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Problem

ABSTRACT

The purpose of Ehis study was to evaluate how well grade
nine students were achieving in the different mathematics
courses in senior high grades and to establish linear and
multiple regression equations for predicting success ih those
courses. The independent variables selected as predictors
were the final mathematics marks in the previous grades begin=-

ning with grade nine.

Procedure
Final examination scores of 360 students in grade nine,

ten, eleven, and twelve were analyzed by the computation of.

- means, standard deviations, correlation coefficients and

regression equations. The relationships were also illustrated
by the use of scattergrams. The results recorded below emerged
from the analysis of these data in the three courses--Univer-

sity Entrance, General, and Business Education.

Results

Positive and significant relationships existed between
preceding final marks and the criterion scores.

There was no difference in the probability of success
between the three courses at the grade ten level and students
who scored below fifty percent in Mathematics IX should be

required to repeat the course.



For predicting grade eleven and twelve scores the mult-
iple regression equations were preferable since the last score

{the most recent preceding score) had the most weight.

Recommendations

1. The choice of mathematics course in grade ten should
be left entirely with the student--depending strictly on
motivation and desires but that students of the ninth grade
be given more guidance with respect to the nature and demands
of high school mathematics., -

2. Mathematics teachers should develop cooperatively
a series of prognostic tests which could be used to predict
student sﬁccess in the next grade.

3. School counsellors and claésroom teachers should
develop a system by which prediction techniques may be used
effectively as an aid to forecasting academic success in
high school.

L. Teachers should utilize this type of statistical
analysis in the classrooms in an effort to motivate their
students.

5. Additional research should be undertaken utilizing
the grade-point average in conjunction with the subject mark

as a multi-predictor for achievement in senior high mathematics.

iv
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THE PROBLEM AND ~-ITS IMPCORTANCE

.~

INTRODUCTION

At the completion of the ninth grade and prior to their
embarking upon a senior high program, many students in lManitoba

lect to enrol in a specific course pattern: 100, 101,
102, 103, 10k. In the majority of schools, the choice of a
certain course precludes the choice on a subject basis since
courses and subjects are time-tabled. In the "local” school,
students may choose on an individual subject basis but the
choice is often crucial for the student's future goals, in
view of the fact that many subjects act as prerequisites for
the attainment of particular academic or vocational goals,
Consecuently, in many situations sound information based on
stical evidence involving previous marks should be made
available to the student, the parent, the teacher, the guid-
ance counsellor and the principal.

Students are promoted from grade nine to grade ten in one of
two ways, either they achieve a "complete™ standing or a "con-
itional" standing which may include a pass or failure in Mathe-~
matlcs. As the content in mathematics is cumulative in nature,
failure at one grade level makes success in the succeeding grade
doudbtful . For this reason mathematics requires very careful

consideration. On the basis of success or failure in grade nine,



.

the chances of success in grade ten or in the senior

(1

STATEM=NT OF THE PROBLEM

The basic purpose of the study was to appraise the extent
to which achievement in grade nine mathematics serves as a pre-
dictor of achievement in the senior gracdes. The study also pro-

posed to ascertain the means by which course selection is effected

“and the extent to which grade nine achievement 1s considered in

that selection., More specifically, the study sought to estab-

lish relaticnship that exists between:
1. the final grade nine mathematics mark and the

final mark in grades ten, eleven, and twelve

2. the grade nine and ten mathematics marks and

the finel mark in grade eleven mathematics
3. the grade nine, ten, and eleven mathematics
marks in grade twelve mathematic

It also sought to determine simple linear and multiple regres-
sion equations for predicting success in senior high mathe-
matics courses based on grade nine only or a combination of

nine and ten, or nine, ten, and eleven.
IMPORTANCE OF THE STUDY

The answers to the stated questions could be of invalu-
able benefit to the students, parents, teachers, guidance
lors and the principal of Morden Collegiate. The format

used in this study could be applied other subjects which are

rrerequisites for certain courses throughout high school. This

cr
s
1
-
D
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tudy is imperative for the principals who follow the
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delines for organizational and educational purposes of the
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secondary program:

1. Grade nine is the final year of broad general
education for all students. During this year
the student is exposed to learning experiences
which should assist in helping the student,
the teacher, and the parents ascertain the
aptitudes, interests, and inclinations of the
individual and which will be of value in guid-
ing the student in his choice of the most :
suitable pattern to pursue in grades 10, 11,
and 12, ’

2. The high school program in Grades 10, 11, and
©12 provides differentiation of studies to meet

the varying needs, interests, and abilities of
students. :

PROCEDUERES

Porulation

It was proposed that the study be conducted in the Neorden
Collegiate since it is the only collegiate in the Western School
Division No. 47. The population was defined as all grade nine
students who attended Morden Collegiate from September, 1966
to June 1971 inclusive. Because the population was relatively

small (360 students) the total population constituted the

Predictors and Criterion

(2) The predictor was the final grade nine mark in

mathematics,

~Province of Manitoba, High School Program of Studies,
: ative Handbook, grades 9-12, 1970-1, Authorized by
er of Youth and Education, page 3.
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he criterion was the final grade ten, eleven,

nd twelve marks in Mathematics in either _00,

L

Mathematics _0l, or Mathematics _02,

(b) For determining the multiple regression the pre-
cdictors was the final mathematic marks in grade
nine and ten and grade nine, ten and eleven.

The criteria was the final mathematic mark in

grade eleven and in grade twelve.

Analvsis of Data

Once the sample was determined the scores for each of the
required grades were recorded from the student histories.
These scores were then analyzed using statistical procédure
outlined by Glass and Stanley.? The required relationships

4e

were determined by computing the means, standard deviat

f;J.

ons,

Lo

coefficients of correlation and regression equations. Scatte

grams were also employed to illustrate the relationships.
LIMITATIONS

The study was limited by considéring a population which
consisted only of those grade nine students who subsequently
completed grade ten mathematics in Morden Collegiate. The
findings of the study would therefore apply only to this school

Vi510n,

d

},J .

The study was restricted to a consideration of only one

2Gene Glass and Julian Stanley, Statistical Methods in
lwention and Psyveholooy, (Enpglewood ClifTs, N.JV:  Trentice-

(%3

1L Inc., 1960) page 590,

T
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ndeprendent variable as a predictor of academic achievement.
This independent variable consisted of data which was annually
accumulated in the lcocal school setting where this study was
rerformed. Consequently, the study was further restricted to’
2 consideration of the standards set by three teachers who were
on staff for a least ten years and who might probably remain

so for another ten years. All grade nine students received
their mathematics instruction and summative evaluvation from

one wcher. All grade ten Mathematics 100 students were taught
and evaluated by a second teacher. All grade ten Mathematics 101
stuéents were taught and evaluated by a third teacher. All grade
eleven and twelve students were evaluated by the same teachers
as the grade tens except those'taking 102 and 202,

In calculating the multiple regression eQua ions certain

other restrictions were considered. The name of any student
who changed from 101 to 200 or from 100 to 201 was deleted
. the source of the independent variables or predictors
had to be consistent with the source of the criterion measure.
e same token no data were considered for grade twelve

regression equation unless the student remained in the same

course throughout high schocol.

ASSUMPTIONS

on valid, academic achievement in grade nine Mathematics in
accorcdance with a school standard set for that grade level.
It was further assumed that each student had an egual chance

of establishing his maximum potential in view of the fact that



the final mark was the result of a series of short objective
tests and formal examinations., It was also assumed that the
final mark in grades ten, eleven, and twelve consisted of a

0
)
B

ies of tests and formal examinations. Finally it was

assumed that only lack of knowledge and computational skills
and nct some other factor was instrumental in any student achiev-
ing poorly to the extent that he would fail.
DEFINITIONS
Success. For the purpose of the study success referred

to a final mark of fifty per cent or over in academic achiev-

ment. In the classroom setting success frequently implied a

[¢)
>
[xb)
J
(D
O
-4
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itude or of ability to cooperate with a peer group;

however only the cognitive aspect was considered in the study.
Failure. TFor the purpose of this study failure referred

to a final mark below fifty per cent in academic achievement.

No consideration was given to the affective attributes which

were evidenced in the classroom,

Local School. For the purpose of this study local school

referred to Morden Collegiate

Mathematics 00. For the purpose of this study Mathematics

100, 200, or 200 referred to the University Entrance mathematics

nomenclature which has been discarded).

™

-

#dathematics _Ol. TFor the purpose of this study Mathematics

101, 201, or 301 referred to the General Course mathematics

ature which has been discontinued)

.
38
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tfavhematics 02, For the purpose of this study Mathema

102 or 202 referred to Business Education m&thematzcse



CHAPTER II

THE REVIEW OF THE LITERATURE

*

This chapter will present a review of the related
literature with emphasis upon methods of prediction and

some of the more pertinent predictive studies.
BACKGROUND MATERIAL

Recently tests have been developed in both Canada
and the United States to measure skills on performance
objectives in accordance with the rationale that skills
should be operationally defined. Guidance counsellors,
teachers, and principals are aware of the pronounced need
to help the students ascertain these skills and to help
the students increase their ability for self-appraisal
and decision-making concerning their choice of a mathe-
matics program.

According to Scandurat the goals of a good mathema-
tical education in affluent suburbs may be very different
from the objectives in the inner city of our metropolitan

centres or in farm communities across the country.

T

lJoseph M. Scandura, "A Research Basis for Fathematics
Education,"™ IThe High School Journal, Vol. 53, (Feb, 1970),
p. 269.
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‘Kolb,z in his discussion of the goals of mathematics
instruction stated that the latter part of the nineteenth
century was a .period in which mathematics was thought to
be an exact field of study because it disciplined the
learner to think logically and rationally.

But the goals of mathematics instruction undergo a
revision almost every decade. They vascillate from the
utilitarian and practical to the purely philosophical and
theoretical. Consequently, it may be advisable to examine
the objectives as they are listed for grade seven:

1. To develop an understanding of the basic

concepts and processes ol mathematics through

study of the structure of the number system,

2. To develop mastery of the skills of comput-
ation,

3. To provide a learning situation in which
pupils can "discover™ the basic principles
and relationships of mathematics.

L, To develop competence in the apvlication of
mathematical concepts, laws, and skills to
problem solving in situations within the
experience of the modern child.

5. To develop desirable attitudes and apprecia-
tions with respect to mathematics.3

The study of mathematics cannot be a conglomeration

of disjointed facts. Rather it must be a transitional,

T

2John Kolb, "Goals of Mathematics Instruction,™ 1
High School Journal, Vol. 53, (Feb. 1970), p. 253.

18
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spiralling continuum. For that reason it might be advis-

able to survey the major aims set out for the grade nine

student:

l’

To further develop sound foundations in the
study of algebra.

:To extend the study of algebra of the real
number system.

To extend the study of such set language
as is immediately required and useful to
the students.k

However, it is at this juncture that the student must

choose which course he will follow in senior high school.

He, then, should be informed of the dichotomy in the mathe-

matics course and informed of the objectives in each one.

The
are:

lﬂ

5.

objectives of the General Course (Mathematics 101)

Provision of the basic core of mathematical
knowledge necessary for every citizen in an
atomic age.

Ability and willingness to apply problem
solving technigques, both in familiar situa-
tions and in genuinely new situations,

Awareness that mathematics is a vast, com-
plex and rapidly changing field of knowledge,
and of the appeal pure mathematics has for
many people.

Awareness and appreciation of the importance
of mathematics in the natural and social
sciences, and in business and government.

Acquaintance with the basic mathematical
operations used in business and government,

LpProvince of Manitoba, Department of Bducation, Grade
Z Mathematics, Authorized by The linister of Isducation,

3 . ) .
September,

1968, Mimeographed, p. l.
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and development of the ability and desire
to learn such operations on the job,

X

Understanding of the mathematics invol
in personal and family finance, and wi
ness to use this understanding.

1S

}_J el
- D

Development of a foundation in mathematics
suflficient to permit further study if so
desired.

Development of sound judgment and a critical
attitude in assessing mathematical reason-
ing, processes and results.

Development of an appreciation of the value
of mathematics in relation to the school
subjects.?

The general objectives of the Mathematics 100 course are

listed in separate outlines. For the Algebra, the student

should:
lo
2.

learn to appreciate mathematics,

Acquire skill in using algebraic technique
with understanding and accuracy,

Become acquainted with mathematical facts,
processes and concepts,

Learn to use his creative and analytical
powers (in solving problems)

while for the geometry section, the student should:

1.

Learn to appreciate Geometry,

>Province of Manitoba, Department of Education, General

Course, Mathematics 101, 201, 301, Authorized by the kinister

of Education, 1967, mimeographed - p. 2-3 left page.

OProvince of Manitoba, Department of Education, University

Entrance Course, Mathematics, Algebra 100, Algebra 200,
Auvthorized by the kMinister of Education, 1968, Mimeographed,

De 2.
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2. DBecome aware of the structure of Geometry,
(i.e. acquire a knowledge of geometrical

ideas including undefined terms, defini
postulates and theorems.)

.
cions,

3. Learn the elementary relationships of points,
lines and planes in space and the basic DProT-
erties of angles, triangles and quadrilaterdls, .

<

L., Iearn to understand and to develop deductive
proofs,

PREVIOUS STUDIES IN PREDICTION

The writer found many studies dealing with prediction
of academic achievement but the majority of them dealt
with multiple predictors and/or multiple criteria and none
dealt with a single subject predictor and a single criterion.
Klugh and Bierley8 carried out a study using the School
and College Ability Test to determine whether a significant
improvement in prediction could be obtained by using the

tudent's high school grade point average in addition to

[0}

oy

t

he SCAT test. The criterion measure was the students'

gracde point average computed at the end of the first semester
of college work. Their findings prove that the SCAT is as
valid as high school average in predicting the first semester

grades.

7Province of Manitoba, Department of Youth and Education
University Entrance Course, Mathematics 100, Geometry,
Authorized by the Minister of Youth and Education, 1969,
Mimeographed, p. l.

: &y, Xlugh and R. Bierley, "The School and College
Ability Test and High School Grades as Predictors of
College Achievement," Educational and Psychological Fea-
surement, Vol. 19, (1959) p. 625-6,




Caldwell and Schrader? performed a study comparing
the validity and administering times for composites of
structure-of-intellect tests and algebra grades and com-
posites of commercial tests and algebra grades for predict-
ing success in tenth-grade geometry. The results indicate
that correlations using the SI-Alg. Composites exhibited
higher validity coefficients (.59 - .83) than the correla-
tions using Com-Alg. Composites (.47 - .78) in twenty-one
out of twenty-~two instances. However, they included teacher-
made final examination scores in the Commercial tests and
cdid not indicate separately what relationships existed by
using the analysis of variance.

ScannelWlO made an interesting observation as a result
of his study using various measures of achievement from
grade four through grade twelve. The combinations of achieve-
ment test data obtained at several points in the students!'
careers were only slightly more predictive than the most
recent results. High school GPA was the best single pre-
dictor of college success yielding correlations of .67 and

.59 with the criterion freshman GPA. He also suggests that

YJames Caldwell et al, "Comparative Validities and
Working Times for Com0081tes of Structure-of-intellect
Tests and Algebra grades and Composites of Traditional
lieasures and Algebra grades in the Prediction of Success
1u Tenth-grade Geometry,” Educational and Psychological
Measurement, Vol. 30, (1970), P. 955-95Q,

Opale P, Scpnne71 "Prediction of College Success
from Ll@menuary and econdary Schools Performance," Journal
of Educational Phychology, (June, 1960), Vol. 51, p. liu-

Lo

AS)

[



college success based on elementary school test scores can

be as useful as predictions from high school data.

-

S
L

at Washington Municipal University, Kansas,

Seigle
stated that students have often been placed in courses or
they have chosen thém without any knowledge of their fit-
ness for these courses-resulting in a failure or withdrawal.
from the course. For predictive purposes the first consid-
eration might be the previous records in that subject.

The high school grade average was a better predictive factor
than the Washburn Entrance Mathematics Test with an r of

ic

ct

.6623 in the case of the prediction of success in analy
geometry.

Young, Knapp and Michael12 utilized a Test of achieve~
ment in Basic Skills (TABS-Math) to determine the validity

in predicting achievement in general mathematics and algebra.

+3

he rationale for the construction of the test was that

0]

-

skills should be operationally defined and measured by means
of test items based on sixty-four performance objectives.
Sample students were chosen from several California Junior
high schools. In grade nine the correlations between the

three sections of the predictor were .67, .51, .64 and the

11%Wi11iam F. Seigle, "Prediction of Success in College
lathematics at Washburn University," Journal of Educational

Research, Vol. 47, (1953-4), p. 577-588,

125ames ¢, Young, Robert R. Knapp, and William B.
Michael, "The Validity of the Tests of Achievement in Basic
Skills for Prediciting Achievement in General Mathematics

and Algebra," Lducational and Psychological Measurement,
Vol. 30 (1970) 5. 951-95%.
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correlation between teacher marks and the individual section
were .69, .60, .49. The correlation between the total TaBS

rediétor and the criterion teacher marks was. .71l. The
present results do not reflect on the usefulness of TABS
scores for the purpose of assessing the level of achieve-
ment in specific performance objectives.

Several other studies were considered but a report

on each was not submitted because of the multiplicity of
predictors. However, the findings would be extremely fruitful
to anyone comtemplating using more than one predictor.

13

Shevel and Whitney found that Mathematics Placement Exam-
ination is no more effective for predicting first semester
mathematics grades for lower ability classes than are high
school grades. Hanna et al,uF Kansas State University,
supported the theory that the use of teacher predictions
were significant at the five per cent level. Dinkelgl5
Culver City, California, performed a two-year test on grades
seven and eight. He had derived a prognosis battery with

a multiple coefficient of correlation of .78 for the first

vear and .86 for the second year.

137inda R. Shevel and Douglas R. Whitney, "Predictive
Validity of the Mathematics Placement Examination,' Educa-
tional and Psychological Measurement, (1969), p. 895-901

1Lhg, Hanna et al, "Predicting Algebra Achievement
with an Algebra Prognosis Test, IQS, Teacher Predictions,
and Mathematics Grades,"™ Educational and Psychological
Measurement, (1969) p. 903-907.

5Robert E. Dinkel, "Prognosis for Studyin
The Arithmetic Teacher, Vol. 6, (1959), p. 317~

1
- s .

(e




-

Abers and Feldtld developed two forty-minute achieve-
ment tests and slso asked teachers to assign a mark to each
student representing his level of achievement. The above
criteria were used to validate the predictive ablility of
the JTowa Algebra Aptitude Test. The correlations among
the predictor variables ranged from .75 -..82. Teacher's .
marks correlated from .64 - .72 with the predictors and
.70 with the criterion achievement in modern mathematics.
The fact that teachers' marks correlated high with the
achievement test indicates that special achievement tests
are a luxury item.

Barnes and Asherl? used a method of predicting success
in grade nine mathematics based on the student's eighth-
grade mathematics marks and an algebra progsosis test given
during the eigth grade. To determine the regression equa-
tion they used an IBM 7070 into which he fed information
which was available from school records. The maximum
computed multiple correlation was .6610 between the pre-
dictors and the criterion. The correlations among the
multiple predictors ranged from .391 - .627. They con=-

cluded that the best single predictor of success in algebra

16Darrell L. Sabers and Leonard D. Feldt, "The Predictive
Validity of the Iowa iAlgebra Aptitude Test for aAchievement in
Modern lMathematics and Algebra,' Educational and Phychologica
Measurement, (1968), p. 901-907.

1 . ' Vi s .
7Ward E. Barnes and John W. Asher, "Predicting Students
Success in First-year Algebra," The Mathematics Teacher,

Vol. 55, (1962). p. 651-65l.

1
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in their school system was the eight-grade mathematics mark
with a correlation of .5881. The only other factor which
greatly raised the multiple correlation was the grade equiv-
alent on the arithmetic part of the achievement test given
near the end of the‘seventh grade. This raised the multiple
correlation to .6245. The guidance people in their school
were correct in theorizing that the eigth-grade mathematics
mark was useful as a predictor and were correct in not
using any results of reading tests. The Orleans Algebra
Prognosis Test did not detract from their prediction, but
neither did it help. It can be seen that it adds so little
to the multiple correlations that it probably is not worth
the expense nor the time involved in giving and correéting
the test.

Ivanoff and De Wanel® observed from their study that
because of the error or overlapping component of multiple
predictors the regression equation would have to be used
cautiously with the margihal student. But, at least, it
should provide the student with an appraisal of his marginal
situation and thus bring out the need for real effort if
he is to succeed in an algebra program. They also suggested
that although the four predictor variables were significant,
for all practical purposes the school system should wvrobably

use a simpler equation with fewer variables.

18Jchn M. Ivanoff and Svermode T. De Viane, "Use of
Discriminant Analysis for Selecting Students for Hinthe-
grade Algebra or General Mathematics," The Mathematics
Teacher, (May, 1965), p. L12-4,16.
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The writer was also advised by his chief advisor to
peruse some Manitoba studies dome on prediction. Cross+9
in his study on schievement and attitude in a modern and
a traditional grade ten geometry program found a signifi-
cant correlation between grade nine criteria variables.
Froese<0 performed a study on the prediction on success
in grade twelve based on nihth-grade level. However, he
used multiple predictors and concluded that the nine inde-
rendent variables did not account for a sufficient amount
of the variance of individual grade twelve subjects to

make accurate prediction by multiple regression equations

possible,
SUMMARY

The review of the literature consisted of two parts.

The background material supplied certain current objec-
tives and philosophy to which schools must adhere in order
to provide for the students the continuum which is imperative
for a sound mathematics education.

The consensus of researchers who studied predictions

1%Rrobert V. Cross, "Student Achievement and Attitude
in a Modern and a Traditional Grade Ten Geometry Program,"
Unpublished Master of Education Thesis, University of
Janitoba, Winnipeg, 1968,

—t

11

20prank J. Froese, "Predictive Indices of Junior High
School Test Scores with Respect to Academic Performance
in Twelfth~grade Subjects of the University Entrance Course,"
Unpublished Master of BEducation Thesis, University of
Manitoba, 1969.
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is that studies using multiple predictors are not defini-
tive. In the main, the relationship showed no significant
correlation or proved that a similar correlation could have
been achieved by using fewer predictors. Frequently the
firnal subject mark from the previous grade level was used,
The most significant results were obtained when the previous
mark was used in conjunction with the mark in that subject
from the year before or with a special achievement test

devised to evaluate specific skills.



. CHAPTER IIT
COLLECTION AND ORGANIZATION OF DATA

The purpose of this chapter was to assemble and organize
ﬁhe data through the ﬁtilization of statistical procedures
in preparation for the analysis which will be pressnted in
chapter four. An outline of the devices used at specific

points was presented in this chapter.

COLLECTION OF DATA

1

The data were based on a population of 462 grade nine
students who attended the local school i.e. Morden Collegiate
during a pefiod from September, 1966 to June, 1970. Because
the population was not too unwieldy ali'students were conside
ered in the sample and consequently no}random sampling was
required, From the cumulative records the final grade nine,
ten, eleven, and twelve marks in mathematics were obtained
and recorded beside the corresponding names.

The names of any students who did not complete grade
nine or who did not return to complete the grade ten course
were dropped from the list, that is, 102 names were deleted
from the sample. New students who transferred into this
school for any grade above grade nine were not added to the
list. The final population which was used in this study was
360 students, of which 173 were males.,

The list of 360 names was then divided to form three

separate groups, that is, a group made up of all students
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enrolled in the _00 courses, one for the Ol courses and a
third for the _02 courses. To facilitate discussion of these
groupings of students the writer arbitrarily labelled eight.

subgroups as follows:
~ TABLE I

A LIST OF COURSES AND CURRESPUNDING NUMBERS
SHOWING THE GROUP ASSIGNMENTS

Course and Number 5 Assigned letter
Mathematics 100 | Group A
Mathematics 101 | Group B
Mathematics 102 Group C
Mathematics 200 ~ Group D
Mathematics 201 | Group E
Mathematics 202 | Group F
Mathematics - 300 g Group G
Mathematics 301 g Group H

Note: Group I includes subgroups A, D, G,
Group II includes subgroups B m, H,
Group IITI includes subgoups b F,

ORGANIZATION OF. DATA
The data in this study were analyzed using two different
1. Through the use of standard statistical procedures,
simple linear regression equations were derived.

2. Through the use of computer programming, multiple

regression equations were obtained.
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SIMPLE REGRESSION EQUATIONS

In order to complete the data in Table IT page 23 the
following formulae were used:

(a) Calculation of the means (X, Y)

n
= xy
i=121

N

]

X

(b) After the above measures of central tendency were come-
pleted, the measures of variability were calculated by using

the formula for the standard deviations (8x, Sy).

The standard deviation was a measure of the scatter of the
cases about their mean, that ié, the standargd deviation was
associated with the arithmetic mean. One standard deviation
distance, lying on each side of the mean, included approxi-
mately sixty-eight percent of the individual measures. A
standard deviation of small numerical value indicated that
the scores were relatively homogeneous while a large standard
deviation meant that the distribution was heterogeneous.

In other words the standard deviation measured the disversion

1

or tne spread of the cases.

=

—

{c) For measures of relationship, the Pearson Product-moment



The coefficient of correlation indicated the degree of
relationship which existed between the independent variable,
‘x, and the criterion variable, y, that is, the extent to which
high, medium and low values of variable-x corresponded .respec=-
tively to high,'medium, and low valuves of variable-y. A high
positive value of the coefficient of correlation indicated
that the paired scores variéd together, with the higher values
of x associated with the higher values of y, that is, both
scores tended to lie on the same side of the mean.

(e) For the calculation of the linear regression equations
(or prediction lines) ?; = by x3 + b, the formulae used

&

were:

n
N2 oxiys -
i="1




TABLE II

A SUMMARY OF THE MEANS

STANDARD DEVIATION, CORR&ELATION

23

COEFFICIBNTS, AND REGRESSIUN EQUATIONS

Group N Correlation
Course No, Mean S. Deviation and Regression
& Sample Size Equations
IX X IX X
100 77 72.3 11.0 13.2 r = .712
N=177 §; = .75x + 15
B ;
101 62 t 60.5 12.0 1L4.5 r = ,658
N=l/.1.l+ yl = 078}( + 12
C H
102 65 62 13.3 10.1 r = .760
N=39 i = 57x + 25
IX XTI f IX | XI
D i ;
200 80.5 | 70.5 | 10.3 | 13.2 | r = .666
N=1Ll § § . Vi = -87x + 0.5
E : ) _
201 67.5 & 60.7 10.7 13.5 r = ,508
N=89 ! : ¥ = 65x + 17
F ? :
202 63 63.7 11.1 13.3 r o= .49
I\Tzhg yl - QSX + 31
IX XII IX | XII
G : _
300 85.5 70 7.49 | 13.2 i r = .677
N=063 i g §5 = 1.106x - 25
301 73 1 67.5 1 10.1 | 10.9 | r = .390
=67 | ! Fi = 43x + 36
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.The equation which predicted the y-valve from the x-value
had two constants, bl and bo° When the x-value was multiplied
by by and the cohstant b, was added the predicted value was
closer to the actual y score than could be obtained by any
other method. .

The Pearson Product-moment correlation coefficient was
a measure of relationship or the total degree of association
between paired scores. In order to illustrate this relation-
ship the scores were plotted on the graphs on pages 25 to 32
inclusive.,

Each pair of scores was represented by a point placed
on a cartesian graph. A dot was placed at the intersection

f the abscissa (distance along the x-axis) and the ordinate
(distance along the y-axis).,

If a student did well in grade nine and also in grade
ten his scores were represented by a dot in the upper right
hand part of the graph. A student who did poorly in both
grades had his score recorded in the lower left hand section
of the graph. Where a good score in one grade went with a
poor score in the other grade the points fell in the upper
left and lower right sections.

An inspection of the graphs indicated that there was
some tendency for‘the scores to run in the lower-left to

upper-right direction.
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SCATTER DIAGRAM OF THE CORRELATION OF SCORES OF ONE HUNDEED

AND SEVENTY SEVEN GRADE NINE MATHEMATICS MARKS AND THE

GRADE TEN MARKS
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SCATTER DIAGRAM OF THE CORRELATION OF SCORES OF ONE HUNDRED

AND FORTY FOUR GRADE NINE MATHEMATICS MARKS AND THE

GRADE TEN MAKKS
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SCATTER DIAGRAM OF THE CORRELATION OF SCORES OF THIRTY NINE
GRADE NINE MATHEMATICS MARKS AND THE CORRESPONDING
GRADE TEN MATHEMATICS 102 MARKS
(GROUP C)
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' SCATTER DIAGRAM OF THE CORRELATION OF SCORES OF ONE HUNDEED
AND FORTY FOUR GRADE NINE MATHEMATICS MARKS AND THE
CORRESPONDING GRADE ELEVEN MATHEMATICS 200 MAKKS
(GROUP D)
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SCATTER DIAGRAM OF THE CORRELATION OF SCORES OF EIGHTY NINE

GRADE ELEVEN MARKS

GRADE NINE MATHEMATICS MARKS AND THE CORRESPONDING

GRADE ELEVEN MATHEMATICS 201 MARKS
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SCATTER DIAGRAM OF THE CORRELATION OF SCORES OF FURTY NINE
GRADE NINE MATHEMATICS MARKS AND THE CORRESPONDING
GRADE ELEVEN MATHEMATICS 202 MAKKS
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CATTER DIAGRAM OF THE CORRELATION OF SCORES OF SIXTY THREE

GRADE TWELVE WMARKS
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SCATTER DIAGRAM OF THE CORRELATION OF SCORES OF SIXTY SEVEN

GRADE TWELVE MAKKS

GRADE NINE MATHEMATICS MARKS AND THE CORRESPONDING
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-Table II page 23 contained a summary of regression
equations for the groups. The equations were of the general
form y = byx + b, where bl and bO were constants, consequently
where by was thé»slope of a straight line and b, was the
y-intercept (since y = mx + b is the general equation of a-
straight line with slope, m, and y-intercept, b).

From the linear graphs (pages 34 to L1 of the simple
regression equations it was possible to predict marks in the
senior high gfades by moving horizontally until the abscissa
corresponded to the student's grade nine mark and then pro-
ceeding vertically upward from that point to the graph.
Where the graph and the vertical line intersected, the

ordinate indicated the predicted mark.
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GRAPHICAL ILLUSTRATION OF THE PREDICTION LINE REPRESENTING

GRADE TEN MARKS

THE LINEAR REGRESSION EQUATION

(GROUP A)
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GRAPHICAL ILLUSTRATION OF THE PREDICTION LINE REPRESENTING

GRADE TEN MAKKS

THE LINEAR REGRESSION EQUATION
(GROUP B)
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GKADE TEN MARKS

36

HICAL TLLUSTRATION OF THE PREDICTION LINE REPRESENTING
THE LINEAR REGRESSION EQUATION

(GROUP C)
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| GRAPHICAL ILLUSTRATION OF THE PREDICTION LINE REPRESENTING
. THE LINEAR REGRESSION EQUATION
(GROUP D)
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GRAPHICAL ILLUSTRATION QOF THE PREDICTION LINE REPRESENTING
| THE LINEAR REGRESSION EQUATION

(GROUP E)
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 GRAPHICAL ILLUSTRATION OF THE PREDICTION LINE REPRESENTING
THE LINEAR REGRESSION EQUATION

(GROUP F)
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. GRAPHICAL ILLUSTRATION OF THE PREDICTION LINE REPRESENTING
THE LINEAR REGRESSION EQUATION

(GROUP G)
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GRAPHICAL ILLUSTRATION OF WHE PREDICTION LINE REPRESENTING
THE LINEAR REGRESSION EQUATION

(GROUP H)
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) MULTIPLE REGRESSION EQUATION

Because multiple correlation deals with the calculation
of weights which produce the maximum possible correlation
between the criterion variable and the weighted sum of two
or more predictor variables and because the steps were rather
tedious the raw scores were key-punched on computer cards
and fed into the computer to obtain information for the general
equation Criterion'?& = A (Predictor 1) + B (Predictor 2)

+ C )Predictor 3) + Constant. This multiple regression

equation consisted of an algebraically determined constant

value and the regression weight of each of the independent
variables which_functioned as predictors. Each regression
weight indicated how many units the criterion variable increased
(or decreased) for each variation of one unit in the indepen-
dent variable,

This general equation for pfedicting the score in grade
twelve, for example, was derivéd by computing the numerical
coefficients for each of the letters.A, B, and C. The tech-
nique used to determine the rélationships between two or more
independent variables and the dependent variable was done in
three steps or stages.

The table below was an extract from a print-out summary
for the G group showing the effect of stepwise regression.

Step no. 1 determined the numerical coefficient C, to
vbe .839 and a constant of 7.331 which yielded and equation
of ¥ = .839 (XI) + 7.331. But since it was necessary to add

- the effect of grade ten scores step no. 2 was computed.,
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TABLE III

EXTRACT FROM PRINT-OUT SHOWING REGRESSION WEIGHTS,
REGRESSION CONSTANTS, PER CENT VARIANCE ACCOUNTED FOR

AND PROBABILITY LEVEL FOR GROUP G

STEP NO VARIABLE WEIGHT CONSTANT VARIANCE PROBABILITY
(GRADE) [

ONE Eleven .839 7.331" 65.03 .000

: Ten 478

TWO -1 .181 - 70,81 .001
Eleven 0504 v
Nine . 262

THREE . Ten 408 -17.535 72.05 121
Eleven ’ 455

* Complete print-outs included in appendix B.

The inclusion éf grade ten score raised the variance of
the predicted score accounted for to 70%. from 65%. The coef-
 ficient C was altered to .504243 and the numerical coefficient
B was introduced as .477581 with a new constant of -4.181.

At that point the new equation was ?i = ,,78 (Grade X) + .
.504 (Grade XI) - 4.18.

In order to consider grade nine scores Step no. 3 re-
distributed the weights and brought out a new constant. The
.inclusion of those scores raised the percent variance accounted

for to 72, Consequently, the final equation became

§; = .262 (Grade IX) + 408 (Grade X) + .455 (grade XI) - 18.5L
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The coefficient of multiple correlation indicated the
extent 6f the relationship that existed between the depend-
ent variable and the independent variable. The square of
the multiple correlation coefficient (coefficient of determ-
ination) expressed the amount of variance of the independent
variable that was accounted for by the independent variable,
that is, the greater the number of independent variables
. the greater the portion of variance that was accounted for
in the criterion.

For the multiple regression study the population (or
Sample) was decreased to 222 since many students switched
from the 100 course to 201 or 202 or from 101 to. 200 or 202
and were deleted from the original sample.

There was no way of graphically illustrating the above
resulﬁs. Table IV. page 45 contains the summary of the mult=

iple regression équations taken from the print-outs.
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TABLE IV:

A SUMMARY OF THE MEANS, STANDARD DEVIATIONS, CORRELATION

COEFFICIENTS, AND MULTIPLE REGRESSION EQUATIONS

(a) Mean
Group & ' Correlation
Sample (b) Standard Deviation and
Size Regression Equations
IX X XI| XII

A (a) 80.9174.9 ri, = .70
N =137 | (b) 10.4 | 11.9 | § = .795(Gr. IX) + 10.64

i |
B 5 (a) 66.3 759.9 rio = .53
N = 62 E (b) 11.1}15.9 § = .758(IX) + 9.69

% x
c g (a) 64.1 .62'2 rys = .77
N =23 | (b)11.8/10.9 ¥ = .710(1X) + 16.66
D ' (a) 80.9 | 74.9 | 70.8 713 = W67, rpy= .82
N =137 | (b) 10.4 }11.9]13.3 § = 2LL(IX) + ,765(X) = 6.20

i ' '

]
E { (a) 66.3 {60.0 {60.9 | r13 = 57, Tp3= .73
‘ i

N=¢62 | (b)11.14{15.9]13.8! § = .320(IX) + .517(X) + 8.75
F (a) 6L.1762.2 1 62.1 riz= .59, Ipq= .81
N =23 | (b)11.8[10.9] 14.4 | $= =.200(IX) + 1.149(X) - 2.97

!

§ ] :
G (a) 86.01 78.5 | 74.5169.9 | r) = .65, ry = .79, r3, = .8l
N = 60 (b) 7.3§10.7{12.3 {12.8 §=.260 (IX)+.408(X)+.455(XI)~-18.5

| |
H (a) 68.8160.61 64,2 t65.5 ry, = .49,:‘2ZJL = W52,rg) = 54
N = 25 (b) 11.2 } 14.9 {12.0 {12.1 | §$=.192(IX)+.184(X)+.271 (XI)+23.77
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The remainder of the res@lts in the form of print-outs
will appear in appendix B.

The hypothesis that there was no significant difference
between the means of the predictor variables and the criterion
variable was rejected at the five percent level of signific-
ance. In other words, if the probability level was above
.05 the independent variable was rejected. If the probability
level was below .05 a large F factor could not happen by
chance and consequently the null hypothesis was accepted.

Because some of the independent variables were rejected
due to significant variations or differences it was necessary
to calculate new equations for some of the groups , in part-

icular for F, G, and H.
TABLE V

LIST OF REVISED MULTIPLE REGRESSION EQUATIONS

GROUP . MULTIPLE REGRESSION EQUATION
F 1.066 {(Grade X) -~ L.165
G 2478 (Grade X) + .504 (Grade X¥I) - 5.18
H 542 (Grade XI) + 30.74




SUMMARY

This chapter dealt with the: organization of the data into
two categories., The first part dealt with a description of

thé procedures utilized and some analysis regarding linear
regression equétions; while the second section was devoted
entirely to a discussion and analysis related to multiple
regression techniques. |

In the discussion of the first section a sample of 360
scores was employed. In order to obtain the linear recressibn
equations it was imperative to wofk through a secuence of
steps, that is, calculate the means, standard deviations, and
coefficients of correlation. To make the equations more
comprehensible graphical illustrations were included. The
scattergrams illustrated the standard deviations and the
correlation of scores.,

The multiple regression technique was discussed in some
detail in spite of the fact that all the information was
derived from the summary print-outs. The general multiple
regression equation'?i = A (Predictor I) + B (Predictor 1)

C (Predictor III) + Constant was defined. The derivation
of the numerical coefficients was explained. It was also
pointed out that the size of the sample was reduced to 222

lue to the fact that some students changed courses during

o

<t

heir senior years. Finally a summary of the eqguations was

D
[

lude

o

n

j 8 \
o

The findings of the investigation and a comparison of

these findings were reported in the succeeding chapters,




CHAPTER IV
 ANALYSIS OF DATA

In this chapter an analysis of data is reported and the
fegression equations applied to the grade nine scores in
order to.prediCt student achievement in the final year of
high school. Comparisons . of the prediétéd scores and the
actual results are also presented.

A discussion of the inferential properties of the stat-
istical investigation necessitates consideration of a number
of factors. These factors are cofrelatioh, regression, simple
and multiple regression equations, and standard efrors of
estimate. ' Through a study-of these factors the writer sought
to establish pfactical means by which prediction of success
in high school may be accomplished at a reasonable level

of accuracy.

Correlation

The correlation coefficient, r, is a term used to des-
cribe the relationship between the independent.variable x
and the dependent variable y in this case the grade nine
mark and the mark in a later grade. The presence of a correla-
ticn between the two variables does not necessarily mean
that there exists a causal link between them but that a stat-
istical relétionship exists,

For group A, an "r" of .71 indicated that there was a
high correlation between the marks achieved by the students

in grade nine mathematics and the marks achieved by the same
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studeﬁts a yéar later in Mathematics 100. The scatter diagram
presented on page 25 indicated the relationship in a non-
\numerical way, that is, there was a high dénsity'of location
points along a diagonal line running upward and to the right,
Neither the r of .7l‘nof the diagram gave any evidence of
"why" or "cause" for this relationship but only that such

a relationship existed.,

For group H, the "r" of ,39 indicated that there was _
a low correlation between the marks obtained by the studenté-
in grade nine mathematics and the marks achieved by the same
student three years later in Mathematics 301. The scatter
diagram on page 32 indicated this poor relationship in a
non-numerical way sihce the location points did not present
a definite direction,

In the table below, the reader can find the numerical'
correlation coefficient for each group and the corresponding
magnitude of relationship. There is no definitive explana-
tion for the magnitude of relationship since it is strictly
a subjective concept. The writer has arbitrarily labelled
a correlation 6f .70 plus as high, .60 - ,69 as moderate,
and .59 minus as a low magnitude of relationship,

To examine the results presented above in another way,
'kthe coefficient of determination (r<) was calculated. This
coefficient expresses the amount of variance in y (the depen-
dent variable) which may be accounted for by x (the indepen-
dent variable). For Group A, r? = (,71)2 = .50 which indi-

cated that approximately one half of the variance of the
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' grade‘ten-marks may be accounted for by the grade nine marks,
Similarly for group H, r? =’(.39)2 = .15 which indicated

that approximately fifteen percent of_the.variahce'in Yy was

; accounﬁed for by the grade nine marks.  The variance for all

the groups is summarized in Table VI.
TABLE VI

A SUFMMARY OF THE CORRELATION CUEFFICIENTS, VARIANCE,
AND MAGNITUDE OF RELATIONSHIP :

GROUP ; CORRELATION |  VARTANCE | MAGNITUDE
A 71 50 . High
B .66 | Lby | Moderate
C 76 58 High
D .67 L5 Moderate
E 51 26 Low
F oh2 . 18 ~ Low
G .68 » W7 i Moderate
H » 39 15 | Low

The Corrélation between the independent variables and
the criterion variablé was also required for the multiple
regression analysis, The correlation matrix in Table VII
below is an excerpt from the computer printFout. This table
illustrates the moderate association between grade nine and
ten marks, the moderate association between grade nine and
eleven marks, and the low association between grade nine and

twelve marks.



TABLE VIIX

CORRELATION MATRIX FOR MATHEMATICS 301

Ut
[

) 9 10 Coon 12
9 | 1.000000 | 0.610988 | 0.634796 | 0.487590

| § :

10 | 0.610988 | 1.000000 | 0.690395 | 0.521760
| P

11 | 0.634796 | 0.690395 | 1.000000 | 0.539009
| -

12 . 0.487590 g‘ 0.521760 | 0.539009 | 1.000000

i

A computer program designed to provide step-wise regression
was used to analyze the results obtained by following the .
students through from grade nine to twelve. (This analysis
is presented in Appendix B) It was noted that in Step 2
the coefficient of determination, r<, between grade eleven -

and grade twelve was 29.05%. Step 2 included grade ten and
together with the grade eleven accounted for 33.33% of the
variance. Sﬁep 3 (or the inclusion of grade nine) indicated
that 35.04% of the variance in grade twelve was accounted for

by grades nine, ten, and eleven combined.

Pegression

The regression line on the graph provides a means, whether
the equation is used alone or in conjunction with the grabh,
by which the student could_predict his score in grade ten
on the basis of his grade nine mark. The regression equation

i1s as dependable-as’its components, especially the y -intercept,

bo, which is dependent on the differential between the means.



For group A, a grade nine mark of 70 would yield a
grade ten predition score of 67.5 from the equation'?ﬁ =
.75x + 15, In the table below, the reader can find corres-

pronding marks in each group based on certain grade nine marks.

-

TABLE VIII

CORRESPONDING MARKS-IN BACH GROUP BASED ON
CERTAIN GRADE NINE MARKS

GROUP PREDICTED SCURES BASED ON

52 68 78
A 54 ‘ 66_ 178
B 53 | 65 78
C 55 6L 73
D L7 60 | 74
E 51 61 71
P 58 66 | 7
G 33 50 68v
B 58 65 | 72

- These ﬁredicted scores'would be exact if the correlation
were equal to one and/or the standard deviation of y were
zero. A significant result of the fegression investigation
revealed a considerable error of estimate when the prediction
was based on.the grade nine marks,

In using the prediction equation or prediction line

graphs errors of estimate were inevitable, that is, there
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vwere differences between the estimate score and the actual
score. Those differences were labelled "ei". The variance,
Se2, would be the result of summing all the ei2 andldividing
it by n - 1. The square root of the variance yielded the
standard error of estimate, Se. A shorter way of acquiring'
the standard error of estimate was by using the formula

Se = Sy\/l - rzxy. That standard error of estimate could
then be used to set limits around the predicted score vy,
within which a person's actual score was likely to lie.

The standard error of estimate, calculated by using the
formula S, =sy 1~ riy, implied that §8 per cent of the
predicted scores would be within the limits plus or minus
that value of the actual score. The standard error or estimate
for group A was 9.2 which meant that the original mark of
70 in grade nine and a preaicted mark of 67.5 in grade ten
would in essence range from 58.3 to 76.7 for sixty-eight
per cent of the populatioh to which the regression eguation
was applied, and from L9.l to 85.9 for two standard errors
or ninety-five per cent of the population. Graphical illus=~
trations can bé found on pages 54 to 6lfinclu3ive.

The prediction lines selected were those which minimized
the sum of the squared deviations i.c. the sum of the distances
of the points from the line. The graphs'in_appendix A, pages
78 to 85 illustrated how the prediction lines related to the

distribution of scores. The lines were drawn in such a direction

as to create the least-squares regression line.
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GRAPHICAL ILLUSTRATION OF THE STaNDARD ERROR OF ESTIMATE,

Se = l4.6 FOR GRUUP A
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GRAPHICAL ILLUSTRATION OF THE STANDARD ERROR OF BESTIMATE,

Se = 12.1 FOR GROUP B

100

TEN MARKS

GRADE

20 2é 35 LIy 52 60 68 76 8, 92 100
GRADE NINE MARKS



56

GRAPHICAL ILLUSTRATION OF THE STANDARD ERROR OF ESTIMATE,
Se¢ = 6.6 FOR GROUP C
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GRAPHICAL ILLUSTRATION OF THE STANDARD ERRUR OF ESTIMATE,

9.9 FOR GROUP D
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GRAPHICAL ILLUSTRATIUN OF THE STANDARD ERKOR OF ESTIMATE,

Se = 11.5 FOR GROUP E
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GRAPHICAL ILLUSTRATION OF THE STANDARD ERROR OF ESTIMATE,

Sg = 12 FOR GROUP F
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GRA?HICAL ILLUSTRATION OF THE STANDARD ERROR OF ESTIMATE

s

9.6 FOR GROUP G
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GRAPHICAL ILLUSTRATION OF THE STANDARD ERROR OF ESTIMATE,

Se = 10 FOR GROUP H

100 A
92 - | , | | |
' ‘ . ‘ {\‘ S
84 - | N ‘ \
N _ L/,
76 - N
R 4 |
6d R ;‘; ’ % -
&< _ B > L5 /} 9%
60 L3 A ] |
i _ 4 ,
‘ p 2 N / {
v AN }
Ll - | N
' !
36 - )
_ !
28 - ; : T
i
20 |

T T Y 12 v Y Y 3

20 28 36 LL 52 60 68 76 84 92 100
GRADE NINE MARKS



6»‘

v

‘To facilitate the collecting of information which was
illustrated by the graphs a summary of the equations with

corresponding errors was prepared in the table below.

TABLE IX

-

A SUMMARY OF LINEAR REGRESSION EQUATION WITH CORRESPONDING
STANDARD ERRORS OF ESTIMATE

GROUP EQUATION S,
A Y3 = «75x + 15 ‘ 9.2
B Vi = «78x + 12 10.7
c vy = .57x + 25 6.6
D y; = 87x + .5 9.9
E yi = .65x + 17 11.5

F yi = .51x + 31 - 12.0
G yy =1.15x - 28 9.6
H Y = .43x + 36 110.0

Due to their complex nature, it is impossible to graph
the multiple regression equations. Consequently, these equa=-
tions and the corresponding standard errors of predicted y

are tabulated in Table X on the following page.
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TABLE X

A SUMMARY OF MULTIPLE REGRESSION EQUATIONS WITH CORRESPUNDING
STANDARD ERRORS OF ESTIMATE

-

Group Equation ) Se
A § = .795(IX) + 10.61 8.5
B T o= J758(IX) + 9.69 13.5
C | 4 = .710(IX) + 16.66 | P7.
D 4 = 2LL(IX) + .765(X) - 6.20 . 7.5
E 4 = .320(IX) + .517(X) + 8.75 9.1
F 4 ==,100(IX) + 1.1L9(X) - 2.97 | . 8.9
G Y = .260(IX) + .L08(X) '+ A55(XI) - 18.54 6.9
H Y = .192(IX) + .184(X) + .271(XI) + 23.77 | 10.4

From Table X it is possible to calculate the predicted
mark for a student, for example, in Group H, if the student
who obtained marks bf 53, 58, and 68 in grades nine, ten,
and eleven respectively inquired about his probable success ﬁ3¥*¥f
in grade twelve 301 course his equation'? = ,192(IX) + .18L(X) S
+ .271(XI) + 23.77 would yield a prediction score of 63.
But a standard error of 10.4 implies that 68 per cent of the
predicted scores would be within the limits of plus or minus
10.4 of 63, ranging trom 53 to 73. To predict his score

with a greater degree of accuracy, say 95% or two standard

Aerrors, his score would lie in the range L3 - 83,
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Summary

This chapter deals with the factors which were employed
in the analysis of data.

The coefficient of correlation was a true indicator of

the relationship between the predictors and the dependent

or criterion variables. The square of the coefficient (known

as the coefficient of determination) expressed the amount
of variance in the dependent variable that was due to the
independent variable.

Linear regression equations were discussed together
_with some predicted scores (see Table VIII, page 52).
Because standard errors of estimate were ihevitable, graph=-
ical illustrations of these were also included. A summary
of the linear equations was presented on page 62 and of the
multiple equations. on page 63.

The inferences from the foregoing énalysis will be pre-

sented in detail in the following chapter.



.CHAPTER V
SUMMARY, CONCLUSION AND RECUMMENDATIONS

This chapter presented a brief review of the study,
the findings and cross-validation of the equations, and

some concluding remarks including recommendations.
SUMMARY

In this study 360 studénts who were enrolled in a grade
nine mathematics course were given the freedom to choose any
Mathematics course in grades ten, eleven, and twelve. All
students attended Morden Collegiate and almost all of them
had attended the Morden Elementary Schéol for their grade
eight.

The general purpose 6f this study was to examine pupil
achievément'in the senior high grades and in terms of their
achievement to determine whether or not there should be more

directed guidance offered to the students at the completion

of grade nine regarding course choice and prediction of success.

Examination of the correlation indices revealed positive

and significant values (ranging from between .488 - .817)

between the predictor variables (grade IX marks) and the crit-

erion variables (see Tables XIII - XIX in appendix A). The
regression equations were based on the correlations and the
means between the independent variables and the dependent

variables. The positive and significant correlation values
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producéd valid regression equations.l

These prediction or regression eqﬁations were Cross-
validated at the grade twelve level by selecting five students
at random from each group G (300) and H (301). Each student's
predicted score was recorded and compared with his actual
score. This investigation was designed to determine the
efficiency of predicting grade twelve marks by means of
simple linear regression equations and also by means of
multiple regression equations and then comparing the results

with the actual scores.
TABLE XI

' CROSS~VALIDATION OF TEN GRADE TWELVE RESULTS BY COMPARING
PREDICTION SCORES WITH ACTUAL SCORES

SUBJECT | SCORES ACHIEVED | MULTIPLE LINEAR ACTUAL
NUMBER IN REGRESSION { REGRESSION | SCURE
IX X XI SCORE SCORE

059 96 95 88 85 82 8. '
053 75 65 53 52 58 61
037 84 87 77 7h 69 63
029 75 | 57 | 51 L7 58 L5
138 75 | 80 | 73 , 67 58 62
154 53 58 68 63 59 52
009 63 | 3 51 - 56 63 63
102 - 69 | 78 | 60 68 66 L3
052 6L | 52 | 59 62 61, 54
076 78 | 69 | 67 - 70 70 81,

lJames N. Jacobs, "Aptitude and Achievement Measures in
Predicting High School Academic Success,™ Personnel and
Guidance Journal, Vol. 37 1959, p. 335.
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. THe results in the above table indicated that reasonably
accurate predictions of Grade twelve results could be.made
from grade nine mathematics results, using either the linear

or the multiple regression equations,
CONCLUSIONS

It has been shown that students achieving fifty per
cent or better in grade nine have a very realistic chance
of being successful in any one of the grade ten mathematics
courses. In fact it would appear that essentially there is
no difference in the probability of success or the predicted
scores at this level. The grade nine marks are valid pre-
diction of success in grade ten. Consequently, the decision
as to which course students should choose should rest entirely
upon the individual student's wishes, needs, and abilities,
This means that students who wish to take a course of the
practical nature would be satisfied by Mathematics 102.

Those students who desire a formal mathematics course dealing
with algebra and its applications would be encouraged to take
Mathematics 101l. The students who wish to explore all the
facets of Mathematics and who enjoy the theoretical approach
would enrol in Mathematics 100.

It would also appear that the students who scored below
fifty percent in Mathematics IX should be required to repeat
the course in grade nine unless there were some extenuating
circumstances, such as a prolonged illness during grade nine

which is not likely to recur or where a student is much older




than his classmates,
As the reader can see from Table XII below, if a student
received less than 50 in grade IX, the probability of that

student passing grade ten is indeed very low.

-

TABLE XII

GRADE TEN PREDICTED SCORES USING LINEAR AND MULTIPLE REGRESSION

EQUATIONS
L SIMPIE LINEAR MULTIPIE
GROUP
4O | 4h | 48 4O | 4L | 48
A L5 | L8 | 51 L2 | 46 | L9
B k3 | us | L9 40 | 43 | L6
c | L8 | 50 | 52 L5 | L8 | 51

In predicting grade eleven and twelve séores it is
preferable to insert the most recent scores, that is, those
achieved ih the highest grade, if prediction is made on the
basis of a single score . However, when more than one score
is to be inserted the best prediction is achieved when the
scores of all preceding grades are/used.

Since the ultimate objectivé of this study was to
providé statistical information as evidence that would enable
teachers, counséllors, and principals to council students
with respect to the selection of subjects in grade ten,
particularly in:the 'selection of mathematics courses, .this

objective was achieved but the accuracy of the prediction
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is not as high as anticipated. Statistically, the student

has an equal chance of success in any one of the three courses.
This is also true for a student going into grade eleven

but with certain limitations since a student could not func-

tion in a 200 course if he had notvpreviouély taken 100,
However, the fact that a study has been performed and

that regression equations and corresponding graphs have been

.developed and could be explained to the student or: the parents:

would conceivably inspire the students to maximize his poten-‘

tial. Hopefully the findings of this study, i.e. the regres-

sion equations and graphs, will be of value to the student:

in determining the probable score in the next grade or at

the end of his high school career. In spite of the relatively

large error of estimate it is superior to the so-called

"educated guess".

RECOMMENDATT ONS

Based upon the analysis of data collected in:this invest-
igation and the literature reviewed in the study, the following
recommendations‘are submitted.

It is recommended that school counsellors and classroom
teachef develop a system by which prediction techniques such
as described in this paper be used effectively as an aid
to forecasting academic success in high school. This system
enables counsellors to employ existing data available in

the student records to predict future achievement. As noted

\
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in the conclusions a single mark bears only a moderate pre-
dictor value but the results achieved over several grades
arervaluablé:..as predictors:of future .achievemént..

It is also recommended that students of the ninth grade
be given more guidance with respect to the nature and demands
of high School mathematics., As most of the information re-
‘quired in this respect is related to the subject itself, it
is provided by the subject area instructor.

Since it is noted by several authorities that prognostic
tests which are developed by classroom teachers are frequently
more valid than commercially prepared tests, it is recommended
that the mgthematics teachers of the Western School Division
develop cooperatively a seriesvof prognostic tests. If these-
instruments were anal&zed item by item each semester, in a
short period of time a valuable prognostic test would be
available. |

It is further recommended that teachers utilize this
type of research or statistical analysis in an effort.to
motivate their}students. If students are permitted to cal=-
culate their predicted scores, based on past performance,
from the regression equations or the graphs they will attempt
to better their predicted mark due to the "Hawthorn'" effect,

a consequence of any group being considered for an experi-
ment. Also the teacher maintains a keener interest in his
methodology and the student. Ever§ year the sample size
would be increased and consequently the predictions would

become more valid.
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- It is also recommended that another study might be under-
taken utilizing the grade-point average in conjunction with
the subject as a multi-predictor for achievement in senior

high mathematics.
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TABLE XIII

-

CORRELATION MATRIX FOR MATHEMATICS?lOO (GROUP A)

Grades 9 10
9 1.000006 0.698569
10 0.698569 1.000005
TABLE XIV

CORRELATION MATRIX FOR MATHEMATICS 101 (GROUP B)

Grades 9 10
9 1.000004 0.531724
10 0.531724 1.000000
TABLE XV

CORRELATION MATRIX FOR MATHEMATICS 102 (GROUP ¢)

Grades 9 10
Q9 1.000000 0.771L40
10 0.7714L40 1.000000



TABLE XVI

CORRELATION MATRIX FOR MATHEMATICS 200 (GROUP D)

Grade 9 10 11
9 -1.000006 0.698569 0.669175
10 0.698569 1.000005 0.817409
11 0.669175 0.817409 1.000004
TABLE XVII
CORRELATION MATRIX FOR MATHEMATICS 201 (GROUP E)
Grade 9 10 11
9 1.000004, 0.53172L 0.573096
10 0.531621 1.000000 0,729970
1 0.573096 0.739970 1.000000
TABLE XVIII
CORRELATION MATRIX FOR MATHEMATICS 202 (GRUUP F)
Grade 9 10 11
9 1.000000 0.661LL0 0.588889
10 0.771LL0 1.000000 0.806302
11 0.588889 | 0.816302 1.000000




TABLE XIX .

CORRELATION MATRIX FOR MATHEMATICS 300 (GROUP G)

Grade 9 10 11 12 .
9 { 1.000000 | 0.643896 | 0.628735 | 0.645837
10 0.643896 1.000020 0.801155 0.789990

> 11§ 0.628735 0.801155 1.000008 0.806422
12 0.64L5837 0.789990 0.806422 1.000000

i
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| SCATTER DIAGRAM OF THE CORRELATION OF SCURES SUPERTMPUSED
ON THE GRAPHICAL ILLUSTRATION OF THE CORRESPONDING PREDICTION
LINE REPRESENTING THE LINEAR REGRESSION EQUATION
 (GROUP a)
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SCATTER DIAGRAM OF THE CORRELATION OF SCURES SUPERTMPOSED
ON THE GRAPHICAL ILLUSTRATION OF THE CORRESPONDING PREDICTION
LINE REPRESENTING THE LINEAR REGRESSTON EQUATION

o (GROUP B)
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SCATTER DIAGRAM OF THL CORRELATION OF SCURES SUPERIMFUSED

 ON THE GRAPHICAL ILLUSTRATION OF THE CORRESPONDING PHEDICTI ON

GRALE TEN MARKS

LINE REPRESENTING THE LINEAR REGRESSION EQUATION
| (GROUP C)
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SCATTER ‘DIAGRAM OF THE CORRELATI ON OF SCURES SUPERIMPOSED

ON THE GRAPHICAL ILLUSTRATION OF THE CURRESPONDING PREDICTION

ELEVEN MAERKS

GRADE

LINE REPRESENTING THE LINEAR REGRESSION EQUATION

(GROUP D)
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SCATTER DIAGRAM OF THE CORRELATION OF SCORES SUPERIMPUSED

ON THE GRAPHICAL ILLUSTRATION OF THE CORRESPONDING PREDICTI ON

GRADE ELEVEN MaRKS

LINE REPRESENTING THE LINEAR REGRESSION EQUATION
(GROUP E)
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SCATTER DIAGRAM OF THE CURRELATIUN'UF SCURES SUFERINPUSED
ON THE GRAPHICAL TLLUSTRATION OF THE.CORRESPONDING PREDICT ION
LINE REPRESENTING THE LINEAR REGRESSION HQUATION

 (GROUP F) |
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SCATTER DIAGRAM OF THE CORRELATION OF SCURES SUPEKIMPUSED
ON THE GRAPHICAL TLLUSTRATION OF THE CURRESPONDING PREDICTI ON
LINE REPRESENTING THE LINEAR REGRESSION EQUATION

| (GRUUP G) |
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SCATTER DIAGRAM OF THE CORRELATION OF SCURES SUPERIMPUSED

ON THE GRPHICAL ILLUSTRATION OF THE CORRESPONDING PEEDICTION

" LINE REPRESENTING THE LINEAR REGRESSION EQUATION
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SINESS FORMS LURITED

TT REGRESSION AMALYSIS PREDICTOR GR IX MATH

CRITERIGN 100 MATH

ND. CF FORMAT CARDS
W NJ. OF OBSERVATIONS

ot

—-
A3

) i N3, OF VARIABLES = 2 i .
P _LEVEL TO ADD VARIABLE = 1.000
P LEVEL YO DELETE VARIABLE = 1.000
. FORMAT (4X,F3,0,1X,F3,0) ) B
__MEANS e ~
1 2 i -
1 - + B80.854004 74.934296
CSTANDARD DEVIATICNS—UNBIASED
- ! 2 )

1 10.4378933

11.8813906

.CORRELATIAONS

-

1 1.000006

2 0.668569

2

1.000005

0.698569

%8




W ol Y W

O

W PORMS LIMITED

GR 9 MATH + MATH 100

N OF PREDTETARS = i : :
_CRITERIGN = VARTABLE , 2 - B
MNEW DESIGNATION CF CRITERION VARIABLE = —_ 2
ORIGINAL DESIGMATION OF PREDICTOR VARIABLES = 1
MNEW DESIGNATICN DOF PREDICTCR VARIABLES = 1
T CORRELATION MATRIX FOR THIS REGRESSTON PROBLEM
1 2

1 1,000006  0.658569
2 ' 0.698569 1.300005

0
~J




JIINESS FORMS LIMITED

I3

*XXSTEP NO, 1

_ VARIABLE ENTERING 1

1 0.6985565 0.795207 0.C70104

F VALUE FOR VARIABLE EMTERING 128.668549 i o
_PROBABILITY LEVEL .. Ge00OGCO ) B )
PERCENT VARIANCE ACCOUNTED FOR. : 48,799118
e STANDARD ERROR OF PREDICTED Y 8.533515
B _ANALYSIS OF VARIANCE TABLE ... .
SOURCE DF SS MS F p
__REGRES 1. 9369, £680  .93695.680 128.667 0.000000
RESIN 135, 9830.820 _ 72.821 T o
TOTAL 136, 19200.500 e }
R _
__REGRESSION WEIGHTS §
e VARIABLES _ STANCARD WEIGHT _ WEIGHT  STANDARD ERROR

#xxxNO FURTHER STEPS REQUIRED

COCNSTANT = 10.639

END OF THIS JoB

% .
i 3
P

i




L T

JINESS FOTMS LIMITED

JMEANS

TT REGRESSION A

MALYSIS PREDICTOR GR IX MATH  CRITERIGN 101 MATH

NOY,
N, OF OBSERVATI
NO. 0OF VARIABLES

P LEVEL TO DELET

OF FCRMAT CARCS

P_LEVEL TC ADD VARIABLE =

FORMAT(4XyF3.0,5

1
B2

TR

ONS =
= 2

E = _.1.000
£ VARIABLE = 1,000
XsF3.0)

1

1 ., 66.3064472

~ STANDARD DEVIATICNS-JNBI
1

ASED

59,.935471

' - )

1 11.130517

15.864044

_CORRELATIONS

-

2 0.53172%

e ——

000004

1

0.531724

1.C000000

69




IAINESS FORMS LMITED

GR 9 MATH + MATH 101

NO. OF PREDICTNRS = 1
LCRITERION = VARIABLE 2
NEW DESIGNATION CF CRITERION VARIABLE =
ORIGIMAL DESIGNATICN OF PREDICTOR VARIABLES
NEW DESIGNATION OF PREDICTOR VARIABLES

LEIE V]

~ CORRELATION MATRIX FOR THIS REGRESSION PROBLEM
1 ‘ 2

1.000004  0.531724 L
¢ 0.531724 1.000000

N

06




TETY sasxSTEP NOL 1 o | <
. VARTABLE ENTERING P S
F VALUE FOR VARIA3BLE ENTERING | 23.650375
oo PROBABILITY LEVEL 0.000009
(D PERCENT VART ANCE _ACCCUNTED FOR 28272888 T
e STANDARD ERROR 3JF PREDICTED Y 13547056 '

.. ANALYS TS OF VARIANCE TABLE

Wgéﬁﬁéémm5€Mk §s Ms ”MMH”“mwMWWMﬁwﬂwmwwwmwwmewupwm%uMwWw%W“wm-

_ REGRES 1. _ 4340,387 4340,387 23.650 0.000009 j

TOTAL 61. 15351.750 | o

?

_REGRESSINY WEIGHTS =~

1 0.531722 0.757847 0.155834

CONSTANT = -9.685

THEEENO FURTHER STEPS REQUIRED . I - et
END OF THIS J98B

\O
o H
H
-
k]
3 - . - -
2
Z




Vo wv TT REGRESSION ANALYSIS PREDICTOR GR IX MATH ~ CRITERION 102 MATH

NO. OF FORMAT CARDS
e ,WWM‘NO-WOF,DBSERVATIQNS__”,Mm23wVWMWMMWWWMMMﬁWWWWWWHWMMNWMM;,”,;;W;MWM,_WW,H“WM;“WWHMU
O NO. OF VARIABLES = 2 o - o
' P _LEVEL TO ADD VARTABLE =  1.000 :

P LEVEL TO DELETE VARIABLE =
_FORMAT (4X,F3.0,9X,F3.0)

o
; -

__MEANS

P ,]_- ._.‘ ,,2,., rm e e P o— i » S | U PP PP

1.+ 64.,086945 62, 217377

STANDARD DEVIATIONS-UNBIASED
1 2

1 11.797199  10.8709¢64

...LORRELATIONS

1_,,", . 2, - SN e N y - N ‘ ) y/“— . i e 4 ek e b £ 4 ST b e A o b «MM-.; R

S e 10000000 O T TLGh QT e e
2 0.771440 1.000000 o

" HNESS FOIMS Umited
1
i
i
i




GR 9 MATH + MATH 102

NO. OF PREDICTORS = 1 : » ;
e CRITERION = VARIABLE 2 i
NEW DESIGNATION OF CRITERION VARIABLE =
ORIGINAL DESIGNATION OF PREDICTOR VARIABLE

min N
!

USRMESS FORMS LIMITES

S_ -
NEW DESIGNATION OF PREDICTOR VARIABLES 1
CORRELATION MATRIX FOR THIS RESRESSION PROBLEM ” - o
1 1.000000  0,771440 S
2, 0.771440 1.000000 .

£6




PRV S Sy &

USINESS FORMS LIMITED

CEREESTEP NO. 1 e
___VARIABLE ENTERING 1

F VALUE FOR VARIABLE ENTERING 30.867111
- PROBABILITY LEVEL o 0.000016
PERCENT VARIANCE ACCOUNTED FOR . 59,511917
_STANDARD ERROR OF PREDICTED Y 7.080032

ANALYSIS OF VARIANCE TABLE

\ _REGRES e .. 1547.,273 1547,.273 ; 30.867 0.00C016 .
RESTD 51 1052.664 T m gL pag e e S Aot

TOTAL 22, 2599.938

g . [ R [T

T
__REGRESSICN WEIGHTS

VARIABLES STANDARD WEIGHT WEIGHT STANDARD ERROR

1 O 0.771440 T 00710869 T T 0. 1279‘30 -

CONSTANT = 777716.660 T

END OF THI NS«JO~B :

6




TRV

~ TT REGRESSION ANALYSIS PRED MATH 9 100 CRITERION MATH 200 =~

_NO. OF OBSERVATIONS

1
v

NO. OF FORMAT CARCS -

o

NO. OF VARIABLES = 3

P _LEVEL TO ADD VARIABLE = 1.000

“113 #ORMS LimiTeD

hﬂmmm“wmwwwwmmiMMWWWMWMMWMMWZMWWWWWMMMnWMMB

P LEVEL TO DELETE VARIABLE =77 1,000

_FORMAT (4X,F3.0,1X,F3.0,9%,F3.0)

1 B0. 854004 74.934296 10646710 o
 STANDARD DEVIATIONS-UNBIASED =~~~ N
1 2 3

1

13.294683

10,437893  11.881906

LORRELATIONS

0.698569

1
2
3

0.669175

1.000006

1.000005 0.817409

SO 1A et e e ,2 e ..Af,_'.,.Aw.,_,_v..“,,,.;W. _4.,_.....3,,_,,_.‘“ e e e e e

0698569 T 0.669175 T

CTT0.8174097 TTT1,000004

<6




R FANESS FORMS {1MITED B

"PRED 9 100 CRIT 200

ND. OF PREDICTORS = 2

.. CRITERION = VARIABLE 3 > ) )
NEW DESIGNATION OF CRITERION VARIABLE = 3 .
ORIGINAL DESIGNATION OF PREDICTOR VARIABLES = 1 2
NEW DESIGNATION OF PREDICTOR VARIABLES = 1 2
mwwEﬁéﬁEﬁAfidN”MAféTkMFbﬁ“iné”ﬁéiﬁEéSfCN‘PROELEMWWW““““"V o
. , e 2 3 : i
1 1.000006 ~ 0,698569  0.,669175
2 - ’ 0.698569 1.C000205 0.817409
3 0669175  0.817409  1.000004
O
O




TuLw x

#*%%¥STEP NO., 1

_VARTABLE ENTERING

__PROBABILITY LEVEL

PERCENT VARIANCE ACCOUNTED FEQR

F VALUE FOR VARIABLE ENTERING

S S
271.812256
0.0

66.815048

. STANDARD ERROR_OF PREDICTED Y 7.686897 B
SOURCE  DF ss MS F P
. REGRES 1. 16060.879 16060.879 271.811 0.0
RESID 135, 7976.934 ’ 59,088 T o
. T0TAL _ 13e. 24037.813 e
__VARIABLES  STANDARD WEIGHT WETIGHT STANDARD ERROR
2 '“ﬁW“m”Mwww0:817405' T T0.914594 MWWW0;055475; ' B
CORSTANT =3 e
\Ve!
~

BUSINESS FORMS LimiTED




USINESS FORMS LimiTED

EkEESTEP NO. 2 ’ :
. VARIABLE ENTERING e 1

~ F VALUE FOR VARIABLE ENTERING ~ 8.055966 .
o ... _PROBABILITY LEVEL _ . 04005241 -

 PERCENT VARIANCE ACCOUNTED For ™~~~ 68.696945
_STANDARD ERROR OF PREDICTED Y . 1.493562

,,,,, oo ANALYSTIS OF VARIANCE TABLE —
SOURCE DF $S MS ~ F

RESID 134, T 7524.,566 - 56.153
T0TAL 136, 24037.,813 : e

REGRES 2. 16513.246  8256,621 . 147.037

. 4
—..REGRESSION WEIGHTS

_VARIABLES " STANDARD WEIGHT  WEIGHT STANDARD ERROR
' 1 0.191717 0.244188 0.086033.
2 0.683478 0.764743 0.075578
_CONSTANT = " -6,202 ]

¥%%%NO FURTHER STEPS REQUIRED

END OF THIS JUB _ , ‘ B




S RCRY)

TT REGRESSION ANALYSIS PRED MATH 9 101 CRITERIGN MATH 201

NO. OF FORMAT CARDS
_ NO. OF OBSERVATIONS =
NO. OF VARIABLES = 3
P_LEVEL TO ADD "VARIABLE =

mon

P LEVEL TO DELETE VARIABL
FORMAT (4X,F3.,095X,F3.0,9X

MEANS

~ STANDARD DEVIATIONS-UNBIASED

1., 66.306442  59,935471  60.935471

1 2

T

62

1,009

E = 1.000
1 F3.0)

3

1 11.130517 15,864044

13.821901 e

...LORRELATIONS e
: 1 2

1.000004  0.531724

1
2 0.531724 1.000200
3

0.573096 0.729970

- 0.573096
0.729970

T1.0000907

66§

ULUNISS PORMS LIMITED




JSINESS FORMS LIMITED

' PRED 9 101 CRIT 201

NO. OF PREDICTORS = 2

e, CRITERION = VARIABLE =~~~ 3

e NEW DESIGNATION OF ZRITERION VARIABLE = 3 ] R R
o ORIGINAL DESIGNATION OF PREDICTOR VARIABLES =12
NEW DESIGNATION OF PREDICTOR VARIABLES = 1 2
~ CORRELATION MATRIX FOR THIS REGRESSION PROBLEM 7 e
- 1 2 .3 -
1 1.000004  0.531724  0.573096
2, 0.531724 1.000000 0.729970
3 0.,573096_ 0.729970 _ 1.000000
_ . o ) L
(@]
O




ruuy

0

SINESY FORMS UMITED

o STANDARD ERROR OF PREDICTED Y  ~  '9,525387

WEERSTEP NO. L e
___VARIABLE ENTERING 2

F VALUE FOR VARIABLE ENTERING 68.439911

. PROBABILITY LEVEL ‘ 0., 000000

PERCENT VARIANCE ACCOUNTED FOR 53 ,2858553

. ANALYSIS OF VARIANCE TABLE

, F

__REGRES le 6209.770 6209, 770 .. 68.440  0,000000

RE SI D S 60 . R 5443 0'9 80 T s 90 .733 P SO,
TOTAL 61, 11653.750 | o

P

. 4
. REGRESSION WEIGHTS =

VARIABLES ~ STANDARD WEISHT WEIGHT  STANDARD ERROR
2 0.729970 0.636002 0.076878

CONSTAN T =722.816

- - - - -
SR - - o
(@}




. iSRSE POIMY LMITED

e PROBABILITY LEVEL o DeD12070 B

FxEXSTEP NO. 2 | |
_VARIABLE ENTERING e 1 . S .
F VALUE FOR VARIABLE ENTERING . 6,708223 o ‘

PERCENT VARIANCE ACCOUNTED FOR 88.084688 o
STANDARD_ERROR _OF PREDICTED Y - 9102243 : o

o REGRES 2, 6765.551 ....3382.,775 ’ 40,830 0.000000

i ANALYSTS OF VARIANCE TABLE '
~ SOURCE DF ss MS S o P

RESID 5 S, 4888.,199 82 8 51 e e e e
TOTAL 61. 11653.750 - . :

B REGRESSIDN WEIGHTS

__VARIABLES =~~~ STANDARD WEIGHT WEIGHTWQWWASTANDARD ERROR

1 ; 0.257856 0.320205 ' 0.123630
2 . 0.592861 0.516544 0.086742

CONSTANT =~ 8,745

t

¥x%xNO FURTHER STEPS REQUIRED

“END OF THIS JOB




P

TT REGRESSION ANALYSIS PRED MATH 9 102 CRITERION MATH 202

NO. OF FORMAT CARDS
~...NO. DF OBSERVATIONS =

NO. OF VARIABLES = 3

P_LEVEL TO ADD VARIABLE = 1.000

1
23

[T

P LEVEL TO DELETE VARIABLE = ~1.000
FORMAT (4X,F3.0,9X,F3.0,9X,F3.0)

MEANS

1 2 -3

1 64.086945  62.217377 62.130432

" STANDARD DEVIATIONS-UNBIASED ~
1 2 3

T GMESS PORMS LIMITED

1 11.797199  10.870964  14.366325

_CORRELATIONS

1 2 3

1 - 1.000000 70, 771440 T 0.588889
2 0.771440 1.000000 0.806302

3 0.588889 ~0.806302 T T1.000000

cot




I\

BUSINESE FORMS LIMITED

" PRED 9 102 CRIT 202

NO., OF PREDICTORS =

CRITERION = VARIABLE .
NEW DESIGNATION OF SRITERION VARIABLE =

3

3
ORIGINAL DESIGNATION OF PREDICTOR VARIABLES = 1 2 ]
NEW DESIGNATION OF PREDICTDR VARIABLES = 1 2
CORRELATIUN MATRIX FOR THIS RESRESSION PROBLEM —~ ’ B
1 2 3 L

1 1.000000 0. 771440 0,588889
2, 0.771440 1.000300 0.806302

3 0.588889  0.806302  1.000000

0T




[ el

0

#x%%STEP NO. 1

___VARIABLE ENTERING
F VALUE FOR VARIABLE ENTERING
PROBABILITY LEVEL S
PERCENT VARIANCE ACCOUNTED FOR

2

35,021194
0.000003

B QLD BE0 T e Do

STANDARD ERROR OF PREDICTED Y

_ANALYSIS OF VARIANCE TABLE
MS

“Peg
2951.,968

R EE B
_REGRES 1.
RESID 21.

4540.525

—.REGRESSION WEIGHTS

- 1588.657 T

8.697720

2951.968

- 75.650 -

e b

0.000003

TOTAL 22,
: ’

VARIABLES STANDARD WEIGHT

2 T 04806302

WEIGHT

CTI065551

STANDARD ERROR

«0:170578,VMM”Mmm;WMWW

CONSTANT =

Z4.165

INESS PORMY LLMITED

S0t




WNESS FORMS LIMITED

.. PROBABILITY LEVEL - 0.696883

‘;****STEP NO. 2

_VARIABLE ENTERING ' 1

F VALUE FOR VARIABLE ENTERING 0.156122

PERCENT VARIANCE ACCOUNTED FOR ) 65.283356
STANDARD ERROR OF PREDICTED Y ' 8. 877927

ANALYSIS OF VARTIANCE TABLE

SOURCE DF <s R e

RESID  20. TisTelsz U rglste
TOTAL 22. 4540.625 e
=iA |

REGRES 2.  2964,273 1482.136 18. 805

~..REGRESSION WEIGHTS

VARIABLES STANDARD WEISHT  WEIGHT _ STANDARD ERROR
1 -0.081813 -0.099629 0.252147
2 0.869416 1.148957 0.273632
- CONSTANT = -2.970 B o

% %XNO FURTHER STEPS REQUIRED

END OF THIS JOB SR T i

90T




W WP WS

TT REGRESSION ANALYSIS PRED MATH 9 100 200 CRIT 300 MATHk

NO. OF FCRMAT CARDS = 1
NO.-OF OBSERVATIGNS .=
O - NO. OF VARIABLES = 4
P_LEVEL TO.ADD _VARIARLE = 1.000
P LEVEL TO DELETE VARIABLE 1.000

FDRMAlj&XJEleJlXJE3¢QLQXJE§A919XL534O)

: MEANS }
: 1 2 3 4
k 1., 86.033325  78,500000 74.549988  69.899994
STANDARD DEVIATIONS-UNBIASED
1 2 3 4

1 1.323054 __ 10.741230 _ 12,266025 __ 12.766127
. ___CORRELATIONS - )
: 1 2 3 4
: 1 1.000000 0.643896 0.628735 0.645837 o
: 2 0...643896 1.000020 0.801155 0.789990

3 0.628735 0.801155 1.000008 0.806422

4 0.645837 ___0,789990 04806422 1.000000




PRE 9 100 200 C 300

LTS W TIPSR

R BUNNIIS FORMS LAITED

NO. OF PREDICTORS = 3
CRITERION_= VARIABLE b ‘
NEW DESIGNATION OF CRITERION VARIABLE = 4
ORIGINAL-DESIGNATICN OF PREDICTOR VARIARLES = 1 2 3
NEW DESIGNATICN 0OF PREDICTOR VARIABLES = 1 2 3
CORRELATION MATRIX FOR THIS REGRESSICN PROBLEM
1 2 3 4
1 1.000000 0.643896 0.628735 0.645837
2" 0.6438956 1.000020 0.801155 0.785990
3 0.628735 0.801155 1.020008 0.806422
4 0.645837 0.769990 0.806422 1.000000

80T




W R N W . . “ -

XARXRSTEP NGO, 1 ’
VARTABLE. ENTERING - 3 S

F VALUE FGOR VARIABLE ENTERING 107.861847

e PROBABILITY LEVEL_ - . 0.,000000
ACDHWW~M<MHVPERCENT VARIANCE ACCOUNTED FOR 65.031123
STANDARD _ERRCR_NFE _PREDICIEN Y 1,613996

USEESS POZMY AbMITED

ANALYSES. QF - VARIANCE -TABLE .

SOURCE DF ss MS - | F

) p
REGRES . e 6253,066 _____ _ 6253,066 107.862 0.000000
RESID 58, 3362.420 57.973
1OTAL 59. 9615.500 e
M L4

~——REGRESSTON-WEIGHTS
__VARIABLES STANDARD WEIGHT._____ WEIGHT STANDARD._ERROR

3 - 0.806416 0.839296 0.,030813

CCNSTANT = - Te331

60T




***%%STEP NO, 2

e VARIABLE-_ENTERING. 2

it

F VALUE FOR VARIABLE ENTERING 11.295044
— ~PROBABILITY —LEVEL— R 0.001392.
PERCEMT VARIANCE ACCRUNTED FOR 70.814499
STANDARD-ERROR.QF PREDICTIEN.Y 1.016685
ANALYSTS—BF-VARTANGE - TABLE-—
7 SOURCE DF SS MS F P
: ~———REGRES .2, _ 6809..168 3404.584 69.151 0.0029200
. RESID 57. 2806.331 ; 49.234
é TOTAL 59. 9615.500 e
: S _
—REGRESSIN-WEIGHTS
VARIABLES . STANDARD WEIGHT ____WEIGHT STANDARD ERROR
2 0.401830 0.477581 0.142103
3 0.,484490 0.5042473 0124439
P - CONSTANT—=— - —5+181

01T

T BAEIINESS POAMS LIMITED




A AR VR

**STEP NO. 3

»w~»~wm~¥ARIABLE ENTERING.— . 1
F VALUE FOR VARIABLE ENTERING 2.479457
; PROBABILITY LEVEL - 0.120974 S
O PERCENT VARIANCE ACCOUNTED FOR 72.051926
STANDARD.-ERROR-_OE_PREDICTED Y 6927361
ANALYSES OF -VARIANCE TABLE —- - - .
SQURCE DF S MS F p
REGRES 3. £928.152 2309.384 480124 . 0,000000
RESID . 56. 2687.346 47.988
— _I0TAL 59, 9415.500 e
A : 14 .

——REGRESSION-WEIGHTS

, VARIABLES STANDARD WEIGHT WEIGHT STANDARD ERROR )
¢ 1 0.15G019 0.261526 0.166087
. 2 0.343115 0.407796 0.147127
g .3 0.437208 _ = 0.455034 0.126768
i ' CCNSTANT = -18.535

¥%%%N0O FURTHER STEPS REQUIRED
e END_OE _THIS _JOB.
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HAS PORMS (HatTes

TT REGRESSTON ANALYSIS PRED MATH 9 10§ 201 CRIT 301 MATH i B
NO. OF FORMAT CARDS = 1
..NO. CF OBSERVATIONS = 25 .
NO. OF VARIABLES = 4
- P LEVEL 7O ADD VARIABLE = 1,000
P LEVEL TO DELETE VARIABLE = 1.000
FORMAT (4Xy F34045X4F3.05,9XyF3.0,9X,F3, 23 .
MEANS B e
1 2 3 T,
1 68.839996 T 60.565591 64 15955 S 65.519989
~  STANDARD DEVIATIONS-UNBIASED o _
1 2 3 4 )
1 11.190323  14.866069  11.998889  12.066206
__CORRELATIONS - T '
' 1 2 3 4
1 1.000000° 70.610988 TTT0.634796 T 0.487590
2 0.610988 1.000000 0.690395 0. 521760
3 67334796”“””U1690395“W““1:oooooo‘”WWO?539009“M“f
4 0.487590  0.521760  0.539009  1.000000 = . .

21T




T iness t0tmMY UmIttD

~ PRE 9 10f 201 C 301

NO. OF PREDICTORS = 3

-~ CRITERION

_VARIABLE

4

NEW DESIGNATION OF CRITERION VARIABLE = 4
DRIGLNALWQESIGNAILQNMQEMEREDIQIQBMYARLABLES“E‘

NEW DESIGNATION OF PREDICTOR VARIABLES

CORRELATION MATRIX F

1

OR THIS RES

2

3

RESSION PROBLEM

1,000000

0.610988

0.634796

0.610988

0.634796

IV N

0.487590

1.000000
. 0.690395
0.521760

0.690395
1.000000
0.529009

_0.487590
0. 521760
-..0.539009

1.000000

gIT




ERCAYAY

~VARIABLE ENTERING ' L ' 3

F VALUE FOR VARIABLE ENTERING - 9.418612 K
... PROBABILITY LEVEL ... 0.,005432
O PERCENT VARIANCE ACCOUNTED FOR 29.053101
STANDARD ERROR OF PREDICTED Y . 10.381969

.. ANALYSIS OF VARTANCE TABLE

RESID ~ 23. " "72479.062 7 1o7.785
TOTAL 24, 3494 ,250

___REGRES 1. 1015.188 1015.188 94419 0.005432

—..REGRESSION WEIGHTS

VARIABLES  STANDARD WEIGHT WEIGHT  STANDARD ERROR

3 B ©0.539009 7“"'"0";"542‘033"'”“""MWW’0”.'1'76617 .' T )
< | T TTEONSTANT T T 30, 745
. N N - -

s rOtMS UMITED




oo NVARTABLE ENTERING S

*¥%%%STEP NO. 2

2

TN

F VALUE FOR VARIABLE ENTERING
_PROBABILITY LEVEL N
PERCENT. VARIANCE ACCOUNTED FOR
STANDARD ERROR_OF PREDICTED Y

1.411702

_....0e247420
33,331131

_ANALYSIS OF VARIANCE TABLE

HRESS PORMS LIMITID

SOURCE DF << o

~.REGRES | 2.
RESID  22.

. 1164,673 .582.337
2329.577 105. 890

10.290279

 5.499

P

0.011565

TOTAL 24, 3494,250
: ’
— REGRESSION WEIGHTS -
VARIABLES  STANDARD WEIGHT WEIGHT __STANDARD ERROR
2 04285906 0.232059 0.195311
3 0.341621 0.343538 0.241981
CONSTANT = 29.416

STT




_____VARTABLE ENTERING o 1

TIvI

F VALUE FOR VARIABLE ENTERING 0.552204
.. PROBABILITY LEVEL . 0.465636
O PERCENT VARIANCE ACCOUNTED FOR 35.039307
-.-STANDARD ERROR OF PREDICTED Y 10.396631

- ANALYSIS OF VARIANCE TABLE

. NS OU RCE ,D F e : S S i : MS e et e e et e o F s b s i e et s b ,n.m,P. e i ot e

WREGRES 3. 1224361  408.120 - " 3,776
RESID 21, 2269.889 ~ 108,090 T
_TOTAL 24, _3494.250 Ry

.. 0-025991

!

___REGRESSION WEIGHTS o |

VARIABLES  STANDARD WEIGHT WEIGHT STANDARD ERROR

1 ‘ v _,.O,. 177852 . ot O..191772 e . 0‘25 806 9 - 4t ,“ et s s U ‘.-_4.,..‘,“ e,

2 0.227208 0.184416 0.207484

3 o 67269247mwffwwb1270757“MW"“W“MfOTZ6337Off"

CONSTANT = " 7237771 T o

T ®%%%NO FURTHER STEPS REQUIRED ™~
. END OF THIS JoB - R RET NI ; B
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