affect choice of 

st~ategy in solving prob1ems. 

Mayer and Greeno (1975) compared "meaningfu1" format 

with "equation" format an,d conc1uded that meaningful 

format allowed individuals to assimilate information and 

connect it with other systems of knowledge. Equation 
" 

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

mati on to memory in a way that retained original detail. 

Rosenthal and Resnick (1974) experimented with the 
c' 

processes involved in addition and subtraction using 

verbal expression and processing as the ~ariable. Usi~g 

two g~~U~ third grade children, a series of problems l 

, 
were presented in which the identity of the unknown get 

as weIl as the order of mention of chronological events 

Findings of the stu4Y indicated that both 

backward order of mention problems as weIl as problems 

'with unknown starting sets produced more errors than did 

o~~ type~ of pr~blems. Problems with an unRnown :~~art-
'. 

i 

ing set also produced longer latencies than did ot~~r 
IJ) 

types' of problems. ~ ("U 

'Simon and Hayes (l976) tried to predict human ptol:Slem 

solver processes using the UNDERSTAND prog~am. They fbund 
., ,f r . 

that hurnan problem solvers are able to ineerpret rel vant 

sentences in word problemi by mapping them onto-r~t 

structures previously stored in LTM. 

In a later study, Mayer (197~) used four data state­

ments describing quantitàtive relations among the elements. 

o i 
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A further s atement asks a question cOnCjrning either a 

numeric or comparative question. The results showed that 

more diffi 

inferences ,in quanti tative., r~soning is much 

than in comparative reasoning,~proba~ly 

due to the additional prpcessing-r~qu~red in a quanti ta-
-~------

tive answer. Further results suggested that there were 
r 

differenc'es in the ~ount of information _ stored- ~_~.lubjects 

w~th different problem-solving sets. Numeric set su~jects 

'" encoded material.in a way that retained more de~ailed in-

formation but performed poorer on comparative reasoning 

tasks relative to the comparative set subjects. The 

re~erse regarding the comp~~ative set subjects was also 

, apparent: 

To. ~hat extent different cues and sets promote 
o 

different strategy selections is no~ sp~cifically Rnown. 
, , 1 

The presen,t study rnay shed sorne light on the area. 

Mapp~ng Strate~ies 

, r , 

IIi order to set up an- algo~i thm to fo1J.ow the step çy / 

procedure of a, 'particular stra tegy ,somé researcr-: 

used flowcharts. Paige ~nd Simon (1966), inJa~ 

step 

havé 
ù 

extensive protoço1 an9-1ysis of students' pe,lt:'formance on 

algebrë;l word problems used"a flowchart procedure, de-

" v~loped by Bobrow (1964), ~o anrlYZe the strategi~~ used 

" on thé problems. In jioing S9 r they were able to compare 
. . ~ 

contra&ting strategies easily, using the sarne coding 
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'Similarly, Groen an4Parkman (1972) used a flowchart 

model in an analysis of additionoproblems and,were able 

to chart response latencies accurately because" of in-Q 
p' , 

, 
crementing procedures 'u~ed by the, students. 

In the present study, a flowcha~t will plot the 
b 

~ 

possible strategi~s used fo~ the ratio and propor~ion 
'" 

Lproblems given to the students. This will, enable easier 

encoding and anàlysis ot the individual strategies ~nd 

prace~ses used therein. 

3. REACTION TIMES AND RESPONSE LATENClES: Introduction 

'In the presen~ st~dy~ "processing spee~ and the attain­

ment of sub-goal~ and steps in a specifie procedure may 
, 

praye to be a significant variable in the protocol ana}ysis 
, 

presented. Early efforts to meaSb1.re the spe,ed of mental' 

processes ,,?ere undertaken by Donders (1868r and many years 

later revised and re-instituted by Sternberg (1969)., The 

Donders method. involved a subtractive technique which 
• • .r, 

first partitioned xeactions into separate ~ariables and ~hen 

subtracted the time, fo'r the' v~riable under study from the 
" . " ! 0 

other reactions. "Chase (1978..) gives a brief out1ine of the 

subtractive tèchniqu~ as'welr as ,an historic~l overview 

of ear1y reaction time studie~invoiving various areas 

of mental processing.- , 

Mathematics and Reaction Time Rat~s 
.. 

Perhaps· the most extensive diagnostic work in the C 

o 

/~ 

o 

" 

-, 

'. , 
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area of arlthmetic has been done by Buswell and John 

(1926). A~ exten~ive time analysis investigation, using 

o thirty elementary school students ranging in age from 

eight to twel~e (levels.~hree to six), was done using 

standard talking aloud techniques. An analysis of the 

four fundamental operations of addition, subtraction, 

multiplication and division showed Mean times required 

for each of the subordinate operations. Extensive tables 

on aIl four mathernatical operations are proVided by 
-' 

Buswell and John showing percentage distributions of .. . 
required time. The results show an irregularity in the ..... 
percentage of time required by the different subjectsl for 

, the various sub-processes. Obviously, one does not ~­

pect perfect mathema~ical regu~arity in th~ iptervals 

required for the operations involved,' but extreme varia-
'. 

tion is seen by Buswell and trohn as an indicator ~in-
ü 

adequat~mastery of sorne fundamental number combination. 

Buswell and John also show many tecnniques for rernedial 

treatrnent of fundamental processes. .... 

It seems evident that reaction )times can be used as an ! 
ef,Lecti ve indicator of actual speed of mental processing 

o ~, 

and retrieval of stored information. This stud~cof simple ~ 

arithrnetic problerns can probably be èonsidered the fore-
1 

runner of modern arithmetic processing research. 
v 

Li~~e had been do ne since·this study until Groe~ and l 

1 • 

hjs associates ~tarted extensive analysis of arithmetic , 
processes based primarily upon reaction time information. 

, . 

.. 
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Simple addition prob1ems,were given to first grade 

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

were tak$f for the solution paths. A choice-type model 

lof incrernenting was develope(;'rom this data. Similar 

work by Groen and Parkman (1972) involving first grade 

children and their performance on addition prob1ems was 

also measured using response latencies. Groen and park--
man found that these latencies were best-explained either 

~ ~ 

through an incrementing al7orithm, or/through a process of 

, 1 " 
direct search of memory. A study by parkman and Groen 

(1~h1), using ?ubjects who were adults, seemed to favor 

the "direct memory 1ook-up process" as Chase (1978) tfas 

) .( " referred to i t. 

A study bV Groen ~nd PolI (1973) tested chi1dren op 

o~en sentenc~prob1ems which are structura11y simi1ar to 

subtraction problems. Again, using response latencies, 

Groen and ~o11 were able to estab1ish a process invo~ving 

a mi~ure of incrementing and decrementing which seemed to 

fit the 4ata. A later study by Woods, Resnick and Groen 

(1975), conc~rning process mode1s for subtraction, found 

the saroe process to be used by most subjects. 

Reaction time techniques were also us~d in an analysis 
, ~. t " 

of childrens' solution proèesses in arit~etic word prob­. '" 
D lems studied by Rosenthal and Resnick (1974). 'Once,again, 

","",-. 

the type of p~ocess invo1ved in correct1y solving a prob1em 
1 ~ , 

was inferred directly from the responSe latencies mTasured 
-, ~ 

by the researchers. 

H, 
/. ,,,,, 1 

.. 
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A sornewhat different are a of research was studied by 
: 

Klahr and Wallace (1976) using quantification latency 
p 

rneasures. They grouped aIl quantitative judgements into 

three categories:~subitizing, counting, and estimation. \~ 
f 

The first two refer to mechanisms dealing with n~erical 

quantity wher~as estimation can be used either numerically 

or for continuous quantity. 
# 

Klahr and Wallace went on to develop'a computer 
~ 

simulation of the quantification task which uses subitizing 

(immediate apprehension) as the basic mechapism, and beyond 

that range (Broadbent's (1975) es~imate 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 ~lahr and Wallace's model. , 
" . Further research has been done Oh subi tizing. Chi and 

'" Klahr (1975) found that when adults and five year olds 

were asked to state the number of dots in a randomly 

arranged displày, the adults reported that they primarily 

grouped and added whereas the five year olds merely 
\ 
cOunted. Chi and Klahr noted that within the subitizing 

range, latencies were fast and error free, but latencies 
( 

outside of this range increase lineârly with number of 
~ 

objects and error also increases with N. • 

It seems evident from the research cited in this 

section that reactio~ times and response latencies were 

able to help isolate processes which appe~r within specific 

1 
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strategies. 

The main problem with reaction time data, however, 

is that the processes inferred from this data do not ~ 

neces~arily,reflect only those specifie processes. 

Processes such as memory search cannot be inferred from 

such data. Long reaction times, in particular, can hide 
{' 

subordinate pr6cesses which can interfe~~ with those -

processes which are being measured. It would seem, 

however, that ev en those steps in a procedure with long 

reaction times provide valuable information on ~ 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; Dunc~er, 1945;_ Johnson, 1964). However, as a 

systematic technique, protocol analysis is a more re'cent 

"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. l'An analysis of the 

verbal protoools of their subjects in the areas of crypt-

arithrnetic, syrnbolic logic, and ch~ss lead~ewell and Simon 

ta the development of production systems. 

The protocol analysis in the cryptarithme~ic tasks 

consisted of trying ta infer rules of operation that the 

subject used in the solution of a problem. In analyzing 

these protocols, Newell and Simon summarizad_the thought 

--------,--....... _ ••.... lIIIf ... ·."":'"' ... ,~, ':"' ... -".:~ •. ~'i:~Q~("~~üigw&:~.;Aim.f!.tlaw.!J fifi_~~_~,.!_II!'~~. __ ·t.I_-... il!II!I-.--_____ .II .~. 
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processe~ in terms of rules or prod~ctions of the form 
·l'~ 

P 3>A, where:1p is a predicate and A is an action which 
J 

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

rules is ca11ed a production system. 

Êxtensions of t~e production system approach have 

been developed by Newell (1973) to include many 0t' the 

more elementary proc~sses which were not tapped b Newell 
. . 

and Simon earlier. Klahr and Wallace's (1976) modelof 

quantifica tion, rne,ntioned earlier, was also based upon 

Newell and Simon's work. 

"Newell (1977') outlines four steps for making protocol 

analysis a useful tool, This series of steps attempts to 

point out regularities in the prQtocols which serve to 

construct process models of an individual's solution 

paths. The four steps include: à) dividing the protocol 

,into phrases which includes e~èoding the various steps in 

the protocol; bl constructing a problem space which serves as 
1 

an nypothesis about the subject'~ behavior; c) p10tting 
1 

the Prob1em Behavior Graph (PBG) which is an application 
-' 

of the operators of the problem spacei d) creating a pro-

duction system which is a synthesis of the regularities 
\ 

which appear in the protoco1s. 

Paige and Sirnon's Ana1ysis 

Paige and Simon (1960) used protoco1 ana1ysis in an 

empirica1 study oF the solution paths used by students 

solving a1gebra word problems. They compared their 

} , 
" 

/ 
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findings to Bobrow's (1968) processing system STUDENT" 
\ 

which represents problems as equation sets. STUDENT was 

able to translate English st~tements into algebraic 

equations by parsing the language into simple statements, 

applying function tags to these statements, and then 

applying an appropriate equation to the statement. Using 

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

liary information to enable it to solve a wide range of 

/ algebra problems. These eues were structured by the 

rules which determined the order of the levels of operators 

used in the prograrn . 

. paige and Simon also investigated the algebra word 

problems within the context of verbal processes and found 
, 

significant differences between STUDENT and hurnan problem 

solvers. They noted individual differences in subject 

t 
protocols in,: a) the use of direct transformations of 

information contained in a problem in contra st to the 

use of aùxiliary information that went beyond the infor­

mation presentedi and bl in primary ~elia~ce on either 

physical-spatial or verbal representations of the probl~ 

situation. 

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

studies, in mathematical problem solving, insofar as the 

extensive analysis of individual protocols and the steps 

within these protocols enabled them to arrive at signifi-
··1 . 

'cant new findings in pr/bl~ solving 

Their work differs substantially 

research. 
'\ 

from that of Newell 

/ 
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and Simon primarily in their degree of emphasis o~ 
, 

artificial intelligence. Newell and Simon have, as their 
/ . 

goal, the development of productiori systems which attempt 

to duplicate human performance. Paige and Simon, on the 

other hand, are more concerned with individual processes 

which appear in the protoc'ols. Paige and Simon develop 

a more in-depth treatment of the indiv~dual protocols th an 

Newell and Simo?, and as such, are more interested in 

strategies as individual prob1em-solving techniques. It 

could be maintalned that Paige and Simon study protocols 

for differences in strategi.es whereas Newe11 and Si~on 

attempt to limit strategies into a pr~duction system. 

Protocols: Ana1ysis and Strategy 

Greeno (1976) used protocol analysis to show how 

hurnan prO~lem solvers generate and use an indefinite goal 

structure in the process of working on an initially well-

structured ,probJem. -Greeno continues with tne notion that 
"l; 

goal structure may simply be a system of pattern recognition 

processes. This seems to find sorne support in the problem-

solving procedures that Newell and Simon (1972) use in 

descriptions of the problerns 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, 

Hellèr and Greeno (1978). An analysis of protocols collected 

on high scheel geometry problems was developed into a 
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computer simulation model ea11ed perdix (Greeno, ,1976; 

Greeno, 1978; Greeno, Magone and Chaik1in, in press) . 
" 

The model sol ves p,roblems using similar steps as those 

used by students. perdix involves threé kinds of know1edge: . 
a) a set of propositions used for makin~ inferences, 

b) a set' of perceptual concepts that perform pattern recog-

nition, and cl str~tegic knowledge, coasisting of prb-
\ 

cedures for planning and setting goals. Current research 
\ 

is contin'uing using this type of computer simulation 

approach. 

Reed, Ernst and Banerj i (1974)\ studied the protocols 

.of college students on the Jealous Husbands and Missionary-

Cannibal problems in order ta find out whether similar 

strategies were used for homomorphie problem states. It 

was found that strategies, determined frorn the protocols, 

were only similar if the students actually recognized the 

relationship whieh existed between the two types of pro-

blems. 

A study by Kantowski (1977) using ninth grade students 

solving non-routine geometry problems also provides sorne 

insight into strategies derived from protoeol analysis. 

When a problem was repeated, either of two things happened 

which seerned to be affepted by prerequisite knowledge as 

weIl as by personality factors: a) sorne subjects tried new 

techniques if they had been unsuccessful previously CA 

strategy sh~ft was employed); b) so~e subjects abandoned 

the search for a solution irnrnediately if they recognized 

\ 
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a problern as one being too difficult for thern to solve. 
1 

Days, Ku1rn and Wheatley (1979) studied process 

differences between concrete and formaI operqtional 

students using protoc~1 ana~ysis~and a unique encoding 

system. It was found that problem structure plays a 

greater role in deterrnining process use for formaI students 

than for concrete students. Also, problem structure had a 

greater effect on problern difficulty for formaI students 

than for concrete students. 

A criticism of Newell and Simon's theoretical approach 

levelled by Chase (1978) is aimed at the protocol anàlysis 

which was used in their research. Chase states that their 

lev'll of analysi's and methèdo1~gy were appropriate only 
!..\~'" '\ 

for'c.jcomplex processes which took severai seconds to per-

forrn. Chase continues that Newell and Simon's theory 

mus~ be "constrained by the evidence ~n the protocols, and 

the le~el ~ arralysis and the real time constraints are 
). 

an order of magnitude higher than appropriate for elem-

entary processes. There is littie evidence that elemen-

tary processes are available to conscious introspection. 

Indeed, nowhere in Newell ancLJiimon.' s protocois can any • 

verbal description be found that describes a memory search 

process."(p. 83) 

The research on protocoi analysis is conspicuous by 

the absence of any extensive' solution time data. It would 

seem that solution times would substantiate progr4ffis developed 

to simulate students' protocois. Likewise, very little 

... 
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\ 
ction time data has usèd protoco1 analysis as a too1 

support the results which have been presented in the 

earlier part of this'review. This study intends to use 

the techniques of both protocol ana1ysis and solution 

time data to analyze processes invo1ved in simple ratio 

and proportion problems. 

5. EXPERT-NOVICE COMPARISONS: Strategy Differences 

Recently, Simon and Simon (1977) performed an extensive 

protocol analysis of the individual differences of expert 
) (' 

and novice in sOlving physics prob1ems. While there 

prob1ems were much more complex t~an ~he ratio and pro­

,portion probl~ms used in the·current study, the patterns 

of sub-goals and the resulting strategies seem to be some-

what consistent. 

Simon and Simo~'s analysis showed clear strategy 

delineations between the expert and the novice that did 

not seem necessarily developmental. The novice, for 

example, used two different methods to solve two problems 

of the sarne type, indicating a problem-solving ~pproach 

based upon the eues initiated by the problem which in turn 

trigger retrieval of a strategy stored in LTM. 

In the same study, Simon and Simon exhibited proof 
1 

that a strategy whieh ean only be Iabelled as "physical 

intui tion" appears. 'The advantages of physical intui,tion 

seem to accountrO~ the superior ability of the expert. 

,The expert also exhibit~d a "working forward strategy" 

, 

~ 
) 
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( , 
rnuch likè that encountered in GPS, which involved a se-

• 
quential attack OD ,the problem, leading directly to the 

intended goal. The novice, on the other hand, exhibited 

a "torking backward strategy" encountered previously in 
, 

the Logic Theorist (Newell, Simon and Shaw, 1958). This 

strategy was characterized by a somewhat erratïc sub-goal 

~~problem solving, leading ultimately to the final goal. 
-~ ,-

The expert's approach to problems has been character-
" 

ized by Larkin, HelIer and Greeno (1978) as a "physical" 

approach whereby the expert moves from problem statements 
, > .. 

to physical situations and xrom there to equations. In 

other 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 . Î 
! 

/ 
Similar findings have appeared in the research of 

Larkin (1977a, 1977b) who also used verbal protocols to 

• study solution strategies in physics problems. Again, 

as in Simon and Simon's findings the novices went directly 
, l "" 

from the 9roblem statement to ·the application of equations. , 
1 

The se~uence of equations evoked ~as similar,to that of 

trial and error procedure insofar as when dead ends were 

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

solution was obtained. 

The experts in Larkin's study, however, w~re slightly 

dissimilar ta the expert in simon and Simon's work. The 

expert in Larkin's research used a planning Sjage. ~efore 

... 'd_'fV ... _ ..... n_n ___________ -" _______ ~_ 
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generating any mathematical equations. 0 This planning 

stage was explained as being Ca result of diffi~ult pro-

blems even for the experts, unlike' those prob~ems in 

Simon and Simon's s~udy. , 0 

. In aIL thre~ studies, however, the experts appeare4 
" 0 

to have matched solution methods with 'gene'ra.}.ized; 'problem . 

types previously stored in LTM. 
1>- " 

"Chunking" 

An extensive review artiCle on expert-novice prob1em 
, "f 

solving has been written by Larkin, McDermott, Simon and 

Simon ( 19 79) • As weIL as the differences between nGvice , 
• 

and expe~t alr~ady mentioned, experts seem to he' able to 

"chunk" farniliar stimuli and are able, by- patteJ;:n recog-
1 c • , 0 c 

nitio~ to evoke stored information about strategies fro~ 
',-. ----.......,-

me~ory (Simon, 1974). 

The critical component of translating verbal statements 

into mathematical equations is'also ev~denced more often 0 

in the expert problem solver. The result of~~his is that 

the experts solve the problems in less than one quarter o'f 

the tirne required by the novice and with fewer errors. 

An automation process is also noted as being a part of 

the expertls strategy. While the expert, in nis verbal 

'protocol, %entions only nurnerical results, the novice goes 
, ' 

through the entire literal equation. This difference is 

explained by Larkin ~ al. (1979) in terms of the expert 

having stored an entire procedure while the novice stores 

, . 
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.1 

the knowledge that particular equations can be used in 
" . 

, 0 0 

certain circûriistances ,0 Thus, the novice verba1izes 

h~r,recognition ~f. tne.different·equations whi1e the 
. . , 

" !=xpert verba1izes the solution of the entÏl:e procedure. 

'The °process "of LTM ,storage ando' d~trieval is noticed 

most particularly in chess', Studies by 'Chase and Simon, 
, 0 • 

(1973,' 1974) an'd Simon and Gilrnar'tin (1973) reveal that 

ap expert chess p1ayer can reproduee'frQm memory the 

p~itions of ab,?ut twenty five 'chess pieces with '80% to 
".,. \ 

90% accuraey--â'fter seeing the pieces fo~ only five- sec~nds. 
o 

The' weaker p,layer\ can reproduce only five or six pieces.o . 
The, rnaster chess player oa:rr also play at a speed of 
( 

ten seconds per rnove with very li ttle 10ss in playing 

strength. o 

o 

This information supports Sirnon's' (1974) theory that 

fami:liar' stimuli are chunked and then stored .. and re-
~ 4 

trieved through a pattern'recognitio~ eue. Similar. 

findinc:rs ~n speed' of recogni tion, ~nd accUlracy of place-! 

ment of pieces have q.lso been reported by DeGrooi:: (1966) , . 
The ability of the oexpert to chunk information enables 

h ' 0 '. l t't f . /. bl t t ~m to recognlze ear y pa erns ornllng ln a pro em s a e 
\ 0 1 , 

and further enaDl,~ the expert tp prepare a strategy using ,"" . 
the processes stored in LTM. 

~t'her st~die~ rnentioned supporting these hypotheses 

haye 'been' reported in the areas of physical dynarilics 

pPoQlerns, (McD~rmott and Larkin, 1978, and Larkin, in 
~ ~ 

press), and also- ip ~roblems of chernica1 engineering 
J' • 

'i 

• 

-
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thermodynamics (Bhaskar and Simon/ 1977) : 

In conclusion, the expert's ability touse pattern­
\ 

indexed schemas enables him to'solve problems more 

efficient1y. Simon and Simon" s (1977) reference to • , 

"intuitiQ~I~,ht be "synonymous with this ability. 

CHArTER li 1 ?Il~ '~\ j, c 

':'t ,--~..1~ 
\ 1.. _ '>fl:r:':;"-,,' 

" , (1 \""t1::"'-

ANA[VSIS OF T~E TASK .J~11 

.. '1' , 

In ~rder to test the abilities of the subjects on. 

r~io and proportion 'problems, ten prob1ems,were compiled 

On various task areas with varying degrees' of difficulty. - ~ 
'0 

Four of othe problems'were."syrnbolic" problems where the 
... ' ' o 

posit'ion of the unknown was systematically varied. The o 1. 0 

remaining six problems ~ere word piobl~s. Two of these 

. ~,were "nonsense" problems where thecname~. of the t~fJlls;-were 

irrelevant to the solution of the \'problems. The next two 
~ . "' 

pr~blems were convention'al "story" P7"0blems where the terms 

were familiar objects ~own to the samp1e; and the 1ast~ 

twp were problems i~volvin~ chemical terminol~~y whlch, 
~ \ ' 

a1though meaningful, had nothing to do with the' solution 
6 

of th..t; ~roblem i tself: -. J . 

It i6 important to note here th~t, although the ten 

• questlons'were grouped into fo~ distinct sections or 
, ~ 

types of problems for th~' 'purpose of analysis, 'ri';} ~ttempt 
1 . , 

has been made to ina~e the questions wi thin' each section' 

linguistical!y equivalent as was done, for ex~l~y 
" " Rosenthal a~ ReS~i~k (1~r4).; This was prim~;ily b.c~e 

f 
i·' l' , 

J 
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• each of the questions was intended to be analyzed separ-

a'tely, wj,.tJl. no direct comparisons between questions 

implied or attempted. ~he te~ questions in their final 

forro appear in Table 1 on the following page. 

In an independent study, three mathematicians, (Senior 

mathematics teachers from the high school) were asked to 

\~Jdentify aIl 't.he eossible solution methods for aIl ten 

problems. The flowchart notation was us:1 in order to 

help identify individual steps within a specifie strategy. 

These steps were identified, labeled, and numbered in 
-

order of occurrence in aIl possible strategies. The 

flowcharts were then checked by the mathematicians ta en-
, , 

sûre reliability. Each strategy develop,ed by the mathe­

maticians was then run through the flowcharts until the 

flowcharts were able to accornodGte each strategy within 

the prdered steps provided. 
\ l",-

Two ~charts, labeled METHOD A and' MErHOD B were 

the tesult of the task analysis. Both of these st~uctures 
~ 

"' .... -follow with a d~ta~led'explana~an of each. 

... 

j 

(It should be stated here that ather 

-possibl~ solution paths were suggested 

by t~e mathematicians, but it was 

unanimously agreed to that the likeli-

hood ofvhigh school students using such 

highly sop~isticated mathematical com­

pdtations was h~ghly improbable. These 

methods, therefore, are ornitted.) 
<) 

, ~-~---------------------------

-

/1 • 
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Table l 

PROBLEMS 

2. 

4. 

· .. 

1 10 
-15 

12 If!::. ? 
24--8-

5. There are 10 bottles of cl~aning Diuid in a case. 

6. 

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 sorne grain to feed his cattle. He pays 
a total of $700. for 200 bags of grain. The following 
year, priees rernain the same JPd he buys 275 bags of 
grain. How much does the man pay for the 275 bags of 
grain? ~ 

-\..-~ 

t 
7. If 2 Serbs can make 7 sets of Tods, and 35 sets of 

Tods are needed to make 1 Fot, how many Fots can be 
made from 30 Serbs? 

8. If 7 Ergs make up 4 Zets, how man y Ergs can make up 
28 Zots? 

,6. 

/ 

9. In Chemistry, a mole of Nitr~gen weighs 28 grams. If 
a mole of Nitrogen is also equal to about 22 liters in 
volume, ~hat will be the volume of 35 grams of Nitrogen? ' 

10. If 80 grams of N_OH and#98 grams of H2S0
4 

are needed 
te make 36 grams of water, how many grams of NaOH and 

.H2so4 will be needed te make 45 grams of water? 

-~;,--~~-'--~. ------------------------------------

,1 
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Method A, presented in" Figure l is used for aIl 

problems using o~ly four variables. These problerns are 
~ 

nurnbers l, 2,- 3, 4, 6, and 8. Method B is used for the 

problems using six variables. These are problems S, 7, 

9, and 10. It should be noted that Method B is the same ~ 

as Meth0d A except that there is a ~omplet~ 'duplication 

• of Method A using new terrns in the second part of Method 

B. j 

Method B is seen as independent, however, because of 

the necessi~y of having the student choose the correct~ 

variables in the solution strategy. A further explanation • 
of these Methods is necessary before proceeding further. 

METHOD A 
< 

Method A enables tpe student ta choose a number of 

solution paths starting with step 1 (READS PROBLEM). Ta 

explain Method A, problem number ~ will be explained 

according to the various steps used. problem 8 reads: 

"If 7 Ergs make up 4 Zots, how mat y Ergs can make up 

28 Zots?". 

For purposes of this e~planation, 7 Ergs will be 

term A, 4 Zots will be term C, the unknown terrn B,. ,and 
;;. 

finally 28 Zots will be terrn D. Following Method A, 
1 

the-student must first of aIl see a relationship between, 

the two sets of terms and among aIl individual terms. , 
This comprehension is represented as step 2 (COMPREHENDS 

2 STATEMENTS). From thiS point, the student must produce 
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a ratio, that is, 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 RATIOr ~ by introdueing -the 

rnknown, X, into its éorreet position in the equation. 

~~hus, A : C as X 0 in this case. From here, the student 

proeeeds to step-S where he chooses either of two paths-- 1 

the UNIT SUB-MËTHOD or the standard EQUATION SUB-METHOD. 

The standard EQUATION SUB-METHOD will be explained first. 

Step 5 of this method enab~es the student to prodEce 

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

FIRST EQUATION). In this probl'em the equation would be: 

A C 
Xl ""1) 

or 7 Ergs is to 4 Zots as how many Ergs is to 28 Zots? 

Step 6 simpl,ifies the problem by us'ing the means-

extremes postulate. (This is done by cross multiplying 

the four variables). Thus, NI or numerator A, multiplied 

by D2 or denominator D, equals Y, and N2 or numerator C, 

multiplied by D~denominator Xl' equals Z. In this 

problem, Y equals 7 time 28 for an answer of 196, arid 

~ equal~ 4 times'Xl or 4X. This process completed, 

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

sinee the unknown is a part of Z\, the division proeess 

of Y divided by Z takes plaqe: 

Y 
-Z-

) 
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1 

Thus, 196 divided by 4X is the procedure followed. 

Step 8 involves the actua1 division process which is 

p'erforrned, (DIVISION), which giv.es the final answer X
f 

in step 9 (ANSWER). Thus, 7. Ergs is,to 4 Zots as 49 

Ergs is to 28 Zots. 

(Note: At any time during this process, the student 

could have requced 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-rnethod, the UNIT SUB-METHOD rnentioned 

previously has more steps to the solution path but is 

very similar in many instances to the ~QUATION SUB-METHOD. 

Using the same prob1ern, Steps l, 2, and 3 are id~ntical. 

At step 4 however, (PRODUCES FIRST RATIO), the student 

produces as his ratio: A is to C as Unit A is to X. In 

this way, the student strives to find the number of Ergs 
( , 

needed fôr one Zot and once that number is foupd, the 

number of Ergs needed for 28 Zots is determined. 

At step Si-the production of the first equation reads: 

un~t A = i 
l 

or / 
1 

4 Zots 
1 Zot 

7 Ergs 
- X 

Steps 6 to 9 are EQUATION SUB-METHOD equivalents, but the 

solution, Xl' is merely the first stage of a two stage 

process. Qnce Xl is estab1ished, in this case, 1.75 Ergs, 

then a Second equation is produced. ~his rneans a return 
1 

to step 6 (PRODUCES "SECOND" EQUATION). The equation' 

''\ 1 
1 
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or l Zot 
28 Zots 

and proceeds as in 

1. 75 Ergs 
x

f 

the EQUATION SUB-

METHOD on to the final solution which would be 49 Ergs. 

Again, as in the EQUATION SUB-METHOD, the student can 

reduce the variables 
J 

to their lowest terrns during any 

step of the solution path to save calculation time. 
? . -

METHOD B 

Method B, found in full on the following page is 

similar in type ff steps to Method A, but it is more 

complex in that Method B is able to handle problems with 
~ 

six variables. 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 se~ 
" 

of ratios MUST be set up in order to complete the pro~~. 
-- v 

Method A provided for this second equation only in the 

UNIT SUB-METHOD, and the arrangement of variables for 

that eauation was not nearly as complexe Method Buses 
! . " 

this second equation as an Integ~al Part of the EQUATION 

SUB-METHOD used in six variable problems. 

Method B, because of its complexity" has much greater l 

margin for error. The student must produce two sets of 

ratios at two different times during the problem set 

using new variabl€s and confusion can occur precisely 

( 

~:;'-'Ii!:' •• ___________ _ 

l ' 
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' . 
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because of the inclusion of the two extra variable~ ,rj) 

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

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

difference between the two methods is the number of var-
./ 1 • 

iable'~with which each deals. Method BIS UNIT SUB-~rHOD 

handles two extra variables and as~such, is more complex 
o -

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 

indicate the use of Method B. 

CHAPTER. III 

METHQD~ SUBJECTS 

\ 

Difficulties in ratio and proportion problems seem to 

manifest themselves , primari~y at the grade nine, ten, and 

eleven levels of high school education (Piageb and In­

helder, 1956). These difficûlties seem to arise, not 

only in the area of mathematics, but aiso 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 represen~ati~e-Broup of the students who chose 
,fi' 

the more difficult subjects of physics, cHemistry and 

higher mathematics. 

Students were asked to participate in this study on a 

volunteer basis,~and as a result, six students frpm grade . 
~, seven students from grade 10, and six students from 

grade Il were chosen. No eÉfort was made to completely 
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randomize the sample, since the aim of the experïment 

was primarilJ to examine the protocols or solution paths 

which various students used at different levels. Students 

with leprning disabilities or below average aptitudes in 

mathernatics were automatically eliminated since these 

students were not a part of the population exarnined. 

The students chosen came from a suburban high school 

with a total population ofoapproximately 550 students. 

Those students who were selected ranged in age from 14 

to 17 years and were considered by their teachers to be 

of between average and above average intelligence. 

Background information on t~e students in the three 

grade levels was lirnited to sex, age, relevant school 

courses that were being taken during the current yea~, . , 

" and any intelligence or aptitude tests which had been 

given te the students during the course of their high 

schoo/l careers. ,This information is provided in Tables 

<,2, 3~ and 4. ' 

PROCEDURE· 

A test consisting of ten questions was administered 

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

., pe,riod. . , 
The ten questions were presented to each student in 

written forro id~nt~cal to that in Table 1. ~his test 
; 

paper,was presented face down on the desk while the in-' 

structions were given. The inBtructions were standard 

Pl _ w _ """",,,.J.-,:....èJll&i 2 ri 
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TABLE 2--. "'­

BACKGROUND 'INFORMATIOJ 

GRADE 9 
;. 

t:J 

.. ,_ ... ____ -:1' ., • PJII' 

/ 
/ 

~ 
/ 

/ 

/ 
-' 

----
\ 

NAME SEX 
~RELEVANT SCHOOL COURSES 'OTHER T~STS 

AGE Day/Mo/Yr Math 32 Mathmagie*** Otis Quiek Scoring, A1t.** 

"John K. M 15 

Robert M. M 1-4 

John-N. ,. M 15 

Stan. N. F 15 , 

\1-inee R~ M 14 

Paul- Y. M ç 
* 'Ir The a1ternate 

10/04/64 

30/l0/~4. 

31/12/63 

10/10/63 

09/08/64 

10/10/63 

, -

91% 

88% 

- 84% 

54% 

88% 

99% 

Yes 

No é& , 

Yes 

No 
~ 

No 

Yes 

form of the btis Quiek Seoring Aptitude Test 

-------~ 114 

None 

None 

108 

None 

None 

.. 

131 
1 

01:>-
1-' ~ 
1 

'" q 

~** An inter~cours~ in mathematies for those espeeia11y interested in~apid câ1eulatibn. 
No mark is assigned to this course..' ' 
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NAME SEX 

... Allan G. M 

Paula L. F 

Sharon P. F 

-~- -

~ ~ IW;~~~.,_~._ - ~' , ••• _ .... n 'U ... .-~OU ; ~ 
( 

_ "Co ./_r--~-.../' 
1 ' 
1 

--
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f 
1 

u 
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TABLE 3 

" .. 
---of-

BACKGROUND IN~ORMATION 

GRADE 10 
" e. 

REtEVANy SCHOOL COURSES 
AGE Day/Mo/Yr Math 42 Chem 44 

16 22/03763 77% 75% 

15 ./ 29/06/63 96% 84% l 

-,15 22/'11/63 î'" 
/ 

89% ': l' 75% 

• " ~ 

Glenn R." ~ M 15 27/09/630 

28/~9~ 

10/06/63 

87% 75% 
" . 

Angela R. 
", ", 

F ' 

, 4t' 
. Ru th V. 0 ~ 

Lea-nna V. F 

T 

** 

o " 
o p ~ -t'.~ ~ 

o 

~, 

-'\, 

·15 

15 

16 

..... 

..,. 
03/10/,62 

\ 

91,% 

60% 

'17% 

Differentià1 Aptitude Tés·t 

""0 0 

. . --... 

" 

'1 

: 81% 

6d'% 
, " 

c 7~ 
'" 
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, 

r 

0 
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w~ 
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DAT** 

None 

None 

None 

None, .'" 
.J.f 

None 

None 

. .;, 

'" 
70th. cent. 
Mathematics 
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NAME 

Ja~kie D. 

SEX' 

:> 
Tony G. M 

Karen H. F 

Peter R. .M, 

Sue W. F 

Diane Y. F 

** 

r 

t 

~ 

AGE 
li 

17 

16 

16 

, 17 

17 

'16 

~ 
~ o 

• 

'. 
TABLE 4 

<i> 

BACKGROUND INFORMATION 

GRADE Il 

l 

RELEVANT SCHOOL 
Day/Mo/Yr Math 52 Phya 51 

27/04/62 79% 77% 

19/12/62 60% 60% 

.14/09/62:- 71% 79% 

13/02/62 815% 74% 

18./0)..ui. 83% 85% 

20/05/62 91%, 89% 

'Ministry of Education Aptitude Test 

• 

o o 

o 

o 

" 

Cl 
G\ 

ù 

, 
~ 

.~ 1\ 
COURSES OTRER TESTS 

CheIn 56 Otis MEAT** 
ç, 

93% None 1 
~ 

'" w 
60% None 1 

75% 113 683 
96th .. Cent. • t 

70% None 

78% None 
~ 

81% 116 683 
96th. Cent . 

(Provj~ce~oi Quebec) .. 
.r • 
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for each student with slight variation occurring only 
j 

when a student quéstioned the instructions. Irf a ques-

tion was asked, the instructions were repeated. In aIl 
. .~ 

n~neteen cases, the instructions had to be repeated on~y 
~ 

three times in three individua1 cases. 

The instructions were as f02lows: 

.1 

You will be given tep mathernatica1 

problems >to solve. Ins ead of solving 

the problems in your head however, what 

you are.asked to do is te think out loud 

as you are solving the problern. For ex-
/ 

ample, if you are asked to rnultiply 12 

~y 37, by thinking out loud you rnight 

say: "2 ti,rnes 7 is 14, carry the one, 

then 2 tirnes 3 is 6 and l is 7. ·Then 1 

tirnes 7 is 7 and l tirnes 3 is 3. Adding 

. the two' lines, we have~, 7 plus 7 which 
.. 

~s 14, carry the l, 3 plus l is 4. The 

final answer is 444."' 
, 1,. 

~ven when you are not doing calcu-
'. 

o 

1ations, l want you to tell me specifiéally 

what you are thinking about. You may use 

Ithe.pencil and paper provided on the desk 
, . 
lin front of you, but rernernber to think out 

loud for aIl of the problems. 

If, for any reason, you can1t ~ sorne 

1 

o~ the problerns, try to tell me why you think 

"-

\ 

1 
1 

1 
1 
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o 

you can't do it. Likewise, if you 

can't finish a problem, try to trll me 

why. 

l'm going to tape record aIl of 
t, / 

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

about time limits or the number of 

questions that you get right or wrong. 

Just do your best. Do you have any 

questions? 

O.K. turn over the question sheet 

and start. Please remember to think 

out loud when you are answering the 

questions. 

Occasionally, during the time whe~ the student was 

working on the problems, the observer would ask "wl'\at 

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

interrupt calculations, however, merely try to obtain 

thought procésses during times of sèeming ~nactivity. 
~ 

ç; -:;:" 

.--------------.-
The student's protocols w~re-tlien tapé recorded 

----------------~-

until thé s~-ha:â-- indicated that he/she had 'com-
1 • 

pleted the problems. During the tests, question~ were 

sometimes asked by the student; but no direct answers 

were given to indicate that one or another solution 

strategy should be fob.owed. No further facts other than 
\ , 

tho~e presented in the test paper were given to the stu-

dents at any time. 
, , 

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

o 

/ 
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individ~al protocols were transcribed word for word 

onto paper. The individual protocols were th an 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 tlmes for each of 
.... ~ 
the steps were placed next to the aHPropriate phrases in 

the protocols. Reaction times were established.using a 

stopwatch and recorded to the nearest two tenths of a 

second. The same person used the same timing mechanism 

for aIl the data in order to maintain some degree of con­
\ 

sistency. 

Reaction times were only measured after the student , 

had read the question completely once. Any further re-

ferraI to the question was included in_ the reaction times. 

As soon as a student reached the conclusion tQ a 

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

to accomplish that particular step w~s recorded and the 

time for any further steps was calibrated from that point. 

The use of a tape recorder with an instant stop-start 
\ 

mechanism proved invaluable for this type of reaction-time 

data. 

reliability of the reaction-time data should 
J-

be good since the accomplishment of a particular step in 

the task is immediately recognizable from t~e subject's 

vefbalizations. As saon as the goal "number" of a parti-

cular step is heard by the observer, tlte time of that step 
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is recorded imrned~ately. Thus, the beginning 

eaoh step is not a subjective ~stimation by~he observer, 

but rather a precise t~ing of a definite and distinct 

" period'of processing. 

The timing of the steps in the various strategies 

very often involve~ the process of what is often referred 

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 do ne since it does not appear that these 

steps occur/~dividUallY in the strategies of the sample 

in sorne cases. Since any attempt at breaking down the 

chunks into their components would be impossible, the 
1.' 1 

chunks appear intact with a single time represen'ting the 

entire chunk. 

Total times for each problem were also calculated , 

for further cornparisons among grade levels and individuals. 

AIL of these protocols are listed alphabetically 

according to gradè level in Appendix II of this thesis. 

Incorrect answers to individual problerns 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 the" 
~ 

number of errors made by each student, together with an 

error analysis will be found in Chapter IV. The encoded - -phrases together with the times of each step in any 

particular problem are found in Appendix I. 

1 

1 
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The percentage of correct responses for the ten 
1 

que~tions given on the test is presented in Table 5 on 

the following page. 

From these results, sorne interesting patterns 
'\ 

appear. There seems to be no difference among the three 

groups of students concerning the basic syrnbolic problems. 

Grade 9 students fared poorly compared with the. other .. 
studen~s in the two other grade levels on the story. 

j 

problems, and yet scored higher than the other groups 
~ 

on t~e nonsense proble~. The grade Il students scored 

higher than the othercgroups on the chemistry pro~lems. 

It is worthy of mention here, that both the grade 10 , 
C> 

and grade Il students would be farniliar with the terrn-

inology used in the ohemistry problems, even though 
( -

a knowledge of chemistry was unnecessary in arriving 

at solutions to the two problems. 

A further breakdown of the ten pr6blems appears 

in Table 6. In this table, a surnrnary of t'he number of ~\' 

errors per problem per individual are detailed. It'is 

interesting to note that although the sarne tyres of 

p~oblerns ~ere given in the Syrnbolic Problem section of 

the test, (numbers J. to 4), a practice effect seems to 
. 

take place. Most errors were made on the first problem 

(8 errors) and least erro~s were made on the fourth 

problern (1 error), with four ~nd five errors made on 
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Table 5 

PERCENlAGE OF CORRECT RESPONSES AT EACH G~E LEVEL 

Nonsense Symbolic Story Chemis t-ry 
Problems Problems Problems problem~ 

-----

fi 

'\ 

79 42 92 

79 57 79 

71 58 75 

N.B~ These percentages are g!ouped accord~ng to correct 
~ 

1 

, 
33 

36 

75 

responses alone. Method is not a factor in-these fJgures . 
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1 2 3 4 

. 
VINCE R. X 
ROBERT M. X 

JOHN K. 

PAUL J' STAN. N. X X 
JOHN N. X 
---------- -------------------------
GLENN R. X 
PAULA L. X 

LEANNA V. X X 
RUTH V. X 
ALLAN G. 
ANGELA R. ! X 

SHARON P. j 

---------- --------~----------------
~REN·H. X X " 

~. JNY G. 
~CKIE D. X X X 
IANE Y. -

lJE W. X X 
ETER R. 
--------- --------------------~----

TOTALS 8 4 5 1 

r7T11.rlJ'ri9hw ... Uq ... -.b ..... ~ ... "' ... , ,~,,-.~, ~.~-..., ~., 

Table 6 

Slt'MAB)' OF ERRORS 

-- -

5 6 7 8 

X X 
X X 
X X " 

X X 

----------- -----------

v X 

X • X X 
X X X' 

X X 
----------- -----------

X X 
X 

X X 
X X 

X 

----------- -----------
9 9 7 0 

) 

----
~ 

9 10 

X X 
X 

X 
X X 
X X 

---------~----

X 

X X 
X X 
X X 
X 

X 
--------------

X 
X 

X 

~ 

--------------
8i 12 

_ ____ ~~ __ ~__ ~~~_~ ___ "' ....... -;;;;;-.. .. ~~,r_~ 

--, 

TOTAL -

5 
4 
2. 
1 
6 
3 

------------- - --- 1 
V1 
o 
1 

2 
2 
7 
6 
2 
2 
3 

------------ --------
5 

;.- 2 
6 y 

2 
2 
1 

--------------------
63 

" 



,l, 

1 

1 , 

/' 

, 

, ~ 
r 

i 

• 1 

() .. 

) 

-51-

oroblems twd and 'three respectively • . r 
Problems 5 and 6, the Story Problems', seem to have 

been/~ifficult for,all three grade,levels with the grade 

Il students having only two less errors ,than the grade 

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

three cases, Jbhn ~., Diane Y., and Peter R., the only 

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

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

Peter R. hag one of th~ questions answered incorrectky. 
, 

In the third section, Nonsense Problems, the grade 

9 students perforrned rnarkedly better than the othe'r two 

grade levels, having only one error in this section. It 

is interesting to note that question nurnber ~ of this 
\ 

section was the only question which the entire sample 

cornputed corr~ctly. 

The last section, the Chernistry Problerns, posed 
o 

about eaual difficulty~for the grade 9 and 10 levels, 
J • '1 ' 
al'~Ugh the grade 10 s'Wdents were farniliar wi th the 

terms~ Th~ee students in both grade 9 and grade 10 

solved bèl~lh"Chemistry problems/incorrectly while none 

of the gr,ade 11 students had more than one rnistake in 

the Chernistry P ~b1em section. 

The total number of problerns answered by the 19 

students was 190. Of the 190 problems, there were 63 

probl~rns solved inc9rrectly. This result clearly 

indicates the difficulty which students in aIl th~eè 

grade levels experience with ratio and prQPortion 
". 

o 
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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 1 

students had a total 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 ave;age e'rro; rate\of 3. O. 
, 

Median solutiGn times for correct answers were , 
taken for all prdplerns and appear in. surnma,ry forro in 

',,--,' 

1 

Table 7:, The initial reading of the problem was excluded 

from the,median solution times. 

From the results in Table 7 it seerns evident that 

there is a de fini te interaction between semantic content 

and grade level. For the Symbolic problems, the solution 

times decrease as grade level increases. On the other 

hand, there does not seem to be any ~vidence of change as 

.Y a funct~on of grade level, for the Nonsense Problems. 

Response times for the non-tri~ial sections (Story Pro­

blems and ~hemistry Problems) increase as a function of 

grade level. 

o Table 8 shows individual reaction times according 

to problem as weIl as the median times of correct and 

incorrect responses. It is worthy of note here that, 

except for one particular case, ~he grade la median 

'scores for problems 9' and 10), th~edian solution 

ti~es follow the same pattern as tha~s 
Table 7 which uses only correct responses as median times. 

h .. _1-. bl h" l ~1' T e nWl~er of pro ~ms av~ng ~ncornp ete so ut~ons 

/ 
1 

, . 
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Table 7 

• 0 

,) 
- MEDIAN 'SOLUTION TIMES FdR CORRECT RESPONSES. (SECONDS) 

Symbolic 
Problems 

GRADE ~42 
GRADE 10 24 

GRADE II 19 

r 
() 

Story 
Problems 

67 

98 

125 

-----
t> 

NonseO$e 
Problem's 

74 \ 

56 

61 

-fi 

" 

Chemistry 
Problems 

132 

157 

172 
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Table 8 

REACTION TIMES! 

Question Number 

-~-SUBJECT l 2 3 4 5 6 7 8 9 10 

Vince R. 
Robert M. 
John K. 
Paul Y. 
Stan. N. 
John N. 

42.0 32.8 93.2 33.6* 141.4* 135.2 241.6* 33.6 ~66.6* 373.0* 
46.8 24.6* 69.8 35.0 81.6* 86.4* 103.0 78.6 167.8- 122.8** 
28.8 9.8 80.4 15.2 42.6* 79.0* 70.0 40.0 62.0 97.2 
44.8 46.4 13.4 13.5 101.6 122.4 99.0 ~ 48.6 190.6 . 84.2** 

120.6* 33.4 123.2* 64.4 156.0** 142.6** 217.2 108.6 101.4** 45.2** 
19.5* ""'68.6 62.0 -13.Q 1)1,.6, I)J>_.J, ____ .QQ.1L.18.4 82.4* 107.4 

MEDIAN 43.4 ,33.1 75.1 24.4 81.6 86.4 101.0 ~ 4ft. 3 166.6 107.4 

Glenn R. 19.6* __ 
Paula L. 22.0 
Leanna V.' 37.-6* 
Ruth V. 24.3 
Allan G. ' 41.2 
Angela R. 9.0* 
Sharon P. 30.4 

" M.El!. 1 A N 24.3 

Karen H. 11.0*, 
Tony G. 111.4 
Jackie D. 37.4* 
Diane Y. 18.6 
Sue W. 37 • 2* \ 
Pet e r R. 24 . 8 

MEDIAN 31.0 

19:8' 73.0 ,18.6 109.0 124.4 94.4 0 65 • 0 243.6 522.2* 
12.8 96.8* 15.6 86.4 99.6* 65.6 37.4 98.4 339.4 
28.2* 58.4 40.6 75.2* 113.4* 106.0** 30.6 61.0** 113.0** 
64.1* 54.2 26.8 59.3* TÎ7.4* 33.6** 39.2 ::>6.0** 38.0** 
25.0 ~"J 62.6 31.0 121. 2 , 68.2 56.2 55.6 1:31.0* "297.6* 

o 21.8 45.6 13.4 63,.6 5.3.8 75.8 20.4,' 100.4* 107.2 
13.8 61.5 16.8 125.0* 112.2 140.4* 80.4 146 6 ** 
21.8 61.5 !8.6 86. , 112.2 75.8 ~ 39.2 ],31.0 318.5 

23.0 64.4* 19.4 120.6 112.6* 218.2* 44.2 115.4 230.0* 
21.4 5Ô.6 12.2 178.4 112.4 165.4* 68.6 57.4 169.4~> 
21.~ 78.2* 14.8 138.8 182.2* 84.8* 18.8' 126.0* 281.6 
10.2 22.0 7.8 52.0* 66.4* 69.6 26.2 55.2 184.8 

·~6.0 64.0* 17:0 125.2 97.0 120.4 60.8 143.6 391.2 
n.8 _~3.<l.o_ 15.6 149.2* 126.2 142.Q.._ it~,t. 171.6 192.6 

F~ 

~18.5 64.2 1~.2 132.0 112.5 131.5 44.8 120.7 211.3 

* Errôr **Incomp1ete Solution -- not included in MEDIAN ca1culation 
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indicates that the indiv\dual did not know to arrive , 

at the solution, either at t~e beginning of 
", 

or at sorne stage during ~he solution process. 

thirteen incomplete solution processes, ~hree indivi­

d!lals, one from grade 9 and. two from grade 10, were 

responsible for 10 of ~he problems. None of the grade 

Il students left a problem unfihished. 

The types of solution strategies used by the nine-

teeh students are broken down by individual prob~em in ... 

the following pages. AIl of the solution strategies 

include enly those problems which were i~ the completion 

p~ocess. If the'problem was started, but insufficient 

information was deyeloped to det,ermine a method, the 

strategy was co~pletely1omitted .. The strategies in-
~ , . ' 

volved are either: 

--------
~,~ 

a) Method A - sub-Meth~d (~quation) ----Ae 

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 - dl 

e • g. Ae + Bu would mean that the' f irst part 
of the problem was done using the A 
Method and the equation sub-method,. 
The second part of the prQblem was done 
using Method B-and the unit sub-method. 

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

the same strategy, Method Ae'for aIl students in aIl three 

. 
1 ~ 
'> 

• 
~ 

grade levels. The table's on the following 'pages, Table 9, 10, 

and Table 11 indicate that six grade 9 students, seven 

,~ , 
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Table 9 

Use of Method and Format by Grade Leve1 

probl" -- 1 Svmbol' probl . A -

Grade 9 1 Grade 10 

N" r- % of,Errors N 0 % of Errors 

' J. J 

" 33 7 42 . 
0 , . , . " .... . . . . 

0 
< . 

. 
I----,(J ~-~ '- • 0' 

.lift 

(1 -
• J' l' 

1 i 
1 t 

./ 

,.. 
1 

i . 
J 

4 
.lt ~ 

,1 

-1 
f . 

Grade Il, 

N % of Errors 
0 

6 ,50' 
" .. ~ 

l' - :t .. . 
U1 

'" t~ 
, 
J 

~ ., 
< ... 
t 
0 

" '" ~ Oc-use Table 10 'Q 

of Method and Format by Grade Level 
l , 

Q,-
.... 

- - - -~ - ---- -bl 2 Svrnbo1" Prob1 A ~ 

" 
" " 

\1 ~ 
< 
11 
~ 

~ 

u 

METHOD., '. . ~rade 9 , . • Grade 10 Grade Il 
Sub-Meehod . 0 . 

N %..of Errers N % of Errors N % of Errors ". . . .. 
.: - J • 
% 
l 
,1 
,~ ,. 

" 

. ---- . , . . . 
Ae 6. 1,,6 7 .,.1 28 ' 6_ \ 16 

, _ . 
, 

V~ ..J , , -- • . 

, . 

i 
.~ ., • i 

t~ ,/'<7 ,', 

~} /} 
" .. ..1 

i' . 
41 
~ t 

" ;, 

'" 
!l'!'! ... --:.!t ~.:a" ..,.. ........ ~;....,.:;--~-;. -------.,......--= 
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.P Table Il l ' .. 
.....,.. f ~ r Use o~ Method and Format b~Grade Level 

- \ , -" -. 0 
! 

,,' ·Problem 3.- - Svmbolic Prob1em Area ~ . ", 
Cl .... .• 
'r 

i 
~ 

METHOD 
GI:ad~ 9 Grade 10 Grade 11 Sub-Methad 0 

. 
N % of ErrOir°s N % of -Errora ... .N .% of Errors 

" ------ ..: • 
Ae 6 16 7 14 6 50 ~-~ , 

, ,9 .-
l' 

"" 
1 

• 0 
rP .-.. .. - ln 

" -.J 
1 

", table 12 
~ " .. ~ 

0 • Q 

Use of Method andoFormat by Grade Lev~l . " ç 

---- ~ 
probl 4 Svrnbol' Prob1 A 

0
0 

. , , 
METHOD Grade 09 " Grade 0 10 . Grade Il " o~ .' . Sub-Method Q . - " 0 

) ,-
N % of Errors ~ % of Errors N % of Errors 

.., 

: " 
,'1;. 0" . 

0 

Ae '2- 0 3 0 2 0 
• 

- " " _ 0 

" . . 25" 4 
.. 

- 0 4 0 Ae +RLT 4 
<> f 

-
, 0 . 0 

0 . • h -

0'" \ 1 
,0 0 0 .... , 

" ; 

" 

'" e 

o 
• "',-
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, 
grade la, a~~ six grade Il students aIl used Method Ae. 

o 

Two strategies were used in problern 4. Although the 

sarne'method was used, Ae, the step RLT was included. RLT 
, , .. 

indicates that the variables were reduced to their lowest • 
" c 

terrnf before Method Ae was applied. It can be seen in 

Table 12 that the split arnong the st~dents is approxi-

rnateù.y equal. Half of the students used RLT and half did 
\ 

not. The only exception is ~he grade Il students who did 

not use Method Ae and Ae + RLT ~o the sarne extent \ as the 

o grade 9 anq 10 students. 

Three different s~~tegies were used in problem 5. 

The grade 9 students u~~tl a combi~ation of Methods A and 

B wi th different SUb-0e ods whereas the grade l,a and Il 

students used Method Be ith only two exceptions. Table 13 
o 

clearly shows the discrepancy in methods used by the 
l , • 

three groups'. .. 
o The solution strategies for probl'em, 6 also varied along 

the same lines as problem 5. The grade 10 and Il students 

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

O
O

students used ~ u~it s~b-m~thod of a totally different 

0° 

rnethod, Bu. There was sorne croSsover arnortg the three 

groups, but there is a marked diffe~ence between the 
J 

groups using the two st~ateg{es indieated i~'Table 14. 

~t is qlso worthy of note th~t the grade 9 students 

tliffered from the grade 10 and Il students in a similar 

type of prQblern;, both problems 5 and 6 were Story Problems. 

The stra~egies used by the groups of students for this 
o 

,,' ..... ·Ù"_ ..... _5= ___________________ _ 
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Table 13 

Use of Method and Format by Grade Level 

- - - -- - --- -hl 5 
~ -- hl - - - - - ---- - -- -, 

METHOD Grade 9 Grade Hl Grade Il Suh-Method 
J . 

~ N % of Errora N % of Errors N % of Erro~s 
0 

Ae'" Bu 4 100 l ~ 100 0 0 
Q , 

Ae +- Be 2 0 l 0 0 0 
c 

Be 0 a 5 40 6 33 , 

--------- -- - ----------

!y Table 14 Ji 
'1 

Use of Method and Format by Grade Level 

- -- - - -- -bl 6 hl 
\ 

METHOD Grade 9 Grade 10 Grade Il 
Sub - Method 

N",-_ % of Errors N % of Errors N % of Errors 

0 - -
0 Bu 4 75 2 50 ;; 100 J 

.. 
0 

Ae 2. 0 , 5 20 5 40 0 

" 

," 

0. 

~ , 
---Ilfrl,77 57? 'tl,tlift t 't Il 'Ii;§' PH" l"'" ...... ~~.,""".~~~"--,,"~._ .. _y> ...... < ... ' ~ •• ~ .......... ~ ... ~t1·"" ,.~",,,," w .. w.".w:-
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type of problem are obviously different whereas~ such 
.' distinction was evident in the Symbolic Problern area, 

(Ouestions l to 4). 

Four different strategies were used to solve 

problern 7 in the Nonsense' Problern area of the test. As 

Table 15 indicates, there was no distinct rnethod or 

strategy which any group of students favored a~ any 

grade level. Most of the students seerned to use a corn-

bi~ation of Methods A and~B to arrive at a solution. 

Only three students, ine grade 10 student and two grade 

Il students used one method totally (Be) to solve the 

problern. 

In the second Nonsense Problern, Table 16 indicates 

that the sa~e rnethodois used by aIl of the students in the 

three grade levels, but aIl of the grade 9 students used ! 
RLT, reducing the variables to their lowest terms, in order 

to first sirnplify the problem. Half of the grade 10 

students als9 found it necessary to sirnplify the terms, 

yet only one grade Il student found this step necessary. 

The grade Il students and half of the grade 10 studepts 

us~ a straight solution strategy (Ae) to solve the 

problem. 

The solution strategies for question 9, the first 

Chemistry Problern are aIl non-cornbination strategies. 
m 

Table 17 shows that equation rnethods, either Ae or Be - / 

are used by aIl of the grade 10 and Il studénts and two 

of the grade 9 students while a unit sub-rnethod Bu, 

,. 
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·'l'ab1e 15 

Use of Method and Format by ~ade Leve1 

P~oblem 7 - - Nonsense Problem Area 

METHOD Grade 9 Grade 10 Sub-Method , 
t N_ % of Errors N % of Errors 

Au -t- BEW. l 0 l 100 

Ae i" Be 3 33 l 0 

Au i" Bu 2 0 2 0 
, 

Be a 0 1 0 
---- -

N 

0 

3 

0 

2 

-----~._._~ 
( 

Ct 

----
• 
" 

Grade Il 

%.of grrors 

, , 

-

0 

66 

0 

0 

1 

'" f-' 
1 

) *not completed - two grade 10 stude~ts, one grade Il student 

Table 16 

" 
Use of Method and'Format by Grade Leve1 

~ 
Problem 8 - - Nonsense Problem Area 

METHOD ~rade 9 Grade 10 Grade Il 
Sub-Method N % of Errors N % of Errors N % of.Errors 

'- Ae 1- RLT 6 0 3 0 l 0 
. 

Ae 0 0 4 0 5 0 G-
, 

-

~ 

~ 

---- " 
_ " F 

[\~ 
" --"_ .... -. CI 
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Table 17 

Use of Method and Format by Grade Level 
;7 

bl h --- r 

METHOD Grade 9 Grade 10 Grade Il 
Sub-Method 

'" 
N % of Errors N % of Errors N 0 % of Errors 

t.' . -Bu 3 33 0 0 0 0 
" -

Ae 2 50 3 66 ~ ~4 25 
0 

~ 

Be 0 0 2 0 2 0 0 
-----

*not completed - one grade 9 student, two gr~de 10 students 

Table 18 

Use of Method and Format by Grade Level 

bl bl 10 Ch - -- ~- ---- --.- --- --- { 
1 

METHOD Grade 9 Grade 10 Grade Il 
Sub-Method -

1 

N % of Errors N % of Errors N % of Errors 

Au )<.. 3 - 2 -- 50 0 
- 0 0 0 

Ae l' ~Be l 0 2 0 .-;_...-' 1 0 

Be! 0 , 0 2 50 3 66 
0 

• ·Ae .,.. Be a 0 0 0 l 0 

*not completBd - three grade 9, three grade 10, one grade l~ students. 

-~ 

". 

" ~ .. -<1'~"'t",,· ~ 1_,."-

1 
0'1 
N 
1 

1 

.. 

--J 
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is pre ferre? by three of the grade 9 students. 

Prob1em 10, presented in Table lB, shows four 

stra tegies being "Ûsed. 'Similar to the strat'E;!gies used 

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

methods or cornqinations of equation sub-methods, while, 

with one exception, grade 9 students use a un~t sub-

method (Au). 

A further breakdown of methods and sub-methods "is 
\ 

reguired, however, in order to show 'specifie patterns "of 

usage which develop. Table 19 provides a complete 

analysis of strategy ~ype used by each of the 19 students 

for eaeh of the 10 problems. Before analyzing the table, 

however, it is necessary to reeal1 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-

standing of the ratio-proportion concept. Equation sub-
" 0 

methods, onothe other hand, require the establishment of 
o 0 

more sophisticated ratios and a clear understanding of the 

goal. 

The overall pattern pf strategies used,to ~ttack 

the prob1ems differs markedly among grade levels. Grade 

9 students use sQ.me form of uni,t sub-method in 15 indi­
\ 

vidual cases. AlI ot the grade 9 students used a unit 

,sub-method at leâst once when a diffieult problem was 

eneountered. Grade 10 students used a unit 'Sub-method 
.....: 

in 5 cases and grade Il students used a unit sub-method 

in only!l individual case. 

l 
1 
l, 

r .. 
1 
! 

, . 
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Table 19 

\ 
\ 

__ • ___ ~cl... _ ... ___ ... ..........--.~-----~----------~~~~ 

,......~ 
" , 

~ ,,"-

Use of Method and Sub-M~th94 b~~~~ect 

SUBJECTS ~.F0blem Number 

~ l 2 3 4 5 6 

John !<-. Ae Ae Ae Ae + RLT Ae t" Bl! - .lù.L 

Robert M. l\e Â!È.. Ae Ae - Ae .. Bu Bu 
c 

John N. Ae Ae Ae Ae + RLT Ae +Bé Bu 

Stan. N. Ae Ae _ Ae Ae -Ae .. Bu Bu 

Vince R. Ae Ae Ae Ae • RLT Ae .-Bu Ae 

Paul Y. Ae Ae Ae Ae .. RLT Ae .. Be Ae 

Allan G. Ae Ae - Ae Ae Ae i- Be Bu 

Paula L. Ae Ae Ae Ae +RLT Be kG 

Sharon P. Ae Ae Ae Ae .. RLT Ae ~ Bu Ae 
-

Glenn R. Ae Ae Ae Ae ... RLT Be Ae '. , 

Angela R. Ae Ae Ae Ae .. RLT Be Ae 

Ruth V. Ae .M. Ae .. Ae Be Ae 

Leanna V. Aé Ae . Ae Ae Be Bu 

Jackie D. Ae Ae Ae Ae 1" RtT Be ..fu!.. 
Tony G. Ae - Ae Ae Ae .. RLT Be Ae 

~ 
~ 

Karen H. -~~ Ae Ae Ae Be Ae 

Peter oR. Ae Ae 4. ~~ Ae .. RLT Be 0 Ae 

Sue W. ...M.. Ae Ae Ae ,..RLT Be Ae 
0 

Diane Y. Ae Ae Ae Ae ,~ ...f&. 

* * * many sub-metQods underlined - error 

4> -- " 

7 8 9 

Au ~Be Ae ~RLT Bu 

Ae. Be Ae + RLT Bu 
~ 

Au t- Bu Ae • B-LT lm. 
Ae • Be Ae' .. RLT' ----
Ae TBe Ae .. RLT Ae 

Au rBu Ae +- RLT Ae 

~e. Be Ae A~s 

Be Ae Ae 

Au .,Re A!= • RLT Be 

Au , .. Bu Ae Be 

Au .. Bu Ae .. RLT Ae 

------ Ar; ----
------ Ae 1" RLT ----
Ae .. Be Ae .. RLT k 
Ae .. Be Ae Ae 

------ Ae ç Be 

Be Ae Ae 
0 . Ae .. Be Ae Ae 

Be Ae Be 

incomplete strategy 

10 

Au - 3X 

------

Au - 3X 
- ------

Ae t' ~Be 

------

Be 

Ae ... ~Be 

Ae· .. ,Be 

* *-* 

• /'Be 

------

------

Be 

...1k 

Be 

Be 

Ae t- ~Be 

Ae r Be 

-~ -

c 

'---., 

1 
0\ 
ob 
1 

-----

\ 
\ 

\ 
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Strategies whereby combinations of methods and sub-

rnethods are used also differ among the three grade levels.' 

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

were used in 15 case~·, exc.luding the methods where RLT 

was used, since RLT was not an individual sub-method 

of either rnethod, merely a single step to be used or re-

jected at any tirne during the solution of a problem. 
'. \ \j' 

Grade 10 students used combination rnethods and sub-methods 

in 8 casesCèxcluding RLT. Grade Il students used combi-\ 

nations in only 5 individual cases. 

A breakdown of reaction times according to method 

and sub-method is presented in Ta~le 20. In aIl cases 

but problem 1, the rnedian times for the incorrect prob~ems 

wete higher than the median times for the correct answers. 

This result seerns to suggest that slower processing times 

seem to correlate posi ti vely wi th sorne degree of error'. 

In aIl but two cases, (problem land 5, Method Be) , 

median times for incorrect answers were higher than total 

median times for aIl methods and problems. 

Table 20 also indicates that problerns 7 and 10 both 

used the highest number of meth~ and sub-methods (4) to 

solve tne problerns. This seems tolindicate that these two 

~roblems were considered more cornplex than the other eight. 

o 

Although, no one partic~lar method and sub-method was preferred 

for these problerns over the three qrade levels, equation 

sub-methods for either Method A or Method B were,used in 

21 of 'the 28 solution ~tternpts. 
.. 

-1 
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Tab"fe 20 , 
Reaction Times for Method and Sub-Method 

Prohlem Method Number of Number of % of 
Number Sub-Method Students ~rors Errors 

. 1 Ae 19 8' 42.1 
2 Ae 19 4 21.0 
3 Ae 

. 
---19 5· 26.3 

4 Ae ... RLT 12 1 8.3 
Ae 7 0 0 

'-5 " Ae -r Bu 5 5 100.0 
Ae -r Be 2/ . 0 0 

Be 11 . 5 45.4 
6 " Bu r 's 71.4 

0 

, Ae 12 4 33.3 
7 Au rBe 2 1 . 50.0 

Ae,. Be 7 3 42.8 
Au,. Bu 4 0 0 

Be 3 0 0 
8 Ae ... RLT 10 0 0 \ ... -. 

Ae - 9
c 

0 0 
~ Bu 3 0 O· 

Ae 9 4 44.4 
Au t3 

, 
1 ' 10 2 50.0 

Ae jo !Be 4 " 2 • 50.0 0 

Be 6 3 50.0 
Ae ,..Be 1 0 .0 

0 

~ 

III 

, 

0 

Median Time 
Correct Ans. 

q 

30.4 
17.2 
59.7 
15.0 
29.2 
----
76.6 
83.1 
69.0 
921.0 
31.8 
88.4 . 
27.~ 
68.6 
32.6 
41. 2 
75.2

1 

1020.0\ 
97.2 

309.2 
170.2 
15&?8 

, 
, 

Median Time 
Incorrect Ans. 

25.9 
24.1 
75.2 
33.6 . 
__ ...t;;;l._ 

85.6, 
----
84.1 

111.0 
96.4 . 

140.4 
140.0 
----, ----

0 

----
----
----

126.4 
107.4 
345.2 
286.9 
----

! 
~ 

! ' 

Median Time 
Al~ Ans-

32.0 
17.'2 
60.8 
15.1 
29.2 
85.6 
76.6 
88.1 
97.4 
92.7 
86.1 0 

101.3 
27.1 . 
68.6 
32.6 
41.2 
75.2 

123.6 
102.0 

.'-. 

257.9 
179.7 
158.8~ 

J- ----'~-
1 

~ 

~ 
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ERROR ANALYSIS 

. Types of errors' for question number and individual 

are presented in Table 21. The types of errors mad~ by 

the sample were di~ided into five specifie categories. ~ 

Multiplication errors (MULT.) indicate an error ~ade in 

computing one number times another. Division errors (DIV.~, 

fndicate an error made in a long ~ivision process. A 
, Q 

processing error (PROC.) occurs when an individual is 
(l 

either unable to set up correct ratios to enable' a solution 
,.... ... (l,.) 

process to take plave, or the individual confuses the 

variables. such that the ratios are incorrect. (RET.) in­

dicates that an individual attempts the~problem but gives 
, 

up on the solution before establishing a strategy: Care-

less mistakes not 'covered by either arithmetic or processing 

errors such as copying a number down in?orrectly are in-

dicated by (C). 

It is interesting to note that errors related to .. 
strategy account for only one third of the errors made in 

aIl cases. Strategy errors are either processing errors, 

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

cation and division errors account for the remaining two 

third~ of the mistakes. Arithmeti,c errors are made up 
,1 

of ,either ,multiplication or division erro,rs, with approx-

imately 50% of each 'type appearing in the errors. Since 

both multiplication and ~ivision involve the simpler 

proces~es of addition and sUbtraction, it seems evident 

that errors in th~ ratio and proportion problems presented 

1 
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Table 21 

J } , 
TYPES or ERRORS ~ ____ .~_~__ ______ f' 1 - ~ 

1 ~ Question Number --~----:t 
Subject 1 2-' 3. 4 5 6 7 

John K. 
Robert M. 

9 John~. 
'Stan. N. OI'~ • 

C .. 
PROC. 

'0 

-DIV.r 

MULT. MULT. 
MULT .- MÇlLT • 

RET. 
DIV. 

RET. 

~I 

10 

Vince .R. 
Paul·Y. 

DIV. 

"-
1 ___ 1 

PROC. 

Allan G. 1 1 
Paula L. DIV. . DIV.j 
Shar.on p.1 ' MULT. MULT. "'---....! 
Glenn R. 1 MULT. 1 

, Angela R'i MULT. : "'1 
Ruth V. ! PROC. PROC. MULT. l, RET.' 
Leanna .V ~j .MULT. PROC. " RET. MUL~'I. RET. 

Jackie D.I MULT. PROC. DIV. 1 MULT. 1 MULT. 
Tony G. 1 . ! 1 MULT. 

8 

. l 
1 

1 
f 
1 

! 
1· 
1 

Karen, H. l' MULT. DIV. DI,V. iN RET.· '._', 
Peter R. 1 C t, ~ ~~. 
Sue .w. l' DIV'. DIV.' 1 : : 
Dianf~ Y. l_DIV ~ MULT·I 'r 

II. 

19 
20 

8 
14 

2 

MÙLT ••••• error in iultiplication 
DIV.~ ..•. error in division 
PROC ...•. error in processing 

. RET ....•. student retires from,the problem 
o C ....•.•. careless error not related to the above processes 

• • 

.., • 

"(: 

o 

, 
9 10 , 

Q 0 

RET. ;f 
DIV. PROa. 1 \ 
RET. RET. '" .~ DIV. DIV. /'-RET. 

DIV: MULT. 

~ ~ MULT. , 
'PROC. (Xl 

1 
DIV. 
REX. RET. ~ 

RET. RET. 
-~---

DIV. 
DIV. 
DIV. lA 

" 
j 

.:.> ( 

~ 

~-' 
·------------------..... -"''=~n ............ ~~'''''''''....JitlO<1l...l~,~~'''''i'~$o,- ... " ... ,~ .. " ......... .\.> ),~&I ~ ...... ~""., .. :.~':t'"..t. ..... .r*....._!H.l~,~ ~ ----.:;:;: "'~.pl-~ 
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• 1 
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in this test can be seen as computational errors in 66% 

of tbe cases. 

It is also interestiryg to~ote that processing errors 

were responsible for,incorrèct answers in 4 of the 5 . 
. '. 

,cases in problem' 2 whereas the other. three proôlems ~f 

~hat section have only computational errors. Problems 

5, 6, 7, 9, and 10 aIl have both processing and computa­, 
tional errors# with problem S havlng, no incorrect responses 

~ ~ 

whatsoever. problem 3.has dlv~sion erro~ making up aIl 

of the 5 errors made in that problern, ahd problem 4 has 

a' division error as its only mistake. Likewise, othe~ than 

those students who retired from the problem be(ore ~om-
, 

pleti9n, problem ? has division mistakes as ,the only errors. 
. / 

The most i~P?rtant point ls that no studènts of the 

nineteen students! tested solved aIl ten problems correctly. 

/ . AISO,~ ,fcic,t that there were 6i errors out of a possible 

~ 190' correct;';nswers indicates a substantial error rate in 

~\ 

o 

simple ratio and .proportion problems: The hypothesis that 

ratio and pro~ortion problems pos'ed q'ifficulties ~or hi~h . 
~ ~ 

. school students was"not,' apparently, unfounded. Difficul-
0.. " ,ri ~.. \'-~ 

ties in ratio and propoLtion were not merely limite~ t~ 
" 

one grad~vel. AlI things being equar~ grade li students 

should have had substantially less erroEs tha~ eith~r uh 
. 

grade 9 or grade 10· students. This~~as not the cas~ ,. 
.... , II- • . 

Average.,\erro; ra~e per gr":lde~'flevel was almost equal, aI-
l """ f' ~ 

though"dif'ferent problerns·posed particular~difficulties 
> , 

for various 9rade levels as th~ r~aults have shown. ,-

.. 

1 

1 

f , 
, ~ 
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, . 
, 0 

~ , 
The two areas which posed the mostOdifficultyo~ere ' 

Che Story Problerns and thè:Chemistry Problerns. 
; 

There seemf' 

'to be· a decrease 'in error in these two areas,' however, with 
, . 

increased grâêie leve!'. Thi-s decreaSe r in' e-rro~ rate coupled. ' 

1 with increased solution path time seems 'top be consist~t 

with Larkin (1977) ,where a 

" 0 

~ 

plannin~ stage followed 
J ' 0 

equation methods is used. Acco~ding to individual strategies, 

'0 

.1 

~ , 

" this seems ta. be the case witb the grade Il students. , ( . 
.. ~.. r-

a 
. , '\ 

'0 

ARITHMETIC.~RRORS 

Thè ar~thrnetic ~rrorg are evenly distributed over the" 

three gra,de" levels and are equally '<iistribut6td cbetween 
, , 

muitiplication ~nd division erro~s. - An examination of the 
o ~ ~ r 

protocols reveals sorne interesting', facts. :concernil1g in-
, ,/ , 

div~dual problerns. "Problem l, for exampl~, has five 
\ 

multiplication erro~s~ proto&6l analysis,~eveals' that the 

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

tirnes 6, was 'ealculated incorreçtly, ~uggesting perhaps ~ 

l ' 
a'lack of accu~~te retrieval from,mernory or interferenca 

4 
con this particular problern. , , 

JttII> 
Since multiplication tables 

,. 
are f' memory task, it would seem that either the ~àbles 

were no't practiced sufficiently or ;t~at sornel' specifie 

'./ difficulty arises w-ith the multiplication of tl'iese •. two l' 
• "" t 1 ~" '" . . 

.. numbers .. The' answers 36 and 63 were given twiee each, and , 

48 was given once; Since this error' ,was respon-sible'- for ,r 

\ ~ 
- , 

over a 25% error rate on a Sy.mholic Problem, it would seem 
\ 1 1 

to be an int~resting area for fu~ther res\1rch: . 
"', 

. , 
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problem '3 has five,errors, and alf of the errors are 

division miscalculations. Similar to problem l, the-same 
;J 

diyision error was made in aIl five cases. The pro~lem 

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

and 2.5. Again, thisfsame error wa~ responsible for over 

25%· of the students' geti;ing the problem wrong. It would 

seem that there are a nhmber of problem areas here. 
v 

Since long division uses both subtraction and multipli-

cation processes, an analysis of long division strategies 
-

at the high school levèl might reveal sorne interesting data. 

Question.6 reveals, after examining the individual 
o 

protocols, that of the six multiplication errors made on 

the problem, four errors were made on the·multiplica~ion 

of 275 times 35~ ~ivin~ various answers, and two errors 

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

various elemehts of simple arithrnetic could be responsible 
'j 

for these errors which did not show uP' in the protocols. 
, . \) 

Question 8 was the only question which none of the 

\ nineteen studen~s erred on. Question 8, as was stated 

previously,' 'is 'the jWord Problem which is most similar to 
~ 

the Symbolic ;'Problerns (Nurnbers 1 te 4). Since i t was 
1 

no~ed~hat a practice effect seemed to be occurring with ( ..... t 

the S~~lic Frbblerns, it could be postulated that this .. 
sarne practice 

in problem 8. 

Finally, , 

effect was responsible for the~Qf error 

question 9 had five division errors. Three' 

of the five errors occurred with the proble~ 28 divided 
, . 

1 

\ . 

} 
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into 770. In fact, aIl three'students, when performing 
o 

,the first operatOion of dividing 28 into 77 said three and 

did not notice their error when multiplying 28 times 3 in 

the following step. AlI got less th~n 77 for the multi-

plication.of 28J times 3. The other two division errors 

,were 4 into 22, an~ 1,4 into 385. 
o 

Division and multiplipation miscalculations were 
\ 

\ 

responsible for 39 of the 63 errors accounted for; almost 
, 

62%. Perhaps errors irl basic arithrnètic processes are- -

responsible" for a great deal of what is assurned to be 

processing errors in ratio and proportion problems. 

still-, however, 22 errors out of 63, or almost 35% of the 

errors were ratio-proportion processing errors. 'These 

er+ors were distributed over ten of the nineteen students 

who ha~take~ the ,test. Thus, more than SÔ% of the students 
-

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 from grade 9 and two from grade ~O, were responsible 

for 16 of t~e errors. Thu~ it seems clear that four 

students, or more ~han 20% of the sample have great 

difficùlty with ratio and proportion problems. proces,s 
1 

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

10. 

An analysis of the process errors by problem will' 

.. 

! 

l 

" , 
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shed sorne light on the strategy areas which were not clearly 

u~derstood by the students in general~ More will be men­

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

problem 2.was responsfble for four processing errors~ 

An analysis of the protocols reveals that in aIl, four casès,­

the four variables of the Syrnbolic Problem were confused 

so that obviously incorrect answers were put down simply 

because the students followed a learned strategy and would 

not doubt their an~wers. Answers such as 8 over 15 is equal 

to 10 over 15 would not be challenged by the students. This 

phenomenon correspo~ds to Boulanger's (1976) findings on 

intensive training of formaI operationa,l concepts to con':'" 

crete.operational students. He found that the student rnis-

trusted his own intuition and instead blindly foilowed a 

teacher-induced mechanical formula. The sarne results did 

o not occur with· the other three SymbO~C Problerns, however, 
, " 

which implies that the placement of the unknown variable 

could have been a deterrnining factor. ·Rosenthal and 

Resnick (1974) found that there was a difference in error 

rate d~p'ending upon the position of the unknown set. The t1" 

problem in thi~ study had the unknown variable in an un-........ 
usual position for a ratio problern. The three other types 

of Syrnbolic problerns are usually used more freguently. As 
.# 

a' result, ~ of t~e other Syrnbolic Problerns had any pro-
\ 

cess errors whatsoevei~ 
1 

As can b~ seen in Table 21, none of the other 9 J" 
t 

prob'lems had as many process errors. Other problerns had 

j 
, ~ 
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1 

" <:>1 

many RET. 's which involved retiring from the problem be-
, a 

fore ~ s tra tegy was ei ther started or completed. \ Speci.f i...:' 

cally, this involved pro~lems 5, 7, 9, and 10. Question 

2 seemed~" for sorne reason, to be 'a singular occurrence. 

Of the fourteen cases where the student retired from 

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

grade 10 students were responsible for eleven of th~ ca~es. 

These three students were a1so three of the four students 

m~king the most concept errors. These~e students will 

be d~scussed individua11y. 

• 0 

SN, RV, LV. 
o '? 

SN retired fram both' sto~Y~~lemS and both Chemistry 

Problems, yet was able to calc:ulate' correctly both Nonsense , 
Problems which were at least as difficult, if not more so, 

cas the two Story Problems.-' SON liadono difficulty with the 

" Symbolic Problems except for two c~lculation errors, yet 

wh en she attempted the Story Problems, she could not main­

tain the variables of the problem in their correct ,re-I 

lationship to each other. Contrary to Simon and Sirnon's 
• • 

(1~77) study concerning the novice~who kept cr~ating 

equations out of the variables involved, she would attempt 

to unitize aIl th~ari~bles ,and eventually confuse the 

goal or, -the téiisk.' 

For problems 9 and 10, SN gave up after merelyO reading 

the problems over a number of times with the statement: 

"I h<?-v~n't the faintest idea •..•• you know that eh?" 

" 
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This type of reaction ts simi1ar to that ~ound bi 

Kantowski (1977) whereby students would merely give up on, 
1: 

the pToblem instead of shifting strategies. Kantowski 

attributes this giv;ng up ta e~ther a lack of pre-requisite 

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

mathematics marks compared ta tffe other students 'chosen 
1 

from her grade level reveals that the former might be the 

case. 

'RV.and LV both have di'fficulties similar to SN's. 
1 

Problems 7 , 9, and 10,pose w,hat RV and LV see as insur-

mountable problems because they are unable ta see the re-
" 

lationship between the placeme t of variables in former 

problems with the prdblems wit which they have~ficulty~ 

L~, in prob1em r' changes th' variables from the nonsense 
" 1 

1 

SYlla~les to ;1 ses and chickens in an' effort to concretiZ~. 

the variables. This effort also failed. This seems te 

place LV" in a concrete operation<al 1eve1 of performance. 

• Tha1: she was able to solve other problems.cor~ectl~ was 
C J 

ta lea;ned procedures;which she was able ~o probably due 

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

10 and proceeded to state that she had trouble contr?lling 
,,~ , 

the variables a~d their pl~cement. AIso, for problems 9 
.. 

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

This would seem to be an obvious laak of the concept of 

ratio and proportion. Again, she was.able t9 work ~ the 

former Symbo1ic Problerns successfully, but probabl{ with 

the same learned strategy which she had used in similar 

~ 
1 



\ 

\ 0 t - Cl 1 

1 
" 

1 

t ----

\"f) 

'-76-

situations. Similar results occurred with LV on problems 

9 and 10, bût she was' not affected by interference fro~ the 
\, .. 

chemistry terminology. 

CHAPTER V 

the previous chapter that one of the 

most salient features of the ratio and proportion problems 

is that they 'pose a great deal of difficulty for aIl levels 

\ of high school students, particularly grades 9, 10 and Il. 
e! 

The word problems seemed to be more diff{cult to sol~~ 

th an the symbolic problems, and the,Story problems as' weIl as 

the Chemistry Problems seemed to cause the most confusion 

o~all., Arithmetic errors were the cause of thelmajority 

of mistakes on the problems, yet process errors were still 
, '. 

evident-in mo~e than half of t4e individual protocols. 
, 

Reacti9n time ?ata,directly linked to strategy 

type aceounts for la~ge discrepancies in solution pa th 

times among the three gro·ups. While one might hav~ ex-

pected the grade Il ~tudents to process information rnuch 

more rapidly than the grade 9 students, the reverse seerned 

~ to oceur. An analysis of the more difficult word problerns 

-~~ 
... 

C) 'l-~~" 

/ 

/ 

. , 
\ Il , 

revealed strategy differenees which aceounted for a 

planning s~Ç~e which the ~r~de Il stude~ts used which ~ 
was not evid~nt in the protoeols df the other two grade ~ 
levels. 

" ,'1 
0./. l,,, 
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It should be noted here, that conventional s'ignificance 

'tests were no~ performed because qf the small and qighly 

variable number of observations in each cell which would 

somewhat negate adequate statistical conclusions. AISO~, 

the problems were not linguistically isomorphic nor mathe­

maticallyequal in difficulty so'~ petailed analysis of 

pooled scores might be misleading: The information deaiing 
... '0 

with strategy type was considered of mo,re inunediate im-

" portance in this thesis and thu~-individual protocol analy-

sis seemed to be ~ore conducive to this type of study. 

Strategy differences were the most interesting aspect, 
/ 

of the research, and most of the evidence collected from the 
• 0 

protocols revealed relationships existing among the areas 

of error, reaction rat~, a~d strategy typ~. 
i ,y, • 

AIL three grade levels used' a basic equation sub~ 

method of Method A 'for the first three Symboli~,Problems. 

The fGurth Symbolic P~obl~ uses an identical st~ategy 

except for the fact that twelve'of the nineteen students 
, 

reduced the variables before applying the strategy. Thus, 
, 

the sarne strategy is used for aIL four Symbolic Problems. 

The strategies 0 used in 'the word problems w;ere not 

as pr,ecise, in many cases, insofar as there was not. one 
, '.""-,.-~ .. ~ 

single strategy used in the solution pro'cedures. ,Ques­
", ... 

o tion 5, a Stbry Problèm, shows a dist"inct strategy 
a 

differential appearing among the students of the three 
~ 

graÇie levels. 
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STRATEGIES: A FUNCTION OF GRADE LEVEL 
, 

The grade 9 students use combination ... .strategies of 

Ae and ~ither Be or Bu. Remember that Method Bu is a 

unit sub-method which is not as sophisticated as the 

equation sub-rnethod for s?lving a problem. MethodOBu 
.. 

requires less of,an understanding of the concept of ratio 
" 

and proportion a~d relies,more upon a standard lear~ed' 

procedure of reducing the variables to units and th en 

incrementing the appro~riate unit to whatever number is 

~equired. 

Grade 10 and Il students fise, for the rnost part, 

Metbod Be which is an equation sub-method using six , .. 
variables and' requiring a precise grasp of ratio and 

, , 

proportipn as ~ concept. What seems evident, ts ~~e-

, velopmental trend from grades 9 to Il wnereby speci,fic' 

thoug~t processes evolve either through practice and ex-

posure or through intellectual rnaturity. This trend seems 

to be the rnost ~alient feature Qf the data which seerns to be 

supported consistently throughout the range of questions 

on ratio and proportion as weil as qeing strongly supported 

- -. by ,grade level comparisons", 
"-

This hypothesis seerns not i'nconsistent wi th Piaget' s 

(19~7) later writings. 'Piaget rnaintains thàt the stage 
\ 

o~ formaI operations is reached somewhere between the ag,es . ~ 

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

or speciali~ation (advahced studies or apprentice,ship). 

P iÇlget' con t~nues ( h~wever, tha t the manner in which the 
, 
• 
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structures are used could bel different in man y cases. 

Thus, there ts a possibiolity tnat grade 9 students and" 

sGme grade "i0 students have not adequately incorporated 

the ratio and proportion concept, yet they are still 

capable of achieving a ,satisfactory 

'blem throu~h ,a rote procedure ~h~h 
past in sirnilar situations. {o 

conclusion to a- prQ-

has served them in the 

An alternative developmental framework which 5eems 
'. \ 

to ex'plain this difference 'in ,strategy more preci'sely 

is pro~ided by Siegler (19791 in an extensive discussion on 
.. -

developmental >s.eauences. According to Siegler 1 competence 

can be correlated with strategy type instead of rel~i~g 

totally on a Piagetian type of developrnental maturity. 

Thus, p~oeessing eoneeptual variables in different ways 
~ . . 

ean be seen as a norm for measuring development'al eompe- ~ . 

tenee. The Piagetian framewQrk does not seem to allow for' 

initial, interrnediate and final competeneies of a specifie 
\ . . 

c9ncept~ whereas Siegler views developrn~~t as being.linked 

con~istentl~ with the type of strategy used'in these 

different areas of competence. 

~uestion 6 exhibits the identieal trend wher~by a 

unit sub-method (Bu)' is used more ~xtensive1y by the grade 

9 students and an equation sub-method (Ae) is favored by 1 

the grad~ 10 and Il students. Cüriosity ab~ut whethir the 

more sophisticated equation procedure. for ratio and 

propovtio~ prol::ilems was taught' in the 1ater grades' was 
• 

aroused. After 'questioning the teachers and the matpematiès 

, '. 
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department head at the high school', oit was found that no 
Q 

such p~ocedure was introduced. In fact, the topic of ratio . 

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

dropped from the rnathernatics curriculum four years previous 

to the present study. / 

STRATEGIES IN THE NONSENSE PROeLEM AREA 

The types of methods used in the Nonsense~Problem area 

differ greatly. Questio~ 7, a prdblem involving the man-

"" ipulatio~oof's~x v~riables, sees a graduaI progression in 

types of method. There seerns to .be a developmentai trend 

tak~g place similar to that in the Story Problem area 
o 

mentioned previously, but'not to as great an ext~nt. 
o 

Grade 10 students seem to be vascillating between unit 

...and eq~ation sub\-methods, simiiar to the grade %;'students. , 
o Grade Il students, however,' use ~nly an equation sub-method 

'Of either methods A or' B. Tl1is evidence-seems to,'lend more 

support, to the developmeQtal hypothesis proposed earlier .. 

The grade 10 students', in this case, seem. to be m~ving 

towards an equation-type stra~gy such as that used by the 
", 

grade Il students, and away from a unit strategy!pre­
oti. 

dominantly favored by the'·' grade 9 students. 

~STRATEGIES IN THE CHEMISTRY PROBLEM AREA 

In the Chernistry Problern area, the unit sub-rnethod 

is adopted prirnariIy by the grade 9 students, and the' 

equ~tion ~b-rnethod by th~/gràde Il students'~th the-

__ ~~~ ........ __ .. ___ l ____________________ ~~ 
~:...t-. ; 6 . ..hm t 
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grade 10 students using either equation sub-methods, unit 
o 

sub-rnethods, or cornbinations thereof. 

. " 

CONCLUSIONS O~ STRATEGY VARIANCE 

The evidence seems relatively clear. Something like -. 
Piaget's notion of a developmental structure .evolving 

between adolescence and early adulthood, or Siegler's 
') 0'" 

notion of a strat,egy shift seeIîls to be 'süppor,ted. The 

use of a somewhat more sophisticated strategy, the eguation 

sub-rnethod, by the older students seems to indicate that 

these students are capable of abstracting"the possible 

variabl~s from a problem at the out set of the strategy 

and are'capabl~ of arranging thos~ variables into workable 

equations. In effect, the older stu~ents seern to be'ab+e 

to set up subordinate goal structures while still keeping 

the ultirnate goal in view •. The younger students, using 

the unit sub-method, seem less capable of deducing what , 

should be the final goal at the outset of the problem. As 

a result, subordinate goals are arranged in order to guide' 
\ 1-

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 physics problems. Subordinate. 

goal structures in the problems worked on by the expert 

were set up in a similar fashio~ to the way the grade Il 

,. students solved the ratio and proportion problems. Like7 

w:j.se, N'ewell and Simon' s (1972) findings regarding ,sub-.. 
ordinate goal structures in problems on cryptarithrnetic 
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, 
and the Tower of Hanoi probrem also provide almost \ 

identical strategy patterns. Thus, the mos,t effective 

processes used in ratio and proportion problerns seem to 
/ ~ 

be more readily available for use in the older students 

than in the younger ones. The students using the unit 

sub-method seem to see ratio and proportion pfoblems as 

being solved by a reductidn process whereby the concept 

seems less forrnally, defined in thei~ thinking. 

Furthe~ evidence along the lines of strategies used 

in this area'" is needed. ,,(' If these strategies are truly 

developmental i th en similar differences should arise in, 
/ 

other problem .... solving areas other than rnathernatical 

computation. It would be interesting to evaluate solution 

protocols in related areas of problem solving. 
'. 

S<\LUTION TIMES 

The d~cisiQn was made to conclude the researcn for 

this thesis at the strat~g~ isolation s-J.ge. A proces' 

model forJthe strategies needs further detailed analysls 

of the individual protocols which will be conaluded at 

a later tirne." Sorne in-depth analysis has been done, how-

ever, on these protocols in certain specifie areas of 

interest which will be mentioned. It i8 useful to con-. 
sider certain features of these protocols in order to 

èxplain specifie 
.. 

diserepancies especially reg{lrding f, 

.; 
soluti~n\ 'times. ~~ 

.., 
The media!) solution times for corre_c;:t re'sponses to 
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aIl four types of pro~lerns indicate a direct rela~onship 

.' between semantic content and gr~de level. The rnean times 

for the Syrnbolic Problems suggest t~at ~e grade Il 'students 

cah process the information and rapidly calc~late an appro-

priate response much more quickly thanhhe grade 9 students, 
. . l 

as might be expected. Even t~ough the same strategy'f~ \ 
~ 

?used for' the Symbolic Problems, a practice effect~eems 

t eVident wheredy proficiency in this type of p;Ôblem increases 
• 1 
J 

with age and grade level.h Somewhat similar data occurs in 
Dl 

tHe Nonsense Problem area. Speed increases from the gra~é . 
9 level to the grade 10 leve1 but decreases slightly at 

~ 0 

the grade Il ievel. Upon careful examination of the pro-

;tocols, f.his decrea~e in speed is due directly to the 
, l' ' 

by the gr/de Il students in not using RLT, 
1 c , 

st,rategy used .. 
{reducing the v~riables) before ap~lying the equation sub-

method. This accounts for the sli'ght discrepancy se,en ip 

the Nonsense Problem area. 

~"!."""""-0 

STORY PROBLEMS AND,CHEMISrRY PROBLEMS 

The two areas of specific inte~es~ pre the Story 

Pro~lems ana the Chemistry Pro~lems. T~eSe)two areas 

'decrease in reaction tirne ac'cording to g.rade level ~ 

directly contrary to the Syrnbolic and No~sen~e P~oblern' 

-areas. Àn examination of the protocols 'in the Story 

problèm area reveals sorne interesting exPlanations for 
i . • 

this sornewhat unexpected turnabout\ It would seem that 1 

the~reaction times for the grade ,9 stude~s'omit j to;a1 
• 
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of 7 out of 12 reaction times because of error. It is 

also interesting to note that aIl of these errors occ~~ed 
, .. 'J , ~ 

in a unit sub-method ap~roach to the problem. Strategy ~ 

Ae Be was used by the grade 9'stu~ents and only one grade ~~, 
......... \ 

~,~~udent for p~oblem number 5. This strategy resulted 

i~n accurate and time-saving 'procedure. The grade 10 

and Il students, but for the one exception mentioned, used 
• ' j 

1 

a strategy with fewer steps (Be), but with a longer solution 

'... time., Similarly, problem 6 has pa;rallel findings. More 
~ 

grade 9 and 10, students used a unit sub-m~thod (Bu) than 

did the grade Ils (Ae). Again, Method ~e has fewer steps 

in the strategy, yet seems to have taken.more time: This 

may be becau~e the protocols revealed that in both cases, 

problems 5 and 6, the grade Il stude~ts and.the grade 10 

students who used the same strategy, took much longer in 

, / 
, (,~etting up the v~lables before proceeding with the pro-

, .. 

blem solution. 

The discrepancies bet~een ~rades 9 and 10 can be 
~ 

expla~ned by the c~mbinations of grade 9 and Il st ategies 
, , 

used by the grade 10 students. Grade 10 students who 

u~4 the same strategies as the grade Il students con-

. tributed,to a higher reaction time for the entire grade 

,1evel. "1 
'" -' 

Similar reaction +ime differences occur in the~ 

Chemistry Problem area. In question 9, grade 9 students 

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

of the~protocols reveals that the unit'method used by the 

, 
,1 

, ï 
1 
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grade 9 students takes jus"t over half the tl:me that the 
, ( 

other'two methods used in this ptoblem take, (Ae and Be). 
• ! ' , ',,", 

The time factor is again direct\y linked to the amou~t of 

time needed for the grade Il staàents and sorne grade 10 A 

students ta set up the preliminary ratios. The first 
/ 

~te~ 9~;~e unit sub-method used by the grade 9 students 

ha. a m~d~~ time of less than half the time taken by the 

dther two methods. 

problem 10 shows similar occurrences. The grade 9 

"students used a unit sub-method in 2 of 3 cases while the 

grade 10 anq Il students used an equation sub-m~od 

with more grade Ils using a shorter strategy (number of 

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

the very least, 56 seconds faster" th an any of the oth 
, 

strategies used. This accounts for the low ~edian sol tion 

times in Table 8 for the grade 9 s\udents. 

Similar discr~pancies such as thdse pointed out 

for problem 9 alsô account for the ~~~ference betwee~ ~ 

the grade 10 and Il students. 
~I 

. These results are rerniniscent of those of Simon and 

Simon (1977), and Larkin (1977) whereby a planning stage 

was used by the expert before generating ma~hernatical 

equations. This planning stage in the present study, 

however, is not done by an expert as is the case in 

~~rkin's and Simon, and Simon's studies.~ This discrepancy 
\\1 ~ .. 

',~,1 

?,COUld result in the grade Il students taking more time to 
)" 
if 

set up the ratios involved. perhap~, with sufficient 

1 
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, ;tJ • 
practice, this planning/stage wotld be.greatly reduced 

,in time. 

CONCLUSION 

·These re~ction time results continue to support so~e 

form of developmental difference in strategy. Strategy 

h 'type and,reaction time seem to be inter-related both for 

the Symbolic and Nonsense areas on one extreme, and for the 

Story 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 ~ 

a useful indicator of conceptual attainment. It was noted 

that grade 9 students used a unit sub-method strategYi 

grade 10 students used half a unit sub-method and half an 

equation 'sub;method strategYi and the grade l~ studen~ 

. used almost entirely an equation sub~method strategy. ~ 

Development o~,the concept of ratio and proportion 'oan • 
aIse be·seen in the absence of process errors by the 

"-?' 

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

relationship between strategy type and number of precess 

errors. 

The examination of the subject protocols'has seemed 

to be a consistent and accurate method of det~rmining 
, 

both learning method~ of students at various grade levels, 
( 

as weIl as dete~ining the types of'strategies with which 

the students are familiar. It would seem that teaching 

methods adapted to the strategies for solving ratio and 
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proportion problems which the students use, would be more ' 
t:l 

effective in promotin~ development of the concept. Further-

more, conceptual development might be inferred from the 

typ~ of strategy which the ~~dent uses in solving problems. 

' . .J 
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'Individuai Solution Strateg~s-
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Encoded from the prptqcols in , 

AppendiX II. 
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KEY TO 'A N A LYS 1 S 

SUR •••••••• S~ tatio ( 

PFR •••••••• Produces the first ratio 

PSR •••••••• Produces the second ratio 

PTR •••••••• Produces the third ratio 

PFR* ••••••• Produc~s the fourth ratio 

iii XM ••.•••••• Cross Multiplies 

Sx •• : •••••• Salves for x ,; 

D •••••••••• Divides 

xl"'" •• : •• first subordinate tal . 
x2 ••••••••• second subordinate goal 

x3 ••••••••• third subordinate goal-
\ 

xf ••••••••• main goal (final answer) 

/ 

Xf 
1 ..•..•.• main goal (first of two final ans~ers) 

\ 
"-

/ 
/ 

,~f \ 
, 2 •••••••• main goal (second of two final answers) 

RLT ••••••• /Reduces to Lo~st Terms 

~ •••• ~ ••• Indicates an incorrect answer 

/ 

1 • 
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Ae Ae Ae Ae RLT Ae RLT 1 
1 

, 
J 

r Replaces original terms with simpler forms { 

~ 1 .' l 
i 

, * * Re-checks Calculations 

-1 ,~ , ~ 

'~ 
~ 

1 " 

• 1 ,. 

1 

. . 
V 

~ 

~ 
~ ., 

1 

Robert M. 
... 

1 

. 
, i 

~ -L ...L ....L -.§... ~j 1 

" 
, 

( . 
'" ,-. '- " '--) , 

r , 

2.6 PFE 4.0 PFE 6 2 PFE 3.0 RLT SUR 
11,4 XM 14,0 

XM ., 
28,8 XN 9,6 PFE 34,8 flFR 1. 

Sx Sx \ Sx 12,6 XH PFE 

1 
j. 32,8 D 

6,6 'l@ 34,8 D Sx 21.6 XM 
..... xf xf xf 9,.8 D 14~8 RLT , r 

~f XM ( 

7,4 Sx 1 

r 
r 

. , xf 1 

METHOD 
1 
\ . 1 

Ae Ae Ae Ae Ae RLT " 

, , 
~ r 

". 



I 
l-

• 

-100-, 

o 
,... 

John K. / .' . 

5 6 -L -2.. -.!Q... - -
Ae Au 

Metbod Bo Method :eu Method l3.e Method Bu Method Au 3x 
SUR SUR SUR SUR SUR 13,6 PFR i PFR 'PFR PFR 25,2 PFR , 

1 PFE 14,2 PFE 7,8 PFE 40,4 PFE PFE-r ~ ,. XM XM XM XM XM , Sx Sx Sx Sx 1 0 Sx 4,8 D 
~ D D D D 

xl 16,0 xl 3,6 xl 4,8 xl 4,2 xl _. 
i 

t 
SUR SUR SUR SUR PSR 8,4 PSR PSR 8,6 PSR PSE PSE 4,6 PSE PSE 3,0 x,,'i XM XM XM Sx Sx Sx Sx D 40,4 D D 15,6 D x2 X 11,2 x

f X
f .. 

l SUR SUR • SUR 2,2 PTR PTR \ • PTR 
PTE 4,2 PTE ~2 PTE XM XI1 XM S:< Sx SX 19,0 D D D 

\ <> 3,8 x
f 38,4 

&2 

/ 
fT 

** Re-~CalCulatiOn •• 

r Replacement of original terms with simpler forms 

/ ~ 

,,\ 



, 

1 
\ 

1 

1 

o 

o 
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Robert M. 

5 

Ae 
Method Bu 

7,6 

SUR 
PFR 
PFE 
XL'! 

6 

Method Bu 

9,2 

SUR 
PFR 
PFE 
XM 

7 

Ae 
Method Be 

SUR 
PFR 

2,2 t'FE 
XM 

9 

l1ethod Bu 

18,2 

SUR 
PFR 

Sx 
D 

____ ~Sx Sx 
D ',8 D 

PFE 
1U1 
Sx 

--~D 

7,2 

xl 

SUR 
PSR 
PSE 
XM 

__ --I
Sx 

17,4 
D 
x

2 

SUR 
3,4 Pl'R 

PTE 
----'XM 

Sx 
46,0 D 

15,6 
\ **44,2 xl 

SUR SUR 
11,8 PSR 6,2 PSR 

PSE PSE ----=rXM XM 

49)8 Sx Sx 

1 

1 

D 7,2 D 

x2 

SUR 
PTR 
PTE 

2~,6· XM 
Sx 

___ -/D 

24,2 Xl 

92,6 
SUR 
?SR 
PSE 

--~XM 

Sx 32,8 
D 

the prob1em 

1 

10 

Met-hod -

(Unable to 
L SUR 

122,8*** 

,(r,r' ,,' 1'-

i 

• 

1 

'1. 
i: 

" ,,' 
i'. 



... 
l 

~ ~ 'p 

1 
f 

1 
-102- 1 

0 
'1 

John N. 1 

l 2 . 3 4 1 
8 

** 6 
PFE 0 PFE 2 0 PFE ~n 

SUR 
XM 7 0 XM 9,0 XM 1 0 D 10 8 PFR 4 

0 Sx SlÇ. 
,3,0 ~f 4,0 RLT 

M 4,0 D 51,0 D Xl'1 
9,0 xf xf :-cf 3,6 Sx 

:<f 
METHOD • 

Ae Ae Ae Ae RLT Ae RLT 
i 
i~ , ,. Changes procedures 
" i 

t ** Interference from previous problem . 
1 , 
} 

~ 
~ 

\ c!n ~ , 
l 

Stan. N. --"" 

~ 

J 

1 2 3 4 8 l 
! 

15 0 3 0 PFE 5 8 SUR 

! 51 2 18 0 XM 31,4 25,4 PFR 
~ Sx PFE 

1 '0 12,4 D 86,0 RLT 

**' 38,0 Kf 53,~ XM 
Sx 
xf 

** 29,8 
, 
t ' : ; 

~fI! ** Re-checks Calculations 
(J-

e, METHOD 

Ae Ae 'e Ae Ae ,T/ 
t 

" : 



. , \ 

0 

o 

... .JI- ... ... -" ",>" ' ~ ", ~"y.r f l .., "'~ 
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John ~. 

2- 6 .1.. -
... %> T-. Ae Au 

Hethod Be Method Bu Me~hod !3u 

24,2 

.~ ,,-
21,8 

6~4 

.. 

;' 

/ 

/ 

.. 
SUR SUR SUR 
PFR 13,2 PFR l'FR 
PFE PFE l'FE 
XI-1 XM 50,0 XM 
Sx Sx Sx 
0 D D 
Xl 20,0 Xl Xl 

SUR SUR 
l' 

SUR 
PSR 3,0 PSR l'SR 
PSE l'SE l'SE 
XH XM 1,0 XH 
Sx'···- 28,4 • Sx Sx 
0 D D 
Xz . 2,0 xf x2 

SUR 
<:;, 

SUR. 
PTR 12,4 PTR. 
PTE PTE 
XM XM 
Sx Sx 
0 3,4 D 

xf · XE 

,/ 

** Re-checks Calcul'ations 
;' 

" 
;' 

/ 

/ 
/ 

/ 
1 

1 

/ 

/ 

4 

" /;:-, ~." 

" ,. 

.' 
.. ; ., 

/ 1 / , . -..2- 10 / 

/ 
Hethod Bu Method .l\,.u 3X 

SUR. SUR 
PFR PFR 
l'FE 35~2 PFE 

32,6 XM XM 
Sx Sx 
D 0 

Xl 
8,6 Xl 

**1.2 
SUR SUR 
l'SR 9,4 PSR 
PSE PSE 

35,4 X}J XM 
~x Sx 
D 12,2 0 

7,2 xf x2 

SUR 
~ PTR 

27',4 PTE 
XM 
Sx 
0 

1 

14,6 xf A 



, 

o 

~ t. ., 1 II' , , 

-~ 

..... 
-104-
J 

Q...,>,? 

5 7 

Ae 
Method Bu Method"Bu. 

Ae 
Method Be 

SUR 
PFR 
PFE 

23,2' XM 
Sx 
D 

xl 

SUR. 
14,6 PSR 

__ ~PSE 

XM 
Sx 

15,8 D 
x2 

No x
f 

101,6**** 

SUR 
61,4 PFR\ 

""'-_--iPFE 
'Xlvi 

13,8 Sx 
A D 
_ Xl 

No xf 
67,4**** 

, 

SUR 
40,2 PSR 

___ ' ..... PSE 

XM 
12,4 Sx 

D 

**82 0 
2 

SUR 
9,8 PTR 

PTE 
Xl'"! 

4,6 Sx 
D 

xf 

~ ~ 

- Oh 

9 

'Ipnable ~to 

l Start. 

10 l , 4""**** 

**** Time spent in attemp~ing the~rob1em 

... J 

** " Re-checks calculations 

! 

1 

'1 
I, 
1 

1 .. ~.'. ~ .. ~ 'f " "1 -, " , - '0< 

f • < 

• 
1." 

J f 
• ,1 

1 

1 , , 
~'; "'il 

10 

If 

Unable to 

St art • .. 

45 2 2**** 

\ 

.. ," 
,$. ' 

<fi 

... 
~~ 

!l"f 
(' 

1 ') 
, 



0' , 

Q ! 

1 
t 

; 
! 
l' 
i 
. f 

o 

'" ~"" 

~ 

/i no-

.1 

f' 

C 

/ 

.J O' 

!1] 

-' 

3 2 ""'. u 
9,4 

29,4 
o.i 

METHOD 

\ 

J 

METHOD 

/ 
1 

'\ 
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! 

• , ~'.\1 

Vince R. 
i 

1 2 

l'FE 4 8 
XH 20,6 
Sx 
D 67,8 
xf 
~ 

• 
Ae Ae .. ' 

't~·····f 

Paul Y. 

1 2 !, 

2 PFE 
11,0 XIv! 

1 Sx 
32,2 D 

xf 

Ae Ae 

" . 

'l ' 

3 4 .JL 

t 

l'FE 3 0 SUR ~; 
XM 4,8 18,8 l'FR 
Sx l'FE 
D (;} 25,8 RLT 
xf t 14,8 :: , 

xf : ., 

Ae Ae RLT Ae RLT \ 
i 

,- , ,. , 

~ . 
? 

~ 

l' 
~ 

\ 
~ 

~ 
~ 

~ 
II 
;l 

tj 

3 ...i. 8 
Î 

i 
~FE SQR ~ 

2 2 RLT 25,6 PFR i . D l'FE 
6,2 xf RLT 

XM 
23,0 Sx 

xf 

Ae Ae RLT ~Ae RLT 

.) 

, 

\ 

! 



1 

o 

, 

~ 
( 

f 
~ .. 
i 

~ 

f ~ 
~' 
~ 

-" 

;> 

• 

.. 

Vince R. 

5 

Ae 
Method Bu 

'SUR 
22,0 PFR 

PFE 
'KM 

4,4 S~ 
D 

~'l 

'SUR 
21,0 PSR 

PSE 
KM 
Sx 

37,0 D 

, ",x2 

"SUR 
4,2 PTR 

PTE 
KM 

52,8 Sx 
D 
t§ 

-106-

'6 

Method Ae 
Ae 

Method B~ 

'SUR 
19,8 PFR 

PFE 
44.2 XM 

Sx 
71,2 D 

~ 

:. " 

.. 

SUR 
80,8 PFR 

__ --IPFE 
XM 

10,0 Sx 
D 
Xl 

SUR 
8,2 PSR 

__ ---1PSE 
&'1 
Sx 

8,6 D 

SUR 
PTR­

__ --tPTE 
XM 

28,8 Sx 
D 

**44,4 x3 

SUR 
PFR* 
PFE* 

56,0 X1-1 
Sx 
D 
x 

** Re-checks Calcu1ations " , 

' .. 
' .. 

. , , 

--"r"l.'* 

9 10 

Ae 
M'ethod Ae 'Method i~e 

SUR SUR 
79,2 PFR 90,8 PFR 1} , ... PFE PFE , 
21,4 XM 37,2 XM 1 • 

Sx Sx 
66,0 D 56;8 D 

" x Xl - **118 2 8 

SUR 1 
9,0 PSR: ~ 

;: 
L'SE ( 

" 22 6 KM : . 
Sx 

, 

12,0 D 

2 ~ 
~ , 

SUR 
·PTR 

4,0 PTE " 
KM 
Sx 
D 

21,8 Xl - x =® 2--

" 



o 

l' 

! 

l' 
1 l 

" 

Paul Y. 

5 

Ae 
Method Be 

SUR 
PFR 

37,2 FE __ --il? 

XM 
Sx 

4,2 D 

1 

6 -
Method 

SUR 
PFR 

8,6 PFE 
XH 

3,2 
Xl 

3,0 

SUR 
l'SR 
l'SE 
&"1 
Sx 
il 
x2 

CHA~GES 
**50 0 

30,6 

8,4 

18,2 

SUR 
pTR 
PTE \~ 

XM 

-, 

8,4 

17,4 
13~0 

21,8 

S 
P 
~ 

UR 
FR 
FE 

XH 
RLT 

x S 
~ 
x f 

Ae 

-107-

h 

..L 4 
" 
~ 

Au 
Method Bu Method 

/' 
- ' 1 

SUR 23 8 SUR 

• l'FR PFR 

V.,ô PFE 
XH~, 

56 6 PFE 
15,4 XH 

Sx Sx 
D 96,8 D 
Xl xf 

SUR 
PSR 

57,8 PSE 
XM 
Sx 

4,0 D 

2 

SUR 

17,2 PTR 
PTE 
XM 

5,4 Sx 
DI 

Xi 

**** Time spent in attempting the problem 

** Re-checks Ca1culations 

.' 

• !&i" 

) 

~ 
" 

J 

f 

J.Q.. 1 , 

i 
Ae Method -

~, .. " rab1e t~ 
~ , 

66,7:**** 

~ 

• 1 
• 
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,1~ 
0$& 

-~;;..~ --- } " " 

r3' 

1 -108-:-

0 
~ 

'.: 

/ 
'~ 
~ 
'ft 

1 . 
1 

\ 
l'A i 

; 
J 

s l 
<7 

1 
Allan G. -

_, 

-L 2 3 4 8 

~ 
3 8 PFE 2 8 PFE 7 0 PFE 4 4 SUR 
5 6 XM 12,2 XM 18,4 XM 9,O 27,4 PFR 

r 
Sx Sx Sx PFE 

23,6 D 4,0 D 37,2 D 17,6 11 2 XM J .. , xf xf xf Sx f: 
\- ~ 

17 ,0 D 
li 
il! 

g' xf l 

• e 

"Î 
~ . 

METHOD i t } 

f 
~ Ae Ae Ae Ae 1 

1 , 

r 

~~ 
.~ 

i 
1 

1 , 
Paula L. 1 

1 

1 , 
Il 1 

1 2 3 4 8 

1 2 6 PFE 2 4 PFE 4 6 
4 " 

PFE SUR 1 

4,0 XM 8 4 XM 18 0 10 ° RLT 17,4 PFR. ' 1 . Sx Sx D ~---- PFE • 
15,4 D 2,0 D 74,2, 1,0 xf 110 xM~ 

xf xf Sx 
9,0 D 

xf 

METHOD 
" 

~, Ae Ae Ae Ae RLT Ae 

'·0 1 • 

" 
~ 



, 

'?J 

1.1' 

0 
*' 

, 
Allan 

5 

Ae 
l1et-tiod Be 

S 

57,4 
PFR 
PFE 
XM 

2,0 
Sx 
D 
xl 

**18,8 

SUR 

4,,2-
PSR_ 
PSE 
XM 

20,2 
Sx 
D 
x 2 

6,4 
SUR 
PTR 
PTE 

" XM 

12,2 Sx 
D , x

f 

( 

-109- , 

,.. 
'3. 

6 7 

Method Bu 
Ae 

Method Be 

--":~:...;.,.jI·_LT 
SUR 

2,4 PFR 
__ ~PFE 

XM 
7,6 Sx 

D 

xl 

SUR 
8,6 PSR: 

__ ---1 PSE 
XM 
Sx 

26,5 D 

Xt 

"r SUR 
PFR 
PFE 

38,2 XM 
Sx 
D 

Xl 

SUR 
1,8 PSR 

__ ~PSE 
XM 
Sx 

5,0 D 
x2 

SUR 
PTR 

9,6 PTE 
xz,l 
Sx _0 

-----l 

,~ J 1,6 

~,-I!,1w.A>iI~ ... ,\'\.,,,,, , , , 

** Re-checks Calculat;ons .. 

• • 

.. r 
j 

f • 

9 .lQ.. 

Method '4e Method Be 

SUR SlJR. 
47,2 PFR 98,4 1>FR' tf}~ 

'l1 PFE PFE 
21 2 XM 18 2 XH 

~ 

Sx Sx 
55,4 D 46 2 D 

1,2 16,0 Kt 

SUR 
15,8 PSR ) 

PSE 
54 0 XM 

Sx 
49,0 D 

x f 2 

. , 

b. 



JI\-
cO , .. , , 

"'li!"'"' .. 't"'1'l'1 ..... 1"...~,' ..... ~:_ei'Il'~'.'i''I1!c''"'ll''''''~,j-~~~~?QIJo"''~_~~~'I'i\I!I!'Iif~~~:Jt''*lAtt\>, 
CI ~ ~ ... 

li> , 
!.),. 

~ 

'" -1J.0- ',) .. 
0 

'" Paula L. ~ ./ 

.' 
"" 

• Q , 0 

2- .i... ..:L. .L ~O'Çj 
.~ 

·Ae 
~tbQd Be Method A..,e Method Be H~thod Ae Mii:thszd ~~e 

~-,'J 

SUR SUR SUR SUR 4 
• <t' PFR , 19,8 . PFR 44,8 PFR 17,0 PFR 

29,8 PFE PFE PFE PFE 
XM 27 8 XM 3 2 lOi 19 0 XM 
Sx Sx Sx Sx 
D 52,0 D', 2,0 b 62,4 D 
xl 

q, xl xf 

CHANGES SUR 
xl 

~0,6 PSR SUR , 
~~ 

, .. 
SUR PSE 

~ 150,2 PSR 
9, Ptt XM· PSE y 

12,2 PFE 5,0 Sx 35,4 Xl"1 
KM D S4 

~, 

Sx 7,6 D x' 
D f xf 
xl 1 

G 

4 X1 SUR - xf = xf 12,8 . PSR 1 2 
PSE

c 

3 8 XM, 
Sx Q 

D~ 
, 

27,8 
xf " 

\ 
" 

u 

cl .. 
'. , ; 

, 
0' ,'t, 

. 
Ir 

, 0 J 
\ .. '1 ~ 

, 

0 '" '" 
t.. 

'e 
" 

" 
, 

Q ~\ .... . . 



o 

o 

Q 

o 

o 

• • [3\ 

-_ ..... -
METHOD 

Co 

/ 
! 

4 0 
9,8 

~,8 

METHOD 

« ... ' 
( .,..' 

<: 

Sharon P. u 

l 

" 

Glenn R. 

1 -, 

co ' 

2 

Ae 

lb 

2 

4 8 HE 
100 XM 

Sx 
,5,,0 D 
1 xf 

Ae Ae , 

lltsert •••• PFE 

-, . 

'-111-' 

, , 

~ 

3 ft, -

Ae 0' 

3 

" 

~
FE 

RLT 
,D 

6,8 ~f 

Ae RLT 

o 

4 
''" 

• 

~E o 8 DLT 

6,2 xi 

Q .. 
Ae Ae RLT 

-" 

~ 

.. 

8 

Ae RLT 

, ... 
"1 

'8 -
- ' . 

27,2' 

13 8 
.. 

2~,O 

.. 

• 
l. Ae 





.. 

/ 

,/ 

\.~ , 
" 
1 
1 

1 , 

0 \ 
~ 

• 
• 

1 

IltJ'" 



) 
j 

"\. 

Angela R. 

'" 
1 1 2 3 4' 8 

"\,. 

PFE 

'~r ~~ 
SUR 

XM 12 6 XM 17,4 PFR, 
Sx Sx FE 

3_,8 26,0 D 3,6 xf 1 ~ RLT 
xf xf 1 4 XM 

Sx 
,2 xf 

METHOD 

Ae Ae Ae Ae RLT Ae RLT 

:1 

, 
; '" 

Ruth V. i 
.--.. ;v 

, 
! 
J 

1 2 3 <- 4 8 
~ 
dl .. , 

2 5 PFE 6 '1 PFE SUR~ t' 5,6 XM 1.1 ,0 6 0 XM 38,0 PFR 

Sx Sx PFE 

16,2 D 45,2 15,6 D 9,6 XM , xf xf Sx 
10,6 D 

~ 
, xf 

METHOD • 
A ... Ae ". Ae Ae; Ae Ae 

e \ 
~ 

P.. 
\ 

Q 
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Cj • 1 
. .)YI 

Ang~a R. 
, 

ft 

, . 
IV ...L 6 7 Li. 10 -, 

MethodBe Method Ae 
Au 

Method 'Bu Method Ae ~ethod Be 

SUR SUR 33,0 SUR S~ SUR 1;'';' 

PFR 23,2 PFR PFR 34,4 PE 28,0 PFR 
33,0 PFE PFE 10,2 PFE PFE PFE 

XM 16,6 XM X1\f 19,0 XM 23,2 RLT 
Sx 2 4 RLT Sx Sx 10,2 XM 
D Sx 5,4 D 47,0 D Sx 
xl 11,6 D xl 16,8 D 

""SUR 
xf 

SUR 
xf 1 

2,0 PSR 14,6 PSR SUR 
PSE PSE 17,4 PSR 

3,4 XM 2 6 XM PSE 
Sx Sx 4,2 XM 

25,2 D 3,2 D Sx 
~f x2 7,4 D . 

SUR 
x f 2 

PTR 

" 6,8 ' PTE .. XM 
Sx 

• D 

! xf 

, [ (> 

" 
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~ 
" 

o , \ 

Ruth V. 

7 9 10 -
~ 
" -- i'1ethQd 13e Method Ae Method - Method - Method 

SUR SUR Unable to Unable to -Un~ble ta 
18,5 PFR 56,4 PFR 

PFE PFE SUR SUR SUR 
4,2 XH 14 2 XM 

Sx Sx . 
30,6 D 46,8 D 33,7 **** 56,1) **** 38,0**** 

... 

**** Time s~ent in attempting the prahlem 

. " 

! 

, 
. , 

G 

"---. __ -.:.....----------~-~-- ---------



1 

1 

t 
! 

1 

/ 

o 

/ 

( 
-117-

7 

Leanna V, 

, 
1 2 3 

.,2 ! PFE 5,6 7,2 
1,8 XM 6,0 6,6 

Sx 
35,6 D 8,6 44,6 

f 

** Re-checks Calculations 
METHOD 

Ae - Ae Ae 

4 8 1 
~ 

~ 
5,0 PFE SUR j 

! 
9 4 XM 7,8 PFR ,~ Sx . PFE 

~ 

23;8 D RLT 1 

xf 3,8 Xl'1 ~ 
Sx • 
xf 

1 

**19 ,0 l 
~ ; 
< 
l 

Ae Ae RLT 

1 , 

? 
" '" , 



( 
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... 

( 
Leanna V. 

..2.. .i... 7 9 .Q 
"- -

i'1etqod Be Method Bu Methed - ,Method - Method -,... 
SUR SUR ~UR Unable te Adds TetaIs 
PFR PFR PFR -,.. 

l.§Q& 
f-

57,8 PFE 34,6 PFE 4,0 SUR 
XJ'1 XM UDli!.ble to PFR 

1 Sx Sx 61 ,0**** 42,,6 D 
D 15,6 0 ~ 

1 Xl Xl 
102s0,L 

Unab1e to 
1 

-----~,-----;;--

SUR 6,0 SUR .li! 
PSR PSR 

17,4 PSE PSE 17 24**** 
XJ\f XM 
Sx 57,2 Sx 
D D 

r Replacement with- simpler--t-Qrms of original forros 

**** Time spent in attempting the'froblem 

1 
JI 

492° 

" .,. 
~ 
~ 
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-119- .. 

o 
.. 

Jackie D. 

1 2 3 4 8 

Il • ~. 

2,8 

~re ... ' 5,2 6,5 ~LT 9,0 

13,0 ,2 xf 
4,4 

" 
j 

1 

METHOD **5,4 

Ae Ae Ae Ae RLT Ae RLT " 

1 

** Re-checks Calculations 
~ 
'\ 

'\ 
~ 

l 
1 

i 1 

Toni: G. 
" 
1 

l 2 3 4 8 
J 

2 6 PFE 6 4 PFE 8;8 PfE ~~ ~UR 
4,,4 XM 11,8 XM 21,6 RLT . 2,0 ~LT 3,4 PFR 

Sx Sx XM PFE 11.0 
104,4 D 3,2 D 20,2 Sx 5,2 xf 13,2 rx--f 30,0 

xf xf D x L:1 
xf 11,0 D 

f 

" 1 Corrects Error 

.METHOD 

{',\ 
Ae . Ae Ae' Ae RLT .Ae 

l, 

f 

" 
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(j 

Jackie Do'" 
~ 

~ 2.... 6 7 9 .. 10 

Ae 
" 

·1 

Method Be Method Bu Method Be Method Ae Method Be 
~ 
~ 

SUR SUR SUR SUR SUR 
PFR PFR PFR l'FR 193,6 FR 
~FE 70,0 RLT PFE 22,0 

PFE PFE 
f 

17,4 }Cf l'FE 47,6 
XN 23 ° RU 13,2 RLT 

l, Sx XM Sx XL\{ XH 
D Sx D 3,2 Sx Sx 
xl 56,8 D D 6,4 D l 79,8 
SUR 

xl 
SUR f l ." 

PSR SUR PSR SUR 18,4 PSE l'SR 15,4 l'SE l'SR , 
7,4 , 

KM l'SE XM PSE 
î 20,2 Sx XM Sx 4<},6 RLT 
f il 43,2 Sx D XM 82,8 

~ D " Sx f 2 14,6 D ~ 12,8 
SUR 0 

13,2 xf PTR 2 
21,8 PTE 

XM 
Sx .. 
D""'> ~ 

X 

1 

/ 



.. 
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\ 

/ 
, , 

Ct " ;. 

Tony G. 

f 

5 6 7 9 10 - .' 
Ae " 

" ~ l1ethod Be Method Ae Method ~e Method Ae Method Be ;. 1 
SUR SUR -~ 

1 J PFR ~6,4 
• PFE 58,2 ! 61,6 78,6 
" 

1 XM 
60,0 26,0 

.-

, 
Sx ! 
D 

23,6 
J 

1 .. ' 36,0 l 

xl xf '" ~~ '- ' 
l SUR ~ SUR 12,2 PSR PSR 14,8 PSR 

\ 

,,, PSE PSE PSE 'j 8,2 
• 27 2 1G1 XM 12,8 XM ~ 
~ 

Sx Sx Sx "!! 
1 

77 ,4 D D 34,0 D .. 
f 

xf x2 ~ 
f 

f 
) 

f ~ , 
SUR 

( 

, 

4,2 PTR \ 

PTE '" 
9 4 XM 

Sx 
1'1. 

D 

65,0 f 
r 

> Insert •••••• RLT 

( 
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-~, 

Karen H. 

1 2 3 4 ~ 
./ 

, 

3:1t 6 6 PFE 4 2 PFF;_. 3 0 PFE SUR 
3,2 18 2 .KM 14 0 XM " 11 2 XM 8,2 PFR 

--,-

SK Sx Sx PFE ( 
. ~, 1,2 1,0 Ir 46,2 D -, 5,2 D 12 4 XM 

t xf xi SK -
23,6 D 

0 . 
xi 

" METHOD 
! 

f 
Ae Ae Ae Ae Ae 

i 
) 

Peter tR. 

1 2 ..L 4 8 -
l-

l' 
4.0 3~8 PFE PFE 8 2 PFE .~~ SUR 

5~0 XM 7,4 XM 21 6 XM 5 0 RLT 10,0 pn 
SK Sx Sx D PFE 

16,0 D 2,4 ID 63,6 D 3,2 x.f 15 4 XM 

J xi xi xf Sx 
'" .. 

o 10,0 D 
xi 

METHOn 

Ae Ae Ae Ae RLT Ae 

0 



" 
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o 
Karen H. 

, ' 

.i -L 7 9 10 .. 
Method Be Method Ae Method- Method Be Method Be 

b -1 
1 

SUR:, SUR 61,4 ~UR 42,2 
SUR SUR 

l'FR 13,2 l'FR l'FR PFR 'PFR 
l'FE l'FE PFE ;;6; 2 ~FE \ " XM 19 8 XM J.lDill21~ tg XM 15,0 XM Î 

i 
l, 

, 

25,6 Sx SX 
49,4 

Sx SX 
D ..m: ,D " 4,2 D 

" 

r 

Xl 79,6 Xl x , f l " " 56.8 , 
~ SUR ';UR i 

23,4 l'SR PSR 20,6 p§R 
"'j 

l'SE PSE PSE , 
Ü 6 XM 26,8 XM, ' 4 

&'1 57,2 , 
~ 

Sx, Sx sx l 
60.0 ;) D 76-,8 D 

xf x
f 

------------,-

" , 

u 1 

o .1 

o 
.. 
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14':"'Y.I!J!>ifÎ'''1~~~'''''fi~$oW>tc"-~~~_~.,.,...~.-~.".~~~~.~~ ... ~~>'-,Jt1~'~~~~~~~ 

~ 

~ 
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1 0 c ~ Peter R. " 
4 

o' 

~ 6 '7 9 - .-
0' 0 0 

..!Q. 

Method' Be Method Ae MSthod ~'e Method Ae Met§od Be 
A. 

SUR SUR SUR SUR 
~ PFR 'PFR 42,Q FFR 

" 29,6 
o PFE 'PFE PFE 

27,6 PFR 
PFE 

29,'0. XM 14, 8,6 XM 17 ,6 XM 
Sx Sx 0 Sx 

21,6 XH 
Sx i ' 

.-- D D U2,O D 12,4 0 D , xl , xl xf 
~x 

fI \ ... 
SUR a SUR 

85,0 'PSR 
PSE 

13,2 PSR 
PSE 

~8 1 XM 
, 19,4 

Sx fi 

'" Q D 
~ 

31,4' XM 
Sx 

079,0 D 
xf xf 

2 

> Insert ••• "." RLT,! 
, .. , 

a , 

, 0 • 

·e 
J 0 

'! • 
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o 
~ 4 , 

./" ~ 
,,/~~ 
~. ~r • Sue w. 

". ',,-

"'J " 

1 2 ~ • 4 ...ê--' 3 

J ~ 
~ 

4.,4 PFE 7 ° PFE " a SUR 
,.~I XM 5,4 XM 8,0 ,34,0 PFR "\ 

Sx Sx PFE 
~ 26.,6 D 3,6 D 52,8 3;8 xf 14 4 XM ~ 

J xf xf Sx 
1~,4 D 

xf 

~ , ~ MEXl,.I0D 
\'1 Ae Ae 'oAe Ae RLT Ae 

C> 

0 
\ 

~ 
"~ 

~. '<Ji'o "1tJ (, 

, . 
/ 

..- ./" 
i;) 

~ Diane Y. ... 
~~"r~ 

"'" el ' 

1 2 3 .î. 8 , - ," 

,2 PFE 2 PFE 2 PFE SUR 6 
, 3,4 KM 9,0 XM 9,6 }CM 6,0 ~!t . 

'li J: V Sx· Sx '\. Sx • Ir' r ~ 
, 15,2 D 1,0 D 12,2 D 3,2 7,6 KH ' ,j F! ~ .. 

.. ! JI 't ~ ~ j ~ , , . 
xf xf xf xf Sx Il '1 ~~ • ~ 

"" "ij 12,6 D 
" •• + , 

xf \:J, i' \ 
~ Il , ~ 

i' 't ,\ METHOD 
t~ 
" , • Ae: IÎ\ Ae Ae Ae Ae. 

.... ", ' . 
. O~ 

,~ 

1/ .\!' ... '\ri 
1 
1 

" 
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0 .\ 
(> 

, 

~ t Sue W. 
c 

5 t, 6 - 7 

Il 
Method Be Method Ae Method 

,i SUR SUR 
42; 24,4 PfR PFR 
11, PFE 63,6 PFE 

RLT XM 
XM Sx 

! D 
1. 
1 xl 

, SUR SUR 
21,0 PSR PSR 

.. PSE -22,0 PSE 
15 0 XM XM 

_.27,0 Sx Sx 
D D 

4,0 xf x -2 

l 
, \ 8, 

o • 

0, 

. , .. 

\w 
9 

Ae 
Be Method Ae 

61,.4 ~UR 
PFR 

10.0 J?FE 
12,6 RLT 
4 2 XM 

2-14 Sx 
D 

53,0 x
f 

'0 

/ 
Il 

" 

Ae 
Method iBe 

Adds Totals 70,8 

SUR 
21,2 PFR 

34 2 
PFE J 
XM 
Sx 

81,8 D 
Xl 

SUR 
94,0 PSR 

PSE 
39,0 XM 

Sx 
28,0 D 

Xt1 
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o 
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~ . 

t 

Diane Y. 
(~b 

..2.. ...§... 7 9 .1..Q... --.. 

Ae 
Method Be Method Ae Method Be Method Be Method Be 

,1 

23,8 SUR ------ SUR SUR Adds Toca.ls 
PFR PFR 10,2 
PFE 46,0 PFE 
XFt XM 7,0 ' .. 
Sx Sx 23,4 
D 6,8 D 

,,,xl xl 

SUR SUR 
PSR PSR 9,8 
PSE PSE 

~ 16,8 XM 
Sx Il,_8 

21,2 D ' D 
x

f 

PFR 
PFE 
XM 
Sx 
D 

xl 

SUR. 
PSR 
PSE 
Xli 
Sx 
D 

xf 

SUR 
4,8 PFR 

PFE 
16,4 XM 

Sx 
23,6 D 

xl 

SUR 
30,0 PSR 

PSE 
14,4 lU'1 

Sx 
20,6 D 

:ct",. 
1 

16 0 
Sx 

21,8 D 
x

f 2 

~ Step omitted in favor of further calculations. 

) lnsert ••••••• RLT 

(\' 

" 

J 
j 

J 
<; 

25 z 2 .... i 
>; 

" .:! 
F 

~ 
ci 
:& 

'i , 
1. 
i 
l :;. 

i 
'v. 
~ 
"~ ,\1: 
1i 
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o 
, , 

.. 
i 

. \ 
APFflIDIX II 

Individua1 protoco1s of the 19 

students are reported alphabetica11y .. 
by grade leve1. 

) 



/ 

, 

ü 
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KEY TD APPENDIX 

BELOW ARE THE EQUATIONS NEEDED TO SOLVE THE 10 PROBLEMS. NOTE 
THAT THE PRo'BLEMS NEED NOT BE SET UP IN THE SAME MANNER, MEREL Y. 
THAT THE NUMBERS ARE LABELED IN THIS WAY FOR RECOGNITION PURPOSES. 

THE BASIC FORMAT FOR PROBLEMS WlTH 4 POSSIBLE VARIABLES IS: 

0.... C 

b d 
THE BASIC FORMAT FOR PROBLEMS WITH 6 POSSIBLE VARIABLES 18: 

a.. c. 

b d 

F 

IN THE FOLLOWING PROBLEMS, THE LETTER x.,. WILL BE SUBS'fITUTED FOR 
THE UNKNPWN VARIABLE. ANSWERS LEAD1NG TQWARDS THE CORRECT ANSWER -
WILL BE LABELED AS .x, J XL , X 3 .... ·.l€'O. . 

(1) 

(4) 

Q.. 

.~: 
6 
b 

a.. c.. 
(7) :t ~..J:!.... 

30 ~ 
b XI ---Ë.----':----

....;3:;.;S'"~ = 1 
loS- x: 
x. , xF-

a... \ c. 
( 2) ~ - 10 --

X ur 
Xf d.. 
0- C. 

--L- ~ (5) ::. 
3 30 
b .x, -------- - - .... - .. 
E. F 
~ - ,?600 -30 .x:. 

X, xç:. 
'-

~ C-
(8) .-.::L ::: ---.!:L 

::(. ~r 

-Xf cL. 

, 
X,. e. 

(3) -L..~~ 
35' Sb 

b cL 
et. C 

(6) :J.OO ~ 700 ---
~75 x 
b X~ 

. ,-t.) 

r ' 

.. 

'1:: 

r 
! 
~ 
1 

l 



~- ---~- ~- -------~--------

'. 

( 
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1 
KEY Ta APEENDIX CONT'D. 

'L c.. CL c , 
= :J..1' Or :Li' :J.?-

(9) ;; 

.x. 35 3S :x.. 
X, . d- b ;)CF 

- -------f.,. ------
/ 

IfE \ F 
1 :J.:2.. :: 

1 

I.~S' .x. 
x, .x~ 1 >J 

" t ~ • 

(10) 
CL c.. ~œ. c. 

~ ,,"0 = 3' J 7 i' 3&' .: 
:x: 4S' .x. J.fS" 
,xF 1 cL .x. , cL ./"' 

-... -- --------- --- .!~ 

- ----------
E F a.. o...e 

9Y '3" iD = J7f 
t ;: 

i .x I./S" x :2..:2.:2) S' 
~ 

XFa. d.. XFl X, 

1· 

- - - --
E as 
~y 

~ IZl. j 
.)( ~~:},.s-

- "" XFa. x, .. j 
1 .. 1 

. ! 
! 
1 

~ 1 

1 :> Step where error in problem was made. , 
1 

Incorrect 
~ (' answer • 

. ~/ 

.. () l ' 
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1 
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/ 
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SECONDARY III 

! 

, 

1 

1 
1 



i l ' 
1 
f 

1 

( 

ô - / 

- QUESTION 

1. 

TOTAL 

2. 

TOTAL. 

3. 

8,0 

-132-

JOHN K. 

O.K. 4 over 6 equals 9 over what ••• 
0... C -:. 
b ~F 

50 1 cross mult1ply ••• 6 times 9 equals 54 

bc " z. 

1,0 4 

14,2 into S4 goes •••• 13,S ••• so the answer ls 13,5 

28 28 secs. 

" 

4,0 8 over x equa1s 10 over 15 
~ Co 

:0._ 

,.')CF cL 
) 

3,2 again l cross mu1tiply ••• get 120 < 

o..cL =- z. 

2,6 so the answer 15 12 

~ =- X f 
~< ~ 
9a8 secs. 

/' 
3,8 x over 35 equals 40 over 56 

~ :. .s.-
b cL 

7,8 35 times 40 •••• 1400 

be.. :: 2:. 

... 

, . 

... 

~ 

1 



o 

r 

',1 
f TOTAL 

1 4. 

1 TOTAL 

'0) 

-133-

3,8 ••• 56 

cL~r- :. lj 

37,0 •••• s; the answer is 25 

...;:.. =- X ' 
'1 f 

28,0 check it •• 56 times 25 •••• 1400 ••• 0.K. 

80,4 secs. 

,:1" 

7?8 12 over 24 equa1s 4 over 8 

~:..!:;;. 
b c:L 

4,6 'reduce 12 over 24 to ~ 

~JJ2.. 
,.. t-

2,8 equals to 4 .OVeij': 8 

15,2 secs. 

11,2 hmmm ••• so 10 bottles of 
case ••• that 's 4 tenths 

..!.. 
C-

2,4 or 2 fifths 
E C. -,-r 1-

4,8 3 cases ls 30 

bc =- ::t:. , 

3,0 4 times 7~ equals 30 
.. ::re, .: '.x il. -E. 

cleaning fluid 

,. 

in a 



1 
~ 

J , 
1 

\ 

i 

1 
f 

f 

() 

o 
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-. 
__ ~_~~....,,> 21,2 2500 times 7,5 i5 •••• 1875oo square feet 

TOTAL 42.6 secs. 

G 14,2 O.K. 200 into 70Q goes about ••• 3~ ••. 
c. 
a.. = 

16,0 

x' 1 

-,----- , 

" 

_____ ;~> 48,8 O.K. so 275 bags of grain times $3.50 a 
piece •••• 275 times 3,50 equals •••• so it 
cost5 hi~ 947,50 ••• does that incluqe tax? 

TOTAL 

7. 

.;:. 

" 

TOTAL -

\ 

79.0 

11,4 

secs. 

O.K •••• 2 serbs •••• 7 ~erbs •••• l 
3l;: sets of tods 

C _ 
CL - .:x: 1 

serb can make 

9,4 oh weIl that's sort of easy •••• 30 serps times 
3l;: is 115 

bx., :. x:~ 

3,0 ••• 105 

b X. 1 :. ..:(,,2,. 

/ 
./ 

38,2 uh ••• lOS tods ••• 105 sets of tods •• right ••• so 
let's divide that by ••• hold it ••• 3,5 times 30 
••• 105 

.xjt. 
b ,=. x. 3 ' 

8,0 that's ·right ••• l0S divided by 35 ••• 3 
1 

\ 
Xit 

." E = XF-
7DiO secs. .. 



" " 
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X 

(j ~ 
" 

~ f 8. 4,4 28 zots 1s 7 times that 

\ 

cL 
/ -- X, 
1 

c.. 
! 

- 12,4 7 apples makes up 4 bushels how Many apples 

! make 28 bushels , 
l'''Epfo..c..e.MŒNt f • 

\ .. Ijo,~ r./ 
, 

15,1> that makes, •• 50 ••• app1es ••• time§"L? 

",' 
a.. x. , "::. .:JCF- 1 

" . 1 , 7,6 ••• is 7 times as Many apples too ••• 49 apples , 0\ ergs. 

ClX 1 == ~F 
"-

TOTAL 40 20 secs. 

" 

9. 45,2 hmm ••• so that's 28 grams ••• so vO),lUDe of 35 
~ - grams of Nitr,ogen ••• 35 grams is a mole and lj; . d.. - ~.x. c.. - 1 

-----.... 7,0 sa ~ of 22 is 5,5 

L 
..L 

:. .x~ 
4 

9,8 would give you 27~ li,ters 

=--=1- F l' ..x.~ = XF 

TOTAL 62,0 secs. 1 
"-

10. 25,2 If 80 grams of ••• 1 don't know ••• 80 grams of 
apples •••• 98 grams of oranges make 36 grams 

; 
of water, how many grams of app les lf1d oranges' 

, 1 make '45 grams of water ' 
1 

":' EpI C4. c. ,., E N't • 1 
E ï .,. 

5,2' 45 is ~ more ." 

0 J ~ :: ,:)( 1 

\ 
• 1 



" 
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, 
,; 
! 
o~ 

Ci :Y 

24,2 so 36 grams is gonna be t more of each 50 

that'll be ••• lOO grams of apples and NaOH 
0... ::. .x~ , - CL ~.x2. :: ..x.p, X, 

23,4 and 98 over 4 ••••. 24,5 1 
...s.. "" x';t l x. , . 

" 

" 19,2 so that's 98,5 •••• l18,5 ••• l22~ of H2S04' .O.K.? 
" '\r 1. 

E + .x:ol.. • ? F~ ~ 

l TOTAL 97 2 2 secs. 
,~ 

l • . ~ , 

i ~ 
1 
,:j 

î f 
... 
~ 

1. ! \ ,·1 
1 "<.;~ ~ 

loI 
1 

;. ~ 

f. If 
~j , 
1 

î 
J • 
1 , 

J 

\ 1 

1 

.:... , . 
~ 

.... 1 0 , 
1 

.----------
i 

-
"-

~ 

0 
• 

, 
"\, >' 

", 
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QUESTION 

1. 

TOTAL 

G 

TOTAL 

3. 

-137-

l3-0BERT M. 

2,6 4 over 6 equals 9 over x 
~ C' - ~ 
b x-F-

8,6 O.K. 9 times 6 is ••• 54 

bc. .. 7.. 

2,8 so 4 

32,8 

46,8 

4,0 

4,6' 

times what equa1s 54 •••.. ~3,5 

secs. 

<y~;,8 over x equals ID' over 15 
(\.. C. 

.xy--~ 

8 t ime s' 15 •••• 120 

a..d.. • z. 

um ••• 10 t:Lmes 

12 wou1d equa1 120 so 8 over 120/equals 10 
over 15 

24,6 secs • 
.. 

6,2 x over 35 equals 40 over 56 

,,x r 
_:. 

b 

e 
T 

-/ 

, i 

" 

• ~ II, ., ' 1 



o 
! 

TOTAL 

4. 

'\ 

Q 

TOTAL 

-

17,4 

11,4 

-138-

40 times 35 ••••• 1400 

'be. : z., 
\ 

50 ••• 1 think l got it wrong ••• so 56 ~ 

cLx.(! : '1 " . , 

34,8 into 1400 ••• 50 it would be 25 over 35 equals 
40 over 56 

'i 
69,8 secs. 

3,0 

1,8 

~ equa!sÎ 
Q.: -, -ro t-

x over 8 

.9.. 0 .:(.:. 

l.::-;L 
t-

7,8 50 that's 12 over 24 equals x over 8 

" 
8,4 ,96 ... 

o 

a..d.. -:. z... 

·4, 2 wha.t.\~ ~4 
ob Xf • Lj 

9,8 into 96 is •••• so that's 12 over 24 equa1s 
4 over 8 

35,0 secs. 

7,~ . 50 that's 3 t1mes 10 fs 30 

--; 

, 

, . 

1 



f 

" 

, ". '~~' '4 ~ i:ttll!4lilliflllfW ... ibJo JfI1i'i:t'U ... "trw'~~,,, 

• 

, 

'0 

, 

... 

--t--

, 
'. 

! ' 
\ . "'\.. 

.. 

( 

4 into 30 goes •••• 7 ••• 7,5 
.xl 

lE. 
/ , 

____ --'> 49,4 7,5 times 2500 •••• 7750 square feet 

F:x.z.. = 'xF • • 

~ . 

... 

= TOTAL 81.6 secs. 

8 

7. 

TOTAL ... 

• 

24,8 hmm ••• 2oo in ta 7QO •••• goes 3,5 
C -' - \ 

1.-
- - .x CL - , W f 

>61,6 3~ ••• so·3~ times 275 •••• $996.25 •• 15 that right? 

X, )C. b : Xf 

86',4 secs. 

3,.0 

19,0 

25,2 

13,4 

2 into 30 goes 15 

*= ~ :X, 

,-
50 ••• 0.K •••• 1 have 1~ Umes 35 

? X E. 

~ 

t dfn't know •• 2 ser~s makes 7 sets of tods 50 

you have 30 serbs ta start off with right? So 
if y6u have 30 serbs you divi~~ it by ~ ••• you 
get 15 

..!.. ... ::c. 1 
,0.. 

cause you need to ••• and.t~en 

c.:.x: 1 

42,4' that's 105 tods ••• lOS divideq.,by. 35 ••• 2 ••• 50 

that' s 3 •• '3 Urnes 35 equa1s 105 sa you can have 
3 fats ' 

103.0 psecs. 

J 
. , 

o 

! 
î 

f 

.. 

1 



o 

. \ 

, . 

j 

8. 

- TOTAL 

9. 

TOTAL 

~. a 
~\ 

Il 

.56,4 

\ 
-140-

/--

<. ___ 4H"'-'<", 
)j 

28 •••• 7 ergs makes 4 zots ••• hmmm ••• 7 
•.. 7 times 28 would be ••• 196 

o...ci.. ... z. 

ergs 

50 196 zots. ~. MW many ergs ••• 7 times 7 is\ 49 
so you need 49 ergs •••• don' t ask me how l get 
that cL 0 

~, -;:) a..d.;: XF 

78,6 secs • 

42,4 28 into 35 goes •••• 1,25 

125,4 

167:;8 

27,2 

ci.. c::- :: eX. , 

if lM of N2 •••• l,25 times 22 •••• 1 did make a 
mistake •••• hmmm •••• 1,25 times 22 ••• would equal 
27~ li ters in volume 

Fx./ : X F 0 

secs. 
~\ 

• 
36 •••• 45 minus 36 is 9 

cL-c. :: .x. 1 

):. don r t know ••• l' m trying to figure out a way 
to figure out the corresponding numbers ••• I 
don't know if l can do.this ••••• 

o \ 

RETIRES 

TOTAL U22,8 secs • 

. \ 

, 

,. 

j 
i 
1 

1 

o o 

o 
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\ 
~ 
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/ 

"\ 
, 

0 ... / JOHN N • 
.J, 

• 

/ ÇUESTION TIME ~ 
/ 

G. 1,0 Just cross-multiply 
Q.. C ~ - : ~ b xF 

~ 2,0 for like 9 d.mes 6 i5 54 

be. 
,. 

'"' '1 / 

3,0 sa ••• no that's wrong 
, 

\ 
". \ 

. >a3,5 the 4 ••• how Many times four, can get into 9 
C 

;: 1 - =:JC. , 0-

f 1,0 whith is 2,5 
/ ç X/ 

l 
! 

9,0 ~ 
, 

Sa l times 6 times 2,5 and- get •••••• 15 t 
~ b-X. = .JC.F-, 

TOTAL 19.5 secs. 

" 2. 3,0 Ho~ Many Urnes B goes into 10 

J2.. = ~ 

\ 
Cl.. If 

4,6 which i5 :lt; .... 
\ 

X-
v ~ 

"' 3,0 No ••• wart a minute ••• 1~ 

0() X. 

47,0 \ liNo how Many tlime 5 8 l'd get ipto 10 50 ••• 

No that' 5 not right either •••• 

" 

0 '-
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/ 
1 
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'" .~ 

(~ 

/ G 1,0 forget that one ••••••• yeh ••• l'd ct'oss-
mu1t~p1y ••• 

. 
/ .' \< 

a... =.ç :. 
b cL ~ 

1 1,0 10x 

1 bxF", 
I..f 

f 
·1 

6,0 times 8 times 15 i s ••••••• 120 1 
\ 

t o...d. 
i 

z. 'i :. '. 

~ • 

2,0 c:ross out the zeros 

J..., Z 

1 r r 

.. 2,0 50 my answer 15 12 

t 
X F 

( 
, 
~ TOTAL 68 26 secs. 

i 
i 
~ 

f .- -
3 • 2,0 Same thing with number 3 J'd cross-multiply ... .. 

XF C. 
= b , cl 

8,0 40 times 35 is unnnm •• : •• 1400 

bc:. :. 1 • 
1.,0 and 56 

" ~. 

-~~ cL )CF .. Z. ---~-----.....------
-~~-

------------------ . 
51.,0 goes in~O--t-11€t. •••• 50 the answer ls •••• 25 " .. 

---- . 
--~.::L. '" f.Je Ft.. 

' ~ 

TOTAL 62 20 secs. 

f+. 9,0 .< Number 4 ls l 
. 

times 8 goes / just see how m~y 
1nto 24 \ 

b 
d:" :: X 

, 

. , 



Ct 

1 

1 
1 
1 

/! , 
1 

( 

TOTAL 

5. 

TOTAL 

3,0 

132° 

46,0 

6,4 

9,2 
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which i5 3 
.':lC. 

50 times •••• divide ••• divide 3 into 12 which 
i5 4 C \ 

~ Xf-
.x. 

secs. 

JI -
\ 

Well l 'm tryiug ta find out haw rnany square feet 
in one case ••• with the c1eaning f1uid, which is 

- -;C.r ••• 6250 

and you times i t by three ta get the answer, ' 
that 1 s 18750 

'\ 

XÂ. X. b = .X:. F-

Sa how many square feet of f100ring can be done 
with one case so l just tirnes it by 3. 

61,6 se<5s. 

6. 33,2 1 divide 700 by 200 ta see how many it costs 
for l bag ••••••• that's $3.50 

C 
'"'Ci:" :: X 1 

1 
3,0 and ~ Urnes it by 275 ta get the answer 

;C, X b : XF-

30,4 ••••• which 1s ••••• $962.50 

TOTAL 66,6 secs. 

o 



o 

\. 

7. 

'4TOTAL 

8. 

TOTAL 
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50,0 how that works ••••• figure out how many fats •••• 
how many serbs will make •••• get 35 sets af tads 

1,0 

15,8 

which is 10 

.iL X a.. ;: 
c. 

and which i5 3 fats because 30 divided by 10 
1s 3 

66.8 secs. 

1 

/ 
/ 

1 

10,8 YOêjust times the one ••.• you times the ergs by 7 
,.. x.. 

4,0 to see how many zots are equa1 to 7 zots 

... 
3,6 are equal ta 28 zats because 4 times 7 is 28 zots 

18,4 secs. 

32,6 well you just time the •••• just a.dd :!t; of the 22 
liters to the volume 

5,0 ~o •••• because 28 pl~s :!t; of the 28 1s 7 

.-f.- ::p c::. + :x. 1 :. cL 
X, 

2,2 and that gives yau 35 g~ams 

ct 
______ ~..,.) 35,4 

' .... 
so a.dd't of'the 22 •••• that's 8,8 

X, T F = ..x: ~ = t= 

.xl 

1 1 



, 

{ 

t 

( 

() 

1 

~ 

1 

.. 
• 

> 

o 

7,2 
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sa it wo~ld be ••••• so the volume would be 
30,8 grams ••• uh ••• liters in volume 

82,4 secs. 

35,2 Uh •••• l ',d figure out that l need ,9 more grams 

D-C. ~ x-, 

l,6 50 t '\ 

,7,0 

9,4 

C. 
.xl ; .x.~ 

50 1" divide by .}; because that way it cornes to 
NaOH but then you still need •.•• 

Cl.. 

'1> "'4 -
then divide that in half (divided the ~in half) 
ta get.the ••• split the two •••• the difference 
between 80 grams of NaOH and 98 grams of HZS04 

0.. _ - .x 
~D - 3 
~ 

39,6 50 that gives you 88 grams of NaOH and 
out one eigth of 98 50 ••••• 12,25 ' 

o 

figuring' 

E -0- T X 3 =. X F-, ) , E. ~.x: 3 ,. X fit. ' x~ 

;(. 

14,6 50 88 grains of NaOH and 110,25 grams of H2S04 

X F,1 XF1.. 

TOTAL 107,4 secs. 

,\ 
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t 

~ 

e 

QUESTION 

() 

/ 
..,,146-

STAN. N. 

15,0 l forgot how to do that •••• Oh no ••. 4 over 6 
equals 9 over ••• , t(fJ 

..9:.. ::: .s:.. ",/ 
b ci. (x~ ) 

51,2 l don't know ••• Oh •• O.K •••. that doesn 1 t make 
any sense ••• you picked a real stupid id iot 
for this ••• l'm telling you., •• sir l forgot 

'how to do this •••• 3 numbers.\ ••• 6 times 9 i5 
54 

be.: z. 

16,4 Is it? •• l lm figuring out by cross-mu1tiplying 

~ C 
b::: x. r 

1,8 l guess 4x 

o...x. f- ... :t 
/ 

1,2 equa1s 54 

z. l, > 35,0 x equals 4 divided by 54 ••• O.K ••••• that doesn't make any sense ••••• 15,2 '- ~ 
) z. = ~f '1 

TOTAL 120,6 secs A 

1 2. 21,0 l must be doing something wrong arourtd here ••• 8 times 15 i5 ... 120 

a..~:z. 

1,8 divided hy 10 
( 

-- 2-
Co. Xj:. : ~J -'1 -----10,6 ••••• 12, that 50unds more reali stic -~-

:::Cr:-

TOTAL 33 z4 secs. 

',!I ______ -------

-----------



Clr 

.. 

o 

G 

TOTAL 

4. 
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' 37,2 that would be 35 times 40 •••••• 1400 

- be. :: "'L 

4,6 divided 

i 
81,4 how many times does 56 go into 140 •••••• 

23 ••• 3 would be 23 

:::CF-

123~ 2 secs. 

9,8 24x 

16,4 equals 12 times 8 would be ••••• 96 

30,0 

8,2 

"o...cL::z. 

24 i~to 96 •••• help •••• 24 

'Z 
- ;:,X f-
'1 • 

into 96 ••••••• 4 

my, 'we 're br! lliant today •••• it would be 4 
tight? yeh 4, sa ~ is 4 

XF 

TOTAL "64,4 secs. 

- \ 
1 

23,2 3 cases of cleanipg f1uid •••• so 3 cases w0ll1d 
nave 30 

~ :=..f:.. =.:x.. , 
b .x.. , 

31,4 • each,case ••• O.K.- •• , .• '50 3 cases wou1d ha.ve ••• 
30 cleaning bott1es 50 that wou1d be 4 into 30 

X, -E 



\ 

o 

38,8 

-----,-~-7') 62,8 
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f·~~. 
woula be 7,5 

;('.2,. 

{4 

Oh, l did it wrong ••• Oh ••• what did l do now? 
••• 2500 square feet ••• well l just figured 
out how many bottles of flùid can ••• O.K. 
if 4 bottles of f1uid can ••••• if 4 bottles 
O.K ••••• 4 goes in~o 30, 7,5 times 

X" 
- : Xjl. 

E. 

that means ••• ummm •••• I did something wrong around 
here ••• how do you figure it out ••••• if 2500 ••••• 
RETIRES 

o TOTAL 156,0 secs. 

75,2 

-----j-sf> 67,4 

O.K. that's easy enough •••• 200 ••• no that's not 
•••• that would be 200 into 700 ••••• 3,j 

C -0: :. :3" S- ~ X, 

so that would be 3,5 •••• how would you •••• how in 
the wor1d does one figure this out? .• l can 1 t 
think ... O.I'. let's go back to grade 7 ... 1et x be 
O.K ••••••• RETlRES D 

TOTAL 142 26 secs. 

7. 68,4 

52,4 

J 

, 
What "are tods? •• laughs ••• this must be a polish 
one ••• O.K. this one's easier ••• 2 serbs into"4 
2 goes into ••• O.K. wait a second, this one's easy 
l know it is ••• rea11y ••• 2 serbs •••• 2 fifteens ••• 
fifteen times ••• get it into pairs 

..!2.. = :::c. 1 
0... 

why don 1 t you times i tout you jerk ••• 7 times 15 
••••• 105 

u 

x. , X. c. ; .x.~ 

Q 

1 ~ 
[ 
1 



,-

\ 
1 

l' 0 l, 0 
c . 
r 
l . 
t 
l 
f 
1 

\. 

" 

j' 

/' 

82,0 

14,4 

'. 
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sa you have 105 sets of tods •••• is 
35 ••• sa that's •••• O.K. 105 ••• 1 figured i 
out ••• 1 got one ••• no l don' t 1 t a 
second people ••• 2 s make 7 tods ••• and 35 
sets of" make 1 fot ••• O.K ••• 30 serbs ••• 

get ••• you pair em off, 50 15 serbs ta make 
••• O.K. ISO you pair that mess off and you get 
2, 15' s makes 105 sets of tods ' 

are ne~ded to make 1 fot, therefore, sa" how' 
maqy fats éan be made from 30 serbs ••••••• 3 ••• 
is it right? 

X~ - :. XF 
E. 

TOTAL 217,2 secs. 

8. 25,4 

53,4 

o 

29,8 

We're getting better, we're up to ergs and zot~. 
7 ergs m~e 4 zots ••• 4 times that makes 28 

\) 

4.times 7 .••• 0.K. wait a see that would make l:t 7 \< 
ergs •••• thàt would be 7 •.... 7 ..... 7 •.. you need 
49 

we figured out 7 ergs make 4 zots and we needed 
28 zots in aIl, sa 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 wou1d 

·make, it Hke 7 tiines 7. 
~ 

0.. =-Xp. 

TOTAL 108.6 secs • 

.., 
•• ~ •• A mole of Ni trogen weighs 28 grams. '.' •• 
22' lite'Ç's in vo.lume •.••.• 22 liters, what will be 
the volume of 35 grams of Nitrogen. Oh, O.K. 
35'grams ••• 1 hate this ••• 22 lîters ••• 28 grams 
1 don't know how ta figure this out •• RETIRES 

TOTAL 101,4 secs. 

. , 

1 
i 
1 
1 

1 
i 



" 

o 

/ 

o 

~45,2 
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~ 

- ,\ 

••••• Help •••• 80 grams of NaOH •••• 98 grarns 
, of H2SO~ are needed to make 36 grams of H20. 

1 haven t the faintest idea •••• you know that 
eh? .• RETIRES 

TOTAL 45.2 secs. 

o 

Çl 

.. 

\ 

/' 
( 

\ 

1 : , 

b 1 

<:1 

1 





3. 

" ! TOTAL 

l , 

TOTAL 

•• 
, 

',', ,.,--------

4,8 

18,~ 

2,2 

67,8 

.... 
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x over 35 equals 40 over 5p 
.::cF c. 
o -,-;r 

35 times 40 ••••• 1400, so tbat's 1400 

b c:. = Z. 

56 

ioto 1400 ••• 56 goes ••• 6 into tbere ••• O.K. 
that makes •••• that·s 25 50 tbat's 25 over 35 
equa1s 40 ~ver 56 

z 

93,2 secs. 

3,0 

10,0 

12 over 
Q. 

24 equa1s J! 

• X F - d...-

o'V!,!r 8 

O.K. that's lowest te~s •• oso that's •• uh ••• 
3 eights 

b : X,. 
([ 

24 d1vided by 8 i5 3 

JL = :(.F 
ci '.1 

, .~ 

15,8 and if you divide the bot tom by 3 you gotta 
divide the top by 3 and it'll be the 10west term 
that's 12 twenty-fourths, 3 eights 

o 

33,6 secb. 

6,6 
'>! 

O.K. that '°s 4 timeso 0.4 bottles over 10 bottles 

\ 

" , 
li 

l 
il ., 
\ 

1I 
~ ,,' 
.~ 

.. ' ~~ 

t 



-0 

,e 

" 

19,8 

------,1> 21,0 

11,2 

. 25,8 

57,0 

50 4 
feet 
sa 3 

'. 

-153-

..... ' L ,. 
bott1es ~learr 2500 ••• how many square 
of'f~ooriig'.can be :leaned with ~ cases 
cases.,,3~mes 10 which is 30 

be :: x' 

4 into 30 •• , .O.K. '9 ••• so that 'd be 9 and 3 
quarters 

'X': 

- :: ..l::.tc'· é."b r t 

times the ••• so let's figure this out ••• 9 times 
4 , 
wait' ••• 9, Umes 3 ls twenty ••• that' 5 B.,'.O. K • 
l,' did that wrong ••• sa that' s gonna be 8 ~ 5, 

~ 

times 2500 ••• 0h 1 made a mistake.~·.O.K •••• so 
that makes 21, 2;ï0 sq~are feet of ~lqorihg , 

XF'IIoF .. :CF 

• .• 4 , 

TOTAL'" 141.4 secs. 

19,8 

44,2 

71,2. 

,t 

O.~. for 200 b~ ••• $700, for 215 what is it, 
50 that's 275 equals x 

.~ c:. - -:. ---
b .xp~"._ 

O.K ••• , sa that' s •• ,'2\ times 700 ••• so that 
makes 192500 

be:. .. z, 

11{.' -
50 how many times does th~ 200 go ioto it ••• O.K. 
you'don't need that ••• so that's ••. 962 and the x 
15,$962,50· 

.z. '- li 

'1 
~ 

r 0' 

, \' 

o 

1 
1 , 
j 

1 
f 

1--



o 

-Cl 

1 

1 

! 

1 
1 

1 
o j 

·1 

, , 

TOTAL 

ô, 

, 32,6 

.,.. 
22,0 

26,0 

30,0 
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O.K. if 2 serbs •• :.7 tods •••• 35 sets of tods 
., ••• 1 .fot o .50 l got'ta mu1tiply this (7 tods) 

", tirbes 35 •••• 

c x e: o , 

no wait ••• that'~ wrong cause that'f 7 sets ••• 
50 that's 5 ~imes 50 that's 7 tods 'times 5,is 
l fat ••• O.K~ so 7 times Y •••• 35 ' 

c X.Sa E. 
r-- .. 

. hb~ many fats cao be made from 30 Sèij':b5 •• O.K • 
...., ~ CI " 

let's 5ee ••• so 2 equals 7 •• 0.K. fots equals ••• 
O.K. 30 seros •• ,.let 1 s say we have 30 .... 
O.K. if we mtÎltip1y""this by 15 ' " 

-E... = .x 
0... 

wait a minute y~u don't need that 7 fots~ •• yes 
you dÔ •• ~O.K •••• 7 makes ,7 time! 15 ~quals ••• l05 

C.X' = x, 

c o Q • 

sa 105 tim~s 5 would equal the fots ••• that 1s 
525 <, , "4 

th~ is ~5 into 525 ••• 1et Ls say this is a ~et 
,sa A is 'to A, B ta B, C t;Ql C, the A wor~s ~ith 

"A,the B times,S times S.' •• O.K. ,sa th,at's t~ght 
th51-t' s S25 fots 

If: 

let's'see'if it was 
equals l fot •••• 30 
"- CL b 

""i"' -:sr 

thi~ ••• 2 over 35 which 
over 5 

times lS •••• yea the answer"is 525 fats. 

241.6' secs. 

c. " 

, . 

) 

f 
) 

1 

0 1 , 

l, 
,i 
,;1 
1 

{; , 
'1 
il 
Il 
"j 
1 
"' 

(j 



~ 

1 
1 
1 

() 
c , . 

. 
8. 18,8 

,. 
1 

14,8 
Q 

1 
• , 1 

TOTAL 33.6 

, i 

8 ' ù 

62,2 

Il 

o 1 
~ 
" 

,1 
Q 

17,0 

21,4 

a" v 

7,8 

\ ~ 

o 

.) 
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here we go again •.. 7 ergs ••• let's write this 
do,wn ••. 7 ergs over 4 zots èquals how many 
ergs are gonna make up 28 zots ••• let's see 
4 into 28 ••• 7 times 

0.. c. cL 
XF-':' d. J c. :: 1(, 

c. 
-;:-' 

cL 

, 
50 ya gotta multiply the 4 by 7 and the 7 by 7 
50 that's 49 ergs make uPo28 ~ots 

x. , x. Q.. 

secs. 

If 1 M of Nitrogen- gas is also equal to about 
221..0' •• so that's 22 liters ••• what will be the 
volume o~ 28 grams of N2 •• ~so that's 28 grams, 
O.K. that_equals that •.• sc{I've got ••• aIl we \, 
know is that 28 grams ,is"'e.!(ual to 22 liters in 
volume and we're trying te find out what 35 
grams 15 in volume ••• and we know that 7 goes Into 
35 and 7 goes into 28 •.• goes in there 4, ~oes in 
there 5 •• that's 4 fifths. 

C cL .,..--, -
1';" • /'"' 

\ 
which is •• :28 •.• that's 280ver 35 which is 
4 fifths ••• that's 22 over x 

0... _ c 
ob - ::(.F-

aIl live gotta do ls cross multiply ••• O.K. 
22 times 35 is: •• 770 

be.:: z.. 

28 o 

into 770,· 28x equals 770.0 •• 50 that 15 3 and 10 
28ths. 

Z : X'f. 
cor 

, o 

F 

'-

" 

.. 

c 



, 1 

\ 
\ 

b 

; 
," 

30,4 
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1 forgot to m~rk this one down ••• which is 30 ••• 
30 and 10 twenty eighths. 

= ':(.F 

TOTAL 166.6 secs. 

90,8 

_____ ..,-> 37,2 

" 3.0 

____ ~> 53,8 

o 

67,4 

51,4 
, . 

-. 

O.K. let's 5ee ••• 80 grams ••• that's 80 grams 
O.K •••• so you gotta add that plus 98 grams 
which is ••• H2S04 ••• that's how lDuch it takes _ 
••• so thât's equal to 36' grams of H20 ••• 1et ' s 
see 45 grams 9ver 3 ••• that ' s 36 over 45 ••• 
cross multiply 50 that you get the other side 
sa that's 80 equals 36 grams of NaDH sè that's 
80 plus 98 which is: •• 17,8 

d.. X, ::. -, a.. + lE:. o..E, 
C. 0.... ~ 

let's cross multiply ••• l~t's see now 270 

a..cL = z. 

divided by 36 

-=­''1 
••• wait'now ••• what times 36,equals~270? •• oh 
that's right divide ••• 28~ •• 

'Z. - ::.::t:.l." 
~ 

O.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 ••• w~t now, 1 
have 270 grams of NaDH and H2S04 ,-

Z .. .x? ,. 
so the 2 numbers of the grams equals 270 •• so 
50 figure 2 separa!;e ones ••• here we go again •••. ' 
r figured out what the total would be 50 aIl 1 
gotta do is figure out what the 80 and 98 wou Id 
~e if they were cross multiplied ••• so how m~y 
gram5 of the NaOH would take and how 1I1any would 
take from the H2S04 ••• the 98 that 1 got ••• the 
total of the 2 would be equal to 270 

. . 



o !' 

9,0 

1 

J~ 

22,6 

! , 
<li 

f 12,0 

t 
! 

4,0 

21,8 

373,0 

• 

10 

\ 

\ 

\ 

O.K. so 36 over 45 equals 80 over x 
C '; 0..., 

cl .x, 

wait ••• 45 tim~s 80 ••••• 3600 

CA...tl ~ z. 

so 36 into 3600 ••• goes 100 times 
z 

--- = X '1 t-, 
(' 

so ,80 over 100 aIl right ••• .. 

heh 
and 
170 

secs. 

. 
~, 

~ 
thatls right, it takes 100 grams of the NaOH 
subtract 100 grams from 270 and that takes 
grams of H2S04 

X?-XF,=.x.F 4 

! 

... 

I~ 

t 

, 0 
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QUESTION 

1. 

. , 

TOTAL 

\' 2. 
1\ 

~ 

~ 

TOTAL 

3. 

0 

~ 

TIME 

6,6 

12,0 
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PAUL Y. 

STEP 

4 over 6 equa1s 9 over x 

~:.~ 
b .x f 

4x 

4,0 equa1s 6 times 9 •••• 54 

22,2 x equa1s 54 divided by 4 equa1s •••• x equa1s 
13~ l • 

44,8 secs. 

3,2 x over 35 equa1s 40 over 56 , 
X,: C. 

; 

d. b 

3,2 56x 

cLXF = I.f 
7,8 equals 35 times 40 ••••• 1400 

be. :=. Z. 

32,2 x equals 1400 divided by 56 •••• x equals 1400 
divided by 56 ••••• 25 

1 z 
'f 

::'-~p 

46 24 secs. 

3,0 8 over x equals 10 over 15 

s.. :. C 

xF cL 

.. 

\ 
1:" ' 

( 

1 

. 

r 
! 
ï 

i 
1 
1 

1 

1 
1 

1 

.1 
1 , 

'0 
1 
[ . 
~ . 
f' , 
l~:t,·l: , . 

u ~ :;rf.;· 

1 
1 

'1 
1 



Ci 

tOTAL 

1 
1 

~. 4. 

TOTAL 

5. 

TOTAL . ' 
o· 

.,; > " "'i'" - ,. ~ • - .. .,' 
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2,0 lOx 

C X-F- :. '1 

6,4 equa1s 15 times 8 ••••• 120 

2,0 

13,4 

5,0 

2,2 

6,2 

13 24 

41,4 

33\,6 

26,6 

Q..cL=z. 

h "" x equa1s 12 

secs. 

~ 

12 over 24 equa1s ••••• ~ 
ct b - , -
~ t-

~ equa1s x over 8 
..9.. 

Xf 1- :: "tr d.. .. 1-

•••• 4 

X-F 
secs. 

4 bot;t1es equa1s 2500 •.••• uh ••• uh ••• 10 
divicled by 4 is 2~ 

~ = .x, 

2500 times 2,5 ••••• 6250 

f X, ::. .x 4 

6200 ••• 1 casE!rif fluid can clean 6250 square 
feet •••• ' ca$Cs i5 6250 times 3 •••• is 18750 ~ 

b:L L = 'xF 

101.6 secs. 

" 1 

1 

\ 

J 
,~ 
~~ 
l' 
~ 

.l 
î 
~ 

j 
.t c 

j 
1 , 
~ 

i 
J 
j 
~ 
,~ 

.j 
Il 
If 
i 
i 

J 

1 

l ' 
1 • 

. , , 
'. , 
) 
~t;!."" 

'J 

------------------------------------------~' 
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, , 
r 

! 
1 

8. 

TOTAL 

9. 

\ . 

TOTAL 

25,6 

23,0 

48,6 

23,8 

56,6 

8,6 

4,8 

96,8 

-161- r' 

0.K •••• 7 to make 4 ••.•• 4 
28 divided by 4 1s 7 

cL _ =. x. , 
C 

. fl 
zots ••••• 28 z'bts uh ••• 

•.. it takes 49 •••• i't takes 49 ergs to m~ up 
28 zots 

cLX 10 :. Xr:-

secs. 
b 

e 

um •••• l mole of Nit~ogen gas •••. l mole equals 
28 grams, and 1 mole also equals 22 lite:t;·s 
therefore 28 grams equals 22 liters in volume 

0..... ." C. 

what would be the volume of 35 grams of . 1 
Nitrogen •••• 28: ••• 28 grams •••• 35 and x ••. 
O.K •••••. uh •• 28 ••• uh •• grams is the same as 
22 liters so 35 grams will equal x 

a.. c 
:= -

b .::t:F 

35·t~mes 22 is ••••• 770 

bc. = 7... 

770 divided •••• 770 equals 28x 

x equals 770 over 28 •••• 770 divi4ed by 28 i5 
..... 29~ .. " • that 1 s a 7 ••• 27~ would he the vo 1 ume 
of 35 grains • 

:z. 

190,6 secs. 

66,2 O.K. uh ••• 80 s#am,s of NaDH and 98 grlms of 
H2S04 equals 36 grams 'Of H20 ••• 1t's uh ... 
80 over 178... ~ 

CL 

~~,.EII"S"""""""3~g""~"~~,.~,"~, .. ~.~~~~Aœn.A4 .......................... ----------------------------

Iw 

'J 

. 
,'. 

", 
_ ~ "t": 
1. 
,', 



,1 '" ,<) 
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o 
_____ ~?'> 18,0 •••• l don 1 t think l understand how to do i·t •••• 

RETIRES 

TOTAL 84,2 secs. 1 
e 

.. 
1 

r • 

.. 

\ 
o • ( 

" 

,0 J, 

: 

: ... " 



( 
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'" 

SECONDARY IV 

l' 

o J. 

\ 
\ 

• Q 



QUESTION TI ME 

1. 3;8 

.t 1,4 

~ 
t 

, t 
t 

. ' 4,2 
ê 

~ 
1 

" ,. 
23,6 

" 

'" ~ ~ 
f· 
~ 8,2 
·c 
~ 
y 

" , TOTAL 41,2 

~ 
2. 2,8 

" 

l,ô 

~ , 

10,6 
e / 

1 
1 

4,0 
\ 

6,0 

e TOTAL 0 25 ;0 

li' !Ill! il a); iil.> J il 

.. 

--164- , 

ALLAN G. 

STEP 

O.K. 4 ever 6 equals 9 over x 
CL C. 

b Xr. 
4x 

0... :c~, = '1 
equals 9 times 6 which i5 54 

bc.::. z. 

54 divided by 4 •••• so the answer is ••• 9 over 
13,5 

times 2 is 18 over 27 

secs. 

) 

80ver x equa1s 10 over 15 

3:. c.. 
~r 

:'ë( 

IOx 

CXf. S( ~ 
equal s 15 Umes 8 •••• whièh is 120 

'1, 

o.d..,.z. 

"x equa1s 12 

~ :: XF '1 . 
50 8 over 1·2 equa1s 10 over, 15 ••• is.that right? 

.x~ 

secs. 

" .... 

." 

., 

,j 

". 

, 
1 



o 
" 

3. },O 

3,0 

.. 

-165- ,. '>. 

tt", 
x over} 35 equals 40 ove, 56 .. 

'1.. 
:c. f C. 
-":' 

b ~ 

56x 
\ 

, cLxf- = '-1 
,-' 
eq,ua1s 40 Urnes 35 ••• 50 the answer is 1400 

be. ~ 'Z.. 

" so then 56 d}.vided into 14~ ••• 25, 50 25 
35 equais 40 over 56" 

over 

/_. --
TOTAL 62.6 

4. 4,4 

.2,2 

, 
1 

i 
6,8 

~ 

\(t 

b.,'6 

TOTAL 31,d 

5. 57,4 , 

secs. 

12 over 24 equa1s x over 8 
Cl, X~ 

::'1-

b cl... 
24x - "-

b.x. F-
0 ... '-l, 

equa'ls 12 tirnes B ••••• '.96 

Q..d.. ~ 'L. 

x equals 24 divided into 96 ••• x eqtlids 4 

~ .3... ! .x:F 
'1 

secs. 

\ . • 

... 

You got me in a weakness, 1 can't do prob1ems ••• 
Oh •• so 4 bottIes ••• llm just thinking.:.so~25000 
square feet •• 50 tha~ means 10 divided by 4 

C. 

E. 
:: X,,, .... 

( 
\ , 

• • 



\ , 

l .... TOTAL 

6. 

" " 

'\0 

~ 

Il 

l 

'p-

0 

.. 
TOTAL 

7. 

"-0 

'If 

2,0 0 

18,8 

24,4 

18,6 
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if itJs 3 cases that means 30 

Cl _.Ji:.. ,::.'.x. 1 ..., b -. ~,. 
Oh yea •• ,that's aIl multiplication ••• so that 
means 4 divided into 10 is ,2,5 

c.' 
-:: X, 
E 

that means 2,5 t:imes 2500 thar will equal. •• ~" 
6250 ' 

.x, X 1= = X2; 

, ~ 

and then you have 3 cases 
3 sa it' s· •••• 18750 square 
15 it right or wrong? 0 

, 
so-it's still times 
feet •••• I hope ••• 

121,2 secs • 

"" .... cP ../ 
23,0 Sa then you'd take off the zeros 

0.... C. - " -1'=" ,.. 
'~O j 6Uld you'd go 2 into.7 gees ••• that ~ll equal tv '3,5 isntt it. r.ea 3,5 

..5:-
r- :. .x 1 os: -

ühat's 
,.. 

that 's 5,0 your ratio, well the priee for 
fbag 

;X:, .. 
" " 

C!. .,; 
30,2' • so if you have 275 ,b4gs Umes 3,5 ••• • will give 

you •••• so lt's $962;5-", 
, 

~ , ," 
., 

.x, X J:, • .x. F-

68 1 2 secs. 
~ . 
~ 11-" 

w~ ~ 38,2 Hmmm:.~. if 2 eèbs.$arl 'make 7.sets of tods~ ••• 
serbs ••• that 1 s 

' -,'i 
\' well that means if it r s 30 

----- \~-~ -----., " 
~ 

. 
if 

? - . 

.; 

1 ~ 
I~. , 

~ . 

( , 1 

1 .~:;~ 
" 

tf"It'., 

"" :~~ 
"'. 



., 4 
0\ , 

1 ; 
~~'''''pQ", ".,....j<' ... >'>.,.,... ........ \7't"<~"' .... ~ ~ ... - ;.,.'l't ... 1'_..,"'«."'''t ........ l..,...t:'''''''t.r .. .., ..... ~ ..... 'r>"r """"'1 •• -"J"q'" .~ .... I,~~, ",~~,' "-''J~~ '''lJ!!' , , , " ' -, ; 
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~ 

~ o Q 

• 
0 t , 

15 times more 
,~ ",b x. , .--- :. 

" (À. 

, 
6,8 sa 15 times 7 is ••••• 105 ~ 

" 

u 

. ' 
XI xc. : x.~ 

0 

that means 105 tods of tods CI 11,:2 and 35 sets are ., 
needed, ta make 1 fat •• that, means 105 d-ivided \ 

by 35 will give me •.. uh •... 3 J \ 

X, 
Xt-" ::. 

E '\ 

1 'J:0TAL 56 2 2 seès. 
0' 

'1 
, 

v 

t: 

t 8. 27,4 O'.K. that means 7 ergs make up 4 zots, '- 11 , 
so if 7 .over 4 -equals K over 28 '. 

f i . CL ~ '" ! - :::. ... 
1 b ci. 

1 
, ç. 

\, . 
2,0 ' 4x .. 

bXr 
, 

, ~ = '1 ," .' ,: 0 . , 
. 9,2 e.quals •••• 196· .. 

. O-c:l ~ Z. 
"'. " 

) 

l l.,~ 
4,6 X equals 4 divided by 196 

:z. 

" 
'1 "p' 1) 

12~4 x.would give !l'e 49·ergs , 

:l:.F- 11 
t C\ \ 

Il 

( 

TOTAL '55.6, secs. ~ , p' . " 
~ 

G 47,2 On boy ••••• the volume.' ••• that 1 s a tough one •••• 
/ thàt means 28 over 22' eqllals 35 over K 

,,~ 

\ , <1- c . :: -b XF-

0 /. . i \~' 
"'( . , !, 

~~ 

t . 
! 

:) ----v 
0 

;. p • 



o , 

1 

-0 

. 
'i 
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1 

2,2 28x 
" 

19,0 equals •••• 770 

-----~-7") 55,4 

o 

TOTAL 131,0 

ç,c. :: z.. 
Q 

X equals 28 divided into 7~0 ••• 50, that 1 11 go 
31,.07 \ '" 

Z- = XF-
<" Lj 

maybe itls wrong ••• so 31,07 liters ••••••• 
that' s wrong. "' •• 

secs. 

Q' 
~,V 

%,4 1 Hmmmm •••• tqat's aIl ratio again ••• so 80 grams 
•••• do l h~ve to break it down? •• Oh l have to 
do two of them ••• SO grams of NaoH and 98 grams 

, 6,2 

_____ ~.,,> 12,0 

j 46,2 

16,0 

. 
15,8 

\ of H2S04'" that 1 s in total t'he 36 grams ••• 
50 80 ••• ~ .80 over 3ll wi Il make x over 45 

,0.... 

c. 
36x 

equals 45 times 80 ••••• 3840 

d.o...::::z... 

36 divided into 3840 will go •••• 106 

(Xf., ) .Z V' 

- :: -"-- 1 

~'1 

" 

106 ••• yéu're kidding ••• yeh that 1 s i t, 106.6 
is gram~f NaOH', ' 1 

. ~--

XF-I 
/ 

~o now the other one, •• 50 exact li the same 
fhing ••• so this time it'll be ••• 98 grems 

• • 

e 



J 
t 

1 

o 

o 

.."l! ," 

\ 

, 

/ 

2,4 

51,6 

49,0 

TOTAL 2if7,6 

, ;'j i 

Îl 
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'" over 36 equals X 

= X.t, 

over 45" 

0E. -F -cr 
So 36x-

Fx~ = '1 
eqRals 45 times 98 ••.•. 4410 

\, 
E-cl :. Z. o 

sa ~ will equal 36 divided into 
sa the H2S04 will equal 122,5 

:z.. 

s.ecs. 

\ 

= Xi.,. 

1 
/ 

/ 

.. 

-i 

4410 •••. 122,5 li 
1 

, , 

',J 
j 

. / 
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(j PAULA L. 

QUESTION TI ME SI'EP 

,1. 2,6 O.K. so th"is goes 4x 
\, 

, O-XF :. y 
'e 

4,0 eqU'als 54 

1 

be. =. z. 
iR 
" 

4· 15,4 54 divided by 4 equals 13~" 

'Z. : x..F 
t· ::,,-\ t 't 0 

t -- -- -~ 

.. TOTAL 22 z0 secs • 

'4 2. 2,4 O.K. 8 over x' equals 10 over 15 
, .s:.. -c 

:0 d' , Xf J 

! , .... . , 
3,0 lOx t 

C.Xf =- Lj 
&j 

C~:~ ,,' 
5,4 equals 120 

o..d..& z. 
"'\ ,. 

\ 2,0 x equals 12 4 
ft :z.. .;J(F J -::. 

" '1 
( 
, TOTAL 12,8 secs. 

ri~ 

G 4,6 x over 35 equals 40 ovet" 56 

ct XF 
T = T 

Er 
3,0 56 lt 

~ 

b'xF-'s '-1 

>15,0 
1 

equa1s ••••••• 1400 

"e ,Q.d. Y'. :.z. 

\ , / 

..... 



~ 1 

\ 
TOTAL ..96 .8 

4. 4,6 

10,0 

1,0 

TOTAL 15.6 

5. 29,8 

12,2. 

12,t3 

~ 3,8 

" 

27,8 
• 

,dl 

TOTAL 86,4 

0-"' 
/ 

/ 

"',\ -171-
') 

" 

no ••• wait a minute ••• yeh ••• yeh l gu'èss 
x equa1s 56 into 1400 •• ummm •••••• 25,6 

Z :: 
~ 

secs. ' 

12 o~er 24 equa1s x over 8 
0... _ XF 

b -,cr 
we1t, it's just a ha1f 

.s. ~ 
r ,.. 

••••• 4 oJ 

secs. 

" o. 

50 ••• 

, 4 bottles give 2500 so d~ bott1e's to c1ean 7500 

3 XE 3XF =-

O.K. 50 4 bott1es equals' 2500 square feet 
which means ••• no wait ~ ~inute •••• 30 equa1s'x 

E _ L 
.x. , - XF 

10 bottles in a case ••• ~~cases, s04x 
A 

C. )<. b ~ .x. l' E XF- ~ 1 
equals 75000 

F.x. , :. Z 

x equa1s ••••••• 18750 
, Z '- XF 11 

secs. 

1 

o , 



t1 

, ' 
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~ 19,8 0.K •••••• 200 bags equals $700., therefore 
275 

2,6 200x ... 

,y 

25,2 equals ••••••• 192500 

be. ,. z.. ., .... 
_____ ~~) 8,0 x equals •••••• 2 into 1925 

1-

44,0 x equa~s' ••••• $975. 

TOTAL 

7. 

TOTAL 

99,6 

44,8 

1,0 

2,2 

,. 
J' 

2,il 

XF 
, 

secs. 

1 

O.K. so 2 ,erbs e~uals 7 tods ••• you need~.~ 
how many fots can' be made from 30 serbs ••••• 
O.K. 50 it's 30 Serbs •••• how many tods l guess ••• 
O.K. 2 'serbs maké 7 tods 30 serbs mBkes x 

o 

equals 210 

b c. : ::z.. 

x equals lOf> o 

oz. ' -q- = XI 

, ' 
15,6 then 35 tods can make 1 fot then divide by 35 

.x l '. 
: 

E 
65.6 secs. 

o -

/ 
/ 

1 i 

, ,. , 
1 

. 
/ 

1 





o 

" 

r 
o 

, 10. 

o 

l' 

41,4 

10,0 

3,0 

27,2 

,.51,2 

45,2 

105,0 

>' 
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O.K ••••• BO plus 98 makes 36, th~refore 
ohow much wou1d make 45 ••• Ummmm ••• 98 plu~ 80 

equals 17B 

CL+e ... A~ 

178 equals 36, x equals 45 
a... e. c. -x, :: ci. , 

cross multiply, 36x 
V> 

equals 178 times 45 ••••• 8010 

o...E x.d.. = z.. 
x equals 36 into 8010 ••• that would ~e,an 
222,5 ••• the total is 222,5 

Z. • 
, - .:= ~~) .x, 

'1 
this ratio ••• the ratio wouldobe 98 to 80 ••• ~ 
no that doesn't work ••• Umm •• ratio wou1d be ••• 
divide by la 1 

~ 'E - , W. ~ 
t- t-

no that doesn 'A work ... Ummm ••• maybe a ratio ... a ratio of say the NaOH ta the ta'tal. •• Oh right, 
O.K., 80 to 178 1s the same as x 1s ta 222,5 o 

0... = a..E, 

Xi.. = ~I 
3,'4 178 'x 

32,0 

7,6 

X.2. c:- E ;:. Lf 

equals 222,5 times 80 ••••••• 17800 

o..'xi ~ Z. o~ 

O.K. 178 x equals 17800, x equals 100 

\ ~- z. -1 

\ 
• 

1 



1 
/ 
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o 
13,4 therefore there!s lOOg of NaOH and 122,5g of 

H2S04 
.. 

Q ... 

TOTAL 339,4 secs. 

.. 

o 

" 
\ 

J \ 
\ 

.. .. ... 

, , 
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0 ..... 
Ct 

SHARON P. 

~ 
QUESTION Tl ME STEP 

ct 

1. 5,0 4 over 6 ,equa1s 9" over x 
0- C 

b ~ -
Xf 

\" 1,0 4x 

o...xf '= 'i 

1,0 equa1~ 54 
\ 

bc. ~ z. 

13,4 x equa1s ••• x equa:ls ••• 1 hate this •.•• 
À --'1. 

10,0· 13,~ ••• so x equa1s l3,5 ... 
" 3:.. ~ X-F 

o~ 'f "-

TOTAL 30,4 s~cs. 
~ 

. - 2. 3,2 8 over x equa1s 10 over 15 

~ :. è. -, .x.~ . d. . 
l,a 10x 

;.- -
C.:(,r =-'1 

LI 

7,,4 equals 8 times 15 •••• 120 
... 

o...cl = 'z. < fi 

' . 
''''' • 

... 2,2 x equals 12 
"\,. 

. 
% - = Xf 
'1 , 

TOTAL 13.8 secs • 
~ 

". • . 
\ p ,r, 3. 6,Q x over 35 equa.ls 40 over 56 

0 
1 Xf C. 

-) - :. -bo d.. 
" ~ ." ... , " 

j!~: , 
,4 , 1 .. 

,.~~ 



· \ 
1 

TOTAL 

G, 

3,0' yeh •• ~ you reduce it •••••• 4 

~, .!!. .. X,. 
~ t- r 

16 ,8 secs. 

40,8 

3,0 

••••• 10 bottles of cleaning fluid in a case ••• 
O.K. 50,2800 can equal 4 bott1es 50 10 times 3, 

". bx c. :' XI 

30 

1 

i 

" 



o 

36,2 

,S,O 

... 

",t" ... n.-
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equa1s ~O •••• 1s th1s a1l r1ght? ••• that 
runn1ng .•••• (sure) •••• èqua1s •••• so that's 
square feetl ••• ~: so if 4 ••.•• how many 4' s 
in 30 •• 

••••• 7,5 

X, 

E. ... 

__________ ~~>10,2 ••• 50 7,5 times 250 •• ' •• 2500 

, .x. 4 }(. F'. .Je. F-

26,S- ••••• 50 25750 square feet. 

TOTAL 125.0 ~ecs. 
"r 

, u 

6. 2S,S, O.K. 50 200 ••• 200 to 700 equa1s 275 to x 

. . 

ct ; ~ 
b x.F-

2,0 200 x 

, 
2,6 

9,0 

equ~1s 700 ttmés'275 ••••• 192500 

be.. :. z. 

192500 divided by 200 

2--'1 
so that 1 s 1925 divided by 2 

~,~ 
r .... 

19,4 ~ ••••• 50 it's 962,5 

.3=. .. X 
..., IF 

/l 

l'm 
2SOO 

are 

19,2 that doesn't •• ~.that's not right ••• (confu5ed) 

TOTAL 112.2 secs. 

\ ~ 

.7 
) ,. 

( 

.. 

'. <, 

• 1 

'. 



) 

a 
1 ) 

,,-

o 45,0 " 

34,2 

> 3,8 

15,0 ~ 

1,0,4 

~179-

Ummmm •••• O.K. sa we need 5 t;o make 7, •• we need 
5 tods to make 1 and if 2 can make il •••. No 

2 serbs can' make 7 tods •••• 35 make1 fot, 
how many fats ••• then ••• if 2 cao make 7 then 
30 can make •••• 1 cao make 3,5 . 

C 
0: = XI \ 

_l 

then 30 cao make 
,;' 

30 times 3,~ 

~I X b = ..x:~ 

1050 
X 4 " 

~" 

1050? ••• 1050 divided by 35 ••• 
.x.~ 

- ='X,3 E 

32,0 Oh good grief, 50 10S •••• 30 ••• 0h that do~sn't work. 
(Retires) ,x,3 

~T_OTAL~ ___ 1_40 ... ~ __ s~e_c_s~. 
- ~ 

8. 35,2 

29,4 

•••• If 7 ergs fuake up 4 ••• if 7 ergs 
that's 7 ta B ••• it's what to 28 , 

:.. 
(. ) 
-r 

O.K. sa .. 

oops •••• that··s wrang anyway ••• if 7 goes to 4'zots 
if 7 ergs malte 4 zots how many ergs for 28 zots •• 
Oh.. x. over 28 

10,0 that's it .• O.K •• ·.so that's times 4 by 7 

d.. X Q.. .. 

b 

<; , 

" 

.. 



- / 

o 

" 

... 

e 
". 

" 

,-------' 
r 

--\--~---,..--

1,6 

o' 
4,2 

'49 

X~ 

\ 
-laO-

you need 49 zots ••• 49 ergs 

Xf 

.' 

~'> 

TOTAL, 80,4 secs. 

9. 

TOTAL 

~ 

.. 

" ,- 1 

1 
32,0 YoulU kil1 me if 1 don't ge.t this one eh? 

11,0 

O.K. 1'11 read it again •••• 

28 equals ••• if 
grams equa1~ x 

C Q.: 
cL = ;C, 

28 grams equals 1 mole then 35 

J 

55,4 So 
1~ 

35 divided' by 28 ••• 28 into 

o...d. :: z.., ex.,: 'f,) 
35 •••• 1,25, that's 

( 

{, 

3,6 ~ 22 times 1,25 •••• 

44,6, 

, \ 

" 

, 

..x, X F, =.x:f. 

Ummm ••••• Oh ••••• so 27,5 
1 xF. "~, ,J 

~ 
•••• wh.re 'd you get this th1ng ..... • p.K., Utmun ••• 
80grams of NaDH ,and 98 gt.GUns o'f H2S04 ta, make 
36'grams of water •••• 36 grams bf H20 •• :how many 
grams t'à make 45 grams of water ••• Sdd 5 onto. • 
each one... v 

' .... 
0- + S", e + ... $' 

\ 

. ~ t • 0 

l, .. \. 
'" . . ,.. .. 

, 11 

'0 , r r ~ , " 

. 

l-
C<. "-• 

li 

" 

, 
" -,~ 

,ï 
~ 
~ 

.' i 

~, 
>l 
1 
1. 
~ 

î 
l 
~'L 

' ~ 

~~ 



... 

3,0 

, 
, 92,2 

• 0 

71,2 

1,0 

4,2'1 

/ 
-r 

_____ ~~> 40,6 

r ., 

59, ,4 
~ 

.. 
7,4 

25,6 

I~ 

8, 0 

1) 

" .. 

-181-
/ "' 

85 and 103.... • 

,:,(f." ~f.~ ~ , 

No ••• that isn't right ••• let's er~se tL~ •• ,~ 
50 ••• what Ume is it., •• NaOH and "H 2S04• ~ , 
gives you water •••• sorne sort' of H20 ••• l hÂve 
to figure,out the whole thing ••• Oh hels getting 
us back you know ••• 80 grams of NaOH and H2~ 
gives you water ••• Oh O.K. that's O.K ••••• 
80 plus 98 give you 35 - Oh - 36 

<À.+E: C 

l need to'know the uh ••• yes ••• but if l don't 
know •••• l can 't do it ••• Oh am lever dumb •••• 
98 plus that •••• Ob. l ·know 80 plus 98 eq'uals '178 
over 36-t8 x ove!' 45 J 

.. " 

equals 178 times 45 

lt:J E )( 0 =-z.. 

sa that' s 7610 

:: 
x:, --o 

50 36 into 7610 goes •••• so that'~~2ll 

-=-.: .x., 
'i 

now my ratio ••. 86 is ta 98 

0... : E. 

.. ~ 

no ••• 50 l'Il reduce it, 40 is ta 49 ••• 48 ••• 49 
~ E ' ~ 
"""F' T 10 

divide by 4'0 

X, 

" 

• toi' 

• Il 

1 
<, 

.. 



\ 

, . 

,. 

\ 

I~ 

'f 

'. 

1 

L 

,{ 1 
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• 1 
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;~, 
,~ 
~~1 
i'\, 
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3. 8,4 x over 35 equals 40 over 56 

xç. c. 
~ e' b cl 

''l,. 

Ir 
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I!l 
tI 

4,8 using the means-extremes postulate, 56x 

cLxF- ~ ~ 

·~IS ••••• 14000 13,2 ,}, 

be.. ::: ,z. 

36,6 50 it's 14000 over 56 which e,quaIs ••••• so the 
answer is, ••• x equals 25 

oz ::. x.f. -'1 
73 20 secs. 

~ 6,6 

5,8 

2,0 

1,4 

~ 2;8 

12 over 24 equah x 

~ ::. :Lf-. 
b r 

over 8 
~ 

but tne 12 over 24 can be reduced to 1 over 2 
e'quals x over 8 ',' 

~ .; b 1 

-1';" ,- t=' " 
sa 2x 

bXr- ::. 
~ 

equals 8 

0.. cl = Z. 

x equa1s 4 

'\ ~::. ::CF 
'1 

~ 

18,6 secs. 

43,4 O.K. there'. LO bottLes in a case and if ••• s~ 
2500 ft. of floor can- be cleaned with 4 bott:l:es, 
sa how Many can be c.leaned with 3 cases ••• 30 

CL ë 
:X, .: --- ::. 

b X, 
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13,8 

3,2 

11,8 

36,8 
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O.K. 50 if .4 bottles equaLs 2500 squar~ feet 
then 30 bott1es equa1s~x feet 

E F 
----- = ----
XI x.f-

50 cross mu1tip1y, 4x 

equa1s 25 times 30 •••• 75000 

F)(., :: Z. 

is that 
. . .. :so 

right? •• that's 75000 divided by 4 
the answer, x equa1s 18750 sq. ft • ., 
~ ':"Xf 0 

1 f: 
TOTAL 109,0 secs. 

, 6. 3~,0 

3,8 

, -

O.K. same thing almost ••• 2oo bags equa1s $7ob. 
and 275 bags equa1s x 

--- 0... C 
\l -.::.-

b x'F-

cross mu1tip1y, 200x 

y 

19,6 

CLX-f. :: '1 
equals 275 times 700 ••• so equals 192500 

be. ~ z.. 

....,., J, 
1 

67,0 so you divide that by 200, 192500 divided by 
2oo •••••• so x equa1s $962.50 for 275 bags of 
grain. Z 

TOTAL 124,4 secs. 

7. 81,0 ~ O.K. if 2 serbs equals 7 tods and 35 tods 
_equa1s l fot •••• then 30 serbs •••• equa1s x fots, 
Hnmmm •••• you can 1 t turn i t off if yeu want to -
think? •• that means ••• that's ••• O.K. if 2 serbs 
equa1s 7 tods and 35!teds equaiS" 1 fot~ tha~ 

1 

i , 

i ~ 
i 
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~ 8. 27, 
f 
" 

( 
", , 

, 
f, 8,B " r 
'" 't ." « 
" w 
t 
Il' ' ; 

24,0 

--
TOTAL 65,0 

9. 71,8 
l " 

,," 
<=> 6,2 

·e ~ ('1" tI j 

~ .. 
") 

"1 ,:,i 
""1'1,. 1 . " " .. ~i - t ... -~ 

-1~,6-

" 
~~ 

, me~s 20 serbs equals 1 fot 
,r-"-- ..... 

'... ( ~= XI , 1 '\ 
'---" 
~y 

so if 20 serbs equals 1 fot, then 30 serbs 
equals 3 fats •• \so tHe answer is 3 fats. 

.Q. -::. -X.f-
~ .x, 

secs. 

O.K. so 7 ergs e,\ual~ 4 zots ••• how many ergs are 
needed to make 28 zo s ••• 50 7 ergs ovel: K 
ergs equals 4 zOt5 over 28 zots 

Cl.. , C. --
..:::&:.F- cl . 

~o cross multj.ply, 4K 
.. 

"C.'X,.ç. :. !.f \,~ 
equals 196 

O-d..~ 2-
~ , 

K equals ••• 49, the ans'Wer is '49 
1 

aré sa ergs 
needed 'ta make 28 zot~_, 

z. 
~ :>CF 

'~ 

secs. 
) 

" f 
1 

O.K., sa lM of Nz equals 28 grams and lM of 
N2 gas is aiso equal to 22 -liters '60 what 
would be the volumè of 35 grams? Oh •• O.K. 
so if lM of N2 equals 28 grams .... ~,then ••• Oh 
O.K. lM of MZ equals 28 grams-'then'\'lt Moles 
NZ equaTs 35 grams ' 

ct. C 
.x, := Cf" 1 

cross multip'ly, 2Bx 

C.x: , =. 

~ .. 
-~ , 

"".., ~ ... 

L 

'f> 

~ 

bOy •• 
.; 
of 
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'''l > • . :~ 
~.~ 
, 

1-
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1 
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1 • ~ 
1 "" ~ 
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'1 
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1 
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1 
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f 
f 

1 
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Î 
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r. 
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, 4-
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, \ 
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i 
1 
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TOTAL 

~ 

2,-2 

J' 

74,0, 

9,4 

25,4 

54,6 

243 26 

168,6 

• 

"' ,,. '. ' 

..,. 

/. 
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1 

J'-
:.îé 

equals 35 

0... cL :' / z.... 

28 goes into 350 •• goes intè 35 ••• so x equals 
..... 1,25 

Z. 
-X, -= 

'i 
50 1,25M equal's 35 gram's of N2 

.,X. , 

so l~ of N2 equals x li~ers? O.K. 1 got..it •• 
lM of N equals 22 liters therefore 1, 25M ot 
NZ equars x liters 

E t= 
':.-

.x, ,x'F-
50 X should equal ••••• 50 27,5 liters of N2 
in 35 grams of N2 

!=x, :: Z) 6X~ :'Lf' %. 
.=. ..>CF 

Lf • 

secs. 

" 

Hmmm ••• this is a toughy •••• NaoH and H2S~4 êlon't 
make water do they? .Oh O.K. plus something 
else. So ••• l think you have ta make an equation 
••• l'm not sure but 1'11 try ta make an equation 

~ sa NaOH plus H2S04 reacts ta forro Na2S04 plus 
H20 •••. Balancing the equatian ••• yau don 't have 
to balance it ••• let's try something •• O-h 80g 
equals NaOH ••• Oh isn't this the thing we went 
over ~o find the ratio oetween •••• If l can 
remember how to do that now •••• O.K. Na equals 
23 grams' and' 0 equals 16 grams and H equa15 1, 
totalling, up ta ••• 40, 50 that' s half of what 

-you need l ' 
• 0 No.. 0 H" ~ a... 

85,0 so 2M of Na, 2M of ° and 2M of H and for t;he 
nEl,xt eq.uation; ••• H2 equals 2, S equals 32 and ° times 4 equals 48, no 56, no 16 times 4 •••• 

, 64 ••• so total themall up •• that equals ••• 98, 
. , 

., _ _ , ... l~:~';'r ,~ .. ' ~. .0: ft 

" 

. 
e; 

", 

J 

, 
... 
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,~ ~ • ~ -- ... , iOJ:r.f'\ .. ' .... ·~l< )!" 

., 

70,0 

5,2 

1,8 

37,6 

41,4 

40,6 

_____ ;.,,> 72,0 

-188-

and that's 'it ••• so it's lM o~ H2S04 'plus 2M 
of NaOH equals 2M of H20 and what have YD.u 

Oh.shoot,'l think l went the long way didn't 
1 ••• 36 grams of H20 equals ••• so it's 2M of 
H20 equals,36 so~ •• shoot ••• O.K. sa that 
equals sO'2M of NaOH and lM· of H2S04 reacts 
to form Na2S04 plus 2 M of HzO 50 if '2M 
equals 36, x Moles equals 4~ 

H;.o =)..C ..le. ~ C j -X, ::: 0 
50 3ôx 

ex 1 ~ <-f 
of' 

equais 90 

2(c.)0 "'?-

36 divided into 90 •••• 2,5 ••• 50 2,5 M equals 
45 grams ;z.. _. 

X, 

) 

sa aIl the grams are increased by ••• no l can't 
do thàt ••• O.K. sa the difference in Moles 
from H20 is ,5 

.x, - R.c. = X~ 

50 l think ••. I think you have tc ••• the 
difference in NaOH would be ,5 50 80 plus 
20 èquals 100 grams of NaOH 

)' 0.. X Xtt + ~ = XE! 
~ 1 

• 
and for H2S04 it's 1,5 times 98 ••• so it's 
1,5 times 98 ••• 147 ••• so you need 147 grams of 
H2S04 

TOTAL 522.2 secs. 
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\ -' ANGELA R. 
• , 

QUESTION UME ~ 

G 2,8 O.K. 4 over 6 equa1s 9 over x 

1,0 

___ ~_~~)1 ,0 . equals 36 

be'll z. 

4,2 x equals 9 

TOTAL 9.0 secs. 

. 
i. 6.,2 8 over x equals 10 over, 15 

Q. -c 
!: cl:" \lie," 

7,8 8 times 15 is ••.••• 120 

o..d..; ~ 

4,0 120 equals 10x 

'1 :: Z-

3,8 x equa1s 12 

TOTAL 21.8 secs. .x:f 

u 

3. 7,0 xaver -35 equals 40 over 56 
x,. e. 

'T 
:: T 

2,2 56x 

d..x.ç. : '1 
... 

, .. 

.. 

./ 

, 
" 1 

i.,.. ... 

.~ , . 
~'! 

~ 
.!l> 
U 

i 
'Î , 
J 

j 
'1 

" l 
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j 
l' 
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1 

5'. 33,0 

2,0 

l,q 
", 

/ ' 

O.K. so 4 bottles cleans ••• wait a minute ••• 
10 bottles ••• 4 bottles cleans 2500 square feet, 
3 cases, if there's 10 in a case •••• then 3 times 
10 ••• if there' s 30 in a case, 

Q. b - = -, Xi. 
F :t.F, 

cleans K amount of square feet 
Co 2:. ~ /- :. 
X, XI=-

4K 

C XF :. ~ !::> 

• 
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,. , 

\1 

e 
-, 

t 

2,4 

25,2 

equa1s 75000 

ci X, • Z. 

, 

j 

':' .' ,. 

O.K. 4 goes into 75 ••• 0.K •••• once ••••• 18750 
x equals 18750 

:z. 
- :: .xF-
'i 

TOTAL 63,6 secs. 

6. 23,2 O.K. sa hels paying 700. dollars' for 200 and 
how much, x, ls he going'to pay for 275 

'l ::. c: 
X r Z 

. 
14,4, 275 times 7,is ••••• 192500 

0.. cL :.~ 

2,2 equa1 s 200x. 0 

c ~f. :: Z. 

2,4 knock off the zeros 

-r 
11,6 x equals 2 into 19 •••••• i .962,5 

~:X '!~ 
'Z ~ 

TOTAL 53,8 secs. 

7. 33,0 O.k. 2 serbs equals 7 tods, 7 tods equals •••• 
wai t a minute ••• 2 serbs equa1s 7 tods ••• 35 tod s.. 
equals 1 fot ••• how many fats can be made from 30 
serbs 

~ 0-: b, C:d. J 
e. : F. 

10,2 O.K. get this aIL the same ••• sa for every 35, ... 

III 

1 
1 • that 1 s Umes 5 

~,-_/ .. / Ë :: XI -C. 

5,4 that 1 s 10 to 35 ta 1."~ • they 1 !le a11 the same 

s.o.. : C :. F (- ..... --

" 
• 

1 

l,-
-' 

.. ; . 
. '" 
"'~"I,r', "~ 

'~": 
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" "\ ,. 
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/' '.' ~#, 

:-192- .. ~i 
\t-' 

~ (. .J f 0 
so that 15 serbs, thls 15 tods, this ls fots, 

~ 

14~-6 
'c 1 ... 

50 ! 'm going to use 30 seorbs and l 'rn gonna 
have, that 1 s titàes 3 l-

~ 

8 _ 2 
X;t. f < --

t sa., 
" ~,& . so l'm gonna tlmes this by 3 , 

e X .::(.4': .lX, 
J 

~J ,8 that's gonna be 5 \ ... X 3 '. ~ , 
that's 105 tirnes 3, ls 3 

... 
3,2. , 

li 

.) Xa X -X.3 1 

Î • 
6,8 what 's the question? •• how many fats can be made Î 

l 

from 30 serbs ••• O.K. 3' fats be m8.de. 
... 

1 

can .' .x. 3 
.::. XF 

E 
TOTAL 75 18 secs. ....,. 

• ! 
• 8. -17,4 O.K. 7 ergs make 4 zots, x ergs make 28 zots 

1 ct c 
{ :: ë[" 

t 
xf 

" 
1,6 tha.t' s 4 Urnes 7 (reduced 

l -
from fraction ta -7-

4 ) • ol , c. 
,( 28 ) -

\ 
\. ... r 

1,4 7-tlmes 7 is 49 

o..d. = XF '" 

,./ TOTAL 20 24 secs. 

1 

""""'" G 15,4 N equals 28 ••••• N equals 28grams eqùals 22. 
,.,.. 

liters 1 a.. : c.. 
/) 

;~ 
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-.. 

o .. 

1 
1 

19,0 

5,6 

-12 3- /! 

c 
O.t. 28 ;i.s ta 22 as x i5 !,!qual tô weight ••• 
how many grams? •• 35 gr~s ••• O.K. as 35 is to,x 

0... ; ~ 
b X,F 

35 tim~s 22 is ••••• 779 

be. :. ~ 
no equals 28x Il 

'j :: Z. 
.... 

770 divided by .,28 •••• 28 'goes 
O.K. ~1,4 liters 

into 770 ••• 31,4 

Z ::.. ~F 
'1 

" 

TO~AL. 100.4 secs. 

~ . " 
28,0 

12,2 

11,0 

6,0. 

~, 2 

, \ 

O.K. 80 plus 98 equals 36 •••• Œ.K. how many grams 
of tiaOH and H2S04 are neèded ta ma}s.e 45 grams of 
H20 •••• This 15 \going from 36 to 45 •••• O.K. weIll .~ 
cross-multiply 

0.. ~ E ~ C 

O.K ••.... the ratio 1,5 36 to 
~ h~e 4 tlme5 and into tbere 

1 
C ~ -, 
l- r 

" 
O.K. 4 15 to 5 as 98 i5 to x 

C "cl 
...J::.....:= ...:E... 

E. -X. , 

98 times 5 is •••• ~.490 
. dl ' 
.EJ< r: :::. Z. 

490 ~quals 4x 
c. 

:X, X t- :: '1 ' :z.. 

45 ••• O.K. 9 goes into 
5 Umes ••• four fifths' 

1 \ • 

16,8- .K equa1s ••• what 
'. 122,5 . 

am 1 doing? •• O.K. K equals ••••. 

..1:.. .:: 
~ 

(.x ,) 

, ' , 
. 'f 

• 

i 
" 

j 
1 

• 
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;f 
tf 

~O . 1 t:. il: 
17,4 O.K. ·so 12\5 of the one l had '98 .... so 122,5 > • i ' , 

Il' of H2S0~ ••••• O.K~ Na0!i •.• 80 over x equals, 

~ 4 over C . -0.. t- A ::. " 0. '1 

.:c;t a :~ 
1-

ç 
2,2 tbat's going to be 400 

r 
cl 

~x- .: Z. , 
{ t- ",. 

2,0 equals 4x 
'JI C. 

~~)l..t= ~l..f 

.. 
7,4 x eq·uals 100 ... 50 you neêd olOO~s of NaOH 

O.K.? <> 
Z. 

X Fa.,. (X~) f# .: 

1 
J ,/ 

TOTAL 107 22 secs. 
-.. 

.. 
'" 
" • .' lt 

D Ô 

'" ,. .. 
0 

• 

) 
</) 

" , 
~ 

-. , . ··t 
J 

'( 
~ - -,1-· • 

f 
" of Il> 

. 1 
, . 

r % 

"d 

l' 

·0 .. ' 
1, 

: .. . , . 
.0;: . . , ~~ 

41 Q' 
. 

Ït -0... 

~. 
0, 6~ 



.. 

'" 

co' 

0 
1 

n 

.. 
, 

~" 

TOTAL 24.3 

, 2. (-J' 6,1 

3,8 

7,2 

')3,8 

29,0 

~ 

7,0 

9,2 

ft 
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RurH V. 

So 4x 

o...x~s. '1 

is equa1 to 54 

b c :" Z. 

STEP 
;-

O.K. so then 4 divided ,into 54 

that makes ••••• 13,? 

Xf 

secs. 

'''''!! 

8 over 10 times x over'15 
0... x"F-- = T b 

50 lOx 

bxf.'" z. 

,/ 

,. 

~ 

\~ 
1 

15 equal to 15 times 8'which ' ''''~ 1s ••••• 120 

o...cl t '1 

'" 50 12,9, divided by 15 
'1 _ ~, 

W 

\ 
-a:--

•••••• which ls 8 time~ 

W 

80 it 'Il be 8, 50 lOx 

50 that's ,8 
vJ 
~ = 'xF 

'"' 

is equal to 8 

-TOTAL 64,1 secs. 

" 

~ 

'\ 

I-
I 
1 

"'-
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:mm 
o 

7,0 x over 40 equa1s 35 over 56 
:)Ce. b 
a;-:7 

4,0 50 that's 56x 

cd.=~ / 
4,8 .. 

equals·35 times 40 

~b::z. 

8.0 which is 1400 

5,0 

Z. 

',50 then 56 divided into 1400 

Z. - X Y - F \ 

25,4 gives ••••••• that's 25 

~X.F 

TOTAL 54,2 secs. 

4. 5,2 x divit!ed by 8 equals 12 divided 
.0... b - -, cr "'F 

~ 1,0 so 24x 

bXF = lj ." 
5,0 \ equals 96 

o..c! = Z. 

4,0 equals 24 divided into 96 
z. :: .:cf y 

11,6 50 that's 4 

Xf 

TOTAL 26~8 secs. 

'" ,<,J ... ,JO" 
/'\ . , , 

------~-

( 

... ' 

by 24 

C~ 
~ 

,-~J 
t. 

( ;' 
~' 

.? fi" 

" 

. . 
+ ~.i\ 

.j" , < 
Il'; 

-.r .. 1) 
,t'l!. 
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/' 

QUESTION TIME SIEP -.... 

G. 12,7 O.K. 50 that's the same type 

:x. f E \. Cl.. , b, c.. a" 
5,8 so 4 over 2500 equa1s 3 over x 

~ C. 
:: 

b oX.f-
2,0 sa 4x 

_____ :)~ 2,2 

1 

3,8 

26,8 

\ 

equa1s 7500 

cb = z. 

4 divided into 7500 
z. _y= X( 

is ••••••••• 1875 

-r:r--'--

6,0 50 mj answer is 1875 square feet. 
\ 

o 
TOTAL 59,3 secs. 

G' 56,4 

3,2 

_____ ~>11 ,0 

3,4 

~K. it's a bit different th:ugh - weIl if the 
ptdee stays the sarne - weIl it's the same thing, 
we have to try and find the priee - O.K. 200 
over 700 times 275 over x' 

~ b 
T: .xf 

50 200x 

equa1s ••••• equals 1925 

bc. :. z.. 

sa then if 200x equa1s 1925 

'1 = z. 

.. 



, 1 

o 

, 

t 
t 

, 
J 

/ 

e 1 
1 

TOTAL 

G 
..,.. ___ 4 .. 

. 4,0 

17,6 

21,8 

117 ,4 

1,5 

1,0 

5,8 

3,2 

3,0 

-198-

then x equals 200 into 1925 
Z -.x.. - - f' '1 

<should l go ta ane decimal place?) Hmmmmm, 
samething's_WTang ••••• . 

Question: What i8 your an8wer? 
9,6 ••••••• can l try the next one? 

secs. 

i. 

.... 
O.K. 50 2' is ta 7 

0- 1 b . 
weIl l think l can't do t!lW.s one 

, 

Question: Whatç~s throwing you off? 

the fats •••• well. ••• there's 3 •••• yau need 3 
variables ~ere •••• 

look - you gotta do first 2 ta 7, right? 

0... : b 

then 35 ta' 1 

C cl 

4,4 and then you're mixing up'these two 

11,2 you see, this is ta this and this i8 to this, 
but t'bese and this don 1 t go together -anymore , 

• 
3,6 1 don't think 

i can do it 
it's impossible, but l don't ,think 

TotAL 33,' secs. 

'''',. 

. 

1 
( 

/, 

r 
'~ 
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QUEsnON TlME 

8. 7,0 

21,2' 

9,8 

. 6,2 

, 3,4 

7,6 

3,0 

-199-, 

1 
~ ! 
1 

1 

HIIIIl1IIDl ••• O.K. this is an easier one 

O.K. first you 'do 7 to 4 and then 

~ : ~ C. 

x ta 28 

O.K. sa 7 divided by 4, times x divided by 28 

~ - -T --C 

equals 1 times 28 

a.d': z. 
"J 

equals •••• 196 ... 
Z. 

sa x equals 196 divided'by 4 

C XF :: ï 
Z :: XF-
ï 

•••.••• •• 49 ergs 

Xf\ c!u TOTAL 39 1 2 secs. 

0):>56,0 

TOTAL 56,0 

~38,0 

1 don't know how to do this one -- l don't 
know what you want me to find here -- l don't 
know what they're talking about here. 

secs. ,XF = ? 
1 

This 1s the same as the 1ast one ••••••• l can1t 
do this one either • 

- , 

( . 

l, 

:t 

,~ , 
" ,1 

d 
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LEANNA V. 

0 ' , '" • .;4 Tl ME 

~O .,' ., 
O.K. 63 1 ~ 

'he. a z j . 
• 

1,0 divided by 4 
/ O:'X'F : 

'/'. 

1 

~ ~ .. 
35,6 40ver 6 9 over ,15,75 O.K.? . 1 15 •.•..•. so equals 

~ , J ~ :: -XF 

1 '1 
i 

TOTAL 37,6 secs. ,... ~ 

~ ? \ • 

J " 

G 5,6 8 over question mark equals 10 over 15 , 
x, '; ,~ c.. , 

.' ': -a:- 1 
l-

b " .' ;. 
, ~! 

6,0 15 Umes 8 equals 120 > 

;) 

~i 
è 

bc. : .~ 
~, z: , ~ 

,.> 8,6 
.~ 

120 d~vided by 8 equa1s 15 ,~ . , 
cLx ~ :' ~ ~ 1"":':" = xF 

" '-1 Q 

1 
8,0 so 8 over 15 equals 10 over 15 •••••• 0.K.? 

XF 
If-

TOTAL 28.2 secs. 

( 
/ 

3. 7,2 What over 3S equals 40 over 56 ;~ / 

-~~. c--- - T b 
/ 

, 6~6 3S by 4 equals ••••••• l400 
! 

bc: , 1 

~ / 

4,2 ifivided by 56 
/ 

'-f 1 cLx.r- ~ z. , ~ -/ 
Z,; 

C -, , 
1 

f 
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~ 1 

~ !, 
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1 
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,/' " 

-:'~ -1 .., 
40,4 ••... 1s 25 ••• 50 25 over 35 equals 40 over 56 

Xf 
1 

TOTAL 58.4 secs. 

~ \-, 

, 
~' 

4. 5,0 O.K. 12 over 24 equals what over 8 
0- X F - ~ 

b T " \ .'11 " '. 

9,4 P 12 by 8 equa1s ••• 96 
.' 

o...J.. ~ '1 
.,., 

23,8 96 over 24 is.~ •••• 4 

"bx,. :: Z j ..:L ',*, 
.:: x.ç. z.. ~ 

2,4 so 12 over 24 equa1s ~ over 8 

: ',.1. XF 
i, 

1 

TOTAL 4°26\ secs. 
1 

\ IJ'" 

(0=?75,2 \ ••••• O.K. there are 10 bottles of .cleaning. .r, 

fluid ••• if 2500 1s 4 bott'les •••• howii'any ••• 3 

TOTAL 75.2 

34,6 

15,6 ' 

~ases •••• if 10 bott1es ••• 4 bottles ••• O.K. f' 

4 equa1s ••• 0 .K. 3 cases •••• O.K •• 0 02500 , timr 30 equals 75000 square feet 
0- C .x, X, X F x.,F - )( - = : 
b' X-, , 

, 
secs. 

\ 
lOoK. so $700 •••• 200 bags ••• O.K. 700 divided 
\by 200 

\ ...s...:..x 1 

li Q.. 
,;) and a half 

\ ~I 
',1 

'. \ 

.-oJ. 

, ... 

-:\ 

'" 
./ 

.... 

ntr 

<fi 

i 
\, 

J 

f l' , 

.. 

.... 

• 1 
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6,0 3~ Umes 275. 

X, l( b :: .x.F 

_____ ~'7f')57, 2 
, t 

\l\r 
wait a second •••• the following price s remain 

~ the same •••• the prices remain the same ••• O.K. 
so it's 900 ••• one decimal place •••• ~972.50 

X-F 

TOTAL 113.4 secs. 

. . , 

25,8 

,,.. 

, ..... ' 

.C) 

O.K. 2.~erbs equals 7 tods and 35 sets of , 
tods •••• l -t01: ••• how- Many fots can be made from 
30 serbs •••• 

i 

_____ ~..,.) 45; 2 2 cows •••• 7 sets of'horses 
35 sets of horses are neèded to make 5 chickens •• 
how many chickens can be made from 30 cows 

t-Eplo..c.e ,.,e·wt 

35,0 2 cows equals '1 •••••• Oh no •••• l 'CI on 't believe 
this •••• I'm gonna go on te the next'one •• O.K.? 

0-: c.. 

TOTAL 106,0 secs. 

1 8. 7,8 

3,8 

O.K. 
zots 

7 make .up 4 ••.• how many'ergs make 

ct Co (.' . 

~ ::~ 

up 28 

-
) • 

19,0 O.K ••••• 7 ergs make up 4 zots, how Many ergs are, 
needed ta make up 28 zots ••• you go 4 in ta 28 •• 

!b. X Cl.. ::..:cF ~ 
C 

30,6 secs. 

1 
: 
~ 

. J 

\ .'. 

1 
'1 

1 
1 
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• ~ ••• goes 7 so you get ••• multiply 7 by t ergs 
and y6u get 49 •••• 49 ergs 

0:=>61,0 
~ . 

D.K ••••• 28 grams equa1s 1 mole ••••• 22 liters 
•••• 35 grams ••••• ln chemistry a mole ••• 28 grams •• 
l'm,gonna go on te the next one O.K.? 

.1 

61 0 

41,6 

secs. 

••••• O.K. 80 grams ..... 36 grams of water ••• how 
many gr~s ••••• H2S04 ••••• geez ••• 80 grams ta 36 

r 7,4 , 80 p1u& 98 equals 178 

a..~E: /=JE. 

4,0 ta 36 

c 
_____ ;~) 8,4 ••• ;178 divided by 36 

r:lE 
~I c. :. X, 

34,2 •••• 4,9 

X, , . , 

17,4 : •••• that's hard:.;.:.RETlRES 

TOTAL 113,0 secs. .. 

.,. 

.. 
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JACKIE D. 

QUESTION STEP (0) -
2,0 4 over ~ equals 9 OVer question mark 

.B:..~~ 
b XI! 

4,0 50 you go 4 times x \ 
o...:;c.F-< '-1 

_____ .,,;> 2,2 is equal to 63 

bc. :l Z. 

·f • 

29,2 

TOTAL 37,4 

2,8 

5,2 

63 divided by 4 i5 equal to the x ••••• do 1 
work it aut? •••••• 15 and three q~arters '\ z -t.r 

secs. 

" 

8 aver, question m~k 15 
CL .:: t1. 
XF- ël 

equal ta 10 over 15 

sp ttls a ratio of what ••• 2 to 3 •••• 
~,<L 

---4>13,0 t ,.. t-

so this would be a ratio of ••••• 18 
1 

TOTAL 21,0 secs. 

4,4 x over 35 equals 40 over' 56 , 

..!:.f. s. -=-
b d... 

16,0 they're getting tough ••• well, l'd go 56x 

cl.xf. : l' 

J' 

, 

1 
~ 
t 

1 

i 

1 
1 

1 

1 
1-



\)' 

<f.i , ~ 

~ . , 

.-. 
Cl ' 

t 

4 
15,2 

6,1 

_____ ;'"7I>3~,4 

(/ 

. 'Tl[ -206-
'\ ~ 

~ . ..., 1 __ 

i5 equal ta 140 ••• 

bc:.: z... 

no wait .... 1400 

be.. = z.' ! 

divided by 56: •.• 1'm ~ea11y 10.oy at th~. 
you know •••• you picked the wrong persan ••• 
that' s about 22,9 

~ z. - : 
Lf 

,TOTAL 78,2 secs. 

4. 8,0 

6,8 

TOTAL 14,8 

5. 1"14 

18.,4 

• 

19,6 
'" 

,6 

12 over 24 equals question mark overJia 
Q.. :: ~ 
b ci 

oh ••• it's 4 •••• it's just a ratio of l to 2 
S , JL, .xl" ,...,.. r 

secs. .,) 
10 bottles of fluld •••• 2500 square feet •••• 
oh no ••• oh we1l O.K., 3 cases i5 30 bottles 

bç:.::: .x, 
so 4 bottles cao clean what ••• 4 over 2500 
sa 30 can cleap x 

-S, .x,1 
...-..: ----
'F .xi! 

cross multiplying ••• ,50 7500 divided by " 

4 

1· 
" 1 

• f.,~ 

',' 



o o 

" 

.. 

TOTAL ' 

, 
" 

68,6 

9,2 

5,0 

138 28 

~07-

uh ••••• so itls 187,5 
Z 

or 1875 tust a minute 
o • 

'1' :: XF 

it's f -
1875 •••• no it isnlt , 

Z ' - : ..l:f-
'1 

this is stupid ••• it "s 18750 
~ 

,3:- = :x:.F "i '1, 
secs. • 

<> 

~16~0 O.K. sa weIl 2 over 2 and ! 
'CL ,J2... 

20,0 

~, 
3,8 

21,2 
4> 

-, '-

'.... ,- ~"',\ 
~I:! 

sa he increased by 150% ••• 

b ':.' 1 ta.. 
: />~-
'L;;._, 1 "1 

no •• ~ 15~ rfght? 

b & /./5"0.... ' 

'Q 

Just a minute' ••• so let' S 'sày ••• 'sa i t cames 
out ta $7 for 2'bags 

0- c. -, -t- Q t-

56,8' ,50 '275 bags gives M.m •••••• l Ive go~ it ~ong ••• 
$7 for 2 bags sa, $3.50 for 1 
~\ _c " 

, , .. ',: ~ ~. X" , 

~~---~> 5~~6, 'tim'- 275 •••• 50 f,75 Urnes $3~50 and that 1 gives 
~.50 ••• ~ 

bx., = J(~' 
• 0 ' 

no 0-', .$9.52 •••• sa $9.52 is the answer 

'" > i , 
TOTAL 182,2 secs. f.-.--, 

) , ' 

,0 

, Q 

~J 
, 

~ 

J 

, 
l' 

" 
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" 

() , 

47,6 Well 30 serbs,give •••• ~1,5 "' yes 15 '\ 

b ," 
'- : XI 

'f. 
0... 

>15~4 ser~ make 150· sets QÎ whate'ver so 30 ,Î 
o· ;; , ,~ 

~- IOj( 1 ~ ~it. :, 
'1 

. ~ : 
lb 

i 2L,8 50 150 divided by 35 gives 4 ••• yea 4; •• Is it 
right? .~ ••• IS.:i1; right? 

!<~ 

x;t. 
~ Xç. 

, 
i, 

e. -, 

,~? 
TOTAL 84~8 

-~~ 
.' 

secs. 
, 

~J ;ç, 
, . 

13. 9,0 Well 4 times 7 ••••••• 
d.. 0 

c :; X, 
\ 

1 

" " ( 4,4 7 times 7~ ••••• 49 ' . 

Q.~I :. ~F 
" 

1"" 

5,4 '" " 4 into 28 is 7 right?, so 7 times the 7 ergs 

~ :. ~, , 0' -'" 
C. 

0.. X , :. .:lCF-

TOtAL 18,8 secs. / -~ 1 

(9 22,0 See l'm taking aIL this in ~hemistry ••• l h"ave . 
28 1s equa'1 to 22 and 35 18 equal to x • 

CL ..s.. ê, :: ,. b .x.F· " > 11,a .:" so it's 14 over: 11 , 
..a.. ,. 

-r- Q 

t- ". • 11,2 equals 35 over x f 
~ :.!h 'b ,. ,j'* tI 

~;) - : .--.".. • s.. , :Cf J ~ (.~ r-
,;( 

~ . 
e " b 

;. 
;. 

, . 
'"' • 

«-
.... 

t J , 
" ,p .. 
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..-
1,2 50 it 1 s 385 

o b t ~ z. 

-----~'7'} 2,0 
J 

divided by 14 
Q.. 
-;:-.x.r- : '1 

TOTAL 

10. 

/ 

79,8 just a minute ••• oh shoot ••• all of a sudden l 
can't remember ••• see this is where my trouble is •• 
dividing ••• it's true, 1 have a real problem 
dividing ••• well r~t's say 27 ••• it's 26,9 •••• 27 

...!... :: .x.F 
~ 0 

126.0 secs. 

62,4 

1 • 

s Well ••• l'm just ••• well so far ••• well anyway ••• 
50 itls •••• it should come,out to about 17 
(reducing) ~ • 

Cl.. lE -, -t- ,.../ , 

131,2. or could i do it ~other way ••• l usually" use 
a calculatot •••• well look s&e you~now tt's a 
ratio of 40 to 49 ~ 

b 

13,2, • 

6,4 

D 

..9... , e 
t- • ,.. 

i t could be 1ower ••• 1 don' t know and uh ••• 
l cross multiply 45 times 49 •••• and that gave 
me :lOS 

- )(..5.. .. z..' ... 
1- ,.. 

divided by 18 ahd that gave me 122, 
Z 

-C = Xf., 
r 

40, ti" but now l 1 m . gonna do i t the other way ••• so 
45 times;40 so that gives me 1800 , 

cL ~ = X 4 (z.) 
ù 

r 
l4,~ divided by ~8 gives me 100 

'z 
, F -;: 

, 

, 
......... 

• 

, 

# - ( 

l
I",:. 

" ~ .. ' 

" 
"..;, 

,:, "" 
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" 

1 

, ! TOTAL 

\J 

,. , 

\, 

--... 

e ., 0 

'< 

\ 

, . 

13,2 so the ••. l think it's 100 and 122 

.:x fil ;(, ho' 

281 ,6 secr- u 
., 

1 / 

1 

/ 

.. 

• \ 

" 

~ a 

, , 

" " 
1 • 1 0 

1 

) 

,t:-
~'1 
J 

1-
\~ 

,f 
J ,,' ,t 

t 
~ 

• " 

.-

'1 
~ 
~j 

'~ 
.~ 

1 , 
,,;t{ 

J 1 
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-t 
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(i , 
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:t 
1 
1 
i 

~ 
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QUESTION 
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TOTAL 

2. 
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o 
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TONY G • 

2,6 4 OVet' 6 equals 9 over x 

2,2 

2,2 

7,6 

~ C 
b = ""F 

••• so 1 go 4x 

equaU 54 

he. = z.. 

x equa1s 54 divided by 4 that's equa1 ta 13 ••• 

z. -'1 
6,8 l think ••• no 14 

Z 
- ~ .x.F 

90,0 

111,4 

6,4 

'/, 
hmm ••• something 1 s Wt'ong •• ,. 1 thought i t came 
out even1y ••• wait a minute •••• this is bugging me 
••• oh, no wondet', O.K •••• l'm gettinB the ft'actions 
WTong ••• that's why 1 was Wt'ong •••• l~,5 

h secs. 

.z. ~ 
.= x;. 

'1 

O.K. 8 over x "equa1s 10 over 15 
~ c ~ 

x;: '" d:"-
3,0- lOx .. 

8,8 

\ 

C"1 = '1 
equals 115 times 8 ••• that 's uh ••• 120 

o.cL:::z.. 
, 
/ 

• 

< 1 
!, 

1 
1 

1 -



) 

o 

TOTAL 
i' 

3. 

TOTAL 

4. 

'" 

TOTAL 

5. 

.. 
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3,2 lOx equals 120, x equals 12 

Z. 
XF - ':. 

'-1 
21 14 secs. 

8,8 x over 35 equals 40 over 56 
.:cF- C 11-__ - - r b 

21,6 you can break that down to •••• divide by 2 
so 20 over 28 

C .il -, 
t- t-

20,2 you can still break it tdawn ••••• 1 get x equals 
25 cL cL c z. ..s , ~ . -;:.x~:. ~ J b -;: :. Z J -;: X F t-, t- '1 

50,6 secs. 
• 

7,0 

5,2 

12 1 2 

61,6 

12,2 

c," 

That's Just ~ 
Q.. J? 
t="' t-

equals x over 8, x is equal ta 4 f 

~ ..:oc.~ cL ... = -, os: :. -X.F 
..é.- cL ---t-r b secs. -f-

. 
10 bottles ••• 2500 square feet ••• find feet ••• 
2500 square feet ••• O.K •••• how Many square feet 
'in 3 cases ••• 3 cases is equal to 30 battles 

be :. .x.. 1 

2500 is ta x as 4 is ta 30 

L:L x. . ;. 

'1 
'l, 



, 

1 

, 
• 1 

J 

~ 

3,0 

" 

77,4 

.. -, l ~ " ~'I' 
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4x 

E X~ .: '1 

equals 2500 times 30 ••••• 75000 

FX 1 = z.. 
",", 

4x equals 75000, x·~quals •••• that doesn't 
look right ••••• x equals 18750 

.' z -:: Xç. 
t.t 

TOTAL 178.4 secS. 

6. III 16,4 

6,8 

17,4 

35,8 

36,0 

TOTAL 11224 

86,8 

1 

O.K ••••• sa it' s 200 bags is $700 and 275 bags 
i5 ta x 

0.. C - = - r-b XF .} 

200x 

·Q..X F :: '1 

equals to •••• 2x equals to 7 •••••• 

..::L, be. = '" .k. 
l- r 

sa lX equals 1925 

..!:L = ..b.. 
l- I-

x e~uals to ••••• so x is equal ta $962.50 

.k. ,.. 
= .x. f \ 

.:L 
secs. .,.. 

) 

\~ 

2 serbs eqùsls 7 tods and 35 sets of tods ••• 
O.K. so ••••• all ~ight we get •••• lS times 7 ••• 
2 ls to 30, sa 15 tlmes 7 ••••• 105 

t ;:. X,, ex, ~ .x:2, 

.. 

i 

J 

l 

~J 
0 j 

i 
i 
l 
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TOTAL 

8. 

i 
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- TOTAL 
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4,2 50 2 is to 7 as 30 is ta x 
~ .C-- :-
b :x.F-

> ~,4 50 215 tods 

he .. x 3 

65,0 divided by 35 sets •••• O.K •••• so 
can be made 

~ :. ~F 
fi 

165~4 secs. 
---

11,0 7 ergs is to 4 zots 
0.. c:. 

-::. 

::CF- cL 

8,2 50 4x 

c:. Xf- .. ~ 
6,0 equa1s to 175 

a...c1.:z.. 

, 
as x i8 to 

6,1 fots 

28 zots 

15,8 x i8 equ~l to ., •• oopé. :.1 made a mistake ••• 
O.K. 

3,4 7 15 to 4 as x is to 28 

S. :. C 

.xl=- ([' 

2.,0 4x 

c::..xF 
,. 

'i 

11,2 equals 196 

a..d..=z. 1 
~ 

11,0 x equals to ••••• 49 

..!:.. IL ,xf 
'1 " 

68 a6 secs. 

't 

\ 

~ 



" 

• 9. 

1 

TOTAL 

.' 

10,2 

7,4 

3,0 

6,0 

\ 
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, 
So itls 28 grams 15 to 22' liters as 35 grams 
is ta x 

CL C 
-;. 

b .x:~ 

50 the comman factor h~e 15 7 ••• 50 thatls 
four fifths 

CL b 
-;::' ,.. 

4 is ta 22 as 5 i5 ta x 
S c 
-1::-~ 

Ji!.. .:c~ ,. 

4,4 equals to 22 times '5 which is 110 

2-C::z. ,.. 

20,2 that 15 rlght ••• x equals to 4 into 110 ••• 
x equals to 27,5 

Z ;. ~F-
'1 

, 
6,2 50 the volume of 35 grams of Nitrogen would 

be 27,5 li ters 
- -j[~~ 

1 
57,4 secs. 

13,0 

28,8 

16,4 

Sa it would be ••• add 80 plus 98 which would be 
178 grams 

CÀ. or tE .. CLe.. \ 

are"oeeded ta make 36 grams •••• oow we donlt 
add them ••• take them individual~y 

CLE =. O-.J a 

80 grams i5 ta 36 grams as 40 ••• as x is ta 45 
CL c.. 
::t.

F 
:::. ci , 

, , 

, 
" ,', 
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.' 
12,0 sa the common factor·here •••• 4 •••• 

Cl... _'c. ' - , ,.. ;-

5,4 9.x 

S&.X F .: ,.." 
,.. 1 1 

8,6 equals to ~O , *cL ~ z. 
;' 

\ 
23,6 i X equals to 100 ••• 100 grams, O.K. it takes 

14,8 

7,4 

5,4 

100 grams of NaOH ta tnake 45 grams of H20 
Z. - = Xf!, t.t 

and the next one, 98 grams i5 to 36 grams as 
x 1s te> 45 

.E- .: F= 
XFa. d.. 

98 tfmes 45" 1s ••••• 4410 

écL : z... 

36x 

-----7') 34,0 
fi' 

equa1s 4410, x equals to ••••• 122,3 grams, sa 
ft takes 122,3 grams of H2S04 ta make- 45, grams 
of H20 

Z. 
'-1' ::: ~ç%. 

TOTAL 169,4 secs. 

i 
-1 

1 
1 

1 

1 

1 

1 

1 
1 

1 

1 
f 

l ' 



.,. 
] 

A. 
-217- ''i 1 ~ 
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KAREN H. ~ 

" . 
QUESTION Tl ME . 

STEP 
-" \\ 1 

8 1 

r 6,6 You just •••• cross multip1y •••• 0.K. 4 over 6 

/ equals 9 o~er x 
f > 

10 CL e 
! ~ 

1 
b X.f 

2,0 4x \ 
1 

>;, t 
(1., XF ~ '-( ~ 1 ~. > 1,2 ! equals 36 

be. = Z-

r 
1,2 x equals 9 l . 

1. 
Z t 

JC.F f :: 

~ c 

f 
TOTAL 11aO secs. , 

-.. ~~i 
'-'~' 

~ • 
2. 3,8 Uh ••• then 8 over x equals 10 over 15 - S- C. 

:: , t x~ ci.. 
1,8 - hên IOx 

_ C ::c.~ ::: 1 \ 
16,4 equals 15 times 8 ••••• lOx "equals 120 

o...cL:z. 

1,0 x equals ~~ 

Z 
~ .>cF 

t.t 
TOTAL 23.0 Sécs. 

G /} 

4,2 x ov~r 35 equals 40 over 56 
_ ..x..~ c. 

~ d.. 0 b 
-----

1 



o 

f 
t 
1 , 
! 

i 
f, 

, 
li ,. 

;, 

i 
l~ 

, 
i;.t 
" , " .. 1 
; 

~ 
., 

7,0 

1 

.. 

-218- \ 
'" 

um •••• 56x 

equals to ~O times 35 which is ••••• 14oo 

be. ::. z. 

,/ 

~--,, ___ ;~) 46,2 ,Jo 

Oh ••• O.K •••• wait ••• x is equal to 2,5 

TOTAL 

4. 

z 

'1 
64,4 secs. 

1 
3,0 12 over 24 

Q. 

b 

9,8 24x 

equals x ove~.8 
Xf 
cL 

b~F ; t-t 

1,4 equals 96 

o..cl = ;z.. 

5,2 x equals 4 

z. 
.)(F :: 

'1 r 

TOTAL 19,4 secs. 

5. 25,6 

'lA 

Oh ••• i t 1 s like a praportio,n problem ••• weI:! 
yau have 2500 square feet and that gives you \ 
4 battles and then which would they want to know , 
how Many square feet for three cases and there' s 
10 battles in a case, so you have 30 

, 1 

be. .: x.. , 

23,4 4 is to 2500 as 30 is to x 
E· 1= "---- ----= 
X' .::.cF 



o 

e 
\ 

J 

1 

TOTAL 

5,2 

-219-

50 then you get 4x 

F:L, :. '1 

6,4 equals •••• 75000 

1i:.x:F- :. z.. 

66,Q x equals= .• l lost it •.. O.K. 18750 

I..f :: -Z 

120,6 secs. 

1 

13 , 2 ·200 over 700 equals 275 over x 
• Q.. 

~-----~- - - = c. 
.E.. 

-------;1) 17,4 

xF 
700x 

TOTAL 

2,4 

14,2 

65,4 

0- ~F- :: 

equals 55~ ~ 

bc:./z. .. 

" 

sa divide each side by 100 to cancel 
zeros to make things easier 

..!::L, k ,.. t:-

.;.OH ••• l think lIve la st it •••• 78,S7 
z -

112.6 secs. 

out the 

~45.4 UD •••• O.K. the ratio is like 2 serbs make 
7 sets of tods and 35 sets' of tads' mak~ 1 fat 
O.K. so 30, wait, s035 ••• 35x 

Q... c 
e,- : 'lE 

16,0 equals 30 

e.x.r- = b\ • 

J 

.. 

'. 
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1 

" 

o 

TOTAL 

8. 1 

1 

TOTAL 

9. 

60,2 

43,0 

53,6 

218.2 

8,2 

3,2 

9,2 

-220- .. 

O.K. it's like ••• 50 thën' ••• so they'd make 5 
E ~ 

C ::: .:t.r l' 
, ' 

nO,it's wrong ••• l got them m~xed up ••• O.K. 
can l Just start that one aL1 over again ••• ~ 
0.1<. 35 sets o,f tods in' eachi' .O;.K. 50 'y~u 'd, 

,divide 7 into 35 r:--'--'--- ' 
e ' c::- :: .x~ 

, 
••• O.K. like ••• you'd go 35 into 7'pfOtho~e ••• 

C. 'v 

RETIRES ~ ~ ~ F-

secs. 

',-

O.K. it's 
is equal 

Q.. 

just a ratio ••• you say 7 o'\l'~r 4 
ta oX over 28 

- ~ 
~('-

d:"-c.. 

4x 

ex.[=- :. '1 

equals to ••• 196 

~c:l::'Z.. ., 

" ' 

23,6 50 X is equal ta ••• 49 
z. - • 

44.2 secs. 

42,2 GiO.K.' LM equals ta 28 grams ••• O .K.~o first'" 
1ike you ga ••• over~ •• like l over'28 to fi~d 
the molarity so like lover 28 is equal to 
x over 35 

ct ~ :!f 
Co cL 

.' 

" 

J, 
, ' 
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! • 
, 0 
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~ 1 ), ' , " 

0, 

• 1 

1 

, , 

Q, 

a > \ o 

l 0 

46,4 

26,8 

0' 

-221-
, 

. th~t' s. about 0 ' ••• 1,2 moles 

ëL' _z, 0 

c. :( ~ "~a '1 r 0-. :: o~ J '1 = .)( l' 

sa you just multiply that by 22 ta fittd, 
ho~ Many liters it'll come out ta ••••••• 
26,4 ·liters 0 " 0 

• ~ ~ ___ - _____ ~9 __ _ 

TOTAb 115,4 secs. 

'8' 56,2 

, , 

, , 

Q , 

1 
5,8 

f 

" 
9,2 

4,2 

20,6 

21,8 

35,4 

, 

• 
O.K. ,like you do the at a time so 8'0 
grams over 36 equal 

-~ = ~I 
, 

foO 36x ~ 

c.x..F..:. , y ~ 

0 

" 

equals ta 3600 
'0 d-o... :: Z-

so x equals to ••• you need ioo grams of NaOH 
2-'i = .x F., 

Um ••• and then to figure out the H254)4, thé" 
ratio' would be 98 over 36; eq~ls xaver 45 

, E , .x:~2 '" 
T ~ yI"' 

then ••• so the same thing, 36x 

F :x. ~It :. lf 

15 eqUal to 98 times 45} •• is equa~ to 4410 
."'" e: cl. :. Z. 

'\. 

____ ..... ' ~~) 76,~ 
',- " 

50 X equa1s to 4410 ~ed by 
be ab9ut p2., •. ah ••• 0 .K. 1221.3 

36 ••• so i t would 
liters 

.;. ~ Xp. 
'1 a. 

TOTAL 230,0 secs • 
• 1 

.. "A ___________ _ 

o ' 

i 

, 

\ .. 
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.:; 

" ~ '; it , 

'. 1 

~ ~ ~ 

'-~j"._lI!lPiIlIj'I!I'8!li,,_~~nj" iq~~I(,,,,,œ~,,,~pmf.'\\';'~f1!!IfI"~"!lW\l"'l' .. ,,_~<l!IAl'!l'l~~~lt~~~~j;l', .. 
, . ~ 

QUESTION 

1. 

TOTAL 

" 
2. 

"'::::"''' c= 
~ .. --

;\ TOTAL 
J 

, 
~ 11'- 3. 

u 

• 
iJII. : /~:.r' 

;, 

'-. 

r:-

~ 

, 3,8 

l , 

16,0 

-222-

PETER R. 

.§!g 

4 over 6 equals 9Pover~x • 

bc. = z. .' 
x equa1s 

:z. 

T 
54d1vided' by 4 ••••••• 13,5 

:. X:F , 

24.8. secs .. 

4,0 

1,4 

2,4 

~ 
13 z8 

8,2 

8 over 
Cl. 

x'F-

10x 

:. '1 
equals 8 times 15 ••••• 120 

o..d.:., 

'x equals 12 

Z. XF ;: 

'1 
secs. 

x Qver 35 equa1s 40 over 

1; XF- C-
:: .----

b -cL 

"." 

) 
, 

\ 1 

56 

I 
1 

0, 

c 

o ' 
~o 

."" 

'1 b 

• \ 
" -

. , 

, 
! 

l, 
i 
1 

L 

\ 

Q 

~~ 
l, 

Q; 
5!."if. "', :. 
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.. 

0 \ , 11,2 . .l6x 
(> 

'1 

cL~F-- ::. '1 ~ 
Il> 10,4 .equals 40 times 35 •••••• 1400 

be. 'a z. 

",. 63,6 56 divided into 1400 goes ••• 'i. 25, x equals 25 
<!J~ Z. - ~ XF .~ 

, ,'-{ 'il) 

TOTAL 93,4 secs. ~ 

J 

t 

4. 7,4 12 over 24 as x is to 8 
~ ~ - ~ 
b cl 

5,0 ~ equals x over 8 

CL 12.. -, ... r 
2,0 2x equals 8 

bxp.= '1' o...cL.:: L' 

l ~2 ~ualS 4 

" ~ .:. .x. f 
't 

TOTAL 15.6 secs •. .. 
---~ , ~ ... 

--0, 29,0 4 bott1es ••• ~.2500 square feet, 3 cases, that's 
30 bottles 

cf.-, C 
: -b ::J:. 1 

~ 
~ , 11,8 criss,,;cross, 4 over 30 equals 2500 over x 

\..s- .:. ...E-. -, ' X, .:x:.~ 0 

2,2 that' S 4X: 

~ 
.. eXF : 1 0 '0 

b i!J 

\, ~ ~l~ -a 

• (--,t 

~ GI 



~ 
~ . 
f 

" 

;: 

• 
6',4 

~ ____ ~.,I) 45,0 

14,8 

..,.. 
\ 

1 40,0 

" 

.. 
-224-

equals 250 times 3 ••••• 750 

FX 1 :: Z. 

750 divided by 4 ••• that's ••• 187,5 square feet 
Z. 
~ :: /CF-

that' s _impossible ••• slightly impossible,...3 • 
cases ••• that's 30 bottles 

Cl. C. -.::.-=x., 
b ;:,( 1 

what's coming' off? •• 750 divided by 4 •••••• 
187,5 square feet. 

~ = XF-
Lf 

TOTAL 149,2 secs. 

6. 40,2 206 bags of grain •••• $700 •••• 0.K. x··f· 
200 over 275 equa1s 700 over x 

c.. .::~ ~ -b -X:f-
7,4 reduce,by 5 

0- b -, -r- .... 

4,6 40 
0.. = -'1 -,.. 

.10,0 divided into 700 times 55 

..b...x C =Z- 1 
r 

J 

64,0 / so 4 lnto 3850~ •••• $962.50 for 275 bags ••• 
962.50 ••• that's what it ls 

" ~ .=.J(F 

'1 
TOTAL 126 1 2 secs. 0 

4-

", 

, 
1 + , 

Î , 

n l'~ 

, 

~ 
/ , 

1 

.. 



} 

o. 

• 1 

/ 
; 

7. 

TOTAL 

8. 

TOTAL 

29,6 

( 8,6 

85,0 

8,4 

,-, 

-225-

2 serbs ••••• 7 sets ••• 35 sets •••• egad ••• 70 serbs 

0... )1. E =, XI 

O.K. 70 serbs gives you l fot 

X, = F 

h 
'\ : . 

ow many fots can be mB.de from 30 serbs? •• 30 " 
serbs gi ves you how many ••. 00 ~it again •• '. 2 serbs 
7 pets ••• 35 Eets ••• gives you 35 gives you 70 ••• 

" 
1 

X, ::: F 

that's 35 sets 18 1 fot 

G :. F 

11,0 30 serbs you could get 3 fots 

E JL 
c X 0.. .: x.~" X4.:' 

142,6 :;ecs. 

\ 

10,0 7 ergs make 4 zots ••• how many ergs make 28 zots 

Q.. J;,.' 
:. c:t .x~ 

4,6 4x .. 
c..;(~ a ..., 

10,8 equa1s 28 times 7 ••••• 196 

o...cL=z. 
10,0 196 divided by 4 •.•••••• 49 

% 
:. x'f -'1 

45,4 secs. 

9. 42,0· ••••• O.K. what will be the vohme of 35 grams? 
28 grams equals 22, 35 grams equa1s what 

c. 

1 
f 
" 

--



t ..... , • 
" , .• ,~;I 
'r. 
F, 

~~ 
l'!: 
,::'1. 
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~f 
f 

Cl :~ 
" 
\, 

4,2 so; 28x '1\ 

~ l'~ 
."tl o..xF :. Lf - 1 

13,4 equals •••• 770 ~ 

bc :: z.. li 
! 

~ i- ... \ , 
t 9,4 28 divided by 770 ••• no 770 divided by 28 j 
, 
! 

i . z. 
= :X-P , -l' 't J 1 

~ 102,6 that gives yOu •••• 27,5 ••• 27,5 li tersa • you, that f should be it 
----..-- -:>CF i 

f 
TOTAL 171 2 6 secs. .. ~ 

" 
! 1 1. 

~ 
~ 

10. 27;6 80 over 36 equals x oyer 45 ~ 

i Q. X, 

1 
l 

: ër: c.. 
~ 

7,4 36x 

1 ex, :a 'i 1 

1 
t 

17~8 equals 80 times 45 •••••• 3600 , 

o..cl~z.. 1 
1 
1 

4,8 3600 divided by 36 ••• that l00grams 1 goes 1 

Z' :X, (XF-'" ) - = 
'1 

" 11,4 Now NaOH ••• you wou1d lOOg of NaOH 

(XF-,) 
~ 

-------.! 

13,2 Now H2S04 you would need •• O.K. ••• 98 grams over 
36 grams equals xaver 45 

.1 . 
. E ,x;t - :: T "'Î-\ / .. ,;: 

4,0 36x \ FX~ II 1 0 
.1 r 

1 
! : 

0 \ ... - 1 .. ') 



, 
~ 
t 
1 , 
, , 
~ 
\ 
'~ , 

1 
/, 

i 

, 

. 
~r 

TOTAL 

27,4 

79,0 

192,6 

-227-

equa1s 98 times 45 •..•.. 4410 

" d.e : 2:.. 

4410 over z.36 ••• ~ •••• 122,5 0; H2S04 and llro 
finished • 

- = (XFa.) -'1 
secs. 

/ 

) 

~ 

-1"' 

1 
"' 

~, 

-, 
'-'f, 
'il 
":: 
",l 
" -, 
~I 
i' 

" > 

.1 

"' 
~ 
-:J 
" 

!i 
i 
:î 
{ ,,' 
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( 

_____ ;...,> 8,0 cross-multiplying the 35 times the 40 

be. : '1 J 

-(TOTAL 

4. 

TOTAL 

5. 

52,8 and then my answer would be 23 

64,0 secs. 

9,6 O.K. 

x'F 

it's 12 
Q., 

b 

overi 24 

1,4 but instead ~f crass-multip1ying, 

2,2 l 'd reduce 
CL - , 
1-

the fraction first 
b 

3,8 So my answer would be ••• uh ••• 4 

X F 
) 

17.0 secs. 

42,6 O.K. well sinee you have 4 bottles of fluid to 
clean 2500 square feet of f100ring, and how many ••• 

ù,O 

2,2 

2,4 

1 
E . . F 

O.K ••••••• 50 yau want ta k~îw how many square 
feet of flooring can be cleï',ed with 3 cases •••• 

you multiply the 3 cases times ~O bottles 
ct b bxc. = x. , - : - 0,.. 
F .x, 

so l get 30 bottles 

XI 
, 

.~ 

" ( 



~6,0 

1,6 

,8 

28,6 
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and that is again cross-mult~plication because 
you want to get the number, sa rny answer is •••• 
2500 Urnes 30, that will give you ••••• "75000 ' 

c d.. - :. --
:L, 

and t~en you divide 4 

d..x, = z. 

into 75000 

.z.. 
'1 

sa your answer will be 18750 square feet you 
can clean with 3 cases 
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Tc 
f ' 
i , 
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1 
I~·I 

e 
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QUESTION !!!§ 

7. 63,6 

1 

.. ,.,. 1) .. \ l ~. 
. , , 
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STEP 

O.K. 2 serbs\make 7 tods and 35 tods make 1 fat, 
the,n •••• 0 .K. if 30 serbs, that 'lI mean you can make 
15 times 7 sets of tods •••• 

.-12-)( C = XI I;j 
0.. 

22,0 2 is' ta 30' as 7 is ta 105 

26;8 

8,0 

O.K. 
then 

Q.. :. liS- .:::.x:. 1 
b XI 

if yop need 35 set~of tods ta make 1 fat, 
you divide your 105 by ,,35 sets ta make 1 

.x, 
- :. Xf. 

E. 

sa your answer is 3 'fots can he made from 30 
serbs 

TOTAL 120,4 secs. 

8. 

TOTAL 

9. 

... 

34,0 

11,4 

4,0 

11,4 

O.K. if you need 7 ergs to make 4 zots, it's 
again cross-multiplication . - ..., 

0... c 

o 

ta find out how many ergs ar~ needed ta make 28 
zots, 50 you cross multiply and you get 196 

Q...d.~'i 

and you divide ~to 196 

':.!i. 
Z. 

sa your answer is you need ••• 49 ergs tp make up 
28 zots. ~ 

,x,F 

60,8 secs. 

30,6 1 mo.l~ of N 2 weighs 28 grams and if 1 mole is 

0..= Cc.. ) 

• . '. 

/' 

• 



j 

/r. , 

10,0 

12,6 

.. ' 
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also equal to 22 liters 

Q..=c:. 

O.K. that means you have to put the grams over 
the 1iters on each side to figure out what the 
volume of 35 g oof N

2 
will be sa 

Q. C ' - :. - "'.'/ 
bl x'f 

1 reduce it -.first of aU ••••• the 28 over 22, 
14 over Il 

'" 
. "\ 4,2 and l ~ultip1y 35 tiœes:ll 

)(. b·c. ~ ï 
and we ~~\.....3B5 

2,4 and divide 14 into 385 

ï 
"Z 

53',0 0 50 then...... so the an5wer ls 27,5 liters, 
the volume of 35 grams of'N2 is 27,5 liters 

, Xf-

TOTAL 143,6 secs. 

10. 70,8 

6,2 

, . 

1 15,0 

O.K. 80 gtams of NaOH and 98 grams of H2804 
are needed to make 36 grams of "20, and ta make 
45 grams of H20 ••••• weIL this is a stupid way 
of doing it ••••• I'm,going ta add up the grams of 
NaOH plu~ the grams of H2804 and l get 178 

0... t t: ... 0.. Ii. " , 
., 

over the grams of ,how much water you get, that 's 
36 

o..e 
~ -c. 

so th en x over 45, O.K. so .I 'm going ta cross 
multiply .... 

~e :X, 
.li -c:. 0 

1 

f 
1 

1 



... 

'. 

/ 

34,2 

81,8 

94,0 

14,Q 
...... 

25,0 

-233-

and then.mu1tip1y 17~ by 45, and l get 8010 

ex,:= '1' o x AE = Z. 

sa then l divide the 36 into the 8010, and l 
will get my answer, well then, separately", 
O.K. 50 then 1 divide 36 into the 8010, so 
my answer would be 222,5 

z.. _ 
-Z;-'- x. , 

then l want ta find out the 5eparate, ••• we11 ••• 
one way ta work it out wou1d be to work a 
percentage, ••• O.K. sa l lm going to put 80 
gram5 over 178 grams which wou1d equal x over 
222,5 

CL 

l mu1tipl~ 222,5 times 80' 

O-X, : ï 
then l divide 178 into that number . 

~ z. 
28 0 50 x •••• so one of the unknowns would be lOOgrams , 

12,2 

10,0 

and the other wou1d bé 222,5 minus 100 which 
-equals 122,5 

XI - X,::, .... X~~ 

50 you'll need 122,5 grams of H2S04 and 100 grams 
of NaOH. 

-~~ X' F ... J XFa. 

TOTAL 391.2 secs • 

/ 
i 

, 
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1 d 
DIANE. Y. 

QUESTION TIME STEP 

1. 3,4 6 t1mes 9 1s 54 

be.. .. 'L 

6,2 divided by 4 ls ••••• 

~~ = '1 

9,0 13,5 
Z-'_ X F - -'1 -----

TOTAL 18 26 secs. 



, ' 

QUESTION 

4. 

) TOTAL .' tq 
'. :}' 

·G 
" 

~ 
!,f. 
.1; 

\. 

> 
TOTAL 

0 8 
, 
( 

1 

> 

2,2 

2,4 

3,2 

7,a 

-235-

12 tlmes a ls 96 

o..cl=z.. 

STEP 

dlvided by 24 ••••• is' 

pXf! ~ '1 
4 z 

.x.F-= '1 
(~I 

secs" 

, 

! • 1 

23,a 2500 15 to 4 as x i5 to 30 .. 
e ..E... - 1:-

.x, .x:.F-

3,0 4x 

EXF- • '1 
\. 

4,0 ls equal to 75000 

FX-.J· = '-z.. ..... 

21,2 x 15 equal to •••• umm ••••• 18725 
~ ~ \ XF 'f 

& 

52,0 secs. 

22,4 

3,,6 

21,a 

, 
200 bags ls to $700. as 275 1s to x [) 

~::....s:.. 
1:> xF-

eq~ls 275 times 700 which is'equal'to 19~500 

pc. :. z... 
J 

c 

" 
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~ 
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e 
\ 10,0 x i8 equal ta 193500 divided by 200 ••• which 

,' .. Is equa1 ta 1935 divided B~ 2 l~ 

z.. ~ ~ ~ -, , -, ,.. ,.. '1 

8,6 •• r.!thich $96.75 
; 

15 equal to \, 
h .- ,"' 
'" ~ .-

'1 0 

: .)CF 
~ 

.4. ; TOTAL 66 14 .' ~. secs. 
"" ~ 

t ( 

. 7. 46,0 2 serbs cao malte 7 ••• 35' sets of tods.f .35 sets 
.... can make 1, 50 we have ta get 30 ser~s ••• we 

have 7 times 30 15 210 l 

be. :. XI 

... 6,8 that's 105 sets of tod..s D Q 

, 

.3..L :. \ \ x..a,. 
0... ~ 

16,8 and 105 divid,ed by 35 15 ••• ".3 t! " ' 
x a., 0' 

; -::. x'F-~ 
" 

1 
TOTAL 69 26 secs. 

.. 
.-) 

" 
" 

\ 
~ \ 8. 6,0 7 16 ta 4 18 ta 28, 

\~ ( 
as x 

.s... ~ 
..s- r 

.)- .1 .:(F- cL \ 
1 

1 
\ 1,2 4x Q 

1 
1 c:. xPf .. '1 [ .. ) 
\ 1 

<l 

6,4 is equal to 7 times 28 ••••• 196 

~cl:z. / 
... " 12,6 , 196 over 4 Is equa1 to ••• ' •• 49 ..... 

. z.. -.::Xp 
J 

lf 
1 . 

26,2 1 TOTAL secs. c 

el .. 
q 

• 

J 
o , 

'"' 

~ 



... . , 

9. 1O,i 

Y 
23,4 

\, 
9,8 

1,0 

10,8' 

, . 
'FOTAL 

10, 25,2 

4,8 

/ l,ci 

15,4 

23,6 

.... 

1 
...... '0- ,~~~~-~'" ..,~ ...... ~,.,.,,~ .. """.,........ '''';'''11~""''f''~-rt t->.,....,. ..... -l' .... ,~ .... ~}. "''1Jlfl.,.~, r.";;;t·rft1 ..... ~;Z~ .... _~ 

o 
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So that's lM of Nitrogen 15 equal to 28 gramâ 
and 22 liters ~ and 35 grams ••••••.. 

. 
28 into 35 is ••••• l,2 

~ =. x, 
C. 

l is to 22 as 1,2 is equal te x 
E =. F - -x, ZF-

x 

E XF- :. '-1 

1s equal to l,2 times 22 •••• wh1ch 15 26,4 

FX, :: z.. , ~ : .x.F-'1 .. 
secs. 

\ 

80 and 98 equal 36 ••••• do they mean add it toge­
" ther? ••• so 98 plus 80 equals 178 is equa1 ta 

36 

'\ 

j 

178 i8 equa1 to 36, x equa1s 45 

~ ~ J::.... 
.:.c f ". ~ cl 

36x 

/' f" XF-,.ë '1' 
/ 

18 equal t~i8 t1mes 45 ••••• 8010 

cL <l.1l :. :z.. 

. 
_~ is equa1 ta 8010 divided by 36 ••••• '222 

~ 
l-( 

o 

b 

" ' . 
'~ 

, .. 

1 
% 
'l " 
i! 
,~ 

~ 
" 1 
i 

J 

1 
. j 
1 

f. 

1 
! 



30,0 

, 
6,0 

8,4 
~; 

20,6 

1, 
, 

~ Cl> 
-; 

12,0 
~ 

1,2 

14,8 

0 

21,B 

\ TOTALI 184J B 
, . 1 

v 

_ ....... ",' 
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80 is to 178 ~s x is equal to 222 '" 

~ = 0-15. 
.:cl.. ::x:., 

178x 

a... ê Xit ~ '1 
> 

is equal to 222 times 80, ••• 178x equals 

0... x., :: Z. l' 

.J x equals •••••• 99 

.3:- .:::. Xr. , 
'1 

H2S04 ... ~ •• 98' is equal to 178, x equa1s 

Ë ' o..E - --
XF'4 :;t:.', 

178x 

~ a... E. -XF'4 ~l.f 

equals 222 ~imes 98 ••••••• 21776 

EX, ; z.. 

17760 

222 

x equals 178 into 21,776 ••••• x goes into there 
122 ••••• that·· s 'it~ 

:z.. :: XF'a... -'1 
secsf 

... , 

~ 

" 

'\ 

Y 
t 


