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INTRODUCTION 

1. The problem of the relation between mastary of 

fundamental oonoapts and oomputational skills in High School 

Algebra has bean considered an important field of investi­

gation for a long time.1 It has not yet been investigated 

by objective methods. 

The problem has been explored to some extent in tha 

field of arithmetic,** but the results cannot be applied 

directly to Algebra, whatever arguments could be quoted to 

support such an application, without an investigation of the 

field by objective nnd adequate means that would correspond 

to the nature of Algebra, whloh, due to the general symbols 

involved, differs from Arithmetic. 

Two main facts seem to make the problem difficult 

for the investigator: its broadness, and complexity. The 

broadness lies above all in a multitude of algebraic con­

cepts and computations involved in the area of intermediate 

algebra, and dispersed alonfr a number of grades. Tha com­

plexity of the problem seems to lie above all in the 

1 Vialter I Monroe, Ed., Encyclopedia of Educational 
Research, a Project of tha American iuduoatlonal Besesroh 
Association. N«;w fork, Macalllan, 1950, p.717-723. 

2 C.H.Butler, Mastery of Certain Mathematical Conoepta 
by Pupils at the Junior High 3chool Levelf University of 
Missouri, 1931, v-56 p. 
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ooinoidenoe of many psychological aspects of mustering the 

concept or aoqulring ci oomputational skill in algebra 

(intelligence, memory, imagination, thinking, reasoning -

are Involved in both) ^ well as in some confusion in the 

field of algebraic concepts in today*s school practice. The 

concepts suffer from the aoarolty of clarity of their basic 

components. A substantiation of the latter is presented 

in Appendix 1. 

?, A proper approach to undertaking the investiga­

tion of the mutual relation betvreen the comprehension of the 

nlgabraio concepts and the ability to compute with those 

concepts s*ems to be a two-fold one} 

(a) narrowing the broad area of investigation to 

one grade algebra, fairly representative as to 

the selection of the algebraic material, and 

fairly distant from arithmetic on the one hand, 

and from higher algebra on the other; 

(b) Halting the investigation to a single deter­

minate aspect of the complex set of factors 

Involved in the problem. 

Thus, only the mathematical aspect of the problem 

at one *rade level was chosen for investigation. 

The coefficient of oorrelatlon between the under­

standing of algebraic concepts and corresponding skills In 

computations at one Grade XI algebra group is to be deter­

mined first. 
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In turn, a |hree-ffrpup division, q«*hPfl Is to be 

applied to the investigation of the correlation: the whole 

group of testeas to be ranked on the two tests and divided 

into three numerically equal and comparable subgroups 

(upper, middle and lower). 

The findings concerning the mathematical side of 

the comparison of the sub-groups are to be confronted with 

those obtained by the coefficient of oorrelation. 

It is expected to obtain by suoh a confrontation: 

a broadening of the mathematical aspeot of the concept-skill 

correlation in high school algebra. 

3. The whole task falls into two main divisions: 

(a) to obtain adequate tools for the investigation of 

the problem, as there are no standardized tests 

for the topio available; and 

(b) to investigate the problem as suoh. 

The following procedure hss been adopted: 

(I) Choosing the algebraic material for the investi­

gation of the concept-skill correlation; 

(II) Constructing two achievement tests coming up to 

tha requirements of satisfactory measuring tools: 

the Algebraic Conoept Test for measuring the 

understanding of the algebraic concepts, «nd the 

Algebraic Skill Test for measuring the ability 

in algebraic computations; 

(III) Trying out the t^sts and validating the test-itoras; 
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(lv) Administering the tests to a representative 

group of the Knglish-speaklng Catholic High 

-ohool population in Grade XI in the City of 

Ottawa; 

(v) Scoring the tests, determining the nature of 

the distributions obtained, and correlating 

thaa to obtain the coefficient of correlation 

of the two distributions; 

(vi) Comparing tha upper, middle and lower groups 

on both tests vertically, that is within the 

tests, and horizontally, that is comparing the 

performance of the upper, middle and lower 

groups on one test with their performance on 

tha other test; 

(vll) Confronting the matheaatloal aspect of tha 

correlation »s obtained by tha coefficient of 

correlation with that obtained through the 

vertical and horizontal comparisons by the three-

group division method; 

(viil) Analysing tha results of that confrontation and 

producing a synthetlzing formula or grsph as a 

summary of the results; 

(lx) Drawing oonoluslons »s to the possibility of a 

generalization of the findings, the method of 

the investigation applied, and others - according 

to the results of the experiment. 
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4. By the algebraio oonoept are meant those notions 

which Rj>v9ar only in algebra and do not appear in arithmetic 

or geometry, or whloh - acoording to Butler's formulation3 -

appear mainly in problems that ar** essentially algebraic 

and not arithmetical or geometric. The understanding of 

general symbols, funotional dependence, and quantatlve 

relations are implied here. 

A most oonolse and workable definition of the alge­

braio concept in this study is: a ^en^ral symbol of a 

quantatlve ffpera^lpp. 

By the term "skill in computation" is meant those 

abilities that are essential in solving situations that 

need basically an algebraio insight consisting of the mani­

pulative and reasoning power in algebraio computations. 

Thus, the basic mastery of the techniques of computational 

operations, as wall as the ability to select and to apply 

the proper techniques for solving algebraic problems, are 

included in the idea of the computational skill. 

This meaning of the computational skill is consis­

tent with the ideas represented by "dvard L. Thorndike in 

his book Psychology of A^bEf. 

The literature dealing vlth the algebraic concept 

and skill, as f»r as it pertains to this study, is presented 

in the following chapter. 

3 C. H. Butler, on.oltfr pp 41-4?. 

4 Edward L. Thorndike 9t al., The Psychology of 
Algebra. New York, Maomlllan, 1923, pp 166-191. 



CHAPTER I 

SURVEY OF THE LITERATURE 

Literature dealing exactly with the correlation 

between the comprehension of the algebraic concepts and 

the mastery of tha algebraic computations, in reality 

does not exist. 

The books and periodicals deal only with the alge­

braic concepts or the oomputational skills separately or 

Jointly and stress the importance of the two aspects, but 

they hardly go further than to assume or to point t̂ their 

mutual connection and they never deal exhaustively with the 

nature of that connection and never do they undertake any 

measure of the concept-skill correlation. 

The available literature can be divided in two p.irts: 

one dealing mainly with the evaluation of the role of algebra 

in p-en<?r?l eduootlon, and tha other dealing mainly with 

devices nnd methods of improving the teaching of algebra by 

embracing its theoretioal and social aspects. 

Tha common feature of both seems to be in the psycho­

logical approach to the problem, and thus, the methodical 

aspect is reflected in both groups, though In some different 

ways. It conoentrates In the first group of works mainly on 

discovering weaknesses and oversights In the teaching-, whereas 
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the search for efficient remedies prevails in the second 

group. 

1. Algebraio Concept-Skill Correlation - Assumed 

The olassioal and basio works of the first type 

are considered: 

A. Edward L. Thorndike, Margaret V. Cobb, Jacob I.Orleans, 
Peroival M. Symonds, Elva wald, and clla woodyord, The 
Psychology of M«abff*i, H * York, Maoaillan, 1924, 
xi-483 p. 

In this work, the correlation between the under­

standing of the algebraic concept and the oomputational 

skill is treated by the authors in a way that oould be, 

perhaps quite appropriately, called a unifying or synthetic 

way. 

There is no straight definition of the algebraic 

ooneept or of the algebraio skill to be found in Thorndike*s 

book. That definition oan only be deducted from the multi­

farious psychological approaches to both of them. Rather, 

from the partial elements of the whole concepts, an idea 

of the wholes oan be inferred fairly exhaustively. For 

example, generality, as a very essential aspect of Algebra, 

Is presented by the author rather indirectly in the state­

ment "The Algebra as a tool is considered a tool for scien­

tific work, for thinking about general relations". 

1 Edward L. Thorndike et al. , The Psychology of 
Algebra. New York, Maomlllan, 1924, p.47. 
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However, both the full meaning of "concept* ond 

"skill", and their Importance In teaching high school alga-

bra, are approaohed from so mnny angles, and supported by 

numerous objective proofs, *><: to leave little doubt as to 

the conclusions arrived at. 

The importance of the pupil understanding the alge­

braic concepts is set forth is basic to computing. The 

Importance of general algebraic symbols (thus: JJ , logs, 

an, and so on) is baeloally acknowledged by such a statement 

as "as we have to read them, and perhaps twloe for every 

2 

onoe that ve compute with them". The importance of under­

standing such basic algebraic oonoepts as equations, function, 

and others, find their substantiation in the objectively-

conducted proofs, ending with strong and clear conclusions 

of the sort "... the understanding of equations as the 

expression of relations, goes straight to the heart of all 

applied mathematics". There can be no doubt either that, 
in the authors' view, the comprehension of algebraic con-

4 
oepts is basic to the computational skills. 

Algebraic skill Is set forth as an ability to deal 

with symbols, quantatlve relations, generalizations, and 

with selection and organisation of ideas and habits to 

Bolve algebraic situations. The skill la much more "than 

2 Ib}d., p.89. 
3 I*>iar r P. 107. 
4 !£&&.. p.p.172-194. 
o 2*11., P. 198. 
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to use a practical tool. It is an evidence of understanding 

of the algebraio principles learned and an aid in learning 

others"6 (...) "The skill in algebraic computation involves 

.• 7 
very muoh the same abilities that problem solving does". 

Perhaps the most essential factor, from the authors' 

didaotlo point of view, is the understanding of the concept 

and the understandlnr of the way it can ha used. That is 

Just the understanding of both - the oonoapt and the 

operation performed - that links the baslo algebraic con­

cepts and skills organically Into one didactically effective 

and worthy whole, being a cornerstone of "the knowledge in 

Algebra". 

In «uch a treatment of the problem, the existence 

of a very close and positive correlation between the alge­

braic concepts and the algebraio computational skill seems 

to be implicit. 

However, there Is no attempt made by the authors to 

determine exaotly the closeness of that correlation and 

especially to measure its extent. 

Thorndike*s work is reflected, then, In this research 

as far *s the definitions and importance of the algebraio 

concept and the algebraio skill, - s veil as the determina­

tion of the oholoe of basic concepts and skills in high 

school algebra, are concerned, but It has no direct bearing 

on the measure of the eonoapt-sklll correlation that has been 

undertaken In this study. 

6 Ibid.f p.328. 
7 IbjLi., p. 448. 
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B. Progressive Education Association, Mathematics 
in General Education. A flenort of the CommlttQ* Oh the 
Function of Mathematics in Qeneral sauoatlon for the Cpmmlsjiloji 
on Secondary Sohool Curriculum. New York, Appleton-Century-
Crofts, 1938, xlv-423 p. 

The Committee sets forth the criteria for selecting 

a set of a small number of fundamental oonoapts in high 

Sohool Algebra, and then a set of fundamental algebraic 

concepts as well. 

The idea of the correlation between the algebraio 

concept and skill is reflected here in two main aspects: 

(a) there is a definite distinction between them as 

the two important didactic aspects In teaching 

algebra, but no separation; 

(b) their mutual relation Is considered to be close, 

but there are no objective proofs of the close­

ness quoted and no measurement of it undertaken, 

or reported* 

As ffcp as point (a) is ooncerned, the authors st^te 

In their report: 

The techniques Involved (in mathematical operations) 
*re so frequently demanded and the oonoapts basic to 
the operations they help to perform are so essential 
that they cannot be omitted In a consideration of 
mathematics as a method of problem-solving.° 

8 Progressive Education Association, Mathematics 
in General flueatlon. A Report of the Committee on the 
^unction Pf Msthematics in (Vandal Education for the Com­
mission on Secondary School Curriculum, N»w York, Appleton-
Century-Crofts, 1938, p.168. 
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They state further 

... The emphasis of thl** Report 1Q designed to help 
correct this situation (overemphasising techniques) 
by stressing concepts basic to operations no less 
than the techniques by which they may be performed, 
and by considering those concepts among a number of 
others fundamental in the study of mathematics ... 
In order to secure both understanding and skill, 
there must be appropriate emphasis on each.9 

As to the importance of that distinctness of the 

concept from the skill their statement may veil be quoted: 

Tha distinction between techniques for performing 
operations and the ooneepts basic to them is 
important at all levels. Even the student who had 
advanced to the study of calculus may become expert 
in the techniques of differentiation without a clear 
notion of the Unit conoept which is basic to the 
operation. Only by careful attention to the develop­
ment of the underlying ooneepts can teachers make 
operations really meaningful to students.10 

A unifying didactic link of the two aspects is expressed 

by the authors perhaps most olenrly in their statement 

"... when concepts and skills are acquired in Isolated 

contexts the pupil nay be unable to put them together whan 

11 faoed with a complex problem". 

Finally, a testing of growth in understanding of 

the concept and of the ability to use the concept \& strongly 
12 

recommended by the authors. 

In brief, aside from the stress l*ld on the didactic 

importance of the concept and the skill in Algebra, and that 

of distinguishing between them without separating them, and 
9 ISAJL., p. 169 

10 EbMl.. PP 180-181. 
11 2M4. , p. 399. 
12 2M<LL, P.341. 
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the need for objective measurement of the two aspects, there 

are no oloaa t i e s between the ideas of this book and the 

present research. 

?. Concept-Skill Correlation - Oult«billty 
for Measurement 

Tha second part of the l i terature , that dealing 

with tha improvement of teaching of algebra, i s represented 

by: 

A. 0. T. Buswcll, Editor, Sttppleaentary Educational 
Monographs. Arithmetic. 1947. Chicago University Press, 1949, 
11-73 p. 

This collective work may be said to represent fairly 

distinctly an attempt towards distinguishing more exactly 

the aspect of the comprehension of tha mathematical concept 

from tha computational skill. The idea of tha relationship 

between algebraio conoept and oomputational skill as two 

different, but close, didaotloal aspects seems to germinate 

here more distinctly. 

In the article "Improving the Mathematics Program 

in Junior High School Grades", Maurice L. Hsrtung set9 

forth the didactical necessity for a"reasonable understanding" 

of basic oonoapts in algebra, that should be achieved by a 

procedure "guided by a few fundamental and unifying prln-
13 

clples". Those principles are the gathering of a vast 

13 M. L. Hartung, "Improving the Mathematics Program 
in Junior High School Grades", In aupplementary Educational 
Monographs. Chicago University Press, 1949, pp 49 to 58. 
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number of details and more or less specific operational 

rules around the "elementary" algebraic oonoepts, whioh 

should be "taught In sue 1 a way that they stand out 
13A 

explicitly in the alnds of the pupils". In the summary 

of his article the author says: 

Above all, a relatively small number of the really 
fundamental concepts and principles of mathematics 
must be made to stand out dearly like fire-observation 
towers above the forest of details.14 

Thus, while the dldaotlo role of the comprehension 

of basio algebraio concepts and of the understanding of the 

computations performed is sufficiently stressed, the problem 

of the oorrelation between the two is not developed by the 

author. 

In the article "Place Value and the Number System", 

appearing In the same publication, H. Van :ngen brings out 

the didactic aspect of the understanding of the fundamental 

concepts as basic to skilful operations in arithmetic and 

algebra, using the concept of the number aystem as an 

example for a "basio" or "key-oonoept" of instruction. 

There can be no doubt that the author had in mind 

the relation of the ooneept and computational skill as an 

essential didactic problem in elementary mathematics. 

L. J. Brueokner, in the article "Arithmetic in 

Elementary and Junior High Schools", sets forth the under­

standing of oonoepts as basio to skilful operations in 

ISA M.L.MartttRg, "Improving tha Mathematics Program 
in Junior High School Grades1, in Supplementary Educational 
Monographs. Chicago University Press, 1949, pp 49 to 68. 

1* SbH. 
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arithmetic Mastery of number and number operations ^re 

olosely related; the meaningful number system to the pupil 

enables him to use it in quantatlve operations more skil­

fully. This is the way leading in consequence through 

sohool algebra experiences to the "Intellectual and sound 

development of the Individual".15 

B. O.T.Buswell ?nd Maurice T. Hartung, Editors, 
Supplementary Educational Monograpĥ ,, ArjUhmeUo» Wft.i 
Chicago, University Press, 1960, 11-100 p. 

Buswell's article "Methods of Studying Pupils' 
16 

Thinking in Arithmetic", sets out one fact clearly, apart 

from the methodical side whioh Is the main point of the 

artiele, as far as this research is concerned: the teacher 

must know how the pupil (the child) thinks in order to be 

able to make the mathematical concepts and operations more 

meaningful to the learner. 

Thus, the importance of both the concepts and compu­

tational skills, finds another didactical stress here. 

H. L. Hartung inserts tha article "Major Instruc-
-17 

tional Problems In Arithmetic in the Middle aradesrln this 

same monograph series. Froa tha standpoint of this research 

OTM aspeot of the problem handled by the author seems to be 

significant, and this is the "mathematical understanding" 

16 L.J.Brueekner "Arithmetic In Elementary and Junior 
High aojools", in Supplementary educational Monographs. Arith­
metic. 1949. Chloago University Press*, 1950, p.9 

16 G.T.Buswell, "Methods of Studying Pupils' Thinking 
in Arlthmatie", lbldr pp 55 to 63. 

17 M.L.Hartung, "Major Instructional Problems In 
Arithmetic in the Middle Grades", Ibid.r pp 80-86, 
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and the "use of number In solving the problems" whloh is 

the use of the mathematical concept in computations. The 

author stresses that a further "cooperative research" for 

improving the understanding of concepts and operational 

techniques for solving problems "met by persons, families, 

communities, and states", is seriously needed. 

Vincent J. Olennon presents an article "Testing 

Meanings in Arithmetic*.18 The need for measuring "tha 

mastery of certain basic mathematical understandings 

possessed by representative groups" is definitely acknow­

ledged by the author. He further stresses the need for tests 

that "the Items did not require computation" in order to 

discriminate "between the student who performed on a rota 

level and the student who performed on a rational or under­

standing level". 

The idea of a separata measure of the concept and 

of tha skill seems to underlie the main point of the article. 

Although this has not been stated by the author explicitly, 

the final suggestion of the use of the tests with aultiple-

oholce items seems to lndioate that suoh a separate 

aeasurlng-devioe could JVITV been the author's real Intention. 

The idea of suoh measurement seems to germinate tiost oleorly 

In this article. 

Robert Lee Morton, In the artiole "The Plaoe of 

Arithmetic in Various Types of Elementary-School Curriculum"1 

18 V.J.Gltnnon, "Testing Meanings In Arithmetic", 
IfrH., PP 64-76. 

19 ft.L.Morton, "The Plaoe of Arlthraetlo in Various 
Types of Elementary-3chool Currlculums", Ibid.r pp 1-20. 
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sets forth the dldaotlo necessity for "building understand­

ings gradually, one step at a time" (obviously referring to 

the basic oonoepts (numbers) and operations); and teaohing 

"for understanding" and avoiding "mechanical tricks and 

devices" (obviously referring to computational skills). 

The author points out - as the method of teaohing is con­

cerned - the necessity for "teaohing pupils to discover new 

truths for themselves" to ground and to deepen their under­

standing, and to do th»t by heving pupils face realistic 

and real problems in school «nd out of school situations. 

From the standpoint of this research, the mathe­

matical oonoepts and skills are considered by the author as 

basic didactic aspects in elementary arithaetic and algebra. 

In all tha articles quoted under this seoond section, 

a more advanoed distinction between the understanding of 

the algebraio concept and the computational skill <ve#ras to 

oome out. It culminates in a suggestion for their measure­

ment by objective means. 

C. G.H.Butler, Mastery of C^rt*ln Mrthqmatleal 
Concepts by Pupils at the Junior High ohool Level, Univer­
sity of Missouri, 1931, 86 p. 

This doctoral dissertation is a research work on 

the achievement in mastery of some algebraio concepts by 

high school pupils. The need for ouch a type of research 

Is quoted by the author as follows: 
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Ninth grade algebra stands out as one of the most 
difficult subjects of the modern curriculum (...) 
Tha fundamental oonoapts n -9 not sufficiently 
olear to the learner 1...) Hence the pupil fails 
to aoquire a full understanding of the meaning of 
suoh important oonoepts as "signed number", "expon­
ent", "equation", "relationship".*® 

The author quotes the following as essentially algebraio 

concepts: 

root of an equation 
formula 
a solution of an equation 
exponent 
algebraio faotor 
a quadratic 
a power of a number 

a root of a number "* 

At the end of the book the author determines the conoept-

skill correlation as a real contribution to didactic of 

algebra: "A real contribution might be made by conducting 

an investigation of the relation of the mastery of mathemat­

ical oonoepts and the mastery of computational skills". * 

The book presents an objective way of measuring the under­

standing of some algebraio oonoapts on High "chool level 

by means of specially constructed tests. However, there 

is no indication given in what way the relation between 

mastery of mathematical oonoepts and the mastery of compu­

tational skills could be or should be investigated. 

20 C.H.Butler, foster/ of Certain fothjiaaU.Q«l 
Concepts by Pupils *% the Junior High School Level,. Unlve­
rity of Missouri, 1931, pp 3-6. 

21 2M&., pp 41-42. 

22 Ibid,. f p.56. 
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». C. H. Butler and F. L. wren, The Teaching of 
Secondary Mathematlea. New York, McGraw-Hill, 1961, 
xiv-550 p. 

The author presents as the main methods of teaohing 

mathematics, the lecture method, the heuristic method, the 

genetic and the laboratory methods. He oonslders these as 

basically devoted to the understanding of tha mathematical 

ooneepts and principles as well as to their applications to 

oonorete situations.23 

From the paint of this research, one aspeot of the 

entire teaching of secondary mathematics seems to be of 

major significance: the author distinguishes between the 

understanding of the ooneept and tha skill of using it in 

solving problems. This Is perhaps most clearly evident in 

the statement in Chapter XVIII where the authors say "... It 

must net be forgotten that tha use of a theorem and the 

proof of that same theorem are two entirely different 

matters and that things nay often be extremely useful with­

out being oompletely understood".24 

The author sees an Important didactic value in 

equal attention to the eonaapts and skills in teaching mathe­

matics. This can be seen quite clearly froa tha statement: 

"The student who gains a real understanding of the meanings" 

of matheaatloal oonoapts and operations "will derive a far 

r r ^ ^ > C ^ * - - " ^ B U t ^ - r g ^ r * J T : f t i V * ^ Teaching 
PP *"" " 

24 ! & & „ p. 536. 

25 Charles H. Butler and F.L.Vrea, Tha Teaohl) 
of ffggffgjirr M m n t t a a , Mew York, MoOrawlHlil, l9Sl. 
pp 158-167. p ' 



3URVEX OF TA-.i LITWHATUh!'.; 14 

richer experience and n far mora adequate basis for furtner 

work in either ipplled or theoretical mathematics than the 

student wno works by rote alone".25 

Thus, the importance of the two aspeots (concepts 

and skills) and distinguishing between them as generally 

different, though olosely correlated, problems, seems to 

provide some basis for the problem of measuring the corre­

lation between these two didactically important aspeots of 

mathematical instruction. 

However, that correlation is, in fact, only assumed 

by the author as being close, thus leaving the objective 

neasurement of their closeness in algebra open to further 

investigation. 

S. John Lesley Young, Lectures off Fundamental Con­
cept* of Alyebra and Oeomotrr. New York, Maeaillan, 1920, vil-
247 p. 

A purely mathematical, deep, vork on fundamental 

algebraical and geometrical oonoepts, designed for College 

and University students. The altr»bralo concepts are not 

treated froa the dldaotioal point of view and not for the 

high school level. The main bearing of this book upon this 

study consists in the insight it gives into the neoesslty 

for a thorough and systematic dealing with basic mathematical 

oonoepts when determining their basic components. 

25 Butler and Kr*n, SJUSll*» p. 613. 
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No measurement of understanding th<» concept Is 

of concern to the author. 

F. Burton '<*. Jones, Elementary Concepts of Mathe­
matics. New York, Maoall^an, 1947, xlll-294 p. 

The main idea of concept-skill correlation in 

algebra does not find any reflection in this book, which 

treats exclusively of the strictly mathematical side 

of selected algebraic and geometric ooneepta for College 

level. 

Some of the basic algebraio concepts, like alge­

braio fractions, algebraio powers, and the like are pre­

sented in nearly complete make-up of their essential compo­

nents. Some, however, are presented rathar superficially 

or even wrongly. For example, the definition of the equa­

tion given "An algebraio equation is an equality between 

two algebraio expressions* is not correct. Thus, only the 

matheaatloal side, and only of some algebraio oonoepts, 

was of some use in this study. 

O.Bruoe T:. Mesorve, Fundamental Concepts of Algebra. 
Cambridge 42, Mass., Addlson-^esley Publishing Company, 
1953, ix-294 p. 

This work is baeloally oonoerned with the concepts 

of higher algebra an* higher analysis. The approach to the 

problems is purely mathematical and so no psychological 

nor didactical side of the algebraio concepts are developed. 

26 Burton W. Jones, Elementary Concepts of Mathe-
matlcs. New York, Maomlllan, 1947,p.141. 
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Zt helps a olear distinction of the partial 

algebraic ooneept at the high sohool level, froa the full 

mathematical aeanlng of tha concept, and by to auoh It la 

reflected in this study. 

H. J.P.Everett, The Fundamental Skills in Algebra. 
Teaohers' College, Columbia University, New York, 1926, 
pp vii-109. 

The author brings out the obscurity of the word 

"skill". "It is easy to recognise the person who possesses 

skill, but it is by no means easy to tell either what con-

prises the skill or how it aay be imparted to another. "^ 

Everett distinguishes clearly between the mani­

pulative skill and the associative skill, and presents 

the objective way in which the latter has been found as 

something distinct from the former. 

Into the solution of a simple equation In parti­

cular froa the cases of the following sort: 

Percent of Correct 
lesponeee r 
Hir.jls teal 

4x • 6 • 17 97.6 

8x m 6x • 12 89.3 

-* *• 2 - 6 64.3 

J - ft - 9 63.7 

it is evident that "there enters some ability that is out­

side of, and distinct froa, the ability to add, subtract, 

„ « * * V " V * ? * ! * ! TOM Fundamental s m i a j,n Algabra,, 
New York, Teaohers' Collage, Columbia University, 1928, p.8. 

?rvMff« Rogponeff U^fa 
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multiply, or divide. To abilities of this nature the 

name aasoolatlve skills apply".28 

In the case, for example, of the equation 3x » 14, 

"the real substance of the statement resides in the fact 

that the expression 3x » 14 means that the second number 

of the equation is 3 times x. The recognition of this 

fact Is the associative skill of this relationship".^ 

These are some of the examples quoted by the 

author to illustrate the distinctness of the two kinds of 

skill. 

But"elementary algebra requires that the pupil 

shall be able to add, subtract, multiply, and divide alge­

braic numbers, either as found in independent expressions 

or in equations".30 

Tha obvious conclusions would seem to be that the 

skill required from the pupil in algebraio computing should 

consist of both manipulative and associative skill. With­

out the latter the operation is not meaningful to th<9 

learner and deprives him of the ability to deal suooessfully 

fcith algebraio situations. 

Logically, the latter aspect should be reasonably 

reflected in the formulation of test-items, to measure the 

algebraio skill at High School level. 

Finally, it could probably be said rlphtly that the 

associative skill, being of "high order" - as it undoubtedly 

28 I b l d . t Chapter I I I , p . 1 6 . 
29 IpjLd^, p . 87 . 

30 i b i l . , p . 8 7 . 
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is - oan be olosely referred to the basio concept under­

lying the computation performed. The better and broader 

comprehension of the ooneept, the more likely la tha associa­

tive skill for computing with It. Furthermore, the more 

adequate the care in developing the assoolatlve skill In 

algebraio computations, the better and fuller will be the 

comprehension of the ooneept connected with it. This 

latter view, though not included in Everett's work, has been 

adopted as one of the ideas basic to the construction lines 

of the tests for this research. 

I. James <*. Umstattd, Secondary %tihwl Teaching, 
Boston, Olnn a Co., 1944, xll-488 p. 

The only bearing of tha content of this work on 

the present research is tha kind of method applied to it. 

The author sets forth convincingly the experimental method 

as "unquestionably the most valuable method of educational 

research".31 

In particular, the procedure of determining the 

significance of difference between the means for two groups 

of testess, which has been applied by the author in the 

chapter entitled "Equivalent-Group Method* has been applied 

to several similar oases In this researoh. 

The works of other authors on educational measure­

ment have also been of much help In applying the methods 

used in this research, but they are not quoted in the Blbllo-

grjuakJ. *s they do not aake for the research Itself. 

Oinn andgtoapany^!H^dp.|g8gndRry *&M* T w t t M i B«>^on 
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In summarising the review of available literature, 

it should be noted that all the more or las-? strong and 

convincing sua-pestions made by different scientists and 

authors as to the worthiness and appropriateness of the 

investigation on the concept-skill correlation in mathe­

matics, point at the fact that such investigation is 

necessary ?n& though it is considered by competent writers 

to be anything but an easy task, nonetheless it seems to 

be a purposeful effort. 

The objeotive investigation of the problem, however, 

requires tests as the tools of the work. The following 

chapter will present,the steps taken to evolve possibly 

adequate and accurate measuring devices. 



CHAPTER II 

CONSTRUCTION OF TH; TS3T8 

1. Choice of the Algebraic Material 

(Jrade XI Algebra material has been chosen for 

this Investigation as a representative material of the 

intermediate course of algebra. This is the lnvel at 

which familiarity with the prlaary algebraic oonoepts 

has already been achieved and at which computations with 

general symbols ar« fairly Independent from arithmetical 

skill in computation. At t is level the solution of 

algebraic problems rests rather with the algebraic in­

sight marked by knowledge of algebraic concepts and abili­

ties in using them in algebraio computations, leaving to 

the figures and arithmetical coaputing a relatively secon­

dary role. In that nrea appear distinctly the oonoepts 

of basic value with reference to the general role of 

algebra In education which lies in development of one's 

general intellectual ability in "verbal, mathematical and 

other abstraot and symbolic situations". 

Thus, the aspeots of symbolism: a, C,{,(,£, ) <(, 

p.s well as of generalization, in terms of formulas, and of 

y « ax, y » ax8 relations, and functionality - are all 

1 Edward L. Thorndike, et al.. The Frychology of 
Algebra. New York, Maomillsn, 1923, p.448. 
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included in eleventh grade algebra, and consequently in 

the tests. That choice of the algebraio material is also 

consistent with the principles generally brought out on 

the role of mathematios In general education. It is 

also consistent with the curriculum^ of high schools 

issued in 1952, and now in force in schools. Thus, the 

exact list of the material of instruction of algebra, con­

tained in the tests, is as follows: (1) Bracket as a symbol 

of algebraic wholeness; (2) concealed braoket; (3) power of 

a number: an; (4) square of a binomial (a • b) 2; (5) cube 

of a binomial (a • b)*5; (6) square, cube, and higher roots: 

y a » a , y* * a , ̂ a * a'"; (7) difference of squares 

(a2 - b 8); (8) sum and difference of cubes (a3 • b 3); 

(9) algebraio fraction; (10) ratio; (11) inverse of fraotion; 

(12) direct and inverse variation; (13) proportion; 

(14) linear equation: ax • by * c; (15) equation of the first 

degree; (16) quadratic equation ax2 + bx • o » 0, as a case 

of y * ax2 • bx • c; (17) graphic solution of the equations; 

(18) the highest common factor and the lowest common 

multiple. 

2 Progressive education Association, Mathematics 
in General Education. A Report of the Committee on the 
Function of Mathematios in General Education for the Com­
mission on Secondary £ohool Curriculum. New York, Appleton-
Century-Crofts, 1938, xlv-425 p. 

3 Ontario Department of Education, Courses of >tudyf 
Orndes XI and XII Mathematics. Issued by authority of the 
Minister of Education for the Province of Ontario, Toronto. 
1954, pp 3-10. 
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2. Tools for Objective Investigation 

No standardized tests for measuring the compre­

hension of algebraio concepts exclusively, nor for measur­

ing skill in algebraio computation, are available. The 
4 

existing standardized tests on algebra measure both the 

achievement in understanding the algebraio concept and In 

tha computational skill simultaneously, lacing only a 

greater emphasis on either of them, and dola* that according 

to their particular criteria and alms of testing. They serve 

mainly the improvement of instruction, methods of teaohing, 

and better organization of the material In the curriculum, 

or promotion <md guidance purposes. Moreover, they all 

employ the algebraic computation in their teat items for 

both kinds of achievement, in understanding and in computing. 

This fact represents a disadvantage as for the consideration 

of the mutual relation between the two main aspects of the 

problem. 

Therefore, two separate tests are needed for an 

investigation of th*» relation between th« understanding of 

the algebraio concepts and the skill in algebraio computa­

tions. The A^ebralo Concepts Te^t is to aerve mainly the 

4 Educational Testing '.service, The Cooperative 
Algebra Taata Manual of Directions. Princeton, Now Jersey, 
1951, 12 p. 

Science Research Associates, Sxamj.ner's Manual 
for the Basic Skll?.«f m Arithmetic Test. 57 w. Grand Ave., 
Chicago, 1945, 8 p. 

» Examiner's Manual for Tost 4 - Ability 
to do quantativa Thinking Chicago, 1951, 9 p. 
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measure of the comprehension of the concept, The Algebraio 

Skill Test is to measure mainly the ability in using the 

concept in algebraio computations. The first test is to 

measure mainly the power of understanding; the second 

test Is to measure mainly the power of 0'yration. In the 

chapters to follow, the first test will be called in short: 

Tb-e Concept-TestP and the seoond test will be called: The 

Skill-Test. 

The problem requiring an Immediate answer at this 

stage seems to be the exaot determination of the kind of 

problems in which the computational skill is to be exerted: 

the algebraio coaputing or solving the verbal problem? Both 

kinds, with a majority of the first type, are applied in 

the skill-test. This is done on the basis that algebraic 

computing employs very rouoh the same abilities needed for 

the solving of problems. Thorndike says: "In fact, alge­

braio computation involves very much the same abilities 

. 5 
that oroblem solving does". 

Tne main construction lines of the two tests are 

entirely different in one respect. The Concept-Test con­

sists basically of verbal questions and verbal dlstractors. 

The algebraic expressions û .ed in the Concept-Test do not 

entail any algebraic computations. The Jkill-Teat consists 

of algebraic expressions exclusively. Thus, the algebraic 

5 Thorndike eJLH., OP.OI*.. p.448. 
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computation is eliminated as far as possible from the 

Concept-Test, and placed only in the Skill-Test. An attenpt 

is made, therefore, in this experiment, to *void the disad­

vantage of the oommon computational aspect in both tests, 

which exists in all standardized tests. 

A random arithmetical computing employed in some 

Concept-Test Items is limited to a negligible extent in 

comparison with the weight of the algebraic aspeot involved 

in those items. 

3. Main Structure Lines of the Tests 

Both tests consist of sixty-five, four-choice items 

each. Their validity and reliability iq to be secured by 

application of all corrections derived from the tryout and 

their subsequent statistical evaluation. The procedure 

applied to thft purpose is shown in Appendix 2 and in the 

enclosed Manual and the Booklets of the tests. 

The criteria of measuring a given concept In The 

Algebraio Concepts Teat, and a correspondins? ability in The 

Algebraic 3kĵ ll Teat, are quoted In Appendix 2. An attempt 

has been made to fix thf»m on approximately three grades of 

difficulty. 

Each Conoept-Test item is assigned a po.ltion of 

one of the following three levels of difficulty: 

(1) Recognition of the concept; 
(2) Interpretation or evaluation of the concept; 
(3) Application of the concept. 
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Each "kill-Test item has been fixed respectively 

on one of the three grades of d i f f icul ty: 

(1) Coaputing oji the concept; (corresponding to the 
Recognition lovol above); 

(2) Coaputing g£ the oonoept: 'corresponding to the 
Interpretation or Evaluation level); 

(3) Computing b£ the concept (corresponding to the 

Application level, above). 

This difficulty-grading of the concepts la based 

on the findings of Thorndike, Ross,7 and Adkins8 In 

psychology and measurement in eduoation. 

It should, however, be made clear that this three-

step difficulty grading Is basically a tentative operation. 

Its Justification lies in logical and practical motives of 

a constructional nature. They correspond, in prinoiple, to 

the steps applied by the teachers of the schools concerned 

in actual teaching practice, and they «re, according to 

these teachers' opinion "measured-out" to fit the possi­

bilities of their nverage student. Thu?, they tend to 

conform to the two measurement-principles postulated by 

Ross: the average pupil in the group should "bake about 

50 PBT cent of the possible score"; and "about half of the 

group should 'know' the answer to each item, while the 

other half should not". 

6 Thorndike et al.. op.olt.. pp 126-131, 194-198, 328. 
7 C. C. Ross, Measurement in Today's Schools. New 

York, Prentice-Hall, 1954, pp 164-167. 

8 P. C. Adkins, Construction and Analysis of Achieve­
ment Tests. Washington DTCT., I).3.Government Printing Offloe, 
1947, pp 50-52. 

9 Ross, flp^li,., p. 148. 
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The lack of all three "steps of difficulty" with 

referenoe to some concepts In thn tests, is accounted for 

by finding in the preliminary tryouts somo Items to be 

too easy or too hard. 

The criteria underlying th* formulation of each 

Item in both tests are quoted in the t»st booklets on the 

right side of the items. (Appendix 2). They correspond 

to the three tentative grade difficulty levels, ond conse­

quently are mutually matched between the two tests, 

The methodology of the external appe.»ranoe of the 

test items os well as of the formulatlon of the problems 

and that of the dietractors is based mainly on the prin­

ciples stressed by Ross,^ and Adkins . Care has been 

taken to make the items simple and clear in their appear-

anoe, easily readable, containing no superfluous words and 

no ambiguity whatsoever, easy and clearly understandable, 

and containing a considerable particle of right answers in 

their distractors. The latter lnolude also tha nost fre­

quent mistakes made by pupils in their normal algebra 

oourse. 

4. Administration and Soorlng - Planned 

The principles of the administration and scoring 

of the tests are quoted in the enolosed Algebraio Tests 

10 Ross, oo.clt.. pp 179-186. 

11 Adkins, OP.olt.r pp 39-76. 
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Manual. Specifle directions for eaeh teat are singled out 

in the Teat Booklets (Appendix 2). 

Conferences with teachers on ourrlcular validity 

of the tests, and on all preliminary arrangements to aake 

a thorough organization of the whole testing procedure 

have been considered essential to the experiment. Roaa, 

time of beginning, the seating order, supply of pencils 

on hand, and above all, a good atmosphere for work and tha 

prevention of any disturbances during the testing, have 

been matters of care to be employed in the tryout and in 

the final administration of the tests. 

The teats have been planned to be administered to 

a representative group of the English-speaking Catholic 

High School population of 370 pupils of Grade XI Algebra 

course in the City of Ottawa, oonslsting of 220 boys and 

150 girls, ranging in age froa 15 to 17 years, and repre­

senting the accomplishments of two years algebra course-

work, as well as the noraal range of intelligenee quotients 

and that of educational achievement. Mo special selection 

of pupils has been planned for test purposes, as the 

ordinary conditions and oirouastanoes of everyday sohool 

situations have been considered of main importanoe for both 

testa. 

No tlae Halt for the tests has been provided. 

About sixty ainutes for each has been considered sufficient 

tlae for working out all sixty-five questions in each test. 
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Proctors have been used especially in those cases where 

the tests had to be administered in two or more rooms 

simultaneously. 

An answer key has been prepared for hand-scoring 

of the tests. It is simply an unused test booklet with 

the correct responses filled in. The scoring of the tests 

is objective and thus it could be done by any trained per­

son under supervision. One point of credit is given for 

each correct answer. The formula for guessing S = C - -̂  W 
o 

in computing total scores is to be applied according to 

Ross recommendation in case "some pupils have omitted a 

fairly large number of items, while others have omitted 

few". All counting of right and wrong answers requires 

re-checking. 

The degree of adequacy of all principles applied 

to the construction of both tests can be estimated in the 

light of the result of the tryout, and probably more 

clearly yet - because of the larger size of the group 

tested - in the final administration of the tests. 

12 Ross, op.olt.. p.158 



CHAPTER III 

TRYOUT AND FINAL ADMINISTRATION OF TESTS 

1. Trying Out the Tests 

Both tests were tried out in the City of Ottawa 

at St. Patrick's High Sohool for Boys, Grades XI-XII, with 

34 pupils for the Concept-Test and 31 pupils for the Skill-

Test, on the 22nd of February, 1956, and at the Immaculate 

High Sohool, with 25 Grade XI girl students for the Concept-

Test, and 25 girl students for the Skill-Test, on 27th and 

28th of February, 1956. 

The group was a homogenous saaple of the entire 

Grade XI-XII English-speaking population In both schools. 

Tha pupils ooae froa Ottawa and vicinity, and were not 

selected as to their origin, intelligence, abilities, etc. 

Their range of age is between 15 and 17 years. They have 

taken the same instruction course in algebra (l*-2 years) 

and have been taught basically by the same methods. The 

range of their XQ's Is basically noraal; the majority of 

the individuals ranging froa 90 to 110, with some (a number 

of 7-14JC) ranging higher. 

A larger group, though very desirable, was unobtain­

able for the tryout test due to organizational reasons in 

the institutions concerned. 
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Analysis for the validity of the items, by 27% hlgh-

and 27^ low-group method,* ^resented in Appendix 3, shows 

that there were six items in the '«onoept-Test, and five 

items in the Skill-Test, of doubtful usefulness, as the 

corresponding difforenoes between \he high and low responses 

were, in three oases, equal to zero, and in three cases 

equal to minus ono, in the Concept-Test; and similarly one 

oase equal to zero and five cases of small negative value 

in the Skill-Test. 

However, as tne size of the tryout proup was rnther 

small, the items have been left without change, as there 

seemed to be a Justifiable hope that the questionable Items 

might prove useful on a larger group of testeas. 

2. Final Administration of the Tests 

The group for the final administration of the tests, 

as stated in the preceding chapter, was Intended to be of 

370 pupils of both sexes of Grades XI-XII of the t-ntfllsh-

speakinp Catholic High School population of the City of 

Ottawa. The difference between irade XI and Grade XII 

pupils is only ext«ro»l. Grade XII puplln are virtually 

thoae, who, for organizational reasons in schools, have 

taken only Orede XI course in Algebra. The testing included 

only those pupils who "ceteris paribus" had taken the same 

instructional ocurse In Algebra. 

1 C.C.Ross, Measurement in Today's Schools. New York. 
Prentioe-^all, 1954, p.118. 



TRYOUT AND FINAL ADMINISTRATION OF THE TE3T8 31 

With this In mind, the tests were administered in 

four Ottawa High Schoolsi 

3t.Patrick'a High Sohool - to 168 boys, on 13 April 1956; 

Notre Dame Convent High £>ohool - to 22 girls on 19 April 1956 
(Skill-Teat) and on 21 March, 1956, 
(Concept-Test); 

Rldeau Convent -dgh School - to 53 girls on 19 April 1968 
(Skill-Test), and on 28 March 1956 
(Concept-Test); 

Aoadoay de USalle High School - to 39 boys on 13 April 1956 
(Concept-Test), and on 20 April, 
1956 (Skill-Test). 

However, for organizational reasons in schools, It 

was impossible to obtain more than 320 Grade XI-XII pupils 

for the final administration of the tests. 

For similar reasons, and because of the language 

fmotor in some schools, as well as for the advancement-

differential in the algebra Instruction course, a group of 

109 pupils, consisting of 87 boys from St. Patrick's High 

Sohool, and 22 girls from Notre Dame Convent, hat been 

chosen as the final representative group of the English-

speaking Grade XI Algebra students in the Catholic High 

School population of the City of Ottawa. 

This group, about twice the size of that used in 

the tryout tests, has been selected for final analysis of 

tha validity of the test items, and for determining the 

validity and reliability of the tests as a whole, as wall 

as for the investigation of the problea of the correlation 

as determined in the introduction to this thesis. 
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As there are no external criteria scores available 

for commuting the validity coefficients of the tests, the 

following procedure has been adopted: 

First, analysis of the difficulty of the whole test 

and the test items, on the basis of the whole final group 

of 109 testeas, has been made. 

The average scores made in both tests are computed 

in Tables I and II. They are 35.14 in the Conoept-Test, 

and 33.29 in the Skill-Test. As they are 54£ and bit of 

the maximum score possible, respectively, they seem to indi­

cate a near-satisfactory grade of difficulty of the two 

tests.2 

The difficulty of the test items has been computed 

in per cents in Appendix 4. There are two items of 0-15? 

and five Items of 85-99^ difficulty indices, which should 

have been, according- to ̂ oss? removed from the Concept-

Test. For the same reasons, three items of 0-15# and six 

items of 85-99# difficulty indices should have been removed 

from the Skill-Test. They have, owever, been retained 

because the difficulty of items is relatively unimportant 

In this type of test. 

A general picture of the dispersion of items-difficulty 

in both tests is presented graphically in Figure 1. loth 

graphs show that the extension of items difficulty, though 

2 Ross, ojâ all., P.160 

3 IS1&., P.119. 



TRYOUT AND KINAL ADMINISTRATION OF THri T'vaTB 33 

9 0 - 9 9 * / / / / 4 9 0 - 9 9 * / / / / 4 

80-89* 7U/ 7UI 10 80-89? //// / / 7 

70-79* / / / / / / 7 70-79* / / / / 4 

60-69* WJ /// 8 60-69* //// /// 6 
Concept- Jkill-

Test 50-59? //// //// 9 Teat 50-69* ///^ //// 9 

40-49* //// //// 9 40-49* //// //// 9 

30-39* ?M/ /// 8 30-39* //// /// 8 

20-29* ff// // 7 20-29* //// / 6 

10-19* // 2 10-19* >V// // 7 

0-9* / 1 0-9* /// 3 

Total 65 items Total 65 item 

Figure 1. Illustration of the extent of Iteas 
Difficulty Indices on the Two Tests. 
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not perfeot, seems to apnroaoh a desirable normal extension 

nearly satisfactorily. The main pile-up of the Items falls 

almost symmetrically down towards the two ends of the soals, 

and contains a number of nearly 45 items, out of 65, within 

the ran/e of the middle 68.2* of the scale. The main dis­

tortion occurs at the sector of the easiest items, and that 

seem to have some partial Justification in the fact that 

some of the easiest items have been purposely placed at 

the beginning of the testa. 

As there could be no certainty as to whether the 

cause of that distortion rested only *lth the tests.themselves, 

and as the difficulty of a mastery and diagnostic test is 

determined, aooordlng to Ross,4 by "the importance of the 

subject matter than that its difficulty", no items were 

disregarded at the final scoring of the tests. 

3. - Coefficient of Reliability of the Testa 

The reliability coefficient of the Concept-Test was 

found by the test-retest method. 

The group of thirty pupils from 3t.Pa trick's High 

School was used for this purpose. Appendix 5 contains the 

names of the students and the scores they obtained on the 

test on February 22, 1966, and on April 13, 1956. The 

coefficient of correlation was computed in the Correlation 

Chart in Appendix 5, and found equal to 0.80. This falls 

4 R*«9» QP.olt.. pp 148-149, and p.160. 
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within the bracket which, according to Guilford, is a 

desirable coefficient of correlation. 

As the size of the group tested was rather small, 

and as aeaory and instructional factors oould also have 

been Involved in the case, the ooeffloient of reliability 

found seems to be acceptable. 

The coefficient of reliability of the Skill-Test 

was not ooaputed, because a group of at least thirty atudents 

was not obtainable for organizational reasons in schools. 

However, as the validity of a test Is much more Important 

than its reliability and, furthermore, as the validity of 

the two tests has been found basically equal, it seems Justi­

fiable to assume that the reliability of the Skill-Test 

would not be inferior to that of tha Concept-Test. 

4. - Usability of the Tests 

The two tests proved te be rather easy to administer. 

At any rate, no remarks on the impracticability of the tests 

have been aade by teaohers or pupils. In particular, there 

have been no complaints raised about insufficient informa­

tion in the Tests Manual, or obscurity of instructions and 

of questions in the test booklets. 

The simple soaring procedure applied Is to be des­

cribed next. 

5 J.P.Guilford, Fundamental .Statistics In Psyoholocrv 
and Education. 2nd ed., New York, MoOraw-Hlll, 1950, p.166. 



CHAPT..L IV 

SCORING AND CORRELATING THS TWO SETS OF 
TKST 3COK23 

1. - Soorlng Procedure 

The tests have been scored by the technique 

deeorlbed in the Algebraio Tests Manual contained in 

Appendix 2. 

The formula for guessing has not been applied to 

final soorlng, because, according to Ross,1 there was no 

fairly large number of Items "omitted by some pupils, while 

others have omitted few" as well as "practically all the 

testees have attempted every item", thus making the formula, 

2 
according to D. Adkins, unnecessary. 

2. - Determining the Nature of the Distributions 

The final group for the investigation of the prob­

lem of correlation consists of 109 pupils of St. Patrick's 

»nd Notre Daae Convent High Schools, vhoie nameA and soores, 

obtained on both tests, are listed in Appendix 6. The 

1 C.C.Ross, Measurement in Today's Schools. New 
York, Prentice-Hall, 1964, p.158. 

2 r.C.Adkins, Construction and Analysis Qf Achieve­
ment Tests, waehington, D.C., U.S.Government Printing Office, 
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t e s t booklets of that f inal group, 109 in number, of the 

Conoept-Test, and 109 of the Ski l l -Test , are also 

enclosed. 

Tablet I and II present the two frequency d i s t r i ­

butions and coaputatlons of means and standard deviationt. 

To determine the nature of the distributions, their 

noraality or non-normality i s to be deteralned f i r s t . If 

the distributions on both tes t s turn out to be normal, 

according to Guilford,3 their l ineari ty wi l l be promoted. 

The answer to the problea i s furnished by analysis 

of the frequency distributions of the sets of scores 

obtained on both t e s t s . 

Table I furnishes the data needed for the analysis 

of soores obtained on the Concept-Test. 

* „* 3^ J.P.Guilford, Fundamental ^f tUlUPJ Xn P§yoft*olQKy 
»nd £,duaatloar 2nd ed. , New York, McGraw-Hill, I960, p.314. 
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Table I . - A Grouped Frequency Distr ibution of the Algebr ajlo Concept-Test 

Score 

59 
51 
48 
47 
46 
45 
46 
44 
44 
43 
43 
43 
43 
43 
43 
43 
42 
42 
42 
42 
41 
41 
41 
41 
41 
41 

Rank 

1 
2 
3 
4 
5 
6 .5 
6 .5 
8 .5 
8 .5 

13 
13 
13 
13 
13 
13 
13 
18.5 
18 .5 
18 .5 
18 .5 
23 .5 
23.5 
23 .5 
23.5 
23 .5 
23.5 

Soore 

40 
40 
40 
40 
39 
39 
39 
38 
38 
38 
37 
37 
37 
37 
37 
37 
37 
36 
36 
36 
36 
35 
35 
35 
35 
35 

Rank 

28.5 
28.5 
28.5 
28.6 
32 
32 
32 
35 
35 
35 
40 
40 
40 
40 
40 
40 
40 
45 .6 
45 .5 
45 .5 
45.5 
54.5 
54 .5 
54.6 
54 .5 
54.5 

Soore 

35 
35 
35 
35 
35 
35 
35 
35 
35 
34 
34 
34 
34 
34 
34 
34 
33 
33 
33 
33 
33 
33 
32 
32 
31 
31 

Rank 

54.5 
54.5 
64.5 
54.5 
54.5 
54.6 
54.5 
54.5 
54.5 
65 
65 
66 
66 
65 
66 
65 
71.5 
71 .5 
71.5 
71 .5 
71 .5 
71 .5 
75.5 
75.5 
80 
80 

4V 

Soore Rank 

31 
31 
31 
31 
31 
30 
30 
30 
30 
30 
29 
29 
28 
28 
28 
28 
28 
27 
27 
27 
27 
26 
26 
25 
25 
25 

80 
80 
80 
80 
80 
86 
86 
86 
86 
86 
82 .5 
82 .5 
93 
93 
93 
93 
93 
97 .5 
97 .5 
97 .5 
97 .5 

100.5 
100.5 
103.5 
103.5 
103.5 

Score Rank 

25 
23 
22 
21 
18 

Soores 
X 

57-59 
54-56 
51-53 
48-50 
45-47 
42-44 
39-41 
36—38 
33-35 
30-32 
27-29 
24-26 
21-23 
18-29 

103.6 
106 
107 
108 
109 

I Mdpt 

58 
55 
52 
49 
46 
43 
40 
37 
34M 
31 
28 
26 
22 
19 

f. 

1 
0 
1 
1 
4 

13 
13 

4 

m 8 
s S 
1 

*=te9 

fX 

58 
0 

52 
49 

184 
559 
520 
518 
918 
434 
336 
125 

66 
19 

jfX. ~3,838 

h i g h e s t 

Lowest ; 

Range » 

aoore 59 

Soore 18, 

Difference + 1 » 42 

Class I n t e r v a l 1 

» 
( d e v i a t i o n ) ' X 

82.7 
19 .7 
16 .7 
13 .7 
10.7 

7 .7 
4 . 7 
1.7 

- 1.2 
- 4 . 2 
- 7 .2 
- 10 .2 
- 13. g 
- 16 .2 

22.7 
0 .0 

16 .7 
13 .7 
4 3 . 1 

101.2 
62 .2 
25.0 

- 32.6 
- 58.9 

- 79 .2 
- 61 .2 
- 39 .6 
- 16 .2 

Z% 

Rawse 
Number of c l a s s e s * 

f 2 

515.29 
0.00 

278.89 
187.69 
461.17 
779.24 
292.34 

42.50 
39.12 

247.38 
570.24 
624.24 
520.20 
262.44 

2 * 4820.74 

14 * 3 

Standard 
^0- deviat ion 

Mean- * 35.211 

= 6.7 
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When outtlng off the standard deviation 0^'• 6.7 

on both sides of the mean rounded to 35.2 an interval from 

41.8 to 28.6 is obtained. Seventy-four scores, equal to 

68.2#, of N - 109, should fall Into this interval. In 

reality, about seventy soores are covered by that interval, 

and this is the first indication that the distribution 

approximates noraality. 

Moreover, when outting off two (j£ on both sides 

of the mean, an interval from the midpoint, 18, to the aid-

point, 53, is obtained. This Interval contains 108 scores 

which approximates 95.4^ of all soores, thus furnishing an 

additional indication of the near-normality of the distri­

bution. 

A grouped frequenoy distribution of the Algebraic 

Skill-Test Is presented in Table XX. 

The analysis of data in Table XX follows the pattern 

of that in Table X. 
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Table I I . - A Grouped Frequenoy Distribution of the Algebraic Skill-Teat 

40 

Soore Rank Score Rank Soore Rank Soore Rank 

57 
51 
49 
49 
47 
47 
46 

43 
42 
42 
42 
41 
41 
41 
41 
40 
39 
39 
39 
39 
38 
38 
38 
38 
38 
38 
37 
37 
37 
37 
37 
37 

T 

1 
2 
3.5 
3.5 
5.5 
5.5 
7 
8 
9 
11 
11 
11 
14.5 
14.5 
14.5 
14.5 
17 
19.5 
19.5 
19.5 
19.5 
24.5 
24.5 
24.5 
24.5 
24.5 
24.5 
30.5 
30.5 
30.5 
30.6 
304 5 
30.5 

36 
36 
35 
36. 
35 
35 
35 
34 
34 
34 
34 
34 
34 
34 
34 
33 
33 
33 
32 
32 
32 
32 
32 
32 
32 
31 
31 
31 
30 
30 
30 
30 
30 

Standard 
deviation 

34.5 
34.5 
38 
38 
38 
38 
36 
44,5 
44.5 
44.5 
44.5 
44.5 
44.5 
44.5 
44.5 
50 
50 
60 
55 
56 
55 
55 
55 
55 
55 
60 
60 
60 
65,5 
66,6 
66.5 
65.5 
65.5 

30 
30 
30 
29 
29 
29 
29 
29 
29 
28 
28 
27 
27 
27 
27 
27 
27 
27 
26 
26 
26 
26 
25 
25 
24 
24 
24 
23 
23 
23 
23 
22 
22 

65.5 
65,5 
65.5 
72.5 
72.5 
72.5 
72.5 
72.5 
72.6 
76.5 
76.5 
81 
81 
81 
81 
81 
81 
81 
86 
86 
86 
89 
89 
89 
92 
92 
92 
95.5 
95.5 
95.5 
95.5 

Mean 

22 
21 
21 
21 
21 
21 
20 
18 
15 
14 

103 
103 
103 
103 
103 
106 
107 
108 
109 

• H 

Scores 
1 

Highest Soore 

Lowest Soore 

57 

14 

Range * Differ enoe + 1 » 44 

Claea Interval i flange , ,,, 
Number of olassea 

Mdpt f v f 
* deviation) V 

57-59 
54-56 
51-53 
48-50 
45-47 
42-44 
39-41 
36-38 
33-35 
30-32 
27-29 
24-26 
21-23 
18-20 
15-17 
12-14 

32.265 

68 
55 
52 
49 
46 
43 
40 
37 
34 
31 
28 
25 
22 
19 
16 
13 

1 
0 
1 
2 
3 
5 
9 

14 
16 
18 
15 

9 
12 

2 
1 
1 

M»l09 

58 
0 

62 
98 

138 
215 
360 
518 
544 
558 
420 
225 
264 

38 
16 
13 

^ y -
3517 

25.7 
22.7 
19 .7 
16 .7 
13.7 
10 .7 

7 .7 
4 . 7 
1.7 

- 1 .8 
- 4 . 2 
- 7 . 2 
- 1 0 . 2 
- 1 3 . 2 
- 1 6 . 2 
- 1 9 . 2 

25 .7 
0 . 0 

19 .7 
33 .4 
4 1 . 2 
53 .6 
6 9 . 6 
66 .2 
27.7 

- 2 2 . 7 
- 6 3 . 9 
- 6 5 . 3 

- 1 2 3 . 1 
- 2 6 . 6 
- 1 6 . 2 
- 1 9 . 2 

£rz 

660.49 
0 .00 

388.09 
557.78 
564.44 
573.52 
536.92 
311.14 

47.09 
27.24 

268.38 
470.16 

1255.62 
344.80 
262.44 
368.64 

«• 6635.75 

1 /HT -]/<B0.87 = ^ f 
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The standard deviation (%* 7.82 (the sigma of the 

Skill-Test), when out off on both sides of the mean: 

M8 * 32.265, produoes an interval ranging froa the midpoint 

40 to the midpoint 24, and containing 76 soores which is 

almost exactly 68.2# of the total number of oases. This 

chows that the frequency distribution Y approximates the 

normal. The double (f^ which equals 15.64 units, when cut 

off on both sides ef the mean, furnishes the interval 

ranging from the midpoint 47 to the midpoint 16, and oovers 

104, or 95.0, of the total number of oases. This in turn 

seems to indicate the normality of the distribution Y too. 

As the numbers of oases on both sides of the mean 

form an almost symmetrical pattern (9,14,16 or 9,15,18), 

the near-normality of the frequenoy distribution Y seems 

to be aaaaptabla. 

3.- Coefficient of Correlation of the Two Bets of Soores 

As the near-normality of distributions X and Y may 

promote their linearity, and as both distributions may be 

regarded as continuous, tha ooefflclent of correlation of 

the two sets of soores can be computed. For this purpose, 

tha Dayhaw Correlation Chart is used, as presented in 

Appendix 7. 

5 
According to Guilford, the coefficient of corre­

lation being 0.70 indicates that there la a positive 

* Ifel&w, p. 314. 
5 Ibid., p.165. 
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•moderate correlation" and a direct "substantial relation­

ship* between the two distributions, and between the mastery 

of algebraio oonoepts and oomputational skills based on them 

respectively. In reality, the rxy found equals 0.7044, 

thus being larger than 0.70; and this, according to Guilford, 

will indicate "high correlation; marked relationship". The 

latter sterns to be the more acceptable, as the correlation 

ratio 1 xy " 1 yx * 0.73, being the maximum size of correla­

tion index for any set of data, seems to supply a definite 

'ndloation of that kind of relationship. 

Xn the case considered the size of the group, N » 109, 

exceeds the number of classes Ix « 14, and Ky * 16 consider­

ably. Thus, the Chi-Square test can be applied® to determine 

the linearity of the regression. Taking the numbers of 

freedom (K, - 2) and & y - 2), the probability levels of 

about .75 and .90 respectively are found by interpolation 

from the Chl-Square tobies. They correspond to -v 2 » 7.99 

and V 2 • 7.79 for variables X and Y respectively, end, as 

they are definitely smeller than the required Chi-Squares 

at the 6 (and even at the 11 and 13) per cent levels, the 

hypothesis of normality of the distributions seems to be 

quite aeaaptabla. 

The known values of the coefficient of correlation 

and of the means and standard deviations of the two distri­

butions make it possible to determine now which of the tests 

is more difficult for the group tested, as well as whether 

6 Ibjfl,,, p.320. 
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that difficulty-difference be significant or not. The 

answer to that problem is given by determining the signi­

ficance of difference between the means of the two perfor­

mances by applying the formula for computing the value of 

the ratlot 

D n 

<7tf 
>-J' • (Tim - 2r„ ^C« 0~L. 'no as cs ®o vms 

where D is the difference of the moans (35.21 and 32.26) and 

0~^ is the standard error of that difference. 

The standard errors of the means are: 

«0 * * 0.63 

and (7IR * ""̂ JL «• 0.74 

thus, the value of -*?T * 
-y 0.3939*0.5476-2 y 0 . 7 * 0.4662 

0.1 

* 6.3 

Tha deteralned value of the ratio -J~ being larger than 3,7 

provides the basis for stating that the difference between 

the means of the performances on the two tests Is signifi­

cant, and consequently that the Bkill-Test is significantly 

harder than tha Conoept-Test. 

Having established this basic faot, further steps 

for vertical and horizontal comparison of the performances 

on the two tests oan be taken. 

7 Adkins, jauaii., pp 132-133. 



CHAPTER V 

VERTICAL AND HORIZONTAL COMPARISON BY THE 
THRES-GROUP DIVISION METHOD 

The correlation between the two sets of soores is 

to be investigated now in a two-way analysis! 

(a) A Vertical Analysis - consisting of the compari­

son of three sub-groups in each test separately, 

i.e. ocapering the upper with the middle, and 

the middle with the lower group in both the Con­

cept-Test and the Skill-Test. 

(b) A Horizontal Analysis' - consisting of the compari­

son of the performance of the upper concept group 

on the Concept-Test, with its performance on the 

Skill-Test, and of the performance of the middle 

and lower concept groups with their performances 

on the Skill-Test. 

The same oomparison is to be made for three 

skill groups. 

1. Data for Comparisons 

To divide the whole test groups into three comparable 

groups, upper, middle, and lower, ranking of the raw soores 

and computation of the peroentiles and standard soores are 

needed. This has been done in Appendix 8, and all the data 
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obtained have been arranged in Tables III and IV. The 

first of these. Table XIX, presents the set of soores on 

the Concept-Test, and the second, Table XV, the set of 

soores on the Skill Test. 

In each table, the upper group oonslsts of 36 indi­

viduals, from No.l to No. 36; the middle group consists of 

36 individuals from No.37 to No.72, and tha lower group of 

37 Individuals from Mo.73 to No.109. The numbers in 

Tables III and XV correspond In eaah test to the names of 

the individuals as listed in the basio list of names in 

Appendix 6. 
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Table XXX. - Tabulation ef Raw uoores, Ranks, Percentiles, 
and Moraallaad Standard Scores of the Final 109 Pupils on tha Alge­
braic Concept Test. 

Name 
No. 

1 
2 
5 
4 
6 
6 
7 
6 
9 
10 
11 
12 
18 
14 
16 
16 
17 
16 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
90 
31 
32 
36 
34 
35 
36 

37 
36 
39 
40 
41 
42 
43 

Soores 
in 

Concepts 

59 
51 
46 
47 
46 
46 
46 
44 
44 
43 
43 
43 
43 
43 
43 
43 
42 
42 
42 
42 
41 
41 
41 
41 
41 
41 
40 
40 
40 
40 
39 
39 
36 
36 
36 
36 

37 
37 
37 
37 
37 
37 
37 

Skills 

67 
47 
61 
42 
41 
37 
34 
41 
27 
49 
46 
36 
36 
29 
36 
27 
44 
37 
37 
34 
54 
40 
42 
36 
37 
32 
47 
46 
36 
32 
36 
30 
32 
16 
39 
33 

41 
34 
34 
37 
30 
31 
30 

Conce 

1 
2 
3 
4 
5 

Rank 
in 

pts 

6.5 
6. 
6. 
8. 
13 
13 
13 
13 
13 
13 
13 
18. 
18. 
18. 
16. 
23. 
23. 
S3. 
23. 
23. 
23. 
28. 
26. 
28. 
28. 
32 
32 
32 
36 
36 
36 

40 
40 
40 
40 
40 
40 
40 

5 
6 
6 

6 
5 
5 
5 
5 
5 
5 
5 
5 
6 
6 
5 
6 
6 

Skills 

1 
6.6 
2 
11 
14.5 
30.6 
44.6 
14.6 
81 
3.5 
3.5 
24.5 
19.5 
72.8 
24.6 
81 
6 
30.5 
30.6 
44.5 
44.6 
17 
11 
24.6 
30.5 
55 
5.6 
7 
36 
55 
24.5 
66.6 
55 
107 
19.6 
60 

14.5 
44.5 
44.5 
30.5 
66.5 
60 
65.6 

Percentile 
In 

Concepts 

99.5 
98,6 
97,7 
96.7 
96.8 
94.4 
94.4 
92.6 
92.6 
88.5 
88.5 
88.6 
88.6 
88.5 
88.6 
88.6 
83.4 
83.4 
83.4 
83.4 
78.8 
78.8 
76.6 
78.8 
78.8 
78.8 
74.3 
74.3 
74.3 
74.3 
71.1 
71.1 
71.1 
68.3 
68.3 
68.3 

63.7 
63.7 
63.7 
63.7 
63.7 
63.7 
63.7 

Skills 

99.5 
95.4 
98.6 
90.3 
87J. 
72.4 
59.6 
87.1 
26.1 
97.2 
97.2 
77.9 
82.5 
33.8 
77.9 
26.1 
93.1 
72.4 
72.4 
59.6 
59.6 
64. 8 
90.3 
77.9 
72.4 
50 
96.4 
94 
66.6 
50 
77.9 
40.3 
60 
2.2 
82.5 
54.5 

87.1 
59.6 
59.6 
72.4 
40.3 
45.4 
40.3 

,.',im, ' ••••.T..-.-..— iil,^'.„',il'llr.^i»u. 

Normalised 
Standard Soore 

in 
Concepts 

2.60 
2.80 
2.00 
1.84 
1.73 
1.59 
1.69 
1.46 
1.45 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
0.97 
0.97 
0.97 
0.97 
0.80 
0.80 
0.60 
0.80 
0.80 
0.80 
0.66 
0.65 
0.66 
0.65 
0.56 
0.65 
0.66 
0.47 
0.47 
0.47 

0.35 
0.36 
0.35 
0.36 
0.35 
0.36 
0.35 

Skills 

2.60 
1.69 
2.20 
1.30 
1.14 
0.66 
0.24 
1.14 
-0.64 
1.91 
1.91 
0.77 
0.93 
-0.41 
0.77 
-0.64 
1.46 
0.59 
0.69 
0.24 
0.24 
1.03 
1.30 
0.77 
0.69 
0.00 
1.69 
1.36 
0.26 
0.00 
0.77 
-0.02 
0.00 
-2.00 
0.93 
0.11 

1.13 
0.24 
0.24 
0.69 
-0.26 
-0.12 
-0.25 
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Table III. - Tabulation of Raw Scores, Banks, Percentiles, 
and Normalised standard rjoorea of tha Final 109 Pupils on tha Algebraio 
Concept-Test 

Name 
No. 
n w . 

44 
45 
46 
47 
46 
49 
60 
51 
52 
63 
54 
55 
56 
57 
66 
59 
60 
61 
62 
63 
64 
66 
66 
67 
66 
69 
70 
71 
72 

73 
74 
76 
76 
77 
78 
79 
80 
81 
82 
83 
84 
86 

Scores 
on 

Concepts 

36 
36 
36 
36 
35 
36 
36 
35 
35 
35 
35 
36 
35 
35 
36 
36 
36 
35 
34 
34 
34 
34 
34 
34 
34 
33 
33 
33 
33 

33 
33 
32 
32 
31 
31 
31 
31 
31 
31 
31 
30 
30 

Skills 

28 
34 
31 
33 
29 
37 
34 
30 
29 
30 
41 
36 
32 
43 
42 
35 
30 
27 
22 
36 
39 
29 
26 
34 
36 
23 
23 
27 
26 

33 
39 
29 
26 
30 
26 
38 
30 
27 
27 
21 
26 
32 

Rank 
In 

Oanaapts 

45.5 
45.5 
46.6 
46.5 
54.5 
54.5 
54.5 
34.6 
54.5 
54.6 
54.5 
54.5 
54.5 
64.5 
54.5 
54.6 
54.5 
54.5 
66 
65 
65 
66 
65 
65 
65 
71.5 
71.5 
71.6 
71.5 

71.6 
71.5 
75.6 
75.6 
60 
80 
80 
80 
80 
80 
80 
86 
86 

Skills 

76.5 
44.6 
60 
60 
72.5 
30.6 
44.5 
65.6 
72.8 
65.5 
14.5 
34.6 
56 
9 
11 
38 
65.5 
61 
99 
34.5 
19.5 
72.5 
89 
44.8 
38 
96.5 
95.5 
81 
89 

60 
19.5 
72.5 
86 
66.5 
89 
24.5 
66.6 
81 
81 
103 
86 
55 

Percentile 
la 

Oonoapts 

58.7 
58.7 
56.7 
58.7 
50.4 
50.4 
50.4 
60.4 
50.4 
50.4 
60.4 
60.4 
50.4 
50.4 
60.4 
50.4 
50.4 
60.4 
40.8 
40.8 
40.8 
40.8 
40.8 
40.8 
40.8 
34.8 
34.8 
34.8 
34.8 

34.6 
34.8 
31.1 
31.1 
27 
27 
27 
27 
27 
27 
27 
21.6 
21.5 

Skills 

30.2 
59.6 
45.4 
54.5 
33.9 
72.4 
59.6 
40.3 
33.9 
40.3 
87.1 
68.8 
60 
92.2 
90.3 
65.5 
40.3 
26.1 
9.6 
68.8 
82.5 
33.9 
18.8 
59.6 
65.6 
12.8 
12.8 
26.1 
18.8 

64.5 
82.6 
33.9 
21.5 
40.3 
18.8 
77.9 
40.3 
26.1 
26.1 
5.9 
21.5 
50 

Normalized 
Standard Score 

in 
Oonaapts 

0.22 
0,22 
0.22 
0.82 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
-0.23 
-0.23 
-0.23 
-0.23 
-0.23 
-0.23 
-0.23 
-0.39 
-0.39 
-0.39 
-0.39 

-0.39 
-0.39 
-0.48 
-0.48 
-0.61 
-0.61 
-0.61 
-0.61 
-0.61-
-0.61 
-0.61 
-0.79 
-0.79 

Skills 

-0.82 
0.24 
-0.12 
0.11 
-0.41 
0.59 
0.24 
-0.25 
-0.41 
-0.25 
1.13 
0.44 
0.00 
1.42 
1.30 
0.40 
-0.41 
-0.64 
-1.30 
0.44 
0.93 

-0.41 
-0.88 
0.24 
0.40 
-1.13 
-1.13 
-0.64 
-0.88 

0.11 
0.93 
-0.41 
-0.79 
-0.26 
-0,88 
0.77 
-0.26 
0.64 
-0.64 
-1.56 
-0.79 
0.00 
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Table XIX. - Tabulation of "aw cores, Ranks. Peroentiles, 
and Normalised standard Soarss of the Final 109 Pupils on the Algebraio 
Coneept-Test (Continued) 

Name 
Ma. 

66 
87 
88 
89 
90 
91 
92 
93 
94 
96 
96 
97 
96 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 

Soore 
on 

Concept a 

30 
30 
30 
29 
29 
28 
28 
26 
28 
28 
27 
27 
27 
27 
26 
26 
25 
25 
25 
26 
23 
22 
21 
18 

8 

Skills 

35 
28 
24 
20 
22 
26 
32 
35 
23 
21 
16 
29 
24 
38 
27 
31 
23 
24 
32 
21 
21 
21 
14 
22 

= 3 = 3 = = 

Rank 
i n 

Concepts 

86 
86 
86 
89.6 
69 .6 
93 
93 
93 
93 
93 
97 .8 
97 .8 
97 .8 
97 .6 

100.5 
100.6 
103.6 
103.6 
103.5 
103.6 
106 
107 
108 
109 

"Skills 

36 
76.5 
92 

106 
99 
66 
56 
36 
95 .5 

103 
106 

72.5 
92 
24.6 
81 
60 
96 .5 
92 
55 

103 
103 
103 
109 

99 

Percent i l e 
i n 

Concepts 

21.6 
21.6 
21.6 
18 .3 
1 8 . 3 
15 .1 
1 5 . 1 
15 .1 
1 5 . 1 
1 6 . 1 
11 
11 
11 
11 

8 . 2 
8 . 2 
6 .6 
5 .6 
6 .6 
6 .6 
3 .3 
2 .2 
1 .3 
0 . 4 

skills 

66.8 
30 .2 
16 

3 . 2 
9 . 6 

21 .5 
60 
65 .5 
12 .6 

5 .9 
1 .3 

33 .9 
16 
77.9 
26 .1 
45 .4 
12 .8 
16 
50 

6.9 
5 .9 
6 .9 
0 . 4 
9 . 6 

No retail sad 
Standard Score 

i n 
Oonoapts 

- 0 . 7 9 
- 0 . 7 9 
- 0 . 7 9 
- 0 . 9 0 
- 0 . 9 0 
- 1 . 0 3 
- 1 . 0 3 
- 1 . 0 3 
- 1 . 0 3 
- 1 . 0 3 
- 1 . 2 6 
- 1 . 2 5 
- 1 . 2 6 
- 1 . 2 5 
- 1 . 4 0 
- 1 . 4 0 
- 1 . 6 0 
- 1 . 6 0 
- 1 . 6 0 
- 1 . 6 0 
- 1 . 8 6 
- 2 . 0 0 
- ? . 2 0 
- 2 . 6 5 

S k i l l i 

0 .40 
- 0 . 8 5 
- 1 . 0 0 
- 1 . 8 8 
- 1 . 3 0 
- 0 . 7 9 

0 .00 
0 .40 

- 1 . 1 3 
- 1 . 6 6 
- 2 . 2 0 
- 0 . 4 1 
- 1 . 0 0 

0 .77 
- 0 . 6 4 
- 0 . 1 2 
- 1 . 1 3 
- 1 . 0 0 

0 .00 
- 1 . 5 6 
- 1 . 6 6 
- 1 . 6 6 
- 2 . 6 5 
- 1 . 3 0 
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The foregoing data furnish a comparable basis for 

examining the raw scores from the two tests. 

2.- Comparison within a Test - Vertical 

Comparison of the standard scores contained in Table 

III shows that 

(a) in the upper group of the Concept-Test, there are 

26 oases of scores, 25 larger and 1 equal to, their 

soores in the Skill-Test, leaving only 10 cases of 

smaller aeores; 

(b) in tha middle group of the Concept-Test, there are 

22 eases of soores larger than the corresponding 

scores in the Skill-Test, thus leaving only 14 oases 

of smaller soores; and 

(o) In the lower group of the Conoept-Test there are 13 

cases of scores, 12 larger and 1 equal to their 

corresponding scores in the Skill-Test, leaving 24 

smaller soores. 

Consequently, out of the 109 oases comprising the whole group 

there are 61 oases of soores, 59 greater and 2 equal, in the 

Conoept-Test as against those in the Skill-Test, end 48 oases 

with lower soores in the Concept-Test than in the Skill-Test. 

This seems to lend itself to a three-fold Interpre­

tation: 

(a) The Concept-Test was in general easier for the upper 

oonoapt-group than the Skill-Test, as more than 
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two-thirds of all their soores in Oonoepts are 

higher than in Skills. 

(b) For the middle group in the Concepts, the Concept-

Test was generally easier than the Skill-Test, as 

a little less than two-thirds of all their scores 

in Concepts are higher than in Skills. 

(0) For the lower group In the Concepts, the Concept-

Test, generally, was more difficult than the Skill-

Test, as a third of all their soores in the Concepts 

are larger than in Skills. 

The difficulty of the Conoept-Test grows when going 

froa the strongest across the middle to the weakest group of 

testees. This if natural. However, some additional questions 

should be answered to determine this trend beyond doubt: 

(1) Does this increase in difficulty occur In both 

the Concept and the Skill-Test, or only in one of 

them; and 

(2) Are the differences of the difficulty of the three 

sub-groups significant in both tests, or not? 

To answer these questions, the significance of the 

differenoe j>, between the means of the upper and the middle 

groups in the Conoept-Test Is to be determined first. The 

formula <2= • .. ^ ? 9 , where ^ is the standard 

error of the differenoe between two means, and ^ L * —-i 
si*-* ST"* 

and (7*2 » ~£s are the standard errors of the means Mx and 

Mg respectively, is to be used here. 
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Tha necessary data have bean computed in Appendix 9, 

Tables XX and X. 

Ml - 40.41 M2 » 35.08 

D - 5.33 

(7} m 4.08 tff» 1.22 

Thus, m - J ^ ? -0.68; *2 « **§l « 0.20 
T36 "2 fW 

JL. m §L*2$. . 5,33 6.33 „ 8 79 
°* 1/ 0.68* «• 0 .20 2 V 0.46 • 0.40 * ° » 9 S «"S~,fc-

and th i s , being larger than 3, proves that the differenoe of 

the means i s s ignif icant, and oonsequently that the d i f f icu l ty 

of the Concept-Test i s significantly greater for the mlddl* 

group than for the upper group on that teat . 

Similarly, the difference between the middle group 

and the lower in the Concept-Test i s investigated subsequently. 

The computational deta i l s are presented in Appendix 9, Tables 

X and XX. 

M2 * 36.08 

D - 7.00 

(7^ m 1 .22 

Thus, {Tig - 0 .20; *H 

-eL- 7.00 

M3 - 26.08 

0^ » 3.40 

737" 6.082 0.55 

- r r r * J •jiwiw — j . • „ i " > W i _ 7 i Q 

and this, being larger than the critical ratio 3, shows 

definitely that the differenoe of the means is significant, 

1 p. Adkins, Construction and Analysis of Achievement 
lasia*. Washington, D.C., U.S.Govt.Printing Office, 1947, p.132 

2 *.wlflt.i p.132. 
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and oonsaquantly that the difficulty of the Conooot-Tost 

Is significantly greater for the lower group than for the 

middle group on that teat. 

In its turn, the Skill-Test will be investigated 

with referanoa to the same difficulty grading aspect, within 

the three sub-grouas (upper, middle and lovar) of the whole 

group tested. 

Table IV presents the rank-arrangement of soores 

of the Skill-Test, and tha corresponding Conoept-Test 

soores, percentiles and normalised standard soores. 
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Table IV. - Tabulation of Raw Soores, Ranks. Peroentiles 
snd Normalised Standard Saoree on the Algebraic Skill Test, 

No OB 
Skills Concepts Skills Concept* Skills Concepts Skills Concepts 

1 
2 
5 
4 
6 
6 
7 
6 
6 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
52 
33 
34 
36 
36 

37 
36 
39 
40 

87 
51 
49 
49 
47 
47 
46 
44 
43 
42 
42 
42 
41 
41 
41 
41 
40 
39 
39 
39 
39 
38 
38 
36 
38 
38 
38 
37 
37 
37 
37 
37 
37 
36 
36 
36 

36 
36 
36 
36 

59 
46 
43 
43 
51 
40 
40 
42 
35 
41 
35 
47 
46 
44 
37 
35 
41 
38 
34 
32 
43 
41 
31 
43 
43 
27 
39 
46 
42 
42 
37 
41 
36 
35 
34 
40 

35 
34 
30 
28 

1 
2 
3.5 
3.5 
6.6 
5.6 
7 
6 
9 
11 
11 
11 
14.5 
14.5 
14.6 
14.6 
17 
19.6 
19.6 
19.8 
19.5 
24.8 
24.5 
24.5 
24.6 
24.5 
64.5 
30.6 
30.6 
30.6 
30.5 
30.6 
30.6 
34.6 
34.6 
36 

38 
36 
36 
38 

1 
3 
13 
13 
6 
26.5 
26.6 
16.6 
54.6 
23.6 
64.6 
4 
6 
6.5 
40 
64.6 
23.6 
36 
66 
78.5 
13 
23.6 
80 
13 
15 
97.6 
32 
6.5 
18.6 
16.6 
40 
23.6 
54.5 
64.5 
66 
26.5 

54.8 
66 
86 
93 

99.5 
96.6 
97.2 
97.2 
96.4 
95.4 
94 
93.1 
92.2 
90.3 
90.3 
90.3 
67.1 
67.1 
87.1 
87.1 
84.6 
82.5 
62.5 
62.5 
82.6 
77.9 
77.9 
77,9 
77.9 
77.9 
77.9 
72.4 
78.4 
72.4 
72.4 
72.4 
72.4 
68.8 
68. 8 
66.5 

66.6 
66,5 
66.6 
68.5 

99.6 
97.7 
88.6 
88.5 
96.6 
T4.3 
74.3 
63.4 
50.4 
76.8 
50.4 
96.7 
95.8 
92.6 
63.7 
80.4 
78.6 
66.3 
40.8 
31.1 
88.5 
78.8 
27 
88.6 
88.6 
11 
n.i 
94.4 
63.4 
83.4 
63.7 
78.8 
50,4 
60.4 
40.8 
74.3 

50.4 
40.8 
21,5 
15.1 

2.60 
2.20 
1.91 
1.91 
1.69 
1,69 
1.65 
1.46 
1.42 
1.30 
1.30 
1.30 
1.14 
1.14 
1.14 
1.14 
1.03 
1,03 
1.03 
1.03 
1.03 
0.77 
0.77 
0.77 
0.77 
0.77 
0.77 
0.69 
0.69 
0.69 
0.59 
0.59 
0.59 
0.44 
0.44 
0.40 

0.40 
0.40 
0.40 
0.40 

2.60 
2.00 
1.20 
1.20 
2.20 
0.66 
0.65 
0.97 
0.03 
0.60 
0.03 
1.84 
1.73 
1.46 
0.35 
0.03 
0.80 
0.47 
-0.83 
-0.48 
1.20 
0.80 
-0.61 
1.20 
1.20 
-1.28 
0.66 
1.59 
0,97 
0.97 
0.35 
0.80 
0.03 
0.03 
-0,23 
0.65 

0.03 
-0*23 
-0.79 
-1.03 
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Table IV. - Tabulation of Raw Scores, Peaks, Percentiles and 
Xoraaliaad Standard Soores on tha Algabraio Skill Test (Continued) 
— • • rr ' :ux: •TTiVT'ii.":,''.i1:;1 ru" ,wr : "it:,,": •< ' .*— 

normalised 
Boores Rank Peroantlla Standard Saora 

••a# on an In on 
J;0' ^kUla-Saiwfto^a 6tlXlM sJon9Jtgli».Jla^ Skills Cqneopta 
ft SI 1? H#5 •!•! J9-6 M-4 °-24 *•* 
S 31 t£ 1}*5 J3*6 89*8 *••• 0.24 0.80 
2 31 2 }}•! t° » • • S3."? 0.24 0.38 
IS 51 15 55*5 «6-8 59-8 94-4 o.s* i.» 
IS 31 2 fJ>S f4-5 » • • 50.4 0.24 0.03 £ 51 21 H-5 f!. S-6 ^^ °-24 -0.23 It 51 12 ii-5 if-8 TO-6 83-4 ° - 2 4 0.97 
4 9 3J J® 50 36 54.5 68.3 0.11 0.47 5? 55 35 22 2?-! 8 4 « 5 M-7 ° - n 0.22 52 55 22 52 ?H J4-5 ^ o-11 -o-39 

£? 31 12 55 M*5 ^ 8««4 0.00 0.97 8 J 5! 2 55 52 ^ **•* 0.00 0.55 Is 51 35 55 5!-8 5° 80-« °-°o 0.03 
55 \l JO 66 86 60 21.5 0.00 -0.79 
25 51 ~ 55 ,25 c ^ «•* o.oo -l 03 
K 3§ J* g 103.6 50 5.5 0.00 -1.60 
5f 2? 41 ** 23.6 50 78.8 0.00 0.80 
tt 31 5a £ 12 * 4S-4 •»•* - 0 " 5 38 
2 5i 55 £ ,iS-S ?5-4 5a-? - ° - 1 2 0.22 
f2 52 3S 55-5 ?! «>•» 7 1 - i -0.25 0 55 
S 32 2 SS-S t2 40.3 63.7 -0.25 0.35 
U 52 5Z 25'5 1? « ^ W-7 -0.25 0.35 S 52 35 55-5 Si-5 ^^ 80-4 -°« 2 8 0.03 
SS 3? 35 65.6 54.6 40.3 60.4 -0.23 0.03 
S S 5? 25-5 &-6 i°-5 •o-4 3 » 5:65 
£ 3 2 5 25-5 52 40.3 27 -0.25 -o.ei 
69 2 31 66.6 80 40.3 27 -0.25 -0.61 
70 2 J6 72.8 64.6 33.9 50.4 -0.41 0.03 
H » J4 72.6 66 33.9 40.8 -0.41 -0.25 
72 » 32 72.5 75.5 33.9 31.1 -0.41 -o!48 
73 2 ** 72-B 97-3 33.9 11 ^),41 -1.25 74 S 13 I2'8 13 33-9 S0-6 -041 li5 
7s Z 35 Zf-S 51-5 33-! 50-4 - o - 4 1 o 03 T? It 5S 22-5 15-5 20-2 58-7 - ° - 8 2 o.2 2 

n? 2 52 76*8 86 30.2 21.6 -0.52 -0.79 
7 L f7 36 81 64.6 26.1 50.4 -0 64 0 03 2 f? 5? 2J I 1 ' 5 26-X **•• -0«* -0 39 
i l S S 2i 22 2C1 2? -0.64 -0 61 
fli I? 2 2J ,*> 26.1 27 .0.64 -0 61 8 2 CT ** 81 100.5 26.1 8.2 -0.64 - 1 4 0 
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Table III. - Tabulation of Raw Joorea. Ranks, Percentiles, and 
Normalised standard soores on the Algebraio Skill Test (Coatlowed) 

Normalised 
Name Scores * « * Percentile standard Soores 
U0# on on In ^ 

Skills Concepts Skills Concepts Skills Concepts Skills Oonoepts 
83 
84 
85 
86 
87 
88 
69 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 

27 
27 
26 
26 
26 
25 
26 
25 
24 
24 
24 
23 
25 
23 
23 
22 
22 
22 
21 
21 
21 
21 
21 
20 
18 
16 
14 

44 
43 
30 
28 
31 
34 
33 
31 
29 
27 
26 
33 
28 
33 
25 
18 
34 
26 
30 
25 
23 
22 
27 
29 
38 
27 
21 

81 
81 
86 
86 
86 
89 
89 
89 
92 
92 
92 
95.5 
95.5 
95.5 
96.5 
99 
99 
99 

103 
103 
103 
103 
103 
106 
107 
108 
109 

8.5 
13 
86 
93 
80 
65 
71.5 
80 
69.5 
97.6 

103.6 
71.5 
93 
71.6 

103.5 
109 

66 
93 
86 

103.5 
106 
107 
97.5 
89.5 
36 
97.5 

106 

26.1 
26.1 
21.5 
21.5 
21.5 
18.8 
18.8 
18.8 
16 
16 
16 
12.8 
12.8 
12.8 
12.8 

9 . 6 
9.6 
9.6 
5.9 
6 .9 
5 .9 
5.9 
5.9 
3 . 2 
2 .2 
1 .3 
0 .4 

92.6 
88.6 
21.5 
16.1 
27 
40.8 
34.8 
27 
18.3 
11 

5.5 
34.8 
15.1 
34.8 

5.5 
0 .4 

40.8 
15.1 
21.5 

5.6 
3 . 3 
2 .2 

11 
18.3 
66.3 
11 

1.3 

-0 .64 
-0 .64 
-0.79 
-0.79 
-0.79 
-0266 
-0.88 
-0 .88 
-1 .00 
-1.00 
-1 .00 
-1 .13 
-1 .13 
-1 .13 
-1 .13 
-1.30 
-1 .30 
-1.30 
-1.56 
-1 .56 
-1.56 
-1 .56 
-1.58 
-1.85 
-2.00 
-2 .20 
-2.65 

1.45 
1.20 

-0 .79 
-1 .03 
-0 .61 
-0 .23 
-0 .39 
-0 .61 
-0 .90 
-1 .26 
-1 .60 
-0 .39 
-1 .03 
-0 .39 
-1 .60 
-2 .86 
-0 .23 
-1 .03 
-0 .79 
-1 .60 
-1 .85 
-2 .00 
-1 .26 
-0 .90 

0.47 
-1 .25 
-2 .20 
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from Table IV it is seen that out of 36 oases In 

the upper group of the Skill-Test, 22 have larger soores, 

and 1 has an equal soore In comparison with their scores 

in the Conoept-Test, thus leaving only 13 soores lower in 

the Skill-Test. 

The middle group has, in 14 oases out of 36, larger 

soores in the Skill-Test than in the Conoept-Test, thus 

leering 22 soores smaller in the Skill-Test than in the 

Concept-Test. 

The lower group In the Skill-Test has, In 13 oases 

out of 37, 12 higher and 1 actual soore to the corresponding 

soores on the Conoept-Test, thus leaving 24 eases of soores 

smaller than on the Concept-Test. 

Prom the above it follows that out of all 109 oases, 

50 scores in the Skill-Test are greater or equal to their 

soores in the Conoept-Test, and 59 cases have lower scores 

in the Skill-Test than in the Conoept-Test. 

Using both Tables H and IV, it is easily seen that 

the skill soores of the upper concept group are dispersed 

along all three sub-groups of the Skill Test. Likewise, the 

dispersion of the soores of any other sub-group of either 

test along all sub-groups of the other test oan be read 

directly from these tables. 

Summarising the numerical data of the above analysis, 

of Tables III and IV, a simple summary, Table V, ia obtained. 
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Table V. - verification of the Analysis of the Two Tests 

GBOUP 

Number o f Cases Having s o o r e s In 
Tha Concept Tes t Tha S k i l l Tes t 

Larger Equal Smaller 
than to than Sum-
on 1T> »T* on ST« mary 

Larger £qual Saaller 
than to than Sim­
on CT«* Of** on CT** mary 

Upper 25 10 36 22 13 36 

Nlddle 22 14 36 14 22 56 

Lower 12 24 57 12 24 37 

TOTAL 59 48 109 48 59 109 

• ST « The Skill-Test 

** CT - The Conoept-Test 
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The correctness of the numbers obtained in the 

analysis of the two tests is thus verified. 

In turn, a determination of the significance of the 

differenoe £, between the means of the upper and the middle 

group and that between the middle and the lower group in the 

Skill-Test follows. The computational details are presented 

In Appendix 9, Tables XII and XIII. 

The formula -JL * _ 9 ,, ; where ^n is the 

standard error of the difference between two means; and 

1 * YiT ' * ° d *2 * Yil * r * * h t B * * n d * r d 9TT0TB of 

the means *i and Mg respectively, is again used. 

'/ Mi - 40.45 Mg - 32.08 

D * 8.36 

(J\~ 4.80 <j£~ 1.94 

Oil * °080 ^b " °'32 

Thus, -%* - ,, , 8«ff8 „ S^fi * 11.2. and this, 
*» 70.80* • 0.38* °-74 - — ' 

being larger than the critical ratio 3, proves that the 

difference between the means of the upper and the middle 

groups in the Skill-Test Is significant. 

A similar exploration of the differenoe between the 

mean of the middle group, M2l and the mean of the lower group, 

M3, in the Skill-Test, produces, as computed in Appendix 9, 

Table XIV, the following results. 
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Mg - 32.08 

D - 8 .11 

^ - 1.94 

Oj^ - 0 .31 

Mg - 23.9 

(?£ * 3.6 

tfltj * 0.67 

^ 1/ 0.31* • 0.57* Y0^m 0 ' 6 4 8 — — 

and t h i s , being larger than the c r i t i c a l rat io 3 , means that 

the differenoe In question i s def initely s ignif icant . 

I t follows that tfho di f f icul ty Pf *he SklU-lesJi 

Kfows s i g n i f i c a n t frpffl the wpper grow,*? %&* |fliddJoJ_anjl 

from the, aAflflla to, the lower grou,p. 

I t remains now to explore the significance of the 

differences between the means of the performances of the 

three groups on one t e s t , and the means of their performances 

on the other t e s t . 

3. Comparison Between the Two Tests - Horizontal 

The key to the horizontal comparison of corresponding 

groups i s in the formula for the standard error of difference 
3 

between two means: 

A new symbol in this formula Is r^g, and i t i s the coe f f i ­

cient of the correlation of the two sets of scores; the mean­

ing of the other symbols are the same as in the preceding 

analyses. 

3 Adkins, o j^o l i . , p. 131, 
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This formula must bo used in subsequent considerations 

because the groups of the testees to be correlated are the 

same persons who have taken two different tests. 

Appendix 9, Correlation Charts A, B, and C, present 

the computations of the three coefficients of correlation 

for the upper, middle, and lower groups in the Concepts-

Test, and the Correlation Charts D. E, and P, present 

similar computations for the upper, middle, and lower groups 

of the Skill-Test. 

Appendix 9, Table XV, presents grouped concept 

scores of the upper, middle and lower skill groups, whereas 

Table XVI provides grouped skill scores of the upper, middle 

and lower concept groups. 

The corresponding data for the significance of the 

differenoe between the means for the upper Skill group are 

as fellows: 

Mean of the Skill soores: ME, » 40.43 (Appendix 9, Table XII) 

Mean of the Concept Soores; Mc « 40.25 (Appendix 9, Table XV) 

Differenoe of the Means D * 0.18 

Standard deviations: (7, - 4.80 ) App#I|dJJt 9 „ 

rT m 5 61 ) Corr<9lll1iiPn Chart D 

fl— 
Standard errors of the { # M * '^'fi^ * 4-r8-0- " 0.8 

means } *». • itr e 
S &*• " TIT""* * V 1 " 0 , 9 S 

Correlation Coefficient: r.„ * 0.616 (Appendix 9, Correlation 
80 Chart A) 
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Standard error of difference of means: 

- T/o.802 • 0 .93 2 - 1.488.rB 0 

* 1/1.504 - l , 4 8 8 . r s 0 

- 0.76 

From t h i s i s derived the c r i t i c a l ratio ~ *= S*Jf • 0 .23, 

^P 0.76 

and i t i s smaller than 3, which means that the difference 

of the means of the upper s k i l l group on both t e s t s Is 

insignif icant . In other words, the Skill-Test and the 

Conoept-Test represent about the same di f f icul ty for the 

upper Skill group. 

In the same way the significance of the differences 

between the means on the Skill-Test and on the Concept-Test 

for the middle skill group and for the lower skill group is 

to be Investigated. Though these differences may he expected 

to be of significance, as the whole Skill-Test proved to be 

significantly harder, nothing certain oan be said without 

investigation of both oases. 

The necessary data for the Investigations are con­

tained in Table VI, and the necessary computations from 

them are presented In Appendices 9 and 10. 
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Table VI. - Data for Determining the :ignlfloanee of tha 
Differenoe Between tha Means af tha Skill drottmm in tha 
Skill-Test and the Concept-Test. 

TfflTT/Tvrra 

S T A T I S T I C S 

Needed Symbol Value In Skill Croup 
Computed las 

Middle Lower 

Ruaber of 
cases 

Mean in Ski l l s 

Mean in Concepts 

Difference of 
Meana 

Sten- in 
dard S k i l l . 
Bevia- Teat 
tloa la 

Coeeept-
Test 

Stan- of M. 
dard * 
Srror of Mg 

Coefficient af 
correlation 

Standard Error 
of the Differ­
ence of Means 

Critical 
Ratia 

N 

* . 

*a 

D-Mg-M, 

<*• 

*** 

<r* 

~k 

36 

3S.08 

36.28 

3.14 

1.94 

4.66 

0.32 

0.76 

0.24 

0.66 

nv# J&^t 

37 
23.97 Appendix 9,Tablaa XXIX 41 XI1 

30.30 Aopeadlx 9, Table XV 

6.33 

3.50 ) 
) Appendix 9 - Correlation 
) Charts 8, F. 

6.40 ) 

0.57 ) Appendix 10—points 1 and 2 

0.86 ) 

0.48 Appendix 9 - Correlation 
Charts E, f. 

) 
0.804 ) 

) 

7.67 ) 

Appendix 10 - points 1 and 
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Proa Table VI I t i s evident that both the middle and the 

lower s k i l l groups find the Skill-Test s ignif icantly harder 

than the Conoept-Test. 

Hence, the summary of the findings on the Skil l-Test 

follows: 

Tor the w,hole grjstjp gf 1Q9 pupjlai She Sklll-Tfslj 

Is s ignificantly harder than the Concept-Test, but for the 

upper group in sk i l l s there is no significant r'jff^renco. 

I t i s the lover grout) In Ski l l s that finds the Sk i l l - l a s t 

most! clftPlflcanUy b^rdefo , wharf t i the sjJWf group fjndj 

; t pore d i f f i c u l t , to .lasser. though, signifipant flejraf. 

The final problem erlslng out of this finding is 

whether the upper, middle and lower groups in the Concept-

Test find a similar difficulty in the 3klll-Test or not. 

Table VII contains the d*ta needed to answer this question. 



VERTICAL AND HORIZONTAL COMPARISONS 64 

Table VIZ. - Data for Determining the Signifioanoe of, the 
Difforenoes between the Means of the Cqneent-Qroups In the 
Conoept-Test and the Skill-Test. 

S T A T I S T I C S 

Needed 
Value In the Coneopt 

Symbol Qroup 
Upper Middle Lower 

Computed 1st 

Number of 
eases M 

Mean in Concepts Mo 

Mean in Skilla Mt 

Difference af 

36 36 37 

40.41 36.08 28.08 Appendix 9, Tables IX,X,XX 

38.08 52.11 26.78 Appendix 9, Table XVX 

Means 9-tto-N, 2.53 2.97 

Stan- in 
dard Concept- (J* 4.08 1.23 
Devia- Test 
tlon In 

Skill- ft 
Test " 

1.30 

3.40 ) 

dard r*L 

6.63 6. 36 

0.68 0.80 

8.96 ) 
) 

) Appendix 9 - Correlation 
) Charts A,B,C. 

0.56 ) 
. ) Appendix 10 - points 3,4,6. 

E i w»' of M§ ^5, m JH 1.105 0.89 0.98 J rr 
Coefficient of 

Correlation 

Standard i.rror 
of the Differ-
end of Means 

Critical 
Ratio 

*es 

oi 

± 

0.65 

0.836 

2,78 

0.39 

0.83 

3.63 

0.49 

0.86 

1.52 

»pe 
Oh harts A,*»,C. 

Appendix 10 - points 3,4,5, 
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Table VII makes possible the following summary of 

the findings on the Conoept-Test. For the whole group of 

109 pupils, the Concept-Teat i s s ignif icantly easier than 

the Skill-Teat, and this holds true for the middle concept 

group as well . However, the upper concept group finds the 

Concept-Test only ?»p;.ro7lmatel.y easier than the ^kil l-Test . 

and the lower concept group finds i t only Insignificantly 

xJUlSLC* 



CHAPTER VI 

SUMMARY OF THE FINDINGS 

1. Relationship and Difficulty Aspects 

Table VXX completes the data needed for a synthesis 

of tha vertical and horizontal comparisons and consequently 

of the whole investigation of the problea performed in this 

study. 

The summary of the mathematlaal side of the correla­

tion between the Algebraic Ooneept Test and the Algebraio 

Skill Test made In the preceding chapters is as follows: 

(a) The correlation between the two tests is 

positive, and oan be estimated to be "high and substantial", 

but not very high, as the coeffielent of correlation of the 

two distributions £ equals 0.7044. 

(b) The Skill-Test is significantly harder to the 

group tested than the Concept-Test. 

(c) Both tibe Algebraio Concept Test and the Alge­

braic Skill Test have one foature in common. Zither is 

significantly harder for its middle and lower groups than 

for the preceding group. This oharacteristio of both tests 

is apparent from the vertical comparison of the three 

groups (upper, middle and lower) in each test. 

1 J.P.Guilford, fundamental Statistics in Psychology 
and Kduoatlon. 2nd ed., New York, MoGrftw-HlU, 1950, p. 165. 
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(d) The closeness of the correlation between the 

sets of soores at the horlsontal comparison is shown in 

Table VIII, being £ » 0.66 and 0.61 for the two upper groups, 

£ » 0.39 and 0.24 for the two middle groups, and £ * 0.49 

and 0.45 for the two lower groups. As direction of the 

correlation is positive in all these oases, a moderate 

correlation and substantial relationship2 between the two 

variables oan be claimed in all three divisions, upper, 

middle, and lower, at the horlsontal comparison. 

(e) The upper group in the Skill-Test finds that 

test only Insignificantly easier than the Concept-Test. 

However, the middle and lower groups in the Skill-Test 

find the test significantly harder than the Conoept-Test. 

(f) The upper and the middle concept groups find 

the 3klll-Test suggestively or significantly harder than the 

Conoept-Test, but the lower concept group finds the Skill-

Test only insignificantly harder than the Concept-Teat. 

As any group of either test is assigned a given 

grade of difficulty, according to the difference between 

its performance on the two tests, a simple table summarizing 

the data from Tables VI and VII oan be constructed and 

appears as Table VIII. 

2 M d « , P. 165. 
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Table VIII. - Saamary of tha Parforaanoo Difficulty Grades 
on Both Tests. 

Group 

Performance 
of 

the Concept Croups 

on 
the Ooncopt-Tost 

on the 
Skill-Test 

Group 

Performance 
of 

the S k i l l aroupg 
on the 

S k i l l - T e s t 
en the 

Conoept-Test 

UPPER 

M - 40 .41 
O^m 4 .08 

M 
cr 

0 .66 

38.08 
6 .63 UPPER 

M - 4 0 . 4 3 
CTm 4 . 8 0 

r 
m mmt ym suggest ive of 

* *.T8 \ 5 j a t r u t d i f f e r -

M - 40.25 
<T m 6.61 
0,61 

enoo ^ 
0.23 

insignificant 
differenoe 
( e a s i e r ) 

MIDDLE 

M - 5 5 . 0 6 
(T'• 1.22 

M - 32 .11 
0~m 5 .36 

0 .39 MIDDLE 

M - 3 2 . 0 8 
cr* 1.94 

M • 36 .22 
crm 4 .66 
0 .245 

significant 
-*?* 3.63 ,*\ dlfferenaa JEL A «* s * * l«n l f lo«a 

LOWER 

M * 98.08 
<fm 3 .40 

M - 26.78 

0.49 
D , mm s- Ins ign i f i cant 

- * r » 1.68 ^ 2; dif ferenoe 
D 

LOWER 

M - 23.97 
<7~m 3 .6 

r 

M - 30.50 
&~~ 5 .4 
0**3 
very a l g n i -

- f e - 7 . 8 7 > 6 ; f i o a n t 
di f ferenoe 

M • mean 

<r"m standard deviation 

r - ooefflolent of correlation 

* » 
orltloal ratio 
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2. Regularity Trait of Difficulty Interdependency 

In Table VIII the existence of the lnterdependenoy 

between the difficulty grades on the three corresponding 

group levels can be notloed. In particular, some aspeots 

of regularity, in that interdependency, oan be found. 

The grades of difficulty, when placed along the 

straight line of equal units, furnish a comparative seals, 

presented in Figure 2. 

By means of that scale, the differenoe between the 

lower limits of tha given grades of difficulty can be 

expressed in units. 

Furthermore, the grades of difficulties shown in 

Table VIII can be arranged from the upper group down to the 

lower, along two central cycles in the same directions, 

produolng three pairs of grades at equal intervals. This 

is presented in Figure 3. 

When the starting points of the two skill- and; 

conoopt-oyoles differ by one Interval, vhioh is 1/5 of a 

cycle, then the paired grades differ Increasingly In the 

aaae direction by one unit, starting from tho smallest 

differenoe in a pair. 3. un to 5. 
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Figure 2, A Comparative Scale for I l l u tratlng 
the Difficulty Grades Plaoamant 
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Skill cycle 

St.count. 

Figure 3. Graphic Illustration of the Inter­
dependency of Difficulty Grades 

St.C.-gr 
St.S.-gr 
St.count. = 

Int 
Skrins.e. = 

Sk^slg.h. = 

Sk-rV.slg.h = 

C.-sug.h = 

C.-slg.h 

C.-lns.h = 

Starting Point of placing Concept Gradps 
Starting Point of placing Skill grades 
Starting Point of counting differences between 
grade8 

One interval 
Skill-Test Difficulty Grade - insignificantly 
easier 

Skill-Test Difficulty Grade - significantly 
harder 

Skill-Test Difficulty Grade - very significantly 
harder 

Conoept-Test Difficulty Grade - suggestive of 
significant hardness 

Conoept-Test Difficulty Grade - significantly 
harder 

Concept-Test Difficulty Grade - insignificantly 
harder 
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This is so, because the differences between the 

lower limits of the larger and smaller difficulty grades in 

eaoh pair on the oyoles are as follows: 

Sk.slg.h. - C.lns.h. * 3 - 0 * 3 

Sk.v.slg.h. - C.sug.h. * 6 - 2 « 4 

C.slg.h. - 8k.lns.e. - 3 -(-2)- 5 

Thus, a set of increasing numbers, 3, 4, and 5, is 

obtained, and it is expressible mathematically by a finite 

arithmetic progression of ai « 3, and d « 1. It completes 

a trait of regularity of the final data resulting from the 

investigation of the mathematical aspect of the conoept 

and skill correlation which would otherwise be scarcely 

discernible. 

3. Confrontation of the Coefficient-Method 
and the Three-Group Method 

Finally, a comparison of the results, as to the 

mathematical aspect of the concept-skill correlation, obtained 

by the coefficient and three-group division methods can be 

performed. 

The product moment coefficient method has revealed 

two basic mathematical characteristics of the data correlated: 

(a) The positive direction of the correlation, which 

means that when one variable is growing the other 

doe8 the same* and 
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(b) The high closeness of the correlation, indicating 

marked relationship between the concept and skill 

in the considered area of algebra. 

These traits are proved by the sign and the size of the corre­

lation coefficient £ » 0.7044, and by the slae of the correla­

tion ratio V » 0.73, whose firmness seems to be acoeptable 

in the light of their respective standard errors (as computed 

in Appendix 7). 

Th*» three-.-roup division method produced: 

(a) The same result as to the direction of the correlation; 

(b) The closeness of the relationship at the "moderate 

and substantial relation" level. 

Though the latter is lower than the level 

found by the coefficient method, they seem essentially 

to be not Incongruous, as a group thre<3 times as 

large w«s used for computing tho correlation coeffi­

cient £ for the whole group of testees, and as 

basically a rather considerable overlap of the two 

adjacent grades of relationship seems to be quite 

Justifiable. 

(o) Three significantly different group-levels in either 

test; 

(d) Disclosure of the interplay of the test-difficulty 

grades by determining thera on three distinctly differ­

ent level8, and revealing a mathematically expressible 

regularity trait of the actual difficulty-grades 

1nterdependency, 
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Finally, It should be noted that the correlation 

between the two variables, the comprehension of the concept 

and the skill in computations, is most probably higher than 

that shown by the two methods, as some common faetors 

involved in both tests, especially the oomputational 

aspeat, might have only reduced the size of the correlation 

coefficient. 



CONCLUSIONS 

The exploration of the problem of the ooncept-

skill correlation and consequently the data obtained, 

fall in two main divisions: the first pertaining to the 

construction of the tools for the experiment, and the 

second referring to the investigation of the hypothesis 

of the problem presented at the beginning of this study. 

Accordingly, the conclusions to be drawn froa the 

findings of the experiment can be arranged along these 

two lines. 

1. First, It seems Justifiable to state that the 

problem of the concept-skill correlation in algebra can be 

investigated objectively only by means of tests constructed 

especially for that purpose. As the tests are to measure 

the comprehension of algebraio oonoepts, and the ability 

to apply them In computations, respectively, only these 

two aspeots should be covered by the tests, and they kept 

apart as far as possible. Although oonoept and skill in 

algebra cannot be separated from each other, nonetheless 

they can be distingulBhed quite clearly. The best and most 

effective way to make a clear distinction between them, 

without cutting them off, and completely distorting, if not 

killing them, seems to be to remove algebraio computation 

from the Concept-Test as completely as possible, and to 

plaoe it only in the Skill-Test. 
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The method of investigating the problea by two 

tests oan be basically extended to all grades of high 

sohool algebra. It oan also be used for investigation 

of any selected group of concepts and skills at different 

grades in high sohool algebra. 

2. The mathematical aspect of the concept-skill 

correlation, as revealed by the product moment eoeff ielent 

method, produces two basic traits of the relationship 

between the two variables: first, its positive direction, 

and seoond, its high degree of closeness and marked relation­

ship. 

The three-group division method proves basically 

the same, but It adds two main traits to the mathematical 

aspeet already mentioned: 

(a) It discloses the exlstenoe of three distinctly 

different, though equally-numbered, sub-groups 

In either test group; and 

(b) it reveals the regularity trait of the Inter­

dependency between the difficulty grades on three 

significantly different levels, provided the tests 

differ significantly in difficulty for the whole 

group tested. 

This latter trait, if produced by a stratified 

representative provlnoe-wlde group of pupils, would set a 

law of the interdependency of difficulty grades in the 

algebraic concept-skill correlation. 
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Thus, a deeper insight into the mathematical side 

of the relationship between the two variables seems to be 

justifiably expected through this method. 

As this is most probably the first direot investi­

gation of the concept-skill correlation in algebra, no 

generalisations of the results are possible, unless special 

standardised tests for that purpose are available and a 

stratified group, representative of the entire Grade XX 

high school population of the provinoe of Ontario, is 

obtainable. 

Under the actual circumstances of the experiment, 

the findings of this study may be rather only Indicative 

of what oould be expected in the area Investigated in a 

normal everyday sohool situation. 
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mediate algebra Is indirectly brought out, but not 
always properly. 



BIBLIOGRAPHY 80 

PROGRESSIVA EDUCATION ASSOCIATION, Mathematics In 
Qeneral education. \ Report of tha Coamlttae on the runctloJi 
9f MfltftfMflUofi 1» CrenorjLl ^c^lgn for frhe Commission ofl 
Secondary-Sohool Currloulunf New York, Appleton-Century-
Crofts, 1938, xlv-423 p. 

The subject-matter experts and scientists give an 
outline of a set of fundamental oonoepts and prin­
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closing unexpected relations. The relation between 
two important algebraic aspeots is included in the 
topic of this study. 
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CONFUSION OF SOME ALGEBRAIC CONCEPTS 

The existence of some confusion in the field of 

algebraic concepts at high school algebra level, can per­

haps best be shown by some concrete examples. 

1. Equation 

The equation is called wrongly an "equality*: "An 

algebraic equation is an equality between two algebraio 

expressions". This is a definition given by Burton w, 

Jones in his book Elementary Concepts of Mathematios. and 

which is also quite commonly used in high sohool textbooks 

2 

of algebra. In actual fact, an equality is the same as 

an identity. An equation oan be turned into equality, but 

this does not mean that an algebraio equation is an equality 

or identity. 

This confusion occurs always when the basio aspect 

of the ooneept of the equation is lost to sight. The equa­

tion in Its entity is a question whether the two members 

may become equal or not. Being a question it cannot be a 

statement, as are identity or equality. The answer to the 

question oan be yes or no; and in both cases, always, some­

times, or never. 
„ 1 ®• Jonas. ElaMntpry Concepts of Mathematics,, New 

York, Maoalllan, 1947, p.141. 
M o, 2 /»T*;r^;°rdiQA

 N ^ Algobf, ftr Hip-h Softool.,, Torontc 
Maoalllan Co. of Can., 1954, xil-441 p. 
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Converting the equation into the "conditional" or 

"identical" equalities or equations, which very often 

occure in text books, does not remove the oonfuslon, as the 

expression "identical equality" is obviously Incorrect and 

confusing, beoause it implies something else than Just 

"equality". The tern "conditional* Itself obviously implies 

the Idea that equality may occur or may not; thus the basio 

definition of the equation requiring that it always be 

equality is denied. 

Joining the "conditional equation" and "identical* 

into one concept of equation understood as equality does 

not remove the confusion from the concept, whereas aocepting 

the most essential Question aspect of the eouatlon-oonoept 

simplifies and clarifies the situation in all cases: 

(a) ax • b * 0, If a. and Jt, or only a. are different 
froa 0, the equation exists, and 
becomes identity for Y «* ±5L 

a » 
(b) ax • b • 0, i f a. » 0, b. 4 0, the equation disappears, 

0.x • b » 0; because x disappears; and an obvious 
inequality b y 0 arises; 

(c) ax • b - 0, If a. * 0, b, » 0 
0.x • 0 * 0 the equation disappears, because £ dis­

appears, and an obvious equality 0 * 0 
arises. 

Thus, the equation in an unknown £ is a question for such value 

of * which makes the left member equal to the right. 
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2. Proportion 

Tha definition of proportion given by Crawford in 

his book A New Algebra for High Johools.8 Is as follows: 

"A proportion Is an equation which expresses the equality 

of two ratios*. This definition seems to be inoorrect for 

two reasons: 

1. The proportion Is not an equation, as it is only 

a statement of Identity, in other words, a state­

ment of equality of two ratios, which equation 

can never be; 

2. The equation does not express the equality of 

two ratios, as it only expresses the question 

whether the ratios are equal. 

Calling i • £& a n aquation, as the author does, is obviously 

incorrect, and inconsistent with the concept of identity 

used in other plaoes In the book. 

When taking the definition of the authors as it 

reads, one might rightly notice: 

Should an "equation which expresses the equality 

of two ratios" be " a proportion", then there could not be 

any differenoe between the two. They woul^ have to be the 

same and interchangeable notions. Thus the two expressions 

3 Crawford, op.olt.f p.166. 
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2:5 » 4:6 (1) whioh are true but different proportions 
2:4 - 3:6 (2) (Kl . £. K 2 „ 1 ) 

3 2 
would be true but different equations. 

2:x - 4s6 (1) 
2:4 » x:6 (2) (xi » 3; Xg « 3) 

but they are true but the aaaa conations (whose only root 

Is i - 3). 

So proportion is not an equation of any kind. They 

are different things, and after all, they differ as concepts 

entirely in their basic components. 

In the ooneept of proportion, the constant K, is the 

pivotal point; in the concept of equation, the value of £, 

and thus the question for unknown, is the most basic point. 

Similar examples of confusion in the field of basic 

algebraic concepts in sohool practice could be extended to 

sets of linear equations, quadratic equations, and so on. 

However, this would carry the discussion beyond the 

necessity of establishing the existence of such confusion, 

which was the original Intent of this appendix. 
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ALGEBRAIC TESTS MANUAL AND TEST BOOKLETS 

The attached Test Booklets were constructed by 

the writer of this report and approved by the Department 

of Eduoatlon of the Sohool of Psychology and Education of 

the University of Ottawa, for administration in schools 

for the purpose of this research, in March 1956. 

Each booklet serves as an answer-key containing 

the correct choices, marked in the brackets at the right 

of the test items. 

The oriterla of particular test items are 

annotated in the space provided originally for the 

testee's rough work. 
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ALGEBRAIC TESTS MANUAL 

I. GENERAL INFORMATION 

The purpose of the two testa, (1) ALGEBRAIC CON­

CEPTS TEST, (2) ALGEBRAIC SKILLS TSST, is to investigate the 

correlation between the mastery of algebraio oonoepts and 

oomputational abilities at the Grade XX high school algebra 

level. 

The tests cover the following topics: 

Brackets as a symbol of algebraio wholeness; 

Power of a number: anj 

Bouares and cubea of binomials: (a+b)2;(«+b)sj 

Factors of basic binomials: (a2-b2); (a^+b3); 

Algebraic fraction; 

Variation - direct and Inverse; 

Proportion; 

Linear equation - algebraic and graphic solution; 

Quadratio equation: ax2 + bx • o * 0, its alga­
braio and graphla solution. 

The population for the final tests is to be 370 boys 

and girls at Grade XI-XII Ottawa High Schools. 

II. CONSTRUCTION OF TESTS 

The following three main principles are observed in 

the construction of the tests: 

1. Tha baalo concepts in the Algebraic Concepts 

Test are chosen aooordlng to the selection recommended by: 
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(a) The findings of research on the didactics of 
algebra.1 

(b) The ourrloulua as set by the Minister of educa­
tion, "qpurgos, of Study Ma^homaUot'; 

(o) Textbooks such as J.T.Crawford, A New Algebra 
for Hjfih Schools, Toronto, Maemillan, 1954, xll-
441 p. 

2. The algebraic computation is eliminated froa 

Tha Alftobraja Oonoopt Tagft, by applying frho verbal formula­

tion of questions and distrscters. This is done in all oases 

in ;whioh an algebraic computation could interfere with the 

intended measure of comprehension of the Algebraio oonoept 

alone. 

All eoaputatlon needed in The Algebraic Concent Test 

is limited to a random arithmetieal coaputing, that represents 

a negligible per cent of the algebraic concept aspect 

employed in the test ltea. 

fhls procedure is an attempt to avoid including the 

algebraio computation in both tests. 

In this respect, the test differs basically from the 

way of measuring the algebraio oonoepts by the standardized 

teats in use. 

1 E.L.Thorndike, The Psychology of Algebra. New York, 
Maomlllan, 1923, xi-483 p. 

Progressive Education Association, Mathematios in 
General Education. A Report of the Committee on the Function 
of Whgna,frlQj In GeneralTkJugftUgn,. fPff the Commission, Ph 
ggqonflsry Softool Curriculum, NewYork, Appleton-Century-Crofts, 
1940, xiv-423 p. 

O.T.Buswell, Ed., ffuppAffffffllrBXX.Educational Mono­
graphs,. 1947, Chicago University Press, 1949, 11-73. 

C.H.Butler and F.L.Wren. The Teaching of Secondary 
Matneaatlcs. New York, McGraw-Hill, 1961, xlv-860 p. 
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5. Three leading oonstruetion lines are observed 

in the aa&jng, of test l t W ; 

(a) Kaoh concept in Tha Algebraic Concept Tegf is 

measured on three levels of difficulty: 

(1) Recognition of the concept; 

(2) Interpretation or evaluation of the concept; 

(3) Application of the ooneept. 

(b) Saoh skill in using a ooneept in computation 

is measured on three levels of difficulty: 

(1) Computation oj| the ooneept (It corresponds 
to the Recognition level, above); 

(2) Computation ©£ the concept; (It corresponds 
to the iqferprtfa,Hpn, or EvaAuffiUoh level, 
above)} 

(5) Computation by, the concept; (It corresponds 
to the Appljpatfton, level, above). 

Thus, three levels of difficulty in both tests are 

"matched*. 

Example: The concept of proportion,, 

I. XX. 

oaognltlon of proportion: (1} Computation on. proportion: 

Which of the expressions below In the proportion $ - * 
represents an algebraio pro- & equals: 
portion? 

1 

2 

5 

4 

t a a 
• • • 

« - * 

e e e (5) 

1 

2 

3 

4 

• • 

* » 

1 

• • 

• 

* 

• 
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(2) Eyfta.ua.UoP. or interpretation 
of proportion: 
Item: 
The proportion £ • 4 is true 

1 

2 

3 

4 

b 
• 

• 

• 

• p, and * • p 

• • 

* • 

• • 

(2) Computation ©X a proportion: 
Item; 
By adding 1 to both sides of 
the proportion # * 4, one 
obtains a following new 
proportion 
\ • • • 

(1) 

2 * • • 

3 e # e 

« * - * 

(3) Application of the ooneept 
of proportion. 

The proportions \ - £ and 

* - f are identical, if 

(4) 

(3) Computation bx identical 

Eortion. 
: 
proportions % * £ and 

o+d * S S **• l*ontloal, because 

1 • e e 

* - * 

2 4 n 

3 • • e 

4 • • a 

1 » » • 

g b * b»d 

3 * * » 

4 e • • (2) 

That three-steps grading is reduced to one or two steps In 

suoh eases, when its application would produce obviously too 

easy or too hard test Items.* 

The Algebraic flfri^ Tost 1» constructed under the 

assumption that the algebraio computation, when employing 

reoognitlon, interpretation, evaluation and application of 

a given concept, does measure muoh the same abilities, which 

are needed for both — the algebraio coaputing as well as 

for solving of problems.** 

(2) 

** The difficulty grading and the assumption as to the kind of abili­
ties measured by the Algebraio Skill Teat are based on the findings con­
tained in (1) Thorndike. r..L.. Psychology of Algebra,, New York, Macaillan, 
1923 xi-483 p; *(2) Ross.C.C.TMoasurcment in Today's Schools, New York, 
Prontloo-Hall. 1954, pp 164-167; (3) Adkins. D.C.. Construction & Analgia 
of Achievement Tests. Washington, us Govt.Printing Office,1947,pp 51-52. 
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The tests consist of 66 Items each. Both tests 

were tried out on two groups of Grade XI-XII boys and girls 

numbering 55-60 eaoh in two Ottawa High Sohools. 

HI. ADMINISTRATION 

1. The pupils should be told to bring and to use 

ordinary penella and good erasers. 

The examiner should have some supply of pencils 

on hand. 

The students should be seated in alternate seats 

so they oannot observe the answers of their neighbours. 

They should understand instruotlons on their book­

lets before starting work on the test questions. 

The pupils should work seriously, but without an 

atmosphere of nervousness. 

After having obtained the test booklets, the student 

should: 

(a) print his name and fill In the blanks on 

the first page; 

(b) read the instruotlons; 

(o) ask questions concerning those directions; 
(d) start working on test questions, when told 

by the examiner. 

No questions should be asked after the examination 

has begun, 

2. One prootor is needed for every 50 pupils. He 

should familiarise himself in advance with what he Is to do: 
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distributing and collecting booklets as well as keeping 

every student at work, and helping establish a good rapport. 

5. There is no time limit for the tests. The time, 

however, spent by each testee on working out the whole test 

should be noted on his booklet. 

4. All booklets should be collected after the work 

of pupils on the test has been finished. 

IV. SCORING 

To soore the test a scoring key for each page is 

to be plaoed along the corresponding column of answers on 

the proper page of the test booklet, and corresponding 

answers are counted. 

The sua of errors and omissions subtracted froa the 

total number of items, 65, gives the number of right 

answers. 

The teqt Ecore equals the number of right answers 

minus 1/5 of wrong answers. Tha \**% score Is ajwayg a, 

whole number, as the fractions are rounded to the nearest 

unit, aocordlng to the following example: 20-6$ * 15, 

30 - 5§ - 24. 

The soore should be put down in the space: Total 

score on the first page of the test booklet. 

The maximum total soore is 65; the minimum total 

soore is zero. Negative soores are trented »s zero. 
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TEST BOOKLET AP1:£»D1X 2 Total Score: 

Percentile: 

ALGEBRAIC SKILLS 

TEST 

Name: Date 

Date of birth: 

City: School Grade 

For how many years have you studied algebra? 

Read these Instructions Carefully 

The purpose of this test is to find to what extent you are 
mastering some computations in algebra. Furthermore, the test is to 
help you and your fellow students in obtaining better mastery of 
algebraic computations. Though there is no time limit for this test, 
you should not spend too much time on any one problem. Space for 
your rough work is provided at the right of each question. No 
questions may be asked after your work on answers has begun. 

It Is Important to remember how to put down the right answer to 
each problem of the test. Here is the explanation of it: Each problem 
of the test is followed by four answers, but only one of them is the 
correct one. You are to find that correct answer and to write the 
number of the line on which you have found that answer in the bracket 
to the right. 

Example: ' Do your rough work in this space 

The algebraic fraction is represented 
by the following expression: 

1 

1 ? 
2 b 

a 
3 b 

4 z_2± (3) 

The correct answer is ^ and it is on 
the third line. Therefore, 3 has been 
written In the bracket to the right. 
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Do your rough work in thlB space 

-(-2a) = -[-2a] are both equal to: 

1 a 
2 -2a 

3 2a 

4 -a 

fteoognltion igvolj 

Oosjputatl^n 2R tyBOttymottS 
brackets. 

( 8 ) 

2. - Qa-(2a+b)+b) equals 

1 a 

2 

3 

-a 

-3a 

3a+2b 

Interpretation levels 

c~mrut-ation ©X the •alnus 
braoket. 

( 1) 

3. Where is the bracket (...) to be 
inserted in the binomial C-x-1] to 
make it equal to Px+t) 1 

(-x)-i] 
2 

3 

^d4 
4=2=4. 
4sx=4. 

Application levels 

Computation bj. the braoket: 
inserting the bracket. 

( 4) 

4. If a = - b+c 2 — , then 3a equals 

1 

2 

3 

-b+c 

b-c 

-b-c 

Coatputatlon by invis ib le 
braoket. 

4 b+c ( 8) 
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1 (a + b) 
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Do your rough work in t h i s space 

£Ea£££eaV 

2 2a*> Computation by ( « * b ) * 

3 (a-b) 

4 a !b i ( 2) 

(a+b)2 exceeds ( a - b ) 2 by 

1 4ab 

2 - 2 P 

2 Commutation by (a+b) 

3 " ^ 

4 -2a^> ( 1 ) 

What is the missing number \ i , in 
the product (2x+, ,).(2x-, JM4x-9) ? 

1 _32 Computation by (a2-**) 

-2 
3 3 

4 3 ( 4) 

2 
(a+1) equals 

1 a 3 + zA + 1° C o a p t a t i o n of (a*b) 3 

2 

3 

a 3 

a 3 

a 3 

+ 

+ 

+ 

Zsfib 

I 3 

3 a 2 + 

+ 

3a 

I 3 

+1 

4 a 3 + a 2 + 1 I 5) 
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becomes longer by 1 inch, then 
the cubee volume becomes larger 
by: 
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Do your rough work in t h i s space 

££l&*£e6V 

1 

2 

3 

4 

(3x2 + 3x + 1) inches 

(x + l ) 3 Inches 

(1 - x) inches 

1 Inches 

Computation by (a+b)3 

( 1) 

10. If x inches long edge of a cube 
becomes shorter by 1 inch, then 
that cube's volume becomes 
smaller by: 

1 

2 

3 

4 

2 
1 inches 
(3x2 -

(x3 -

l-3x2 

- 3x + 

• I 3) 

+ 3x 

• 1) inches 

Inches 

- 1) inches 

Computation by (a-b)9 

( *) 

11. (a+1)3 + (a-1)3 equals 

1 2a3 

2 

3 

4 

2(a 3 •* 

2a3 • 

• 2) 

6a 

8a3 

Computation by (a+b)' 

( ») 

12. The sum of the cubes of (2a) and 
(3b) equals: 

2a3 + 3b3 

(2a + 3b)3 

23a +" 3 ^ 

Coaputing of (a3 • b3) 

8a3 + 27b3 ( 4) 
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Do your rough work in t h i s space 

13. The factor form of (a 3 + b3) t e l l s Cr^erlai 
that (a 3 + b3) = 0, if 

1 a = b or a 2 = b 2 

2 

3 

4 

(a+b) = 0 or 

(a+b) = 0 or 

a = b or 

(a2-b2) = 0 

(a2-ab+b%= 0 

-ab = 0 

Confutation of the fa© tor 
fora of (a 3 • b3) 

( 3) 

14. The difference of volumes of two 
cubes, whose edges are 2 and 3 
Inches long, equals: 

1 

2 

3 

4 

19 

-35 

17 

1 

cubic 

cubic 

cubic 

cubic 

Inches 

inches 

inches 

inch 

Computation of (a 3 - b3) 

( 1 ) 

15. The factor form of (a3-b3) t e l l s 
that (a 3 -b 3 ) = 1, i f 

1 
a-b 

a-b = 1 

1 a ^ab+b 2 = 

2 

3 __a 2 +ab+b 2 = a-b 

4 S-b = a^+b2" 

Computation by the feetor 
fora of (a* - b8) 

< l > 

16. The n-th part of 4n , for n = 3, 
equals: 

1 

2 

36 

12 

Computation on a fraction 

3 108 
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_ a+b = a+b l f a e q u a l B 
c c ' *~ 

1 0 

2 -b 

3 1 

4 b 

Do your rough work In t i l l s space 

entasis)1 

ora u t n t l o n of a signed f r a o t l o t 

( 2) 

What fraction should be put in 
place of f, to make the product 

-£|^.f equal to 1? 

- 2 
1 a+b 

a-b 
2 a+b 

Computation by a signed 

rrstOvioR 

- a - b 
3 a+b 

2 
4 a+b 

The value of x = -

p = = | , equa l s 

1 - 1 
-p+1 

2 o+l 

f1 

p - 1 , for 

( i ) 

Computation by o complex 
f rac t ion 

3 +1 
E=l 

4 P+1 { 5 ) 

A plane needs n hours to fly from 
place A to B. If it flew £ times 
faster, it would arrive at B in 

•§ hours l n 

2 

3 

4 

p hours 
1 . 
~ hours 
p hours 

Computing by « f m c t l o n i n 
a -*robiaa. 

( 2 ) 
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a . (J) • ( - ! ) equals 
^ 2 
£ 2 1 g/ 

22. 

2 

3 

4 

-1 

-4 
q* 

By what must 
Decome equal 

1 
1 b 

2 

3 

4 

a 
b 

a 

a 
" b 

b 
a 
to 

oe 
1 
multiplied 
? 

to 

99 

Do your rough work in this space 

Criteria: 

Computing by t .•-• inverse of 
t v fraction 

I 4) 

Coarr uting by an parent 
Invar sa 

( 2) 

23. The quotient (a + ^ ) equals zero, 
if ^ 

1 

2 

3 

4 

c = 0 

b = 0 

* - 0 

• • ^ 

Oompating by -no inverse* 

< » ) 

24• In the proportion § = § » 1 equals 

1 1 
2 2 

3 1 

4 3 

Corns utation on % proportion 

( a) 
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25. by adding 1 to botn s ides of the 
proportion &. = £, one obtains a 

b d 
following new proport ion: 

1 

2 

3 

4 

A-b _ 
b 

a+1 _ 
b " 
b 

a+1 " 

a+b 
b ~ 

c-d 
d 

c+1 
d 
d 

c+1 

c+d 
d 

100 

Do your rough work in t h i s space 

anmttatiA1 

Computation of a proportion 

(4 ) 

26. What term is to be put in the 
vacant place i i, in tne expression 
3a 6a 
4 " , , 
of it ? 

to get a true proportion 

1 

2 

3 

4 

8a 

8 

6a 

Computing by th« true pro* 
portion 

( S ) 

27. The proportions § = § and 
a+c a-c ^ i_ 
r̂-jr = TT^T are the same, because 
1 

2 

3 

4 

ad = be 

a _ a+c 
b b+d 

( a + c H b - d ) = ( a - c ) (b+d) 

£ - A 
a c 

Computing by the identical 
proportion: 

(2) 

28. — = 2 constantly. Therefore, when 

y = 3p, x equals: 

1 6p 

2 

3 

4 

4p 

l i p 

5p 

CoKfut-tion fin. tha formula 
of d i r ec t variation 

( ) 

1 
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101 

If j. varies directly as t,, then 
the constant o. equals: 

1 

2 

3 

4 

. - * 

• - * 

• • t 
' • • f 

Do your rough work in this space 

Computation of the formula 
of direct variation 

( 4) 

A handful of h candies costs c. 
cents. Therefore, b candies would 
cost: 

be 
^ -jj- cents 

— cents 
2 c 

h 4. rr cents 3 be 

. b.c cents 

x.y = 3 constantly. 
x = 2a, y equals 

2a 
1 3 

Thus, when 

2 1 
3 

3 2a 
3 

4 2 

Computation by the ooneept 

I » } (eon«t.) 

(1 ) 

Coanwtatloa on the formula 
of inverse variation 
x.y * E (coast,) 

( S) 

A variable c varies Inversely as t.. 
Thus, the constant s. equals: ~~ 

1 

2 

3 

c 
t 

-CJL 
_1_ 

Computation of the formula 
xy * t (const.) 

t 



33. A rectangular strip of land, when 
narrowed n-tlmes, without changing 
its area, becomes n-tlmes 

34. 
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Do your rough work In this space 

^r^erj^i 

1 smaller 

2 longer 

3 shorter 

4 larger 

The missing term , „ 
l i t y fex + b = S i _ 

|n n 

1 l+b) 

2 nb 
b 

3 n 

4 (-b) 

In the equa^' 

J , is 

di 
\+\ 

Urn 
wfl 

(4 ) 

Computation by the mono apt 
xy • f (const.) 

Computation by tha identity 

35. -x The root of the equation ~ = 1-x, 

is equal to: 

1 

2 

3 

4 

1 
2 

- 2 

- 1 

Computation on a simple 
equation of tho first 
«agree 

d ) 

36. The question "How many weeks does 
the month of February have?" is 
expressed by the following 
equation: 

1 28x = 7 

2 73C-1 = 0 

3 7x = 28 

4 28 = } 

Computation of an equation 
of the first degree 

< » > 



: bx = b+x, i f x equals 

1 __9_; 

2 

3 

b 
D T T 

b-1 
4 T 

awnraxx 2 
- li -

103 

Do your rough work in t h i s space 

CjJ&SXawV 

Computation on solving m 
equation of the f i r s t 
degree 

( 6) 

The value of the root of the equa­
tion x = yT, is as follows: 

1 

2 

3 

4 

+1' 

+1 

-1 

-V 

- •planting the solution of 
an equation 

( •) 

The equations ax+b = 0, and 
nax+nb = 0 have the same roots 
equal to: 

b 
1 "a 

2 

3 

4 
a 
b 

Computation by -olving 
two identical equations 

( 1) 

The equation px + q = 0, when veri­
fied, produces the following 
equality: 

1 

2 

3 

x = x 

2q = 0 

-q+q = 0 

Coaputatlon on verifying 
an equation of the first 
degree 
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Do your rough work in this space 

41. The roots x=2 and y=-3 satisfy 
the following set of equations: 

1 

2 

3 

4 

x + y = -1 
x - y = 0 
x + 1 = 0 
y + x = -1 
2x + y = 1 
x - y = 0 

2x + y = 1 
3x +2y = 0 

Sfial&UEaaV1 

Computation by verifying a 
mat of two linesr equa­
tions 

(4 ) 

42. 
Pv + V = 1 

The set of equations |x + y = 2 
is satisfied by: 

1 

2 

3 

4 

x=l; 

x=2; 

x=0; 

no v 

y=-l 

y=-3 

y=i 

alues of X and y 

Computation by verifying la-
consistent system of 
equations 

( *) 

43. If the value of x in the equation 
2x+3y = 1, equal8 0 or 1, then 
the value of y equals: 

1 

2 

3 

4 

*j? or 1 respectively 

1 or ̂  respectively 

3 or -g- respectively 

y or 1 respectively 

Computation on plotting a 
linear equatloa 

( 3) 

44. The set of equations 2* + X 

has the roots: 

1 x=-l and y=2 

2 

3 

4 

1 
0 

x= 

x= 

x= 

=+1 

-.-1 

=0 

and 

and 

and 

y=2 

y=-2 

y=i 

Computation of th* roots of 
a set of linear equations 

( 1) 
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Do your rough work In this space 

One straight line is presented by 
the graph of the following set of 
equations: 

1 

2 

3 

4 

2x + 3y = 5 
4x + 6y = 9 

x + 2y = 1 
2x + 4y = 3 

2x + .7 = 0 
6x + 3y = 3 

2x + 3y = 4 
4x + 6y = 8 

c I 

Computation of indeterminate 
-y.it"MO of aquations 

< 4) 

The standard form of the quadratic 
2 2 

equation « = x + # is as follows: 

1 

2 

3 

4 

3x2 

3x2 

3x2 

3x2 

+ 

+ 

— 

2x 

2x 

2x 

2x 

+ 

+ 

6 

6 

6 

6 

= 

_ 

, 

— 

0 

0 

0 

0 

Computation of the standard 
form of quadratic equation 

( 6) 

The product of two factors 
(x-2)(x-3) equals zero, If 

1 

2 

3 

4 

x = 

x = 

X = 

X = 

2 or 4 

3 or 1 

2 or 3 

4 or 3 

Commutation on the factor 
form of a «.«? r t i c 
equation 

( a) 

The root of the equation 
3x2+2x-6 = 0 is as follows: 

1 

2 

-2 ±V4+72 
6 

-1 ± If 2+36 
3 

- 1 ± ^4+72 

Commutation on the formula 

-b • Vb'gUaa 
x » 

http://-y.it
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Do your rough work in this space 

The discriminant A of the equa­
tion ax^bx+c = 0, is placed in 
the formula for x, right 

1 before the root sign 1/ 

2 under the fraction line — 

3 under the root sign If 

4 after the sign + 

at£a&£ai: 

Distinguishing A in the 
formula 

( 3) 

The value of the diacrirainant A 
in the equation x^x-2 = 0, equali 

1 

2 

3 

4 

-9 

+ yv 

Computation of A 

( 4) 

The equation x^Sx^ = 0, has 
two real roots, because 

1 

2 

3 

4 

ac 
„2 

-4ac 
- b 

= 

= 

= 

= 

4 

9 

16 
- 3 
2 

Computing by A 

( 8) 

(-2) is larger than (-24), because 

1 (-2)4 = 16 and (-24) = -16 

2 (-2)4 = 16 and (-24) = -8 

3 (-2)4 = 8 and (-24) = -16 

Computing ftn. uhen a<\0# 

n>0. 
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10? 

53. (a-b) is always positive 
except when 

1 

2 

3 

4 

n = - 1 

a = -b 

a = b 

• • * 

Do your rough work in this space 

Criteria: 
3BHB3B i a mm 

evaluating an (a11) 

(3 ) 

54* -̂ / 27aS~ «a«»li 

3+a 

3a 

1 _ 

2 

3 _ -3a 

4 9a 

Computing of A 

<• ) 

55. 
( * ) 

1 

2 

3 ~ 

4 4 

-2 
equals 

-4 
1 
4 

Application of a"n 

( 4) 

56. a results from 

1 

2 

3 

4 

a n • an 

1 
a* 

a 1 + a"1 

a n - a n 

Computing o° by a* 

( 1) 
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Do your rough work in this space 

57. The inverse of (a°)n equals: 

1 
2 a. 

- l 

4 -a 

£e^£*j£asV 

OomputlBg by (a0) 

( * ) 

58. {jx+l)^j , when x = - 2 , equals: 

1 -1 

2 , 1 

3 , 

4 8 

- 2 

Computing by ( a n ) p 

( • ) 

59. , when 

1 

2 

3 

4 

b = a' 

a = 1 

a = ±b 

b = I 

Computing by <£)' 

( s ) 

60. (x+1)"2 . (x+l)S equals: 

1 

2 

(x+1) 

(x+l) : 

(x+1) 

-5 

-1 

Computing by a0 .** • n**P 

4 (x+1)-6 
( • ) 



~ equa l s a, i f 
a*̂  

1 n-p = 1 
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Do your rough work in t h i s space 

gff'itft1>ffI 

2 

3 

4 

2 n = p c 

n-p = 0 

n = - p 

Coaputing by ̂  • a*"* 

( 1) 

m 

a results from 

1 am + ak 

2 . a 

3 

m 

H7 
.k-m 

Computing a* 

( 6) 

The operation opposite to that 

expressed by—v7-m is as follows: 

m 
1 

2 

3 

4 

a^ 

- a * 

A AT 
V a* - * / — » n/a-m 

1_+ ! -
2 = 1 " + xTT " 

x 2 + x-2 

2 x^+T 

3 
2 

x -1 
x+2 

Computing the oproslte to 

( 9) 

Oooputiag by L.C.M. 



The highest oomraon factor of 
(x+1)3 , (x+1)2 , ( x 2 - l ) , Is 
as follows: 

1 fx+1^ 

2 

3 

4 

irvjiyix e iio 

Do your rough work in this space 

« M w M H n M M n a w 

Computing by ^.C.^. 

c2-l" 

x- l N 

'x**l > ( D 
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TEST BOOKLET Total Score: 

Percentile: 

ALGEBRAIC CONCEPTS 

TEST 

Name: Date 

Date of birth: 

City: School: Grade: 

For how many years have you studied algebra? 

Read these instructions carefully 

The purpose of this test is to find out to what extent you are 
familiar with some algebraical concepts. Furthermore, the test is 
to help you and your fellow students in obtaining better mastery of 
algebraic concepts. Though there Is no time-limit for this test, 
you should not spend too much time on any one problem. Space for 
your rough work is provided at the right of each question. No ques­
tions may be asked after your work on answers has begun. 

Direction; Each problem of the test is followed by four 
choices, one of which is correct.. After you have found the correct 
choice, put its number in the bracket to the right. 

Example: Do your rough work In this space 

If x = +2, then x2 equals 

1 +2 

2 -4 

3 4 

4 z2? (3 ) 

The answer "4" is correct, and it Is 
the third choice. Therefore, "3" has 
been written in the bracket at the 
right. 



Do your rough work in this space 

1. The algebraic brackets are re- «aUmmŝ Sal 
presented by the following signs: 

1 ( . . . .7 f or 1. . . J ftaeoffnltlnn levr»li 
r -, 1 ] Recognition of the algebraio 

2 ( ), or j . . . ) , or | ...) bracket. 

3 R..]) 

4 -f...1 (2) 

2. The correct use of the bracket 
(...) is shown in the following 
expression: ivelustion levelt 

1 y - -C-(»fl 
y = (a + (b) + 1) 

Ai-mroprlatamese of the 
braoket 

3 y = f(a+b)J 

4 y = -(a+b) (4 ) 

3. The algebraic bracket is a means 
of expressing Application T,?veli 
I a change of signs 

the 

the 

the 

importance of terms 

algebraic wholeness 

complexity of terms 

The meaning of the braoket 
2 

3 

4 tne compiexi-cy or Terms ( *) 

4. The minus fraction line implies a 
concealed bracket (...) on its 

Concealed bracket 
1 

2 

3 

4 

numerator only 

numerator and denominator 

numerator or denominator 

denominator only 
( 3 ) 
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Do your rough work in this space 

The square of the sum of a and b MlXlirXt1 

is represented by: 

1 a 2 - b 2 Recognition of (a+b) 8 

2 a 2 -2ab+b 2 

3 a w 
4 a 

2+2ab+b2 
( 4 ) 

The square of d i f f e r e n c e of p. and 
£ i s r e p r e s e n t e d by: 

1 ( p - q ) 2 

2 p 2+2pq-q 2 

3 - ( p + q ) 2 

- p 2 - q 2 
< * > 

fteoogmitlon of ( a - b ) 2 

The d i f f e r ence of squares of s, and 
z i s r ep re sen ted by: 

1 

2 

3 

4 

( s - z ) 2 

s 2 +2sz-z 2 

2 2 8 - z c 

s 2 - 2 s z - z 2 
( 5 ) 

Recognition of <a2-b2) 

The cube of the sum (a+b) is as 
follows: 

1 (a^+Sab+Sab^b 5) 

2 _ 

3 (a5+3a2b+3ab+b3) 

4 (a 3 +b g ) 

(a+b)' 

( * > 

Recognition of (e+b) 



9. The cube (a+b) exceeds (a3+b3) 
hy 

1 (a+b)2 

2 3a2b 

3 3ab2 

4 (3a2b + 3ab2) 

10. The cube of difference (a-b) is 
represented by 

1 a3-b3 

2 (a+b)2(a-b) 

3 (a-b)2(a+b) 

4 (a-b)3 

11. The cube ( a -b ) 3 exceeds (a 3 -b 3 ) 
hy 

1 ( a -b ) 2 

2 3ab2 

3 (-3a2b+3ab2) 

4 3a2b 

12. The sum of two algebraic cubes 1 
represented by: 

1 (a+b)3 

2 (a^a^+Sab^b3) 

3 (a3+b3) ' 

4 (a3+3ab+3a2b+b3) 

APPUtDp 2 114 

Do your rough work in th i s space 

Criteriat 

Evaluation of (a+b)* 

< 4 > 

Recognition of (a-b) 3 

< 4 > 

Evaluation of (a-b) 9 

( 8 ) 

Aeeognltlon of ( • • •b 3 ) 

i » ) 



A **•**?! X 2 
- f i ­

n d 

13. (p3+q3) i s a product of (p+q) 
and 

1 (p2-pq+q2) 

2 (p+q)2 

3 (p^+pq+q2) 

4 (p-q)2 

Do your rough work in this space 

ssiisga: 

<1> 

Understanding of tha factor 
form of (a* • b5) 

14. The difference of two algebraic 
cubes Is represented by the 
following expression: 

1 (x+y)g - (x-y)3 

2 

3 

4 

(x-y)J 

xy3-x3j 

43-23 

d ) 

Reeemitlon of (a3 - ba) 

15. The factor of (p3-q3) are as 
follows: 

1 (p+q) and (p2-pq+q2) 

2 

3 

4 

( p - q ) 2 

(p-q) J 

(p+q)2 

and 

and 

and 

(P-q) 

(p^+pq+q2) 

(P-q) 

Reaognltlon of the factor 
form of (a 3 - b3) 

< • > 

16. Algebraic fractions are presented 
throughout the following expression: 

1 

2 

3 

4 

. • f - i 
m _ £ + 2 
2 2 m 

l + | + i 
la + | - b 

Recognition of the algabraio 
freotlon 

<2 ) 



17. The following signed fractions 
are equal: 

AWrtm £X _2 116 

Do your rough work in th is space 

£sU!s*Jm\L 

18. 

+ a = 
1 + b 
+ a = 

2 b 

4 b 

a 
-b 
-a 
b 
-a 
-b 
-a 
-b 

Which fraction has no meaning if 
d is any amount of dollars? 

-d 
1 "3 

2 

3 

4 

d 
3 

2d 

4d 
12 

(,) 
3 

- li> 

Onderstandlng of tha signed 
fraotlon 

Understanding of the signed 
fraotlon in a concrete 
altuatlott 

19. Three equal f ract ions are presented 
In the following expression, below: 

1 

2 

3 

4 

n a = na = a 
*b ~b" bn 

n a _ na _ -a 
" • * - * " - f t 
n & - -a na 
b " Ibn = b 

n a _ na _ -na 

< 1 > 

Tha equality of ipned 
fraatloas 

^'("tW-fh (•*) are three equal 

fractions, where b ̂  0. Which, if 
any, is understandable it a Is a 
number of pints of milk for sale? m 

(h) 
M 

Understanding of tha negate 
fraotlon in a concrete 
situation 

none of them 
< • » 
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The inverse of the fraction £ 
b 

is as follows: 
-a 

1 b 

2 

3 

4 

b 
a 

a 
-b 

_ a 
b 

Do your rough work in this space 

QJI target 

Recognition of the inverse 
of the fraction 

The inverse of the fraction ̂  is 
equal to that fraction itself, if 

1 q = 0 

P • + 1 

3 

4 

p = q 

q = 1 V 

Evaluation of the inverse 
of algebraio fmotion 

There is no Inverse of the alge­
braic fraction a If 

b' 

1 

2 

3 

4 

a = b 

a < b 

a > b 

a = 0 u> 

understanding of the ease of 
na inverse of algebraia 
fraction 

The algebraic proportion Is repre­
sented by the following expression: 

1 

2 

3 

4 

a i c 
b ' d 

b d 

ad = be 

(a+b)+l = (c+d)+l < * ' 

Recognition af proportion 
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Do your rough work In this space 

25. Which, if any, of the following 
definitions of the proportion 
is the best? 

the proportion is the 
1 equality of two ratios: 

the proportion is an equation 
which states the equality of 

2 two ratios; 
the proportion is an equation 

2 of two fractions; 

the proportion is none of the 
4 above. 

a£y££a*V 

Definition of proportion 

( , ) 

26. A true proportion has always its 
ratios 

1 positive 

2 negative 

3 equal 

4 different < 3 > 

The trueness of proportion 

27. The following proportions are 
identical: 

1 

2 

3 

4 

f-ft «"*-* 
1 _ 2 a . 3 _ 6 5 - g and 3 - 5 

J - t a n d ! = § 
5 ' 10 a n a 5 " 10 ( J 

Identity end not identity 
of two "jroTJortions 

28. The formula for direct variation 
of two variables x and £, is as 
follows: 

^ = k(constant) 

2 x.y = k(oonstant) 

3 x+y = k(constant) 

4 x-y =s k(constant) 

Recognition of the formula 
for Ureot variation 

( i ) 
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Do your rough work in this space 

29. Two variables x and y_ vary directly, 
if they simultaneously 

1 change their signs 

2 are equal 

3 don't change 

4 increase or decrease n-times < 4 > 

i&sUttemeV 

The meaning of Variation 

30. A t r a in moves uniformly, making 25 
miles per hour. The dis tance 
covered by that t r a i n var ies 
d i rec t ly as 

1 

2 

3 

4 

the 

the 

the 

the 

width of the track 

load of carriages 

time of motion 

slope of the track ( 3 ) 

Direot variation in tha 
concrete 

31. The formula for Inverse variation 
of two variables x and y. is as 
follows: 

— = k(conBtant) 

1 y ' 

2 x.y = k(constant) 

3 x+y = k(constant) 

4 x-y = k(constant) 
( 8 ) 

Tha formula for inverse 
variation: eb»*K (oonstant) 

32. Two variables x and y_ vary inversely, 
If simultaneously 

1 

2 

3 

4 

x decreases n-times, 
y does the same 

x decreases n-tlmes, 
y does not change 

x Increases n-tlmes, 
y does the same 

x increases n-tlmes, 
y decreases n-times 

and 

and 

and 

and 

( 4 ) 

The meaning of invar** 
variation 



APPENDIX 2 120 
- 10 -

Do your rough work In this space 
33. The time you need to get home from 

your school varies inversely as 

1 

2 

3 

4 

the speed at which you go 
the distance of your home from 
the school 
the throng you meet on your 
way home 
the number of stops on your 
way 

Criteria; 

Inverse variation in the 
concrete 

( 1) 

34. The algebraic Identity is repre­
sented by the following expression: 

1 

2 

3 

4 

ax 

4 

a 

2+x 

= 

= 

= 

= 

b 

4 

a 

1 +2x 

Understanding of the concept 
of algebraio identity 

(30 

35. The equation in one unknown x is 
represented by the following 
expression: 

1 

2 

3 

4 

x+2a = 2a+x 

0 = 2x+3 

2 X = 2 X 

yx"= yx~ 

Recognition of the algebraio 
equation 

(2) 

36. The equation in one unknown x 
expresses: 

the question about the value 
of x which satisfies the equa-

1 tlon; 
the equality of two algebraic 

2 expressions 
the comparison of two algebraic 

3 terms 
the operation on two algebraic 

4 expressions 

The meaning of the equation 

(1 ) 



37. To solve an equation in unknown 
x, means: 

to compare two algebraio 
1 expressions 

2 

3 

4 

to find the only true value 
of X 
to transpose x to one side 
of the equation 

to look for true value of x 

*.>-?&mnxx 2 121 
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Do your rough work In t h i s space 

££eJtf££eV 

The ooneept of solution of 
equation 

( 2) 

38. The root of the equation in one 
unknown x, is: 
.j the unknown x of the equation 

the formula for solving the 
2 equation 

3 the solution of the equation 

the value of x which satls-
4 fies the equation 

the ooneept of the root of 
aquation 

( 4 ) 

39. Two Identical equations are such 
equations that have 

1 

2 

3 

4 

the 

the 

the 

the 

alike terms 

same way of solution 

same only roots 

same form 

T ha meaning of Mentlosl 
aquation 

( 3 ) 

40. To verify the equation ax + b = 0, 
means 

to check if the value of x is 
1 the only correct 

2 

3 

to find whether the equation 
is correct 

to check on the method of 
solution 

Verification of the equation 

to compare both sides of 
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41. To verify a set of two equations 
a*t b y = J means 
dx+ey = f 

to check whether the equations 
1 are identical 

2 to find the correct answers 

to check whether the values 
3 of x and y_ are the .only correct 
^ _ • - • • • — * 

4 to find the wrong answers 

42. How many solutions can a set of two 
equations ax + by = c p0SB988? 

1 

2 

3 

4 

only one 

one, 

only 

two, 

none, 

two 

or 

or more 

unlimited number 

43. A graph of the equation ax+by=c 
represents 

1 

2 

a curve 

a point 

3 a segment 

4 a straight line 

Do your rough work In this space 

££&£lemaV 

Toriflowtlon of two 
equations 

<3> 

^xistance of three (deter­
minate, indeterminate, 
inconsistent) y stems of 
two equations 

<•> 

The oonoept of the rraph of 
ax • by » o 

(4) 

44. The solut ion of two equations of 
the f i r s t degree i s represented 
graphically by 

a point of in t e r sec t ion of 
1 two straight lines 

2 two parallel lines 

3 one straight line 

Oraphio solution of two 
linear equations 

4 two short segments (1 ) 
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Do your rough work In this space 

45. The graph of two linear equations, 
which have unlimited number of the 
same roots, is represented by 

1 two parallel lines 

2 one straight line 

3 

4 

unlimited number of straight 
lines 

two segments 

Criteria! 

The graph of identloal 
equations 

(2) 

46. The standard form of quadratic 
equation is represented by 

1 

2 

3 

4 

X 2 

X 2 -

ax2 

ax2 

+ x = 

- 2 = 

+ bx 

+ bx 

X 

+ 

= 

-1 

c = 

3 

0 

Standard form of quadratla 
equation 

( 9) 

47. The factor form of the quadratic 
equation, whose roots are x = 2 
and x = 3, Is as follows: 

1 (x-2)(x-5) = 0 

2 (x-2)(x+3) = 0 

3 (x+2)(x+3) = 0 

4 (2+x)(3-x) = 0 

The factor f*M*H of the 
quadra t i e equation 

( I ) 

48. The formula for computing the root 
of the equation ax^bx+c = 0, i s 
as follows: 

- -b +j/b2-4ao 
1 2a 

+b 
x = itf b*+4ac 

2a 
_ -h +l/b2-4ao 

3 " " ~2a x = 

Knowledge of th > formula 
-b e Y b̂  - 4ao 

2a 
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49. The quadratic equation can have 
as many solutions as: 

1 two 

2 

3 

4 

i two 

i two, 

two, 

or : 

one 

or 

more 

, or 

no s 

no solution 

solution 

Do your rough work In this space 

Criteria, l 

Number of solutions of the 
quadratio 

(3 ) 

50. The discriminant of the equation 
ax^bx+c = 0, i s as follows: 

1 

2 

3 

+ yV-4ac 
(b -4ac) 

(-£) 
4 (b^ac) 

Recognition of A » b 2 -4ao 

(2 ) 

51. The discriminant of ax2+bx+c = 0 
tells whether that equation has 

1 

2 

positive roots 

fractional roots 

3 negative roots 

4 one,two,or no roots 

The role of A * b - 4ae 

(4 ) 

52. To compute a11, where n=l,2,3,..., 
means 

1 to add a to itself n-tlraes 

2 to multiply a by n, a-tlmes 

3 to multiply a by itself n-times 

The ooneept of an, (a >0) 

4 to add n to i t s e l f n-tlraes (3 ) 
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53. (-3)n has a positive value, if 

1 n is an odd integer 

2 

3 

4 

n 

n 

n 

is a positive integer 

is a negative integer 

is an even integer 

Do your rough work in this space 

Evaluation of a* 

<4> 

54. The operation that is opposite to 
that expressed by an, is as follows: 

1 

2 

3 

nc 

( * ) n 

-h 

Tha ooneept of l\/"i""" 

(i ) 

55. a~n equals 

1 

2 

3 

a.(-1) n 

1 * an 

_JL 
.n 

-a n 

Applying aB in the concept 
i-a 

< * > 

56. a equals 
0 

1 a The ooneept of a 0 

3 0 
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Do your rough work In tnia space 

57. To raise (an) to the p-th power, 
means: 

1 

2 

3 

4 

to compute an P 

to multiply a11 by an p-timea 

to add an to itself p-times 

to multiply an by aP 

Criteria: 

The concept of (a*)* - a B p 

(2) 

,n 58. (a.b) equals 

an.bn 1 

2 

3 

4 

an.b 

a.bn 

an+bn 

Tha conoept (ab)n - a"** 

(1) 

59. The n-th power of the fraction # is 
represented by the following: 

,n 
1 

2 

3 

4 

a 

an 

b 

a 
b* 

( ! ) " 

The eoaoept <£)n • 6? 
b« 

( 1) 

60. an.aq equals 

o n q 1 

2 

3 

4 

n\q (an) 

(a11 + a*) 

(an+<l) 

The concepti an,a°* - a**' 

( 4) 



61. 

62. 

63. 

(a* 

1 

2 

3 

4 

m 
a* 

1 

2 

3 

4 

k / 

1 

2 

3 

4 

J equals 

n 
(aP) 

(ln"P) 

(an-ap) 

(an"P) 

equals 

—/a*" 

am * ak 

(a*/ 

Va7 

am has no 

m = 0 

k = 0 

k = m 

k = -m 

meaning, if 

APPENDIX 2 127 
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Do your rough work in this space 

Criteria: 

The oonoept a_ .n-p 
a*" * 

(•> 

The oonoept a* • \ j a
B 

(1 ) 

m 
Evaluation of a* = ki/aS~ 

(2 ) 

64. The lowest common multiple of 
a4, a3, a2, equals 

1 

2 

3 

2a2 

4at 

Understanding the concept 
of the algebraio L.C.M. 

4 a4 
( « ) 
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65. The highest common factor of given 
algebraic numbers is the largest 
number that is 

1 

2 

3 

4 

a product of those numbers 

Do your rough work in this apace 

ffrmrawm" 

Understanding of the concept: 
H.C.J\ 

a 

a 

a 

divisor of those numbers 

sum of those numbers 

quotient of those numbers ( 2) 



..VALBATIOM OF THS TE3T ITLHS 

method: 27Jt 
Nigh ranking 16 lndlv. 
Low ranking 16 lndlv. 

fopOfPt-Tpgj 

G >roup 59 pupils * 34 boys • 25 girls 

Item No. 

The highest 27? 

The lowest 27% 

Difference 

1 2 

16 13 

12 14 

3 -1 

3 

9 

8 

1 

4 

3 

4 

-1 

5 

16 

11 

5 

6 7 8 

16 16 14 

13 6 9 

3 7 5 

9 

16 

7 

9 

10 

13 

8 

5 

11 

16 

4 

12 

12 

16 

5 

11 

13 14 15 

14 15 14 

6 12 8 

8 3 7 

16 

11 

4 

7 

17 

7 

2 

5 

18 

16 

13 

3 

19 

9 

1 

8 

20 

13 

7 

6 

21 

15 

12 

3 

22 

12 

9 

3 

Item No. 

The highest 27* 

The lowest 67£ 

Difference 

23 24 

9 15 

6 9 

4 6 

25 

4 

1 

3 

26 

8 

8 

0 

27 

10 

5 

7 

28 

7 

7 

1 

29 30 

13 12 

1 6 

12 4 

31 

5 

2 

3 

32 

10 

4 

6 

33 

9 

6 

1 

34 

7 

4 

3 

35 36 37 

16 16 11 

7 10 7 

9 5 4 

38 

11 

4 

7 

39 

6 

2 

4 

40 

8 

2 

6 

41 

12 

9 

3 

42 

2 

2 

0 

43 

6 

2 

4 

44 

8 

4 

4 

Item Ho. 

The highest 27* 

The lowest 27J* 

Differenoe 

45 

6 

3 

3 

46 

14 

10 

4 

47 

13 

5 

8 

48 

16 

8 

7 

49 

3 

1 

2 

50 51 

10 4 

1 4 

9 0 

62 

15 

10 

3 

56 

10 

2 

8 

54 

11 

2 

9 

55 

2 

0 

2 

56 57 58 

4 7 14 

2 5 13 

2 2 1 

69 

11 

6 

6 

60 

9 

6 

3 

61 

9 

2 

7 

62 

9 

4 

5 

63 

4 

5 

-1 

64 

4 

1 

3 

65 

16 

7 

8 

3 
3 
as 

X 

TOTAL: (Positive 59 + (Zero) 3 • (Minus 0ne)3 " w i t e B 8 



EVALUATION OF THE TEST ITEMS 

Method: 27* 
High ranking 15 lndlv. 
Low ranking 15 lndlv. 

6*Ui-Tesf 

Oroup 56 PUPIIS « 31 boys • 25 girls 

Item No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 16 16 17 18 19 20 21 22 

The highest 27* 

The lowest 27* 

Difference 

13 

13 

0 

9 

10 

-1 

13 5 

11 1 

2 4 

14 

12 

2 

12 

5 

7 

13 

9 

4 

13 

11 

2 

4 

3 

1 

2 10 

0 7 

2 3 

14 

9 

5 

6 

1 

7 

11 

5 

6 

4 

3 

1 

4 

1 

3 

7 

2 

5 

9 

4 

5 

6 

2 

4 

5 

2 

3 

11 

8 

3 

12 

7 

5 

Item No. 

The highest 27* 

The lowest 27* 

Differenoe 

23 

4 

1 

3 

24 

13 

8 

5 

25 26 

2 14 

1 11 

1 3 

27 

3 

2 

1 

28 

12 

8 

4 

29 

9 

7 

2 

30 

7 

3 

4 

31 

11 

10 

1 

32 33 

2 8 

0 11 

2 -3 

34 

12 

9 

3 

35 

8 

3 

5 

36 

12 

8 

4 

37 

2 

3 

-1 

38 

13 

7 

6 

39 

6 

0 

6 

40 

3 

0 

3 

41 

12 

8 

4 

42 

14 

9 

5 

43 

11 

7 

4 

44 

11 

5 

6 

Item No. 

The highest 27* 

The lowest 27* 

Difference 

45 

9 

1 

8 

46 47 

5 12 

3 2 

2 4 

48 

6 

0 

6 

49 

3 

0 

3 

50 

4 

0 

4 

51 

6 

0 

6 

52 

9 

3 

6 

53 54 

2 11 

1 4 

1 7 

55 

4 

0 

4 

56 

2 

3 

-1 

57 

4 

1 

3 

56 

7 

4 

3 

59 

7 

1 

6 

60 

6 

1 

5 

61 

5 

1 

4 

62 

8 

3 

5 

63 

5 

0 

5 

64 

7 

3 

4 

65 

9 

7 

2 

TOTAL: (Positive) 60 + (Zero) 1 + (Minus) 4 » 65 items 

6 

x 
o* 

M 
8 
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IflOXl 

Banks in Conoept-Test 

Hanfc ifipxg. MkTk 

Ranks in 3klll-Test 

Main 5&ift i&fics. Mak 

0 9 
a le 
B 20 
B 21 
0 22 
6 22 
B 25 
a 26 
B 26 
B 26 
6 27 
B 27 
0 28 
G 28 
0 28 
0 28 
0 28 
B 28 
0 29 
B 29 
B 29 
6 30 
G 30 
B 30 
0 31 
0 31 
0 31 
B 31 
B 52 
B 32 
0 34 
B 34 

59 
56 
57 
56 
54.6 
54.6 
53 
51 
51 
51 
46.6 
48.5 
44.6 
44.5 
44.6 
44.8 J 
44.5 
44.6 
40 
40 
40 
37 
37 
37 
33.5 
33.8 
33.5 
33.5 
30.6 
30.5 
28.6 
28.5 

4* 
m 
a 
I 
e 

4» 

0 35 
0 36 
B 38 
B 35 
B 36 
B 36 
B 36 
B 37 
0 36 
B 38 

39 
39 

B 39 
B 39 
B 39 
0 41 
B 41 
B 41 

0 

? B 41 
^ B 42 
* B 43 
a B 43 
•£8 44 
2 6 45 
• B 4 8 

I 0 48 
^ B 49 

25.6 
26,6 
26.6 
25.5 
22 
22 
22 
20 
16.5 
18.6 
15 
15 
18 
16 
16 
10.5 
10.5 
10,5 
10,6 
8 
6,5 
6.6 
5 
3.5 
3.5 
2 
1 

0 16 
B 15 
0 
0 

16 
17 

B 18 
0 19 
G 19 
0 19 
6 20 
6 21 
0 21 
G 21 
B 21 
B 22 
B 22 
0 24 
6 24 
B 24 
B 24 
B 25 
B 26 
G 26 
G 26 
B 26 
B 26 
G 27 
0 27 
0 27 
B 27 
B 27 
B 27 

Total - 59 pupils 
» 34 boys • 25 girls 

Total: 56 pupils 
31 boys • 
26 girls 



APPENDIX 4 

COMPUTATION OF ITEMS' DIFFICULTY. INDICES 

Group of 109 pupils - Bt.Patrlok's 87 4 Notre Dame 22 

CONOKPT TEST 

Item St. Notre Difficulty 
No. Patrick's Dame Index in * 

1 
2 
3 
4 
6 
6 
7 
6 
8 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

85 
79 
28 
9 
69 
71 
64 
73 
71 
71 
66 
61 
49 
69 
59 
38 
30 
77 
30 
50 
77 
68 
46 
57 
19 
46 
33 
41 
36 
60 
16 
39 
43 
26 
56 
69 
43 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

22 
22 
8 
3 
18 
20 
18 
22 
22 
21 
22 
21 
20 
18 
21 
12 
16 
17 
7 
13 
22 
12 
22 
22 
4 
16 
13 
5 
3 
6 
1 
2 
6 
17 
16 
21 
14 

m 
* 
m 

a 
at 

m 
m 
m 
ts 
3* 

* 
at 

at 

Ol 

Ui 

at 

m 
St 

m 
at 

m 
m 
at 

at 

m% 

at 

at 

at 

at 

m 
at 

m 
m 
at 

at 

at 

ai 

107 
101 
36 
12 
87 
91 
72 
95 
93 
92 
88 
82 
69 
77 
60 
50 
46 
94 
37 
63 
99 
80 
70 
79 
23 
64 
46 
46 
38 
66 
17 
41 
49 
42 
72 
90 
67 

at 

m 
m 
m 
SB 

tx 
at 

at 

«• 

at 

at 

at 

ac 

a* 

m 
at 

at 

at 

at 

at 

at 

at 

at 

at 

at 

as 
at 

at 

at 

at 

ac 

at 

at 

m 
at 

am 
at 

97 
92 
33 
11 
79 
83 
66 
87 
85 
84 
80 
75 
63 
70 
73 
46 
42 
86 
33 
67 
90 
73 
64 
72 
21 
56 
42 
42 
34 
60 
16 
37 
44 
40 
66 
82 
62 
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CONCEPT TEST (CONTINUED) 

Item St. Notre Difficulty 
No. Patrick's Dame Index in * 

38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61 
52 
53 
54 
55 
66 
67 
58 
59 
60 
61 
62 
63 
64 
66 

52 
26 
16 
45 
11 
26 
46 
10 
72 
49 
69 
21 
46 
44 
67 
29 
32 
11 
17 
31 
69 
63 
46 
39 
48 
22 
19 
49 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

17 
8 
11 
16 
1 
1 
1 
0 
22 
14 
22 
3 

19 
15 
22 
10 
7 
11 
17 
16 
18 
16 
14 
14 
19 
10 
9 
10 

at 

at 

at 

at 

at 

at 

at 

at 

at 

at 

at 

at 

at 

at 

as 

m 
X 

m% 

a 

at 

at 

at 

at 

at 

at 

s= 
at 

at 

69 
31 
27 
61 
12 
27 
47 
10 
94 
63 
91 
24 
64 
69 
89 
39 
39 
22 
34 
47 
87 
69 
59 
55 
67 
32 
28 
59 

at 

at 

at 

at 

at 

at 

at 

at 

at 

at 

at 

at 

at 

mX 

= 
at 

at 

at 

at 

at 

at 

at 

at 

at 

at 

m 
at 

at 

66 
28 
24 
55 
11 
24 
43 
91 
86 
87 
63 
22 
58 
64 
81 
36 
36 
20 
33 
46 
79 
63 
54 
48 
61 
30 
25 
54 
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COMPUTATION OP IT1LM3» DIFFICULTY INDICES 

Group of 109 pupi l s - S t . P a t r i c k ' s 87 4 Notre Dame 22 

SKILL-TEST 

Item 
No. 

1 
2 
6 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
29 
24 
26 
26 
27 
26 
26 
30 
31 
32 
33 
34 
36 
36 
37 

St. 
Patriak' 

81 
67 
74 
22 
80 
67 
74 
81 
13 
6 
67 
60 
29 
57 
13 
16 
38 
44 
16 
17 
46 
70 
16 
71 
28 
82 
20 
74 
48 
42 
66 
13 
66 
54 
39 
72 
16 

8 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 

4 
4 
• 
4 

4 
4 
4 
4 
4 

Notre 
Daae 

18 
10 
21 
4 
23 
11 
22 
16 
2 
3 

16 
12 
20 
12 
9 
6 
6 
• 

7 
6 
16 
21 
6 
20 
6 
23 
5 
18 
17 
13 
14 
2 
9 
16 
6 
20 
6 

l 

at 

at 

at 

at 

at 

at 

at 

at 

m 
m 
at 

at 

at 

at 

at 

at 

m 
at 

at 

at 

at 

at 

at 

at 

m 
at 

at 

at 

at 

at 

at 

at 

at 

at 

at 

at 

m 

99 
67 
95 
26 
103 
78 
96 
99 
16 
9 
75 
62 
49 
69 
22 
22 
46 
53 
26 
26 
63 
91 
20 
91 
34 
106 
26 
92 
62 
65 
70 
15 
75 
70 
45 
92 
21 

m 

at 

at 

at 

at 

at 

at 

sn 

at 

at 

at 

at 

* 
at 

at 

at 

at 

SI 

at 

at 

at 

at 

at 

at 

at 

at 

at 

at 

at 

at 

at 

M 

m 
m 
m 
m 
at 

Diffioulty 
Index in * 

90 
61 
86 
26 
93 
70 
87 
90 
IS 
9 
66 
66 
40 
62 
16 
19 u 
46 
22 
20 
57 
82 
18 
82 
30 
95 
22 
83 
56 
50 
63 
13 
70 
63 
40 
63 
19 



APPENDIX 4 136 

SKILL-TEST(CONTINUED) 

Item 
No. 

38 
38 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
50 
61 
52 
53 
64 
55 
66 
57 
56 
69 
60 
61 
62 
63 
64 
66 

St. 
Patriok1 

63 
28 
19 
72 
77 
30 
65 
96 
37 
56 
36 
26 
28 
32 
58 
8 
60 
14 
9 
24 
60 
36 
48 
28 
44 
44 
23 
39 

8 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

Notre 
Dame 

17 
7 
6 
18 
20 
7 
12 
14 
10 
14 
8 
14 
8 
6 
10 
2 
13 
6 
1 
3 
12 
12 
9 
7 
18 
14 
14 
16 

at 

at 

at 

at 

as 

at 

at 

at 

at 

at 

at 

at 

at 

at 

at 

as 

am 

at 

<s 

at 

at 

at 

33 

at 

s: 

a: 

ssc 

as 

80 
35 
28 
90 
97 
37 
77 
62 
57 
66 
44 
43 
36 
38 
66 
10 
73 
20 
10 
27 
72 
48 
54 
56 
62 
56 
37 
56 

m 
at 

« 
at 

XE 

at 

at 

at 

at 

at 

at 

at 

OB 

at 

at 

at 

a 

at 

at 

at 

at 

m 
at 

at 

at 

at 

a: 

-a 

Difficulty 
Index in * 

72 
36 
22 
81 
9 
33 
70 
43 
51 
62 
40 
40 
32 
34 
59 
9 
66 
18 
36 
25 
65 
43 
46 
31 
56 
62 
33 
50 



APPENDIX 8 

COEFFICIENT OF RELIABILITY OF THE TESTS 

Tha enolosed list of names presents the soores 

obtained on two administrations of the test and the 

attached Dayhaw Correlation Chart shows the computation 

of the eoefflolent. 
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CONCEPTS - COEFFICIENT OP BEUABILJTX 
N » 30 

No. Name 
First 

Administr­
ation 

Second 
Administra­

tion 

1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Merman Gerald Popela 
John Clay 
Simpson William T. 
Ronald Le Neveu 
Frank Cuggy 
Peter Tobin 
Charles Thebarge 
Daniel Phelan 
Gerald Fitsgerald 
Duncan Lunan 
Fr.Jofan Tulatyck 
James MoGibbon 
David McCaffrey 
Lalonde William 
Lao Turner 
Biohard Marks 
Fenton Fred. Robert 
Brown Disk 
Peter Nolan 
D. Glastonbury 
Biohard LeBlane 
Stanley Cameron 
Peter McConnery 
Kevin Hilaaey 
Soissons Leo 
Jony Piatek,Pr. 
Tom Curley 
Michael Williams 
Phelan Pete 
Michael Seigneur 

49 
44 
43 
43 
42 
41 
41 
41 
39 
39 
39 
38 
37 
36 
36 
36 
36 
36 
34 
32 
32 
31 
90 
29 
29 
28 
26 
25 
21 
20 

61 
48 
43 
46 a 
46 
42 
36 
40 
36 
35 
42 
41 
42 
39 
37 
31 
43 
34 
34 
30 
26 
35 
29 
35 
36 
33 
37 
22 
36 
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APPEHDIX e 

TWO LISTS Of* KAM&8 AMD RAW 8G0BS8 

Mo. 

1. Conoopt~Toot (X) 

Group of 109 pupils 

Li§t of Maatoi and Seoroo 

Nana Oonoopt 
Sooro 

69 
51 
40 
4? 
40 
46 
45 
44 
44 
49 
45 
43 
43 
43 
43 
43 
42 
42 
42 
42 
41 
41 
41 
41 
41 
41 
40 
40 
40 
40 
39 
39 

36 
38 
38 

Skill 
Sooro 

5? 
47 
51 
42 
41 
37 
34 
41 
27 
49 
49 
38 
39 
29 
36 
27 
44 
37 
37 
34 
34 
40 
42 
36 
37 
32 
47 
46 
33 
32 
38 
30 
32 
18 
39 
33 

1 Matsuol Kendo 
2 Gerald Popola 
3 Tony Griffin 
4 Corlnne Qendron 
6 Lloyd Brannan 
6 Fetor Tools 
7 Donald Uneven 
8 Mlohaol Young 
9 Uu i i Severe 
10 Blapten villian 
11 Broun Dick 
12 Mary El.Holt 
13 Lorraina Pofour 
14 Kllee Coldlag 
18 Margaret Herbert 
16 Carol Turpin 
17 Janec KcOlbbon 
18 Chariot Thebnrge 
19 Donald Xebleter 
20 Madololno Uplante 
21 Lawrence Kolotar 
22 DaYld McCaffrey 
23 Thoaae Lionels 
24 Prank Caggy 
23 lottlao Goran 
28 Virginia Mnokoy 
27 williau Jette 
28 Brian Pelletier 
29 MeDougall Leonard 
30 Gerald Fltiwerald 
31 Mleelc Karefi 
32 Patrick 01111• 
33 Lao Turner 
34 Mary P. Brldgnnn 
36 wllllaa P.Dlolin 
36 Oorald Parent 



/r 

mmsx @ 

TKO U8T8 OF BAKU ABB BAB BOOBSB 

1* <tatt9pfc»tcet (X) 

%oup of 109 pnpUe 

List of Baaea • 

Ho. Nam© 
" " t ••aipM^ea' 

1 Natsu*i lattift 
2 Gerald Popela 
3 Tony Grif H B 
4 Oerinne ^ndron 
6 Uajr*Bv«maBi 
6 Peter Totoin 
7 Donald %*mm 
8 HloHael Young 9 Louis §on«rg 

10 Slapaon VilUatt 
11 Brown Bit* 
12 Hary H+I©1* 
13 Lorraine l>ufour 
14 tfilea eoldint 
18 Harga*t* BMawt 16 Carol Turpi!* 
17 *r*acii KcOibbon 18 Charles 1lMle«§* 
19 Donald Isolator 
20 Madeleine f*g»laiit# 
21 Laurence Imamx*-
m &«m *c*awejr 
23 Thonae Uoedie 
24 lr«Rfc Sugff 
ft Louise Ocrm 
28 Virginia Kaekey 
27 williaa £#*«« 
28 Irian Pelletier 
29 BoDougall Leonard 
30 Gerald Pttsgoral* 
31 Nlaol© Kerch 
32 Patrick Gillie 
33 Leo Turner 
m mef P. Brldwan 
38 wlUiaw IMiolin 
36 #ermld Parent 

iMd Seare* 

Scare 

89 
61 
48 
47 
48 
48 
45 
44 44 
43 
43 
43 
43 43 
43 
43 
m m 
42 4f 
« i 
41 
41 
41 
41 
41 
40 40 40 
40 
39 
39 
35 
38 
38 
as 

ski l l 
8C«*B 

87 
47 
§1 
42 
41 
37 34 
41 
27 
4@ 
49 
31 
3$ m m 
44 
37 
37 34 
34 
40 
42 
38 
37 32 
47 
48 
38 
3g 
38 
30 
32 
18 
39 
33 



Nans 

37 Raymond kealy 
38 Jean Close 
39 Richard Marks 
40 Janes Gillisle 
41 Hiohard Lord 
48 Robert Gaapaell 
43 Bob Brady 
44 Martin Rood 
48 Bruce Attfield 
46 Douglas Gocdvin 
47 Joan Burgess 
48 Pauline Street 
49 Daisy Jarvis 
50 Mangione Joseph 
51 Warren L*Africaln 
62 Gerald Meopher 
53 fr.Jaa Tulatyoki 
84 Patrick MeTuard 
55 Badbum William 
58 John T. McKay 
57 Duncan Treaan 
58 David Kelly 
59 Glen Conor 
60 Leo Sals sons 
61 Tony Piatsl 
62 Sanora Cherry 
63 Bercen Ouellette 
64 John Rivet 
65 Peter Holan 
66 Desnond Keon 
67 Pete Llneger 
68 Leo Vallquette 
69 Diana Oauthler 
70 Harold Kehoe 
71 Martin Monagaa 
72 Kopll George 

73 Tea Curley 
74 Greene A.MePougall 
76 fiagel John T. 
76 Margaret Bolaad 
77 Patrick Shea 
78 John Gosselln 
79 Philip O'Reilly 
80 Paul Braseau 

6 140 

Concept Skill 
Soore Soore 

37 
37 
37 
37 
37 
37 
37 
36 
36 
36 
36 
35 
35 
35 
35 
35 
35 
35 
36 
35 
35 
35 
35 
35 
35 
34 
34 
34 
34 
34 
34 
34 
33 
33 
33 
33 

33 
32 
32 
31 
31 
31 
31 
31 

41 
34 
34 
37 
30 
31 
30 
28 
34 
31 
33 
29 
37 
34 
30 
29 
30 
41 
36 
32 
43 
42 
35 
30 
27 
22 
36 
39 
29 
25 
34 
35 
23 
23 
27 
25 

33 
39 
29 
26 
30 
25 
38 
30 
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*o. r' Wa 

81 
62 
83 
84 
86 
86 
87 
88 
89 
90 
91 
92 
93 
94 
96 
96 
97 
98 
99 
100 
101 
102 
103 
104 
106 
106 
107 
108 
109 

Mane a*easHSP 

Terry O'Oonnell 
Fenton Fred 
Paul Drapeau 
Christopher Durhan 
Vllllan Perrault 
Boh Flood 
Gerald Searoella 
Kevin Milaney 
Brian Ward 
Vilna Cenroy 
Paul Geavel 
Henderson Jin 
Mcrin Robert 
8haun K, Fripp 
She 11a Goman 
Joe Mroooliok 
Don Brewold 
Ton Coulccn 
Louie R.Sauaweber 
Peter Pyefinoh 
Robert Gauthler 
Penny Beeper 
Stanley Cameron 
Lahey Terence 
John Murphcy 
John MoDernctt 
Pete Phelan 
Trever Saith 
Bonoit John 

Concept 
Soore 

31 
31 
30 
30 
30 
30 
30 
29 
29 
28 
28 
JjB 
28 
28 
27 
27 
27 
27 
27 
26 
26 
25 
25 
25 
25 
23 
22 
21 
18 

Skill 
Soore 

27 
27 
21 
26 
32 
35 
28 
24 
20 
22 
26 
32 
35 
23 
21 
15 
29 
24 
38 
27 
31 
23 
24 
32 
21 
21 
21 
14 
22 
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2. Skill-Test (Y) 

Group of 109 pupils 

List of Names and Soores 

*• "~ £S "JST 
1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
15 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
38 
36 

Matsual Konde 
Tony Griffin 
Simpson William 
Brown Dick 
Gerald Popela 
William Jette 
Brian Pelletler 
Janes MeGlbbott 
Dunoan Treaan 
Thoaae Llendle 
David lolly 
Corrlae Gendron 
Lloyd Brennan 
Michael loung 
Rayaand Kealy 
Patrick McTuard 
David MeCaffrey 
William P. Dlolan 
John Rivet 
Graeme A. NoDougall 
Lorraine Dufour 
Frank Cuggy 
Philip Q^Reilly 
Mary El.Holt 
Margaret Berbert 
Louie R. Saumveber 
Ricole Kerch 
Peter Tobin 
Charles Thebarge 
Donald Isblster 
James Glllisle 
Loulee Corua 
Daisy Jarvls 
Radburn William 
Noreen Ouellette 
MoDougall Leonard 

57 
51 
49 
49 
47 
47 
46 
44 
43 
42 
42 
42 
41 
41 
41 
41 
40 
39 
39 
39 
39 
38 
38 
38 
38 
38 
38 
37 
37 
37 
37 
37 
37 
36 
36 
35 

59 
46 
43 
43 
51 
40 
40 
42 
38 
41 
36 
47 
46 
flMI 

37 
36 
41 
58 
34 
32 
43 
41 
31 
43 
43 
27 
39 
45 
42 
42 
37 
41 
36 
35 
34 
40 
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No. 

37 
38 
39 
40 
41 
42 
43 
44 
48 
46 
47 
48 
49 
50 
51 
62 
53 
54 
66 
66 
87 
58 
59 
60 
61 
62 
63 
64 
68 
66 
67 
68 
69 
70 
71 
72 

73 
74 
75 
76 
77 
78 
79 
80 

T V "II',MI
,,.'-"I

I ' v : " " '.:, :,!',: ,„',.":.;:; •••• r.'igis 

Mama 

Glen Conor 
Leo Vallquette 
Bob Flood 
Morln Robert 
Ronald LeMeveu 
Lawrence Kelesar 
Jean Close 
Biohard Marks 
Bruce Attfleld 
Mangionc Joseph 
Pete Lineger 
Madeleine Laplante 
Gerald Parent 
Joan Burgess 
Tom Curler 
Gerald Fitagaraid 
Leo Turner 
John T. McKay 
William Perreult 
Henderson Jim 
Lahey Terence 
Virginia Mackey 
Robert Campbell 
Douglas Goodwin 
Robert Gauthier 
Patrick Gillie 
Rlahard Lord 
Bob Brady 
Warren L'Afrloain 
Fr.Jan Tulatyoki 
Lee Selssons 
Patrlok Shea 
Paul Braseau 
Gerald Meopher 
Peter Nolan 
£ngel John T 

Don Brovold 
Bllse Colding 
Pauline Street 
Marian Flood 
Gerald Soareella 
Tony Platel 
Martin Nonaghan 
Terry O'Oonnell 

Skill 
Soore 

35 
36 
35 
35 
34 
34 
34 
34 
34 
34 
34 
34 
33 
33 
33 
32 
32 
32 
32 
32 
32 
32 
51 
31 
31 
30 
30 
30 
30 
30 
30 
30 
30 
29 
29 
29 

29 
29 
29 
28 
28 
27 
27 
27 

• " • • " ' ' • ' • « - -

Concept 
Soore 

35 
34 
30 
28 
46 
41 
37 
37 
46 
38 
34 
42 
38 
36 
33 
40 
39 
35 
30 
28 
25 
41 
37 
36 
28 
39 
37 
37 
35 
36 
35 
31 
31 
35 
34 
32 

27 
43 
35 
36 
30 
35 
33 
31 



No. 

81 
82 
83 
84 
86 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
105 
104 
105 
106 
107 
108 
109 

APHsaiDlX 6 

Name 

Fenton Fred 
Peter Pyefineh 
Louis Gowore 
Carol Turpin 
Christopher Durham 
Paul Geavol 
Margaret Boland 
Desmond Keon 
Kopll George 
John QoBselln 
Kevin Mllaney 
Tom Coulson 
Stanley Cameron 
Harold Kehoe 
Shaun K. Frlpp 
Diana Gauthler 
Penny Hooper 
Bonoit John 
Samora Cherry 
Wilma Conroy 
Paul Drapeau 
John Murphey 
John MoDermott 
Pets Phelan 
Sheila Gorman 
Brian Ward 
Mary Paula Bridgman 
Joe Brobonlok 
Trevor Smith 

Skill 
Soore 

27 
27 
27 
27 
28 
26 
26 
25 
25 
25 
24 
24 
24 
23 
23 
23 
23 
22 
22 
22 
21 
21 
21 
21 
21 
20 
18 
15 
14 

Concept 
Soore 

31 
26 
44 
43 
30 
28 
31 
34 
33 
31 
29 
27 
26 
33 
28 
33 
25 
18 
34 
28 
30 
25 
23 
22 
27 
29 
36 
27 
21 

144 
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COEFFICIENT OF CORRELATION OF THE TWO 

SETS OF SCORES 
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APPENDIX 8 

COMPUTATION OF PERCENTILES AND STANDARD 
SCORES 

1. Computation of Peroentiles 

The computation of peroentiles for the whole 

group of 109 testees is presented in the attached Lists 

A and B for the Concept-Test and the Skill-Test, respectively. 

The formula for finding a percentile by deriving it 

from a rank: P - 100 n"r + °»ft has been used through­

out, by applying it to both tests. 

Symbol j& is the number of the individuals in the 

group; symbol j» is the particular rank assigned to the 

Individual's total soore on the test. 

2. Computation of Standard Scores 

The normalized standard scores have been computed 
o 

with the help of tables in the way recommended by D. Adkins 

in her book Construction and Analysis of Achievement Teste. 

Thus, if a raw soore 38 is equivalent to a percentile of 

68.3 as it is in the Concept-Test at No.35, then the differ­

ence (68.3 - 50) = 18.3, divided by 109, is checked in the 

tables, in the oolumn "area", and a corresponding value 

£ - 0.47 is computed by interpolation. 

1 J.P.Guilford, Fundamental Statistics in Psychology 
and Education. 2nd edition, Hew York, McGraw-Hill, 1950, p.553. 

2 D.C.Adkins, Construction and Analysis of Achieve­
ment Tests. Washington D.C, U.S.Govt.Printing Office, 1947, 
pp 100 and 143. 
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A. CONCEPT-TEST 

COMPUTATION OF PERCENTILES 

p . 100 x • - y 0.6 

N * number of individuals ranked 

R « particular rank assigned to the 
individual's total soore on the 
test 

I « 109 

Mo. Soore Rank Percentile 

1 P - 100 X 109 -\Ql °-S , 99.5 

100 X l°\l9°'5 = 98.6 

1 

2 

3 

4 

5 

7 

8 
9 

10 
11 
12 
13 
14 
15 
16 

17 1 
18 
19 I 
20 

59 

51 

48 

47 

46 

[ 45 

44 

\ 43 

42 

1 

2 

3 

4 

5 

6.5 

8*5 

13 

18.5 

10650 
109 97.7 

W - ".7 
10450 
109 

10300 
109 

95.8 

94.4 

V - 9S-6 

9660 
109 88.5 

9100 
109 83.4 
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No. Soore Rank Percentile 

21' 
2S 
H\- 41 23.5 Sfgg = 78.8 
25 
26 

') 
I 40 28.5 Sigg * 74.3 

39 32 22|fi m ?1 x 

341 
36 ]• 38 35 -*•?** m 68.3 
36 

695 

37 
38 
39 
40 f 37 40 *f§§ * 63.7 

42 

43 

44 

46 f 36 45-5 T 0 § " 58'7 

47 
48 
49 
50 
61 
52 
53 
u\ 36 54'5 *ft » 50*4 
56 
67 
58 
59 
60 
61 
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No. Soore Rank Percentile 

62 
65 
64 
65 
66 
67 
68 

34 65 445 40.8 

69 
70 
71 
72 
73 
74 

33 71.6 34.8 

76 
76 

77 
78 
79 
80 
81 
82 
83 

32 

31 

75.5 

80 

31.1 

27 

84 
85 
86 
87 
88 

30 86 >3_6( 
109 

21.5 

89 
90 

91 
92 
93 
94 
95 

96 
97 
98 
99 

100 
101 

29 

28 

27 

26 

89.5 

93 

97.5 

100.5 

m 
1200 
109 

900 
109 

18.3 

15.1 

11 

8.2 
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No. Soore Rank 

102 
103 
104 
105 

25 103.5 

106 23 106 

107 22 107 

108 21 108 

109 18 109 

Percentile 

6Q0_ 
109 5.5 

350 
109 

250 
109 

150 
109" 

50 
109 

3.3 

2.2 

1.3 

0.4 
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B. SKILL-TEST 

COMPUTATION OF PERCENTILES 

p . 100 x * + g.6 - R 

N * 109 = number of scores 

R = partioular rank assigned to one score 

No. Score Rank Percentile 

1 57 ! 108,60-1.1Q0 . 99<B 

18 
19 
20 
21 

TOl 

98.6 

97.2 

2 51 2 i22jp 

l } 49 3.5 lffl& 

; j 4? ••• w - 9&-4 

7 46 7 ±°J§°- = 94 

e 44 8 Iggft 93.1 

9 43 9 i£§§°- , 92.2 

42 11 ^fif 90.3 
10 
11 
12 

IS [ « "•• ^lof " «™ 
16 
17 40 17 2|i°r « 84.8 

^ [ 39 19.5 fi22| « 82.5 
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Mo. Soore Rank Percentile 

38 24.5 Sggg 

22 
25 
24 { 
25 
26 
27 J 
28 ̂i 
29 
30 I 
31 
32 
33 J 
34 1 
35 f 

y 

• \ 

36 
37 
38 > 
39 
40 

41 1 
42 
45 
44 K 

45 
46 
47 
48 J 
49 1 
50 > 
51 J 
52 1 
53 
54 
55 i 
56 
57 
58 

59 "l 
60 f 

61 J 

lot - 77-9 

37 30.5 2!§°| = 72.4 

36 34.5 2|SP. . 68#8 

35 38 ^ § | = 65.5 

34 44.5 £f§§ = 59.6 

33 50 ^|H « 54.5 

32 55 1̂09 « °0 

31 60 i|§ 45.4 
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No. Soore Rank Percentile 

62 S 
63 
64 
65 
66 
67 
66 
69 

70 
71 
72 
73 
74 
75 

78 > 
79 
80 
81 
82 
83 
84 

85 1 
86 
87 

88 
89 
90 

91 
92 
93 
94 
95 
96 
97 

98 
99 
100 

30 65.5 4|gg » 40.3 

29 72.5 27J& - 33.9 

1% \ 28 76.6 52gP, 
77 J 109 

30.2 

27 81 28|| , 26#1 

86 j> 26 86 2fJ§ * 21.5 

89 j> 25 89 ^°J§ . 18.8 

24 92 Igg 16 

23 95.5 ^fg§ - 12.8 

99 ^ 22 99 i0^! » 9.6 
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109 14 109 

No. Score Rank Percentile 

101 ' 
1 0 2 RRft 

103 > 21 103 f2g = 6.9 
104 109 

105 

106 20 106 f§§ = 3 . 2 

107 18 107 m = 2 . 2 

108 15 108 ^§| = 1 . 3 

109 " °'4 
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VERTICAL AND HORIZONTAL COMPARISON 

/EIGHT TABLES AND SIX CORRELATION CHARTS/ 

Table IX. - Upper Concept Group - Computation 
of the Mean and Standard Deviation 

Scores 

57-59 

54-56 

51-53 

48-50 

45-47 

42-44 

39-41 

36-38 

M = 

Mid­
point 

56 

53 

52 

49 

46 

41 

38 

37 

N 

Ts 

f. 

l 

0 

i 

l 

4 

13 

13 

3 

i - 36 

40 .41; 

X 

15.59 

12.59 

11.59 

8.59 

5.59 

- 0.59 

- 2.41 

- 3.41 

<7= 

3S 

fx 

15.59 

0.00 

11.59 

8.59 

22.36 

- 7.67 

- 3 1 . 3 3 

- 1 0 . 2 3 

f x 2 

243.048 

0.000 

132.710 

73.788 

124.992 

4.525 

75.505 

34.884 

£j£ = 689.452 

W 
4 . 0 8 , 

» 2 6 ^ 6 . 4 < 3 4 

as computed in 
the attached 
Correlation Chart A 
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Table X. - Middle Concept Group - Computation 
of the Mean and Standard Deviation 

Soores 
Mid­
point fx' 

37-37 

36-36 

35-35 

34-34 

33-33 

M = 

37 

36 

35 

34 

33 

^X 

N 

35. 

7 

4 

14 

7 

4 

= 36 

,08; 

1.92 

0.92 

-0.08 

-1.08 

-2.08 

3.68 

0.84 

0.006 

1.16 

4.32 

\ t 

25.67 

3.36 

0.08 

8.12 

17.28 

^fx 2 = 54.51 

2x38 = 1 #23 as 

also computed in the 
attached Correlation 
Chart B. 
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Table XI. - Lower Concept G-roup - Computation of 
the Mean and Standard Deviation 

Soores f x fx< fx2 

32-33 

30-31 

28-29 

26-27 

24-25 

22-23 

20-21 

18-19 

M = 

Assumed Mean 

M = M 1 + K-

4 

12 

7 

6 

4 

2 

1 

1 

37 

« M1 * 

0.24) -

2 

1 

0 

- 1 

- 2 

- 3 

- 4 

- 5 

28 

27. 

8 

12 

0 

- 6 

- 8 

- 6 

- 4 

- 5 

£lx * -9 

6 

16 

12 

0 

6 

16 

18 

16 

26 

£tx2 

c « 

True Mean = ~ p = 28.08 

109 

4 * - -0.24 

^ m-£fX2 o 

= 2.ya.M-6.&6 = 3.4o 
as computed in the attached 
Correlation Chart C 
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Table XII. - Upper Skill Group - Computation of 
the Mean and Standard Deviation 

Soores fy tf< 

56-57 

54-55 

52-53 

50-51 

48-49 

46-47 

44-45 

42-43 

40-41 

38-39 

36-37 

34-35 

N 

M m m-jl = 

1 

0 

0 

1 

2 

3 

1 

4 

5 

10 

2 

1 

- 36 

40.43 

8 

7 

6 

5 

4 

3 

2 

1 

0 

-1 

-2 

~3 

(H. 

It 

l. 

8 

0 

0 

5 

8 

9 

2 

4 

0 

-10 

-4 

-3 

y - 19 i 

W--

64 

0 

0 

25 

32 

27 

4 

4 

0 

10 

8 

9 

^fy{ 

2 
o ; = ^fy 0.5; 

<T- 2.'|i§§- 0.25 = 2.1/-OS » 4.80 

as computed in the attached 
Correlation Chart D. 
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Table XIII. - Middle Skill Group - Computation 
of the Mean and Standard Deviation 

-Scores 

34-35 

32-33 

30-31 

28-29 

Mdpt. 

34.5 

32.5 

30.5 

28.5 

y 

2.42 

0.42 

-1.58 

-3.58 

y2 

5.8 

0.2 

2.5 

12.8 

f 

12 

10 

11 

3 

fy2 

69.60 

2.00 

27.50 

38.40 

N = 36 ^fy2 = 137.50 

M= m^x52.0Q; CT=l/t£-l*: ^hr^" 1.95=1.94 

as computed in the attached 
Correlation Chart E. 
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Table XIV. - Lower Skill Group - Computation of 
the Mean and Standard Deviation 

Scores 

28-29 

26-27 

24-25 

22-23 

20-21 

18-19 

16-17 

14-15 

M - - ^ g - -

Mdpt. 

28.5 

26.5 

24.5 

22.5 

20.5 

18.5 

16.5 

14.5 

23.97 

y 

4 .53 

2.53 

0.53 

- 1 . 9 2 

-3 .47 

- 5 . 4 7 

-7 .47 

- 9 . 4 7 

r* 

20.5 

6.4 

0 .3 

3 .6 

12 .0 

29.9 

55 .8 

89 .6 

N -

^ r 2 , 21.76 
H "|T37 

3 . 5 , as comp 
Correla 

f 

5 

10 

6 

7 

6 

1 

0 

2 

37 

L - i 

•uted 
.tion 

fy2 

102.50 

64.00 

1.80 

25.20 

72.00 

29.90 

0.00 

179.20 

£ f y 2 = 
474.60 

5.63 

in the attached 
Chart F. 
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Table XV. - Concept Scores of the Upper, Middle, and 
Lower Skill Croups 

Concept Soore e of the 
upper Skill Group 

In order of 
size 

59 
51 
48 
47 
46 
45 
44 
43 
43 
43 
43 
43 
42 
42 
42 
41 
41 
41 
41 
40 
40 
40 
39 

38 
37 
37 
35 
35 
35 
35 
35 
34 
34 
32 
31 -
27 

H-36 

*•¥-
^ r < ^ . 
computed 
attached 
Chart D. 

Grouped 

57-59 
54-56 
51-53 
48-50 
45-47 
42-44 
39-41 
36-38 
33-36 
30-32 
27-29 

1 = 3 

40.25 

• 5.61 as 
in the 

Concept Soores of the 
Middle Skill Group 

In o 

45 
45 
42 
41 
41 
40 
39 
39 
36 
37 
37 
37 
37 
37 
36 
36 
35 
35 
35 
35 
35 
35 

Correlation 35 

irder of 
size 

34 
34 
34 
33 
32 
31 
31 
30 
30 
28 
28 
26 . 
25 

N =*36 

".-4 s 

(7? <K' 

Grouped 

44-45 
42-43 
40-41 
38-39 
36-37 
34-35 
32-33 
30-31 
28-29 
26-27 
24-25 

i - 2 

= 35.22 

= 4.56 as 
computed in the 

Concept Soores of the 
Lower Skill Group 

In order 
size 

44 
43 
43 
38 
36 
35 
35 
34 
34 
33 
33 
33 
33 
31 
31 
31 
31 
30 
30 
30 
29 
29 

attached Correlation 
Chart S, i 

28 
28 
28 
27 
27 
27 
27 
26 
25 
25 
25 
23 
22 
21 
18 

N»37 
*c » 

of 

4* 

Grouped 

42-44 
39-41 
36-38 
33-35 
30-32 
27-29 
24-26 
21-23 
18-20 

1 ax 3 

» 30.3 

<7^7 cr£ = 5.4, as 
computed in the 
attached Correla­
tion Chart P. 
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Sable XVI.- Skill Scores of the Upper, Middle, and Lower roups. 

Skill Score is of the 
Upper Concept Group 

In order of 
size 

57 
51 
49 
49 
47 
47 
46 
44 
42 
42 
41 
41 
40 
39 
31 
38 
38 
38 
38 
37 
37 
37 
37 

35 
34 
34 
34 
33 
32 
32 
32 
30 
29 
27 
27 
18 

N = 36 

w £* 

X 
computed 
attached 
Chart A 

Grouped 

57-59 
54-56 
51-53 
48-50 
45-47 
42-44 
39-41 
36-38 
33-36 
30-32 
27-29 
24-26 
21-23 
18-20 

1 = 3 

= 38.08 

* 6.63 as 
in the 
Correlation 

Skill Scores of the 
Middle Concept Group 

In 

43 
42 
41 
41 
39 
37 
37 
36 
36 
35 
36 
34 
34 
34 
34 
34 
33 
32 
31 
31 
30 
30 
30 
30 
30 

order-
size 

29 
29 
29 
28 
27 
27 
25 
25 
23 
23 
22 

of 

N m 36 

* • -

< ^ 

Grouped 

42-43 
40-41 
38-39 
36-37 
34-35 
32-33 
30-31 
28-29 
26-27 
24-25 
22-23 

i » 2 

- ^ = 32.11 

^ = 5.36 as 
computed 
attached 
Chart B 

in the 
Correlation 

Skill Soores of the 
Lower Concept Group 

In 

39 
38 
38 
35 
35 
33 
32 
32 
32 
31 
30 
30 
29 
29 
28 
27 
27 
27 
26 
26 
26 
25 

as 

order 
size 

24 
24 
24 
23 
23 
22 
22 
21 
21 
21 
21 
21 
20 
15 
14 

0 Grouped 

38-39 
36-37 
34-35 
32-33 
30-31 
28-29 
26-27 
24-25 
22-23 
20-21 
18-19 
16-17 
14-15 

1 = 2 

N - 37 

M a » 

cr^ 

-JP » 26.78 

< ^ = 5.96, 
computed in the 

attached Correla-
tlon Chart 0 
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COMPUTING THE SIGNIFICANCE OF THE MEANS 
IN THE HORIZONTAL COMPARISON 

The performance of each of the three groups, upper, 

middle, and lower, on one test is to be compared to its 

performance on the other test. In particular, the signi­

ficance of difference of the means on each of such two 

performances is to be determined. This requires computa­

tion of the value of the ratio -~, » where D is the 

difference of the means, and (7^is the standard error of 

that difference equal to 7 ^ f l
2 + ° ^ - 2rsc ̂ M8 *% ; ^ s 

Vyr are the standard errors of the corresponding means on 

skills or concepts, equal to — — (slgma t^being *ke stan-
1/ N 

dard deviation of the distribution, and N its number of oases 

in a group.) 

Thus, in each case, the same computation is performed 

as follows* 
1. Middle Skill Group 

(Its Performances on Skill-Test and on the Concept-Test) 

Mean on Skills Mg - 32.08 (as computed in Table XVI) 

Mean on Concepts MQ = 35.22 (as oomputed in Table JKV) 

D = 3.14 
Standard deviation 
of the Skill distri­
bution o^ = 1.94 (as computed in Correlation Chart E 
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Standard deviation of (as computed in Cor-
the Concept distribution (7£'* 4.56 (relation Chart E 

Standard errors of the ^-
means: (7^ - ^* M . - # - J 4 4 - ° - « 

rso * 0.245 (as computed in Corre-
latlon Chart E) 

^ = - ] ^ 2 + f*B
2- 2r80 ̂ Mc ^ 8 

=7 0.762 + 0.322 - 0.49x0.76*0.32 

"1/ 0.6776+0.1024 - 0.119 

« 0.74 

2. Lower Skill Group 
(Its Performance on the Skill Test and on the Concept Test) 

Ma » 23.97 (as computed in Table XIV) 

M0 » 30.30 (as computed in Table XV) 

D =6.33 

£g * 3.5 (as computed in Correlation Chart F) 

OQ = 5.4 (as computed in Correlation Chart F) 

***' # " w' °'67 

r80 = 0.45 (as oomputed in Correlation Chart F) 

^> =]f0.572+0.882 - 0.90*0.5? *0.88 = 0.804 

JD 6t33 s 7 87 > 3 
^ff 0.804 f'°f ' ° 
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3. Upper Conoept Group 
s Performance on the Conoept Test and on the Skill Test) 

M0 = 40.41 (as computed in Table IX) 

Ma • 38.08 (as computed in Table XVI) 

D » 2.33 

0~£ = 4.08 (as computed in Correlation Chart A) 

t^- 6.63 

**,•#• Vs- *•*» 
r08 • 0.65 (as computed in Correlation Chart A) 

^-=~y 1.105* + 0.68z - 1.30 A 1.10 A 0.68 

=1/ 1.67 - 0.9? 
= 7 0.70 » 0.836 

D 2^33 • 
~d%m 0^83 ' 2-78 < 3 

4. Middle Concept Group 
s Performance on the Concept-Test and on the Skill-Test) 

M0 * 36.08 (ae computed in Table X) 

Mf = 32.11 (as computed in Table XVI) 

D - 2.97 

(7^= 1.23 (as computed in Correlation Chart B) 
/7^» 5.36 (as oofcputed in Correlation Chart B) 

^ - J I * - V * " °-88 

r =0.39 (as computed in Correlation Chart B) 
c s 



APPENDIX 10 173 

J0.2052 + 0. D " Vo.p.ns2 • o.ftft2 
88* - 2*0 .39 x 0 .205x0.88 

*Yo.81 - 0.14 
- 0.82 

D 2.97 - -„ s -
^ = 0 2 s 3-6 2 >3 

5. Lower Conoept Group 
( I t s performance on the Concept-Test and on the Skil l-Test) 

MQ = 28.08 (as computed in Table XI) 

Ma • 26.78 (as computed in Table XVI) 

D * 1.30 

(7£ = 3.40 (as computed in Correlation Chart C) 

(7£ « 5.96 (as computed in Correlation Chart C) 

<7jT «-S»2*ifi. 0.55 

(%~-0=%M= 0.98 
r c s m 0.49 (as computed in Correlation Chart C) 

D * [0 .55 2 + 0.982 - 0.98 * 0.56 * 0.98 

="]/ 0.7347 

- 0.85 

<7n n.ftfi * ^ 
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ABSTRACT OF 

Broadening the Mathematical Aspect of the Concept-
Skill Correlation at One Grade Algebra Level. •*• 

The aim of this study was to broaden the mathematical 

aspect of the correlation between the mastery of basic alge­

braic concepts and computational skills at one grade High 

School Algebra level, as determined by the coefficient of 

correlation. 

A representative algebraic material was selected at 

Grade XI level, and a homogenous group, representative of 

the Grade XI pupils of the Ottawa English-speaking Catholic 

High School population, was chosen for the investigation of 

the problem. 

An Algebraic Concept Test and an Algebraic Skill 

Test, were constructed, tried out, and administered to a 

representative group of 109 pupils, to obtain the data for 

exploration of the problem. 

A two-way procedure was applied to the Investigation: 

1. taking the whole tests and determining and interpreting 

the coefficient of correlation of data obtained, as to the 

closeness of the relationship and the difficulty of the tests; 

1 Ph.D. Thesis presented by Tadeusz Poz'niak, in 1956, 
to the School of Psychology and Education of the University of 
Ottawa, xll-177 pages. 
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2. taking three groups in the tests, upper, middle and 

lower, and comparing them as to the closeness of relation­

ship, and as to tests difficulty within each test, and 

between the two tests. 

The coefficient of correlation was found to be indi­

cative of a positive high correlation, and a direct marked 

relationship. 

The Algebraic Skill-Test was found to be signifi­

cantly harder to the group than the Algebraic Concept-Test. 

The vertical comparison, that is, within each test, 

of the upper, middle and lower groups, showed in both tests 

that these three groups differ between eaoh other signifi­

cantly in test difficulty. The Concept-Test and the Skill-

Test were found significantly harder for their middle groups 

than for their upper groups, and also significantly harder 

for their lower than for their middle groups. 

The horizontal comparison, that is, between the two 

tests, of the two respective upper groups, and likewise of 

the two middle and lower groups, produoed exact traits of 

the Interplay of the closeness of correlation and the tests 

difficulty aspects: 

Direction of the correlation was found positive in 

all oases. 

Moderate correlation and substantial relationship were 

found at all three, upper, middle and lower, group levels. 
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They are nearly equal at each level, but they are not equal 

between the levels. 

The middle groups in both tests find the Skill-Test 

significantly harder than the Conoept-Test. The upper and 

lower groups in both tests find the difficulty in other ways. 

It was concluded that the mathematical aspect of the 

concept-skill correlation, as furnished by the coefficient 

of correlation method, produces two significant character­

istics of the correlation: 

1, The same direction; 

2. A considerable closeness. 

The mathematical aspect of the concept-skill corre­

lation as furnished by the three-group division method, does 

the same, but, in addition, it shows the inner Interplay of 

the closeness and difficulty aspects, and furthermore, it 

furnishes a mathematically expressible trait of regularity 

by which that difficulty interplay is marked. 

It was concluded further that the exploration of 

the concept-skill correlation in algebra, along other grades 

of high school would be possible by application of two 

specially constructed and standardized tests: one for 

measuring the understanding of basic algebraic concepts, 

the other for measuring the algebraic computational skill. 

Reducing the computations in the Concept-Test to the 

minimum would be by all means advisable. 
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It was finally concluded that a full generalization 

of the findings could be achieved by application of both 

methods to a stratified truly representative sample of the 

Grade XI High School population on a province-wide basis. 


