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INTRODUCTION

1. The problem of the relation between mastery of
fundamental oconcepts and computational skills in High School
Algebra has been considered an important fleld of investi-
gation for & long tlno.l It has not yet been inveastigated
by objective methods.

The problem has been sxplored to some extent in the
field of arithmetio,z but the results cannot be applied
directly to Algebra, whatever arguments could be gquoted to
support such an application, without an investigation of the
field by objective and adequate means that would corresnond
to the nature of Algebra, which, due to the seneral aymbols
involved, differs from Arithmetic,

Two main facts seem to make the problem 4jfficult
for the investigator: 1ts broadness, and comnlexity. The
broadness lies above 2ll in a multitude of algebrailc con-
cepts and computations involved in the area of intermedl-~te
algebra, and disparsed alcong a number of grades, The com-

plexity of the nroblem gesms to lie sbove all in the

1 %alter I tonroe, id., Zngyclopedia of Educa §ggn

Regearch, s Prglegt of the American iducational Resesrch
Agsocintion, New York, Msomillan, 1960, p.717.723.

2 C.H.Butler,
P t
Migsouri, 1831, v-066 p.
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coincidence of many psychological aspects of mmastering the
concept or aoquiring a computational skill in algebra
(intelligence, memory, imagination, thinking, reasoning -
are involved in both) =5 well as in some confusion in the
field of algebraio concepts in today's school practice, The
conoepts suffer from the scarcity of clarity of thelir basic
componentas, A substentiation of the latter 1s presentsd

in Appendix 1,

?, A propsr approach to underteking the investigs-
tion of the mutual relation between the csomprshension of the
algebraic concepts and the ability to compute with those
ooncepts seems 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 algebrale material, and
fairly distant from arithmetic on the one hand,
and from higher algebra on the other;

{(b) 1limiting the investigation to a single deter-
minate aspect of the complex set of factors
involved in the problem,

Thus, only the mathematical agpect of the problem
at one grade level wag chosen for investigation.

The goefficient of gorrelation between the under-
atanding of algebraic concepts and corresponding skills in
computations at one Grade XI algebra group 1¢ to be deter-

mined first,
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In turn, a $hree-group division methed 1s to be
applied to the investigation of the correlation: the whole

group of testees %o be ranked on the two tests and divided
into three numerically equal and compsrable 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 coefficlent of correlation,

It 1s expeoted to obtain by such a confrontation:
a2 broadening of the mathematical aspect of the concopt-nkill
correlation in high school slgebra,

3. The whole tagk falls into two main divisiona:
(a) to obtain adequate tools for the investigation of
the problem, as there are no standardized tests
for the toplc avallable; and
(b) to investigate the problem =s such,
The following procedure hag been adopted:
(1) Choosing the algebraic mrterial for the investi-
gation of the concept-skill correl-tion;
(11) Constructing two achievement tests coming up to
the requirements of sstlafactory nmeasuring tools:

the Algebraic Concept Test for measuring the

understanding of the algebraiec concepts, ~nd the

Algebraic “kill Test for menssuring the ability

in algedbraic computations;

(111) Trying out the t~sts and validating the test-itoms;
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Adminiatering the tests to a representative
group of the “nplish-speaking Catholic High
nohool population in Grade XI in the City of
Ottava;

Scoring the tests, determining the nature of
the distributione obtained, and gorrelating
them to obtain the ocoefficient of correlation
of the two digtributions;

Comparing the upper, middle and lower groups

on both tests vertically, that is within the
teagts, and horirontally, that is comparing the
performance of the upper, middle and lower
groups on one test with their performance on
the other test;

Confronting the mathematical sspect of the
correlation ss obtained by the coefficient of
correlation with that obtained through the
vertieal and horizontsl comparisons by the three-
group division method;

Analysing the results of that confrontation and
producing a synthetizing formula or graeph as a
summary of the resultas:

Drawing oonolusions =e to the poassibility of a
gonereslization 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 algebrale concept are meant those notions
which anpear only in rlgebra and do not appeer in arithmetic
or geometry, or whioh - acoording to Butler's fornulation® -
appear mainly in problems that are essentially algebraic
and not arithmetical or geometric., The understanding of
general symbols, functional dependence, and quantative
relations are implied here,

A most oonoise and workable definition of the alge-

braloc concept in this study 1s: a_vsen~ral symbol of a

quantative operation.
By the term "skill in computation® is meant those

abilities that are assential in solving situations that
need basically an algebraic insight consisting of the mani-
pulative and reasoning power in algebralc computatlons.
Thus, the basic maatery of the techniques of computrtional
operations, =2s well as the abllity to seleot and to apply
the proper technigques for solving algebraic problemg, are
included in the idea of the computational skill.

This meaning of the computational skill ie consie~
tent with the ideas represented by dwsrd L. Thorndike® in
his book Pgychology of Algebra.

The litersture desling vith the algebralc concept
and skill, as for as 1t pertsins to this study, 1s presented
in the following chapter,

S . H. Butler, op,git,, pp 4l-42,

4 Edwsrd L, Thorndike et al., The Pgycholowy of
Algebra, New York, Maomillan, 1922, pp 166-191,



CHAPTER I
SURVEY OF THZ LITERATURE

Literature dealing exactly with the correlation
between the comprehension of the algebralc concepts and
the mastery of the algebrale computations, in reality
does not exist,

The books and periocdiecals deal only with the alge-
bralc concepts or the computational skills ssparately or
Jointly and stress the importance of the two aspects, but
they hardly go further than to assume or to point ~t their
mutual connection and they never deal exhaustively with the
nature of that connection and never do they undertanke any
measure of the concept-ekill correlstion.

The avallable literaturs can be divided in two parts:
one dealing mainly with the evaluation of the role of algebrs
in genaeral sducation, and the other dealing mainly with
devices and methods of improving the teaching of algebra by
embracing its theoretical and social aspects,

The common festure of both sesms to be in the p-ycho-
logical approach to the problem, and thus, the methodical
aspect 1a reflected in both grours, though in some different
ways. It concentrates in the first group of works mainly on

dlscovering weaknesses and oversights in the teaching, whereas
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the search for efficient remedies prevelils in the second

group,
1. Algebraic Concept-Skill Correlation - Assumed

The oclassioal and basic works of the first type
are considered:

A, Edward L, Thorndike, Margaret V., Cobb, Jacob I.0rleans,
Percival M. %ymonds, Elva ¥Wald, snd <lla Woodyard, The
Paychology of Algebra, N-w York, Maomillan, 1924,
x1-483 p.

In this vork, the correl-tion between the under-
standing of the algebraic concept and the computetional
gkill is treated by the authors in a way that could be,
perhaps quite appropriately, called a unifying or synthetic
vay.

There is no straight definition of the algebrailc
congept or of the slgebralec skill to be found in Thorndike's
book. That definition can only be deducted from the multi-
farious psychological approscshes to both of them. Rasther,
from the partial elements of the whole concepts, an idea
of the vholea osn be inferred fsirly exhauestively., For
example, generality, ag a very essential aspect of Algebra,
is presented by the suthor rather indirectly in the state-
ment "The Algebra as a tool 1s considered s tool for scien-

tific work, for thinking about general relations",!

1 E4qwerd L, Thorndike et al. , The Psygholory of
Algobra, New York, Maomillan, 1924, p.47.
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However, bcth the full meaning of "conocept® snd
*«k111", and their importance in teaching high school alge-
bra, are aprproached from so many angles, and supported by
numerous objeactive proofa, a#c to leave little doubt as to
the conclusionsg arrivad at,

The im-ortance of the pupil understanding the alge-
bralc concepts is set forth as basio to computing. The
importance of general algebraic symbols (thus: 77: loge,
a®, and so on) is basically scknowledged by such a statement
as "as we have to read them, and perhaps twice for every
once that we compute with thom“.z The importange of under-
standing such basic ~lgebralc concepts as equatlions, function,
and others, find thelir substantiation in the objeotively-
conducted proofs, ending with strong and glear concluslons
of the gort ",.. the understanding of equations as the
expression of relationg, goes stralght to the heart of gll
applied mathematics".® There can be no doubt either that,
in the authors' view, the compreshension of algebralic con-
cepts 13 basic to the computational skills.4

Algebraic gkill 1s set forth as an ability to deal
with gymbols, quantative relations, generalizations, and

with gelection and orgsnization of ideags and habits to

solve alzebraic situ&tions.s The sk1ill 1s much more “than

Ibia., p.89.
Ibja,, p.107.
Ibid., p.p.172-194,
Ibid., p.l98,

o I N 7 B )
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to use a praotical tool. It i1s an evidence of understanding
of the algebraic principles learned and an aid in learning
others"® (...) *The sk111 1n algedbrajic comput-tion involves
very much the same abllities that problem solving does".”

Perhaps the moat essential faotor, from the ~uthors'
didactic point of view, 1s the understanding of the concept
and the understanding of the way i1t can be used, That 1is
Just the understanding of both - the concept and the
operation performed - that links the baslc algedralc con-
cepts and skills organically into one didactioally effective
and worthy whole, being a cornerstone of “the knowledge in
Algebra®,

In such a treatment of the problem, the existence
of a very close and positive gorrelstion between the alge-
bralc concepts and the algebralc comnutational skill seems
to be implioit,

However, there 1s no attempt made by the suthors to
determine exactly the closeness of that correlation =nd
especinlly to mesasure 1te extent,

Thorndike's work is reflected, then, in this research
as far ag the definitions and inmportance of the algedbraic
concept and the algebralc skill, s well as the determina-
tion of the cholce of basic conecepts snd gkills in high
school algebra, are concerned, but it has no direat bearing
on the measure of the conscept-gkill correlation that hee been

undertaken in this atudy.

6 M’ pl 5?/8.
7 M' » p' 4‘80
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B, Progrosslva Education Assogiatlon, Mat t
: A q N2 A _,: ]

lon of hematicg in & “4u t m
on seeondary 3chool Curriculum, New York, Appleton-Century-
Crofts, 1938, xiv-4Z23 p.

The Committee sets forth the criteria for selecting
a set of a small number of fundamental concepts in high
#chool Algebra, and then a 36t of fundamental slgebralc
concepts as wvell,
The idea of the correlation between the algebrale
conoept and skill is reflected here in two mailn aspects:
(a) there 1s a definite 4lstinotion between them as
the two important didactic aspeots in teaching
algebra, but no separation;
(b) their mutual relation is considered to be closs,
but there are no objective proofs of the close-
ness quoted and no measurement of it undertaken,

or reported,

As far ass point (a) 1s concerned, the authors stote

in their report:

The techniques involved (in msthemstical operstions)
are a0 freguently demanded and the concepts basic to
the operations they help to perform are ao es-.ential
that they cannot be omitted in o eonslderatéon of
mathematics as a method of problem-sclving,

8 Progressive Zducation Arsociation, Mgthematics
L ) GQP ]l “ducs on A .:cr e O the om PO OnNn Nne

) e ,.’i'.' nabpemAaLlc s an‘ 4] tln h L@ 3]

misgion on Becondary sohool Ourrioulum, New Vork, Appleton-
Century-Crofts, 1938, p.1€8, PP
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They state further

..+ The emphasis of this Report 1: designed to hsl
correct thle situation (overemphasizing techniques
by stressin: concepts besic to operntions no less
than the techniques by which they may be performed,
and by ocensidering those concepts smong a number of
others fundamental in the study of mathematics ...
In order to secure both understanding and 35111,
there must be appropriate emphasis on each,

As to the importance of that distinctness of the
concept from the skill thelr statemant may well be quoted:
The distinotion between technicuss for performing
overations and the concepts baslc to them 1s
important at all levels., Even the student who had
advanced to the study of ocalculus may become expert
in the techniques of differentistion without a clear
notion of the 1limit concept which is basic to the
operation. Only by careful nttention to the Adevelop-
ment of the underlying oconcepts can teaohgrs make
operations really meaningful to students,iO
A unifying 4didaotic 1link of the two =spects 1s expressed
by the authors perhaps most ¢les~rly 1in their statement
*. .. when concepts and gkills are acquired in isolsted
contexts the pupil may be unable to put them togethsr when
faced with a oomplex problen'.ll
Finally, = testing of growth in understanding of
the concept and of the abllity to use the concept & strongly
recommended by the authors.12
In brief, saside from the stress 1-14 on the didactic
importance of the concept and the skill in Algebra, and that

of distinguishing between them without separating them, 2=2nd

9 Ma p.169
10 Ibid., pp 180-181.
11 Ibla., p.399.

12 m. p. 8‘1-



SURVEY OF TH:. LIT.RATURE 7

the need for objective measurement of the two aspects, there
are no ologe ties between the 1deas o this book nnd the

present regearoch,

2. Concept-5kill Correlation - Juitsbility
for Measurement

The gecond part of the literature, that dealing

with the improvement of teaching of algebra, 1s represented

by:
A. G. T, Buewell, Lditor, Jupplementary iducatlongl
&mmmw Chicago University Press, 1949,

This ocollective work mey be sald to represent falrly
dletinotly an attempt towards distingulshing more exactly
the aspect of the comprehension of the mathematical conoept
from the computational skill. The 1dea of the relationship
between slgebraloc concept and computational skill as two
4if ferent, but close, didactioal aspeots seems to germinste
here more distinotly.

In the article “lImproving the Mathematics Program
in Junior High School Grades", Maurice L. Hartung sets
forth the didsctical necessity for a'reasonable understanding"
of basic concepts in algedbra, that should be aghieved by a
procedure “guided by a few fundamental and unifying prin-
ciplu".l8 Those prinociples are the gathering of a vast

13 M, L. Hartung, "Improving the Mathematics Program
in Junior High 4ghool Grades", in BSupplement fducat
Monographs, Chicago University Press, 1946, pp 49 to 56,
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number of detalils and wmore or less specific operational
rules around the "elementary" algebralc concepts, which
should be "taught in suc:1 a way that they stand out
explicitly in the minds of the pupilu‘%SAIn the summary
of his article the author says:
Above all, a relatively gmall number of the really
fundamental concepts and principles of mathematlcs
must be made to stand out clearly like fire-observation
towsrs above the forest of detalls.l4

Thus, while the didactic role of the comprehension
of basic algebralc concepts and of the understanding of the
computations performed 1s suffiociently stresged, the »roblem
of the correlation between the two is not developed by the
euthor,

In the article "Place Value and the Number System®,
appearing in the same publication, H, Van ingen brings out
the didactic aspecot of the understanding of the fundamental
concepts as baglc to skilful operations in arithmetic and
algebra, using the concept of the number asystem as an
exanple for a "baglc" or “key-concept" of instruction,

There can be no doubt that the author had in mind
the relation of the ooncept and computational skill as an
essential dldaotic problem in elementary mathematlcs.

L, J. Brueckner, in the article “"Arithmetic in
=lementary and Junior High 3chools", sets forth the undsr-

standing of concepts as basic to skilful operations in

13A H.L.Harsung, roving the Mathematice Program
in Junior High Sghool Gradcs in Supplementary Rducational
Monographg, Chleago University Press, 1949, pp 49 to §8,

14 Ibtg,
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arithmetio, Mastery of number and number operations =re
closely related; the meaningful number <ystem to the pupil
enables him to use 1t in quantative operations more skil-
fully. Thic is the way leading in consequence through
school algebra exp~riences to the "intelleotusl and sound

development of the individual®, 1%

B, G. T.Buswoll snd Maurice T, Hartung, Editors,
' : hmg D49

bhic&go' Univorelty Pronl, 1950,m11-100"p.

Buswell's artiocle "Hethods of Studying Pupils’
Thinking in Arithmetic®,1S
from the nethodical side whioh 1s the main point of the

sets out one fact clearly, apart

article, a2z fer as this research is concerned: the teacher
mugt know how the pupil (the ochild) thinke in order to be
able to make the mathematical concepts and operstions more
meaningful to the learner,

Thus, the importance of both the concepts and compu-
tational skills, finds another didactical stress here.

#., L. Hartung inserts the erticle "Major Instruc-
tional Problema in Arithmetiec in the KHiddle Grades'lzn this
sane monograph series. From the standpoint of thi: research
one aspect of the problem handled by the author seems to be
eignificant, and thig 1e the "mathematical under-tanding"

15 L.J. Bruockner “Arithmotic in Elemontary snd Junlor
High Sohoole”, in Sunpleme n

metie, 1949, Chioago Univorsity Prpqa igéb, .9

16 G.T.Buswell, “"Methods of studyiny Pupils' Thinking
in Arithmatie”, 1bid, pp 856 to 63.

17 M.L.Hartung, "Major Inastructional Problems in
Arithmetic 1in the Middle Grades®, ibid., pp 80-86,
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and the “"use of number in solving the problems” which is
the use of the mathematical concept in computstions. The
author stresses that a further "cooperstive research" for
Aimproving the understanding of concepte and operstional
teshniques for eolving problems "met by perasons, familles,
communities, and states”, 1e seriougly needed.

Vinocent J. CGlennon presents an article “Testing
Meanings in Arithmetic®,18 The need for measuring %“the
mastery of certain basloc mathematical understandings
possesged by representative groups® 1e 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 rote
level and the student who performed on a rational or under-
standing level®,

The idea of a sepsrate measure of the goncept and
of the skill sesms to underlie the main point of the article.
Although this has not bean stated by the esuthor explicltly,
the final suxgestion of the use of the tests with multiple-
choice items seems to indicate that guch a separate
measuring-device could have been the suthor's real intention.
The 1dea of such measurement seems to germinate most cleorly
in this article,

Robert Lee Morton, in the article "The Place of

Arithmetic in Various Types of Flementary- ichool Curriculum*l®

18 V.J.Glennon, "“Testing Meanings in Arithmetic®,
ipld,, pp 64-75,

19 E.L.Morton, "The Place of Arithmetic in Various
Types of Elementary-sSchool Curriculums®, Ibid., pp 1-20,
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sets forth the Aldactio necessity for "building understand-
inge gradually, one step at a time* (obviously referring to
the basic concepts (numbers) and operations); and teaching
"for understanding® and avoiding "mechanical tricks and
devices® (obviously referring to computational skills),
The muthor pointa out - as the method of teaching 1s con-
cerned - the necessity for "teaching pupils to discover new
truths for themselves® to ground and to desepen their under-
standing, and to do thet by hsving pupils face reallstic
and real problems in schoocl =nd out of school situationa,
From the standpoint of this research, the mathe-
matical concepts and skills are consldered by the author as
basic didactic sspects in elementary srithmetioc and algebra.
In all the articles quoted under this second sectlon,
a nore advanced AdAlstinction betwsen the understanding of
the algebralc concept and the computationsl skill -eems to
come out, It culminates in a suggestion for thelr messure-

went by objective meanes,

C. u.H Butler, Mngtery of Cﬂrtaln Mrthematiocal
ng Jupi nog el, Univer-
’ 66 Do

eity?ornnlssourimu

Tr1a Adoctoral dlssertsation 1s a resesrch work on
the achievement in mastery of some algebralc concepts by
high achool pupils. The need for :zuch a typa of research

1a quoted by the nuthor ae follows!
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Ninth grade algebra stands out as one of the most

4ifficult subjects of the modern currioulum (...)

The fundamental concepts n-e not sufficlently

clear to the learner (...) Hence the pupil fails

to aoquire a full understanding of the meaning of

such important concepts as ‘slgnogonumber', “expon-

ent", "equation”, "relationship®.
The author aquotes the following as essentially algebralo
concepta:

root of an equation

foraula

a solution of an equation

exponent

algebraic factor

a quadratic

a powver of a numsber

a root of a number 21
At the end of the book the suthor determines the concept-
skill correlation ag a real contribution to didsctic of
algebra: *A real contribution might bde made by conducting
an investigntion of the relation of the mastery of mathemat-
ioal soncepts and the mastery of computational ak111a®, 22
The book presents an objective way of measuring the under-
standing of some algebralc concepts on High “chool levsl
by means of speclally constructed tests, However, there
is no indication given in what way the relation between
mastery of mathemntical concepts and the magtery of compu-

tational akx1lls oould be or should be investigated,

20 C,H.Butler,
Concepts by Pupils e e
ity of Missouri, 1931, pp 3

21 Ibid., pp 41-42,
P“a -I—M'A‘ » p‘ 56-

hematioal
L.gvel, Univer-

-8,
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P, C. H, Butler and F, L, Vren, HI?Q_!QQQBLQK_QL
Secondary Mathematics, New York, MoGraw-Hill, 1951
z4iv-580 p.

The author presents ss the main methods of teaching
mathematics, the lecture method, the heurlstic method, the
genstic and the laboratery methede., He consliders these as
basically devoted to the understanding of the mathematiocal
econeepts and prineiples ms well as to their applications to
conorete situations.?3

Fromn the point of this research, one aspeot of the
entire teashing of secondary mathematics seems to be of
major signifiocance: the puthor distinguishes between the
understanding of the conoept and the gkill of using it in
solving rroblems., This 1e perhaps most clearly evident in
the statement in Chapter XVIII where the authors say "... It
must not be forgotten that the use of a theorem and the
proof of that same theorem are two sntirely different
matters and that things may often be extremely ugeful with-
out being oompletely understood®, 24

The author gees an important dldactic value in
equal attention to the coneepts and skills in teaching mathe-
matics. This can he seen quite clearly from the statement:
"The student who gaine a real understanding of the meanings"
of mathematiocal conocepts and operations ®will derive a far

25 Charles H. But%er ;nﬂ F.L.VWren, IB{_I&Q&%&EE
@ rk, M
af_fesonda: , New Yo oGraweHil » 1951,

24 mj" p’ 536 -
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richer exvperience and s far more adecuate basis for further
work in either applied or theoretical mathamstios than the
student who works by rote alone'.25

Thus, the importance of the two aspects (concepts
and skills) and distinguishing between them as generally
different, though olosely correlated, problems, seems to
provide some basie for the problem of measuring the corre-
lation batween these two didactically important aspects of
mathematical instruotion.

However, that correlation is, in fact, only assumed
by the author as being clocge, thus leaving the objective

neasurenent of their closeness in algebra open to further

investigzation,

2. John VYesley Young, Lec
gggsl of Algebra and Geometry, Ne
247 p. ’

A purely msthematical, deep, work on fundamental

York, Maemillan, 1920, vii-

algabralcal and geometrical conoepts, designed for College
and University students. The algebraiec concepts are not
treated from the didactical point of view and not for the
high sechool level, The mein bearing of this book upon this
study consists in the insight it gives into the ncosasity

for a thorough and systematio dealing with basic mathematigal

concepts when determining their basic components,

25 Butler and %ren, gp,oit., p.513,
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No measurewment of understanding the concept 1s
of concern to the author,

F. Burton Y, Jones, Elementary Concepts of Mathe-
matics, New York, Maomillan, 1947, x111-294 p,

The main 1des of oconcept-sgkill correlation in
algebra does not find any reflection 1in this book, wvhich
treats exclusively of the strictly mathematical side
of selected algebralec and geometric concepts for uollege
level.

Some of the basic algebraic concepts, llike alge-
bralc fractions, algebraloc powers, and the like are pre-
sented in nearly complete make-up Of their essential compo-
nentg, Some, however, are presented rather superficlally
or even wrongly. For example, the definition of the equa-
tion given "An algebralo equation is an equality between
two algebrale expression:geis not correct., Thus, only the
methematical side, and only of some algebraio concepts,
was of some use An thig study.

G.Bruoces ., Mesarve, F tal Concept Algebra,
Cambridge 42, Mass.,, Addison-Fegley Publishing Company,
1953, 1x-294 p.

This work 1s baslcally concerned with the concepta
of higher algebra an? higher analysle. The approash to the
problems 1¢ purely mathematical snd so no paychologloal

nor didactiocal silde of the algebrale concepts are developed,

26 Burton W, Jones, Llementary Concepts of Matho-
matics, New York, Maamillan, 1947,p.141l.



EURVEY OF THE LITERATURE 16

It helps a olear distinotion of the partial
algebrais oconcept at the high gsohool level, from the full
mathenmatieal meaning of the conscept, and by so much it is
refleacted in this study.

R, J.P.iverett, Ths I mental Skillg lzob
Teachers' College, Columbia Un&vorsity, New York, 1928,
pp vii1-109.

The author brings out the obscurity of the word
*gk11l®, “It is emsy to recognize the person who possesses
ekill, but it 16 by no means easy to tell either what ocom-
prises the skill or how it may be imparted to another, "27

Everett 4dlstinguishes clearly between the mani-
pulative skill and the associstive skill, and presents
the objeoctive way in which the latter has been found as
something distinct from the former.

Into the solution of a simple equation in parti-

cular from the cases of the following sort:
Percent of “_ggggg

Problen Saanon
~urils ¢

4x + 6 = 17 97.8
8x = bx + 12 89.3
$-8a9 83.7

1t 1s evident that “"there enters some ablility thst 1s out-
side of, and distinot from, the abllity to add, subtract,

27 J.P.Everett, The Fundamental Skills in Algebra,
New York, Teachers' Colisge, Columbia Univeraity, 1928, p.S.
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multiply, or divide. To abilities of thi: nature the
name aggociative 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 racognition of this
faot 1s the gegociative gkill of this relationship®,%®

These are some of the examples quoted by the
author to 1llugtrate the dlastinotness of the two kinds of
skill,

But'elementary slgebra requires that the pupil
shall be able to add, subtract, multiply, and divide alge-
braic numbers, 2ither as found in independent expressions
or in equations®. 0

The obvious conclusions would sesem to be that the
skill required fromr the pupil in algebralic computing should
coneist of both manipulative and assoclative skill, With-
out the latter the operstion 1s not meaningful to the
learner and deprives him of the ability to deal sucocessfully
with algebraloc eituationa,

Logioally, the latter zapect should be reasonsbly
reflected in the formulztion of test-items, to measure the
~lgebralc skill at High ~chool level,

Finally, it could probably be sald rightly that the
sssoclative skill, being of "high order® - as it undoubtedly

28 1Ibid., Chapter III, p.18,
29 1bid,, p.87.
S0 1bid., p.87,
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is - oan be 0losely referred to the basic concept under-
lying the ocomputation performed., The better and broader
ecoumprehension of the concept, the more likely 13 the assocla-
tive skill for cemputing with it, Furthermore, the more
adequate the care in developing the aesscciative skill in
algebralo computations, the better and fuller will be the
eomprehension of the consept connected with it, This

latter view, though not included in Everett's work, has been
adopted as one of the ldeas basic to the construction lines
of the tests for this researsh,

I. Jemes G, Unmstattd, Segondary
Boston, Ginn & Co., 1944, x11-488 p,

The only bearing of the content of this work on
the nresent research iz the kind of method applied to it,
The author sets forth convincingly the experimental msthod
as "unquestionably the moet valuable method of sducational
research”, 3}

In particular, the procedure of determining the
significance of 4ifference between the means for two groups
of testees, which hag deen applied by the author in the
chapter entitled "Equivalent-iroup Meathod" has been applied
to several similar cases in this reasearoch.

The works of other authore on educational measure-
ment have also been of much help in applying the methods
used in this research, but they sre not cuoted in the Biblio-
£raphy as they do not make for the researsh itself,

Ginn andaboi%igﬁg-igiifdb;iﬁﬁ%ﬂgézl_éshggl_zﬂéﬁhlﬂﬂa Boston
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In summarieging the review of available liter=ture,
it should be noted that 211 the more or less strong and
convincing suzgestions made by Aifferent scisntiasts and
authors as to the worthiness and appropriateness of the
investigation on the concspt-skill correlation in mathe-
matics, point at the fact that such investigation is
necessary »nd though 1t 13 considered by competent writers
to be anything but an easy task, nonetheless it seems to
be & purposeful effort.

The objeotive inve:tigation of the problem, however,
requires tests ss the tools of the work., The following
chapter will present,the steps taken to evolve possibly

adequate and ascurste measuring devices.



CHAPTER IIX
CONSTRUCTION OF TH. TESTS
1. Cholce of the Algebralc Material

Orade XI Algebra material has bsen chosen for
this investigation 25 a representative material of the
intermediate course of algebra., Thig is the lavel at
which familiarity with the oprimary algebraic concepts
has already been achieved and at which computations with
general symbols are 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 algebralc concepts and abili-
ties 1n using them in algebralc computations, leaving to
the figures and arithmetical computing a relatively secon-
dary role. In that srea appear dlstinectly the concepte
of basslec value with reference to the general role of
algebra in education which lles in development of one's
general intelleotual ability in "verbal, mathematical and
other abstract and symbolic sltuatlons”.l
Thus, the aspects of eymboliem: a,[ { ( #,) ¢,
ng well as of generalization, in terms of formulas, and of

y=ax y= ax? relations, and functionality - are all

1 FEdward L. Thorndike, et al., The F-ychology of
Algebra, New York, Nacmillan, i923, p.a48.
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included in eleventh grade algebra, and consequently in

the tests. That cholce of the algebraic material 1s also
conslistent with the principles gsnerslly brought out on

the role of meathematios in general adue&tlon.a It is

algo consistent with the currieulum3 of high schools

issued in 1952, and now in force in schools, Thus, the
exaot 1list of the material of instruction of algebra, con-
tained in the tests, is as followa: (1) Bracket as a symbol
of slgebralc wholeness; (2) concealed bracket; (3) power of
a number: a"; (4) square of s binomial (a + b)z; (6) cube

of a binomial (a :_b)a; (6) square, cube, and higher roots:
\]: = aVz , 3/\/;-a al/s , ’(/;s a%; (7) Aifference of squares
(a2 - b2); (8) sum and difference of cubes (a® :_bs);

(2) algebralo fraction; (10) ratio; (11) inverse of fraction;
(12) direct and inverse variation; (13) proporsion;

(14) linear equation: ax + by = ¢; (15) equation of the first
degree; (16) quadratic equation ax2 + bx + o = 0, as a oase
of y = ax2 + bx + ¢; (17) graphic solution of the equations;
(18) the highest common factor and the lowest common

multiple,

2 Progressive Education Agsoclstion, Mathematics

WMWW
Function of Mathemptics in General Fducation for the Com-
mlssion on Segondary Zohool Gurrioculum, New York, Appleton-
Century-Crofts, 1938, x1v-423 p.
S Ontario PDepartment of “Aducation, Courses of .tudy,
Orndes XI and XII Mathemntics, issued by authority of the

Minister of kdueation for the Province of Ontario, Toronto,
1954, pp 3-10.



CONSTRUCTION OF TH: TrH3T3 22
?. Toolsg for Objective Investigation

No standardized tests for measuring the compre-
hension of algebraic concepts exclugively, nor for measur-
ing skill in algebralc computation, are avallable, The
existing standardized testa4 on algebra meassure both the
achievement in understanding the slgebraic concept and in
the computational skill simultaneously, .lacing only a
gresatsr emphasis on either of them, and doinz that according
to their particular criteria and aims of testing, They serve
mainly the improvement of instruction, methods of teaching,
and better organization o the material in the curriculum,
or promotion and guldance purposes., Moreover, thay sall
enploy the algebralc computntion in their test items for
both kinds of achievement, in understanding and in computing.
Thic fact represents a dlsadvantage as for the considerstion
of the mutual relation hetween the two main mupects of the
problem,

Therefore, two separate testg are needed for an
investigation of the relastion betweaxn the understrnding of

the algebralc concepts and the skill in algebralc computa-
tions. The Alzebrale Congepts Te:t i3 to serve mainly the

4 Fdueational Testing ervice, The Coopsrstive
Alggbr% Tosts Manusl of Tirectiong, Princeton, XNaw Jersey,
1981, 12 p.
Seience Resenrch Agsoclates, Zxaminer's Manual
for the Bn k Arithmetic Tegt, 57 ¥%. Grand Ave,,

Chicago, 19456, 8 p,

........ Lxaminap's Manusl for Tagt 4 - Ability
to_4o Quantative h;gh; ng, Chieago, 1951, 9 p.
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measure of the comprehension of the concept, Ihe Algebraio
8kill Test is to measurd mainly the abillity in using the

eoncept in algebralc computations, The firet test is to
measure mainly the power of understanding; the segond

test is to measure mainly the power of o-er~tion, In the
chapters to follow, the first test will be called 1n short:
The Concept-Test, 2nd the second test will be cmlled: The
Skilll-Tegt,

The probl~m requiring an immediate angwer =t this
stage seems % ba the exact determinntion of the kind of
problems in which the computational skill is to be exsrted:
the algebraic computing or solving the verbal problem? Both
kinds, with s majority of the first type, are asnpli=d in
the skill-test. This 1s done on the basis that =lgebrale
computing employs very much the same abilities needed for
the solving of problema, Thorndike says: *In fact, alge-
bralc computation involves very much the same abllities
that oroblem solving doea".5

Tne main congtruction lines of the two tests are
entirely different in one respect. The Concept-Test con-
cigts basically of verbal questions and verbal distractors,
The slgebraic expressions u~ed in the Concept-Test 40 not
entall any algebraic computations. The Ukill-Test oconsists

>f algebralc expresasions exclusively, Thus, the slgsbrailc

5 Thorndike gt al., op.cit., p.448,
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computation 1s eliminated as far as po-sible from the
Concept-Test, and placed only in the 8kill-.Test. An attenpt
1g meade, therefore, in this experiment, to »void the disad-
vantage of the common computrtional aspect in both tests,
which exists in all standardized tests,

A random srithmetical computing employed in some
Concept-Test 1tems 1s limited to a neglirible axtent in
comparison with the welght of the algebrailc aspeoct involved

in those items.
3. Main Structure Lines of the Tests

Both tests consist of sixty-five, four-cholce itenms
asch. Their validity snd reliability i- to be secured by
application of all correctionsg derived from the tryout and
their szubsequent statistical evalustion. The procedure
applied to thzt purpose is shown in Appendix 2 and in the
enclosed Manual a»nd the Bogklets of the tests.

The criteria of measuring a given concept in The
Algebraic Concepts Tegt, »nd » correspondinz ability in The
Algebrajc 3k311ll Tegt, are quoted in Appendix 2. An atteampt

has been made to fix them on approximately three grades of

difficulty,
Each Concept-Teat item is assigned a po:ition of
one of the following three levels of d4ifficulty:
(1) Recognition of the concept:

2) Interpretation or evaluation of the concept:
3) Annlication of the concept.
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Each 5kill-Tegt item has been fixed respeotively
on one of the three grades of difficulty:

(1) Computing gn the concept; (corresponding to the
Recognition levol above):

(2) Computing gf the concept: tcorroaponding to the
Interprstation or uvalustion level);

(3) Computing by the concept (corresponding to the
Application level, above).

Thie Aifficulty-grading of the concepts 13 based
on the findings of Thorndike,® Foss,” ana Aaxins® in
psychology and measursment in education.

It should, however, be made clear that this three-
step 4ifficulty grading 1s basically a tentative operation,
Its justificsation lies in logical and practical motives of
a constructional nesture, They correspond, in orinciple, to
the steps applied by the teachers of the schools concerned
in actual teaching practice, and they sre, acccrding to
these teachers' opinion *measured-out® to fit the nossi-
bilitiee of their nverage atudent., Thus, they tend to
conform to the two measurement-principles postulated by

9 the average punil in the group should "make about

Ross:
80 per cent of the possidble score”; and "sbout half of the
group should 'know' the snswer to each item, while the

other half should not",

6 Thorndike et al., op.,oit,, pp 176-131, 194-198, 328,

? C. C. Ross, Mespurement in Today's 3chools, New
York, Frentice-Hall, 1954, pp 164-167,

8 D, C., Adkins, ¢ 4_Ans A -
t T Washinegton, D.C., U.%.Government Frinting Office,
1947, pp 50-B2,

® Ross, gp,pit,, p.148,
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The lack of all three "steos of A1fficulty” with
reference to some oconcepts in the tests, 1s accounted for
by finding in the preliminary tryouts zoms 1tems to be
too easy or too hard,

The criteria underlying the formulation of each
item in both tasts are quoted in the test booklets on the
right side of the iteme. (Appendix 2). They correspond
to the three tentative grade Aifficulty levels, »nd oconse-
quently are mutually matched between the two tests,

The methodology of the external appeerance of the
test itema 08 well ag of the formulation of the prroblems
and that of the distractors is based malnly on the prin-
ciples strescsed by Hoss,lo snd Adkingll, Care has been
taken to make the items cimple 2nd clear in their appesar-
ance, ensily readable, containing no supsrfluous words and
no ambiguity whatsoever, easy and clearly understandadble,
and contsining a considerable particle of right answers in
their Ailstractors. The latter include also the ~noat fre-
quent mistakes made by puplls in their normal algedbra

course,
4, Administration and Scoring - Planned

The principles of the administr-tion and scoring
of the tests are quoted in the enclosed Algebralc Tests

10 Rosa, op,cit., pp 179-186,
11 Adkins, op,0lt,, pp 39-76.
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Manual, Specific directions for sach teat are singled out
in the Test Booklets (Appendix 2).

Conferences with teachers on curricular validity
of the tests, and on all preliminary arrangesents to make
a thorough organization of the whole testing procedure
have besen considered essential to the experiment. Roenm,
time of beginning, the seating order, supply of pencils
on hand, and above all, a good atmosphere for work and the
prevention of any disturbances during the testing, have
beon matters of care to be employed in the tryout and in
the final administration of the tests,

The tests have been planned to be adminiatered to
a representative group of the English-speaking Catholioc
High School population eof 370 pupils of Grade XI Algebra
ocourse in the City of Ottawa, consisting of 220 boys and
150 girls, ranging in age from 15 to 17 years, and repre-
senting the accomplishments of two years algebra course-
work, ae well as the normal range of intelligence quotients
and that of educational achievement, No special selection
of puplls has been planned for test purposes, as the
ordinary conditions sand circumstances of everyday school
situations have been considered of main importance for dboth
tests.

Ro time limit for the tests has been provided,
About sixty minutes for each has been considered suffioclent

time for working out all sixty-five questions in each tegst,
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Proctors have been used especilally in those cases where
the tests had to be adminlstered in two or more rooms
simultaneously.

An answer key has been prepared for hand-scoring
of the tests. It 1s simply an unused test booklet with
the correct responses filled in. The scoring of the tests
is objJective and thus 1t 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

in computing total scor~s 1s to be applled according to

Ross‘12

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,cit,, p.1568



CHAPTER IIX
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 School for Boys, Orades XI.XII, with
34 pupils for the Conscept-Test and 31 pupils for the Bkill-
Test, on the 22nd of February, 1966, and at the Immaoculata
High Sohool, with 26 Grade XI girl students for the Concept-
Test, and 25 girl students for the 3kill-Test, on 27th and
28th of February, 1956,

The group was a homogenous sample of the antire
Orade XI-XII Fnglieh-speaking population in both schools.
The pupils come from Ottawa and vioinity, and were not
selected as to their origin, intelligence, abilities, etec.
Their range of age 1s between 15 and 17 years. They have
taken the same inatruction course in algebra (1%-2 years)
and have been taught basically by the same methods., The
range of their IQ's 13 basiocally normal; the majority of
the individuals ranging from 90 to 110, with some (a numbder
of 7-14%) ranging higher.

A larger group, though very desiresble, was unobtaine-
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%{ high-
and 27% low-group method,l vresented in Appendix 3, shows
that there were six items in the ‘“onocept-Test, and five
items in the Ski1ll-Test, of Aoubtful usefulness, ss the
corresponding 4ifferences between Vvhe high and low responses
were, in three oases, equal to zero, and in three casa2s
equal to minus one, in the Concepi-Test; and simllarly one
oase equal to zero snd five cages of small negative value
in the Skill-Test,

Rowever, as tnhe gize of the tryout group was rnther
small, the 1tems have been left without change, 25 there
seemed to be s Justifiable hope that the questionable items

might prove useful on § larger group of testess.
2, Final Adminiztration of the Tests

The group for the finel administration of the tests,
as gt2ted in the precedin; chapter, was intended to be of
370 pupils of both sexes of Grades XI-XII of the wngligh-
speaking Catholie High Hchool population of the City of
Ottawa, The Aifference between irade XI and Grede XII
vupils ie¢ only external, Grade XII pupils are virtually
those, who, for orgenizntionsl reasons in schools, have
taken only Nrmde XI course in Algebra. The testing includ-d
only those pupile who "ceteris paribus® had taken the same

instructlional course in Algebra,

1 GC.C.Ross, Measurement in Today's :chools, New York,
Prentice-"all, 1954, p,118,
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With this in mind, the tegts were adminiastered in
four Ottawa High S5chools!

St.Patriok’'s High fohogl - to 168 boys, on 13 April 1956;

Notre Lame anvent<§;gg_ﬂgn¥nl - to 22 girls on 19 April 1966
3kill-Test) and on 21 March, 19856,
{Concept-Test);

Rideau Convent -igh Sohool - to 53 girls on 19 April 1966
$ki1l-Test), and on 28 March 1956
Concept-Test);

Ao H g - to 39 boys on 13 April 1556
oncept-Test), and on 20 April,
19566 (3kxill-Test).

However, for organizational ressons in schoolas, it
was impossible to obtain more than 320 Grade XI.XII pupils
for the final administration of the tests.

For similar reasons, snd because of the language
factor in some gchools, as well ag for the advanocement-
differential in the algebra instruction course, a group of
1089 pupils, consisting of 87 boys from 3t. Patriok's High
Sehool, and 22 girls from Notre Dame Convent, has been
chosen as the final representative group of the tEnglighe
speaking Grade XI Algebra students in the Catholie High
S3ghool population of the City of Ottawa,

This group, about twice the size of that used in
the tryout teasts, has been selected for final analysis of
the validity of the test items, and for determining the
v2l1418y and reliability of the tests as a whole, as well
as for the investigation of the problem of the correlation
as detormined in the introducticn to this thesls,
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As there are no externsal criteria scores avallable
for com-uting the validity ocoefficlents of the tests, the
following procedure has been adopted:

First, annlyeis of the Aiffioculty of the whole test
and the test items, on the bagls of the whole final group
of 109 testees, has been made,

The average scores made in both tests are computed
in Tables I and II., They are 35,14 in the Concept-Test,
and 33.29 in the 3kill-Test. As they are 4% and 51% of
the maximum score possible, respectively, thay ssem to indi-
cate a near-gatisfactory grade of 4ifficulty of the two
teats.?

The 4ifficulty of the test items hos been computed
in per centsg in Appendix 4, There are two items of 0-15%
and five items of 85-99% difficulty indices, which should
have been, according to Rosa? removed from the Concept-

Test. #or the same reasons, three items of 0-15¥ and six
items of 85-99% Aifficulty indices should have been removed
from the 9kill-Test., They have, ‘.owever, been retained
because the Aifficulty of items 1s relatively unimportant
in this type of test.

A general pioture of the dlspersion of iteme-difficulty
in both tests is presented graphically in Figure 1, [loth

¢raphs show that the extension of ltems difficulty, though

2 Roes, op,0lt., p.160
3 Ibid., p.119.
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90-99% // // 4 80-99% //// 4
80-89% 7ML/ TALL 10 80-89% S/ 1/ 7
70-79%8 JAL /)7 70-79% //// 4
eo-69% //A/ /// B8 60-69% fALL /// 8
Concept- Jkill-
Test 50-89% JXL/ 111/ © Test 50-859% AL/ //// 9
40-49% 7/ /1)) 9 40-49% ML/ /771 9
J0-39% JAL/ /// 8 30-39% AL /// 8
20-29% JAL /7 20-29% A/ / 6
10-19% // 2 10-19% /AL /7
0-9% / 1 o-9% /// 3
Total 65 items Total 65 1tem

Figure 1. Illustration of the Lxtent of Items
Difficulty Indices on the Two Tests.
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not psrfeoct, seems to aprroach a desir-ble normal extension
nearly satisfeotorily, The wmaln pile-up of the itsams falls
almost symmetrically down towards the two ends of the saals,
and contains a number of nearly 45 items, out of 65, within
the ran.e of the middle 68,28 of the scale. The main dis-
tortion occure at the gector of the e=siest 1tems, and that
seem to have gome partiasl Jjustification in the fact that
some of the eaglest ltems have been purposely placed at

the beginning of the testa,

As there could be no certainty z: to whether the
caugse of that distortion rested only +ith the tests.themselves,
and as the Aiffioculty of a mastery and dlagnostic test 1is
determined, acoording to Rosu,4 by “the importance ~f the
subjoct matter than that 1ts difficulty”, no itema ware

Fisregarded at the final scoring of the tests,
3., - Coefficient of Reliabllity of the Tests

The reliability coefflcient of the Concept-Tect was
found by the test-retest method,

The group of thirty pupils from 3t.Patrick's High
Sehool was used for this purpose. Appendix 5 contains the
names of the students and the scores they obtalned on the
test on February 22, 1966, and on April 13, 1956, The
coefficlent of correlation was computsd in the Correlation

Chart in Appendix 5, and found equal to 0,80, This falls

4 Ross, op,cit,, pp 148-149, and p.l160,
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b 1s &

within the bracket whioh, according to Guilford,
desirable coefficient of correlation,

As the asize of the group tested was rsther emall,
and as memory and ingtructional factors oould also have
been involved in the case, the coeffiolent of reliability
found seema to be acceptabdle,

The coefficient of reliability of the 3kill-Test
wvas not computed, because a group of at least thirty students
was not obtainable for organizational reasons in schools.
However, as the validity of a test is much more important
than its reliability and, furthermore, ss the validity of
the two tests has been found basically equal, it seems Justi-
fiable to assume that the reliability of the Skill-Test
vould not be inferior to that of the Ooncept-Test.

4, - Usability of the Tests

The two tests proved %o be rather easy to administer.
At any rate, no remarks on the impracticability of the tests
have been made by teachers or pupils, In particular, there
have been no complaints raised about insufficlent informa-
tion in the Teests Manual, or obgourity of instructions and
of questions in the test booklets,

The simple scoring precedure applied is to bae des-

oribed next,

8 J.P. Guuford Fundamen ¢ syatl +F

and Fducation, 2nd ed., New York, He(}rau-Hlll 1950, p.166.



CHAPT. 1\ IV

ICORING AND CORRELATING TH% TWO SETS OF
THET SCOFZg

l, - Seoring Procedure

The tests have been scored by the technique
described in the Algsebraloc Tests Manual contained in
Appendix 2,

The formula for guessing hes not bsen appllied to
final scoring, beocause, according to Ross,l there was no
fairly large number of items "omitted by some pupils, while
others have omitted few" as well as “practically all the
teatees have attempted evaery item", thus making the formuls,

according to D, Adkinc,z unnscessary.

2, - Determining the Nature of the Distributions

The final group for the invegtigation of the prob-
lem of correlation consiets of 109 pupils of 8t, Patrick's
»nd Notre Dame Convent High Schools, +~hoie names and scores,

obtained on both tests, are listed 1n Appendix 6., The

1 C.C.Ross, Meagurement in Today's Schools, New
York, Prentice-Hall, 1954, p.158,

2 D.C.Adkins, Congtruction and Analysis of Achieve-
zont Tegts, washington, D.C.,, U.S3,Government Printing Office,
» P.189,
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test booklets of that final group, 109 in number, of the
Concept-Test, and 109 of the 8kill-Test, are also
enclosed,

Tables I and II present the two frequency distri-
butions and computations of means and standard deviations.
To determine the nature of the distributions, their
normality or non-normality is to be determined first. If
the distributions on both tests turn out to be normal,
according to Guilford,5 their linearity will be promoted,

The answer tco the problem ig furnished by analysis
of the frequeney distributions of the sets of scores
obtained on both tests,

Table I furnishes the data needed for the analysis

of gcores obtained on the Concept-Test,

S J.P, Gullrord Funda
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Table I. - A Grouped Frequeney Digtribution of the Algebr

38

sic Concept-Test

Score Rank Score Rank Socore Rank Score Rank Score Rank Highest score 58
Lowest Score 18

59 1 40 28.5 35 54,6 31 80 25 103.5

51 2 40 28,6 35 54.5 31 80 23 108 Range = Difference + 1 = 42
48 3 40 28.5 35 54,5 31 80 22 107 Range 4
47 4 40 286 35 54,5 31 80 21 108 Class Interval 1 = “Fompor o sTssess = 1o = O
46 5 39 32 36 54,5 31 80 18 109

45 6.6 39 32 35 54,5 30 86

45 6.5 39 32 35 54,5 30 86

24 8.5 38 3 35 54,5 30 86 x x o

4 8.5 38 35 35 54,5 30 86 Scores Mdpt f. £ £

43 13 38 35 34 65 30 86 X (devistion) * x x

43 13 37 40 34 65 20 82.6

43 13 37 40 34 65 20 82,5 57-59 58 1 58 22,7 22,7 615,29

43 13 37 40 34 65 28 93 54-.66 55 O O 19,7 0.0 0.00

43 13 37 40 34 66 28 93 51-53 52 1 52 16,7 16.7 278,89

43 13 37 40 34 66 28 93 48-50 49 1 49 13,7 13,7 187,69

43 13 37 40 34 66 28 93 45-47 46 4 184 10,7 43,1 461,17

42 18,5 37 40 33  71.5 28 93 42-44 43 13 550 7.7  10l.2 779.24

42 18,5 36 45,6 33 71.5 27 97.5 39-41 40 13 520 4.7 62.2 292,34

42 18.5 36 45,5 33 71.5 27 97,6 36-38 37 4 518 1.7 26,0  42.50

42  18.5 36 45,5 33 71.B 27 9.5 33-35 B4M g7 918 - 1.2 - 32,6 39,12

41 23,5 36 45,5 33 71,6 27 97,5 30-32 31 %4 434 - 4.2 - 58,9 247,38

41 23,5 35 B4,6 33 71,5 26 100.5 27-20 28 11 336 - 7.2 - 79,2 670.24

41 23,5 35 54,5 32 75,5 26 100,5 24-26 26 6 1256 - 10.2 - 61.2 624,24

41 23,5 36 54,56 32 75,6 26 103,56 21-25 22 3 66 - 13,2 - 39.86 520.20

41 23,6 35 54,6 31 80 26 103.5 18-20 19 1 19 - 16.2 - 16.2 262.44

41 23,5 35 54.5 31 80 25 103.5

F=100 Zx° = 4820.74
FX =3,838
Mean, = EX_ | a5.011
Btandard
&;= deviation

N
= £xz
/ = v44.22 = 6,7
N e

I
I
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Whan outting off the standard deviation ¢ = 6.7
on both sldes of ths mean rounded to 35.2 an interval from
41.8 to 28,6 is obtailned, GSeventy-four scores, equal to
68.2%, of N = 109, should fall into this interval. In
reality, about seventy scores are oovered by that interval,
and this 1s the first indication that the Aistribution
approxinates normality,

Moreover, when cutting off two (J; on both sides
of the mean, an interval from the midpoint, 18, to the mid-
point, 83, is obtained., This interval contsing 108 scores
which approximates 95.4% of all scores, thus furnishing an
additional indioation of the near-normality of the distri-
bution,

A grouped frequency distribution of the Algebrale
Sk1ll-Test iz presented in Teble II,

The analysis of data in Table II follows the pattern
of that in Table I,
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Table II, - A Grouped Frequenoy Distribution of the Algebraiec 3kill-Test

Score Rank Score Rank Score Rank Score Rank

Highest Score 57
57 1 36 34,5 30 66,5 28 99
51 2 36 34,6 3 65,5 21 103 Lowest Score 14
49 3,5 35 38 30 65,8 21 103
49 3.6 35, 38 2 72,6 21 103
47 5,5 35 38 29 72,5 21 103 Range = Differ ence + 1 = 44
47 5.5 38 38 29 72,5 21 103
46 7 35 38 2 72,6 20 106 Class Interval i = Range
44 B 34 44,5 29 72,5 18 107 Number of classes
43 9 34 44,5 29 72,6 15 108
42 11 34 44,5 28 76,5 14 109
42 11 34 44,5 28 76,5
42 1 34 44,5 27 81
41 %4.5 gn; i:.s 2'; 8% ot . y
4} 4,5 4 .5 2 8 Scores dp . b 4 £ 2
41 14.56 34 44.5 27 81 v I deviation) y y
41 14,5 33 50 27 81
0 17 33 50 27 81 57-59 68 1 58 25,7 25,7 660,49
39 19,5 35 B0 27 8l 54-56 55 0 0 22,7 0.0 0.00
3 19.6 32 56 26 86 5163 652 1 62 19,7 1.7 388.09
29 19,5 32 68 26 86 4850 49 2 98 16.7 33.4 557.78
3 19,56 32 56 26 86 45-47 46 3 138 13,7 41,2 584.44
38 24,5 32 58 26 89 42-44 43 5 216 10.7 53.6 573,52
38 24,5 32 56 25 89 3941 40 9 360 7.7 69.6 535,99
38 24,5 32 65 25 89 56--38 37 14 518 4.7 66.2 311.14
38 24,5 32 &b 24 92 3335 34 16 bB4ad 1.7 27.7 47.09
38 24,6 31 60 24 92 30-32 31 18 588 . 1.2 -22,7 27,24
38 24,5 31 €0 24 92 27-29 28 16 420 - 4.2 -63.9 268,38
37 30.5 31 60 23 95,6 24-26 25 9 225 . 7.9 -85.3 470,18
37 30,5 30 65,5 25 95,6 21258 22 12 264 .10.2 ~123.1 1265.62
37 30,6 30 66,6 25 95,6 18-20 19 2 38 -13.¢ -26.6 344.80
37 30,6 30 65,5 235 98,5 15-17 16 1 18 .16.2 -18.2 26244
37  30.5 30 66,5 22 99 12-14 13 1 13 .19.2 -19,2 368,64
37 30.5 30 65,5 22 99
N=109 ELy= £.2 -
Y = B635,7
= 3tandard
=  deviation = A =1/
¢ !/ZEQ 60,87 = 7.8
— —
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The standard deviation J, = 7.82 (the sigma of the
Skill-Test), when cut off on both sides of the mean:
Mg = 32,265, produces an interval ranging from the midpoint
40 to the midpoint 24, and containing 76 scores which 1s
slmost exactly 68.2%¢ of the total numbar of cases. This
shows that the frequeney distribution Y approximates the
normal. The double (j, whioch equals 15.64 units, when cut
off on both sides of the mean, furnishes the interval
ranging froa the midpoint 47 to the midpoint 16, and covars
104, or 95.4%, of the total number of cases. This in turn
seemg to indieate the normality of the distribution ¥ teo.

As the numbers of cagses on both sldes of the mean
form an almost symmetrical pattern (9,14,16 or 9,18,18),
the near-normality of the frequency distribution Y seens
to be acaeptable,

3.~ Coefficient of Correlation of the Two Sets of Scores

As the near-normality of distributions X and Y may

promote?

regarded as contimuous, the gooffloient of ocorrelation of
the two sets of soores can be computed, For this purpose,

the Dayhay Corpelation Chart 1s used, as presented in
Appendix 7,

their linearity, and as both distributions may be

Agcording to Gullford,5 the coefficient of corre-
lation being 0.70 indicates that there is a positive

4 1Ibid,, p.314.
5 1ibid,, p.l65,
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"moderate correlation" and a direct "substantial relation-
ship® batween the two distributions, and between the mastery
of algebraic ooncepts and computational skills based on them
respectively. In reality, the ryy found equals 0,.7044,

thus being larger than 0,70; =nd this, according to Guilford,
will indicate *"high correlation; marked relationship®. The
latter s~ems to be the more acceptable, as the correlation
ratio Y yy = Y yx = 0.73, being the maximum size of correla-
tion index for any set of data, secema to supply » definite
‘ndloation of that kind of relationship.

In the case considered the glze of the group, N = 109,
exceeds the number of classee Ky = 14, and Ky = 16 consider-
ably. Thue, the Chi-3quare test can bse npplied6 to determine
the linearity of the regreasion, Taking the numbers of
freedom (X; - 2) and (!, - 2), the probability levels of
about .75 and .20 respectively are found by interpolation
from the Chi-Bquare tables. They correspond to )(2 = 7,99
and )(2 = 7,79 for variables X and Y respectively, and, ss
they are definitely smaller than the required Chi-Squares
at the 5 (and sven at the 11 and 13) per cent levels, the
hypothesis of normality of the distributlons seems %o be
quite esceeptable.

The known valuesg of the soefficient of correletion
and of the means and standard deviations of the two Alstri-
butions make it possible to Qetermine now which of the tests
is more 4iffiscult for the group tested, as well as whether

6 Ml p. 320-
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that difficulty-difference be significant or not. The
angver to that yroblem 1e¢ given by determining the signi-
ficangce of difference between the means of the two perfor-
mances by applying the formula for computing the value of
the ratiot

D P

v 7/0;;2 + 0:;2 - Br, Trne d;l

s M0

where D is the difference of the means (35,21 and 32.26) and
CGB 15 the standard error of that Adifference.

The standard errors of the meane are:
0—/
0;; * el . 0.63

Un

and 0;’ - ‘% = 0,74

thus, the value of -% - 2.98

YV 0.3939+0,.5476-2 x 0,7 x 0.4562
- %
= 8,3

The Adeternined value of the ratlo 1§5‘h01ng larger than 3.7
provides the basis for stating that the difference between
the means of the performancss on the two tests is slgnifi-
cant, and consequsently that the 5kill-Test 1s significantly
harder than the Concept-Test,
Having establiched thie basic faot, further steps

for vertiocal and horiszontal comparison of the performances
on the two tests can be taken,

7 Adkine, gp,0it., pp 132-133,




CHAPTER V

VERTICAL AND HORIZONTAL COMPARISON BY THE
THREE-GROUP DIVISION METHOD
The correlation betwaen the two sets of zcores 1is
to be investigated now in a two-way analygis:

(a) A Vertical Analysis - consisting of the compari-
son of three sub-groups in esch test separately,
i.e. comparing 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 - oongisting of the compari-
son of the performance of the upper concept group
on the Concept-Test, with its psrformance on the
8k1ll-Test, and of the performsnce of the middle
and lower concept groups with thelr performances
on the 5kill-Test,

The same ocomparison is to be made for three
skill groups.

1, Data for Comparisons

To 4ivide the whole test groups into three comparadble
groups, upper, middle, and lower, ranking of the rasw scores
and computation of the percentiles and siandard scores are

needed. This has been done in Appendix 8, and all the data
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obdtained have been arranged in Tablea YII and 1V, The
first of these, Table III, presents ths set of soores on
the Concept-Test, and the segcond, Teble IV, the set of
soores on the Skill Teet.

In each table, the upper group consists of 36 indi-
viduals, from No.l to No, 36; the middle group consists of
36 individuals from No,37 %o No,72, and the lower group of
37 individuales from No.73 to No.109., The numbers in
Tables III and IV correspond in eagh test to tho names of
the individuals as listed in the basisc 1list of names in
Appendix 8.
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Table III, - Tabulation of Raw oores, Ranka, Fercentiles,
and Normaliszed Standard Socores of the Final 102 Pupils on the Alge-
drais Congcept TesS.

——— o n —
Normalised
Name ~ D0DMes Rank Feroshtile gtandara Seore
No, — an
Conoepts Skills Concepts Skills Conoepts Skille Concepte Skills
1 69 57 1 1 99.5 90.5 2.60 2.60
2 5 a7 2 5.8 98,6  95.4 2.20 1.69
3 48 &l S 2 97,7 08.6 2.00 2. 20
4 4% 42 4 11l 26,7 90.3 1.84 1.30
] 468 41 /] 14.5 06.8 87.1 1.73 1.14
6 45 3% 6.5 30.5 94,4 72.4 1,59 0.59
7 40 34 6.6 44.5 04.4 59.6 1.59 0.24
e 44 41 8.5 4.5 92.6 87.1 1.45 1.14
10 43 49 13 3.5 88,5 g7.2 1.20 1,91
11 43 49 13 S.B 88.0 27.2 1.20 1.91
12 43 38 13 4.5 88,56 7.9 1.20 0.77
13 43 30 13 19.56 88.5 82.95 1.20 0.93
14 43 29 13 72.8 88,85 33.9 1.20 -0.41
15 43 38 13 24,5 88,6 7.9 1.20 0,77
16 43 en i3 81 868,05 g6.1 1.20 «0.64
17 42 44 18.8 8 83.4 93.1 0.97 1.486
18 42 ) 4 18,6 30.95 83.4 72.4 0.97 0.50
19 42 7 18.5 30.6 83.4 2.4 0.97 0.50
20 42 M4 18,85 44.05 83.4 69.6 0.97 0.24
21 41 54 23.8 4.5 76.8 59.6 0.80 0.24
22 41 40 23. 6 17 78.8 84,8 ©.80 1.03
23 41 42 23.56 11 78.8 80.8 0.60 1.30
24 41 38 23.58 2¢4.0 78.8 7.9 0.80 0,77
28 41 37 25.0 30.5 78.8 72. 4 0.80 0.869
26 41 S8 £23.5 (1] 78.8 50 0.80 0.00
7 40 47 28.6 6.6 74,3 96.4 0.66 1.60
28 40 46 28.5 ? 74.3 o4 0.66 1,56
29 40 30 2.0 38 74.3 66,5 0.66 0,28
30 40 32 28,86 58 74,3 80 0.6856 0.00
31 39 38 32 24.5 71.1 77.9 0.568 0,77
32 » 30 32 60. 05 1.1 40.3 0.56 0,02
33 36 32 32 56 mn.l 50 0.56 0,00
38 38 30 38 16.6 68,3 6e,8 0.47 0.93
36 38 33 36 80 68,3 64.5 0.4%7 0.11
37 x4 41 40 14.5 63.7 87.1 0.386 1.13
38 37 34 40 44.5 83.7 58.6 0.36 0.24
30 37 34 40 44.5 63.7 59.6 0,306 0.24
40 37 14 40 30.5 63.7 72.4 0.36 0,69
41 37 S0 40 65.5 63.7 40.3 0,38 =0.26
42 37 31 40 60 63,7 45.4 0.3 «0,12
43 37 30 40 65.6 63.7 40,3 0.3 «0.25
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Table IIX, - Tabulation of Raw Joores, Ranks, Pereentiles,
and Normalized Standard Hoores of the Final 109 ?upii- on the Algebraio

Coneept-Test

- e R R e e

loraalized

ame Soo:on R::i Poro:ntilo Standard Seore

Neo. ° B in. .

Concepts Skillg Conoepte 3kills Conoepts Skills Concepts 2kills
44 36 28 45,5 76.8 68.7 30.2 0.22 ~0.52
45 36 S4 48.5 44.0 88,7 59.6 0.22 0.24
4% 36 33 45,5 80 68,7 54.5 0.2 0.1}
49 36 37 654.5 30.5 80.4 72.4 0,03 0,89
50 36 34 54.5 44.5 50.4 9.6 0.03 0,24
51 38 30 54.5 86.5 50,4 40,3 0.03 -0.25
82 36 29 54,5 7.6 50.4 33.9 0.03 ~0.41
53 36 30 54.5 85.5 50,4 40,3 0.03 -0.26
54 36 41 04,5 14,5 60.4 87.1 0.03 1.13
55 35 36 84.5 34.8 50.4 68.8 0.03 0,44
56 36 3g 04.8 686 50.4 80 0.03 0.00
87 35 43 84.5 9 60.4 982.2 0.03 1.42
58 35 42 64.56 11 80.4 80.3 .03 1.3
9 35 35 54.5 38 80.4 68,5 0.03 0.40
60 386 30 54,8 65.5 50.4 40.3 0,03 =0.41
68 3‘ “ “ 34.5 4008 68.8 "”0.23 oo“
& 34 34 66 44.9 40,8 59.6 0,23 0.24
68 34 38 b 8 40.8 65,8 «-0.23 0.40
69 33 23 71.5% 96.56 4.8 12,8 ~0.39 =1.,13
72 33 26 71.5 89 34.8 18.8 -0,39 0,88
73 33 33 71.6 80 34.8 54.5 0,38 0.11
74 33 39 71.6 19.5 34,8 82.5 -0.39 0,93
78 32 29 78.5 72.5 3l.1 33.9 -0.48 0,41
77 31 30 80 86,5 7 40 3 «0.61 «0.28
78 ) | 20 80 89 27 18.8 -0.61 «0,88
79 ) § 38 80 24.5 27 7.9 -0.81 0.7
80 b3 § 30 80 68.0 27 40,3 «0,61 «0,26

81 31 27 80 8l 27 26.1 -0.61 - 0,64
83 31 21 80 103 27 5.9 -0,61 1,56
84 30 26 eé 8e 21,5 21,5 -0,79 0,79
86 30 32 8é 586 21.5 50 -0,79 0,00
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Table III, - Tabulation of flaw .‘cores, Fanks
and Normslised 3tandard Soeres of the Final 109 Pupils
Conoept-Test (Continued)

48

Feroentiles,
on the Algebraic

e e~ T —— W 11 ia?=
Name Scores Rank Pergentile StnnZ::; 330,,
n’o on in in in
Toneepts okills Conoepts Bkilla Concepts Skills Conospts SKills
eé 30 38 aé 38 21,6 66,8 0.7 0.40
a7 30 28 as 76.5 21.06 30.2 «-0,70 =0.83
a8 30 24 aé 22 2.6 16 -0.,7 «1.00
90 29 22 68%.0 o0 18.3 9.8 «0.90 -1.30
91 28 26 23 86 15,1 21,6 «1.08 =0.79
99 28 32 o3 1] 18,1 80 1,083 0.00
93 28 38 23 38 16,1 65.95 1,03 0.40
94 28 23 83 05,85 18.1 12.8 «1,083 -1.13
96 £8 21 93 103 156.1 8.9 -1.03 -1.86
96 27 18 7.8 lo8 11 1.3 1,20 -2.20
o7 27 e 927.6 72,5 11 33.9 -1l,206 -0.41
o8 7 24 97.8 o2 11 16 «1.20 1,00
o0 a4 o8 97.5 24,5 1l 77.9 -1.28 0,7
100 268 27 100, 8 81 8.2 26.1 -, 40 0,64
103 25 24 103, % 92 5.8 18 «1.680 =1.00
104 28 32 103,68 (1) 8,6 50 -1.,80 0.00
1086 2t £ 103.6 103 8.8 5.9 -1,60 =1.56
108 21 14 108 109 1.3 0.4 -2, 20 ~2.,66
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The foregoing data furnish a ocomparable basis for

examining the raw scores from the two tests.
2.- Comparison Within a Test - Vertical

Comparison of the standard scores contained in Table
I1I shows that
(a) in the upper group of the Coneept-Test, there are
26 cases of soores, 20 larger and 1 equal te, their
scores in the 8kill-Test, leaving only 10 cases of
smaller ecores;
(b) in the middle group of the Conoept-Test, there are
22 ocases of soores larger than the corresponding
scorea in the 3kill-Test, thus leaving only 14 cases
of smaller scores; and
(c) in the lower group of the Uoncept-Test there are 13
cases of goores, 12 larger and 1 equal to their
corresponding scoresg in the 2kill-.Test, leaving 24
smaller scores.
Consequently, out of the 109 cases comprising the whole group
there are 61 cases of scores, 0P greater and 2 equal, in the
Concept-Test as against those in the 9k1ll-Test, 2nd 48 cases
with lower gcores in the Congept-Test than in the Skill-Test.
This seems to lend itzelf te a three-rold Ainterpre-
tation:
(2) The Comcept-Test wag in general easier for the upper
congept-group than the £kill-Test, as more than
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two-thirds of all their scores in Conoepts are
higher than in Skills,

(b) For the middle group in ths Concepts, the Concept-
Test was generally sasler than the Skill-Test, as
a 11ttle less than two-thirds of all thelr scores
in Conoepts are higher than in Skills.

(s) Por the lower proup in the Concepts, the Concept-
Test, generally, was more difficult than the Bkill-
Teat, a2 a third of all their scores in the Concepte
are larger than in Skills.

The aifficulty of the Concept-Test grows wvhen going
from the atrongest across the rniddle to the weakest group of

testees. This i¢ natural, However, some additional questions

should be answered to determine this trend beyond doubt:

(1) Does this increaase in 4i1fficuldy cccur in both
the Concept and the Skill-Test, or only in one of

them; and
(2) Are the differences of the diffioulty of the three
sub-groups significant in both tests, or not?

To angwer these questions, the significance of the
differenge D, between the means of the upper and the middle
groups in the Concept-Test 1is to be determined first. The

formula -% n V”’*ﬁ% el where Up 1s the standard

error of the difference between two means, and C7ii -‘ﬁ%;

T = 25
and Upp ﬁ;iz are the standard errors of the means Ny and
Mg respectively, is to be used here.
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The necessary data have been computed in Appendix 9,
Tables IX and X,

M) = 40.41 My = 35,08
D = 5,33
7y = 4,08 Ug = 1,22

M, 8 <o - R o

£ . - 5,33 5,33
= - 5.79
2 Vo, 682 + 0.20° V 0.46 + 0,40 0,92 e

and this, being larger than 3, proves that the differsnce of
1

the means is significant,

of the Concept-Tegt 1s significantly groater for the middle
ro t ) h t .

and consequently that the aiffioulty

Similarly, the differsnce betwesn the middle group
and the lower in the Concept-Teat 1s investigated subsequently,
The computational detalls are presented in Appendix 2, Tables

X and XI,
M, = 36,08 My = 28.08
D = 7.00
Jg = 1.22 I3 = 3.40
Thus, Oy = 0.20; Oy = _Vg_;__'g’g - 280 - 0.0

and thls, being larger than the oritical ratio 3, zhows
definitely that the difference of the means is slgnlfloant,2

1 D. Adkins, Ct;.*
Testa, ¥ashington, p.C., U.8. Govt Printing Qtrice, 1947, p.132

2 Ms pl 152.
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and oconsequently that the diffioulty of the Concept-Test
s slgnificantly greater for the lower groyp than for the
middle group on that test,

In its turn, the 3kill-Tegt will be investigated
with reference to the same difficulty grading aspect, within
the three sub-groups (upper, middle and lower) of the whole
group tested,

Table IV presents the rank-arrangement of scoreas
of the Skill-Test, and the corresponding Conscept-Test

seores, percentiles and normalized standard soores.
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Table IV, - Tabulation of Raw Soores, Ranke, Psrasentiles
end Norualiszed S5tandard Scores on the Alg.bralo axafa Test,

s
piunioy

Scores Rank Peroentile at:::::é‘;:gfc

';:' on on in
Skills Conoepta Ekills Grnoent- Skills GConcepts Sifilaﬂgbnaoptl

1 - X4 2] 1l b 99.8 9.0 2.60 2.60
2 ) § 48 2 3 98.6 97.% 2.20 2.00
- 49 43 3.0 13 97.2 88,8 1.91 1.20
4 49 43 3.8 13 87.2 68.6 1.91 1.20
-] 47 51 6.0 98.4 08.6 1.69 2.20
é 47 40 5.9 28.8 60.4 74,3 1,60 0.86
7 48 40 4 26,0 04 4.3 1.58 0. 85
8 “ 42 ] 18.6 $3.1 3.4 1.46 0.97
] 43 38 9 84.8 92,2 80.4 1.42 0.03
10 42 41 11 23.8 90,3 78.8 1.30 0.80
11 42 30 11 b4.85 90.3 80.4 1.30 0.03
12 42 47 11 4 0.3 6.7 1,30 1.84
13 4] 46 14,5 ] 87.1 5.8 1.14 1,73
14 4] 44 14,9 8.0 a7.1 92.8 1.14 1.46
15 41 b 14 4.8 40 87,1 63.7 1.14 0.36
16 41 36 14,5 4.0 87.1 80.4¢ 1.14 0.03
17 40 41 17 23.6 84.8 76.8 1,03 0.80
18 b 38 1.8 35 8z.5 8.3 1,03 0.47
19 3% 34 19.8 6o 82.% 40,8 1.03 «0.83
20 b} 32 19.8 8.5 8e.b 31.1 1.03 =0.48
21 30 43 19,5 13 88.0 88.5 1.08 1,20
22 38 41 24.8 £23.0 7.9 78.8 0.77 0.80
23 38 31 24.5 80 7.9 29 0.77 «0,61
24 38 43 24,5 13 77.9 88,6 0.7 1. 80
£5 38 43 24,0 13 7.9 88.6 077 1.20
26 38 27 24.5 97.8 .9 11 0.7 <1.26
27 38 38 2.0 J2 7.9 7.1 0.77 0,886
28 av 45 30,6 8.5 72.4 94.4 0.589 1.69
£9 37 42 30,8 18,6 2.4 83.4 0.80 0,97
30 37 42 30,9 18,56 72.4 83.4 0.59 0.9%
31 37 N 30.5 40 L. 4 83.7 0.88 0.36
32 37 41 30,0 23.5 72.4 78.8 0.59 0.80
33 37 38 30.6 84,8 72.4 50,4 0.8¢ 0.03
34 36 38 34.8 64,0 ée.8 0.4 0.44 0.03
38 36 34 34,5 66 és,.8 40.8 O.44 =0,23
36 35 40 38 28,5 5.6 74,3 0.40 0.656
7 38 36 38 B4.0 66.5 80.4 0.40 0.03
38 36 M4 b ] 65 85,5 40.8 0.40 <0323
N 38 30 e 86 66,5 21,86 0.40 -0 79
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Table IV, - Tabulation of Eaw Boores, lianks, Pergentiles and
Normalized 3tandard 30ores on the Algebraic 35kill 'fut (Continued)

——

=== - Normalized
HDoores Rank Peroentile Standard Ssore
Nane on on _in SR
No. T cepta S pnespts G Congents gkAlla Consepta
34 45 44.5 6.5 59.6 94.4 0.24 1.59
8 s a 4.5 235  69.6 78.8 0.4  0.80
43 34 37 4.8 40 50,68 63.7 0.24 0.36
44 34 37 44,0 40 59.8 63.7 0.24 0.36
45 34 48 44,5 6.5 £9,.6 94.4 0.24 1.59
46 34 38 44,5 654.5 59.68 50.4 0.24 0.03
47 34 34 44.56 86 58,6 40,8 0.2¢4 <0,23
48 34 42 44.5 18.8 59.6 83.4 0.24 0.97
49 33 38 50 36 54,56 83,3 0.11 0.47
50 33 36 50 45.5 54,5 68,7 0.11 0.22
52 32 40 88 18,8 50 83.4 0.00 0.97
83 32 39 56 J2 80 71,1 0.00 0.5%
54 32 38 1] 04,5 80 50.4 0.00 0.03
88 32 30 86 1 80 21,5 0.00 «0,70
88 32 41 58 28,5 50 78,8 0.00 0.80
59 3 37 80 40 48.4 63.7 -0,12 0.38
60 3 36 60 45.6 45.4 5a,%7 -0.12 0.22
61 31 26 50 100.5 “bo‘ 802 '0012 ‘1’40
62 30 a9 65.6 o2 40,3 71.1 -0, 26 0.68
€4 30 37 65.6 40 40,3 63.7 -0, 20 0.38
65 & 3’ “.5 5‘.5 4’0.3 60.4 -0025 6.08
66 30 36 656.6 54.5 40,3 50.4 -0.286 0,03
e" 30 36 eaoa “.5 40.3 50-‘ "0026 0.05
70 20 36 72.58 54.8 33,9 50.4 -0.41 0.08
71 29 34 72.6 68 33.9 40.8 -0.41 <0,.23
72 29 32 72.6 75.5 33.9 31l.1 -0.41 -0.48
73 20 27 72,8 87.5 33.9 11 ~0.41 1,26
74 29 43 72.5 13 33,9 88.6 -0.41 1.20
76 28 36 76.9 48,5 30,2 58,7 -0,82 0.22
77 28 30 76.5 86 50.2 21.5 -0052 "0.?9
78 27 35 81 64,56 26.1 50.4 -0, 64 0.03
7¢ v 33 81 71.5 26,1 34.8 -0,64 0,39
8l 27 31 8l 80 26.1 27 -0.64 0,61
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Table I1I, -~ Tabulation of Raw .oores, Fanks, Percentiles, ana
Normalized Standard toores on the Algebrale Bizll Test (Ooatlnuads

Normalized
Hame Soores Rank Peroentile standard Boores

on on in én_
3xills Conoepts Skills Conoepss Skills Conoepts 5killg Conae.ts

83 27 44 8l 8.5 26.1 92.6 -0, 64 1.45
&4 27 43 8l 13 26.1 88,5 -0.64 1.20
86 26 28 86 83 21.8 15.1 «0.79 =1.03
87 26 31 86 80 21.5 27 «0.79 ~0,61
89 26 33 89 71.8 18.8 34,8 -0.88 =0,39
90 26 al 89 80 18.8 27 -0.88 «0,61
81 24 29 92 8s.5 16 18,3 -1.00 =0.90
92 24 27 82 97.6 16 11 -1,00 1,26
293 24 25 o2 103.8 16 5.8 -1,00 -1,60
94 23 33 95.5 71.5 12.8 4.8 «1,13 =0.39
96 25 33 96,8 71.6 12.8 34.8 -1.13 «0.38
28 22 18 99 109 2.6 0.4 -1.30 -2.86
100 22 28 99 83 9.6 16.1 -1.30 -1,03
101 21 30 103 86 5.9 21,6 -1.56 -0.79
102 21 25 103 103.5 8.9 6.0 -1.668 1,60
103 p4 § 23 103 108 5.9 3.3 -1.56 -1.88
105 21 44 103 97.5 5.9 11 -1.56 -1.26
106 20 29 106 89.5 3.2 1e.3 -1.,85 <0.90
108 14 21 109 108 0.4 1.3 -2.85 «2,20
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From Table IV 4t is ssen that ocut of 36 cages in
the upper group of the 3kill-Test, 22 have larger scores,
and 1 has an equal score in compariason with their scores
in the Concept-Test, thus leaving only 13 scores lover 1in
the 8kill.Test.

The middle group hag, in 14 csses out of 36, larger
scores in the 3kill-Test than in the Conocept-Test, thusg
leaving 22 scores smaller in the 8kill-Test than in the
Congept-Tesnt.

The lower group in the Skill-Test has, in 13 cases
out of 37, 12 higher and 1 equal score to the corresponding
scores on the Consept-Test, thus leaving 24 cases of scores
snaller than on the Concept-Test.

From the above it follows that out of all 109 cases,
80 scorea in the Skill-Tegt are greater or equal to thelr
scores in the Consept-Test, and 59 cases have lower scores
in the 8kill.Test than in the Conoept-Test,

Using both Tables XI and IV, 1t iz easily scen that
the akill ascores of the upper concept group are dispersed
along all three sub-groups of the 5kill Teet. Likewige, the
dispersion of the scores of any ¢ther sub-group of sither
test along all sub-groups of the other test can be read
directly from these tables,

Sumnmarizing the numerical data of the above analysis,
of Tables III and IV, a simple summary, Table V, ias obtalned,
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Table V. ~ Verification of the Analysis of the Two Tests

e s = T =
Number of Cases Having Scores In
The Consept Teat 2k11l Tess

GROUP Larger Equal Ssmaller Larger squal 3aaller

than to than Sume than to than Sum-

on §Te §Te on §T* mary on CT®e GTee gopn CT** papy
Upper 26 1l 10 38 22 1 13 38
Kiddle 22 4] 14 36 14 0 22 36
Lower 12 l 24 by 4 12 1l 24 av
TCTAL 89 2 48 100 48 2 59 10

I

® 3T = The 5kill-.Test
*¢ CT » The Conoept-Test



VERTICAL AND HORYIZONTAL COMPARIBONS 58

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
difference D, between the msans of the upper and the middle
group and that between the middle and the lower group in the
8kill-Test follows. The computational datails ere presented
in Appendix 9, Tables XIY and XIIX,

The formula

»

- B ; where Jp is the
% VoK ® v ow?

standard error of the Aifference between two means; and

0_; -’V-%-:L‘ and 0;2 = ng_ are the standsrd errors of

the means My and Np respectively, 1s again used,

5 My = 40.43 My = 32,08
D =8.38
Gy = 4.80 Gg = 1.94

ﬁi = 0.80 di; = 0,32

w *® 11.2. ﬂnd thls.

Thus = w =
' —% Vo.80% + 0,322  0.74

being larger than the oritical ratio 3, preves that the
differense between the means of the upper snd the middle
groups in the 3kill-.Test s eignificant,

A similar exploration of the diffsrence betwsen the
mean of the middle group, Mp, and the mean of the lower group,
Mz, in the 8kill-Test, produces, ac computed in Appendix 9,
Table XIV, the following results.
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Mg = 32,08 My = 23,97
D = 8.11
Ug=1.94  Ug= 3,5

Ong = 0.31 U{a - 0,87

Th\ll. = m = Ql! -wulz 51
-%D To.ﬁ],’ + O.avr 1V 0.420 0.648 et it

and this, being larger than the critical ratio 3, means that
the difference in question 1ec definitely significant,

It follows that the Aiffioulty of the Skill-Test

nt ddls to th [s) R

It remains nov to explore the significance of the
differences between the menns of the performances of the
three groups on one teast, and the means of thelr performances

on the other test,
3. Gomparison Betwsen the Two Tests - Horizontal

The key to the horisontal comparison of corresponding
groups is in the formula for the standard error of difference
between two moannxa

0; -Vd;lg + 0;22 - 2rp 0;1 a;z

A nev aymbol in this formula is rig, and it 1is the coeffi-
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, op.git., p.131,
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This formula must be used in subsequent oconsiderations
because the groups of the testeas to be correlated are the
samo persons who have taken two different tests,
Appendix 9, Correlation Charts A, B, and C, present
the computations of the three coefficlents of correlation
for the upper, middle, and lower groups in the Concepts-
Test, and the Correlation Charts D. E, and F, 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 lowver skill groups, whereas
Table XVI provides grouped skill scores of the upper, nmiddle
and lower concept groups.
The corresponding 4ata for the significance of the
difference between the means for the upper 8kill group are
ag follows}
Mean of the 3kill soores: My = 40,43 (Appendix ¢, Table XII)
Nean of the Consept Scores: M, = 40.25 (Appendix 9, Table XV)

Difference of the Means P = 0.18
8tandard deviations: g = 480 Appendix 9 -
g5 = 8.61 ) Correlation Chart D

ar -4'80
Standard errors of the 6 5;; 17%=~ —§~9 0.8
(
(

means
ﬁo-—ﬁ-cmno.sa
/¥ é
Correlation Coeffiolent: r,, = 0,615 (Apgandxx 9, Correlation
hart A)
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gtandard error of diffnranoo of means:

Ip = -vr" M &P_a - 2ry 67*3 05;

Vo0.80% + 0,932 - 1.488.r,,

= 1,504 - 1,488.r,4,
= 0076

Lo .18
From this 1s derived the critiscesl ratio 7% * 0. 76 = 0,23,

and it is smaller than 3, which means that the difference
of the means of the upper skill group on both tests ias
insignificant. In other words, the 5kill-Test and the
Concept-Test represent about the same difficulty for the
upper S5kill group.

In the same way the significance of the differences
between the meane on the 3kill-Test and on the Concept-~Test
for the middle gkill group snd for the lower skill group is
to be investigated. Though these differences may be expected
to be of significance, ag the whole 35kill-Test proved to be
significantly harder, nothing certain can be sald without
investigation of both cases.

The necessary data for the investigations are oone
tained in Table VI, and the necessary computations from

them are presented in Appendicez 9 and 10.
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Table VI, - Data for Determining the -ignifiosnce of thse
Difference Between the Means eof the &;ﬂ_@m in the

Ski111-Test and the Coneept-Test,

e i Ao Y, st A - < s ne - - 4 © e anein

~TAT1US3TICH

— o Computed in
alue in 2kill Group

Neoded Syebol

y Hlddle Lovey

Runber of

cagos N 38 M
Nean in Skills x, 32,08 25.97  Appen@ixn ©,Tadles XIII & XY’
Nean in ComeepSs Mg 35,90 30,30 Avpendix @, Table XV
Difference of

Neang W‘. E. 1‘ 5.55
5ton- in
dard 8kill- Jq 1,94 3.80 )
Devia- Test ) Apsho::xx 9 - Correlation
tion in s K, ¥,

Comsept- (g 4,56 8.40
Tes$

Stan-  of X, Tn, 0.32 0.87 ) Appendix 10--points 1 and £
ard
Error  of M, Ty 0.76 0.88
Ceefricient of 0.24 0.48 Appendix 9 - Correlation

eorrelation Uharte &, F,
Standard Error )
of the Differ- Ty 0.69 0.804 ;
ence of Means ) Appendix 10 - points 1 and
Critical D,

Ratie 0'5 4, 24 7.89 ;
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From Table VI it 13 evident that both the middle and the
lower skill groups find the 8kill-Test significantly harder
than the Concept-Test,

Hence, the summary of the findings on the Skill-Test
follows}

For the whole group of 109 pupils, the 3kill-Teat
As_glgnificantly herder than the Concept-Test, but for the
upper group in skills there is no significant °ifference.

It 1s the lower group in 1ls that fin he 8kill-l

The final problem eriaing out of this finding 1is
vhether the upper, middle and lower groups in the Congept-
Test find a similar 4ifficulty in the 3kill-Test or not,
Table VII contains the data needed to answer this question,
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Table VII, - Data for Dete
Differences between the Meanas of the Coneept-Groups in the
Gonoept-Test gnd the Bkill-Test,

STATISTICS

64

the 3ignificance of the

Value in the Concept
Neoded Symbel Group Computed in:
Upper Middle lLower
Number of
esees | 36 36 Ny g
Mean in Conoepts Mg 40.41 35.08 28,08 Appendix §, Tables IX, X, XX
Hean in 8kills l. 38,08 32,11 26.78 Appenaix 9, Table XVIX
Cifference of
Means M—I. 2e 33 Lo o l . 30
Stan- éu 7 o8 1 ;
dard OMQp‘— 4, « 23 3.40
Devia~ Test ¢ ; Appendix 9 - Correlation
tion in Charts A,B,C,
3kill- g €.65 5,38  5.96 )
Teat )
Btan- of % Vi » 5 Oo‘s o.m 0055 ;
dard LA Appendix 10 - points 3,4,5,
Error  or n, /M, = -Z8 1,206 0.9 0.98 }
i B
Coefficient of
Correlation Pos 0.66 0.38 0.49 Apggzglx 9 - gorrclatlon
'. ‘.B. .
8tandard i.rror ;
of the Sur”' (p 0.836 0,85 0.88
end of Ueans
Critionl Appendix 10 - points 3,4,5,
rities
Retio .'On’n 2,78 3,83 1,52 {
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Table VII makes possible the following summary of

the findings on the Concept-Test., For the whole group of
108 pupils he Concept-Tpgt 45 significantly easle: AR
the Skill-Tegt, snd this holdg true for the middle concept
w iiowevn t concept grou
songept-Tegt only rroroximately ensier than the :kill-Test,

and the lower concent group finds 1t only insisnificantly
sasler.




CHAPTER VI
SUMMARY OF THE FINDINGS
1, Relationship and Difficulty Aspects

Table VII completes the data needed for a synthesls
of the vertical and horisontal comparisons and consequently
of the whole investigation of the problem performed in this
study.

The summary of the mathematical side of tho correla-
tion between the Algebraic Concept Test and the Algebraio
Skill Test made in the preceding chapters is as follows:

(a) The correlation between the two tests 1a
poeitive, and can be estimated to be “high ana udbstantial'.l
but not very high, as the coefficlent of correlation of the
two distributions 1 equals 0.7044,

(b) The 8kill-Test is significantly harder to the
group tested than the Conacept-Test,

(¢) Both the Algebraio Conoept Test and the Alge-
braic Skill Test have one foature in common, Zither le
significantly harder for ite middle and lower groups than
for the preceding group. This characteristic of both tests
is apparent from the vertical comparison of the thres

groups (upper, middle =nd lower) in each test,
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(d) The olosenass of the correlation between the

sets of scores at the horirontal comparison is shown in

Table VIIY, being r = 0.656 and 0,61 for the two upper groups,

r=0,39 and 0,24 for the two middle groups, and r = 0,49
and 0.48 for the two lower groups. As direction of the
correlation 1s positive in all these cases, a mod~rate

2 between the two

correlation and substantial relationship
variables can be claimed in all three divisions, upper,
middle, and lower, at the horizontal comparison,

(e) The upper group in the 9kill-Test finds that
test only insignifiocantly easier than the Concept-Test.
However, ths middle and lower groups in the Skill-Test
£ind the test significantly harder than the Concept-Test.

(f) The upper and the middle concept groups find

the 3kill-Test suggsstively or significantly harder than the

Concept-Test, but the lower concept group finds the 3kille
Test only insignificantly harder than the Concept-Test,

As any group of either test 1s assigned a given
grade of aifficulty, scoording to the difference between

its performonce on the two tests, a simple tadble summarizing

the data from Tables VI and VII can be constructed and

appears as Table VIII,

2 Ibid,, p.165,
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Table VIIXI., - Summary of the Performsnce Difficulty Grades

on Both Tenats.

Porronrnu« Porror;amu
0 o
the Comoept Croups the 8kill Jroups
Group on on the Group on the on the
the Conacept-Test 8Bkill.Test 8kill.Test Concept-Test
A _= 40.41 M_= 38.08 M =40.43 ¥ - 40.28
- 4.08 - 6. 63 a- - 4.30 - e‘
UPFER r = 0,68 UPPER r= 0,6
) suggestive of insignificant
op ~ %78 <3 & true aiffer- "g: = 0.23 4ifrorence
enae b (eanier)
X = 35,08 H =« 32,11 H = 32,08 M = 35,22
g = 1,22 T~= 5,38 T = 1,94 T w 4,58
MIDDLE rs=0,3 HIDDLE r = 0,248
signifioant significant
‘5—; = 3.53 )31 gifference "'};}“ 4.24 > 3341fference
M = 28,08 M = 26,78 X = 23,07 N _= 30,30
T = 3.40 T = 5,98 C m 3.8 ¢ = 5,4
LOvER — 2.‘:3 ificant LOVER — 2;:: signi
-1 1.62< nsignifican 2 S -
= 1.62<2; 4 = 7.87 7 6;flcans
7p } difference v 'd1trerence
M= mean

T = gtandard deviation

r = goeffiolient of correlation

-g:- oritical ratio
D



BUMMARY OF TH” FINDINGS 69
2. Regularity Trait of Difficulty Interdependency

In Table VIII the existence of ths interdependency
between the A1fficulty grades on the three corresponding
group levels gan be noticed. In partioular, some aspects
of regularity, in that interdependency, can be found,

The grades of 4iffieulty, when placed along the
straight line of equal units, furnigh a ccmparative scale,
presented in Figure 2,

By means of that scale, the difference between the
lower 1imits of the given grades of d4ifficulty can be
expressed in units,

Furthsraore, the grsdes of 4iffisulties shown in
Table VIII oan be arranged from the upper group down to the
lower, along two central cycles in the same Adirections,
producing three pairs of grades at equal intervals. This
iz presented in Figure 3,

fhen the farting pointe of the 0 akill- and
congept-cygles differ by one intervael, which 1s 1/3 of a

cycle, then the paired gradeg Aiffer incranssingly in the
same direcotion by one unit, starting from tha smallest

difference in & pair, &, u» to B,
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Figure 3. Graphic Illustration of the Inter-
dependency of Difficulty Grades

8t.C.-gr = B8tarting Point of placing Concept Gredes

8t.8.-gr = 8Starting Polint of placing Skill grades

St.count., = Starting Point of counting differences between
grades

Int = One interval

Skrins.e. = B8kill-Test Difficulty Grade - insignificantly
easler

Sk.slg . h, = 8kill-Test Difficulty Grade - significantly
harder

Ske.v.s81g.h = Skéll-Test Difficulty Grade - very significantly
arder

C.-sug.h = Conocept-Test Difficulty Grade - suggestive of
glgnificant hardness

C.-sig.h = Concept-Test Difficulty Grade - significantly
harder

C.-ins,.h = Concept-Test Difficulty Grade - insignificantly

harder
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This is so, becasuse the dlfferences between the
lower 1limits of the larger and smaller Aifficulty grades in

sach pair on the agyoles are as follows:

Sk.sig.h, - C.,ins,h, =3 -0 = 3
Sk.v.sig.h. - C.sug,h, =6~ 2 = 4
C.slg.h. -~ B8k.ins.e, = 3 ~(-2)= 5
Thus, a set of increasing numbers, 3, 4, snd 5, ia
obtained, and it i1: exprescible mathematically by a finite
arithmetie progression of a3 = 3, and 4 = 1, It completes
a8 trajt of regularity of the final data resulting from the
inveetigation of the mathematlocal aspect of the concept
and gkill correlation which would otherwise be scarcely

diascernible.

3, Confrontation of the Coefficient-Method
and the Three-Group Method
Finally, a comparison of the results, as to the
methematiocal aepect of the concept-skill correlation, obtalned
by the coefficient and three-group division methods can be

performed,

The product moment goefficient method has revealed

two baneloc mathematical charactsristiocs of the dsta correlated:
(a) The positive direction of the correlation, which
meane that when one variable 1s growing the other

doee the same; and



(v)
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The high closeness of the correlation, indloating

marked relationship between the concept and skill

in the congidered area of algebra.

These tralts are proved by the sign and the size of the corre-

lation coefficient I = (0.7044, and by the size of the correla-

tion ratio J = 0.73, whose firmness seems to be acceptable

in the light of their respective standard errors (as computed

in Appendix 7).,

(a)
(b)

(o)

(a)

The three- roup division method produced:

The game rezult as to the dlrection of the correlation;
The closeness of the ralationship at the “modarate
and substantial relation' level,

Though the latter is lower than the level
found by the goefficient metiod, they seem essentially
to be not incongruous, As a group three times as
large wag used for computing the correlation coeffi-
oient r for the whole group of testees, and as
bagically a rather consideradble overlap of the two
ad )agent grades of relationshlp seems to be quite
Justifiable,

Three significantly different group-levels in either
test;

Disslosure of the interplay of the test-difficulty
grades by detormining them on three distinctly differ-
ent levels, and revealing a mathematically expressible

regulerity trait of the actual difficulty-gr-des
interdependency.
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Finglly, 1t should be noted that the corrslation
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 factors
involved in both tests, sepecilally the computational

aspect, might have only reduced the size of the correlation
coefficient.



CONCLUSIONS

The exploration of the problem of the concept-
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 hypotheais
of the problem presented at the beginning of this study.

Accordingly, the conclusions to be drawn from the
findings of the experiment can be arranged along these
two lines.

1. First, 1t geems Justifiable to state that the
problem of the concept-sklll correlation in algebra can be
investigated objectively only by means of tests constructed
especlally for that purpose, As the tests are to measure
the comprehension of algebraic concepts, and the abllity
to apply them in computations, respectively, only these
tvo aspeots should be covered by the testa, and they kept
apart as far as possible, Although concept and skill in
algebra cannot be separated from each other, nonetheless
they can be distinguished quite clearly. The best and most
effective way to make & clear dlgtinction between them,
without cutting them off, and completely distorting, if not
killing them, seems to be to remove algebrais computation
from the Concept-Test as completely as possible, and to

place it only in the Skill-Test,
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The method of investigating the problem by two
tests can be basically extended to all greades of high
school algebra. It can algso be used for inveatigation
of any selected group of concepts and skills at 4ifferent
grades in high school algedbra.

2. The nmathematioal aspect of the concept-skill
correlation, as revealed by the product moment coeffisient
method, oroduces two bagioc traits of the relationehip
betveen the two variables: first, its positive direction,
and seoond, its high degree of closeness and marked relation-
ship.

The thres-group 4division method proves basically
the same, but it adde two main traits to the mathematioal
aspoot alresdy mentioned:

(a) It Aisclosee the existence of three dlstinctly
different, though equally-numbered, sub-groups
in either test group; and

(b) 1t reveals the regularity trait of the inter-
dependency betweon the Alfficulty grades on three
significantly different levels, provided the testsa
differ significantly in difficulty for the whols
group tested,

Thie latter trait, if produced by a astratified
representative province-wids group of pupils, would set a
1aw of the interdependency of difficulty grades in the

algebraic conocept-skill correlation,
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Thus, a deeper insight into the mathematiocal side
of the relationship between the two variables seems to be
Justifiably expected through this method.,

As this 1s most nrobably the first direot investi-
g~tion of the concept-skill ocorrelation in algebra, no
genoralisations of the results are possible, unless special
standardized tests for that purpose are available and &
stratified group, representative of the entire Grade XI
high school population of the province of Ontario, 1s
obtainable,

Under the actual ciroumstances of the experiment,
the findings of this study may be rather only indicative
of what could be expected in the area investigated in a

normal everyday school aituation,



BIBLIOGRAPHY

BUSWELL, 0.T., kaiter, m K
M 8 thmet Chicago, University Press,
1049, 11-73 p.

The authors, specislists and sxperts in the gubject-

matter, present, in an objective way, their findings

and views on the need for:

(a) emrhasis on the understanding basic %o skilful
opsrations in arithmetic and algebra (Brueckner,
L.J.,"Arithmetic in Elementary and Junior High
Schools®, p 1-9);

(b) Dbringing out the fundamental conocepts in elemen-
tary wmathematics, snd understanding them by
pepils, in teaching practice (Hartung, Maurice L.,

Improving the Hathematics Program in Junior
High Bchool Grades®, p.49-58);

(o) dlstingulshing the ke -eonoopia in teaching
arithmetio (Engen, H.Van, "Place Value and the
Number System", p,59-73).

cweeeeem= ghd Maurice L., Hartung, Tditors,
entary Educationa) Monographs, Arithmetic, 1949, 5§§§§§o,
niversity Press, 1980, 11-100 p,
The subjeot-matter suthorities bring out in an
objeative way and ¢ size that mathematios must be
taught meaningfully (Buswell, G.T,, "Methods of Studying
Pupils Thinking in Arithmetie®, pp 556-63; Hartung, M.L,
*Major Inetructional Problems in Arithmetic in the
Middle Grades", pp 80-86). The book stresses also the
need for objective instruments for investigation of
basic mathematical understandiagu (Glennon, Vincent J.
*"Testing Meanings in Arithmetie", p.64.74),

Bm. cOKOO NP & & c i B2 7 '. - AP NeL ) A R0 S
t the J H 3 vel, University of
Missouri, 1931, 56 p.
fhio doctoral dissertation presents the extent of
rastery of some algebralc conospts by pupils at the
completion of the seventh, eighth and ninth grades
and 1its relation to montai age and to ohronologloai
age, At the end of the work the investigation of the
relation between the mastery of algebralo concepts
and computational sklll 13 recommended ss a fleld of
real contribution to didactic of algebra,

i




BIBLIOGRAPHY 70

s=wew=w= and F.L.Wren, sz
!;!hgg.;’g:, New York, MoGraw-H xiv-580 p.

methods of teaching nathonut os are presented
by the authors in a descriptive, convineingly sub-
stantiating wvay. The conclusion drawn is that there
is no single method which fits all situations., Con-
septs, principles and processes are not ultimately
mastered without many illustrations in varied contexts,
nor without frequent applications and preotice, and
not without sustained intelleatual effort on the
part of students. The importance of algebraisc oon-
septs and prinoiples is brought out by this work,
convineingly, as a field deserving much attention
and consequently further exploration,

EVERET'!‘ J.P. 1ne G
Teachers' College, "Columbia Univoruity, New York, No 324
1928, pp vii-l

This objoctlvo study on the algebraic skill results

in clear distinction between the manipulative and

the associative skill in algedra. A definite emphasis

on the latter is brought out as a basic Aidactical

postulate in efficient teaching of algebra. It some-
how loses sight of the fa20t that the assgociative

skill 1s also conditioned to a great extent by the

degree of comprehengion of the algebrais oconcept

that underlies the algebdbraic computation.

JOMES, Burton W, ;”-Vf._bh f Hathe
New York laalillan, 194% g
fho book is dculgnod bun:oal ¥y for oollege students.
An interesting work on some strictly mathematical
aspects of seleeted algebraloal and basic geometrical
concepts, Didactic side of ooncepts is of no concern
to the author, at any rate not, as high aschool lsvel
algebra is oconcerned, Some distinotion between the
concepts in basio algebra and those in advanced
algebra had %o be taken into coneideration in choosing
the material for this study.

MiSERVE, Bruce E,, ] neepts of Alg DX
Cambridge 42, Inlu., Addicon-ﬂoaloy Prose 1uoa ix~ ~4

A modern viewpoint of the al brn and tﬁo gn.

The work is deeigned for collsgs level, Tho clear-

ness of basioc components of the concepts of inter-

mediate algebra is indireotly brought out, but not

alvays properly.

nf Alg




BIBLIOGRAPHY 80

PROGRESSIV . EDUCATION ASSOCIATION, Mathematics An_
Edue ‘ ort of the Committes on the Fungtion
Commlssion on

BT 8 “} Laele ]

. athematics 1In Genura;_jggga§;¥n_xgz~1gg_C
gs9nnnazxzésnagl_gnxzisu;nm~ Rew York, Appleton-Century-
ruu,mw,nuwa%
The subdbject-matter experts and scientists give an
outlins of a set of fundamental concepts and prin-
oiples upon whigch the mathematios teacher may
organize the teashing in school. Those congepts and
related abllities sre: function, opsration, proof,
and symbollism, The emphasis 1s put on the under-
standing of the underlying concepts to mathematiocal
operations, in order that the latter may be really
meaningful to studenta. Distinetion between com-
putational techniques and the concepts basio to
them, is stressed as 7 baslc 4idactioal poctulate
in teaohing mathematics.

THORNDIKE, Edward L., Margaret V. Cobb, Jasob S,
Orleans, Perclval M, Jymondg, Elva Nald, and Eila Woodyard

The Psychology of Algsbra, New York, Maomillan, 1924, x1-483 p.
his classical work is an excellent presentation b
objeative methodg of the role of algedbra in genera
eduoation, and of the predominant role of the con-
cepts and of the algebrale computation in developing
the general abilitiaes for dealing with: symbolism,
generalization, quantative dependence, functionality,
selecting and organizing ideas and hablits to good
offect, The erpressziveness of laying the algebrailo
concepts easpeclally disclosing and lighting important
components of some concepts is reflected in some cases
in the tegt iteme of this study.

UNMSTATTD, J.0., segondary Sohool Teaghing, Boston,
Ginn, 1944, x11-488 p,

The book oontains s ooncise historioal outline of
sscondary school teaching from antiquity up to date,
especially with respect to the objectives and sethods
of tesohing., As far as the educationsl researoh in
modern times 1s concerned, the historical, the survey,
and the experimental methods are outlined., The experi.
mental method 1= considered to be “unquestionably the
most valuable" in edueational research, The methed of
finding the significance of the Aiffersnce batween

two means wna applied in this research,




BIBLIOGRAPHY 81

YOUNG, John Wesley, i Con-
gepts of Algebra and Geometry, New York, Macmlllan, 1920,
vii-247 p.

A mathematical aclience 1s defined as any body of
propositions arranged according to a sequence of
some or all the propositions that precede it.
Acoordingly, the starting point of any mathematical
science is always a set of one or more prepositions
whioch remailn entirely unproved. Thst sclence is
growing even in its gmellest portions, and dis-
closing unexpected relations. The rslation betveen
two important algebralc aspects is included in the
topie of this study.



APPENDIX 1
CONFUSION OF 80ME ALGEBRAIC CONCEPTS

The exiastence of some confusion in the fleld of
algebralc concepts at high school algebra level, can per-

haps best be shown by some concrete exampleas.
1. Equation

The equation is called wrongly an Yequality": “An
algebralc equation iz an equality between two algebrale
oxpreasions'.l This is a definition givan by Burton W,
Jones in his book Elementary Conpcepts of Mathematics, and
which 13 also quite commonly used in high sohool textbooks
of alg‘bra.a In actual fact, an equality is the same as
an identity. An squation can be turned into equality, but
this does not mean that an slgebralo equation is an equality
or identity.

This confusion occurs always when the basic aspect
of the concept of the equation 1s lost to sight., The equa-~
tion in i1ta entity 1s a guestion whether the two members
msy become equal or not. Being a queation it cannot be a
etatemant, as are 1dentity or oquality., The rnswer to the
quastion can be yes or no; and in both casss, always, some-

times, or never,

1l B, Jones, &
York, Macmillan, 1947, p.141,

2 J.T.Crawford, A New Algebra for High schoolg, Toronte

Maomillan Co., of Can., 1954, x11-44) p,
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Converting the equation into the “‘conditional® or

"jdentical” equalities or equations, which very often

occurs in text books, does not remove the confusion, as the

expression "identical equality® i1s obviously incorrect and

confusing, beoause it implies something else than Just

"equality®,

The term "oonditional 1tself obviously implies

the 1dea that equality may occur or may not; thus the basio

definition of the equation requiring that it always be

equality is denled.

Joining the "eonditional equation® and "identiocal®

intc one concept of equation understood as equality does

not remove the confusion from the concept, whereas accepting

the most essential gues

simplifies and clarifies the situation in all cases:

(a) ax + b =0,

if g3 snd b, or only g are different

from O, the equation exists, and

becomes identity for , , =b,
a ]

ifa=0, h ¥ 0, the equation disappears,
because X dlsappears; and an obvious
inequality b 5 O arises:

if 3 =0, b=0

the equation disappears, because F dle-
apgoaro, and an obvious equality O = O
arises,

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

of X vhich makes the left member equal to the right,
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£. Preportion

The definition of proportion given by Crawford in

his book A New Algebra for High ohools,® 1s as follows:

*A proportion is an equation which expresseg the equality
of two ratioa". This definition seems to be incorrect for

two reasonst
1. The proportion is not an squation, ae it is only
a stsatenment of 1dentity, in other words, a state-
ment of equslity of two ratios, which equation
can never de;
2, The equation does not express the equality of
twvo ratios, as it only expresszes the question

vhether the ratios are equal,

Calling %'- %%'an equation, as the author does, 18 obviously

incorrect, and inoonsistent with the concept of ldentity
used in other visees in the book.

When taking the definition of the authors ag it
reades, one might rightly notice:

f%houlé an “"equation which expresses the equality
of two ratios” bs ¥ a proportion", then there could not be
any 4difference betweon the two. They would have to be the

same and intsrchangeable notions. Thus the two expressions

3 Crawford, op.oit,, p.166,
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2:3 = 4;:6 (1) whioch are true but g%;;gzgn; proportions
214 = 316 (2) (K = §; Xz =d)
would be true but 4ifferent equations,

2ix = 436 (1)
2:t4 = x36 (2) (x3 = 3; =g = 3)

but they are $rue bwt the same equationas (whose only root
1s x = 3).

8o proportion is not an equation of any kind., They
are Adiffsrent things, and aftor all, they differ as concepts

entirely in their basic components,

In the aonoept of proportion, the conetant X 1s the
pivotal peint; in the concept of equation, the value of X,
and thus the guestion for unknown, is the most basic pnint,

Similar examples of confusion in the field of basioe
elgebraie concepts in school 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,

wvhich was the original intent of this appendix,



APPENDIX 2
ALGEBRAIC TESTS MANUAL AND TEST BOOKLETS

The attached Tegt Bookletg were constructed by
the writer of this report and approved by the Department
of Education of the School of Psychology and Lducation of
the University of Ottawa, for administration in schools
for the purpose of this research, in March 1856,

Each booklet serves as an answer-key containing
the correct choices, marked in the brackets at the right
of the test 1items.

The oriteria of particular test items are
annotated in the space provided originally for the

testee's rough work,
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ALGEBRAIC TESTS HANUAL
I, OENERAL INPORMATION

The purpose of the two tests, (1) ALGEZBRAIC CON-
CEPTS TEST, (2) ALGEBRAIC 3KILLS TEST, is to investigate the
correlation betwsen the mastery of algebralc concepts and
computational abilities at the Grade XI high school algebra
level,

The testa cover the following topilcs:

Brackets as a symbol of algebralc wholeness;

Power of a number: aP;

Sougres and oubes of binomialst (q:p)zz(a:p)az

Factors of besie binomials: (a2-b2); (aS+b3);

Algebralc fraotion;

Variation - direct and inverse;

Proportion;

Linear equation -~ algebralc and graphiec solution;

Quadratic equation: axf + bx + o = 0, its alge-
braic and graphis solution,

The population for the final tests is to be 370 boys
and girls at Grade XI-XII Ottawa High Behools.

II, CONSTRUCTION OF TESTS
The following three main principles are observed in

the construction of the tests!

1. 7The basio concepts in the Algebrajc Conceptg

Test are chosen according to the selection recommended by:
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(a) The rindings of research on the didaotios of

algobra.

(b) The currioulum as set by the Minister of iduca-
tion, "Courses of 3tudy Mathematiocg";

{(s) Textbooks such ag J.T.Crawford, %_ggx_%%g%hgg
I%f_ﬁlxh_ﬂﬂnggln, Toronto, Macmillan, , Xil~
441 p.

2. The algebrala computation ie eliminated from

The Algebrals Conoept Test, by applying the vorbsl formula-

Xion of questions and Aistrscters. This is done in all cases
in ;vhich an slgebrale computation ocould interfere with the
intended measure of comprehension of ths algebraic concept
alone,

All computation needed in The Algebrale Congept Test
is limited to a random arithmetical computing, that represents
a negligible per cent of the algebraie ooncept aspect
employed in the test item,

This progcedure is an attempt to avold including the
algebraic computation in both tests,

In this reepect, the tegt Aiffers dbaglioally from the
way of measuring the algebraic concepts by the standardized

tests in uage,

1 &.L.Thorndike, The Psvehology of Algebra, New York,
Haemillan, 1923, x1-483 p,.

Progrcaaive Kducation Aseociatioa, Mathenm
gg gg!; gggg ;QE, Hour t of tho bomn;tggg on tne ?u t
g 3 _iduoat] the C

1940,‘x1v-423"p
G.T.Buswell, EA4., ; 1 ry Educational Mono-
graphs, 194'?ﬁ Chicago Unlversity Prcss.

+Butler and F.L.Wren Sec ds
Matnematios, New York, MoGraw-Hill, 5551, xi&-gbo
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3. Ihree leading oongtrugtion lineg are observed
in the making of test items;
(a) Fach conoept in The Algebrale Concept Test is

measured on three levelg of 4ifficulty:
(1) Recognition of the concept;
(2) Interpretation or evaluation of the consept;
(3) Application of the concept.
(b) Easoch akill in using a concept in computation
is aeasured on three levelg of Aiffisulty:

(1) Computation gn the coneept (It corresponds
to the Recognition level, above);

(2) Computation of the concept; (It corresponds

to the Interpresation or Evaluation level,
above);

(3) Computation by the concept; (It corresponds
to the Application level, above).

Thus, three levels of difficulty in both tests are

"matohed®,

Example: The concept of proportien,

I. 11.

(1) %iiggégxggn of proportion: {1) Computation opn proportion:
¥hich of thse oxgruaions below n tfu proportion § = §
represonts an algebraic pro- 4 equals:
portion?

1l £ a2 = 1 *« o »
2 e ® e 2 *® * *
3 g-3 3 1

4 ® » ® (3) 4 ® ® =«

(3)
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(2) Evaluatien or interpretation (2) Computation gf a proportion:
of preporsion: H
%&g; y adding 1 to both sides of
proportion § = ﬁ is true the proportion £ = §, one
1f, obtains a following new
= t
1 b = P min P groPoi' 103 -
o ® e e ) * e o
3 [ ] *» » a » » *
. * ® - 224
4 (1) 4 !%h d (4)
(3) Application of the conoept (3) Computation by 1dentical
;: proportion. roportion,
1 sggl:
?Sflproportiom '2- - g and proportions g = g- and
B = B are 1dentical, 1 g%ﬁ-- =2 are 1dentioal, because
1 * @« @ 1 ® % e
2.1 = AL
2 4 n 2 g' g:g
S _® @ - 3 o * e
4 » * Y (2) 4 3 ™ - (2)

That three-steps grading is reduged to one or two steps in
such cases, when its application would produce obvioualy toeo
easy or too hard teat items.*®
The Algebraic Skill Test is constructed under the

assumption that the algebraic ocomputation, when employing
recognition, interpretation, evaluation and application of

a given concept, 4oes measure much the same abilities, which
are nseded for both -- the algebraloc computing as well ss

for solving of problemas,**

** The diffioulty grading and the asgumption as to the kind of abili-
ties messured by the Alzgkfgis_ﬁxlll_zsnl are based on the findings con.
tained in (1) Thorndike,“.L., hol f ', New York, Maomillan,
1923, x1-483 p; *(2) Ross,C.C., Measureme g,,l‘ 2, New York,
Prentice-Hall, 1984, pp 164-167;

surement 4n N
of &gh;g!ggogi Tests, waahington, 3 Govt, Prlnting Orfico,1947,pp 5%—52
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The tests conslist of 86 items each, Both tegts
were tried out on two groups of Grade XI-YXII boys and girls
nusbering 55-60 each in two Ottawa High 3chools.

III., ADMINISTRATION

1, The pupile should be told to bring and to use
ordinary pencils and good erasers,

The examiner should have some supply of pencills
on hand.

The students should be seated in alternate seats
¢o they cannot cbeserve the answers of their neighbours,

They should understand instructions on their book-
lets before starting work on the test questions,

The pupils should vork seriously, but without an
atmosphere of nervousness,

After having obtained the test booklets, the student
should:

{a) print his name and £11l in the blanks on
the first page;

(b) read the instructions;
(¢) ask questions ooncerning those directions;

(4) start working on test aquestions, when told
by the examiner.

No questions should be asked after the examination
hae begun,

2, One prootor is needed for every 30 pupils., He
should familiariee himself in advance with what he 1s to do:
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distridbuting and collecting booklets as well as keeping
every student at work, and helping establish a good rapport.
3. There is no time limit for the tests. The tinme,
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 finighed.

IV. 83CORING

To score the test a scoring key for each page is
to be placed along the corresponding column of answers on
the proper page of the teat booklet, and corresponding
answers are counted,

The sum of errors and omissions subtracted from the
total number of items, 65, gives the number of right
answers,

The test gcore eduals the number of right answers

minus 1/3 of wrong ansvwers., The teat score is always a
whole number, as the fractions are rounded to the nearest

unit, according to the following example: 20-6% = 15,
30 - 8% = 24,

The soore should be put down in the space: Total
score on the first page of the teat dooklet,

The maximum total score is 65; the minimum total

score 1s zero., Negative soores are trented ~s zero.
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TEST BOOKLET APEINCYIX @ Total Score:

Percentlle:

ALGEBRAIC SKILLS

TEST

Name: Date

Date of birth:

City: School Grade

For how many years have you studled 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 1s to
help you and your fellow students in obtalning better mastery of
algebraic computations. Though there is no time 1imit 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 1s important to remember how to put down the right answer to
each problem of the test. Here 1s the explanation of it: Each problem
of the test 1s followed by four answers, but only one of them 1s 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 1s represented
by the following expression:

pY
1 2
2 b
2
3 b
4 - 2a (3)

The correct answer 1is % 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 this space
-(-2a) = -[;2ﬂ are both equal to: .
SEitaria
1l a
hegognition lavalg
2 -28
Computstisn gp syROAYROUS
3 2a brackets.
4 -8 (8)
- [a—(2a+b)+ﬁ] equals
1 a Interrretation levels
2 -a Comrut-tion gf the =ainus
braokst.

3 =38
4 3a+2b (1)
Where is the bracket (...) to_be
ingerted in the binomial [-x-1 to
make it equal to [-x+1] *? Application levels
1 R-x)-i}[ Computation Ry the bragket:

- inserting the bracket,
2 4;x-(l?
3 E-x-lﬂ
4 _ [(x-1)] ( @
If a = - 9§9—, then 3a equals Computation By invisible

dracke$,

1l -b+c
2 b-¢
3 -b-c
4 bt+c ( 9)
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Do _your rough work in this space
(a+b)2 exceeds (a2+b2) by
1 (a + b) Scisscia
o 2ab Comi-utation by (a+d)®
3 (a-b)
4 a2 ( 2)
(a+b)? exceeds (a-b)Z by
1 4ab o
Computation by (atb)
2 -2b
3__*b
4 _-2sb (1)

What 1s the missing number , én
the product (2x+__ ). (2x- b:Q4x -2) ?

N _32 Computation by (aZ-»2)
. V3

3 3°

4_ 38 ( 4)

R e I
_ _mmmEmE-

(a+1)® equals

3 ]
a’ + Sazb + 1Y Computation of (t*b)a

ad 4 13

1
2

3 8% + 3a° + 3a +1
4 8% + a2 + 1 (3)
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Do your rough work in this space

If x inches long edge of a cube Sriterigs
becomes longer by 1 inch, then

the cubés volume becomes larger

by:

1 (3x° + 3x + 1) inches Computation by (arp)S
(x + 1)° inches

2
3 (1 - x) inches
4

1° inches (1)

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

1 1% inches Computation by (n=b)S

(3;2 - 3x + 1) inches

2
3 (x5 - ls)'inchgg
4 (-3%2 + 3x - 1) inches ( 2)

(a.+1)3 + (a-l)s equals
1 2ad Computation by (q;))a

2(ad + 2)

2
3 2a3 4+ 6a
4 8ad ()

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

1 2% + 3° Computing of (a° + v9)
o (22 + 3p)d
3 238 + Sab
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Do your rough work in this space

13. The factor form of (a® + b°) tells Sriteria’
that (a® + %) = 0, if

a=b or a2 = bl

! Comrutation of tgs fretor
2 (atb) = 0 or (a®-b2) =0 form of (ad ¢

3 __(atb) =0 or (aR-ab+iR)=0

4 a = b or —ab = 0 ( a)

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

1 19 cubic inches Computation of (.3 - ba)
=35 cuble inches

2
3 17 cubic inches
4 1l cubic inch (1)

15, The factor form of (ad3-bd) tells
that (aS-b3) = 1, 1if

1

1 a%rab+b? = Ty Computsation tgs feotor
form of (a )

2 a-b = 1
S 22+gb+b? = a-b

1

-b =
¢ LT ()
16. The n-th part of 4n2, for n = 3,

equals:
1 36 Computation on » frration
2 12
3 108
4 48 (2)




17.

18.

19,

20.

AFPEY 14 € 98

-6 -

- &b - atb 4¢ 5 equals
c c

1 0

2 _=b

s ___1

4 _ b

What fraction should be put in

place of f,

-Qih.f equal to 17

2

=2_
atb

to make the product

The

value of x

=% equals

U
-

|
5
W (o

+
)

™ G ™ +~ O

i

A plane needs n hours to fly from
place A to B,

faster, it would arrive at B in

If it flew & times

hei
1 n hours
2 p hours
3 % hours
n
4 p hours

Do _your rough work in this space

sEALIEAR

somwutation of a signed freotion

(2)

Computation by a ~ir-ned
fraotion

(1)

Comrutation by » complex
fraction

(3)

Coaputing by n frretion in
& ~roblawm,

(2)



22,

23,

4,
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Do _your rough work in this space
-9) + (—9-) equals Srigorip:
q P2
hed
1 q2 Computing by tio invarse of
th~ feeation
2 _ -1
he)
3 q
- B2
4 __Q ( @
By what must % pe multiplied to
pecome equal to 1 ?
i
1 b Comruting by an -pareng
a inverse
o b
a
3
- &
4 ° (2)
, b
the quotient <a + 3:) equals zero,
ir
1 c=0 Computing by ®no invorge®
2 b=20
b _
3__c-0
- =b
4 &= ( 3)
In the proportion % = % , 4 equals
1 4
Com-utation on a proportion
2 2
3 1
4 3 { 3)
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Do _your rough work in this space

By adding 1 to both sides of the 3
proportion & - &, one obtalns a ZEARSEIA
following new proportion:
a-b c-d
1 b a Computation of s nroportion
atl _ ctl
2 b 4
b__ _d
3 atl c+l
atb _ c+d
4 b d

(4)

What term is to be put in the
vacant place .4, 1n the expresslon

%? = Sa to get a true proportion
of 1t 7
1___8a Computing By the true pre-
portion
2 4
3 8
4 6a (s)
The proportions % = % and
tc _ a-¢
%;E = g are the same, because
1 ad = be Comruting by the idenmtical
a _ atc provortiong
2 b b+d
S (atc)(b-d) = (a-c)(b+d)
b_24

4 a_ ¢ (2)
% = 2 constantly. Therefore, when
y = 3p, X equals:

6 Comyut-ticn gn the formula
1 P of 7irect variation
2 4p
3 _1%p
4 5p ()
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Do your rough work in this space
If g varies directly as %, then s
the constant ¢ equals: ’ QE‘ESE‘ﬂ
t
c ==
1 2 Computatien of the formula
. c =< of direot variation
-1
3 _°T%
4 ¢ = ‘%

(4q)

A handful of h candles costs ¢
cents. Therefore, b candles would

cost:
be cents
1 1’111 Computation by ths gonsept
0 ¢ cents | g % {eonst.)
- cents
3 be
4 b.c cents (1 )
x.y = & constantly. Thus, when
X = 2a, y equals
2a
1 S Commutation on the forsula
of inver variation
2 1 %,y = K (oonss.)
S
3 28
S
4 __ 2 (=)

A varliable ¢ varles inversely as t.
Thus, the constant s equals:

e Computstion of the formuls
1 t xy = K {aonet,)
2 c. bt
1
3 ct
X
4 c (g)
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Do your rough work in this spsce

Sd. A rectangular strip of land, when
narrowed n-times, without changing
1ts area, becomes n-times

ariag

1 smaller

Computation by the gomoept
longer 2y = X (oonet.)

2
3 shorter
4

larger ( g )

54, The missing term __, in the equa-’
1lity (—:-x+b=-al-. ,],19

n
(+b
1 ) Computation by the identity
2 nb
b
3 n
4 (=b) (4)

35, The root of the equation %% = 1l-x,

is equal to:
1 2 Computation on s simple
1 equation of the first
2 2 degree
3 -2
4 _ -1 (3 )
36. The question "How many weeks does
the month of February have?" is
expressed by the following
equation:
1 28x = 7 Computation of an equation
ef the first degree
2 7"x-1=0
3 7x = 28
7
4 28 =
X (4)
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Do your rough work in this space
bx = b+x, if x equals Scikards:
1 0-
b Computation on solving an
2 _DB-T equation of the first
degres
3 1
b-1
4 ) ()
The value of the root of the equa-
tion x = |1, 1s as follows:
1 +1° Zvealusting the sclution of
= an squation
o 1
3 __ -1
4 1% ( ®)
The equations ax+b = 0, and
naxtnb = 0 have the same roots
equal to:
b
1 a Comput=tion by =o0lving
two 14~ntioal eguztions
2 a
3 b
- &
4 b

(1)

The equation px + @ = 0, when veri-
fied, produces the following

equallity:
Xx = x ComputAtion on vorifying
1 = an equatinn of the first
o 2q=0 d'm’
3 =qtq =0
s __3=% ( 3)




41,

42'

43,

44,
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Do your rough work in this space
The roots x=2 and y=-3 satisfy Srijerla’
the following set of equatlons:
k +y=-1
1 X -y=0 Computation Ly verifying a
X+ 1=0 get of two line=r equa~
o y+x= -1 tions
2x + y =1
3 x-y=0
2x+y=1
4 3x +2y = 0 (¢ )
2x + y =1
The set of equations 2x +y = 2
1s satisfied by:
1 x=1; y=-1 Domput=tion by verifying in-
j consigtent system of
2 x=2; y==3 equationsg
3 x=0; y=1
4 no values of x and y (4)
If the value of x iIn the equation
2x+3y = 1, equals O or 1, then
the value of y equals:
1 Comrutetion on plotting a
1 3 or 1 respectively ar equation
2 1l or % respectively
3 % or 73 respectively
4 ﬁ% or 1 respectively (3)
xX+y=1
The set of equations 2Xx + §y = 0
has the roots:
x=-~1 and y=2 Computetion of the roots of

e st of linesr equationy
x=+1 and y=2

x==1 and y=-2

w0 o

x=0 and y=1 (1)




45.

46.

47,

48,
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Do your rough work in this space

One stralght line is presented by .
the graph of the followlng set of gﬂl&&‘&l’
equations:
2x + 3y = 5
1 4x + 6y =9 Computation of inleterninste
x+ 2y =1 ~ystem of equations
2 2x + 4y = 3
2x + y =0
3 6x + 3y = 3
2x + 3y = 4
4 4x + 6y = 8 ( 4)

The standard form of the quadratic

equation % = x + % 1s as follows:

1 3x° + 2x + 6 = 0 Computntion of the astandard
o form of quadratic equation

2 3x° - 2x - 6 =0

3  B3x°+ 2x - 6 =0

4  3x2 i 2x+6=0 (3)

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

1 X =2or4 Comyutation on ths factor
fom of a 9:u» r.tle
or 1 equation

X =

2 3
3 x=2or d
4 4

b 4 or 3 ( a)

The root of the equation

3x°+2x-6 = O is as follows: Comrutstion on the formula
_2 £ \(FFE R~

1 <] Xw=

= - )
-1 % \[5+38 -

2 3
-1 % V2472

3 K]

-2 + V4-72
6 (1)
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49,

50.

51.

52.
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Do yvour rough work in this space

The alsgriminant A of the equa- Spiteria

tion ax~+bx+c = 0, 1s placed 1in

the formula for x, right

1 before the root sign r m,g;ml‘h‘uﬂ in the
formula

under the fraction line

2
3 under the root sign V
4 after the sign + ( 3)

The value of the discriminant /)
in the equation x%~+x-2 = 0, equals

1 -9 Computation of /\
2 7

3 ::VE;

4 ° ( 4)

The equation x2+3x-4 = 0, has
two real roots, because

1 ac = 4 Computing by A
2 b2 =9
3 -4ac = 16
=b _ =3
4 28 — 2 ( 3)

(-2)4 is larger than (-2%), because
(-2)* = 16 ana (-2%) = -16 Computing 40, when a0,

(-2)4 = 16 and (-2%) = -8 n)o.

1
2

3 _(-2)% =8 anda (-2%4) = -16

4 _ (-2)% = -8 ana (-2%) = -16 (1)
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Do your rough work in this space

53, (a—b)2n is always positive

except when gﬁﬁéggéll
1 n=-l1 a
Zvaluating an (a")
2 a==b
3 a=>b
=1
4 _N=39 (3)

54. S o7a equals

1 Sta Computing of B
= LY

2 da

3 =-oa

4 Oa (' )

-2
55. ( %) equals

1
1 -y Applieation of aB
2 -4
1
3 4
4 4 . (e)
56. ao results from
1__a® 4+ " Computing o by aB
1
o a"
3 al + a‘l

4_o -t (1)




57.

58.

59.

60.
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1620 your rough work in thils space
The inverse of (a®)" equals: Srakaria’
—— Oomputing by (a%)
2
S
¢ -8 (1)

Computing by (aP)P

( 2)

Computing by ({hﬂ

1 -1

2 1

3 -2

4 8

(%)n= -E; , when
1 b = a2

2 a=1

S a=1=b

4 b=1

( 9

(x+1)'2.(x+1)3 equals:
(x+1)~5

Comnuting by aP.aP = oB*P

(x+1)-1

1
2 (x+1)t
3
4

(x+1)‘6

( 8




61.

62,

63.

64.
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Do your rough work in this space
n
if’- equals a, if Sxiteria:
_ a8 ap
1 n-p =1 Computing by oP ™ a
2 n= P2
3 n-p = 0
4 n = -p ()
n
k
a results from
- |
1 a ; gk Computing P
=k
2 a "
5 &/am
4 __ ak-m (8)

The operation opposite to that

expressed by-EN/;;r is as follows:

. a% Cemputing the opnosite te
gl -
2 _—gk 15«, a
m
3 gk
-k
4 a-m (s)
1 -+ _];_ =
xe-1 x-1
2 4 x-
1 xX x-2 Ompﬂlx h’ L.C.X,
2 xX+L
2_
3 x-1
x+2
4 x<-1 (g)
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The highest common factor of

(x+1)5, (x+1)% |, (x2-1), 1e
as follows:

Do your rough work in thls space

1 {x+*1D
2 ‘x2.1°
3 x-1"
4 ! x4

griteriat
Computing by ~.C.-,

(1)
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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 studled algebra?

Read these instructions carefully

The purpose of this test is to find out to what extent you are
familliar with some algebralcal concepts. Furthermore, the test is
to help you and your fellow students in obtaining better mastery of
algebralc concepts. Though there 1s 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
cholces, one or which 1s correct. After you have found the correct
choice, put 1ts number in the bracket to the right.

Example: Do _your rough work in this space
If x = +2, then x° equals
1 2
2 -4
3 4
4 -g2 (3)

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



1.
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The algebraic brackets are re-
presented by the followlng signs:

1 (., J , or {...)

Do your rough work in this space

(....), or [..j.. , or '{...}

2
s _[..n
4

The correct use of the bracket
(...) 1s shown in the following
expression:

- [-(a))

1 Y=

o y=(a+ (b)+1)
R aa*bﬂ

4 Y = -(atb)

The algebralc bracket 1s a means
of expressing

1 @& change of slgns

the importance of terms

2
3 ‘the algebralc wholeness
4

the complexity of terms

. The minus fraction line implies a

concealed bracket (...) on its
1 humerator only

numerator and denominator

2
3 numerator or denominator
¢ denominator only

= = = = = = = =

pitar)

Recnonition lewnly
Recognition of the algebraie
bracket.

(g)

Evnplustion lavel:

A-nroprigteness of the
bracket

(¢ )

Applic«tion l»vels
The mesning of tha bracket

(3

Concealed bracket

(3)
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-° 50 your rough work in this space
5. The square of the sum of & and b QEL;&EESL
1s represented by:
1 a2 p2 Recognition of (a+vb)®
o _8°-2ab+b?
s al+p?
4 _a%+2ab+b? (4)
6. The square of difference of p and
a 1s represented by:
L (pq)? Recognition of (a=b)2
2 _ p™2pg-q®
3 -(prq)?
4 -p?-q? (1 )
7. The difference of squaresof g and
2 1s represented by:
1 (8-z)2 Reoognition of (a”-b?)
2 82+2gz-2%
3 g2-z%
4 82-282-2% (3)

8. The cube of the sum (at+b) is as
follows:

Regognition of (aeb)>
(aS+3ab+3ab+b°)

(a+b)®

1
2

3  (aS+3a2b+3ab+bS)

4 _ (25+1%) (®




9.

10.

11,

12,

APP@!&?!_z

The cube (a+b)3 exceeds (aS+b®)
by

1 (g+b)2

2 3a2b

3 3ab<

4 (3ap + 3ab®)

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

1 aS-pd

(a+b)2(a-b)

2
3 (a<b)2(a+tb)
4 (a-b)d

The cube (a-b)5 exceeds (as-bs)

1 (a-b)?

3ab?

2
3z (-3a2b+3ab?)
4 3a2b

The sum of two algebralc cubes 1is
represented by:

(atb)S

(aS+3a2b+3ab2+1°)

1
2

3 (a%+pd) -
4 (a%+3ab+3ab+bd)

114

Do your rough work in this space

SriSerla’

Evaluation of (a+b)®

Resognition of (a-d)3

Eveluation of (a=b)®

Recopnition of (aded?®)

(g)
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15.

16.
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- b -
Do your rough work in this space
13. (p5+q5) is a product of (p+q)

and 3&&!&!&!&
1 __(p?-pa+q?)

P-pi¥d Uudornmmg of Sho fastor
2 _ (ptq)? form of (ad + bJ)
3 _ (p%+patq?)
4 _(p-g)° ()
The difference of two algebraic
cubes 1s represented by the
following expression:
1 (x+y)8 - (x-y)3 Resegnition of (a’ - »?)
2 (x-y)®
3 xys-xsy
The factom of (p®-q%) are as
follows:
1 (p*q) ana (p®-pg+q?) Regognition gf t%g factor
o (p-q)2 and (p-q) form of (a° - b9)
3 (p-q) and (R+pa+q?)
4 (p+tq)2 and (p-q)- (3 )
Algebraic fractions are presented
throughout the following expression:

a + %b. -1 Recognition of the algebdbralc
1 freotion

B_4d+ 2
2 2 2 m

n,.mo,1l
3_2 p *2

log + 2
4 22Ta-P® (g )
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17, The following signed fractions

Do_your rough work in this space

are equal:
+4Q= a_
1 ' b b
+ & =z=8
2_Db b
+& - =8
3 _0Db -b
-8 =-=-8
4 b -b

18, Which fraction has no meaning 1if
4 is any amount of dollars?

=d
1 -3
4
2 3
24
3 B
44
4 12

19. Three equal fractions are presented
in the following expression, below:

n g =18-=-28
1 b b bn
n & - ha_ _:%}.
2 ‘b b b ¢
n.é = -:a'—-.-p—a-
3 b -bn " d
n& - D08 _ -na
4 b b _2

20. (-a\=/ a)= _g)
( b) (—b ( L/ are three equal

fractlons, where b % 0. hich, 1if
any, is understandable 1§ a 1s a
number of pints of mllk Tor sale?

1 _(%§)

2 (%)

3 ('%)

4 none of them

Sklkarial

Understanding of the signed
fraction

Understanding of the gigned
fraotion in = oconcrate
altuation

The equality of .ignsed

fragtions

(g )

Underat-nding of the negative
frzotion in o congrete
aituation
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21. The inverse of the fraction %

is as follows:
:é

b

1
2

Do your rough work in thils space

b
a

3

4

a
-b

o'io

22. The inverse of the fraction 244

equal to that fraction itsel?, if
1_4gqg = O
2_p =21
3_p = 4
4_4q =1

23. There 1s no inverse of the alge-
braic fraction a 1if

1
2
S
4

a

b

b

a<b

- e mm mm e s = =
E A A

24, the algebraic
sented by the

1

2

S

4

proﬁortlon 1s repre-
following expression:

aic
b * d
a=2
b d
ad = be
(atb)3l = (e+d)sl

Scikarda

Recognition of the inverce
of tha frsction

Evaluation of the inverse
of algebrais fraction

Underatanding of the oase of
ne inverse of algsbrals
fraction

Recognition of precersion
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25, Which, i1f any, ot the following

26.

27.

28.

definitions of the proportion
is the best?

the proportion is the
1l __equality of two ratios;

the proportion is an equation
which states the equality of
2 two ratios;

the proportion is an equatlon
3 of two fractions;

the proportion is none of the
4 above.

A true proportion has always its
ratios

1l __positive

negative

2
3 equal
4 different

The following proportions are
identical:

, E=-§ enag-2
5 3-fena £-2
s 8 Hpemz-5

The formula for direct variation
of two variables x and y, 1s as
follows:

1 % = k(constant)
o x.y = k(constant)
3 xty = k(constant)
4

x-y = k(constant)

Do your rough work in this space

Sciteraa

Definition of pronortion

(y)

The trueness of prorortion

Identity »nd not identity
of two ~rovorticns

Reoognition of the formula
for direct variation



29. Two variables x and y vary directly,

50.

3

32,

if they simultaneously

1 change thelr signs

are equal

2
3 don't change
4

increase or decrease n-times

A traln moves uniformly, makimg 25
miles per hour. The distance

covered by that train varies

directly as

1l the width of the track

the load of carrlages

2
3 the time of motion
4

the slope of the track

= = = = === =

The formula for inverse variation
of two variables X and y 1s as

follows:

1 % = k(constant)
2 x.y = k(constant)
3 x+ty = k(constant)
4 x-y = k(constant)

Two variables X and y vary inversely,

if simultaneously

X decreases n-times, and
1 Y does the same

X decreases n-times, and
2 ¥y does not change

X increases n-times, and
3 ¥y does the same

X increases n-times, and
4 Y decreases n-times

APPENDIX 2 119
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Do _your rough work in this space
SKileria:
The mesniny o?ﬁggg!ation
(4)
Pirect variation in the
concrete
(s)

The formuls for inverge
varintion: ab=K (oconstant)

(o)

The meaning of inverse
variation

( g)
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Do your rough work in this space
33. The time you need to get home from Criterig:
your school varies inversely as
1 the speed at which you go Inverse variation in the
the distance of your home from concrete
2 the school
the throng you meet on your
3 _ way home
the number of stops on your
4 _ way (1)
34. The algebraic identity is repre-
sented by the following expression:
B Understanding of the concept
1__ax=0D of algebralc identity
2 4 = 4
3 a=a
4 otx =1 +2x (3:)
35. The equation in one unknown X 1s
represented by the following
expression:
Recognition of the algebraiec
1 x+2a = 2a+x equation
2 0 = 2x+3
b._Db
3 il
s Vx=V= (2)

36. The equation in one unknown X

expresses: The meaning of the equation

the question about the value
of X which satisfies the equa-
1 tion;

the equality of two algebraic
2 expressions

the comparison of two algebraic
3 ‘terms

the operation on two algebraic
4 expressions (1)




7.

58'

39,

40.

abPAaNDIX 2 il

To solve an equation in unknown
X, means:

To compare two algebralc
1 expregsgions

to find the only true value
2 of x

to transpose X to one side

of the equation

to look for true value of X

The root of the equation in one
unknown x, 1is:

1 the unknown X of the equation

the formula for solving the
2 equation

o the solution of the equation

the value of X which satis-
4 fles the equation

Two 1dentical equations are such
equations that have

1 the alike terms

the same way of solution

2
3 the same only roots
4

the same form

To verify the equation ax + b = O,
means

to check if the value of x is
1 the only correct

to find whether the equation
1s correct

to check on the method of
3 solution

to compare both sides of
4 the equation

-11 -

Do _your rough work in this space

The concept of aclution of
squation

(2)

The conoept of the root of
equation

(4)

T he meanine of 14entical
equation

(3)

Varifiocztion of the equation

(1)



41,

42,

43.

44,

welx 2

122

- 12 -

To verify a set of two equations
axtby = ¢
dxrey = f means

- to check whether the equations
1l are identical

2 to £ind the correct answers

to c¢heck whether the values
3 of X and y are the .only correct

4 to find the wrong answers

How many solutions can a set of two

equations g§ I g§ = g possess?

only one

one, none, or unlimited number

1
2
3 only two
4

two, or more

A graph of the equation axtby=c
represents

1 & curve

a point

2
3 a segment
4

a stralght line

The solution of two equations of
the first degree 1s represented
graphically by

a point of intersection of
two straight lines

two parallel lines

1
2
3 one stralght line
4

two short segments

Do _your rough work in this space

SEASSLA

Verifioation of two
equations

(s)

“xistence of three (dotere
minste, ind-terminate,
inconeietent) - ystems of
two equations

(g)

The consept of the graph of
ax ¢ by = ¢

(g)

Oranhic solution of two
linmar equationg

(1)



45.

46.

47,

48,
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The graph of two linear equations,
which have unlimited number of the
same roots, 1s represented by

1 two parallel lines

one stralght line

lines

2
sz unlimited number of straight
4

two segments

== == = == =2 =2= =

The standard form of quadratic
equation is represented by

1l x2 + x = -1

2 xR .2=x

3 ax2 + bx + ¢

"
o

4 ax@ + bx

]
(¥}

The factor form of the quadratic
equation, whose roots are x = 2
and x = 3, 1s as follows:

1 (x-2)(x=3) =0

(x-2) (x+3)

2
3 (x+2)(x¥3)
4

0
0
(2+x)(3-x) = 0

The formula for computing the root
of the equation axZ+bx+c = 0, is
as follows:

X = :pA:_Vb2—4ac

1 2a
_*o 1\/b2+4ac
g *= 2a
-b +{/b -4ac
X =
3 -2a
+b + \vPedac
4 X = 2a

Do your rough work in this space

Sriteriat

The graph of identiocal
equations

(g)

Standard form of quadratio
equation

The fagtor °~r~ of the
quadratisc equation

Knowledge of th) formula
-b £} b” - dac

2a

A=
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Do your rough work in thils space

49, The quadratic equation can have

as many solutlions as: g&iﬁﬂ“lﬁ

1 two
o two or more Number of solutions of the
quadratio
3 two,one, or no solution
4 two, or no solution (s)
50. The discriminant of the equation
ax%+bx+c = 0, 1s as follows: A 5
Re P
. \f52-4ac cognition of A = ®» a0
2 (b2-4ac)
(- % )
3 |\~ 2a
4 (b%+4ac) (2)
51. The dlscriminant of ax®+bx+c = O
tells whether that equation has
2
1 vpositive roots the role of N\ = b - 4ae
2 fractional roots
3 negative roots
4 one, two,or no roots (¢ )

52. To compute a®

means

, where n=1,2,3,...,

The ept n
1 to add a to 1itself n-times oonoept of 2%, (n >0)

to multiply a by n, a-times

2
S to multiply a by itself n-times
4

to add n to 1tself n-times (s)




APY

53. (-3)" nas a positive value, If

54.

55.

56.

1 n is an odd integer

fo]

1s a positive integer

o

1s a negative integer

2
3
4

I

1s an even integer

The operation that is opposite to

that expressed by af,

1_2/a

1s as follows:

2 n®
1\0

3 (a >

4 a;n

a~ equals

1 a.(-l)n

o 13 a"
21

3 "ah

4 -a

a° equals
o]

1 a

2 __a

3_0

4 1

i:.sﬂx 2 126
Do_your rough work in thls space

SEASeris’

Zveluation of a®

(q)

The coneeps of V’;‘

(1)

Applying a® in the concept
-8
e

(g)

The eoneoept of o°

(g )
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99.
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To raise (al) vo the p-th power,

means;

1 to compute al'P

o to multiply a by aP p-times

to add al to itself p-times

()

4 ‘o multiply aP by aP

(a.b)" equals

1 ab.ph

o aP.b

3 a.b?

4 aM+pP

The n-th power of the fraction % is

represented by the following:

all, a9 equals

1 _a

o (a9

5 (a" + a9)
. (aP*9)

Do _your rough work in thnisg space
Srisaria:

The ooncert of (a?)P? « aPP

The ooncept (ab)R = oTp°

(3)

The coneept (g)“ - At

%

The eonseps: a®,a% « g"*¢

( 4)
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Do _your rough work in this space
n .
61. ( a ) equals Criteria:
aP
n
p
1 __(aP) The concept g° = P
P
2 __(1°-P) ¢
3 __(af-aP)
4 _(al-P) (4)
m
62. gk equals
k
1 “\/ am The oconcept aE = k\ , a®
2 o, of
m)—k
s L
m
k
4 a (1)
k
63. a® has no meaning, 1if
1 m=0 m
Eveluation of af = 5[am
2 k=20
3 k=m
4 k= «m (2 )
64. The lowest common multiple of
a4, as, a?, equals
Understanding the concept
1 @& of the algebralo L.C.M,
2 2a?
3 4&3
4 at (4)
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Do your rough work in this space

65. The highest common factor of given Sritoriont
algebraic numbers 1s the largest
number that 1is

Underztanding of the soncept:

a product of those numbers H.C.F.

a divisor of those numbers

a sum of those numbers

N

a quotient of those numbers (@)




~VALUATION OF THS TEST ITLM8

Nethod: 27%
High ranking 16 indlv,
low ranking 16 indiv,

Copoept-Togt
Group 59 puplls = 34 boys + 25 girls
S——— — —
Item No, l 2 3 4 6 6 7 8 91011121314 16 16 17 18 19 20 21 22

The highest 27% 15 13 © 3 16 16 13 14 16 13 16 16 14 15 14 11 7 168 9 13 18§ 12
The lowegt 27% 1214 8 41113 6 9 7 B8 4 5 612 8 4 213 1 712 9

Difference 3-1 11 5§ 3 7 6 @ 61211 8 3 7 7 & 3 8 6 3 3

Item Ko. 25 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 38 40 41 42 43 44

The highest 27% 215 4 810 71312 510 9 716161111 6 812 2 6 8

The lowest 7% 6 9 1 8 3 7 1 8 2 4 8 4 710 7 4 2 2 9 2 2 4
Difference 4 6 3 0 7 112 4 3 6 1 3 2 5 4 7 4 86 3 0 4 4

Itea No, 45 46 47 48 49 50 51 52 53 54 55 56 57 58 b2 60 61 62 63 64 €5
The higheast 27% 6141315 310 4131011 2 4 71411 9 9 9 4 415
The lowest 27% 310 5 8 1 1 410 2 2 0 2 5§13 6 6 2 4 5 1 7
Differenae S 4 87 2 9 0 3 8 9 2 2 2 1 6 3 7 5-1 3 8

o

TOTAL: (Positive 50 + (Zero) 3 + (Minug Cne)s = 65 itenms

£ XIANId4Y



Method: 27%

KVALUATION OF THE TEST ITENMS

High ranking 15 indiv,
Low ranking 16 indiv,

Bkill-Tegt
Group 56 pupilsg = 31 boys + 25 girlg

Item No,

1 2 3 4 56 6 7 8 91011 1213 14 16 16 17 18 19 20 21 22

The highest 27%
The lowest 27%

13 913 514121313 4 21014 811 4 4 7 9 6 511 12
131011 112 5 911 3 0 7 9 1 6 3 1 2 4 2 2 8 7

Difference

0-1 2 4 2 7 4 2 1 2 3 b 7 61 3 5 5 4 3 3 &

Item No,

23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44

The highest 27%
The lowest 27%

413 214 312 9 711 2 812 812 213 6 312 14 11 11
l1 8 111 2 8 7 310 011 9 3 8 3 7 0 O 8 9 7 6

Difference

3 51 3 1 4 2 41 2-3 353 656 4-1 6 6 3 4 5 4 6

Item No.

45 46 47 48 49 50 61 52 53 54 b5 56 57 58 59 60 61 62 635 64 65

The highest 27%
The lowest 27%

9 6512 6 3 4 6 9 211 4 2 4 7 7 6 5 8 6 7 9
1 3 2 0 0 00 31 4 0 31 411130 3 %7

Difference

8 2 4 68 3 4 6 6 1 7 4-1 3 8 6 5 4 6 5 4 2

TOTAL: (Positive) 60 + (Zero) 1 + (Minus) 4 = 65 items

¢ XIAQNEddVY

0eT
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Ranks in Conoept-Test Ranks in 8kill-Test
Rank Saoore Hapk floore SHank Soore ARsnk
59 G 35 28,8 G 18 58.5 4 28 23
88 G 356 25,6 B 18 65.5 ¢ 28 23
57 B 35 28.5 a 18 54 B 28 23
58 B 38 25,5 ¢ 17 53 B 28 23
54,8 B 38 22 B 18 52 B 28 23
LYW B 36 22 G 19 50 W O 20 18,5
63 B 38 22 G 19 60 & B 29 18.5
51 E B 37 20 G 19 80 , B 20 18,8
51 ¢ 38 18,5 ¢ 20 48 @ B 29 18.5
51 @ B 38 18.5 G 21 46.5 3 C 30 15,5
43.5§ g 39 15 G 21 45,5 2 /B 30 185.5
48,5 © D 39 18 G 21 45.5 B 31 2.6
44,8 B 39 18 B 21 45,6 3|B 31 12.5
44,8 ¢ B 3% 18 B 22 42,56 ¥ lp 31 12,6
4.6 ¥ B 39 18 B 22 42,5 ) g 31 12.5
44.5_) ¢ 41 0.5 ¢ 24 39.5 32 9.5
44,8 B 41 10,5 G 24 39.5 B 32 9.8
44.5 w B 41 10,5 B 24 39.5 B 33 7.8
40 § B 41 10,6 B 2¢ 30.5 33 7.5
40 B 42 8 B 25 36.5 34 8
40 2B 43 6.5 B 26 38.5 3 8
7 g8 43 6,5 G 28 33.8 @ I8 4
37 S B 44 b G 28 33.5 8 3 3
7 Ha6 45 3.5 B 26 33.% G 40 2
33.8 o B 48 3.5 B 28 33.5 La 43 1
33,8 s @ 48 2 G 27 28.%
33,5 B 49 3 G 27 28.5
33.5 G 27 28,5
0.5 B 29 28,9
30.5 B 27 28.5
28,8 B 27 28,5
28,5

Total - 59 pupils Total: 66 pupils

= 34 boys + 26 girls = 31 boys +

20 g¢irls
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COMPUTATION OF ITENM3' DIFPICULTY INDICKS
Group of 109 pupile - 8t.Patrick's 87 + Notre Dame 22

CONCEPT TEST
P e e

Item 8t, Kotre Diffioulty

No. Patriok's Dame Index in ¥
p | 85 + 22 = 107 = Q7
e 79 + 22 = 101l = °} ]
3 28 + 8 = 36 = 33
4 "] * 3 = 12 = 11
3 69 + 18 = 87 = 70
6 71 + 20 - £l - 83
? 54 + 18 = 72 = 86
8 73 + 22 = 96 = 87
e 71 + 22 = 08 = 85
10 71 *+ 21 = 92 = 84
11 88 + 22 = 88 = 80
12 61 + 2] = 82 = k4]
13 49 <+ 20 = 68 = 63
14 69 * 18 ™ 7?7 = 70
16 1) + 21 = B0 = 73
16 S8 + 12 = 5 = 48
17 30 + 16 = 48 = 42
18 o4 + 17 = 4 = 86
19 30 + 7 = NN = 33
20 ¢ +* 13 = 63 = Y4
21 ka4 + P2 = 90 = 80
22 88 + 12 = 8) = 73
23 48 + 22 = 70 = 64
24 57 + 22 = 7 = ve
2b 1% + 4 = 23 = 21
26 46 + 18 = 64 = 58
27 33 + < = 48 = 47
28 41 + 8 = 48 = 42
29 36 + 3 - 3B = 34
30 80 + 6 = 66 = 80
31 16 + 1 = 1?7 = 16
32 39 + 2 = 41 = 37
33 43 * 6 = 49 = 44
34 286 + 17 - 42 = 40
35 56 + 16 = 72 = 68
38 és + 21 = 90 = 82
37 43 + 14 = 67 = 52
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CONCEPT TEST (CONTINUED)

Item st. Notre Difficulty
No. Patrick's Danme Index in %
38 62 + 17 = 6 = 63
39 26 + ] = 31 = 28
40 16 + 1] = 27 = 24
41 45 + 16 = 6l = 55
42 1) + 1l = 12 = 11
43 26 + 1 = 27 = 24
44 46 + 1l " 47 = 43
45 10 + 0 = 10 = 21
46 72 + 22 = 04 = 8é
47 49 + 14 = 63 = 87
48 ) + 22 = 91 = 83
49 21 + 3 = 28 = 22
50 45 + 19 = G4 = 68
81 44 + 18 = 69 = 54
52 (Y4 + 22 = 89 = 81
53 29 + 10 = 39 = 36
54 32 * 7T = 3 = 36
65 11l +* 11 = 22 = 20
66 17 + 17 = Mg = 33
57 3l * 168 = 47 = 43
58 69 + 18 = 87 = 7%
59 53 + 16 = 68 = 83
60 485 + 14 - 60 = 54
61 39 + 14 = 88 = 48
62 48 + 19 = 87 = 61
83 22 * 10 = 32 = 30
64 16 + P = 28 = 25
85 49 *+ 10 = 89 = 54
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COXPUTATION OF ITEM3' DIFFICULTY INDICES
Group of 100 pupils - B8t.Patrick's 87 + Notre Dame 22

8KILL-TEST
- e — X — e
Item st. Notre Pifficulty
No, Patrick's Dame Index in ¥
1 81 * 18 = 99 = 80
2 67 + 10 = @7 = 31
3 74 +* 2] = Of = &6
4 22 ’ 4 = 26 = 23
6 80 + 23 = 1083 = 93
6 67 * 11 =« 78 = 70
? 74 + 22 = 98 = 87
8 81 + 18 = 96 = 90
9 13 + 2 = 15§ = 13
10 é + S = $ = 9
11 57 + 16 = 75 = 68
12 8o + 12 = 62 = 88
13 29 + 20 = 49 = 40
14 597 + 12 = 69 = 82
18 13 + 9 = 22 = 19
16 18 + 6 = 22 = 19
1?7 38 + 8 = 46 = 41
18 44 * 9 = 53 = 48
19 18 + 7 = 28 = 22
20 17 + 6 = 23 = 20
21 48 + 15 = 63 = 57
22 70 + 21 = 0] = 82
23 18 + 6 = 20 = 18
24 71 + 20 = 0§l = 82
28 28 + 6 = 34 = 30
26 82 + 23 = 106 = 95
297 20 + 5 = 26 = 22
28 74 + 18 = 92 = 83
29 48 + 17 = 62 = 66
30 42 + 13 = 85 = 50
31 56 + 14 = 70 = 83
32 13 + 2 = 15 = 13
33 68 * 9 = 75 = 70
34 64 + 16 = 70 = 63
35 3% * 6 = 48 = 40
36 72 + 20 = 92 = ax
b4 15 + 6 a 921 = 19
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SKILL.TEST(CONTINUED)
No. Patriok's Dame Index in §
38 63 + 17 - 80 = 72
39 28 + 4 = 35 = 36
40 19 + 6 = 20 = 22
4} 72 + 18 = 90 = 81
42 ™ + 20 - g7 = )
43 30 + 4 = N = 33
44 (LY. + 12 = T = 70
48 38 + 14 = 82 = 43
46 37 + 10 = 57 = 51
47 56 * 14 = 69 = 62
48 38 + 8 - 44 = 40
49 29 + 14 = 48 = 40
50 28 + 8 = 36 = 32
51 32 + 6 = 38 = 34
52 85 + 10 = 86 = 50
53 8 + 2 = 10 = 9
54 €0 + 13 = 73 = 68
55 14 + 6 = 20 = 18
6¢ ] + 1l = 10 = 38
87 24 + 3 - 27 = 2%
8 80 + 12 = 72 = 1)
59 368 + 12 = 48 = 43
éo 495 + 4 = 54 = 48
6l 28 + 7 = 36 = 31
82 44 *+ 18 = 62 = Bé
63 44 + 14 = 58 = 52
G4 23 + 14 = 3?7 = 33
68 39 + 18 = B8 = 80




APFENDIX 8
COKFFICIERT OF RELIABILITY OF THE TESTS

The enclosed list of names presents the scores
obtained on two administrations of the teat and the
attached Dayhaw Correlation Chart shows the computation
of the coefficient.,
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CORCEPTS - COLFFICIENT OF RELYABILITY

K= 30
First Second
No, Name Adminiatr- Administra-
ation tion
1 Herman Gerald Popela 49 51
'S John Clay 44 48
3 Simpsen ¥William 7. 43 43
4 Ronald Le HNeveu 43 45
5 Frank Guggy 42 41
8 Peter Tobin 41 48
4 Charlee Thebarge 41 42
8 Paniel Phelen 41 38
9 Gerald Fitzgerald 39 40
10 Dunoan Lunan 39 36
11 Fr.Jdobn Tulatyck 30 35
12 James MoGibbon 38 42
13 David MeoCaffrey 37 41
14 Lalonde William 36 42
15 Leo Turner S8 3B
16 Richard Harks 36 aw
17 Fenton Fred, Bobert 38 31
18 Brown Diek 38 43
19 Petar Nolan 34 34
20 D. Glastombury 32 34
21 Richard LeBlane 32 30
22 Stanley Cameron 31 26
23 Peter McConnery 30 3B
24 Kevin Hilaney 29 20
25 2oisaons Leo 29 38
26 Jony Platek,Pr. 28 36
7 Tom Curley 26 33
28 Michael Williams 28 3%
29 Fhelan Pete 21 22
30 Kichael Teigneur 20 36

s =~ - —
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x—q-_’“ ng 22 FZé 39 \20-1‘32134; 36 Ji 40 4‘2»44 F4¢;|;g 50 T ] f ' [ f \ 2 ' Z , 2 (L’SI Sujet (5 1 ]ect ST Primicx & TRyour- SO N-B 9

Y* o 232512729 b/ 3335 37 39 | 41 |43 |45,|47./49.57 | A y | Y y' | Ly x Xy (Zx) fy Date Juwe C /1956 pr T PozniaKk

) o o ° 0 1) 3 0 o ] T "'\ cO0 T T T,

. L o T S S S 4| 10 Sl N X Y

e ] T, I o Variable (once s 2up Aom, eloveepis Isr dooun
: 78 ..a -.u ] a ls ’u no Ia 8 1 l X 36&1‘ /3 L,‘= 2 34-5{ /5 L]=

7 ¥ T 7 7 7 7 2 £ ¥ T L [ 40 -
48|T49 ] Iy , . | / 7 7 49;’ 7 49 4_9 4_9 Correclions
3 © € r3 3 3 03 03 . 3 ry I %o

4_4‘47‘ =9 S 1= 4 —L o st i C) Q f‘ ©l° C;'%' “ 0 366 & 7 loass

.95 | ) 4 /|5 |5 |75, 61303636 | ... %0 s 30 o

oo T | | it H e - Zea

4o 41 NN /| 31219027 7 20 49 3 | o 5
39 B z z T z z 2 z z// r—t _—4‘ —2— & | a > N—'c)( 0’;— ——rﬂx oy
' ¥ T 3 T 0 4 v _z.'_ v T Ll_ i 8 _L 3 6 9 zzz 5

a4 [ TP U S S A el 2laigle 56 9| |V IFem 38 A%T0m s

34 35 g / @L . ] J | O[ZM4': 0 =/ " 0 / 10133 Correlation . 4,

- - - - E] 1 T N

3z 33 / ) z 20z /6

ww L S i s e | B s com
, / —_— L1 . | g ; 4|8 ‘LMQ@ o= "x Ty J 03 x638 ,280 ‘

< N S B I D e R R R A S A I I I ep P

2] | Lo s l4lel-2 8 4JF4 VT T vag Tl

~2~4£ i *}I NI S N S | / Y S R S N -_/ S -5 :Q o O _9, 07 Rapporl de Correlation 77 Correlation Ratio 1

22 23 e Lo 4. . . 0% 01010 g 0l0 y &d T &)

20 21 %I” S D PR EZ5 NS S S I PR T 419817 49 149 24511 S ] !
| l ‘ -8 8 - ’ _6 -4 ! l
|

PR T e e T T S et ST . e L o239
I . 5 * v2§a' o5 244 B 0% 278 |
e i TTJI R -~ N pl “ 2§ 4, LI o5
=40 a3,
w ‘j 4 N T Jdosl 1 o Ny G a' ’;fg’ 087 ?ﬁ’cfj‘";;: 0.82 |
f /|0 ' 381245 | Iy 0243/ 6
x /1 /|27 7|4/ ]33 512,07 |/ 50 NJE’ Bi345) 11 201 qwar | s oo [ SEgL oo |
xl -9 8| -7 | -e - -4 3| -2 =l 'TO—‘ i 2 3 4 5 6 8 ] ‘ — !
t— (=) -1 i b
e -7 1-¢ -41-6-2 7132/ 658 0|67 43 //J [o%s Paramétres Stahistics
f-z AR R ERER r 6 4 5 S5 [ s | 33 [ ea | o Z £ M'X*C:Kl" =D =Yﬂ:-k =[:]
x 19|76 04/684 / /2 ys|32|0 |36 49 505 y Mo oYy
Zy' -71-210 -3 |-/ 5|81/ wl|7lo |57 -—Zf wenxu <[ ]| weoxy -
O % T, 10 _ ' .
Yy 4912|023 8 5|01/ ;|30 |28|10 3049 | 24/ = Zxy' by [ ]| beay® [ ]
4 | 2 a2 2 2 a2
(Zy-) 149T[ o Ql/ 7 2554. /149 Voo |49 | O |25 |49 B . xﬁ-(N-ky)JLu—”._,, =N =
71 490|410 9 105/6 3590%6 |/ w20 2e500 25 89 33,90, =~ L <« [ ]| « —[]

Tous droite r¥serves par

}Lms*n‘ruT DE PSYCHOLOGIE 1949
Copyright by

Publiee par: LES EDITIONS DE LUNIVERSITE DOTTAWA
Published by® THE UNIVERSITY OF OTTAWA PRESS

COEFFICIZNT OF RELIABLLITY OF TH. ALGEBRAIC

Preparee
Designed

CONCEPT TEST

par

by LAWRENCE T DAYHAW Ph D

g XIONIddV

S{SH


file:///0-33

APPLINDIX @

TWO LISTS OF KAMES AND RAW SOORES

1. OConsept-Tess (X)
Group of 100 pupils
List of Namer and Scores

s g ot e e -, = e AP ek et - o5 kg

5 3 4 it A P B o e 2 o Yt P At A et RO

¥o, Kame Oou.pt ki1l
Soore seore

1 MNatsumi Xondo 59 &7
2 Gerald Popela 51 47
S Temy Oriffin 48 81
4 Corinne Gendron 47 42
5 lloyd Brennan 46 41
6 Peter Tobin 40 37
7 Donald LeNeveu 49 34
8 Michael Young 44 41
9 louls Gowers 44 14
10 gimpson Villiam 43 49
11 Browm Dieck 43 49
12 Mary El,Holt 43 38
13 lorraine Dufour 43 3%
14 Mlse Cold 43 29
15 t He 43 38
16 Carol Turpin 43 27
17 Jame: MoGidbon 42 44
18 Charles Thebarge 42 37
19 Donald Igbister 42 37
20 Madeleins laplante 42 34
21 lewrenss Kolesar 41 34
22 Daviad NeCarfrey 41 40
23 Thomas lLiondie 4) 42
24 Frank Cuggy 41 38
25 loulise Corunm 41 37
26 Virginia Mackey 41 32
27 Willian Jetts 40 47
28 Prian Pelletier 40 46
20 MeDougall leonard 40 35
30 Gerald Fitsgerald 40 32
31 Riecle 3% 38
32 Patriek (1llis 3% 30
33 leo Turner 39 32
34 Mary P, Bridgman 38 18
35 Williem P, Diolin 38 3
38 Gerald Parent 38 33
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TYO LIATE OF WAMES AND RAW 80ONES

1. ConeepteTeet (X)
Group of 100 puplils
145t of Homen snd Scores

o am =

B R T e

Katsuml Kendo
Georald ia
Teny Grif
Corinne Uendron
Iloyd Brennan
Peter Tobin
Donald LaNsvew
Hichael Young
louls Gowers
Slmpson ¥illiam
Brown Diok

Virginia Magkey
Wililiam Jette

b R PR 330 S A o e PR PR
PRU USSR EREERANRLERRASRRGEESNERS
UG EEESRYYRNEBOEBERLHIBROSS

Erian Pelletier 48
Holougall leonard 35
Gerald Pitzgersld 3z
Nicols X o8
Patrick Gillis 30
leo ?gvugyiﬁm §§
Havy P, Bridguan

¥illiam P,.Dlolin 3%
gerald Parent 33
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140

83333 A33BLI282282BITI20RESES

Varren L'Africain
Gerasld Meopher
fr.Jan Tulatyoks
Patriock MgTuard
Radburn William
John T, MoKay
Dunean Treman
David Xelly
Glen Coner

Leo Beilassons
Tony FPiatel
Samora Cherry
NHoreen Ouellette
John Rivet
Peter Holan
Desmond Xeon
Pste Lineger

leo Valiquette
Diana Gauthier
Harold Kehoe
Hartin Monagan
Kopil George

Tom Curley

Grasme A, NoDougall
ingel John T,
Xargaret Boland
Patrick ihea

John Gogsselin
Philip O'Rellly
Paul Brazeau

& BRRaRRRRARRERELELLRRBRRG8S

Concept

No. Neme Soore Soore
37 Raymond Kealy 37
38 Jean Closs 37
39 Riehard Marks a7
40 James Gillisle 37
41l Richard lord 37
42 Robert Campbell v
43 Bod Drnd{ 37
44 MNartin Flood 38
48 Bruce Attfiecld 38
46 Douglas Goodwin 36
47 Joan Burgess
48 Pauline Street
49 Dalasy Jarvis

Nangione Joseph
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Congept 8kill
#o. Nane 3oore Seore
81 Terry 0'Connell 31 27
82 Fenton Fred 3 27
83 Paul Drapeau 30 21
84 Chrigtopher Durham 30 2¢
86 William Perrault 30 32
86 Bod Flood 30 35
87 Gerald Scarcella 30 28
88 Kevin Nilaney 20 24
80 Brisn VWard 20 20
90 Wilma Comroy 28 22
91 Paul Geawel 28 26
92 Hendersen Jinm 28 32
93 Morin Robert 28 35
94 shaun X, Fripp 28 23
98 Bhella Gorman by 4 21
98 Joe Hrobolick g 4 1%
97 Don Brewold <« 29
98 Tom Coulsen 27 24
99 lLouis R, Saumwesber 7 38
100 Peter Pyefinch 26 27
101 Robert Gauthler 26 31
lo2 P:.n:{ Hooper 25 23
108 9 oy Cameren 25 24
104 lahey Terense 25 32
106 John Murphey 28 21
108 John NoDermott 23 21
107 Pete Phslan 28 21
108 Trever Smith 21 14
100 Benoit Jomn 18 22
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2, Bkill-Test (¥Y)

Group of 109 pupils

List of Names and Soores

142

Skill

Congept
No. Nane fScore Score
1l Natsumi Kondo 67 5o
2 Tony Griffin 51 48
S Simpson Willizm 49 43
4 Brown Dieck 49 43
§ Gerald Popela 47 51
6 VWilliam Jette 47 40
7 Brian Pelletier 46 40
8 James MeGibbon 44 42
) Duncan Treman 43 38
10 Thomas Liondile 42 41
11 Daviéd Kelly 42 36
12 Corrine CGendron 42 47
13 Lleyd Brennan 41 46
14 Michael Young 41 44
15 Raymond Xealy 4) 37
16 Patriek MsTuard 41 36
17 Davida NeCaffre 40 41
18 V¥William P, Blo 39 38
12 John Rivet 3 o4
20 (Grasme A, NMoDougall 39 32
21 Lerraine Dufour 39 43
22 Frank Gu;gy 38 41
23 Ph&liglo eilly 38 31
24 Mary .Holt 38 43
26 aret Herberst 38 43
26 lLouis R, Saumweber 38 27
27 NRicole Kareh 38 39
28 Peter Tobin 37 45
29 Charles Thebdarge 37 42
30 Donald Isbister 37 42
31 James Gilligie 3 Y 4
32 Louige Corum b1 4 4]
33 Dalsy Jarvis 37 36
34 Radburn William 368 35
38 Noreen Ouellette 36 34
36 MoDougall leonerd 38 40
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" 3k111 Concept
o ame Score Soore
37 Glen Coner 35 38
38 LlLeo Valiquette 36 34
3 Bobd Flood 38 30
40 Morin Fobert 38 28
41 Ronald LeNeveuw 34 45
42 Lawrence Xolesar 34 41
43 Jean Closs 34 37
44 Richard Marksg 34 b 4
48 Bruee AStfield 34 45
46 Kangione Joseph 34 38
47 Pete Lineger 34 34
48 Jgpdoleine laplante 34 42
49 Oerald Paren 33 38
50 Joan Burgess 33 38
51 Tom curlo{ 33 33
62 Gerald Fitagerald 32 40
63 Leo Turner 32 30
54 John T. MoKay 32 38
86 William Perrsult 32 30
B¢ Henderson Jin 32 28
87 lLahoy Terense 32 25
58 Virginia Maskey 32 41
59 Robert Campbell 31 bid
60 Douglas Goodwin 31 38
81 Robert Usuthier b3 28
62 Patrick 3illis 30 39
€3 FRishard lord 30 b4
64 Bob Brady 30 by 4
6 VWarren L'Afriosin 30 35
66 Fr.Jan Tulatyoki 30 38
67 Leo Sciszsons 30 38
68 Patriock Shea S0 31
69 Paul Brageau 30 31
70 Gerald Meopher 29 35
71 Peter Nolan 29 34
72 Engel John T 29 32
78 Don Browold 29 7
74 Nilse Colding 29 43
76 Pauline street 29 35
76 Marian Flood 28 36
7? Gerald Sosrcella 28 30
78 Tony Piatel 27 35
7% Mertin Monaghan 27 33
80 Terry O'Connell 27 31
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Concept

8kill

No. Name Score Score
81 Fenton Fred ot 4 31
82 Peter Pysfinch x4 26
85 lLouls Gowers v 44
84 Carol Turpin 27 43
85 Christopher Durham 28 30
86 Paul Geawel 28 28
87 Margaret Boland 26 3l
88 Degmend Keon 28 34
89 KXopll Geo 28 33
80 John Gogselin 26 31
91 Kevin Milaney 24 29
92 Tom Coulgon 24 a4
93 Stanley Gameron 24 28
94 Harold Kehoe 23 33
96 Shsun K, Fripp 23 28
oe Dians (authier 23 33
97 Penny Hooper 23 25
68 Benoit John 22 18
99 Sanora Cherry 22 34

100 V¥ilma Conroy 22 28

101 Paul Drapeau 21 30

102 John Murphey 21 28

108 John MeDermott 21 23

104 Pate Fhelan 21 22

106 Sheils Gorman 22 A

106 Brian ¥Ward 20 28

107 Mary Psula Bridgman 18 38

108 Joe Hrobonilsck 15 27

106 Trevor 3mith 14 21
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COEFFICIENT OF CORRELATION OF THE TWO
SETS OF SCORES
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APPENDIX 8

COMPUTATION OF PERCENTILES AND STANDARD
S8CORES

1., Computation of Percentiles

The computation of percentiles for the whole
group of 109 testees 1s pregented 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 = 100 952—%—9*§ has been used through-
out,1 by applying it to both Eests.

Symbol n 18 the number of the individuals in the
group; symbsal r is the partioular rank assigned to the
individual's total score on the test.

2. Computation of Standard Scores

The normalized standard scores have been computed

with the help of tables in the way recommended by D. Adkinsz

in her book Congtruction and Analysis of Achievement Tests.

Thus, if a raw score 38 1s equivalent to a percentile of
68.3 as it 18 in the Concept-Test at No.35, then the differ-
enoce (68,3 - 50) = 18,3, divided by 109, is cheoked in the

tables, in the column "srea", and a corresponding value

-(;- 0.47 1s computed by interpolation,

1 J.P.Guilford, Fundamental Statistios in Psychology
and Education, 2nd edition, New York, McGraw-Hill, 1950, p.b553.

2 D.C.Adkins, Construction and Analysis of Achieve-
ment Tegtg, Washington D.C., U.8.Govt.Printing Office, 1947,

pp 100 and 143,




A,

100 x

N-R+ 0,8
N

APPENDIX

8

CONCEPT-TEST
COMPUTATION OF PERCENTILES

N = number of individuals ranked

148

R = partiocular rank assigned to the
individual's total score on the
test

= 109

No, Score Rank Percentile
1 69 1 P=100x38=12058 g9
2 51 2 100 x 105209 = 98.6
5 48 3 20850 = 977
4 47 4 30850 = 96.7
5 46 5 20450 =  95.8
6 10300
8 10100

10 |

11

12

13 / 43 13 965 = 88,5
11 109

15

16

1| o1

1o 42 18,5 109 = 83,4
20
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e ————

No.

Score

Rank

Percentile

21 )

&

23
24

28

8889 &R L88 88BY

¥

41

S8

37

36

36

23,5

28,5

52

36

45,5

64.5

%

E;EJ

-3
O3

~3

N
O
O

j&o
Qjn

»
»
O
(]

|

78.8

74.3

71.1

68,3

63,7

58,7

50.4
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Score

Rank

Percentile

&

34

33

o2

31

S0

29

28

26

6b

71,5

75.5

86

89.5

93

97.6

100,56

=

10

35

Q
©

3

51
10

=2

2

109

200
109

40.8

4.8

51.1

27

21.5

18.3

15.1

11

8.2
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I
{

No. Score Rank Percentile
%02
03 600

105

106 25 106 252 = 5.3
107 22 107 %gg = 2.2
108 21 108 %—g% - 1.3
109 18 109 00 = 0.4

-
o
O
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B, SKILL-TEST
COMPUTATION OF PERCENTILES

= 100 X N tﬁ%‘5 - R

109 = number of gcores

R = partiocular rank assigned to one score
No. Seore Rank Percentile
1 57 1 1 3030'1.100 =  99.5
10750 o
2 51 2 159 98.6
S 108600
5 | 10400
6 i 47 5.5 109 = 95.4
1025
7 46 7 10£00 = 94
101
8 44 8 56 = 93.1
10080 -
)
10
11 + 42 11 2850 =  90.3
108
12
2 )
4 9 -
16 41 14,5 109 = 87.1
1e
2025
17 40 17 —l—og- = 84,8
18
19 39 19.5 9000 =  82.5

3
=
(®]
(o]

2l
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———
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Rank

Percentile

>4

J\_V

—

38

37

38

b

34

33

52

31

24.5

30,5

54,5

S8

44,5

50

56

60

i

7.9

2.4

68.8

65.5

59.6

54,5

50

45.4
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e . —a— a—————— e ————
No. Soore Rank Percentile
62
63
64
65 440
4 30 65.5 "i‘o‘g =  40.3
&7
88
69
.
g 37
75 [ 2 725 ) = 33.9
74
75 |
76 0
78 } 28  76.5 300 - s0.2
78
79
80
3 285
g1 on 81 = 26.1
85 109
83
84 |
85
2350
86 26 86 2290 =  21.5
87 | 109
88
89 25 89 2080 =  18.8
91
92 24 92 1750 = 16
21
04
95 1400
95 23 95.5 T = 12.8
97
98
99 } 22 99 2050 = 9.6
100
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No. Score Rank Percentile
101
104
1056
36
106 20 106 09 = 3.2
250 -
107 18 107 55 = 2.2
150
50
109 14 109 166 . 0.4




APPENDIX 9
VERTICAL AND HORIZONTAL COMPARISON

/EIGHT TABLES AND SIX CORRELATION CHARTS/

Table IX, - Upper Concept Group - Computation
of the Mean and 8tandard Deviation

Bcores pg gi f. x fx £x2
57-59 56 1l 15,69 15,59 243,048
54-.66 B3 0 12,59 0.00 0.000
51-53 b2 1 11,59 11,59 132,710
48-.60 49 1 8,59 8,59 73,788
4547 46 4 6,59 22.36 124,992
42-44 4] 13 - 0,59 - 7.87 4,628
39-41 38 13 - 2.41 -31.33 75,506
36-38 37 b - 3.41 ~10, 23 54,884

N = 36
Zx? = 689,452
£x
M= 5= = 40.41; a;l/-‘-;-;ﬁ - &Q_é.QQ = 4,34

= 4,08, as computed in
— the attached
Correlation Chart A
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Table X, - Mlddle Concept Group - Computation
of the Mean and Standard Deviation

)

#cores pﬁiﬁz £ x x? £x°
37-37 37 " 1.92  3.68 25. 67
36-36 36 4 0.92  0.84 3.36
35-35 35 14 -0.08  0.006 0.08
34-34 34 7 -1.08 1,16 8.12
3333 33 4 -2,08 4,32 17. 28
N = 36 Zrx2 = 54,51

M= T = 35.08; d:: -é-rrx— = Zg—s—g- = 1.25 as

algo computed in the
attached Correlation
Chart B.
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Table XI. - Lower Concept Group - Computation of
the Mean and Standard Deviation

Scores £ x rx rx2
32-33 4 2 8 16
30-31 12 1 12 12
28--29 4 0 0 0
26-27 6 -1 -8 6
24-.256 4 -2 ~8 16
22~23 2 -3 -8 18
20-21 1 -4 -4 16
18-19 1 -5 -5 25
K= 37 £Ftx = -9 Zrx? = 109

Aggsumed Mean = N = 28
True Mean = 2%5 = 28.08

2——
7= ;l/_é_uifz__ o2
2.) /3. =

-0, = 3,40

ag computed in the attached
Correlation Chart C

|
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Table XII, - Upper 8kill Group - Computation of
the Mean and Standard Deviation

Scores t y £y ty?
56-57 1 8 8 64
54-65 0 7 0 0
52-53 0 6 0 0
50-51 1 5 5 25
48-49 2 4 8 32
46-47 3 3 9 27
44-46 1 2 2 4
42-43 4 1 4 4
40-41 5 0 0 0
38-39 10 -1 -10 10
36-37 2 -2 -4 8
34-35 1 -3 -3 9

N = 36 £2y = 19 £ey2 = 183

M = —‘{i! = 40,45 =1, I/——-J-—ng ~0% o= _“i_fl = 0.5;

R ’
7= 2,755 - 0.256 = 2.|[ 485 = 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

e
p———

6Scores Mdpt. y yz b o fyz
34-35 54,5 2.42 5,8 12 69,60
32-33 32.5 0.4%2 0.2 10 2.00
30-31 30,6 -1,58 2.5 11 27.50
28-29 28,5 -3, 58 12.8 3 38,40

N = 36 £ry2 = 137,50

2
M= _éi; = 32,08; ﬂ%gﬁl— = 572 - 1,05 = 1.94

as computed in the attached
Correlation Chart E,
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Table XIV, - Lower 8kill Group - Computation of
the Mean and Standard Deviation

—————q
—

Scores Mdpt. y y? £ £y?2
28-29 28.5 4,53 20.6 5 102. 50
26-27 26.5 2,53 6.4 10 64.00
2425 24,5 0.53 0.3 6 1.80
22-23 22,6 -1.92 3.6 " 25. 20
20-21 20,5 -3.47 12.0 6 72.00
18-19 18.5 -5.47 29,9 1 29.90
16-17 16.56 ~7.47 55.8 0 0.00
14-15 14,5 -9.47 89.6 2 179, 20

N=237 Zty2=
474,60
u:%lzzs.gv 7 —éfilgzauizs.es
V7

= 3.5, as computed in the attached
Correlation Chart F.
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Table XV, - Concept Scores of the Upper, Middle, and
Lower 8kill Groups

Concept Scores of the Concept Scores of the Conocept Scores of the
Upper 8kill Group Middle Skill Group Lower Skill Group
In order of
alze Grouped In °§§:§ °f Groupea  IM gigzr °F  Grouped
59 38 57-59 45 34 4445 44 28 42-44
51 37 54-56 456 34 42-43 43 28 39-41
48 37 51-563 42 34 40-41 43 28 36-38
47 35 48--50 41 33 38-39 38 27 33-3b
46 35 45-47 41 32 36-37 36 27 30-32
45 36 42-44 40 31 34-35 35 27 27-29
44 35 39-41 39 31 32-33 35 27 24-28
43 35 36-38 39 30 30-31 34 26 21-23
43 34 33-35 38 30 28-29 34 25 18-20
43 34 30-32 37 28 26-27 33 25
43 32 27-29 37 28 24-25 33 25
43 31 37 . S 33 23
42 27 1i=3 37 25 1 =2 33 22 1i=23
42 37 3% %%
42 n. 36 x 3
41 R=36 . sg N aszix ai
41 = 3 = 3
41 35 30 B .

40 oT gg=5.6188 5o 7= sz =4.56a8 59 U= % = 5.4, as
40 computed in the 35 computed in the 20 ocomputed in the
39 attached Correlation 35 attached Correlation attached Correla-

Chart D. Chart E. tion Chart F.

|
|
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Edble XVI.- 8kill Scores of the Upper, Middle, and Lower
Concept Groups.

8ki1ll Scores of the 8kill Scores of the 8kill Scores of the
Upper Concept Group Middle Concept Group Lower Concept Group
In order of In order. of In order of
size Grouped clze Grouped size Grouped
57 35 57-59 43 29 42-43 39 24 38-39
61 34 54-56 42 29 40-41 38 24 36-37
49 o4 51-53 41 29 58-39 38 24 34-35
49 34 48--50 4] 28 3637 35 23 32=33
47 33 45-47 39 27 3435 35 23 30-31
47 32 42-44 37 27 32-33 33 22 28-29
46 32 39-41 37 25 30-31 32 22 26-27
44 32 36-38 36 28 28-29 32 21 24-25
42 30 33-35 36 23 26-27 32 21 22-23
42 29 30-32 35 23 24-25 31 21 20-21
41 27 27-29 35 22 22-23 30 21 18-19
41 27 24-26 34 30 21 16-17
40 18 21-23 34 29 20 14-15
39 18-20 gz 29 16
39 X = 7z 28 14
38 i=3 34 1=2 27 1=2
38 33 27
& £ £x £X
37 M, =ZX = 38.08 31 M, =2 = 32,11 26 Mg = = = 26,78
L o 8 W s ° N
gz 7= T = 6.63 as §8 T= 7% = 6,36 as 25 g7 g% = 5.96,
computed in the 30 computed in the as computed in the

attached Correlation 30 attached Correlation attached Correla-
Chart A Chart B tion Chart ©
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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-
flcance of dlfference of the means on each of such two
performances 1s to be determined. This requires computa-
tion of the value of the ratlo 733,, where D 1s the

difference of the means, andcza)is the standard error of

that difference equal to }6 1452 + 6)102 - 2rg e 5!48 ‘no . u
»
Tx

M, are the standard errors of the corresponding means on

skills or concepts, equal to i%%. (sigms C7<Being the stan-

dard deviation of the dlstribution, and X its number of cases

in a group.)
Thus, in each case, the same computation is performed

as follows:

1, Middle Skill Group
(Its Performances on 3kill-Test and on the Concept-Test)

Mean on 8kills M, = 32.08 (as computed in Table XVI)

Mean on Concepts My = 35.22 (as computed in Tsble EV)

D = 3.14

Standard deviation
of the 8kill distri-
bution 0; = 1,94 (as computed in Correlation Chart E
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Standard deviation of (as computed in Cor-
the Concept distribution U3 = 4,56 (relation Chart E

Standard errors of the

means: 0;'==-—1=LT=032

TH = T Z0 - 4,86 _

Pge = 0.245 (as computed in Corre-
lation Chart E)

2k 7@2 * ﬁsz - 2rge Vg ¥

=] 0.76% + 0.32% ~ 0.49%0.7650.52

=/ o.6776+0.1024 - 0.119
= 0,74
Lo S.14
% Sl -}
2. Lower 8kill Group
(Its Performance on the Skill Test and on the Concept Test)

Mg = 23.97 (as computed in Table XIV)

Mg = 30,30 (as computed in Table XV)
D = 6,33

0;/= 3.6 (as computed in Correlation Chart F)
06 = 5.4 (as computed in Correlation Chart F)

r
A = —B=356 _
Mg V‘i— —.-—'57 0.57
M = 98 = —-—,5r3;_= 0.88

rgo = 0.46 (as computed in Correlation Chart F)

7D =Y5.57%0.88% - 0.90 % 0.57 x0.88 _ = 0.804
D =835 _n@7 )5
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3. Upper Concept Group
(Its Performance on the Concept Test and on the Bkxill Test)

M, = 40.41 (as ocomputed in Table IX)
Mg = 38,08 (as computed in Table XVI)

D= 2,33
Js = 4.08 (as computed in Correlation Chart A)
Uq = 6,63
07 = Orjz 4,08 _
R ol

07 -0 _ 6,63 _
L T =& = 1.105

rog = 0.65 (as computed in Correlation Chart A)

0;47.1052 + 0,68° - 1.30 x1.10 50,68

=7 0.70 = 0.836

—%,w %j-g%= 2,78 < 3

4, Middle Concept Group
(Itg Performance on the Concept-Test and on the 8kill-Test)

M, = 35.08 (as computed in Table X)
Mg = 32.11 (as computed in Table XVI)
D= 2,97

Us = 1.23 (as computed in Correlation Chart B)
Jg = 5.36 (as copputed in Correlation Chart B)

0;0=7%§=-1-33§=0.205
G = gt = 0 oo

Pog = 0.39 (as computed in Correlation Chart B)
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7p "Yo.zozs2 + 0.88%2 — 240.39 x 0.205x0.88

‘Vo.el - 0.14
= 0,82

-%5- = &85 - 562 )3

5. Lower Concept Group
(Its performance on the Concept-Test and on the Skill-Test)

M, = 28,08 (as computed in Table XI)
M, = 26,78 (as computed in Table XVI)

D = 1,30

Ve = 3.40 (28 computed in Correlation Chart C)
Ug = 5.96 (as computed in Correlation Chart C)

Tx, = 28 = 340 . 0,55

YN Vs
7 = 78 _ 5,96 _ 0.98
R T T

Teg = 0.49 (as computed in Correlation Chart C)

g =
D y8.552 + 0.982 - 0,98 x 0.56 x 0,98

=V 0.7347

= 0,85

D _ 1,30 _
75 ogp = 152 < 2
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ABSTRACT OF

Broadening the Mathematical Aspect of the Congept—
Skill Correlation at One Grade Algebra Level.

The aim of this study was to broaden the mathematlcal
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 repregentative algebralc material was selected at
Grade XI level, and a homogenous group, representative of
the Grade XI pupils of the Ottawa English-gpeaking Catholic
High School population, was chosen for the investigation of
the problen.

An Algebraic Concept Test and an Algebraic Skill
Tegt, were constructed, tried out, and administered to a

representative group of 109 pupils, to obtain the data for
exploration of the problen,

A tvwo-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 relationshlp and the difficulty of the tesats;

1 Ph.D. Thesls presented by Tadeusz Pozniak, in 1956,
to the School of Psychology and Education of the University of
Ottawa, x11-177 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 dAifficulty within each test, and
between the two teats.

The coefficlent of correlation was found to be indi-
cative of a positive high correlation, and a direct marked
relationship.

The Algebraic 9kill-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 thelr middle groups
than for thelir upper groups, and also slignificantly harder
for their lower than for their middle groups.

The horizontal comparison, that 13, between the two
tests, of the two respective upper groups, and llikewise of
the two middle and lower groups, produced exact traits of
the interplay of the closeness of correlation and the tests
difficulty aspects:

Direction of the correlation was found positive in

all cases,

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
slgnificantly harder than the Concept-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 cf the correlation:

l, The same direction;

2. A considerable closeness.

The mathematlical aspect of the concept-skill corre-
lation as furnighed 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
furnishees a mathematically expressible trait of regularity
by which that difficulty interplay 1s 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
speclially constructed and standardized tests: one for
measuring the understanding of basic algebrale 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 achleved by application of both
methods to a stratified truly repregentative sample of the

Grade XI High School population on a province-wide basis.



