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Abstract

The purpose of this study was to determine what effect
the sucbessful completi@n of Topics 305, in addition to
Mathematics 300 in Grade 12, would have upon the marks
obtained in firsit-year mathematics courses at university.

A comparison of marks achleved at university was made
between two groups. The first group had studied and
completed both Mathematics 300 and Topics 305 in Grade 12.
The second group completed Mathematics 300 in Grade 12 but
not Topics 305,

A questionnaire was completed by those students who
wrote the diagnostic tests administered by the Faculty of
Science and the Faculty of Engineering in September of 1976.
The questionnaire was used to acquire necessary high school
background information in order to determine the group to
which a student belonged. The Mathematics 300 mark was
also obtained from the questionnaire., The university marks
used in the comparisons were obtained directly from the
records of the University of Manitoba.

Analysis of covariance was employed, using the
Mathematics 300 mark as the covariate to determine if there
were a statistical difference between the mean mark obtained
by each of the two samples.

The results showed that the four comparisons which
favoured the students who had taken both Mathematics 300 and

Topics 305 in Grade 12 involved marks obtained neither on the
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diagnostic tests at the beginning of the university year or
on the calculus tests during the first term. There was not
a significant difference in the results obtained on the
remaining five comparisons of the study. These last
comparisons involved elther the first and second term marks
obtained in the course consisting of algebra and geometry
or the marks which were obtained in the calculus courses
during the second term.

The evidence gathered in this study indicated that
students who plan to study calculus at university should
consider enrolling in Topics 305 in high school because 1%
does give them an initial advantage in the period of

transition from high scheool fo university.
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CHAPTER I
STATEMENT OF THE PROBLEM

The mathematics program in Manitoba has undergone
changes in the past few years. Existing course have been
altered and new courses have been introduced. However,
1ittle has been done to determine the effectiveness of the
changes that have been made,

This study evaluated a new mathematics course that was
introduced in Manitoba schools by the Manitoba Department
of Education. Specifically, the study evaluated the high
school mathematics courses Topics in Mathematics 305 (Topics
305) in terms of its value in preparing students for

university mathematics.

Purpose ¢f the Study

Mathematics, and indeed education in general@>has
undergone significant changes in the past. Shibli (1932)
made the following observation which still has relevance
todays

"The new philosophy of education has emphasized
the changing character of our civilization and
has demanded an education that is not static but
dynamic. These developments have a marked
influence upon the curriculum of the secondary
school. The variocus courses of study have been
altered or modified to meet the new demand.
Teachers of mathematics have been reorganizing
the courses of study and changing the methods
of instruction in harmony with the spirit of
the age" (p. 33}.



-

The mathematics program in Manitoba nas been modified
in recent years., Curriculum planners need to evaluate
present programs so that appropriate additions and
modifications can be made. Ideally a change in curriculum
should occur only if a positive effect is expected.

A review of the research entitled "Student Achievement
and Attitude in a Modern and a Traditional Grade Ten Geometry
Program” by Cross (1968) indicates that not all curriculum
changes do produce this expected positive effect. "The
results of this study show no consistent pattern of superior-
ity for either the pilot or the traditional geometiry programs
in terms of student achievement and attitude" (Cross, 1968,
p. Vii). Attitude and achievement were measured by two
pre-tests consisting of the Mathematics Attitude Scale and
the Sequential Test of Educational Progress - Form 2A and
four post-tests consisting of the Cooperative Geometry, The
Ceometrical Achievement Measure Experiment, the Mathematics
Attitude Scale, and the Geometrical Attitude Scaleo

There is some doubt concerning whether the change in
the curriculum, referred to in the Cross (1968) study, was
beneficial to the students in terms of improved attitude and
improved achievement in geometry.

The evaluation of an educational program is not a
simple matter. Alkin (1972) states that "evaluation is a
complex activity that involves the identification of many
factors that contribu%e to educational outputs" {(p. 110},

Cronbach (1963) cites the following definition of evaluation.
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He says that evaluation, in the broad sense, may be defined
", .. as the collection and use of information to make
decisions about an educational program" {p. 672).

The reading of existing literature leaves little doubt
about the need for sound evaluation of educational programs.
Ahmann (1967, p. 84) claims that "... far too little
attention is paid to curriculum evaluation...” and that much
of the present evaluation "... can be regarded as less Than
top quality® (Ahmann, 1967, p. 84). Begle and Wilson {1970,
ps 367), in referring to mathematics programs in particular,
suggest evaluation is important because of the vast
curriculum changes at all grade levels. Coleman {1969)
agrees there is need for evaluation, but for a different
reason. He says that “... because the effects of a program
are not immediately and directly evident, that formal
evaluation is necessary” {(p. 6).

Clearly, there is need for research to determine if
recent curriculum changes have been beneficial to the
student. Johnson (1966) suggests a type of research that is
needed in program evaluations. He states that “the type of
research accepted by many researchers as having the greatest
promise for finding definitive answers is scientific
experimentation” (p. 420).

A legitimate objective of a mathematics program concerns
the application of mathematics to other fields (Weaver, 1970,
(p. 341). Bruner (1966) agrees but is more emphatic. He

says, "The first object of any art of learning, over and
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beyond the pleasure it may give, i1s that it should serve us
in the future” (p. 17). A gquotation from the 1965 public-
ation of Dessart & Burns show general agreement, but refer
specifically to mathematics. They ask, "... are the new
programs effective in preparing students for the first
college year of mathematics" (p. 141)?

The 1975 course outline for Topics 305, as printed by
the Manitoba Department of Education and reproduced in
Appendix A, states that "the topics in this course have been
selected on the basis of their usefulness as background
material for university studies in chemistry, physics,
engineering, statistics, computer science, mathematics and
commerce" (Topics 305 Course Outline, p. 2). In addition
this outline states that "for students considering attending
universities outside Manitoba, they will find that, in many
cases, the background material provided in this course is
necessary in the above fields" (Topics 305 Course OQutline
(p. 2).

The fact that the successful completion of Topics 305
has a positive influence on achievement in the first year of
university mathematics would be valuable information for
high school students at the time of selection of their high
school program. On the other hand, if the successiul
completion of Topics 305 is not a factor in higher achieve-
ment in the first year of university mathematics, then

Manitoba educators will have to either reconsider the
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rationale for Topics 305 or cease to offer it in the high
school,

The need for research to determine if specific programs
have met their objectives has been established. A legitimate
objective of high school mathematics programs and the stated
objective of Topics 305 is to prepare students for thelir
first year of university mathematics. The aim of this
study was to determine if Grade 12 students who had success-
fully completed Topics 305, in addition to Mathematics 300,
were better prepared for university mathematics than Grade

12 students who took only Mathematics 300.

Definitions

Topics 305 = the high school half-course as described

in the Manitoba Depariment of Education course outline for
1975-76 and designated as Topics in Mathematics 305. This

course is normally studied in Grade 12.

Mathematics 300 - the high school mathematics course

as deseribed in the Manitoba Department of Education course
outline for 1975-76. This course is normally studied in

Grade 12.

First-vear mathematics - the first-year mathematics

courses as described in the 1976-77 University of Manitoba
calendar and designated Calculus 13.139, Calculus 13.140,
Calculus 13.141, Calculus 6.122, and Algebra and Geometry

6.123,
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Diasgnostic Test M (DTM) - the diagnostic test

administered by the University of Manitoba Mathematics
Department during the first class of Calculus 13.139 to
determine if students have achieved a satisfactory standard

of efficiency in high school mathematics.

Calculus 13.139% - the first-year, three=hour credit,

first term calculus course as described in the 1976-77
University of Manitoba calendar and offered by the

Department of Mathematics.

Calculus 13.140% - the first-year, three-hour credit,

second term calculus course as described in the 1976-77
University of Manitoba calendar and offered by the

Department of Mathematics.,

Galculus 13,.141% - the first-year, three-hour credit,

second term calculus course as described in the 1976=77
University of Manitoba calendar and offered by the

Department of Mathematics.,

Diagnostic Test AM (DTAM)- the diagnostic test

administered by the University of Manitoba, Depariment of
Applied Mathematics, to all Engineering students during the
first class of calculus 6.122 to determine 1f students have
achieved a satisfactory standard of efficiency in high

school mathematics,

% The course description, as given in the 1976-77
University of Manitoba calendar, appears in
Appendix B.




.,,’7.”

Calculus 6.122% -~ the first-year, six-hour credit,

calculus course for Engineering students, as described in
the 1976-77 University of Manitoba calendar and offered by

the Department of Applied Mathematics.

Algebra and Geometry 6.123% - the first-year, six=hour

credit, algebra and geometry course for Engineering students,
as described in the University of Manitoba 1976-77 calendar

and offered by the Department of Applied Mathematics.

The Study

This study constituted an evaluation of Topics 305.
Specifically, the study was designed to determine if the
Grade 12 students who had successfully completed Topics 305
as well as Mathematics 300 (Group A) were better prepared
for their first year of university mathematics than the
Grade 12 students who completed only Mathematics 300 (Group B).
The degree of preparation of these high school students for
university mathematics was measured in terms of the marks
achieved over the following year in the first-year
mathematics courses at the University of Manitoba.

The comparison of marks achieved by the two groups
was made between marks achieved by students in the first-

year mathematics courses and on the diagnostic tests in both

# The course description, as given in the 1976-77
University of Manitoba calendar, appears in
Appendix B.
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the Faculty of Science and the Faculty of Er.ag:‘i.neering:L at
the University of Manitoba.

Because random assignment of students to the two groups
in this study was impossible due to the elective nature of
Topics 305, ANCOVA was used to determine if a significant
difference existed between the marks achieved by tThe two
groups. The Mathematics 300 mark was used as the covariate
in the analysis. The effect of ANCOVA was to adjust the
achievement means compared in order to compensate for initial
differences in mathematical background.

Background information about students used to determine
the two groups and the covariate scores were obtained by the
guestionnaire reprinted in Appendix C. This questionnaire
was completed in September of 1976 by all the students in
the Faculty of Science and the Faculty of Engineering who
wrote the diagnostic tests administered by the Department of
Mathematics and by the Department of Applied Mathematics
respectively.

The marks achieved by each of the students in the
courses that were pertinent to this study were obtained
directly from the records of the Department of Mathematics

and from the Department of Applied Mathematics during June

of 1977.

1 The first-year mathematics courses in the Faculty of
Engineering which pertain to this study, are offered by
the Department of Applied Mathematics.
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Permission was granted by the Deparitment of Mathematics
and by the Department of Applied Mathematics to conduct the
survey gquestionnaire to obtain the required student back-
ground information. Permission was also granted by the
Committee on Research Involving Human Subjects to obtain
the marks achieved by the students for the purposes of this
study. The letters requesting and granting permission to
carry out the procedures necessary to complete this study

are reproduced in Appendix D.

Hyvopotheses Tested

A series of first-year university mathematics marks
achieved by two groups of students at the University of
Manitoba were compared in this study. For the purposes of

statistical analysis, the hypotheses are stated in null form.

1) There will be no significant differences in
marks obtained on Diagnostic Test M between
students who have successfully completed
Topics 305 in addition to Mathematics 300
and students who have not taken Topics 305

in Grade 12.

2) There will be no significant difference in the
final marks obtained in Calculus 13.139 between
students who have successfully completed Topics
305 in addition to Mathematics 300, and students

who have not taken Topics 305 in Grade 12,




3)

i)

5)

6)

7)

=1 (e
There will be no significant difference in the
final marks obtained in Calculus 13.140 between
students who have successfully completed Topics
305 in addition to Mathematics 300, and students

who have not taken Topics 305 in Grade 12.

There will be no significant difference in the

final marks obtained in Calculus 13.141 between
students who have successfully completed Topics
305 in addition to Mathematics 300, and students

who have not taken Topics 305 in Grade 12.

There will be no significant difference in marks
obtained on Diagnostic Test AM between students
who have successfully completed Topics 305 in
addition to Mathematics 300, and students who

have not taken Topics 305 in Grade 12.

There will be no significant difference in the mid-

term marks obtained in Calculus 6.122 between
students who have successfully completed Topics
305 in addition to Mathematics 300, and students

who have not taken Topics 305 in Grade 12.

There will be no significant difference in the
final marks obtained in Calculus 6.122 between
students who have successfully completed Topics
305 in addition to Mathematics 300, and students

who have not taken Topics 305 in Grade 12.
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8) There will be no significant difference in the
mid-term marks obtained in Algebra and Geometry
6.123 between students who have successfully
completed Topics 305 in addition to Mathematics
300, and students who have not taken Topics 305

in Grade 12.

2) There will be no significant difference in the
final marks obtained in Algebra and Geometry
6.123 between students who have successfully
completed Topics 305 in addition to Mathematics
300, and students who have not taken Topics 305

in Grade 12.

Assumptions and Limitations

Marks obtained by students from various high schools,
and conseqguently various high school mathematics teachers,
were used in this study. For the purposes of this study,
the assumption was made that marks obtained in Mathematics
300 by students in different high schools in Manitoba
represent equivalent achievement in the prescribed course
for Mathematics 300.

Similarly, equivalent marks obtained in the two
Diagnostic Tests, Calculus 13.139, Calculus 13.140, Calculus
13,141, Calculus 6.122 and in Algebra and Geometry 6.123
were assumed represent equivalent achievement in those

courses.,
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A limitation of the study was that random assignment
of students to the two groups was impossible. This was
because Topics 305 was an optlional high school course and
one does not have control over student selection of optional

courses at the high school level,

SUMMary

Change in curriculum is on-going. There is a need %o
determine if new programs meet its stated objectives. This
study compared the achievement in university mathematics to
determine if students who successfully completed Topics 305
in Grade 12 in addition to Mathematics 300 were better
prepared for mathematics in their first year at university

than students who took only Mathematics 300 in Grade 12.
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CHAPTER I1

LITERATURE REVIEW

The review of the related literature is presented in
three sections: the first section deals with factors that
nave been used to predict success in the first year of
university mathematics; the second section reviews the
experimental evaluation of mathematics programs as related
o subsequent success in university mathematicss the Tinal
section deals with research on what should be taught in the
high school mathematics programs in order to improve The

preparation of students for mathematics at university.

Predictors of Success in University Mathematics

As students advance from one educational institution
+to another, or even from one grade level o another, the
instructors often attempt o predict success or failure
based on student background. 1In order to make accurate
predictions of success or of failure the most important
predictor variables must be known. Some research has been
done to determine the most reliable and accurate predictors
of successe

An article by Ivanoff and Evermade (1965) reports on
some research that was carried out to determine which of
the students who have completed Grade 8 mathematics should
select Grade 9 algebra, and which of the students should

select general mathematics in Grade 9. Two main conclusions
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were reported. First, "the best two predictors of success
in Grade 9 algebra are the mathematics mark obtained in
Grade 8 mathematics and the arithmetic scores achieved on the
High School Placement Test respectively” (p. Li2). Second,
they found that little practical value was gained by using
o combination of more than two predictors (po 416).

Another study by Lovet (1969) concluded that
significant factors related to success in the first year of
algebra were arithmetic level achieved, general school
achievement, and initial algebra achievement.

Four other studies came to a similar conclusion.
Comley (1959) concluded that the higher the mark achleved
in high school mathematlcs, the higher the mark achieved
in university mathematics., Hickman (1969) stated that
calculus achievement is closely related to marks earned in
algebra and trigonomeilry. Tuscher (1972) summarized that
the single most important variable for predicting success
in a first course in calculus is mathematical ability as
measured by the Comparative Guidance and Placement Program
and the Survey of Study Habits and Attitudes. Finallys
Sommers {1973} concluded that the best predictor of success
in calculus is the average mark achieved in high school
mathematics.

Three additional studies dealing with prediction of
success in university mathematics were written in somewhat
more detail. In the first of These, Brasch (1972)

reported that of the several variables tested, two of them
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accounted for 87% of the weight of the prediction. These
variables were the SAT-M (mathematics aptitude)} score and
high school class rank in quintiles. From this information
a prediction equation was formulated and the critical value
established.

Pugh (1969) attempted to determine the effectiveness
of the College Entrance Exam Board (CEEB) Mathematics
Achievement Test as an instrument for placing students in
beginning college mathematics courses. The CEEB scores were
compared with other variables as predictors of success.,
Other variables were the number of units of mathematics
taken in high school, the high school class rank in
mathematics and verbal mathematics (SAT-M). Based on several
multiple regression analyses, it was concluded that the
combination of SAT-M and the high school class rank in high
school was the most efficacious predictor of success.

Vandruff (1973) selected factors from personal records
to develop a regression equation to predict probable success
or failure in calculus. Vandruff produced two regression
equations. The first contained four variables. These were
the high school grade point average (GPA) in mathematics,
the high school class rank, the GPA in college bhefore
attempting calculus, and the spelling score on the Washington
Precollege Test. The second equation contained only two
variables. These variables were the high school GPA in
mathematics and the mathematics score on the Washington

Precollege Test. The most important conclusion reached was
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that the best single prediction of success in calculus is
the CGPA in high school mathematics.

The final four studies also deal with predictors of
success in university mathematics.

Akeju and Michael (1970) formulated a study to
determine the degree of validity of selection devices in
predictions of success for a sample of 109 colliege students
at the Federal School of Science in Lagos, Nigeria. The
subjects in which success was to be predicted were physics,
chemistry, zoology, botany, pure mathematics and applied
mathematics. The two predictor variables were the scores
of the achievement tests of the West African School
Certification Examinations (WASCE) in each of the subjects
and the Internationally Developed Test (IDT) for African
culture. The latter is a standardized test. The criterion
of success was the student’s obtaining a passing mark.

Statistically, in the Akeju and Michael (1970) study,
product-moment intercorrelations among prediction and
criterion variables were determined. A multiple regression
equation involving the prediction of each criterion measure
from a weighted composite of predictor variables was then
established, The predictions were compared with the actual
outcomes.

The conclusion reached by Akeju and Michael (1970) was
that the score on the achievement examination based on high

school subjects (WASCE) given prior to admission to the
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Federal School of Science was the most valid predictor of
success in the college courses. In other words, prior
achievement proved to be a better prediction of success
than the standardized tests.

Morgan (1970) attempited to determine a discriminant
equation for the prediction of success in an introductory
mathematics course at the University of Toledo. Discriminant
function analysis was performed using the score on the
Cooperative Mathematics Test (CMT), the number of years of
academic high school mathematics, the mean grade point in
high school mathematics and the student's age in months
beyond the seventeenth birthday. The critical score for the
discriminant equation which resulted was considered to be
the score midway between the mean score for a group of
successful students and a group of unsuccessful students.

success or failure predictions were made using the
discriminant equation for each of the 50 students involved
in the study and these were compared to their actual
successes or failures, The equation was found to be 90%
accurate. Morgan (1970) alsoc determined that contributions

to effective forecasting were as follows:

a) Cooperative Mathematics Test 34%
b) Mean grade point in high school 27%:
c) DNumber of years of high school mathematics 25%%

d} Age in months beyond seventeen 14%,
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The study by Wilson & Gelso (1967) was an attempt to
determine if marks in Mathematics 101 (a college algebra
course at the University of California) could be predicted
by two measures of student's high school performance in
algebra. The first measure was the average mark obtained
in the first high school algebra course {(Algebra I) and
the second high school algebra course (Algebra i1}. The
second measure was the mark obtained in Algebra 11,

The Pearson product-moment correlations were calculated
between marks obtained in Mathematics 101 and the average
marks in Algebra I and Algebra II. The same product-moment
correlation was calculated between the Mathematics 101 mark
and the mark in Algebra II alone. Although there was a
substantial correlation in each case, the relationship was
slightly stronger in the latter.

An investigation by Wick (1965) was designed to help
answer the following two specific gquestions:

1, "What are the factors drawn from information
normally available to college mathematics
departments, which are most significantly
assoclated with success in different types

of first-year college mathematics courses”

(p. 642)%

2. "How effectively can success in first-year college
mathematics be predicted with the information

normally available” (p. 643)%
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A total of 1692 students in six Minnesota and
Wisconsin colleges and universities were involved. Back-
ground information on students was obtained from the
university and high school records as well as from a
questionnaire. The criterion of success was the mark
obtained in the first year of university mathematics.

The order in which success factors ranked with
correlation to final exam results on Calculus and Analytical
Geometry are as follows:

(2) mathematics average in Grade 12 Y

{(b) mathematics aptitude RUCE

(c) mathematics average for Grade 11 and

Grade 12 403

(4) mathematics average for Grade 10, Grade

11 and Grade 12 - 393
{(e) ratio of A's to number of courses in
Grade 10, Grade 11, and Grade 12 A « 39,

"An examination of the five best multiple regressicn
equations for prediction in using predictor variables one,
two and up to all five at once revealed that not all
predictor variables were making a significant contribution
to the predictors" (Wick, 1965, ». 6L6) .

Two important conclusions were reached by Wick (1965).
First, the high school mathematics record was consistently
the source of the best predictor of success in first year
university mathematics. The second conclusion was that a

multiple regression prediction of success was an improvement
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over single predictor variables (p. 647).

Experimental BEvaluation of Mathematics Programs

Over the years many new mathematics programs have been
introduced. These new programs have been evaluated in terms
of how successful they were in terms of improving student
kxnowledge in mathematics as measured by achievement on
standardized tests or in terms of how well the programs
prepared students for the study of further mathematics as
measured by subsequent achievement in university mathematics
courses,

Tn some cases an entirely new mathematics program with
a new approach was introduced. In other cases only one or
two new topics were altered in existing programs.

Grigsby (1973) compared achievements in the first
course in university calculus between students with
different calculus backgrounds in high school. The conclusion
reached in this study was that there is not a strong relation-~
ship between entry knowledge of any particular topic in
college calculus and the final achievement level reached.
There was, however, an initial difference.

Austin (1975) came to the opposite conclusion. He
found in his study that there was a significant difference
between the mean achievement levels between students who had
studied calculus in high school and students who had not
studied any calculus in high school. The difference favored

the students who had studied calculus in high school.




-

=27 =

The study by Wick (1965) had a purpose in addition to
the two stated in the previous section of this chapter.

This additional qguestion was, "Are the new experimental
programs in secondary mathematics effective in preparing
students for first-year college mathematics" (p. 642)7

After examination of the data the concluslon reached
was that there was no significant difference in quality of
preparation for first-year college mathematics as between
students in the experimental School Mathematics Study Group
(SMSG) and students in the traditional mathematics program
in high school in terms of marks earned in college. (Wick,
1965, p. 647)

The purpose of the study by Shimizu (1969) was to
determine a correlation of high school advanced mathematics
courses with marks in first-year college mathematics at the
University of Hawaii. Success of the advanced students was
compared to success of a random sample of an equal number of
students who did not take the advanced mathematics courses in
high school. The findings were that there was no significant
difference between marks obtained in the first year of
college mathematics by the two groups.

Another study finding no significant difference in
achievement in calculus between students who did take
calculus in high school and students who did not take
calculus in high school was conducted by McKillip {(1965).

In this study, regression equations were formulated using
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high school mathematics marks, high school class ranks, CEEB
results, SAT - mathematical and SAT - verbal scores. The
equation was based on the university mathematics marks
obtained by 753 students who had no calculus in high school.,
The marks of students with a calculus background were
calculated with the equation to determine expected marks in
university mathematics if the students woﬁld not have studied
calculus in high school. The predicted marks were subtracted
from the actual marks and the resulting signed differences
were tested statistically.
Richert (1972) reported a study which compared the
effects of four different types of high school backgrounds
on achievement in a first course in calculus at the
University of Kansas. The four groups, which were identified
from information obtained via guestionnaire, completed by the
students at the university were:
a) students who had studied trigonometry and
analytic geometry in high school;
b} students who had studied elementary functions
as well as probability and statistics in high
schools
c) students who had studied elementary functions,
analytic geometry and calculus in high school;
d) students who had studied elementary functions

in high school.
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Because random assigmment of students to the two groups
was impossible, ANCOVA was employed in order to control
scholastic aptitude and mathematical ability. The covariate
representing scholastic aptitude was the composite score on

the American College Testing Program. The covariate

representing mathematical ablility was the average mathematics

mark obtained by the student during the previous three years
of high school.

The results of this research showed that there was no
significant difference at the .05 level between the four
groups.

Tillotson (1962) compared marks achieved in a first-
yvear calculus course by students who had studied calculus
briefly in high school with students who had studied no
calculus in high school. The two groups were identified
from information obtained on a guestionnaire which was
completed by the students. Using random numbers Tillotson
selected 48 cases from each group.

In order to adjust the achievement measures for the
factor of scholastic ablility and general mathematical back-
ground, Tillotson (1962) employed two variables., The first
was the normalized rank in high school and the second was
the score obtained on the mathematics placement test.

After the adjustments for scholastic ability and
general mathematical background were made, There was no
significant difference in achievement between the two

Sroups.
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Paul (1970} reported on a study that compared the
achievement in calculus at a university between groups with
different mathematical backgrounds. The groups were sub-
divided according to achievement expectancy as determined
by regression analysis., The results of students with
similar expectancy were compared. The information required
to place the students in groups were obtained by questionnaire
which was completed by students on the first day of classes
at university. Additional information was obtalned from a
guestionnaire malled to the mathematics department chairmen
of the high school from which the students graduated. The
results of this study by Paul (1970) indicate that students,
who had studied some calculus in high school, initially
obtained results in university calculus which were
significantly higher than the corresponding results of
students who did not study calculus in high school. The
emount of difference in achievement, however, decreased with
time.

Ancther study attempted to determine 1f SMSG mathematics
was a factor influencing success in freshman calculus at
Oklahoma State University (Coon, 1963}. Analysis of
covariance was used to evaluate the calculus grade differences
due to differences in high school preparation. It was
found that SMSG students achieved significantly higher
marks in calculus than students who studied the traditional

mathematics program in high school.
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The final study of this section is commonly known as
The Eight-Year Study. This was an intensive study of "2108
graduates from the thirty schools which, under an agreement
with more than 300 colleges, had been freed from the
necessity of meeting the usual unit or examination require=
ments for college admission®” (Chamberlin, Chamberlin, Drought
& Scott, 1942, p. 207). OFf these students 1475 were matched
with graduates of conventional schools in terms of scholastic
aptitude, interests and socio=-economic background. The
students involved in The Eight-Year Study were students who
entered college in the years 1936, 1937, 1938 and 1939,

The definition of success in this study involved
several areas and was in general representative of "success
as judged by college standards, by the students®
contemporaries, and by the students themselves" {Chamberlin,
Chamberlin, Drought & Scott, 1942, p. 207). Data %o
determine if a student were successful was obtained from
interviews, questionnalires, records of reading and
activities, reports from instructors and others who had
contact with the students.

Some of the findings are listed below. These
findings showed that the graduates from the Thirty
Experimental Schools:

a) earned a slightly higher total grade average;

b) speclalized in the same academic fields as

did the comparison students:
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c) received slightly more academic honors in
each year;
d) earned in each college year a higher percentage
of non-academic honors.
(Chamberlin, Chamberlin, Drought & Scott, 1942,
p. 208)
A basic conclusion reached in this study was that the
"more experimental the school, the greater degree of success

in college" (Chamberlin, Chamberlin, Drought & Scott, 1942,

p. 209).

What Should Be Taught In High School Mathematics

A few articles and studies are presented here which
provide some guidelines for the curriculum developer when
proposing new programs.

Kline (1966) has some definite ideas on the general
approach to curriculum development and the development of
mathematics programs in particular. He states that "axioms
that the curriculum should satisfy should be determined and
then the curriculum produced” (p. 323). He goes on to say
that "the main problem of teaching mathematics is motivation”
(p. 329) and that educators "must present the value of
mathematics” (p. 330).

A study by Comley (1958) was, in part, designed %o
determine attitudes of university students towards
mathematics. A suggestion from the students regarding the

high school mathematics curriculum which emerged from the
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study was that calculus should be taught in the high school
program (p. 12).

The main study related to this section of the
literature review was conducted by Gilbert (1971). He
compared how effectively high school mathematics programs
prepared students for university calculus as viewed Dby
three groups of students from six colleges. The three
groups were:

a) students with some calculus in high school;

b) private school students with no calculus in

high school;
c) public school students with no calculus
in high school.
The findings indicate no significant difference in the views
of the three groups about calculus in first-year university.

The important aspect of the study by Gilbert (19717,
however was the recommendations made by the students
concerning objectives, course content, and pedagogical
practices for a high school mathematics program. The five
objectives recommended by the students were:

a) to master algebraic manipulations and

computationss

D) to investigate thoroughly the concept of

functions;

c) to0 study, in depth, elementary functions

and theilr graphs;
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dj to master manipulations and computations

with inequalities;

e) to introduce limits and continulty.
The six topics that the students recommended be a part of
the high school mathematics program were:

a) functions

D) relations;

c) series;

d) sequences and limits:

e) continuitys

) differentiation.
The three pedagogical practices recommended by the students
were that teachers should:

a) make students responsible for doing homework:

b} encourage students to do independent study;

c) encourage student self-enrichment.

Summary

The literature was definite about which factors were
most reliable in predicting success in first-year
university mathematics. The use of more than one variable
in a regression equation provided the most reliable
predictions. The best single predictor variable, was the
mark achieved in the previous mathematics course.

The studies which experimentally evaluate mathematics

programs were of two main types. The first was the type in
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which students were selected in high school and followed
through all or part of thelr universitiy mathematics
courses. Marks of the groups in question were compared.
In the second type of study, students who attended
university were placed in groups according to thelir high
school background. The marks of the two groups were
subsequently compared employing ANCOVA to adjust for
uncontrolled variables,

The literature was not as clear in terms of the
results of the evaluation of the mathematics programs. Some
studies indicate that a particular mathematics program had a
positive effect on achievement in university mathematics.,
Other studies may have indicated that this same mathematics
program provides no significant effect on achievement in
university mathematics,

Only one study was found which provided a detailed
outiine of what should be taught in high school mathematics
programs. There was, however, general agreement by the
calculus students at university. They felt that calculus

should be introduced at the high school level.,
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CHAPTER II1
EXPERIMENTAL DESIGN

Chapter 3 is divided into three sections., First, the
instrument used in the study is described. Also explained
in this section is the method of obtaining the required
data. Second, a description of the sample is given. Third,
the specific comparisons that were made are indicated and
the statistical method used in making each comparison is

stated.

Instrumentation and Data Collection

The data required for this study fell into three
categories. The first category consisted of the high
school background information which was required to
determine the two groups of students that were compared in
the study. The second caitegory consisted of the marks
obtained by the students on the university mathematics
courses and diagnostic tests used for the actual comparisons,
The final category consisted of the Mathematics 300 mark
obtained in high school which was used as the covariate in
the analysis of covariance procedure employed in this study.

The high school background information and the
Mathematics 300 marks were obtained via the questionnaire
which is reprinted in Appendix C and was completed by two
groups of students at the University of Manitoba in September

of 1976, The first group, consisting of those students
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enrolled in the Faculty of Science, wrote the Diagnostic
Test M which was administered by the Department of
Mathematics; the second group consisting of those students
enrolled in the Faculty of Engineering, wrote the Diagnostic
Test AM which was administered by the Deparitment of Applied
Mathematics. The high school background information
obtained, included the year of graduation, the student’'s
age, the high school from which the student graduated, and
whether or not the student completed Topics 305. In addition
the questionnaire provided the Mathematics 300 mark.
Permission to obtain and to use the student's university
results for the study was requested from each student who
completed the gquestionnaire.

The marks achieved by the students on the diagnostic
tests and the university mathematics courses were obtalned
directly from the records of the Department of Mathematics
and the Department of Applied Mathematics in June of 1977.

Percentage marks were used for each of the comparisons
of the study and for the covariate. When the marks were
reported as percentage marks, the actual percentage marks
were used. If the marks were reported as letter grades,
percentage marks were substituted in accordance with the

scale in Table 1.
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Table 1

Letter Grade Versus Percentage Mark Substituted

Letter Percentage
A+ 95
A 85
B+ 7
B 72
C+ 67
c 62
D 55
F 25

Any student in the Faculty of Engineering who did
receive a mid-term mark but who did not receive a final
mark in either Calculus 6.122 or Algebra and Geometry
6.123, was assigned the same final mark as was obtained

at mid-term.

Sample

For the purposes of this study, the students who
completed the questionnaire were divided into itwo groups
according to a specific factor in their high school back-
ground. This factor which determined the group into which
each student was placed was whether or not the student had
successfully completed Topics 305 in high school., The

group of students were:
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a) Group A - students who had successfully completed

both Mathematics 300 and Topics 305 in Grade 12,

b) Group B - students who had successfully completed
Mathematics 300 but did not enroll in Topics 305
in Grade 12.
The number of students who responded to the question-
naire in each of the two groups and in each faculty of

concern to the study is shown in Table 2 below.

Table 2

Number of Students
Who Responded to the Questionnaire
in Each Group and Faculty

Science Engineering
Group A 52 40
Group B 533 287
Total A & B 585 327

In order to be considered eligible for selection to
the sample of either of the two groups, the students had to
meet certain qualifications. Specifically, each student had

a) 1o have signed the permission form on the

questionnaire indicating his willingness to

participate in the study;

b) +to have graduated from a Manitoba high school

in June of 19763
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¢) to have been not more than nineteen years old

at the time that the questionnaire was completed.

Table 3 shows the number of students who met the
above conditions in order to be eligible for selection to

the sample from each group.

Table 3

Number of Students
Eligible for Selection to Sample
in Each Group and Faculty

Science Engineering
Group A L7 36
Group B 296 154
Total A & B 343 190

The number of students who were not eligible for
selection to the sample because they did not sign the
permission form on the questionnaire was small, The actual

numbers are shown in Table 4.

Table 4

Number of Students
in Each Group and Faculty Eliminated

Because of Unsigned Permission Form

Science Engineering
Group A 1 0
Group B 5 3
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The remaining non-eligible students were not eligible
for selection to the samples because they did not meet the
last two eligibility criteria listed previously.

Because there were only 47 students in the Faculty of
Science eligible to be a part of the sample of Group A
students, all 47 were considered tc be members of the
sample of that group. Using random numbers, approximately
an equal number of eligible Group B students in the Faculty
of Science was selected to become the sample of Group B
students in that faculty. Similarly, because there were
only 36 students in the Faculty of Engineering eligible
to be a part of the sample of Group A students, all 36 were
considered to be members of the sample. Again, using
random numbers, approximately an equal number of eligible
Group B students in the Faculty of Engineering were selected
to become the sample of Group B students in that Faculty.

The number of students in the sample of each group and

faculty is stated in Table 5 below.

Table 5

Sample Size in Each Group and Faculty

Science Engineering
Sample A b7 36
Sample B 52 39
Total A & B 99 75
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The marks achieved on the diagnostic tests and on the
university mathematics courses of concern to this study
were sought for the 99 students in the Faculty of Science
and for the 75 students in the Faculiy of Engineering in
Table 5,

For the purpose of the analysis; students enrolled in
the Paculty of Sclence who completed the diagnostic test
but did not receive a mark in any of the other university
mathematics courses pertaining to this study, were
considered not to be a part of the sample. Also, students
in the Faculty of Science who did not receive a mark in a
particular university mathematics course of concern to this
study were considered not to be a part of the sample for
that particular comparison. The result was that the number
of students in the final sample for each individual
comparison could be less than the numbers indicated in
Table 5 and could vary in each of the nine comparisons.,

Students in the Faculty of Engineering who completed
the diagnostic test but received no other marks on the
courses of concern to this study were considered not %o be
a part of the samples of Engineering students. Thus, the
number of students in the final sample of Engineering
students was less than indicated in Table 5.

In the Faculty of Science all of the calculus students
first wrote the Diagnostic Test M and then studied Calculus
13.139. After Calculus 13.139 was completed this group was

separated with some of the students studying Calculus 13,140
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and with others studying Calculus 13.141. In the Faculty
of Engineering all students were required to write the
Diagnostic Test AM. All students were also required to
study both Calculus 6.122 and Algebra and Geometry 6.123

which were offered throughout the entire university year.

The Comparisons

Nine separate comparisons were made in this study
between the major marks obtained by the students in the
samples of Group A and Group B in mathematics courses over
the first-year of university in the Faculty of Science and
the Faculty of Engineering. Each of the nine comparisons
corresponds to one of the hypotheses stated on pages 9, 10
and 11 in chapter 1.

Table 6 below illustrates which hypothesis corresponds
+to each course in the Faculty of Science on which marks
obtained by students in Group A and in Group B were compared.
Table 7 serves the same purpose for the Faculty of
Engineering.

Table 6

Hypotheses Versus Marks Compared
(Faculty of Science)

Hypotheses Grades Compared
Hi Diagnostic Test M
H2 Calculus 13.139 (final)
H3 Calculus 13.140 (final)
HA Calculus 13.141 (final)
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Table 7

Hypotheses Versus Marks Compared
(Faculty of Engineering)

Hypotheses Grades Compared
H5 Diagnostic Test AM
H6 Calculus 6.122 (mid-term)
H7 Calculus 6,122 (final)
H8 Algebra & Geometry 6.123 (mid-term)
HO Algebra & Geometry 6.123 (final)

Because Calculus 13.139, Calculus 13.140 and Calculus
13.141 were three-credit hour courses, no mid-term marks
were reported to the students and thus only the final marks
were compared in this study. Calculus 6.122 and Algebra &
Geometry 6.123, however, were six-credit hour courses. Both
mid-term and final marks were reported to the students.
Hence both the mid-term and final marks were compared in
this study.

in order to test each hypothesis, the earned marks
corresponding to that hypothesis, as shown in Table 6 and
Table 7, were compared between the students in Sample A and
the students in Sample B. Analysis of covariance (ANCOVA)
using the Mathematics 300 mark as the covariate was
employed to determine if there were a significant difference
between the marks earned by the students in Sample A and the

students in Sample B. The Mathematics 300 mark achieved in
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high school was chosen as the covariate because of the great
importance the literature placed upon achlevement in high

school mathematics as a predictor of success in the first

year of university mathematics.
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CHAPTER IV
RESULTS OF THE EXPERIMENT

The intention of this study was to determine what
effect the successful completion of Topics 305 would have
upon the marks obtained by students in their first year of
university mathematics at the University of Manitoba,

The procedure adopted for this chapter was to treat
each hypothesis on a separate basis.

To test each hypothesis, the mean mark obtained by
the students in Sample A and Sample B was determined. The
ANCOVA was used to determine if the difference between the
mean marks obtained by the two samples were significant.
The Mathematics 300 mark was used as the covariate.

Two tables were used in the presentation of the
results of the nine hypotheses of the study. The first
table states the sample size, the values of the unadjusted

mean, and adjusted mean for each group. The second table

provides the ANCOVA results from which inferences were made,

Inferential Analvsis of Data

H1 There will be no significant difference in the marks

obtained on the Diasgnostic Test M between students in

Group A and students in Group B.




=7 -

Table 8

Sample Size, Unadjusted Means and
Adjusted Means for Diagnostic Test M

No. in Mean Mean
Sample {Unadjusted) (Adjusted)
Group A L7 83.43 81.80
Group B Ly 72.80 74 .50
Table 9

Analysis of Covariance For Achievement

Differences on Diagnostic Test M

Source of Variation

ar

oS

Mis

Between Groups A and B

i

1159,840 [1159.840

6.635%

Error within Groups A and B 89

15558,270 174,812

¥ Significant at the .05 level.

The F-ratio, reported in Table 9, was significant at

the .05 level and thus the null hypothesis was rejected.

When this was considered together with the mean scores

reported in Table 8, the conclusion reached was that

students in the sample of Group A did significantly better

on the Diagnostic Test M than students in the Group B

sample.
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H2 There will be no significant difference in the final

marks obtained in Calculus 13.139 between students in Group

A and students in Group B,

Table 10

Sample Size, Unadjusted Mean and Adjusted Mean
for Final Grades in Calculus 13.139

No. in Mean Mean

Sample Unadjusted Adjusted

Group A Ly 80.62 78.90

Group B Lsg 69.16 71.95
Table 11

Analysis of Covariance for Achievement Differences
on Final Marks in Calculus 13.139

Source of Variation ar SS MS F

Between Groups A and B 1] 1048.082 | 1048,082 | 6.8h5%*

Error within Groups A 89| 13626.656 153.108
and B

#% Significant at the .01 level,

The F-ratio stated in Table 11 was significant at the
.01 level and thus the null hypothesis was rejected. When

this result was considered together with the mean scores

reported in Table 10 the conclusion was that students in




i} 3

Calculus 13.139 than students in the sample of Group B

students.

H3 There will be no significant difference in the final

marks obtained in Calculus 13.140 between the siudents in

Group A and the situdents in Group B.

Table 12

Sample Size, Unadjusted and Adjusted Means
for Final Marks in Calculus 13,140

No. in Mean Mean
Sample Unadjusted Adjusted
Group A 39 69.57 68.31
Group B 23 64,48 66,4k
Table 13

Analysis of Covariance for Achievement Differences
on Final Marks in Calculus 13.140

]

Source of Variation arft 3S MS |
"

Between Groups A and B 1 55,141 55,141 .224

Error within Groups A 59 14541 ,770 2L6 71
and B

The F-ratioc revealed in Table 13 was not significant at
the .05 level and, in turn, the null hypothesis was not
rejected. The interpretation of these results must be that,

even though there was a difference in the final marks
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achieved in Calculus 13.139 between the students in Group A
and the students in Group B, the difference was not

sufficiently large to be statistically significant.

HA There will be no significant difference in the final

marks obtained in Calculus 13.141 between students in

Group A and students in Groun B.

Table 14

Sample Size, Unadjusted and Adjusted Means
For Final Marks in Calculus 13,141

No. in Mean Mean

Sample Unadjusted Adjusted

Group A 3 79.66 82.75

Group B 10 72,40 71.57
Table 15

Analysis of Covariance for Achievement Differences
on Final Marks in Calculus 13.141

Source of Variation arf SS MS F

Between Groups A and B 1 251.107 251,107 1.525

Error within Groups A 10 | 1646.408 | 164,641
and B

The F-ratio reported in Table 15 was not significant

at the .05 level and thus the hypothesis was not rejected.
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Again, the students in ghe Group A sample achieved 2

higher mean than the students in the Group B sample but the

difference was not statistically significant.

H5 There will be no significant difference in the marks

obtained on the Diagnostic Test AM between the students in

Group A and the students in Group B,

Table 16

Sample Size, Unadjusted and Adjusted Means
for Diagnostic Test AM

No. in Mean Mean
Sample Unadjusted Adjusted
Group A 30 63.40 63,70
Group B 37 Lg, 67 L5 L0
Table 17

Analysis of Covariance for Achievement Differences
on Diagnostic Test AM

Source of Variation ar SS MS F

Between Groups A and B 1 5559,965 15559.965 |12,070%%

Error within Groups A and B| 64 |29481.809 | 460.053

** Significant at .01 level

Because the F-ratio was significant at the .01 level,

the null hypothesis was rejected. Table 16 reports that the
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students in the Group A sample achieved the higher means.
This information led to the conclusion that the students
in Group A achieved significantly higher marks on the

Diagnostic Test AM than the students in Group B.

H6 There will be no sienificant difference in the mid-

term marks obtained in Calculus 6.122 between the students

in Croup A asnd the students in Group B.

Table 18

Sample Size, Unadjusted and Adjusted Means
for Mid-Term Marks in Calculus 6.122

No. in Mean Mean
Sample Unadjusted Adjusted
Group A 30 69.80 70.20
Group B 37 58,21 57,89
Table 19

Analysis of Covariance for Achievement Differences
on Mid=-Term Marks in Calculus 6.122

Source of Variation af SS MS F
Between Groups A and B 1 2510.734 | 2510.734 | 7.,967%%
Error within Groups A 6L 20169.602 315,150
and B

#% Significant at the .01 level



wg7m

The null hypothesis was rejected because the F-ratio
was significant at the .01 level., Table 18 indicates that
the students in the sample of Group A achieved a higher
mean than the sample of Group B students. These facts led
to the conclusion that the students in Group A perform
significantly better at mid-term in Calculus 6.122 than

students in Group B.

H? There will be no significant difference in the final

marks obtained in Calculus 6,122 between students in Group

A and students in Group B,

Table 20

Sample Size, Unadjusted and Adjusted Means
for Final Marks in Calculus 6.122

No, in Mean Mean

Sample Unadjusted Adjusted

Group A 30 69.16 69.61

Group B 37 60.21 59.85
Table 21

Analysis of Covariance for Achievement Differences
on Final Marks in Calculus 6.122

SS MS F

o)

Source of Variation d

o

Between Groups A and B 1575,.859 1575.859 | 3,809

Error with Groups A and B|6& | 26475.852 413,685
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The significance of the F-ratio in Table 21 was
calculated to be .055. Because this value was greater than
the accepted .05 level, the null hypothesis was not rejected.
Therefore, the conclusion was that there was not a
significant difference in achievement in the final marks in

Calculus 6.122 between the two groups.

Table 22

Sample Size, Unadjusted and Adjusted Means for
Mid~Term Marks in Algebra and Geometry 6.123

No. in Mean Mean

Sample Unadjusted Adjusted

Group A 30 70,50 70,82

Group B 37 63.35 63,08
Table 23

Analysis of Covariance for Achievement Differences
on Mid-Term Marks in Algebra and Geometry 6.123

Source of Variation af SS MS F

Between Groups A and B 1 991.809 991,809 | 3,647

Error within Groups A and B|{64 {17404.133 271.939

The null hypothesis was not rejected at the .05 level
because the significance of the F-ratio, reported in Table

23 was calculated to be .061. The result was that this
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study did not find a significant difference between the two

groups in achievement on the mid-term mark in Algebra and

Geometry 6.123.

H9 There will be no significant difference in the final

marks obtained in Algebra and Geometrv 6.123 between

students in Group A and students in Group B.

Table 24

Sample Size, Unadjusted and Adjusted Means
for Final Marks in Algebra and Geometry 6.123

No., in Mean Mean

Sample Unadjusted Adjusted

Group A 30 67.83 68.21

Group B 37 62.81 62.50
Table 25

Analysis of Covariance for Achievement Differences
on Final Marks in Algebra and Geometry 6.123

Source of Variation af SS MS B
Between Groups A and B 1 539.355 | 539.355 1,587
Error within Groups A 64 § 21747.652 1 339,807
and B

Table 25 revealed an F-ratio which was calculated %o

have a significance of .212. This was far beyond the
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acceptable .05 level and thus the null hypothesis was not
rejected. This study, therefore, did not find a significant
difference in achievement between Group A and Group B on the

final mark in Algebra and Geometry 6.123.

Summary

Nine comparisons were made in this study between the
marks achieved by first-year university mathematics students
in Group A and in Group B. Each comparison related to a
single hypothesis in this study. Of these nine comparisons,
Tour were found to have significant results at the .05 level
of confidence and hence the corresponding hypothesis were
rejected. The remaining five comparisons did not have
significant results at the .05 level of confidence and hence
the corresponding hypotheses were not rejected.

Four of the comparisons of this study show that
students who had taken both Mathematics 300 and Topics 305
in Grade 12 obtained significantly higher results than the
students who had taken only Mathematics 300 in Grade 12.

The significantly higher results occurred in Diagnostic
Test M, the final marks in Calculus 13.139, the results in
Diagnostic Test AM, and the mid-term marks in Calculus
6.122. A significant difference was not found in results
obtained between the two groups on the final marks in
Calculus 13.140, the final marks in Calculus 13.141, the

final marks in Calculus 6,122, the mid-term marks in Algebra
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and Geometry 6.123, and the final marks in Algebra and
Geometry 6.123.

All four of the comparisons in which a significant
difference was found favoured the students who had taken
both Mathematics 300 and Topics 305 in high school {(Group A).
None of the comparisons favoured the students who had taken
only Mathematics 300 in high school {Group B).

Each of the comparisons on which a significant
difference was found involved marks that were reported
either at the beginning of the university year or at mid-
year. The significantly different resulits reported at the
beginning of the university year were the marks obtained in
the two diagnostic tests; the significantly different resulits
reported at mid-year were the final marks in Calculus 13.139
and the mid-term marks in Calculus 6.122. A significant
difference in results was not found for any of the marks
which were reported at the end of the university year.

A significant difference in results between the two
groups was not found in either the mid-year or final marks
in Algebra and Geometry 6.123.

In the comparisons related %o the first three
hypotheses, there was not as great a difference between the
adjusted means as there was between the unadjusted means for
the two groups. In the comparisons related to the remain-
ing six hypotheses, the opposite was found to be true. 1In
these cases there was a greater difference between adjusted
means than there was between the unadjusted means. Further

reference 1s made to this in Chapter 5.
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CHAPTER V

SUMMARY AND CONCLUSIONS

The Problem Restated

The purpocse of this study was %o ascertain whether
students who successfully completed both Mathematics 300
and Topics 305 in Grade 12 {Group A) achieved higher marks
in their first-year university mathematics courses than the
students who completed only Mathematics 300 in Grade 12
(Group B).

Specifically, this study compared the marks achleved
by two groups of students on nine sets of first-year
university mathematics scores, two of which were diagnostic
tests and seven of which were regular courses. For the
purposes of statistical analysis each comparison was
written in the form of a null hypothesis, These are listed
belows

1) There will be no significant differences in marks

obtained on Diagnostic Test M between students
who have successfully completed Topics 305 in
addition to Mathematics 300, and students who

have not taken Topics 305 in Grade 12.

2) There will be no significant difference in the
final marks obtained in Calculus 13.139 between
students who have successfully completed Topics
305 in addition to Mathematics 300, and students

who have not taken Topics 305 in Grade 12.




3)

£

5)

6)

7)
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There will be no significant difference in the
Tfinal marks obtained in Calculus 13.140 between
students who have successfully completed Topics
305 in addition to Mathematics 300, and students

who have not taken Topics 305 in Grade 12.

There will be no significant difference in the

final marks obtained in Calculus 13.141 between
students who have successfully completed Topics
305 in addition to Mathematics 300, and students

who have not taken Topics 305 in Grade 12.

There will be no significant difference in marks
obtained on Diagnostic Test AM between students
who have successfully completed Topics 305 in
addition to Mathematics 300, and students who

have not taken Topics 305 in Grade 12.

There will be no significant difference in the
mid-term marks obtained in Calculus 6.122 between
students who have successfully completed Topics

305 in addition to Mathematics 300, and students

who have not taken Topics 305 in Grade 12,

There will be no significant difference in the
final marks obtained in Calculus 6.122 between
students who have successfully completed Topics
305 in addition to Mathematics 300, and students

who have not taken Topics 305 in Grade 12,
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8) There will be no significant difference in the
mid-term marks obtained in Algebra and Geometry
6.123 between students who have successfully
completed Topics 305 in addition to Mathematics
300, and students who have not taken Topics 305

in Grade 12.

9) There will be no significant difference in the
final marks obtained in Algebra and Geometry 6.123
between students who have successfully completed
Topics 305 in addition to Mathematics 300, and

students who have not taken Topics 305 in Grade 12.

Summary of Procedure

In September of 1976, a guestionnaire was distributed
to each of the students who had written the mathematics
diagnostic tests administered by the Faculity of Science and
by the Faculty of Engineering at the University of Manitoba.
The purpose of the questionnaire was to determine which
students enrclled in first-year mathematics courses at the
university had completed Topics 305 in high school. This
information was required for the placement of the students
into either Group A or Group B. Also obtalned from the
guestionnaire were additional high school background
information and permission from the student to use his
university marks for the study. This information was needed

to determine which students qualified to participate in the
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study. Finally, the Mathematics 300 mark, which was used as
the covariate in the analysis, was obtained from the
guestionnaire.

Because the number of students who completed both
Mathematics 300 and Topics 305 was relatively small, the
sample of this group (Sample A) was the entire group. The
number of students selected to be the sample of Group B
(Sample B) was approximately the same as the number of
students in Sample A. Sample B was selected at random from
the Group B students who met the required qualifications.

The university marks, related to each of the nine
hypotheses, were obtained directly from the records of the
University of Manitoba. These marks were then analyzed,
using analysis of covariance, to determine if there was a
significant difference between the mean for each of the
samples. In each analysis the Mathematics 300 mark was

used as the covariate.

Summaryv of Results

The results of each of the comparisons was summarized
in Table 26 and Table 27. These tables relate the hypothesis,
the university mark which corresponded Lo that hypothesis,
the time of reporting of the corresponding university mark,
acceptance or rejection of the hypothesis, and a brief
conclusion for each of the hypotheses., The Faculty of
Science results are given in Table 26 and the Faculty of

Engineering results are given in Table 27.
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Table 26

summary of Hypotheses and Results
(Faculty of Science)

e,

Hypothesis | Corresponding| Time of Action Conclusion
Mark Reporting
H1 Diagnostic Beginning |rejected | Students with
Test M of Topics 305
university obtained
year higher marks
in the
Diagnostic
Test M
H2 Calculus middle of jrejected| Students with
13.139 university Topics 305
(final) year obtained
higher marks
in Calculus
13,139 (final)
H3 Calculus end of now There was no
13,140 university |rejected | difference in
(final) year final marks
obtained in
Calculus
13.140 between
students with
and without
Topics 305
H4 Calculus end of not There was no
13,141 university [rejected | difference in
(final) year final marks

obtained in
Calculus
13.141 between
students with
and without
Topics 305

0f interest is the fact that there was a very small

number of students in the sample corresponding to the fourth

hypothesis,

As a result there may be some lack of confidence

in the corresponding findings even though the statistical

procedure took the size of the sample into account.
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Table 27

Ssummary of Hypotheses and Results

(Faculty of Engineering)

Hypothesis | Corresponding | Time of Action Conclusion
Mark Reporting
H5 Diagnostic beginning | rejected | Students with
Test AM of Topics 305
university obtained
year higher marks
in the
Diagnostic
Test AM
H6 Calculus middle of {rejected | Students with
6.122 university Topics 305
(mid=term) year obtained
higher marks
in Calculus
6.122 at mid-
term
H7 Calculus end of not There was no
6.122 university|rejected | difference in
(final) year the final
marks
obtained in
Calculus
6.122 between
students with
and without
Topics 305
H8 Algebra and middle of {not There was no
Geometry university|rejected | difference in
6.123 year the mid-term
(mid=-term) marks
obtained in
Algebra and
Geometyry
6,122 between
students with
and without
Topics 305
HO Algebra and end of now There was no
Geome try university|rejected | difference in
6.123 year the final
(final) marks

obtained in
Algebra and
Geometry 6.127
between
students with
and without
Topics 305
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Although the Hypothesis 7 was formally rejected at the

.05 level, the actual level of significance of the F-ratio
was calculated to be 055, The margin of difference between

the accepted level and the actual level was very small.

Discussion and Conclusions

Before the present study was undertaken, the author's
belief was that the successful completion of Topics 305 in
high school would have a positive effect upon the marks that
students obtained in their first-year of university
mathematics, The findings, however, revealed a significant
difference in favour of the students whe completed Topics
305 in high school in only four of the nine comparisons
which make up the study. These somewhat indefinite results
were consistent with the results of studies found in the
review of the relevant literature.

Although the statistical analysis revealed a
significant difference in the mean mark obtained by each of
the two groups in four of the nine comparisons the actual
mean was greater for the group with Topics 305 in every one
of the comparisons. In their report on The Eight-Year Study
Chamberlin, Chamberlin, Drought, and Scott (1942) imply that
when one finds even small margins of difference for a number
of groups consistently favours the same group, 1t is apparent
that "the probability greatly increases that the difference
cannot be due to chance alone" (p. 208).

Also important in the results of this study were the
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values of the unadjusted and adjusted means in each of the
comparisons. When these were considered a greater difference
was found between unadjusted means in six of the comparisons
and a greater difference between the adjusted means in only
three of the comparisons. This occurred because in six of
the comparisons the mean mark in Mathematics 300 was greater
for the students who had studied Topics 305 in Grade 12, and
in the other three comparisons the mean mark in Mathematics
300 was greater for the students who had studied Topics 305
in Grade 12. These results, combined with the fact that the
Mathematics 300 mark was used as the covariate, tended to
dispel the argument that the group of students who did
complete Topics 305 in Grade 12 would have a greater interest
and ability in mathematics than the students who did not
complete Topics 305, and thus would be expected +to obtain
higher marks in university mathematics.

The information thus far in the discussion supports the
author’'s original belief that the successful completion of
Topics 305 in high school indeed does have a positive effect
on the marks obtained in first-year university mathematics.

Before a final conclusion could be formulated, however,
two important patterns in the results warrented consideration.
First, the only comparisons which produced significantly
different resulis were comparisons of the marks earned on
the diagnostic tests or on calculus courses relevant to this
study. None of the comparisons of the marks earned on the

course Algebra and Geometry 6.122 showed a significant
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difference between the two groups. Second, the only
comparisons which produced significantly different results
were comparisons of marks which were reported either at the
beginning or at the middle of the university year., None of
the marks reported at the end of the university year showed
a significant difference between the two groups.

These last two patterns, unexpectedly suggested that
the successful completion of TopicsijS in high school did
not have a statistically significant positive effect on any
of the marks obtained in the algebra and geometry course
selected for this study. There was, however, a statistically
significant positive effect on the initial marks obtained in
calculus at university.

The overall conclusion of this study, based on the
statistical evidence, was that students who have successfully
completed Topics 305 in addition to Mathematics 300 in high
school initially performed better in first-year calculus

than students who took only Mathematics 300 in high school.

Recommendations

On the basis of the findings of this study, a number
of recommendations seem defensible:
1) Students are recommended to enroll in Topics
305 in Grade 12 if they intend to study
mathematics, in general, and calculus in

particular, at university.



2)

3)

L)
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A study to verify the Mathematics 300 mark
as a strong predictor of success in

university mathematics is recommended.

The characteristics of students who select
Topics 305 in high school are at present
unknown. A study to determine differences
in characteristics, including mathematical
ability and attitude toward mathematics
between students who do, and students who do

not study Topics 305 in Grade 12 is recommended.

A study similar to the present study is
recommended to determine if the same

conclusions would be obitained.
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DRAFT - HALF COURSE
TOPICS IN MATHEMATICS 305

(Pilot Course)

NOTE: Mathematics 305 is not to be substituted for Mathematics
300, A student enrolled in Mathematics 305 should have
completed or be currently enrolled in Mathematics 300,

Rationale

Most of the topics in this course have been selected on
the basis of their usefulness in background material for
university studies in chemistry, physics, engineering,
statistics, computer science, mathematics and commerce.

. For students considering attending universities outside
Manitoba, they will find that, in many cases, the background
material provided in this course is necessary in the above
fields.,

REFERENCES

Primary References

Since no single text covers the complete basic outline,
it is recommended that each teacher have a copy of the six
texts listed below. It 1s not suggested that class sets be
purchased,

Del Grande et al, Calculus. Agincourt, Ontario: Gage
Educational Publishers.

Edwards, R. Initroduction to the Theory of Numbers. Boston,
Mass.: Houghton Mifflin Publishers.

Elliott et al. Calculus, Complex Numbers and Polar
Co-ordinates. Toronto, Ontario: Holt, Rinehart and
Winston of Canada Ltd.

Fisher, R.C. Integrated Algebra and Trigonometry. 3rd ed.
Scarborough, Ontario: Prentice-Hall of Canada, Ltd.

Hart, W.L., Algebra - Elementary Functions and Probability.
Toronto, Ontario: D.C. Heath Publishers, 1965,

Shanks, M.E. Pre-Calculus Mathematics. 2nd ed. Don Mills,
Ontario: Addison-Wesley Publishing Co., 1972.




Supplementary References:

Ayres. First Year College Mathematics : Schaum's.
Scarborough, Ontario: McGraw-Hill Ryerson Ltd.

Brink. (out of print). A First Year of College Mathematics.

Friedberg, R. An Adventurer's Guide to Number Theory.
Toronto, Ontario, McGraw~Hill Ryerson Ltd.

Glecksman, A.M. An Introduction to Linear Programming and
the Theory of Games. New York, N.Y.: John Wiley and
Sons Publishers, 19673,

Nichols, D. Modern Intermediate Algebra., Revised edition.
Toronto, Ontario: Holt, Rinehart and Winston, 1970,

Protter and Morrey. Calculus With Analvtic Geomeiry:; A
First Course. Addison-Wesley.

Vance, E.P. An Introduction to Modern Mathematics. Don Mills,
Ontario: Addison-Wesley Publishing Co., 1968,
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COURSE OUTLINE

Unit I Complex Numbers (Suggested Time: 4 hours)

II Theory of Equations (Suggested time: 15 hours)

Solving quadratic equations involving complex coefficients

IIT Calculus of Polynomials (Suggested time: 14 hours)

Intuitive definition of a limit of a function at a point.
(do not stress the epsilon - delta definition).
Emphasize algebraic examples (e.g.: rational expressions,

Definition of a derivative at a point as the limit of the
slope of the secant., i.e., £'(x) = limit £f(x + h) - f(x)
h—-> 0 h

A second interpretation of a derivative as a rate of

1. Definition of a + bi
2o Absolute value
3. Graphical representation
L, Addition and subtraction of complex numbers
5 Multiplication of complex numbers
6. Conjugate complex numbers
7. Division of complex numbers
Unit
1.
and roots
2. Synthetic division
3. Remainder and factor theorems
L, Rational root theorem
5 Limits to real roots
6, Fundamental theorem of algebra
7 Complex roots occur in conjugate pairs
8. Solving word problems including:
a) linear equations
b) quadratic equations
c) non-linear systems
Unit
1.
square root expressions).
2.
3
change.
4, Differentiation techniques

a) power rule
b) Sum

¢c) Product

d) Quotient
e) Chain rule
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5 Applications
a) equations of tangent lines %o a point on the curve

b) velocity and acceleration
¢c) maximum and minimum word problems

Unit IV Polar Co-ordinates (Suggested time: 6 hours)

1. Polar co-ordinate system

2. Polar graphs

3. Transformation: polar/cartesian
L, Complex numbers in polar form

Unit V Number Theory (Suggested time: 6 hours)

1. Principle of mathematical induction
2. Division algorithm
3. Divisibility properties of integers

a) greatest common divisor (Euclidean algorithm)
b) least common multiple
¢) Fundamental Theorem of Arithmetic

L, Prime numbers

- Sieve of Eratosthenes
- infinitude of primes

5e Divisibility criteria

Unit VI Three-Dimengional Geometry (Suggested Time: 6 hours)

1. Plotting points

2, Distance formula

3 Direction cosines

4, Direction numbers

5 Parametric egquations of lines
6, Standard equation of the plane

(Ax + By + Cz + D = 0)

7 Distance from a point to a plane
8. Visualizing quadric surfaces

Unit VIT Linear Programming (Suggested time: 4 hours)

1. Review of linear inequalities
2, Linear programming in two variables using analytic
geometry.
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A GUIDE TO TEACHERS

1, In each of the units the construction of mathematical
models (word problems) should be emphasized, where
possible.

2. A survey 1is included. It is to be completed as the
course 1ls being piloted. It will include comments on
the course, amount of time spent on each topic, the
problems that arise, the resources used, etc.

3. The number of teaching (including testing) hours is

55-60,

L, The following material should be incorporated into the
course wherever possible:

Nature of Proof

a) Counterexample: its purpose and use in proof
b) Qualifiers

- universal qualifier "all"

- exigtential qualifier "some”

- negation of qualifiers

- how qualifiers and counterexample are related

¢) Definitions

- built from undefined words
- using undefined terms to form defined terms
- what constitutes a good definition

d) Proof

- deductive proof
- inductive proof
- direct proof

~ indirect proof

e) Necessary and sufficient conditions
5. Teachers are encouraged to show students the proofs

of as many theorems as possible within the limit of
the time allotted for each particular unit.
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EVATUATION SHEET

305 Mathematics

NAME

SCHOOL

TOPICS STATISTICS

I 2134 15 {617 il 21314 |5

A, Teacher reaction:

1. Should this unit
be included?

2. Were you interested
in this unit?

3., Class time spent on
unit (# hours)”?

L, Tegt time (hours)?

5. Time spent on
teacher preparation

6, Class time spent on
teacher preparation

B. Student reaction:

1., Were the students
interested in this
unit?

2. Did students learn
the material?

3, Level of difficulty
of material?

4, Out-of-class time
spent by students?

Co Pleage list and comment on main textbooks and references used,
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a, Additional references which you used but which are not
on the reference list included with the outline,

b, Which (if any) of the references in (a) would you
recommend be added to the reference list?

D, Suggestions:

a. Other subject matter which should be included:

b, Subject matter which should be removed from course:

c. Subject matter which should be given more emphasis:

d. Subject matter which should be given less emphasis:
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E. Please comment and make suggestions for improvement re the
over-all content and continuity of each half course with
which you have been involved.

Topicsg In Math 305:

Statistics and Probabllity 305:

F. Initial Enrollment

Final Enrollment

Please return this form upon completion of the half-course(s)
to:

Mathematics Consultant

Program Development Secretariat
04 -1181 Portage Avenue
Winnipeg, Manitoba

R3G 073
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Course Descripitionsg From the
University of Manitoba Calendar 1975-76
ror:

a) Calculug 13.139

b) Calculug 13,140

¢) Caleculus 13.141

d) Calculus 6,122

e) Algebra and Geometry 6.123
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13,139 Introduction to Calculus (0-0:3-2)3 or (3-2:0-0)3

Differentiation and integration of elementary functions,
with applications to maxima and minima, rates of change,
area, and volume, Students may not hold credit for more
thai gne of: 139, 6.122, or the former courses 120, 134,
or 136,

Efficiency in high-school mathematics will be measured by
a diagnostic test administered during the first class.
Students failing to achieve a satisfactory standard will
be expected to register concurrently in 90,

13,140 Calculus for the Phyvsical and Mathematical Sciences
(0-0:3-2)3 or (3-2:0-0)3.

Theory and techniques of integration, curve sketching, arc
length, and surface area with applications to the mathematical
and physical sciences. Students may not hold credit for more
than one of: The former courses 120 or 134, 140, 141, or
6.122, Prerequisite: 139,

13.141 Calculus for the Biological and Social Sciences
(0-0:3-2)3 or (3-2:0-0)3,

Techniques of integration, curve sketching, Taylor's formula,
partial derivatives, with applications to the social and
biological sciences. Students may not hold credit for more
than one of: The former courses 120 or 134, 140, 141, or
6.122. Prerequisite: 139,

6,122 Calculus (3-L:3-L)6

Calculus of functions of one variable, treated strictly, but
with stress on applications. For students in Engineering
only. Students may not hold credit for 122 and any other
first year calculus course., Corequisite: 123,

6,123 Algebra and Geometry (3-L:3-1)6

A basic course in real and complex algebra, matrices, two-
and three-dimensional geometry, and vectors, with stress on
techniques and applications. For students in Engineering
only. Students may not hold credit for more than one of
123, 13.223, 13.235, or the former courses 13.135 or 13.24l,
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QUESTIONNAIRE
For All First Year University Mathematics Students

INTRODOCTION:

AS a high school mathematics teacher I am concerned about the adequacy of the
present high school mathematics courses in preparing students for university zathematics.
Consequently, I am conducting a study to determine wiich nigh school mathematics
course(s) best prepare students for mathematics at university.

Your assistance is requested by completing the following questionnaire, regarding
your background in high school mathematics. Permission is also requested to obtain
and use the university mathematics marks obtained by you during the 1976-77 academic
year. Please indicate your willingness o allow your marks to be used for the study
outlined by completing the questionnaire and signing your name in the appropriate space
on the opposite side of this page.

NOTE: 1) All information received will be kept in STRICT CONFIDENCE and will
be used ONLY for the purpose of the study outlined above.

2) Information received will in no way effect the grades obtained in
ANY of your present or future courses.

3) Names will NOT be published in reporting the results of this study.

Thank you for your cooperation and assistance.

“.A. Johnson

SUESTIONNAIRE:

NOTE: Topics 305 is a cne-half credit, grade XIT mathematics course, developed by the
Manitoba Department of 3Sducation and offered, in addition to the regular Math ZCO,
on an experimental basis, in a limited number of Manitoba nigh schools during
the 1975-76 school year.

Please answer the questions as accurately as possible by either c¢ircliing the correct
response or clearly printing your respouse in the space provided.

NAME Sex: M F (eircle ome)

University of Manitoba student aumber Age

1. Faculty in which you are registered. a) Arts _ b) EIngineering ¢) Science
d) Other (Speciiy) (circle one)

(Engineering students ONLY should omit questions 2 and 3 and go directly to
question 4.)

2. Intended major area of study, if xnown. a) Math b) Physics c¢) Chemistzy
d) English e) Bistory £) Blolegy g) Other (specify)
h) Undecided (circle one)

3, Mathematics course you intend to take in the second term of this year.
a) 13:140 b) 13:141 ¢) other (speciiy) (circle one)

L, High School attended
Address of high school (city or towa oaly)

5. Year of graduation from high school.
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6. Did you take Topics 305 in grade XII? a) Yes b) No (circle ome)
If "Yes" state final mark
7. Dlease indicate the regular mathematics course that you toock in grade XII by
stating the final mark obtained in the space provided.
a) Math Q0 b) Math 301
¢) Other (specify)
(course) (marik)
8. Did you write a final exam on the entire course in the regular mathematics
orogram in grade XII? a) yes b) no (circle cme)
If '"Yes" state time length of the exam.
9. {To be completed only by students who did NOT take Topics 305)
Yhy did you not take Topics 305 in grade XII? (circle one or more)
a) not offered in my school
b) did not know about the course
¢) prevented by timetable conflicts
d) was not interested
e) other (specify)
Permission:

Please indicate your willingness to allow your marks to be used for the purroses

of the study outlined by signing your name in the space below.

Date Signature
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Wayne Arthur Johnson,
14 Brunlea Key,
Winnipeg, Manitoba,
R2G 2C6.

June 23, 1976,

Dr. L.C. Jansson,

Graduate Studies and Research Committee,
Chairman,

FPaculty of Education,

University of Manitoba,

Winnipeg, Manitoba.

Dsar Dr., Jansson:

As a mathematics teacher and a graduate student in the Faculty of
Education working under the direction of Dr. A.M. McPherson, I am interested
in the adequacy of preparation of high school students for university
mathematics. For my Masters thesis I propose to relate achievement in first
year Calculus to participation in an enrichment course in mathematics in
grade XII (Topics 305).

Specifically, I wish to compare the marks obtained in first year
Calculus by students in each of the following two groups:

a) students who have taken Topics 305 in addition to the
ragular grade XII mathematics program.

b) students who have taken only the regular grade XIX
mathematics program.

The purpose of this letter, to you as chailrman of the committee
acting for the committee on Research on Human Subjects, is to request
permission to gain access to the marks obtained by the students in each of the
‘above two groups on each of the following:

a) diagnostic test (administered by Dept. of Math and Astronomy)
b) Calculus 13:139

c) Calculus 13:140

d) Calculus 13:141

a) diagnostic test (administered by Dept. of applied Math)

f) Calculus 6:122 (mid term mark) '

g) Calculus 6:122 (final mark)

The information obtained would be kept in strict confidence and used
only for the purposes of the study outline above. Note, also, student names
would not be published in the thesis. :

I would appreciate the requested marks for the 1976-77 academic
yeax,

Yours truly,

W.A. Johnsen.
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Wayne Arthur Johuson,
14 Brunlea Xey,
Winnipeg, Manitoba,
R2G 2C6,

July 6, 1976,

Drs Ne Se¢ Mendelsohn,
Mathematics Department Head,
University of Manitoba,
Winnipeg, Manitcba,

R3T an2,

Dear Dr. Mendelsohn:

As a graduate student, working under the direction of
Dre A. Mo McPherson, in the Faculty of Education, I am interested
in the adequacy of preparation of high school students for first
year university Calculuse (i.e. diagnostic test, 13:139, 133140,
13:141) Specifically, I would like to determine if students, who
have taken a particular enrichment course in mathematics are better
prepared for first year calculus than the students who have taken
only the regular mathematics programe.

The purpose of this letter is to reguest permission to
conduct a survey of first year calculus students, via questionnaire,
to determine background information of the students for the study
outlined above. I would like the questionnaire to be completed by
the students as early as possible in the 1976-77 academic year. The
time to complete the questionnaire would be gbout 5 minutes.

Enclosed is a draft of the questionnaire that I wish to
have completed by the students.

Your cooperation would be very muchiappreciatéd.

Yours truly,

waA@ Johnson.
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Wayne Arthur Johnson,
14 Brunlea Xey,
Winnipeg, Manitoba,
R2G 2C6,

July 6, 1976.

Dr. F. Mo Arscott,

Applied Mathematics Department Head,
University of Manitoba,

Winnipeg, Menitoba,

R3T 2N2.

Dear Dr. Arscotts

As a graduate student, working under the direction of
Dr. Ae M. McPherson, in the Faculty of Education, I am interested
in the adequacy of preparation of high school students for first
year university methematics. (i.e. diagnostic test, 63122, 6:123)
Specifically, I would like %o determine if students, who have
taken a particular enrichment course in nathematics are better
prepared for first year mathematics than the students who have
taken only the regular mathematics programe :

The purpese of this letter is to request permissien to
conduct a survey of first year mathematics students, via
questionnaire, to determine backzround information of the students
for the study outlined above. I would like the questiommaire to be
completed by the students as early as possible in the 1976-77
academic year. The time to complete the questionnaire would be
about 5 minutes. ‘

Enclosed is a draft of the questionnaire that I wish to
have completed by the students.

Your cooperation woﬁld be very much appreciated.

Yours truly,

Welho Johnsone
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Wayne Arthur Johnson,
14 Brunlea Key,
Wianipeg, Manitoba,
R2G 2C6,

July 15, 1976,

Dr. Fo Mo Arscott,

Applied Mathematics Department Head,
University of Manitoba,

Winnipeg, Manitoba,

R3T 2N2.

Dear Dr, Arscotis

Further to my letter of July 6, 1976 requesting
permission to circulate a questionnaire to all 63122 students,
I am enclosing, for your inspection, a copy of the final ‘
version of the questionnaire, '

The questionnaire has been approved by all three
members of my thesis committee.

Again, thank-you for your cooperation.

Yours truly,

Y.Ae Johnson
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Wayne Arthur Johnson,
1L Brunlea Xey,
Winnipeg, Manitoba,
R2G 2C5,

July 15, 1976,

Dre Ne S Mendelsohn 9
Mathematics Department dead
University of Manitoba,
Winnipeg, Manitoba,

- R3T 2N2.

Dear Ir. Mendelsohn:

Further to my letter of July 6, 1976 requesting
permission to circulate a questionnaire to all 13:139 students,
I am enclosing, for your inspection, a copy of the final
version of the questionnaire.

The questzonnaire has been approved by all three
members of my thesls committee.

Again, thank-you for your cooperation.
| Yours truly,

Be.A. Johnson
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The University of Manitoba

Faculty of Education ~89- Winnipeg, Manitoba R3T 2N?2
Graduate Studies Office
Telephone: 474-9012

16 July 1976.

Mr. Wayne Johnson,
.+ 14 Brunlea Key,
. Winnipeg, Manitoba.
R2G 2C6.

Dear Wayne,

In respomse to your letter of 23 June 1976, I am pleased to inform you that the
Faculty of Education Ethics Review Subcommittee of the Committee on Research
Involving Human Subjects (CRIHS) has approved your plans for research related
to your Master's program.

It is my understanding that you will be working closely with the Departments

of Mathematics and Applied Mathematics and I will forward copies of this approval
to them. While not stated explicitly in your June 23rd letter, it has also been
agreed that permission will be sought from students to use their course grades.

I wish you success in this project.

Sincerely,

- Lars C}/Jansson,

~ Chairman,

Graduate Studies and Research Committee,
Ethics Review Subcommittee (CRIHS).

LCJ/1p.

c.c. A, M. McPherson, Head, Curriculum: Mathematics and Natural Sciences.
N. S. Mendelsohn, Head, Mathematies and Astronomy.
F. M. Arscott, Head, Applied Mathematics.
R. Quackenbush, Assistant Head, Mathematics and Astronomy.
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The University of Manitoba

Winnipeg, Manitoba
Canada R3T 2N2

Faculty of Science ~90~

Department of Applied Mathematics '
Room 553 Machray Hall,
July 26, 1876.

Mr. Wayne Arthur Johnson,
14 Brunlea Key,

Winnipeg, Manitoba

R2G 2C6.

Dear Mr. Johnson:

In response to your letter of July 6th, I am happy
to authorize the giving of your questionnaire to first year
students of mathematics in the Faculty of Engineering.

Approval has been given by the Associate Dean of Engineering.

We shall be glad to collaborate with you in this
project and will be interested to learn the results of
your investigation.

Yours sincerely,

F. M7 Ars ott,
Head of Department.

FMA/gh
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The University of Manitoba

Department of Mathematics and Astronomy —-Q1 - Winnipeg, Canada R3T 2N2

August 6, 1976

Mr. W. A. Johnson
14 Brunlea Key
Winnipeg, Manitoba
R2G 2Cé

Dear Mr. Johnson:

The Department of Mathematics is most pleased to be able to

co-operate with you in your study of the mathematical preparation

of first year calculus students.

Sincerely yours,

R. W. Quackenbush,
Assistant Head,
Department of Mathematics.

RWQ/1g
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The University of Manitoba
Department of Mathematics and Astronomy 92 Winnipeg, Canada R3T 2N2

August 17, 1976

Mr. Wayne A. Johnson
14 Brunlea Key
Winnipeg, Manitoba
R2G 2C6

Dear Mr. Johnson:
You have the permission of the Department of Mathematics to administer
to our First Year Calculus Classes the Questionnaire regarding preparation
- of high school students for university mathematics, as discussed with Prof.

Quackenbush.

You will also have access to the marks obtained in the diagnostic tests
and the first year calculus results.

Yours truly,

N. S. Mendelsohn, Head
Department of Mathematics

NSM/1lg




