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_ABSTliACT

1 - - Ve | ) } )

. The main purpose of the study sas to examine the importance of

student aptitude, personality, and motivation factors with respect to ‘

calculus achievement scores in each of two learning settings——indepen;
dent study and lecture. The secondary purpose was to comppre ‘the

‘ independent study and lecture methods in terms ;of student achievement

scores and dropout ratios;

‘Two classes of first-year university transfer students at Mount
Royal‘College participatedvin the experiment. The students were = ™
.'randomly assigned to their classeg resulting in 67 students in the
vindependent_study group and 62 students in'the lecture group. At the
beginninggotJthell973 springysemester, the studenés were‘administered '
_a test battery consisting of_sptitudeﬂtests,fzupersonality questionnaire,’
';and:motivationvscales;’ Calculus achievement'scores‘were.obtained duniné{
the'semester using four‘term tests; a finsl examination;’and a standard—'

' izedlcalculus test. Stepwise multiple regression, Pearson correlation,.

and t test procedures were carried out on the data collected to test

-the.maJor hypotheses.ofﬂthe study. | |

The results of the study.vere asdfollows:

Ml, Aptitude variables'played thefmost‘important predictive role
with‘respect toﬂcalculus_achievement'scores in.the‘lecture
"grou'lv); = ‘

2. Motivation and personality variables were ‘the most important

4predictor Variables in the independent study group,

- . S 1w
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3. An aptitude variable was the most important factor distin-~

gu;shiné tﬁe lecture dropout from’tﬁgwlecturé nonfdropout;:'
4. A pergonality fa;torgwas thé,mostAiméorfant factor disfin—

guishigg'the 1ndependenf étudy‘dropogt frém'the indepéndent :

;;udy noﬁfdropout;li | o | | |
.5},;?héré g#s ﬁo sighificant differencé ig the~fina1<e;#minatibh »
”aﬁd,ﬁhg standardized test mean scores between,the‘tdé
groupe;.;nd |

"6, There were éignificantly;morg dropduts in the independent

. study grbup.

The main conclusion of the study wasvthét-there were identifiable

rY

.studeht characteristics that were related to aqhievement in‘talcdlusk

via the two instructional methods ﬁsed.
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° CHAPTER I

a

: ' ‘ THE PROBLEM. = - : B

INTRODU. [1ON

During the past.decade educators have given increased- attention

‘to the areas of mathematics curriculum development and methodology, ‘not.

only in our 3chools but in our. colleges and universities as well

»

- Particular. consideration has been given to individualized instruction.

n

The causes of the attention to individualized instruction in mathematics

may be attributed to the change in our view of education, the increasing f”,

importance of mathematics in the world today, and in part, to student‘

4dissatisfaction with university and college education
; _ ‘

"View of Education

For hundreds of years education has been viewed as a selection
process. At certain stages of the educational prograé* those learners

.

who met certain,criteria were allowed to continue ‘to the’next stage
fhose who failed at the different stages were essentially ignored by
'educators. These "failures"vwere ‘to find their appropriate niche in
-society, while the graduates of the educational system wére to become
the professional elite and the contributors to society .v

Education was -conceived as a set of learning experiences which

presumably became more difficult as the. learner proceeded through his

dschooling.'°It was aSSumed that fewer and fewer. learners had the



‘Ww\

necessary gift of intelligence to succeed as they moved from t e lower

r‘) :

)

grades to the higher grades and from high school into college."

.Today, many of. the countries of the world are demanding more and

_more education for their ciﬁghens. The reasons for these demands are.

,‘ and'unSatisfying conclusion that post-secondary education seems to '

,'are completing high school i Hore and Lore of these high school

" not clear, Increased economic growth increased social and OCCUpational

mobilityﬁ and desire to enlarge our knowledge of nature and society and -
to strengthen our culture have been given as reasons. -However,'the
Commdssion of Post-Secondary Education in Ontario (1972) gave evidence‘

to indicate that it is’ difficult to discoven_any single set of objective

‘soc1al economic, or demographic criteria that can dbe said to account ' ’
“for the rapid growth in the area of post-secondary education. The

f'ﬁ}commission concluded that we are “§1. ~left only with the unsatisfactory

[

'expand when a society desires it to be expanded" (1972 2) Whatever

'the reasons, societies are demanding more education for their citizens

and consider any edUcationally disadvantaged segment of society as a

source of social problems._ Bloom (1971) indicated *hat in theAUnited R

‘ States, about 75 per cent of the 18—year olds were finishing high school

-

and in Japan, about 60 per. cent of the 18-year olds ‘were completing ;‘i

-

H

_ secondary education. In Canada, nearly 60 per cent of the lB—year‘olds

graduates are moving into colleges and xniversities. . ’j.< . R

In Canada, our society is insisting upon educational institutions

' that will ‘serve a broad spectrum cf the community needs. Some of these
 needs have been outlined by Fisher (1967) and Kristjanson (1969)

.?appears that tbe edutational ideal is to provide all citizena an

e . . ‘_7 R ST - -

+
v o,
£t



“opportunity to obtain an educatio At present, many Canadians seem

to be much attracted to the relatively new post-secondary educational

institution called the.community college. In 1972, there were approxi-

mately 130 Canadian community colleges serving a total student population

of approximately 100, 000. The provinces of Quebec, Ontario, Alberta and

British Columbia have shown remarkable growth in the community college

movement. The result is that colleges and universities, particularly

community-colleg 5, are enrolling ever more heterogeneous groups of

students. “This heterogeneity exists both in the domain of aptitude

‘and motivation. It is seen as the task of the institution to maximize -

2

for each of this broad spectrum of students his ability to’ function

; effectively in 8 complex society.

" Tnis change in the view of education poges many problems in the
general area of curriculum development and methodology. Educators are

looking at alternate methods of . instruction,,particularly individualized

'ninstruction, to help as many students as possible learn to cope

o

i effectively with their environment.

.

15

f*

Bl

portance of Mathemati""

MathEmatical research is advancing s0 rapidly that the quantity

of known mathematics is doubling approximately every fifteen. years, which d
'impli 'S an eight fold intrease in the working lifetime of today s
1students. In the past fifty to seventy years<man has seen the fantastic

development of subjects in mathematics, such as topology, theories of

.

vintegration, functional analysis, measure theory, abstract'alggbra;

probability and statistics, and game theory. These subjects;have found-

~

n



.important and extensive applications in the~physical and engineering-

sciencesw-biological sclences, and in the social sciences._ Game theory

\

is a mathematical theory of games of strategy and has applications in
economics, var,_and the study of human relations.:-fLinesr programming"
" has provided an important tool for more efficient management of large-
scale industrial and governmental operations. Operations research"
employs many mathematical and statistical methods and is used by indus-
'trial firms’to make‘their operations more efficient~and more productive.
"Quality control" nses statistical techniques for efficient control of
quality in large—scale manufacturing processes.
| ',These changes in the. importance of_mathematics:and the effects
. of the’electronic computervand automation on‘our lives‘are.almost
'beyond ouricomprehension. ﬁathematics.has hecomedhasic to the fahric.of
our social-order. 'Thus, it has become necessary for greater numbers‘
'vof people to:Iearn'mathematics.i'lhis'places demands upon research in
curriculum and instruction so that these increased numbers may achieve

the objectives of mathematics instruction.

Student Dissatisfaction

. Student dissatisfaction with university.and college education has
'_reached crisis proportions. Hore and more students are becoming unhappy
‘with impersonal mass lectures and irrelevant course content. At the i
) same time, little encouragement seems’ to be offered to faculty for high-—
quality teaching and for the development of efficient lesrning methods.

Academic reuards continue to be almost exclusively for discipline—.

related research contributions. *HcLeish (1968) indicated that the.

r



student-discontent has helped. educators focus attention on curriculum

t

development and methodology;

Hopefully, this study has been a small contribution to the

~rev01utionary cause of improving instruction in the area of college

-mathematics. The study was concerned Uith nathematics curriculum NI

- -t

development and methodology in the teaching of calculus.' Two modes of

1nstruction uere used—-the traditional lecture method and an 1ndependent.

study method. The purpose of the investigation uas to assess the

relationships hetween student characteristics and mathematics achieve—

ment in each of the instructlonal modes;

BACKGROUND. TO THE PROBLEM

o

In the past feu years many educators at the community college

- level in. Canada and. the United States have concerned themselves vlth

: individualized instruction and other instructional techniques. They

‘have known that there are great differences in how each student learns,

and have recognized the need for instructional systems which can make.

higher education available to large numbers of students and at the same

9

time, offer .an individualized learning experience. still, feu modifi—‘

cations have departed significantly from the traditional lecture approach

-

.to instruction. This is not to. say that the: lecture approach is

. ineffective. However educational research (see R. ‘and D. Perspectives,

'1968) has demonstrated that other instructional methods, such as f

j,'programed instruction, computer-assisted learning, audio-tutorial and

_independent study methods are at. least as effective. 'Some students,

'according to Bloom (1968), can learn through independent ‘learning



) experiences while others need highly structured”situations

| We have to recognize that no omne instructional method uill prove
‘effective for all students. Alternative learning methods need to be
developed, and, as Goldschmid (1969) said, these instructional methods
L. need to. be optiﬁally matched with student characteristics
including personality, prior learning, interests, and aspirations
(1969 ) ’ |

'In,the paSt (and frequently-today) adapting:instruction to

individual differences meant fixing the curriculum and method of
instruction and adjusting through initial selection and through allowing
for dropouts. _ Cronbach and Snow (1969) stated that ‘a more reSponsible
'method of adapting is to choose different educational modes. ‘They

; stated : "Our concern,,then, is with adaptations in method that will

fit instruction to the relevant characteristics individuals bring to

the classroonm" (1969:175). They could see no short term solution to the.

Iproblem of individual differences 'save artistic design of alternative

‘instructional schemes"‘(1969:177)' The long-term requirément is for an

\J
‘ understanding of the factors that cause a student/to respond to one’

instructional plan rather than another.
< »THE PROBLEM
The main purpose of . the research'was to- examine the importance ,
‘ of student characteristics with respect to calculus achievement scores
fin each of twc learning settings.' It was surmised that student charac—
1nY)

teristics, including student aptitude, personality, and motivation

’ factors, may be related to calculus achievement scores. With respect to

Ry,



the main purpose of the study,-the following questions were asked:
1. What student characteristics can be ‘used to predict»calculus

-~ ’ '
achievement scores in a 1ecture setting?

i

' : Rt 8 res
2. What student characteristics can be used to predict calculus :

achievement scores in an independent study setting’
3. What—are the characteristics of the dropouts inbtheflecture i
setting? ,‘ | |
4. What are the characteristics of the dropouts in the iaaepen—,'
| dent study setting7
: These.uuestions related tokeach)setting separately and were not compara-
:itive'in nature.
- The secondary purpose of the study was to compare the independent
- study and lecture methods in terms of student achievement scores and :
dropout ratios. The specific questions asked were: -
5. Is theLe any difference in the mean achievement scores of the ..
.indep ndent study and lecture groups’ R
6. Is th' dropout ratio of the independent study group different
“from the dropout ratio of the lecture group’

DEFINITION OF rsnus B

ey

_ 'R B Ma teryvlearning; Learning defined in terms of the achieve—
ééé;ent of spec fic sets of objectives.

2. dependent Study. An expression most difficult to describe'

since it ¢ take on’ many different forms. In this study, the term was
: used in t following sense-- A teacher-structured study program S

designed for mastery learning with each student having independence



~1in terms of designing his'or her own study times and in the choice of
instructional aids: The terms "independent study" and "individualized
instruction were considered synonymous.

3. Formative evaluation. Diagnostic testing used to provide

immediate and frequent feedback to the student regarding his progress
during instruction.

‘4. Summative evaluation. Testing used to assess the students’

. . 3.

achievement at the end of instruction.
\‘. ) ’ i .
'OUTLINE OF THE REPORT
;'The present]chapter-serVes to stress the factors that make it

N

it

necessary for college educators to focus their attention .on curriculumt.
development and on the methodology of - teaching mathematics, gives a =
background to the problem and need for adapting instruction to student‘ _i-
_charadteristics, and outlines the problem. Chapter 1T is devoted to al
_review of the literature relevant to this study. JThe design of the

4 f:study, outlining the instructional settings and  the student characteris~<y*

.

tics used is presented in Chapter III. Chapter IV includes- the analysis

uof data and the results of the investigation. The summary. conclusions,

' and recommendations are found in Chapter V.



. CHAPTER II

\

REVIEW OF THE LITERATURE

The central purpose ot this study was to assess the importance ot
student characterisé&cs with respect to calculus achievement scores when
an independent study approach and a lecture approach to - instruction are
used. The independent study-method used in this research is based upon
.features of the mastery learning approach to instruction. Thus, in the‘
_first part of this chapter, the history and theory, of mastery learning
is reviewed along with a review of the lecture method A description of
‘research findings related to theseilearning approaches is also, included
_Vsince~the secondary purpose was to compare the. independent study and
:lecture methods with respect to achievement scores and dropout ratios._‘f

N .The latter part of this chapter gives a: review of the literature E
"pertaining to’the relationships between student characteristics and
‘academic achievement.- -This review is considered under the three general
'areas of aptitude or intellectual factors personality factors, and
'mOtivation factors.- The literature related to- these areas is treated
separately from the rev1ew associated with mastery learning and ‘the
flecture approach for a specific ‘Teason. The history and development of
‘the research related to the three areas was - concerned with academic’
:'achievement in general and vas ‘not primarily associated vith the rela-

'tionship of student characteristics vith methods of instruction. The

revieu of the literature ‘associated with the student characteristics is

9



10

-generally.too hroad‘tO'he classified under either method of instruCtion’
E?used in this study. Thus, a perspective of the relationships between
jstudent characteristics and academic achievement is given in the latter
part of this chaPter. Ihe»study of the relationships hetveen student
_characteristics and calculus achievenent scores when learninguoccurs via
vthe’independent study,approach or the lecture approach is reported in-

the following chapters.
MASTERY LEARNING

-

- Historyfot‘ﬁastery hearningh : ék~
h The idea of learning for mastery is not new; ln the;1920ls R
'there were two major attempts to produce mastery iu students learning.
One attenpt was led by Carleton Hashburne in 1922 and the other by
- Henry C. Horrison in 1926 at the University of Chicago s Laboratory
School. Iheﬁmajor‘features of the approaches of WaShburne-and Morrison
as'summarized’frOm.Block (1971a) were: Hf" -1fv; P e
| 1. :Hasterv was defined in terms of particular educational
‘objectives each. student ‘was expected to achieve.
.2.; Instruction was organized into ve11~defined learning units.
3Q >Complete mastery of each unit was requiréd of students before
' proceeding to the next. | ’
_4,‘ An ungraded diagnostic test was administered at, the comple;'-
‘tion of each unit to provide feedback on the adequacy of - the
: students learning. '

5. On the basis of this diagnostic information, each student .8 .

'original instruction was 8upp1e-ented with appropriate

—~ L . 1



: learning;correctives.

[

]
6." Time was used as a variable in indiv1dualizing instruction.

. These early attempts at mastery learning disappeared in the 193031

- "due to the lack of technology required to sustain a successful stfategy".

'.(Block 1971a: 4) ‘ The idea arose again in the late 'fifties and early
sixties as a result of the popularity of programmed instruction. It

was in 1963 when John B Carroll published a paper entitled Model of

School Learning that provided a useful model for mastery learning.- It

is important to note that Carroll did not view his model as a 'learning.
}theory but as a description of the ' economics of the school learning .
-process' it took the fact of learning for granted His model outlined
the major factors influencing student learning and indicated how these.
ffactors interact.i It was Bloom (1968) who - transformed this c0nceptua1‘f

.o

&odel into an effective working model for mastery learning.

Block (19718) felt that the most - recent approaches tc mastery

learning have advantages over ptevious efforts in. two important<respects;}A

';’:‘ 1. The feedback instruments are much improved‘ and -
2. & greater variety of instructional correctives are used..~

« .

'Theory of Hastery-Learning

In 1963 Carroll s model was based on the concept of ‘a learning :

':,' R d_, . “4

. THe learner's. tas of going from ignorance of some specified fact
- or concept to edge or understanding of it, or of proceeding
-7 from incapability f performing some specified act to’ capability oﬁ‘V
‘ 'performing'it. 3:723] e . 1 :

Carroll assyfied that most learning objectives can be expressed in the

form of 1 arning casks or a series of learning tashs, each.of‘vhich.can'_
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be'described'(behavioural objectives) and that means can be found for
making a valid judgment as to when the learner has accemplished the

learning task.

Basically, Carroll's model claimed hat the learner will: succeed'
in learning a given task to the extent that he spends the amount of time’
that he needs to learn the task.. If the learner is not allowed enough

' tlme, “the degree to which he could be expected to learn is a function

of the ratio of the time actually spent in learning to the time needed:

- ' - ¢ [time actually spent
Degree of learning_v f ( g time needed ),'

The model proposed that the time needed is a function of:

1. Aptitude for learningf~measured by the amount of time needed'

}to learn the task under optimal conditions.

- 2.’ Ability to-understand instruction—-meaaured'by"some combina—.

. tion of "general intelligence and "yerbal ability. ,;‘ﬁﬁ

3_, Quality of instruction——the degree ‘to which the presentation
and ordering of the learning task's elements approached the
optimum'for each student. - R

v The model further proposed that the time spent is a function of:

' l.' Time allowed for learning.

LN

;2;: Peraeverance-vthe time the»learner‘is~willingfto.spend’in

= 1earning. '
' Thus, th° Caﬁgﬁll model can ' be summarized by the following relation.
Time allowed 2. Perseverance

Degree of learning -f: 3. Aptitude 4, Quality of instruction}’
' S. Ability to understand instruction

In ‘his 1968 paper, Bloom conaidered the variables of Carroll'
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model and the ways these variables may be used in avstrategy'for mastery
learning. = = : ' : 4

- A learning strategy for mastery may be derived from the work of
Carroll (1963), supported by the ideas of Morrison (1926), Bruner

. (1966), -Skinner (1954) Suppes (1966), Goodlad and Anderson (1959)
“and Glaser (1968). Lgioom' 1968:3] .

‘Bloom argued_that, if students‘are ngfmally distributed wirh'
respect‘to aptitude for some subject'and if they are-provided the sane‘
instruction.in.terms of amount- quality, and learning time,.achieve— :
_'ment would be normally distributed AJso, the relationship betveen

'aptitude and achievement would be high. However, ii each_learner is»‘
_ provided with ogt m learning conditions in:terns‘of.kind.and.duality
of instruction and the learning time he required then the majority of
students could -be expected to achieve mastery.; The relationship between,

-

1pt1tude and achievement should approach zero. Thus, to achieve masterz.“’ -

'1dfix the degree of learning ‘and manipglate the other variables in

Carroll's model :' R _:' ' .f - , ;". o ";'i
S Bloom proposed ;-s:rAtégg forfhastery learning vhere the time tor o
Vlearning is relatively fixed “i.e., semester or period of calendar year
in which the course is usually taught. Basically, the strategy consisted
. of the following | | | |
' 'b 1; <Define mastery inbterms of a’ specific set of objectives the B
'student is expected.to achieve;if. |
.2, Divide the course into small learning units (one or two
4 weeks instruction) Hith.unit objectives. B :. - 1. o fa
13;':Use teaihing methods appropriate.to learner needs;

4. Prepare'short diaghdstic testS'(formative.tests)1to;determine_“



S, : .
\ B . . . i
. . o : .
- .

whether the student has mastered the unit and what .if
anything, the student must. do to master it. |
5. Prepare tests‘(summative tests)\to appraise student s com—‘
lpetence with regard to content and\objectives. }”
The remainder of this section will be devoted to an analysis of
Bloom s strategy for mastery learning and of the variables An Carroll s

—model.\ Since Bloom s 1968 publication extensive mastery learning

research has been carried out and some of this will be reviewed as well.

. égtitude; It is clear that some students have characteristics
that give ‘them special advantages over other'students inAlearning some
tasks. whether or not these aptitudes are ingate gifts or: the result
‘of previous training has been a controversial issue. It seems that
some aptitudes are the result of endowment but at the same time, the‘
rate of learning tasks can be altered by environmental conditions or

prior learning experiences.‘

'The amount of time that a student needs to- learn a given task under
optimal conditions is a reflection of some basic chardcteristic or
characteristics of - the student that may be called "aptitude.f Often -
- one can use various tests and other’ indicators to predict. learning
time and- the use of aptitude predictors will sometimes help in -
-dealing with variations in learning time.. Learning time for a given
‘task is often a complex function of a number of basic aptitudes—- -
verbal ability, memory ability, spatial ability and so forth as they<
. have been identified by factor amalysis studies.
[Carroll 1970: 31]

How does one measure rate of learning under optimal conditions

o e o

‘ Carroll (1970) said that the true amount of. time that a student needs to
learn something is a variable that cannot be observed directly since it
o assumes that the student is we11~motivated and that instruction is

-«

: optimal Hovever, one can measure the time ta reach criterion. He also
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reported that there is some evidence ‘that aptitude interacts with the

kind of instruction offered. Davis (1967) found that certain factors

of Guilford s "structure of intellect" interacted with type of instruc— o
_tion in mathematics such that students with good abilities in "cognition
‘ of semantic classes were much better off when ‘they were taught with
semantic methods"bas opposed to "symbolic" methods Conversely,
students with good. "symbolic" abilities were much better off underl
instruction that stressed symbolic contentgf/gne of . the major research
problems now is to identify those aptitudes most relevant for a given
<learning taskr ‘ |
‘vAs far as teaching for mastery learning is concerned the

,'teacher mugt recognize the differences in the learning rates of

students and allow for these differences in. the instructional process.

| Ability to understand instruction. Carroll isolated this

variable from those considered under 'aptitude ~He assumed it to fghuﬂ

“interact with the quality of -instruction. As cne may expect, Block
(19713) claimed that research evidence indicates that students with a;ﬁ
'V,high ability to understand (as usually measured by verbal ‘intelligence
tests) and profit from instruction are 1itt1e affected by variations in
“quality of instruction while students with low ability to understand
instruction -are much more affected by variations in quality Thus t he
bdifferent instructional modes should be used in such a way so as to
“take advantage of the student s non~verbal abilities (i e. ,'spatial

‘symbolic) There is little evidence, however, that this would produce

significant changes in student behaviour.
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. Quality ofpinstruction.‘ There are many aspects of "quality of

.‘ instruction' but Carroll (1970) emphasized those that have to do with

sequencing the order of presentation of material from simple to more
complex,,with making sure each stage is properly mastered before the
’ next ‘one is taken up, and with making sure that the, pupil understands

exactly vhat the objectives of instruction are.l He also listed the

e

' quality of- the instructional materials, the teacher s knowledge of the
subject matter, and ability to diagnose student difficulties as important

_factors;

In a summary of mastery-learning research pertaining,to:the-
”quality of instruction, Block (197la) .stated:

The research results suggest that quality of 1nstruction is
best defined by (a) the. clarity and appropriateness of the instruc—
tional cues for each ‘student; (b) the amount of participation in
and practice ~f{ the learning by each pupil; (c) the amount and$
types of reinforcements given to each learne .o :

i
e ® e e'e & e o e ® ® e e o o o .0 -a. -8 ® e e s ¢ & s e e s e -4 .s

: \Related to these: variables are the findings that the variety of
. uf'instructional ‘modes and materials, teacher verbal ability, the type.
' of feedback available to both teacher and student, and the frequen~
cy and variety of teacher reinforcements are all predictive of
_student achievement. [19718 93] : ‘ '

Obviously, it uould be extremely difficult to" establish a measure of -the -

V quality of instruction. IR L - .Q\j"

[}

Perseverance. This, as previously defined is the time the

learner is willing to spend in learning., Carroll (1963) surmised that
: perseverance is a function of many variables including the desire to
learn, frustrations encountered iu learning, prior‘experience of success

.or failure uith similar tasks. It seems reasonable that frequent feed-

back and positive reinforcement leads to greater perseverance.

‘..vb.
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Time; In many college courseS)material is presented at_such a-
\- T

‘rapid pace that only those students with the "higher aptitudes" are

-

. _able to keep up while the others fall behind, sometimes never to catch

.up. It does not follow that mastery learning is the result of allowing
students sufficient time - However, . if they are not . allowed the time
their learning will be incomplete.l If a course is presented as a

sequence of learning units, Merrill Barton, and Wood - (1970) indicated

ks

-more time ‘than usual _may have to be allowed for early units for '«.

corrective and review purposes but the “time - spent here usually pays

”

pff in terms of less ‘time for later units. . o o

. . ( -
Evaluation.” 1In mastery learning the role of the teacher is that
“of a "manager;f His role is to specify what is to be learned (objec—
tives), provide students with instruétional materials,'administer

instruction at a rate suitable to each student motivate the student

monitor students progress, diagnose deficiencies in the students

lcarning, provide remediation for them, -and provide review and practice
. . - .
Thus, one of the more important aspects of a mastery learning strategy

is. that of evaluation..
Airasian (1971) claimed that an effective mastery strategy
requires two types of evaluatiqn——formative evaluation and summative

evaluation. Summative evaluation is directed toward an assessment of

3

the students achievement of the course objectives or some substantial
“part of. the objectives. Summative examinations usually occur inf.e-

e .
quently, two or - three times for one course, and focus more on the

"broader objectives of the course. Those students who attain a
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predetermined‘mastery level recetive an A grade (or equivalent) and-

- those who fail to attain the mastery level receive.appropriately lower
grades. Bloom et al. (1971) indicated hov the technical characteristics -

. of validity, reliability, and scoring objectively need to be carefully

4

con°ldered when using summative testing.

The term "formative evaluation"ﬁ‘ga “first used by Scriven (1967)

~in connection with curriculum improvement. In his view, formative

1

- trying out of a new curriculum in such a way that revisions.of the

‘evaluation involved the collection of data during the construction and

PR

curriculum could‘be'based on'thisfdata. However, formative evaluation

- has now been extended for-use in ’the teaching and learning process .lfor

the purpose of improvement of that process. The most important use of

formative evaluation in mastery learning is in providing immediate .and

'continuous information regarding a student s progress. This information

L can be used to direct or correct subsequen learning._ AiraSian (1971)

believed formative evaluation should occur frequently 80 as to identify .

unmastered objectives early enough to permit their correction before

the summative evaluation. ‘This . is especially important in those

| sequential courses uhere objectives learned in the early stages of

1nstruction form the basis for learning later objectives.'

One technique of formative evaluation is to, evaluate all the

v

.-objectives of a unit in terms of mastery or non-mastery. Bloom et al

(1971) have ‘used accuracy levels of 80 to. 85 per cent on each formativev

test as an indication of mastery. Block (1971a) reported a study

-

h involving eighth graders vhere different mastery 1evels were established

for six different groups.‘ Each group had avpre-established.level of

» . - . . - B - “
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mastery. These were 0; 65; 75; bS,tnnd 9§“per centvmastery;v The
'results are rather interesting.. First, the 95 per cent.nastery level
group produced maximal cognitive learning (achievement, transfer and
_‘retention) but had long run negative effects on student interest andl
attitudes. Maintenance of the 85 per cent level produced maximal .
interest and attitudes but slightly less than optimal cognitive
1earning.
Airasian (1971) made the important point that the formative
test should be scored in- terms of item response patterns so that each
“unmastered objective can bevidentifled for the purpose of the student.
.That is.'the student must be able to recognize from his marked forma-:
;3gtive test those objectives he has not mastered and uhat ‘he needs to do
to master those objectives.‘ | |
What corrective procedures can be used to help a student master
the ' unleaqned" objectives? There is a wide variety of instructional
.correctives that can. be used, such as:
) 1. individual tutoring,

2.c smallhgroup sessions, and

3. 'alternative learning materials.'f v‘. L T R
_Probably the most effective method 1is | individual tutoring,,if it is

feasible in terms of cost and time. At the college level it is

A possible'to use para—professionals and/or paid student tutors. The
‘small group cessions usually involve two to four students, with or
'.uithoutlthe teacher, who meet at specific times to. discuss specific

.learning problems For those studnnts Hho have the perserverance and

interest to correct their learning problems themselves,'the use of



alternative learning”materials can be effective. .These alternative'
materialsvcah involve alternative.textbooks; programmed workbooks, -
audio-visuallmaterials, Such as motion pictures,‘film strips,,cassette’
tapes, and games. | | |
blPrevious'research has indicated.that theiUSe~of'feedback/correc—
tion procedures,can significantly improve studentiachievement: One
study worth noting is that of Collins (1970), who investigated the
effectiveness of the different variables in Bloom's mastery learning
strategy for teaching modern mathematics at the grade eight level.‘ The
course was divided into units with a list of objectives for each unit.
Each 1ist indicated ‘the objectives to be covered per class session and
assignment.n Group A was given only the lists of objectives. Group B-‘
was given the lists plus a problem during each session testing the
: objectives covered in the previous session and assignment. After
working on the problem;lit was discussed and queStions were answeredn
Specific corrective directions were then provided for using the text—
book notes, and handouts to learn the objectives not mastered
_Group > received ‘the lists of objectives, the diagnostic problems, and
the review prescriptions. In addition, learning re30urces such as
btextbooks, workbooks, games, "and SRA instructional kits.were given.
3 Group D received only_the problemsfand-review prescriptions. Group E
. received only the problems 4 Group F received none of the extra. mate-
rials and had only their classwork and assignments.% All classes were.
‘.given the same tests based on'the objectives. Of Groups B and c, 80

'per ‘cent achieved mastery (Grade A or B) Groups D, A, and E had 70,

60, and 50 per cent respectively achieved mastery. Collins-suggested1
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that these results indicate the great importance of specifying objec-
tives and the major effects that’ diagnostic testing -can have on student
achievement when used with a corrective prescription.

The-use of criterion-referenced tests (comparing Students'
performance invterms of predetermined standards) has created recent.
“controversy, (Formative tests may be classified as criterion-
ireferenced.) Ebel (1971) attacked not only criterion—referenced tests
. but mastery learning as well His arguments_againstucriterion—
referenced tests were:.l | '

| 'l;v'lhey'do not'tellus-all we need.to know;about'achievement.’
E%: 2. lhey-are difficult_tonobtain'on any sound 'basis.

3. They are necessary for only a small fraction of. important

N '

educational achievements.
valock (l971b) defended:the use of_criterion;referenced tests andvpointed‘
out weaknesses in Ebel s arguments. ‘In his paper, Block emphasized theK
| importance of criterion—referenced ‘tests and objectives in the feedback/
correction aspect of master learning..'b |
The findings to date suggest that prespecified‘instructional objecf
tives provide a key to maximally" effective classroom instruction

when put into operation in the form of criterion-referenced measure-
ments for use in a* feedback/correction system. [Block 197lb 2941

Affective consequences of mastery learning. Bloom (1971b) traced

the‘process by which the present educational system destroys ‘a large
.Anumber of studentsl interest in learning, creates in. the student ‘a
negative attitUdeitovard himself and the schbol, and infects a number
of students with mental health problems. Both Block and. Bloom indicated

that research findings reveal a clear relationship between a student s
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’ : : oy :
7academic performance and both his self—concept and his mental health.

'They also claimed that if a student can be provided with successful
'experiences in a given task then his confidence in his ability to

. perform similar and related tasks will increase. Further continued
.-success over a long period of time may constitute a form of immunization
against anxiety and emotional»prOblems. Block (l971a) claimed that |
 research shows thatfmastery learning methods produce

. . . greater interest in and better attitudes toward the materfal
learned than more conventional approaches. They seem to help most
students overcame feelings of defeatism and passiveness brought to
learning. Their powerful affective consequences may be attributed
to many factors, the most important of which seem to. be the co-
. operative rather than the competitive learning conditions, success-
ful and revarding learning experiences, personalized attention’to
_each student's learning problems and ‘the use of certain correctives
*_ (for example, student tutors and small group. .study sessions) which
~add a personal-social aspect to the 1earning not typical of group-
based instruction. [1971a:97]

- “

. Tbe independent study method used in the present study adopted

o mastery learning features and is described in Chapter III.
THE LECTURE METHOD

The lecture method has been the basic method of instruction in

.,higher education for centuries.- Most edueators have been brought up with_

~ s

the lecture and many are disenchanted vith the,method as the only method
' for all courses, all students, and all teachers. iHowever, the 1ecture"
' has survived and. has advantages as well as disadvantages as a mode of

l 4

1nstruction. 2
The traditional 1ecture method is usually considered as the
approach to instruction whereby the instructor gives a verbal presenta—

tion to a‘passively'receptive audience. Student participation, if any
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ﬂat.all, is generally limited -to asking questions of the lecturer.- There
.can be variations in the amount of student teacher discussion in a -
lecture setting. Most lecture settings in undergraduate mathematics
'programs are supplemented by a weekly group tutorial session. This
'tutorial session can take ‘the form of a ‘teacher meeting with a subset of
the students to answer questions and help students. with the solution of

'

roblems.

McLeish (1968) questioned the worth of the lecture approach when

' A .y . G f’_.‘,
. he. wrote:

LS

The new orientation of the universities towards technology and |
-modern science raise doubts about the efficiency of the transmission
-of academic materials by the traditional method of an .uninterrupted
discourse, often without benefit of rest pauses, of variety of
presentation and pace, of visual materials-—sometimes devoid of
human: _warmth and intelligibility. [1968 3] .
HcLeish also indicated that lecturing is an art and. the lecturer must
-possess a variety of skills which are not easily attained One of the
main disadvantages is that it pays little attention to the individual
differences among- the students. Another disadvantage of ‘the. lecture is
_ that it tends to encourage undesirable attitudes to learning. McLeish
,ﬂindicated this last point when he said
Where there are compulsory lectures buttressed by examination 4
pressures, it is more or less inevitable that students, and to some
. extent their teachers. learn to regard knowledge as-a closed
system.v [1968 47]
.The lecture method does’ have virtues as a mode of instruction.
It_can‘be used effectively in introducing new topics or new material to"}'
_ the'student.or in motivating theistudents‘to a new topic. The lecture

can be advantageous in synthesizing previous learned ideas to provide '

an overview and in relating currently topical events. ‘McLeish.Stressed,
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an. audience 91th his own enthusiasm? an capture the imag

}: S.df his :special field t".h
- destiny and: human purposes' he cdn?f nicate the latest- r&ﬁu LS’
- of the painstaking efforts of his. f
" and future estate. The lecture met#!

ends with the utmost of neans.m [19

HcLeish carried out a series of experiments from 1964 to létd.to
determine the effectiveness of the 1ecture method. In one study on
attitudes to methods of 1nstruction he found that older and mature

~students strongly disfavour the lecture. They favoured more student-’
' centredvteaching methods. The academically superior students disliked

.the lecture method more than other students. The studentsvinvolved in

"~ .the study were education students attending the Cambridge Institute of»

N

'Education. McLeish (1968) reported that research has shown a sequence'

v

in student performance“ during a sixty-minute lecture situation. The
sequence consists ofdthree~steps. |
‘_1;4 An initial spurt Hhich lasts approximately five minutes;
| :Student "efficiency 1s at a maximum during this period
2. A niddle sag vhich‘ciearly results from'a combination of .
boredOm and fa't:igue.‘~ Thisisag'reaches its.iowesgk;oint
after approximately forty minutes. | >> |
" 3. An end spurt vhich continues to improve to the end of the
‘flecture but does Dot reach the initial level. ‘
'He indicated that there is seidon‘a'radical departure from this_typical

pattern.-

¢

Hith regard to student retention, McL

-qybseholars on man's' predbnt B

@
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.Students listening to an uninterrupted discourse within their range
of understanding and taking notes in their normal fashion, carry
‘away something of the order of 40 per cent of the factdal, data, ‘the
theoretical principles stated, and the general applications referred
to by the lecturer. A week later they‘have: forgotten at least half '
of this material. But there are considerable individual differences,
of the order 3:1, between the best and the worst’ case.,[1968 12]

‘.

Hany of the studies referred to later in- this chapter have used

the 1ecture method (or variations of it) as a mode of instruction.

: ’",f,'f’!t‘ds‘le and Entwistle (1970), King 1972), and Domino (1971) reported
results relating student characteristics to academic achievement at the'
university level when one of the instructional methods used ‘was the
. lecgure method. A study related to effects of students choosing their

pteferred teaching mode (including the lecture method) is reported here.i

| Pascal (l971)'investigated the effects'of offering-three:instruc— |

-tional options (lecture, lecture—discussion, and independent study) to
students in a psychology course. In addition to'studying whether or not
students did better when given their preferred method of learning, the 5
study,investigated the possible:differentialleffectiveness»of-the_three‘fﬁ

o methods on different'instructional outcomes;' The'subjects were 185

r

' - students enrolled in a psychology course at the University of Michigan

;during 1969. The criterion test consisted of items covering the course

‘ material and uas.prepared-by'the researcher.. Twotlevels ofﬁitems-were
included‘inlthe'test' Level 1 contained items corresponding to the -
Knouledge and Comprehension objectives of Bloom 5- Taﬁonomy, whereas
Level 2 contained iteus corresponding to the Applications sbjectives of

the same taxonomy The Attitude Toward Psychology Questionnaire,)

prepared by Carrier was. given to the students at. ‘the beginning and.en

‘of the course.,aIn addition, the students evaluated a seven-page novel®

" . ) .(\ . R
' ) lig ublm . ’,’.;- L °
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article touard thevend.of the semester and s.score was given for the

resulting evaluation: An essential criterion for the evaluation was a
1’7,,», .

: succinct integration of course material Receiving one's .preferred .

option had no significant effqpt on the criterion outcome; however, -

~those students receiving ‘their preferred option had a more positive

attitude towards psychology than the %g?er students.» Students in the

ERY

lecture—discussion and lecture options performed significantly better
than the independent study students on the Level 1 items of the criterion
test. For the evaluation of the novel article the independent study
'students scored significantly better than those students in the other

eo options. .

| A review of the research relating aptitude, personality, and

motivation factors to- academﬁc achievement is now given._‘
APTITUDE FACTORS

Intelligence has long been recognized as a crucial factor in the
'academic success of man. For about the first thirty years this
century, it was generally accepted (due primarily to the work of

w

Spearman) that one single general factoréof intelligence accounted

fairly satisfactorily for all the manifestations of human ability. In

: fact, this still remains the viewpoint of the layman insofar as general B
intelligence tests and measurements of I.Q. are still widely used.
Thurstone (1947) established a set of primary abilities. This did not
contradict the concept of a general intelligence as further a.-iysis of

.'his primary factors resulted in a second-order factor of general

v ability In more recent years Guilford and associates (see Guilford and
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Hoepfner 1971) have by the use of factor analytic methods, isolated

4nearly 100 primary factors of intelligence. Cattell (1963) suggested

- that the Guilford abilities are relatively specific and combinable to‘

form minor ~group factors, then major group factors, and then st111 more
basic general factors forming a hierarchical structure. Cattell has
theorized about the existence and nature of tuo general factorS" fluid
.ntelligence and crystallized intelligence. Cronbach and Snow (1969)
pointed out that _some form of hierarchical structure is endorsed by
nearly all recent theorists .and that’ "at the peak’ of the system is .
'something called‘g, or fluid intelligence which is now being distinguished

from crystall’ized° e " (1969:53) . L /\ o L ;

Aiken (1971) ‘reviewed recent research associated Hith the effe7g B

of intellectual variables on achievement in mathematics. Be stated-”‘
The view that performance in mathematics depends upon a number’ of
abilities is reflected in prediction studies (e.g., Bills, 1957-
‘Guilford Hoepfner and . Peterson, 1965; Wampler, 1965). ‘Theseé
investigations demonstrated that composites of "factor pure”.
 aptitude measures can ‘improve the prediction of achievement in
college algebra and calculus. [1971: 202] o S N

Aiken pointed out that recent factor analytic studies of mathematical
abilities have resulted in a modest degree of agreement" in the _f

identification of factors._ Some of the factors identified were

'_numerical ability,‘yerbal comprehension and deductive reasoning.
. ) what is the relationship between abilities and mathematical
'-achievement for different methods of instruction’ It 1s generally

agreed that some form of general intelligence factors are strongly

X

»related to ‘lea ning in many instructional situations. For the idea of

aptitude-treatme t interaction (ATI) it 1is assumed that for a student»l
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hav1ng a particular pattern of abilities, certain techniques of instruc—

' .tion in a particular subject area are more effective than others.

' Aiken.(1971) listed only two clear—-cut cases where "disordinal inter—
actions have'been Teported. 'These are the studies of King,'Roberts, .
andlKropp (1969) and Behr (1967) Behr's study involved college students -
'and significant interactions betveen aptitude factor (figural or
semantic) and method of instruction (figural or verbal) were’ obtained._
Leidtke (1971) reported a study of the relationship of student
'»characteristics and mathematics learn%ng in a self—directed, partially
' _teacher—directed and teacher—directed setting. The subjectsxvere grade'ﬁ
| ‘five.students from the Edmonton Public School Board: 51 in'the self-
directed group, 53 in the - partially—directed group,. and 37 in- the f. '
teacher—directed group. - A criterion test was given at the end of the: _
jstudy and aggip four weeks later to obtain a measure of initial leafning(
jdand retention,*%espectively.' Five predictor variables were used. The
first was a measure of intelligence based upon the California Short-
vForm Test of Hental Haturity (Level 2). The gecond was measure of
reading ability as determined by the Paragraph Heaning Test &b Epe -
Stanford Achievement Test-Reading (Intermediate I) - Two variables
(personal adjustment, social adjustment) were measured by the Californiai'
.. Test of Personality (Elementary—Form AA). -The'fifth variable was a. .
_ measure’ of socio—economic status as determined by matching the father's ‘
ioccupation against occug&tions listed in Blishen s Revised Occupational 1
V.Class Scale. No- significant correlations existed between the predictor

variables and scores on the initial learning and retention test for the

subjects in the self—directed group. Significant relatiohships e;isted
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between'intelligence; persqnal-adjustment, social -adjustment, reading
ahility.and.thevinitial learning and:retention test scores tor%the
students in the partially-directed group. 'For the teacher—directed‘
subjects, significant correlationa existed between intelligence, reading
~ability, and the initial learning and retention scores: Leidtke concluded
‘that in a teacher—directed setting the moat important predictor variable i

: ' ' , . AL :
- of mathematics achievement is intelligence. Howeveﬂi_in.the self-

~ .directed group, changes in the leadership style of'th"yeacher resulted

Jin‘different behaviourgreactions of the students; eyen with,intellectual
”',ability failing to show up as a‘reliable predictor of mathematics
fachievement. Other'studies involving aptitude‘factcrs will‘be:reported
in’later{parts'ef this chapter since these‘facters are studied in .
conjunttipn with,personalityrand.mptivati;n factcrs..'

_113 vieu.ofithe najcrvrole‘aptitudeuﬁactorsfusually»play in.predic-
~;ting mathenatica achievement;ﬁselected 5ptitude factors were a subSet
of the student characteristics selected in Chapter III _ Aiken (1970)
' recommended that future studies related to predicting mathematical
achievement should include non-intellectual as well as intellectual
Ivariables sinceuonly about.half.of the variance ‘in mathematical achieveé-
vment can be accounted for by differences in abilities ' Cattell et.al.
v(l966) have‘gone as far as to suggest that 25 per cent of the total
variance may be accounted fqr by personality factqrs, . ",»'

PERSONALITY FACTORS .

- “
' In the early part of thin century the study of personality was of

secondary importance to the study- of intellectual abilities as far as



predicting academic success was concerned.‘ Cattell and Butcher (1968)
summarized the approaches that have helped our understanding of -
personality over the years. The- first approach comprises the literary
insights of writers who built up a body of intuitive knowledge before
‘psychology appeared as a science in the late nineteenth century. Thia
approach has more recently been absorbed into the‘psychology and is~
represented by such psychologists as Allport Hurphy, and Klages. The
second approach 1is a purely experimental attack originating in the

"laboratories of Wundt in Germany and J. McKeen Cattell in America.“

“ Thirdly, the: clinical approach made great strides with: the work of

' Cattell (relative of J. McKeen Cattell) and Butcher (1968) stated

. Ed

- Freujf Adler, and Jung.- . ‘.‘.pd 3 ‘ | T s

that the experimental approach made relatively little progress until the"

‘ last twenty years. The Teason. for the recent success has been the switch

- to mnlti—variate experimental work- from two-variable experimental work.,

"Around 1930 investigators such as Cattell and Guilford started investi-

: gating personality by the methods of correlatibn and factor analysis ,
that .were being used in the study of abilities.f In the last few ‘years
_results have come fairly quickly due mainly to the efforts of Cattell
vand his associates in America and by Eys;nck and his associates in
‘England However, Eysenck has concentrated‘more on the needs of clini—

‘lcal psychologists whereas Cattell has aimed at the whole personality

ysphere in normal adults and childrséu At present there are some
tuenty to forty primary factors of. personality that have been found

-“Cattell and Nichols (1972) stated AlthOugh disputes about the number

and nature of: primary personality”factors in questionnaire data are’

-
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still rife; there is promise of some agreement about the second order"

LTy

(1972:187). | . - ‘ L el
Many studies of the relationships between personality factors
and acsdemic ‘achievement have been concerned with the second-order

factors of neuroticism and extraversion. The results show some con-

flicting findings but there is a fair amount of agreement that both
‘neuroticism andggxtraversion are relevant to academic success Three
' recent studies that,included these tso factors follow.
Ekliott‘(1972) investigated the relationship between reading
attainment, intelligence, extrayerSion, and neurotfbism in groups of
primary children in England Three groups, totalling 322 students,
‘were.involvediin the study The Schonell Graded WOrd Rnading Test

.

and the Moray House Picture Intelligence Test were administered to

.

-

o obtain reading and intelli ence scores, respectively A Junior Eysenck
fsed to obtain extraversion and neuroticism

',Personality InVentory was

’\——/ -
scores. A high positive correlation between extraversion and reading -

'fattainment was found. .. Neuroticism was negatively correlated with

_'scholastic attainment.

The aim of the Brown (1970) study was to examine the neuroticism-
‘performance relationships in school children; using a task with unlimited
time The sample consisted of 147 third—year students randomly. selected

:from a single comprehensive school in. the Midlsnds of Scotland The
mean age was 13 7 years. The task involved learning a mathematics unit

dealing with number bases. Success was judged by a score on a test’ at

.‘V ‘. s
s the completion of the task Neuroticism was measured by the Junior

¢,

ysenck Personality Inventory. The conclusion of the study was that'the
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results gave strong support to the curvilinear relationship, in the form

of an inverted "U " between neuroticism and success.

A

Entwistle and Entvistle (1970) examined the relationship between

1] ~

' persc ality, study methods, and academic performance. The subjects
conststed of 257 first—year university students who uere volunteers for
the study. The students completed a student attitude questionnaire which
‘included a section on study habits and completed either Form A or Form B
of the Eysenck Personality Inventory. The qyestionnaire and inventory

yielded four‘scores: “motivation, study methods, extraversion, and

)

neuroticism. Previous academic achievement was assessed as the sum of
TA-level grades and a criterion of academic performance at the end of the

first year was obtained. The ‘criterion was the sum of marks from three
~;subjects~ Motivation and study methods were related to academic perfor-

: - ,
mance, though the correlations were not consistently significant. The

[

relationsﬁlp between neuroticism and academic performance was not signi-

~

ficant' however, the relationship betueen extraversion and academic

' achievement was significantly correlated in the/négative direction. A

~—a 5

' multiple correlation pf 0 36 was obtained using study methods, extra—
version, and motivation as predictor variables. The authors concluded '
that the successful student tended to have below average scores on

extraversion, together with: high scores on the study methods and

umotivation scales.-
Eysenck (1972) stated: S 'jf

. Much work has been done in relation to anxiety, neuroticism, and
extraversion—introversion, both with school children and with
students, but results, although suggestive, have not been consistent
and correlations between personality and attainment have not usually
‘been very high. There is a fair amount of agreement that both
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nceuroticism and extraversion are relevant to success (Uarburton,
1968), but the relationships observed seem to depend on the age
of the subjects (or possibly on the formal nature of the teaching,
or the selection policies enployed—-these three factors are so -
closely interwoven that it 1isg difficult to separate them out). At~
primary school, extraversion and stability seem to. predispose the
‘child to success; at secondary school, introversion .and stability;
at University, introversion and neuroticisn - -« - . [1972:40]
¥
Entuistle (1972) pointed out that research using Eysenck s

&

‘inventories have necessarily concentrated on the factors of extraversion
and neuroticism.. Factor analysis designed to produce unrelated factors
) B
alloved Eysenck to choose items for his inventory Hhich neasured the
4extraversion and neuroticism factors. Cattell preferred .to. use an
alternative method of factor analysis which produces inter—related -
factors. Investigations into the relationship between personality and
-academic attainment have used both types of inventory. Entwistle

reported that vith respect to extraversion the research, using Cattel s

Vtests, indicated the same age trend as noted by Eysenck. Stable

_version is’ related to success in the primary schpol. "By age eighteen,

Y ’K

:_1ntroversioh and possibly enotional instability seem to- be related to
,academic success. He also clained the existence of convincing evidence
for the superiority of the introvert in- higher education. :'

A study concerned with the effects of intellectual and personalit)
'_factors on. academic achievement using Cattell s instrunents follows._fv
Barton, Dielman, and Cattell (1971) assessed the relative impor-';

tance of ability and personality variables in the prediction of school 5

'achievenent in a variety of areas._ The subjects consisted of4169 b L
sixth—grade and 162 seventh—grade students enrolled in. a jnnior high

. school in Illinois., The ,tudents co-pleted the Culture Fair Intelligence'

;u



Test (CPIQ) and the High School Personality Questionnaire (HSPQ) in

v

’Januarv 1970 In March 1970 four standardized achievement tests

(Educational Testing. Service) in the areas of mathematics, science,

et

" social studies, and’ reading were written. CorrelationS'between any

,

given personality factor and achievement score were of the same general'
magnitude and sign over all four types oflachievement tests within any
grade (ignoring non—significant correlations) | Factors that were’ sig—
:nificantly related to. all- four measures of achievement in both grades -
vere the two measures of I. Q (Factor B of the HSPQ and the CFIQ) and
Factor G of the HSPQ, a measure of conscientiousness. In the sixth

grade Factor A" (warm—hearted participation) and Factor H (adventurous—

ness) were significantly related to achievement in mathematics., In ‘the

- seventh grade, Factor [o (emotional stability) Factor E (dominance).

Factor H, Factor I (toughrmindedness), Factor J (desire of group action),
- Factor 0 (self—assuredness), and Factor Q3 (exacting will power) ‘were
fsignificantly correlated with achievement in mathematics. Note that
Factor H was one- factor related to mathematics achievement in both
grades.. By the use of multiple regression analysis the following results
were’ found\
. l.mehe'HSPQ:accountedvfor Ae_per cent and 43‘per‘cent of]the
variance invmathematical achievement in‘grades six and seven
‘respectively. .
‘ 2,_1The CFIQ test accounted for 36 per cent and.43 per cent of
‘ ' the variance i mathematical achievement in gradea six andp
seven respectig;ly. «" -

3. The personality factors (eXcluding Factor B) of the HSPQ
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accounted for 19 'and 27 per Cent'of the variance'in mathes
matical achievement in grades six and seven respectively.

4. The use of both the HSPQ and CFIQ tests accounted for 53 per
cent and 55 per cent of the total variance in mathematical
achievement in grades 8ilx and sewven respectively. |

VR

Barton et al.n(197l) found evidence that personality factors’

Jum e

" seem to have differential importance with respect to grade level. Thus,

'J

“ one would net necessarily expect the important factors of the above

study to be important for the prediction of mathematics achievement at

the college level however, it seems reasonable to expect personality

factors to have a significant contribution to the prediction of mathe—

matical achievement at that level

~What "is the relationship between personality factors and academic

achievement for different modes of instruction’ ,Research dealing with )

:this question appears to be scarce‘ however, several ongoing studies are

‘listed in Inventory of Current Research on Post- Secondary Education——

| 1972 by Hefferlin, Bloom, Gaff and Longacre.

King (1972) studied asspciations between cognitive and affective {
changes and psychological traits in two teaching settings " The open'“
learningamethod was a student—centred mode in which students were.
randomly assigned to small groups of five or six but were free to change

from one group ‘to another or to: do independent study vhenever they

’desired to. do so. Students in the open learning group planned their own

learning experiences, within the confines of a departmental course out-

ﬂline, and’ contributed to their own evaluation. The'other group was_.

Ataught using the traditional lecture method There vered&9vcollege

.
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mathematdcs students in the open learning group and 43 college mathema-

tics students in the lecture group. Pre—test and post test data were

.. collected on two cognitive variables (structure of real numbers and

‘Statistics—probability) and four- affective variables (attitude, self—
..concept, anxiety, and interest) Structure of the Number System, Form A
bdeveloped by Educational Testing Service and a. statistics and probability
test designed by the researcher, gave measures of the two cognitive
variables. ‘Affective trait-scores were obtained from Ideas and Prefer-
‘ences, Form 2151,_from the National Longitudinal Study of Mathematical
: Abilities Z—Population Test'Batteries. Gough's California Psychological‘
Inventory was used to measure the psychological traits. Significant
‘positive correlations were found'with cognitive changes\undervthe

lecture method on the. factors of responsibility, sociability, social-
,.lzation, and femininity. Significant positive correlations between the‘
j'cognitive changes and self-control were found under the open 1earning
~'system. Significant negative correlations with cognitive>Changes and-
SOcial presence'were.aISO found under the open learning method; The;:
-:study also reported that attrition in the open learning classes was
v considerably lower than in the lecture classes.’

. Domino (1971) reported a study of the interaction. between student
vachievement orientations and teaching styles.b One purpose of the study
was to ascertain the effect of this interaction on academic achievement
. and the student s expressed satisfaction with his scholastic environment.
The subjects involved 900 universi%; freshman students. In 1968, they
- were administered the California Psychological Inventory (CPI) From a

frequency distribution of scores on the Achievement-via—Conformance (Ac)
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and Achievement—Via—Independence.(Ai) scales of the CPI, 50 High Ac-low.
Ai and 50 low Ac—high Ai students were identified In 1969, these 100

‘students were assigned to four introductory psychological sections,

a9

- with the same. instructor, and in such a way solthat each section con—\
Atained 25 students, with relativelv equal sex composition and comparable
vmean S.A.T. scores. " One group of high At~ students and one group of

high Ac students vere taught in a lecture situation or a conforming

manner. One group of ‘high Ai students and one group ‘of high Ac ydents
‘were taught in an'"independent" manner. All students wrote the'same'

final examination, consisting of two parts. one part of multiple—

.choice questions, and one: part of essay. questions. Students also

.cvaluated the course and . instructor. Domino concluded

3The results indicated that students taught in a manner consonant
with their achievement orientation obtained significantly higher
means. on the multiple~choice items, on factual knowledge ratings
of their essay answers and on their ratings of teacher effective—
‘ness and course evaluation than their peers taught 1in a dissonant
manner. [1971: 427] C : L ’

In view of the reported relationships between personality factors
1nd academic achievement personality factors were a subset of the
: student characteristics selected in Chapter III |
| ' Other studies involving personality factors follow in the next

section-since these studies also involved motivational factors.

- MOTIVATIONAL FACTORS

'The:term."motivation" is probably used in education as commonlv

‘as the term "ability as an explanation as ' to why students do or do not

learn in atademic situations.» Clark (1970) said‘ o &
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While "ability" summarizes observations in such a fashion as to.
denote what an organism can do or is able to do, "motivation”.
tends to summarize observations as to vhat an organism wants to
'_ do.» [1970:17] | e R
During the past twenty years there have been many studies in the
area of motivation (achievement motivation and need achievement are‘
usually synonymous with motivation). The pioneering work of McClelland ‘
and Atkinson provided the basis for a arge body of information pertain-~
1ng to the topic of motivation. Mich of th B\\niormation has, according;
to Herrenkohl (1972), . ; . tended to confuse and obscure rather than
‘simplify and clarify" (1972 314). One of the most difficult problems
-seems to be the definiugﬁhnd measuring of achievement motivation.b Some
authors, such as Frymier (1970) and Haehr and Sjogren (1971), used the
@;ﬁerm 'academic motivation as motivation related to learning in an
academic setting. Regardless of the term used, motivation is recognized
(see Herrenkohl, 1972) as being amazingly complex with biological
.personality, conmunity, and social class factors involved
o Bower, Boyer and Scheirer (1970) gave a review of researchv
'related to academic motivation carried out from 1960 to 1970 They
claimed that research in this area was often carried out in the absence
of a” precise definition of the motivation construct or factors’ presumed
to bear a causal. relationahip to motivation. A great volume of work,
‘much of vhich has been" summarized by’Atkinson and Feather (1966) and .
..-.Heckhausen (1967), has shoun interaction of need achieVement with treat—'
',ment conditions in experiments but Cronbach and Snow (1969) pointed outv

‘that these’ interactions have usually occurred in studies of risk taking

. and not instruction. Houever, some authors, including Kight and
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Sassenretn‘(1966)iand Hartley,vHolt. end Hogerth (1970),.hhve studied
the reintionship.betueen achievement motivation and progranmed'iearning
perfornance. | |

The purpose of the Kight and Sassenreth study was to investigate
the influence of achievement motivation and test anxiety on performance °
in programmed instruction. .- The subjects included 139 undergraduates
in educational psychology at'IndiaDA'University. A score for achievement
' motivation labelled "achievement imagery" was- obtained from the Iowa
~ ?1eture Interpretation Test (Form RK).' The test_anxiety score was
obtained trom the Test’Anxiety>Questionnaire (TAQ). Three1performanCe
meesures were used: . |

1. Tine required to complete the course materialﬁ

2. ,Nunber’of frenes answered incorrectly; and |

5.- Proficiency on an achievement test administered. at the end of

thescourse. . | o
’:‘The_high¥echievement;m0tivated students performed significently better
on all three: performance measures. than lowbachievement-motivated students.
The high-test-anxiety students performed better on criteria (1) and (2)
but failed to score higher on the achievement test.
| Hartley et al. (1971) investigated interrelationships between

;academic motivation and programmed learning when that learning was 3;"
_conducted in pairs. The pairing was based upon scores, on a motivational
.,tESt designed by the researchers. Three groups of pai% were required: .
two sets of honogeneous pairs (High-High Lov-Low) and one set of hetero-

geneous ‘ones (Bigh—Lov) Taking each student as an individual, a
. ¢ »
.comparison was made betveenvhighly motivated students, H, in a High-Low-
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pairing, H(L),,with highly motivated students working togother, HH.
Also, comparison was made between less motivated students in L(H) pairs
: with less motivated students working togethef; LL. The subjects were
64 grammar school boys aged 12-13 years. The criterion variables were
post—test scores on a six-week programmed‘science unit and times
required to complete the different parts of the course. The results of
O

the study showed no significant difference between H(L) and HH students
and between L(H) and‘LL students on the criterion_variables.‘ In fact,
‘there was no significant difference between the highly motivated’
students-and less motivated students, taken overall

With respect to the relationship between academic motivation and.

programmed learning, Hartley et al. have failed to find any significant .
'sg\‘:,’ar

_relationship in various studies they have’ carried out. They indicated
'that these findings reflect those of other researchers except for the
,study of Kight and Sassenrath (1966) Based upon a review of the
1iterature, Hartley et al. ‘claimed there is no clear cut evidence to’
fsupport the view that achievement motivation (however ic. is measured) is

related to academic achievement. Evidence for a positive relationship

betweennmotivation and performance has been substsntiated in rather less

:than one half of. these studies and these positive relationships have«

: usually been small. A recent study of Farley and Truog (1971) showed no.

'significant relation between achievement motivation and academic achieveefé
ment - measured over four‘university subject areas. Maehr and Sjogren.
3(1971) have summarized studies concerned with the relationships between.
_achievement motivation and academic achievement in an. independent study

\,

'environment. They reported that evidence suggests that high "need to
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achieve” students in classrooms outperform ldw "need to achieve” .

. : Bl ',:v) - .
students in classrooms which allow for or aré’more(dcpendent on self-:

'
I

motivation. i

Cattell and Butcher (1968) pointed out'that until rather reééhtly :
' there has been missing from the personality factors what wve think of as
interest, attitude and motivation, or, what the clinician calls
"dynamic psychology. They referred-to this ds the area of "dynamic
calculus and indicated that factor analysis and similar methods have B
revealed "dynamic structure factors. Cattell and Butcher grouped these
factors as either gggg (instinctive patterns comparable with drives
observed in nonhuman mammals) or sentiments (aggregate cf attitudes
-that focus on a common social institution), with attitudes as the under—
lying bricks out of which ergs and sentiments are built

Much of the early Hork carried out by Cattell and associates
-aimed at determining how attitude measures could add to prediction of
academic achievement. The results wete somevhat disappointing as the
__great ‘majority of correlations wvere not. statistically significant',,
.however, with the improvement of measuring instruments, such as objec—
<ftive tests, evidence of the last five. years has shown that motivation 4
'tcsts can add .a substantial quota of predictive power in forecasting
school achievement.- Cattell and Butcher (1968) reported that ability,v
: personality, and motivation factors accounted for approximately 60 .per

. @

cent of the variance of school achievement prediction 1in one study. In

‘_the same publication Cattell hqpothesized that the accountable variance

© . in achievement could be divided about equally among ability, personalit).

and motivation ﬁactors, each accounting for 25 per cent. Two recent

2]
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reports of Cattell and associates involving the same students follou.v

The purpose of the Dielman, Barton, and Cattell (1971) studg';

-was to test the above-mentioned hypotheses of Cattell'with”respect to-

ability and motivation factors. 1In addition, they vanted to develop’

regression equations, predicting achievement in different areas . .u

h ability and motivation. The subjects were 299 sixth— and seventh—grade-

students in Illinois. Thirty motivation scores were obtained from the

School Hotivational Analysis Test (SHAI) and criterion scores came from-

‘the Educational T&sting Service mathematics, social studies English

and science achievement tests. The Culture Fair Intelligence Test
(CFIQ).was_also administered. ‘The three scores forleach of ten scales
(ergs and sentiments)'?ere:

_1..."integrated"'(l) scores which may be thought of as the‘

" psycho-analytic concept of conscious motivation;
2. unintegrated" (U) scores which may be. thought of as uncon—
vscious motivacion, and

3 total"f(T) score where T. = I + U.

o ¥

The;Cle'accounted for 15 per cent to 36 per cent of the total variance

~Ain the criterion scores for the sixth grade and 22‘per cent to 43 perikl
‘cent’for the'seventh grade. The ten integrated SHAT ‘scores added a
_significant increase in the variance with the increase ranging from 12

.Jto 33 per cent. The integrated Super-Ego scale appeared as the best

single SMAT predictor.

_Cattell, Barton, and Dielman (l972j reported a variation of the.

foregoing Study'involving the same“students. Their paper~%resented the

results pertaining to the hypotheses that ability, personality, and
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mot ivation factors.each account for about 25 per cent of the totalv
variance in academic achievement. ‘The School Motivational Analysis

- Test (SHAT), High School Personality Questionnaire (HSPQ), and Culture
“Fair I. Q Test (CFIQ) measured- motivation, personality,_and ability
~factors respectively. In the sixth grade 74 per cent of the integrated
(I) scores of the SY'T and 90 per cent of the 1 scores were signifi—
cantly correlated with an achievement score. In~the_area of mathematics .
achievement,'Gl pervcent and 69 per cent of the‘variance‘in the sixth
grade and seventh grade, respectively, vas accounted for by a combina-
-tion of all three tests Individually, the SMAT HSPQ, and CFIQ scores,
respectively, accounted ror 38 per cent, 44 per cent, and 36 per cent

~of the total Variance in- grade six mathematics achievement, and 45 per ’

»cent 43 per cent, and 43 per cent in .grade seven. The addition of

1
o

HSPQ to’the combiﬁation of CFIQ and SMAT scores resulted in a

.l"' ;.(t

‘;of SHAT to the CFIQ—HSPQ combination added significantly to. the
mathematics variance at the grade seven level but not at the grade sir K
level The addition of CFIQ to the SMAT-HSPQ cOmbination added - .
:significantly to the mathematics riance at both grade levels " The
researchers_pointed out that the © of SHAT U scores are virtually
useless in the prediction of achievement in most areas

In spite of the varied results and views regarding the relation-t
ships between motivation factors‘and academic achievement, motivation
factors were included in the present study along with ability and

personality factors. The importance of the ,need to‘achieve",factor
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in an independentfstudy envirodhent renorted by Maehr and ‘Sjogren and

.the results .of Cattell ‘and associates are encoutaging and helped .in the

-decision to 4nclude motivation factors in this study!
. _ , , S~

The review of research-related to mastery learning demonstrates

that features such as the use of specific behavioural objectives, small

2 v

" learning units, formative and summative evaluation techniques, an§

alternate learning aids can improve student achievement. It may gener-

gk,

N

'ally'be said tbat,mastery-learning techniques, lecture, and other
ﬁleatning hethoas'have some benefits'for different kinds of students.
,,; Thelputpose of the present study~ia to assess what hinds of students,
Ein terms of ability,rpersonality: and motivation factcts;'benefitlfro;.
.the»lecturevapprcach and independent study approach to the learning of -
'calculua:' “ ‘ |
| Studies pertaining to the effect of~intellectual factors on.'
" academic achievement indicated thé‘importance of specific aptitude
.factors as well as a general intelligence score. Somebof Guilfotd s

»

factors'(see studies of ‘Dabis, King et'al.,‘ana Behf)fithelfactors.of
»numer;cal.ability;‘vefbal ability, and deductive“reaaoning (see reviev.
of.Aikeni>have been 1dentified as‘inpcttant.' Lieatke's,study was. "
-intetesting in that a general intelligence acore'and reading ability
‘”score failed tq:ahow up as teliv 2 predictors in.an'independent‘study :
'Situationi | | . |

In the personality sphere, the factors of neuroticism and extra—

" version’ have emerged as usually important in predicting achievement.

'There 1s suppo t for a curvilinear relationship between neuroticism and'

) 3

facademic successain the'formfof an inverted "u". There'ia‘a tendency, B
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for stable extraverts to be more succegsful in primary.grades while

introverts’fend to ;e predominant among the;befter studeptsvap.univer—.
SltYE' The .studies of King;‘Cattell ahd;associates, and Domino héve
demonstrgfed the impor;apce_of personality factors to the prédiction of
échiévemeﬁt.‘ | | ’

Evideﬂéé does ﬁot'clearly support fhe view that ﬁotivation.ié
. fglated to acqgdemic achievement. aﬂowever, thg.report of Maehr-and
féquren suggested that‘ﬁigh "need to achieve"“sgudents’perform signifi-
éan;ly better than low "need fd a;ﬁieye" stﬁdents-in'indépenden;;study
sitﬁgtions.  The éfudf'of Catteil,\B;rton, and ﬁielmag shéwed tﬁgt 
v'motivational scores can add significantly:to the predic;iégdbfjacﬁieve—;'

. 5
~ment. -



gné y oo
CHAPTER III
e DESIGN OF THE STUDY '

This study vas designed first to assess the importance of student
_ characteristics with respect to the leatning of calculus in each of two
llearning settings, and second to compare the achievement scores and

' dropout ratios of the two groups. This chapter will describe how the

' study strlved toward the indicated purposes. An overviev of the study is
followed by a description of the sample, the methods of instruction, the
testing program, and .the analysis of the data. ‘

oVsnv’;m OF THE STUDY

LN

s

This stgdy was made during the 1973 spring semester at Hount

"Royal College, located in Calgany, Alberta. The subjects were enrolled

»

. -in- a first-year university calculus course’ of a one-semester. duration.
.. s .

Aijo methods of instructio ,“under two different instructors were used:
S

- one method was an indepeadent study approach and the oth>r a lecture

‘ approadh At the beginning of the semester, the students wrote several

. tests and answeredaa number of questionnaires related to the areas of
Y ‘

f;ability, persqﬁélity, and motivation. The criteria'for determining
..academic aghievement were scores on a number of achievement ‘tests. The
rquestionnaire scores,and:criterion scores were analysed with'the

' statistical analysis being mainly methods of correlation and o S

'regression.

T e
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 THE SAMPLE R

- The research subjects were Mount Royal College’ students regis—

-

tered in a Calculus course Pure Hathematics 201 (PHAT 201), for the o

1973 spring semester.. Mount Royal isia two-year conprehensive commu-—
nity college located in a'suburbam area of Calgary, Alberta, enrolling
»approximately ‘3, 000 full- time equivalent students. The programs‘
offered include coutses in technical vocational shills and manpover
training, community service, general education, remedial and upgrading,

and university transfer. Hbunt Royal College is affiliated vith The

University of Calgary and thus, offers a number of first-year

L3

" -university courses, including PHAT 201.-

One week prior to the beginning of the spring semester over 129
students registered for PMAT. 201.. The students wvere informed of the

nature of the experiment and then randomly assigned 1into tuo groups

using a table of random numbers;y Some students failed to appear for the

-initial testing and the beginning of the senester. The final sample :

sizes for. each of the groups are given in Table I, where IS refers to

hthe independent study group and L to the lecture group.

~ Table I

' Final Experimental Population Sizes

=

’;—Group
Csex | 15| L
Male - | 47 | 52
Female vbl[ 20 | 10 'p' -
Total . | 67 " |- 62

LY
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METHODS OF INSTRUCTION

Independent Study Method

The features of Bloom's strategy for mastery learning, as out-
lined in the last chapter, were, adopted in- the independent. study method
used in this study. The strategy consisted of the following features.
1. Define mastery in terms of a'specific‘set of objectivesvthe"

student is expected to achieve. |
2. Divide the course into small 1earning units (one or two.
. weeks' instruction) with'unit objectives.

3. Use teaching methods appropriate to learner'needs.

Q. ~Prepare Short'diagnostic-prOgress:tests (formative tests)
to determine whether the student has mastered the unit and-.
phat, if anything; the student must do to master 1it.

3; Prepare tests (summative tests) to appraise/student's‘comf
petence yichﬂregard'to content‘and.objectives. ‘ L

These features will be_referred to in the following description of-the

| independent study-method used in this studv; . |

The calculus course (PMAT 201)- was divided into nineteen instruc-h.
‘tiohal ~nits and “specific behavioural objectives were written, by the‘

researcher, ‘for each ;nit. A unit was considered as approximately the
- course content that could be 1earned in. one week 1in order to complete

v‘the course in a semester of fifteen weeks duration.- The overall

: objective for each unit was»the mastery'of_the-specific objeCtives'Of

o

‘.‘that unit (see features 1 and 2 of Bloom s strategy) .

A self-instructional package, in the form of a written handout,

was prepsred‘for each unit; Each package contained the objectiveslof
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e

the unit, notes on thé”unit, problems and golutions to thehproblems, and

.
o

a formativeIpOBt—testi' In ﬁlﬁy of the packages references were made to
appropriate’textbooks, cassette tapes, and in one case to a sound-slide
presentation; Each package was designed to guide the student's learning
through‘the corresponding unit. The packages, cassette tapes, and
‘sound¥slide presentation were prepared by thelresearcher. |

The calculus coursevwas scheduled in the student's timetable as
three one-hour classes per week._ One hour (5:00 p.m. Thursdays) was
intendedng)time for a lecthre and/or avgeneral question period, as well
as the‘writing of term tests. The other two hours were to be spent in
the‘mathematics section Offthe open-area learning library.‘.Reference
books, cassette recorders, cassettejtapes, slides, andﬂslide projectors
'were available, from S:OO,a.m. to_S:OO p.m. each dayv(except weekendS);

at the mathematics resource island located in the mathematics section

of. the learning libraryw The student could also check materials_out.

o : : SR T o
overnight or over weekends. At almost any time, theustudents.could use
the learning library to study, work in:-small groups, or use course °

materials. The faculty offices were also located in the learning

Ly ‘1 ”;k. ;x . . ]
F) R

library near the mathematics resource island »The independent study . -

instfuctor was available to the students during posted office hours of’

.

approximately 10 to 15 hours per week. The.mathematics department had

»

the services of a full—time para—professionaL and during the day. he.was
- T i .
available to the students for tutoring purposes.

The preceding two paragraphs relate.to feature 3 of Bloom's

strategy. ,With.regard toAthe‘appropriateness of;the,method; one of the

~aims of this study was to_determine what kinds of students are best

1
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suited to the independent*study setting.

A major . aspect of the independent study method was the "feedback—
correction procedure. Upon completion of a unit, the student could
‘ahwritevthe post-test (formative'test) contained in his package. He could
then take the test 'to the instructor. They could discuss the answers
and note those unit objectives,the student had Egg;masteredr‘ Even though
no grade sas marked on the post—test, the student was'to obtainva.score
of approximately 80 per cent’or better before proceeding to’the'next

unit; This was the feedback part of "feedback—correction ; the student

S

received feedback regarding the objectives he had or had not mastered. A
The .instructor used several corrective procedures to: help the

student master the unmastered objectives. These procedures included the

discussion of the appropriate topics with the student assigning

'appropriate sections of the self -instructional package for the student

to review, referring the student to specific sections of the r&source

: textbooks, assigning specific problems and referring the student to the~

fpara—professionalvfor special tutoring. After completing his corrective

procedure the student could then write another formative test,_answering°

those questions correSponding to the unmastered objectives (see feature .
4);
One of the following six grades were: awarded at the end of the
3

. semester:- A for superior, B, for excellent -C for average, D for pass,

1 for incomplete, and W for withdihpal The grades were based upon four

kterm tests and a final examination. The student had to write the term
tests and final examination by certain fixed dates, with exceptions made

for students having special problems with the course. An eramination
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,_schedule was preo;red and is given_in‘Table.II. An‘I grade was‘awarded
to a student if he di1d not complete the course by the end of the semes-—
ter. 'He could have the I removed upon completing the course aniﬁggsaing
va special final examination within a period of one/mqpth from the end of
the semester. ~No student was allowed to. have this privilege unless he ‘

had completed at least ten units and had written two term tests during

the semester (see feature 5).

Table 11

v o " IS Test Schedule & ‘ ( .t

Test Number R Units Covered ' ’ Date
1 "1 and 2 : - ". | . February 15
2 1 through 7 inclusive March 8
3 “1.through 11 inclusive o March‘29
4 | 1 through 16 inclusive -~ April 19

- Final 1 through l9nincluaive" : ~ May 22

The preceding renarks baaically outline'the independent study
,method used in this study.h For;furthertdetails,'see Appendix A.

O
,‘Lecture Hethod

The calculus.course was scheduled in the student ‘8 timetable as
three one-hour lectures per'week S:OO.p.m.eHondays,,Wednesdays, and
bFridays, in addition, there was a scheduled one—hour tuiorial session;_
Sz 00 p.m. Thnrsdays. The tutorial hour was intended as time for students_

to ask questions. receive assistance in solving problems, and write the

termvtests.i The lectures\and tutorial-yere held in a lecture theatre
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adjacent to the 1ezu'nf.lng§e1ibmar§;ia
3 g @‘“—‘VP’

. The. lecture group studied the same calculus topics (see Appendix

' B) as the independent study students but had a different instructor.

. ,.:

The instructor developed conceptsﬁﬁnd theorems as close as possible to’

_;uthe manner and sequence displayed in the self—instructional packages

of the independent study group.; Calculus and Analytic Geometry (Ath

edition) by R. Johnson and F. Kiokemeister was used as the textbook
for the course;' | . |

| Thelletter grades A, B, é, D, I; and W were awarded to the
‘llecture students'in.the same way as ;as done for the'independent study
students; however, there was no proeedure for having an 1 grade/changedv

after the end of the semester.A An examination schedule was prepared

and is given in Table III.

dd‘Table I11

Lecture Test Schedule

Test Number " Date
:1' ‘February 15
2 ‘ » Earch,B !
3 " March 29
4 April 19

Final May 22
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THE TESTING PROGRAM

‘Determiqntion of Student Characteristﬁls

The instguments used to gather data pertaining to student
'chsracteristics are listed as follows.

1. 'Differentinl-Aptitude Tests, (DAT), (1963 edition)} _Form L,
o ‘ Booklet 1. | .

2. _Sirteen'Personality Factor Questionmsirei Forn A,

3. Motivation Analysis Ieif. (1964 edition) Form A.

4. Costello 8 Achievement Hotivation Scales I and II (see -

Appendix C). |
5. Van Wagenen Rate of Connrehension Seale: Form A.
6. Wonderlic Persomnel Test: Form A. _ : |
| 7. Questionnairelfor PMAT 201 Stndents (sEE\ﬁnpendix‘D).

Part of the entranee testing program at Mount RoyaI:College involved:the
adninistration of the Van Hsgenen and anderlic tests. These tests were
h administered to the ‘new students during the registration period of both
the fall and spring semesters; The other instruments,were sdministered
during;the first week of the s;E?ng senester‘vith eaén stndent haviné
three oneéhour sessions. o | | o |
“The renainder.oflthis'section is devoted to a description of the

pse_of each instrument sith‘akrationsle for using that instrument .

v
14

S . _ T |
DifferentialvAptitude Tests

M \"

Differential Aptitude Tests, (DAT), (1963 edition) -Form L,

i

Booklet g has four tests: Verbal Reasoning,:Numerical Ability,>Abstraét

Reasoning, Clerical Speed and Accuracy. The,first two tests_measnre
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ability factors referred to in the review of the litérature as important
in the prediction of achievement_in mathematics. Nunnally (1970)

indicated that the DAT is a suitable instrument for adults.

The Numerical Ability and:'Abstract Reasoning tests were used for

this study. Since the studentsé,ué% subjectgd to considerable testing,
the researcher decided to use the already available Van'Wagenen and
Wonderlic test score. as'a_measure of reading ability and general ability

respectively. The two DAT tests used were hand scored and then converted:

to -percentile norms by using the 3rade 12 male and female percentile

norms for FormmL contained in Directions for Administration and Scoring

- and Norms, Forms L _and M.

 Sixteen Personality'Factor'Questidnnaire
T oeLf & :

i
Sixteen‘Personality'Factor Questionnaire, (16 PF), (1967-1968

-edition): Form A was‘developed by R. B. Cattell and associates using
"factor analytic" procedures.k It is a widely used instrument that is,’
purported to measure the major dimensions of personality. Form A, con-
sisting of 187 questions, yields 16 "primary" factor scores and 4

second order" factor scores for individuals aged sixteen years and.older..

Appendix E lists the 16 primary factors which are described in detail by
Cattell Eber, and Tatsuoka (1970). While the verbal names associated
with each factor convey meaning to ‘persons unfamiliar with the 16 PF,
Cattell (1973) preferred the . letter designations. Any verbal Label gets
tied to a complex of everyday meanings and nuaMCes that are dffferent

_ for different persons':moreOVEr the labels rarely capture the full

'meaning and content of the factor. The second order factors»are:
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'l.v‘Introversion“versus Extraversion (EXVIA).

2. Low Anxiety. (Adjustment) versus High Anxiety.
3. Tender—minded Emotionality versus Tough Poise. !

4. Subduedness versus Independence. o
3 i

Most of the personality factors, including extraversion and neuroticiSm

-

.(anxiety), considered in the review of the literature are included in
the primary and secondary factors as measured by the 16 PF.
v Cattell Eber, and Tatsuoka (1970) considered the psychometric

:properties of reliability ‘and validity,,and subdivide reliability into

dependability (short ~-term test-retest correlations) and stability (test-v

retest correlations over a longer period'of time). The Manual for the

- 16 PF (1972) indicates that for Form A the dependability coefficients

4.

(N = 243) range from 0 72 to 0.92 with 11 coefficients above 0. 80.

staéility coefficientsﬂéN = 44) range from 0 35 to 0. 85 with 10 coeffic—

&5

ients'above 0460 et ”Wtoncept validity (hov well the scale correlates

with the cgncept which the scale is tu*measureo is given in the: manual

as direct concept validity (concept validity determined by factor .
analysis) For Form A theae coefficients (N = 958) range from 0 35 to
jﬁ 92 with 11 coeffiodents above 0 60. Buros (1970) ‘stated:

Split half reliabilities (N = 450) range from 0.71 to O. 93, ten
coefficients being above 0.80. ' This is quite 'good; but even more
. pleasing 1s the fact that validities (based on factor loadings)
range from 0.73 to 0.96 with eleven coefficients exceeding 0.80.
For ‘a multi—dimensional test of this kind one could not. hope, for
- much more. Evidently, despite the reputation of questionnaire
methods .as being unreliable, this test does suCceed. [1970 :819]

According to a review by Haurice Lorr: in Buros’ (1970), the 16 PF appears'

to be the best factor—based personality inventory available but it still'

should be used primarily as a research instrument.'

&
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The 16 PE. answerdsheets were‘scored by hand using the stencil
scoring keys. The raw scores nere used in the statistical analysis of.
this study. The;rav %cores were converted to sten scores in order to

_‘obtain second4ordet-factor scores. Stenlscoresgithe'term comes from
_Gstandard ten") -are normally.distributed overnten.equal.}nterval
standard score points from 1 to 10, vith the population mean. fixed at
~5.5n- Stens 5 and 6 extend respectively one-half standard deviatioq

" above ‘and below the mean. - This conversion was accomplished by using

v"Iable-ZZ: Norms for College Students" published in the Tabular,

Sdﬁhlf‘ nt.v By applying the weights and constants (in Table 10.9 of ,

the~Handbook=foﬂ~the 16 PF) to the sten scores of the primary factors, B

‘the four second-order factor sten scores were ebtained.‘ This last step
Was accomplished by using the computer program shown in Appendix F.

for each student raw .scores were obtained for each of the sixteen
4

3

dry personality factors and sten scores Here obtained for the four

o seqpnd%bnder factors.

"(.‘

2%,

S
\.\

}3; ; Motivation Analysis Test

Co Projective techniques h&ve been the principal devices used to
'detenmine the strength of achievement motivation with McClelland 8~f

Thematic Apperception Test (TAT}, (HcClelland et al., 1953), being a

favourite. For a number of reasons given by Hermans (1970), Herrenkohl

-

~¢(1972). and Hest and Uhlenberg (1970?, the TAT is not satisfactory for
~use in asaessing motivation in academic settings. k number of question—“
‘naires, rating scales, and checklists have been devised but they have

:several disadvantages including deliberate distortion by the examinee.
. . - l » . -;g \. R
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West and Uhlenberg (1970), in a review of techniquee of measurement as
applied to motivation, stated: R o ) .

The -disadvantages of projective testing-. . . have led educators
and some psychologists . . . to devise "objective' tests of
motivation. By objective tests we mean here assessment procedures
which obtain consistent scoring from different scorers and which
also conceal from the examinee the nature of the scoring and
interpretation of his responses. [1970:53]

Factor analytic studies by Cattell et al. have resulted in aeveral

objective tests including the Mbtivation Analysis ‘Test (MAT) (1964

edition) Form A.. . e
}

‘The MAT 1is an adult test~which measures ten motivation factors,

giving an "integrated" score%(l) and an unintegrated" score (U) for

&

each factor.,-As shown in the litereture”review, an integrated score
E may be thought of as the psychoanalytic concept'oflconscious notivation,
. . ) ’I . : . . “ s .
whereas an unintegrated score may be thought of as unconscious moti-

: : 9 ‘ : : - - :
vation. The ten motivation factors are made up of five primary factors

called ergs and five'primary factorsucalled sentiments‘(seeeTable IV);

“ x ‘ Table IV

'Primary Factors‘Measured by MAT -

E—— P

Ergs L o ~ Sentiments

'Hating (sexual love) ' Sentiment tobself

e e - - 1. social reputation ;
| Assertiveness (achievement) 7. control and understanding
. Fear (escape) Superego -

Narcism (comfort, sensuality)-. Career

Pugnacity.(sadiem) ' Sweetheart—Spouee

Hbme-Barent
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See Appendix G for ambrief description“of each” factor. . Sweney (1969)
gave an interpretation for each of the I'and U scales.
The answer sheets were hand scoréd using the stencil scoring

“keys. There were four raw scores for each of the ten factors,-vao raw

N T

scores were converted into an I sten score and the other two were

o

. converted into a U sten score by_using the notms in the Handbook for the

Motivation Analysis Test. The MAT Dynamic Structure Profile 8heet was

used to assist with the computation. Ten Total Motivation and ten

o K

Conflict sten scores were obtained from the U and I stens using norms in |
the handbgpk., Five other derivation scores were obtained from the |
profile sheet and the norms. . These five scores are optional a’\‘Experi;
mental in nature and are: h b_" B . Cj .

1. (Totaf'lntegration.
2. Total Personal Interest (sum of the ten Total Motivation

. scores and then converted to a sten score).

,3,~ Total Conflicti(sun of the ten Conflict scores and converted
;to a sten score;. | | :

4. General Autfsm~0ptimism.

v53 General Intelligence—Information.

=

_ The Handbook for the Motivation Analysis Test gives reliability

-

and validity coefficients for the ten MAT scales. The dependability

<

coefficients (N =:156) range from 0. 51 to 0.81 with 8ix coefficients
‘ abdve 0 65. -The stability coefficients (N = 101) range from 0 39 to 0.69
Zwith five coefficients above 0.50. Split-half reliability coefficients

, “«(N 151) range from 0.33 to. 0,70 with five coefficients above 0. 50.

Concept validity coefficients determined by agrrelating primary factors

\ i ) o 4,,
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by the items actually selected for the test range from 0.52 to 0.76 with'
Q N “.‘1?

eight coefficients above 0.60. Reviews in Buros (1972) indicated that

the MAT offers much promise as an experimental instrument but does. not
.fare too wﬁil, as yet, with regard to meeting the usual psychomgtric

o

criteria. - d _ ‘ k

'Costello's‘Achievement Motivation Scales I'and II‘
‘The -two scales, developed by C.VC.‘Costello'in 1967, are‘seltf
.reporting checklists taking about five minutes to complé%@.' Scale 1
. and Scale lI'have ten_and.fourteen items respectively and were'developed
by factor analytic methods: - According to Costello (1967), Scale I

.'measures the motivational dispositions of the individual who wants to

do:a job well through his own efforts, whereas Scale II measures the
disposition or need of a person to be a success defined in terms of the

‘emulation‘of successful people The split -half reliability for Scale I

v _l\z_

was 0.82 and for Scale II was 0. 73 with a sample of 264 college students.

- -1.,v,a

" The intercorrelation of fhe tup scales was -0.17. Costello also reported

that Scale II scores were significantly related to scores measuring

e r

neuroticism and anxiety. ' 7
Costello (1968) carried out a study designed to. establish the .
predictive validity of the two need to achieve" scales‘l The subjects

‘were 198 fneshmen college students. ' Four. groups of ten students were'.
selected on the basis of their scores. Group 1 consisted of those'

fstudents high (above the upper. quartile point) on Scale I and low (below <

© the lower quartile point) on Scale II. Group 2 students were high on I

«
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ﬁand II; Group -3 students were low on.TMa high on ]I;gGroup 4 students
vere low on I and II. Criterion scores.uere the mean examination.scores
for all the final"eiaminations at the end of the year. The overall mean
'examinEtion marks;were: Group 1, 70.07; Group 2, 66.98; Group 3, 56.46;
©  and Grpup'é 53.84. An analysis of variance indicated that the main |

effect of Scale I was. significant.

Van Wagenen Rate of Comprehension Scale . S o

»

The Van Wagenen Rate of.Comprehension Scale: Form A measures the
jrate an individual can read with comprehension in words per minute. 1t
consists cf 56 thirty-word paragraphs and is a four-minute test. The

number of paragraphs correctly read are converted into words per minute

v

. by a scoring key on the front of the scale. The student scores were

obtained from the'Educational Development Services, Mount Royal College.

L

. e
Wonderlic Personnel Test

The Wondeclic fersbnnel'Test: Form A is an adaptation of® the Otish
Self-Administration Test of Mental Ability. It was designed for testing
ddults in business and industrial situations. Form A is a twelve—minutef
test of problem-solving ability. | '

| The percentile scores of this-test sere.obtained from the Educa-
ftional.Development'Services'of Mount Royal.College. Fourth—year high

'school male and female norms based on a 1960—1961 study were used. The

' norms are printed in the Honderlic Personnel Test Manual by .E. F

E)

Wonderlic. e u , !
>~

f : . .
] | . § . )
/ . . .
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 Questionnaire for PHAf 201 Students

" This brief questionnaire was devised by the researcher for the
purpose of being able to keep in contact with the student and obtaining

some' background information.on each student.

-

Measurement of Achievement

During\the spring semester, criterion measures were obtained from
i
four term tests, a final examination, and a standardized examination

: called the Co-operative Mathematics Test (Calculus), (1963)‘ Form A.

Term Tests Ind Final Examination

Each term test was administered during a fifty-five—minute class“

)

according to the schedules given earlier in this phapter.j Students in.J

both groups received the same amount of time to complete each test.
There wasﬂalsix-hour spread in the testing times‘;f.the lecture and

: P Soh =
independent study groups: thus, it ‘was necessary for eachsgroup to have
a different term testf‘ The final eaaminat;on vas‘administered tokboth
~ groups (at the same. time) durin; a on? and one half—hour session. The - :
instructors marked the term tests according to a scoring key pren:red by .

the researcher,.whereas the final examination was scored by the
researcher. The term tests and final_egamination are contained in
Appendix H.

| The tests were‘constructed by the researcher according to the a
"specific behavioural objectives of the course. The correlations betveen
t-the final examination scores and standardized Co—operative Hathematics
Test ‘scores were 0 71 and 0.86 for the indepepdent: study and lecture

groups,respectively. Thus,.the content validity is aSSumed to be

. _).\,
)

w‘, :
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satisfactory. Both instructors of'thgrtwo groups reviewed these examina-

tions. They did not formally evaluate the tests but recommended revision

»

of some items. This review provided further.face validity of these

'u“fp}riﬁal estimates of the reliability of the térm tests and

final qxamiggt gﬁ were calculated.

The Co-operative Mathematics Test

The Co—operative Mathematics Test (Calculus), (1963): Form A was'l

- 3 ]
designed to assess achievement in terms of the studentﬁg%comprehension
of the basic concepts, techniques, and unifying principles in the area

of calculus and analytic geometry It is indicated in the Handbook°

Co—operative Mathematics Test that where possible many new trends and
emphases in’ mathematics are: represented in the test but that the content

" had -been selected carefully to ensure the appropriateness of the test for

mos?'studenéa.- Ability to apply understanding of mathematical ideas to

'

. new situations and to reason with insight are emphasized. Factual
vrecall and computation are minimized The test covers work in analyticr’
geometry: and calculus through differential and integral calculus of
algebraic and transcendental functions including work on topics such as
the theorem of the mean and. limits of indeterminate forms. As is statedlf
in the Handbook "The test is appropriate for students whdgxave completed
-\work in separate courses in these content areas or at least a full year
of work in these combined areaa" (1964 8).
The test- has two forty—minute parta of 30 items. The answer'
‘ sheets were hand scored using "Table 26" of the Handbook and the raw

’

scores were used_in_the statistical-analysisr With respect»to content

™ "



validitx, the Handbook indicated that the test construction was
Aentrusted to well—qualified persons capable‘ﬁﬁﬁjudging the relationship
" of test content to teaching objectives.‘ Estimates of the reliability
 coefficients were}made:using the Kuder-Richardson Formula 20. - With two,
samples of college students_(N -.ASO'and N‘-'350)vthe reliabilitv coef—;b :
- ficients were 0.87 and 0.84 respectively A reviewer, W. E. Kline in
Burosﬂ(l972) stated "This reviewer knows of no standardized test |
i designed to measure achievement at the close of a year's course in cal—li.
culus that is’ better than the Co-operativerMathematics Tests: Calculus"
.(l972:521). | |
| NUL& HYPOTHESES

The data gathered from the testing program described in the
preceding pages were used in statistical analyses designed to test the
' following null hypotheses. -
" Null Hypothesis l The‘correlation coefficient between a given

-

student characteristic and achievement scores is not significantly

' different from zero at the .05 per cent-level'of confidence.'
o - In each setting (lecture-and independent study) this . hypothesis
was repeated for each student chasacteristic (each student aptitude,b‘J
personality, and motivation factor) and stated separately for six sets
of achievement scores (four term tests. a final examination, .and the

Co-operative Mathematics Test)

Null Hypothesis 2. The square of»the multiple correlation

coefficient between a combination of predictor variables (student
characteristics) and the’ criterion achievement variable is not signifi-i

cantly different;from zero at the ,OSHper cent level of signifﬂfance."



In each setting (lecture and independent study) this hypothesis
will be repented for each student characteristic (each aptitude, "'

personality, and motivation factor)

 Null Hypothesis 3. The square of the multiple correlation coef— f 4

. J KR
PO «r il ?5

ficient between a combination of. predictor variables (student s
R,

S

characteristics) and" the criterion variable of vhether a student is T

<

or is not a dropout is not significantly different from Zero at the

.05 per cent level of significance. 'L . 1 2‘.".

S
< e .

oc) .«A

S%:?aq’ This hypothesis was tested for one group of all. students

J_ b‘

[
E%ents in the lecture and independent study setéings combined to

form one group) and repeated for each setting separately.

Null Hypothesis 4. There is no significant difference in the

mean scores for a given student" characteristic between the student

dropouts and the students completing the course. Q

In each setting (lecture and independent study) this hypothesis

-

: ‘was repeated for each student characteriStic (each aptitude, persona-

. 11ty and motivation factor)

The foregoing null\hgpotheses were tested to fulfill the main

purpose of the investigation which was to examine the importance of

student’ characteristics with respect to calculus achievement scores in

N

i .
_each of the .two learning settings. The following null hypotheses were

tested to fulfill ‘the secondary purpose of the study which was to compare

__the independent study and lecture methods in terms of student achieve—

ment and: dropout ratios. ) o ' ‘ ¢

[
o

’ Null Hypothesis 5. There is no significant difference in- the

mean criterion achievement scores between 1etture and ind pendent study

~
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'groups.
This hypothesis was repeated for each of the six sets of achieve-
ment .scores (four term tests, a final examination, and the Co-operative

Mathematics Test).

Null»Hypothesis 6. There is no significant difference in the

dropout ratios between the lecture and independent study groups.

a
. Each student who had written the tests of the study was assigned
anvidentification number. The,identification number, age, test scores,
and dropout code number for each student were punched on IBM cards in
preparation for data processing. . |
Tables of Pearson product-moment correlations between test

scores- and the criterion achievement scores were prepared for each of
the independent stud; and lecture groups. The tables allow an inspec-
tion of the “closeness of linear relationships between the predictor
‘variables and the criterion achievement scores.

g The correlation coefficients and the corresponding probabilities
that the correlations in the population from which the sample was drawn

:

are equal to zero were used/qo test Nuil Hypothesis 1

M ltiple regression analysis was used to construct a linear

-comb Aation of independent variables (student characteristics) which
w,best" predicts the dependent or, criterion variable (achievement scores)

A" stepwise regression procedure was used to arrive at a prediction

equation of the form.dfggt.v\.;. A b: - o _;d g

RN



in dhith

y is the dependent variable,

X5 Xy x3,_t = ey xn are the independent variablest/

¥

bo, bl’ bé, . e ey bn are the COefficients that‘produce the

"best" equation; andi ) - - dlplé" ) g

-

/ .
e 1s the error term (the difference betueen the.predicted and

actual values of the dependent variable) The ﬂbest",equation is

defined by ‘the coefficients, b

0| b . - ;',~'1>n, chac.'ma'lee the sum of
VA .

2 a minimum for a particular ‘series of criterion values and predictor

.values,pbtained from a given sanple.

3

- "Stepwise regression procedures produce a series "of regression

equations of the form:

y. Pél), f"fi,)"l +e® 1 ? o \
L@, @ J(z)t.w', @
¥y = by | f b1 x1 +,b, "zf e

(3)‘ (3) (3) (3) 3
by + b .l.1+b 2+b x3+.e

. . : . . . - , N

:‘<‘v
|

At each successive step, a new variable is added to make an improvement
ﬁin the predlction equation. Usually one adds the variable which accounts
for the greatest reduction in the sum of- the squared error terms or which
accounts for the greatest proportion of the remaining variance of the

dependent or criterion variable. . New coefficients are found at each step

‘to produce the "best" equation in terms. of the specific variables included

l~'3‘§¢,

[
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K"
"ﬁ”
in the equation at that;

by Nie, Bent, and Hull (1970). With this
procedure, the user enters\i‘tgjfegression the variables heiwishes
included and in the order he siebes then included. Onefmay first enter
the variablevmost-highly correlated with the criterion variable. The
procedhre then computes, for each of the variables not in the equation,
an F ratio giving a test of the hypothesis that the variable vould make
no significant contribution to the prediction if 1c were to enter the
regression equation next. This E ratio alao measures the significance of
_the partial correlation of that. variable vith the criterion variable.
If the variable enters the equation at the next step, the F value will ,
renain the same. At each step of the>regression’analy§is the F ratios of
the remaining‘variables.not in,the equation are computed. |

At each sten’of this regression program thebfolloving values are
outputlz' V | o
| b

b

1. The regular regression‘coefficients, b, 27 v e b,

0’ bl’
listed as B values and.normalized regressionlcoefficientS'
listed as BETA values. |

2. The standard error, S, associatedyuith each regnlar coeffic-
ient estimate. | | |

- 3. The F value measuring the relative size of B and s.

.;_.___B_z
- \s/) -
This value tests  the significance of the coefficient for each

.variable in the best prediction equation. \
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The multipleicorrelation coefficient, R,;between the criter-

ion and the predictor variables. . ' 4 -

The squéré%‘mﬁltiple correlation, R2, measuring the propor-

- tionof variance shared by the criterion and predicted scores.

A phrase commonly used in place of '"variance shared by the
ctiterion and predicted scores" is "variance accounted for by
the regression equation."

The standatd deviatidn of the residual which is a measuré of

“

the standard error of the predicted v,

.The sum of squares about regression which is the sum of

squares about the predicted values of the criterion (SSR).

The sum of squares due to regression or the error sum of

squares (SSE) . -

The regresstén‘mean sQuaré (MSR)vand the residual mean square
(MSE) . |

An.g,iatib, Fp» distributed with m and N-m-1 degiees of
freedom teﬁting the significance of‘the‘regression equation -
repreéénting mo:e'than merévchaﬁte or'teéting the significance

of R® being diffefent from zerq.h’N is the number of subjects

and m is the step number.

. . . F SSR/m . MSR_ S
L : R ssz/(u~m-1)  MSE T
. i | ,

tThis F value can be shown to be equivalent to the F value for

testing the significance of R2 as given by Cooley and Lohnes

R : »
(1962), namely;, P 7
R .
%
. 4 ?&‘a ’
%

P
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-

RZ (N-m-1
F =2
(1-R")m
2 SSR

Using the fact that R = SSE+ssr® °Pe can show the

eduivalence by substitution.' -~' ./

11. The partial correlation between each independent variable not
in the-equation and the dependent variable when the indepen—
dent variables in the regression equation are‘controlled for.

12. The F ratio for each prospectivehvariable giving a‘test of

| the hypothesis that the variable would make no significant
_contribution if it were to enter the tegression‘equation at
the'next step..

13.° The. tolerance vof each prospective‘variable indicating

'-whether or not a new "dimension” is being added to the predic-
tion equation. If the tolerance is small then that variable
s nearly a linear combination of variables already in the
equation. "Tolerance values tange between 0 and 1..
A 5ummary table is~given as output as uell. The table-contalns the
multiple R, the souared’multiple cortelation,'Rz, thelchange’in the RZ'
'from the value of the previous step, the correlation coefficients between'
each predictor variable and the critetion variable and the regular and
normali;ed;;egression'c0efficients;__- |
| _In‘this.study,'a-predictor-variable uas'retained in the oredic—
‘tion‘equation if the F value'of'the enteting variable and the F value
testing the significnace of R2 exceeded the 0 05 level of confidence.
. ~Null Hypothesis 2.and Null Hypothesis 3 were tested using the

stepwise regtession analysis decribed in the preceding pages.
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For each factor obtained trom the tests of this experiment,‘a*
mean and a standard deviation were determined for the following groups:
1. Independentvstudy students. | L
2. Lecture4studeuts.
. 3. LectureEdropouts (1ecture students Egt.writing the final
exsmination,and Co—ooerative Mathematics Test). | V» v
4. Independent study drooouts (indeoeodent study students not
Hriting the final exsmination and Co—operative Hathematics
Test) |
.5. Indepeudent‘study-students writiug the fiusl exshinatiouvand o
the Coeoperative Mathematics Test. | | |
6. Lecture students writing the final examination and the
'Co—operative Mathematics Test. 5{
Tables of means and standard deviations pregared;for'eachbof the above .
grouos allowva comparisou ofvthe.relative’performance of each.
Null Hypothesis 4 was tested by using a t test to compare the
mean student characteristic scores of (4) and (5), and of (3) and (6)
Null Hypothesis 5 was tested by usingﬁa t test to compare the mean
_schievement scores of (1) and (2) In addition, the t test vas used to
compare the student characteristic ‘mean scores of (1) and (2) to
" check whether the process of random sampling used in this study
" resulted in any significant differences between ‘the gtoups. The t

ratio used wasg:




du

..compare the ‘dropout ratios of Lhe

~ The z ratio used was:

where < .

- analysié’are presented in the following

71

where

my and m, are the saﬁple'means;

| ) :
8 and 82 are the sample standard deviations; and

Nl and Nzlate the sample gizes;' A _ i

R

'

The significance of the t value was determined by referring to a

t distribution table and using Ny + N, -.2 degrees of-freeddm.?

Null Hypothesis 6. was t'#fi

&

pl'ahd P, are the two saﬁple proportions;.

: N andtN--aré the sample sizeS{

1 2
Nlp;‘l.‘_‘_ Nipz e - . .
pe = ——E——;fﬁ—é— .18 the estimated population proportion; and
: 1 -2 ‘ ) »

-

q, =1 - Se 18 the variaﬁce of estimatedfp?pulétioh proportion.

‘The presehgfchapter‘has consisted of a description of the experi-
mental design including the statistical procedures followed in' analysing .

ihe'daté collected in the study being reported. The results of the
j‘chépter.



u? | o . CHAPTER IV

RESULTS OF THE STUDY
‘ v - . ’ ' : ] : 5
oL T tﬂrﬁonucrron. R ,
It is the purpose of this chapter to present detailed results of
the study desctibed in’ the preceding chapter Tb.{\cilitate reporting

-results, ‘each nu11 hypothesis will be re-stated folloaea by an, analysis

of the data@ -and then a decision to accept or reject the null hypothesis.‘.

The“scores on the tests desc;ibed in Chapter I1I1, which form the
'basis for the tesnlts of this chapter, are to be found in Appendix 1.
‘ hotice that certainégata are misaing for some students. Eighteen of the»’
129 students faileggﬁr conplete all of thg testing instruments used to-
Lgather data pErtaining t3 the student characteristics. Twelve of these C
'l8 students eventually dropped out of the course. The available scores

”_for these 18 students were included in’ the analysis}of this study except‘

'for the multiple regtession analysis. The Wonderlic and Van ngenen

% £ 1'!'4

- scores were available for only 60 s{udents, since msny students appai;

b’.Jently failed to-complete the Mount Rdyal College entrance testing program

’ Before considering the results relsted to the null’ hypotheses,
4 .

note that Table v displays the means: and standard deviations

characteristic scores obtained from the tests of this experim nt er the .

I

67 independent atudy and 62 lecture students. The: num' r of students for

”‘which scores are available are indicated in the tahle.v The t ratios,‘

vhich uere used to. test for,significaﬁce of a difference between the group

»

Lo

\
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means,'are inclnded.-'The t ratios of the student characteristic means

—
’

indicate there are no significantvdifferences between the two randomly

assigned groups as far as student chatacteristica are concerned.

NULL HYPOTHESIS 1 -

- {‘ . ] . . ‘

The correlation coefficient between a given student chatacteristiC"

~‘and achievement scores is not significantly different from zero at -

the .05 per“cent level of confioence;

sets of achievement scorea (four term tests, final exanination, ‘and the

Co—operative Hathematics Test).

Appendix ‘K gives the Fearson correlation coefficiqpts shouing the

‘P
closeness ofle linear relationship betueen thé criterion achievenent

1N
- Y

tests and the factors measured.by the data gathering instruments of this

‘study. Table VI gives the correlatious for those factots Hhich have

significant (at the 0. 05 level) correlations vith one or more achieve-.

"

ment testa fot the lecture group. The synbols, 3,‘X‘, etc. represent .

the same variables as indicated in Table V.

ﬁl The factor mwost coﬁkistently highly correlated vith achievement .

A . /

" higher acoreslon this_teading comprehension instrunent tended to score

h_,tests in Table VI was X (Van Wa genen Rate of Coqprehension Scale) \

R

X6 was significantly correlated in‘a positive sense with Test 2 Test 3

‘Teat 4, the CMT, and the Final. This iwplies that. the students with

‘s 3\)va

higher calculus testvseotes~in—the lecture'setiinng?”
: -
- !
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fwhere intelligence scores and reading ab
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' X3 (DAT Numerical Ability Score), X, (DAT Abstract Reasoning

[

ScOre), and-,-X5 (Wonderlic_Score) were all positively related with all the

°5rion achievement -tests. Significant relationships existed between

’%eat 1, Test 2, Teat 3, and the CMT between X and Test 1 and

4

m; i,

'ﬁ#ﬂhy were significantly related

Y

‘to the academic.success of grade;five students in'a teacher directed

rsetting.

o

l .
&

Theré were consistent neﬁ tive correlations between le (16 PF
. i( N

Factor F——Sober versus Happy-go—lucky) and. the criterion tests Signi—'

- ficant correlations occurred with Test 2 Test 3 Test & and the CMT

 Factor F issone of the most important components of . the second-order
.r‘\,*‘ro, - .

factor, E% ia (I troversion versus E&traversion) The_negative correla-

x

tions indicate 3 at.the'sober, serious, concerned, or'cautious student

~* tended to achiéve highersycores in the lecture setting than .the talkative,'

B

happy go-lucky, enthusiastic, or, heedless penson.

;-‘ 14 (16. PP Factor G— Expedient versus Conscientious) was signifi—--"

Y

bantly related to the Co—operative Mathematics Test. ~ This same positiVe

PO

relationship held with the other tests except for Test 2 however, theti

"'correlations.werezlow. Cattell et‘al (1970) indicated, as ome would

expect;'a positive relationship between«Factor’G and academic achieve—_;
AR e L o . ‘ gﬁ T

- ment. : : e - I ' .

red

515 (16 PF Factor H-—Shy versus Venturesome) was’ negatively

correlated with all the achievement tests and had a significant negative
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relationship with Test 2.  This relationship implies that the’shy,
restrained student tended to achieve higher scores than the adventurous,

responsive, friendly, impulsive, or carefree student in the_lecture

"

situation.

) Xi7 (16 PF Factor L--Trusting versus Suspicious) was negatively
correlated with all the achievementbtests. Fdactor L was: significantly
' negatively correlated with Test ‘4, the CMT, and the Finsl. . Cattell et
al. (1970) reported that in group'dynamic experiments the high‘scoring’
L perSOn was rated unpopularl and groups averaging high on L were -
significantly less cohesive, and low on morale. The lecture setting is

Sy, ]

basically a group setting and the negative correlations indicate that

Hstudents scoring low on L tended ‘to achieve higher calculus scores than
those with higher L scores.

(16 PF Factor N-—FOrthright versus Shrewd) and X '(16 PF
. 'Factor Ql—-Conservative versus Experimenting) were both positiveI%
correlated-with‘all the criterion tests. Factor N was significantly
"related to the CMT and Factor QI was significantly related with Test 1

. 25<(16 PF Exvia--Introversion versus Extraversion) wag negativel;

;correlated with all the achievement tests. Théérelationship was signifi—

> .

*  cant with Test 2.

o The,MAm,General Autism-Optimism score, x3§, was_significantly
related (negatiVely) to four'of the six achievement»tests. This scorg

‘is a measure of vishful thinking of a person as applied to his own
cogn!!ions.- High scores indicate a general feeling of well being and-a.

-rosy outlook on life. Sweney (1969) pointed out that a depresseg‘scoref
on_thislfactor»islan indicator of the "loser's syndrome." However, in

VLT
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Ty

T

. the lecture aetting of this study, students with lower scores tended to

achieve higher calculua scores than those with higher General Autism

vscores. R ‘ o ) . S

. Negative correlations occurred between Xaz-(MAT Total Personal.

gy

. Intereat)'and'achievement tests. X,, was significantly related to

Test 2 Test 4 and the CMT The relationship with the Final was nearly

4 ”: significant. Sweney (1969) indicated that this score 1is, operationally,

a measure of total motivation and life interest. N

In the lecture setting,'Null Hypothesis 1 1is rejected for the 32
cases in Table VI where significant correlations occurred.

Table VII gives the correlatiéﬁs foruthose factors which had
significant (at the 0. 05 level) correlations with one or more achievement
teats for the independent study group |

The factor-most’conaistently'highiy correlated with the achieveeh

- ment tests‘in:Table VII.was Xg: Coatello Scale II. Xg scores were

,significantly related to Test 2, Test 4, and the Co—operative MathemAtics

v

Test scores. Scale -I1 measures the disposition or need of a person to'
be a- succeas defined in terms of the emulation of successful people.-;vv -
) Conaistent negative-correlations occurred between=Xi3 and the»
| achievement tests. X13 is the 16. PF Fact;r F (Sober versus’ Happy go—
luckyj According to Cattell et al. (1470), Factor F is one of the most . ..

[N

important components in the second-order factor of Exvia (Introversion ‘”
_versus Extraversion). The negative=corre1ations for Factor F (signifif
‘cant with the Final) indicate é&at the sober, serious, concerned, or
cautious atudent tended to achieve higher acores in- the independent study

setting than the talkative, happy-go-lucky, enthuaiaatic, or heedless
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s Table VII

Correlations of Selecte Student Characteristic Scores”
with the Term Test Sc res, Co-operative Mathematics

2

Tt LK XXy xy

' UEE '
Test 1 . -0.340 ©0.279
" Test 2 - -0.081 . 0.318"
Test 3 -0.176 . 0.214

Test 4 . 0.042 . 0.477"

Final  ° . 0.328. - 0.359
Pl _ ‘ -

Test X, | D S XL X,

ST - T ‘ _ —
Test 1 - 0.339°  0.246 . 0.276. °  -0.201

Test 2 0.126 0.406 10.357" . -0.318

‘Test 3 0.335: ~. 0.03 . o0.079 . -0.305 .

Test & 20.105 " T 0214 7. 0.8 -0.338

Final = = " lo.201 0097 0.160° . -0.354

&
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7 v'relationship with Test 2.

- vith Test 3, Test 4, and the Final

'setting , o

person. . ! = F

21 (16 PF Factor Ql—-Conservative versus Experimenting) was

3

significantly correlated (negatively) with the Final. Thére was also a
negative correlation with Test 4 and the CMT. The negative- correlations

‘4

are in contrast to the positive correlations noted in the lecture”

171‘
\\ . ,‘
B <
i
f

R

2 (16 PF Pactor Qz-—Group Dependent versus Self-sufficient) was

significantly correlated (positively) with Test 1 and was nearly signifi-

‘cant with Test 3 and the Co-operative Hathematics Test. Cattell et al.

(1970) claimed that Factor - Q2 is a major component of the second—order

factor, Exvia.

L)

xza (16 PF Factor Qa-Relaxed versus Tense) was positively related

‘ with achievement scores° the relationship with Test 2 was significant.

The second-order factor X26 (16 PF Anxiety—-Low versus High) was

positively related with the achievement testS' there was a significant

e

[y

_As, with the lecture group, the HAT Total Personal Interest factor,

42, ' was negagﬂVer correlated with all achievement tests except the

v .

.CUT, The relationship was significant with Test 2 and nearly significant N

. + - -
r

P Notice that X7 (Costello Scale I) was significantly correlated

< I

in a negative sense with Test 1, vhereas the relationship became

. positive (nearly significant) with the Finalo

" In the independent study setting, Null Hypothesis 1 is rejected
for: the 11 cases in Table VII uhere significant correlations occurred.

The folloving remarks relate to the. correlations for the



independentlstudy students as seenuin Appendix K.

There were‘consistent negative correlations between X11 and the
- achievement tests, although none of the ¢orrelations was significant.
X11 is the 16 PF Factor C (Affected by Feelings versus Emotionally'
stable). The'relationships;indicate that the emotionally less‘stable,
Student tended to"achieve higher scores in the calculus achievement
tests. | .
Xl5 (16 PF Factor H--Shy versus:Venturesome) was;negatively
correlated, although very low, with all the achievement tests. In the
lecture group, this factor also correlated negatively with the achieve—
ment scores. The probability of observing 12 negative correlations by
chance alone would be (1/2)12,-which is quite small,

‘The second-order factor X25 (16 PF Exvia——Introversion versus
Extraversion)ncorrelated negatively with all'the achievement tests.
These results agree with the review of the literature claim for the

academic superiority of the introvert dn higher education The same
negative correlations were noted in the lecture setting.:

The MAT - Integrated (X) Mating factor, X35, was negatively
;correlated (low) with the achievement tests.“}Negative relationships
““also existed between the MAT Integrated (I) Sweetheart Spouse factor,"
| 38’ and four achievement tests. These relationships may indicate a
tendency for students having a lower mating drive and weaker sentiments

toward ‘a-wife (husband) or sweetheart to achieve higher 8cores in

calculus in an independent study setting. o S
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NULL HYPOTHESIS 2
~N

The square of the multiple correlation coefficient betveen a
combination of predictor variables (student characteristics) and
the cr!ﬁerion achievement variable is not significantly different

from zero at the .05 per cent level of significance.

., %-0 L

e

In each settingﬁilecture and independent study) this hypothesis was
Tepeated for each of the.achievement'variables.

In each instructional setting, ‘the stepvise regression analysis
'Outlined in Chapter III resulted in gredictjon -equations for each of the
achlevement tests. Information pertaining to each regression equation
is summarized in a table.' Each ' table, Tables VIII through XI, lists
‘the variab’es Lhat made a significant (0. 05 level) contribution to the
prediction of the criterion variable (achievement test scores) in the
order they were enteredjinto ‘the regression equation. Included as well,
nere-the corresponding multiple correlationsv(R)'Hith‘the criterion,

F ratios (FR) for testing the significancefof the squared multiple
correlations.(Rz),‘the';ercentage'of‘the‘criterionivariance'sccounted;
for bynthe'predicted scores, the F value testing the-Significance of the
contribution from the Qariablebhdded.at each'step, the best prediction
equation, the F values testing the.significance of the coefficients for
‘keach variable in the prediction equation and the simple correl;tion

' coefficient (;) between the predictor variable entered and the criterion
variable. A predictor variable was retained in the prediction equation

if the F value of the entering variable and the F value (F ) testing the

significance of R2 exceeded ‘the 0. 05 level of confidence.

e

B
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!

‘The Wonderlic and Van Wagenen variables were omitted from the

regression analysis because of the low number of scores.

.

The results pertaining to each regression equation’ are first
given for the lecture students and .then reported for the independent

study students. ; ‘ B
- Table VIII- relates to the significant predictors of the final

examinatiou scores for 36 students In: the lecture group. The variabl _s
. re .

1ncluded were: ;

<

> E g X17: 16"PF Factor L—-Trustiné versus Suspicious. o

_Z.p X, DAT ‘Abstract Reasoning. i A

The multiple correlation, R, between the two: predictor variables and the

¥

’ Final was 0. 575 indication that 33 per cent of the variance of tLe

LN
criterion was accounted for by.the predictors. The squared multiple

correlation\yas significantly different from zero since the F valué of

”’\\“S“Iﬁ\iv\greater than the critical F value of 3 29 (0. 05 level) - for 2 and

.33 degrees of freedom and, thus, Null Hypothesis 2 is rejected in this

“

case.

The Final correlated significantly‘with X6 . Van Wagenen Rate of.

Comprehension and X17 ' 16 PF Factor L (see Table Vi). . The correlation

" between the Van Wagenen scores and Factor L was -O 052. Thus, if the'
. kY :

) . . Van Wagenen could- have been included in the regression equation,

\.

variance accounted. for may have been considerably more than the 33 per

-

scent?'- : »v' D _ - . V&' B :
Factor F was correlated significantly with most of the criterion
\
variables but did not appear in the regression equation because of 1its

v.
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n |
significant correlationm (0 311) with—?actor L.

The regression equation would predict high Final scores for

students with low Factor L- scores (more trusting) and high Abstract

'vReasoning scoresn. L , AN TN
Significant predictors of the Co-operative Mathematics Test

scores are. given in Table IX for 36 lecture students. The variables
Sl /

'

entered were:

-

3 o

1. X '"-MAT General Autism T " = S

3?' ‘ R ve
2. X17: 16 PF Factor L—-Trusting versus Suspicious.

Y3, X4t 16 PF Factor Q--Expedient versus Conscientious.

1

‘16 PF Independence.
2 5 cence '

5.. X..: 16 PF Factor C—-Affected by Feelings versus Emotionally .

Stable.’

[
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.'The,mulfﬁple correlation, R, betweenAthe four predictor variables and the

:CMT was 0.746, indication that 56 per cent of the vari nce of the

~

' criterion was. accounted for by the predictors., The squa'ed multiple

'vcorrelation was significantly different from zero since the F value of

R
lf7 52 is greater than the critical F.value of 2.68 (0, 05

vel) for
4 and 31 degrees of freedom, and, thus. Null Hypothes

in this case.

»'2‘is‘t\eject’edf-

Lecture students with low scores on General Autism Factor L and _\

Factor C along with high scores on Factor G and Independence would |
achieye high scores on the Co—operative Hathematics Test according to
thig prediction equation. These students uould tend to be trusting._
: conscientious. emotionally unstable, dependent and pessimistic

-Xj: Numerical Abilitykuas-significantly correlated with ‘the

-
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N
Co-operative Hathematics'Test (see Table VI) However Numerical
1Ability does not appeat in the regression equation since General
Autism and Numerical Ability VEre highly correlated
The regression analysis tables corresponding to the ‘term tests L
) for the lecture group are in Appendix L.~ Null Hypothesis 2 is rejected
,"; for each of the tests since the critical F value was exceeded in every
B case. R . e o~
T The predictor variables entered into regression for Test 4 vere.»

1. XAZ: MAT Total Personal Interest

2. ,x3 : DAT Numerical Ability T
' ;‘3‘ ”ijz 'MAT Integrated Narcism | *

tudents with lon Total Personal Interest scores, high Numerical Abil— i

R nnd high Narciém scores vould achieve high scores on Test &

according to the resultant regression equation. o 'ﬁ

The predictor variables entered into regression for Test 3 were°

1.ox, ¢ DAT Numerical Abflity

3
2. X13:‘ 16 PF Factor F—-Sober vs. Happy-go-lucky
I TS S HAT Integrated Home
- T30 . -
> . X
. - pa—" &
4. x18° ,16 PF Factor H— Practical vs. Imagina&ige :

S. le: 16 1 PF Factor BikLess Intelligent vs. More Intelligent
6._'X25:' 16 PF Exvia—-lntroversion vs. Extraversion. ;' -
Students with high Numericsl Ability and Factor B (more intellig;;t)
~ scores along with low Factor F (sober) HAI Home and Factor H (practical)
'scores would achieve high scores on Test 3 according to the regression ;e
' equation. The positive contribution of x25 to the regression equation is
strange in view of the negative correlation betveen x2$ and-Test'3 scores.i
s ' '

; . el
\ . Lo . P
‘ i . . . o



,,\' @
|4 - . R : s 1 .7 : :
The predictor variables entered into régression-for Test 2 were:

1. Xjg: MAT General Autism.

. 2. %, : DAT Numerical Ability.

3. .X13: 16 PF Factor F--Sober versus Happy-go-lucky.

’

Students with low General Autism and Factor F (sober) scores along with
(

high Numerical Ability scores would achieve high Test 2 scores according
to the regression equation. ‘. o . ; (;I
The predictor variables.entéred into regression for.fest louere;
1. X, } DAT Nunerical.Ability. - o ’t'” s
2. le? 16,PF FactorsQi—-Conaervative versus Eiperinenting.

153, 16 PF gictor F--Sober versus Happy— o-lucky.

j4, X :"MAT Integrated Sweetheart.'

o

38 ‘
1-5.,.x35: MAT Integrated Matinge’ :
‘3,\ vﬂ o - C i

6. X32: MAT Integrated Narcism.,

'7,‘.X11:.'16 PF Factor C--Affected by Feelings versus Emotionally

Stable )
8. XIA: 16 PF Factor G—-Exnedient versus Conscientious.
\v)Students with low Factor F (sober), MAT Sweetheart, and HAI Narcism -
nvscores-along with high Numerical‘Ability, Factor Q1 (experimenting),
MAT Mating, Factor C (emotionally stable), and Factor G (conscientious)
.- would achieve high ‘Test 1 scores according to the regression equation.
: Table X gives information relating to the significant predictors

\i,'

of the’ final examination scores for 27 students in the indegendent study

groups. The variables entered were.

l.-fX13:' 16 PF Factor F-—Sober versus Happy-go—lucky.

2. ‘Xé,: Costello Scale II. S -g' S 4ﬁ
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_ The multiple correlation, R, between the two predictor Vi riables and the

Final was 0. 657 indication that 63 per cent of the variance of the

. /" .
'criterion was accounted for by the predictors. The'squared multiple

correlation was aignificantly different from zero as the critical F value
at the 0. 05 level for 2 and 24 degrees of freedog is’ 3 40 and thus.

Null Hypothesia 2 1s rejected in this case.'

Studenta with_low Factor F (sober) scores and high‘Costello, B

Scale II scores would achieve high Final“scores acCOrding'to‘the'regresa.‘

~sion equation. .

Y T

The -Final correlated Eignificantly with X 16 PF Factor Ql’

21
as can be ‘seen from Table VII however, this factor did not” make a

B significant contribution to the regreesion equation after the above" two

g ;variables had . encered.;vn,c._ul_i, 2

Significant predictora of the Co—operative Mathematics Teat ia

given in Table XI for. 27 independent study atudents. The variables

entered were: '

1.,_383i 1Costello Scale'II.;

.2, Xizz 16 PF Factor QZ-—Group Dependent versus Self—sufficient.ﬂ
‘ll; 16 PF Factor Ql--Conservative veraus Experimenting.

'-42 3323;'MAT Integrated Narcism. | |

The multiple correlation, R, between the four predictora and the CHT was
0 759 indicating ‘that 58 per cent of the variance of the criterion ‘
variable was accounted for by the predictora. The equared multiple
,*correlation was significantly different from zero since the FR value of.f
"7 46 is greater than the critical F value of 2 82 (0. 05 level) for 4 and

22 degreea of freedon and thua, Null Bypotheais 2 is rejected in thia

@
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caser - ,. i
' étndents.uith hign'scores on Costello Scnle IIA Factor ng and
Narcisn, along vith a low score on Factor Ql' would achieve high scores
"on the Co—operative Hnthe-ntics Test according to the prediction equation.
' These students uould.tend to be~se1f-sufficient ahd conservative with a
high need to schieve (as neasured by the Costello Scale II) and a desire
for the good life.:di ”‘c‘”a(‘ 'T}' ;\’( ’

Xa is the only varieble signif{cantly correlated to .the CHT scores
' { H .

and accounts for about 18 per centéof the variance of the CHT scores.

-~

_—

1 The regression analysis tebles corresponding to the term tests
for the independent study group are in Appendix'L. Null Bypothesis 2
| is rejected ‘for each of the tern tests for the independent study group{'f
‘The - predictor variables entered into regression for Test 4 vere.;
1. X : Costello Scale Im. - |
.‘16 PF Factor N—-Forthright versus Shreud
MAT Integrsted Career. A o .
< : >A._ X .z 16.PF Factor Q ——Conservative versus Experimenting.g
l: 5. vx37:4 HAT Integrated Assettivenesa.v'
6. . ?17:'t16 PP Factor L——Trusting versus éuspicious, .
Students with high scores on. COatello Scale II, Factor\N (shreud), Factor
/
Ql (experinenting), and HAI Assertiveﬁess along with low scores on the
MAT Car:Et and Pactor L. (trusting) uould achieve high scores on Test 4 df
rdfng to the regression equation. o
- The predictor varinbles entered into regression for Test 3 vere,
118.. 16 PF Fsctor H—-Praéticsl ;:rsus Inaginstive. -

N~ ~

2. x3‘ HAI Integreted Self—foncept.,i. "“”‘—“4?%
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3. Xig° 'MAT Integrated Sweetheart.

Studentswwith high Factor M (imaginativej,scores along with low MAT
Self-concept and MAT Sweetheart scores ‘'would achieve high -scores on. .

' Test 3 according to the regression equation. T vf" o -

The predictor Variables entered into regression.for Test 2 were°‘u
1. Xza:- 16 PF Factor Q, —-Relaxed verSus Tense.

. *
2. X42:> MAT TotallPersonal Interest,‘

- 3. ngt HAT Integrated'Career.- _', Lo

17
5. X37£ HHAT Integrated Assertiveness.'

4. X ot 16 PF Factor L-Trusting versus - Suspicious.

.Students vith high Factor Q (tense) MAT Career, and MAT Assertiveness .
scores along with low HAT Total Personal Interest and Factor L (trusting)
scores would achieve higher Test 2 scores according to the’ regression
3 equation._. | . |
;The predictor variables entered into regression for Test l were:
:~1.‘ X7 T Costello Scale I.,? | | ' | |
'.Z;urxzé; 16 PF Factor Qz——Qroun‘Dependent.versus'Selt—sutficient.-'v
| .3'.'x8 : Costello Scale II. | | | |
3 Students with low Costello Scale 1 scores along with high Costello Scale
1T and Fcftor Q2 t;elf—sufficient) scores vould achieve high scores on
Test 1 according to the regression equation. ' ?’?_ | |

NULL HYPOTHESIS 3,
’g‘ The square of the multiple correlation coefficient(between a . .

"combination of predictor variables (student characteristics) and

the criterion variable of whether a student is or is not a



.

dropout is not significantly different from zero at the 05 per‘

v

cent level of significance." S ”. ' e

K This hypothesis was tested for. one group of all students and repeated =
. .. . ~ 3 . /
: for the lecture and independent ‘study groups separately.;m//

: By using the: stepwise regression procedure outlined in Chapter

III on the data from 112 students (from both the lecture. and independent

n

study groups), the following predictor variables were selected' o
'l, x'vt’ DAT Numerical Ability. | |
2. X22:. 16 PF Factor Q -—Group Dependent versus Belf-sufficient.
3. X, : 16 PF Factor A-—Reserved versus Outgoing. ‘

The criterion variable, Y had a value of 1 if the student was a dropout

and a value of 0 if the student was not ‘a’ dropout. Table XII 1ists ‘

.

the v riables that made a significant (0 05 level) contribution to the.
' predfition of y in the order they were entered into the regression
'fequation; Also included is the same information that was given in the
..preceding tables for the prediction of achievement scores.

. The . multiple correlation, R, between the predictor variables and
" the criterion was 0. 405 indication that 16 per cent of the variance of
Vthe criterion was atcounted for by the predicted scores.' The squared
multiple correlation was significantly different from zero since for 3, N
and 108 degrees of freedom the critical value of F at the 0 05 1evel is

- 2. 70 and thus, Null Hypothesis 3 is rejected in this case. » |

: Students with low scores on Numerical Ability, Factor Q2 (group.

' dependent) and Factor A (reserved) tended to: drop out according to the

‘ dropout prediction equation. However, considering ‘that only 16 per’cent

of the total variance is accounted for by the equation, ‘one can aay that -
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- .the prediction equation .is of little use.

.Table-XIII,gives the reaults'of the stepwise regreasion,analysis_ B

for predicting dropouts among 58 independent study students. Those

variables that made a significant contribution to the prediction of y
(y =1 if the student was a dropout, y = 0 if the student was not ‘a

dropout) fOllOW'

/

1. X18: 16 PF Factor M——Practical versustmaginative.

2. XlO:j 16 PF Factor B--Less intelligent versus More Intelligent.
N N

The multiﬁle correlation, ‘R between the predictor variables and the

criterion was - 0 408 indicating that 17 per cent of the variance was

.accounted for by the predicted-scores-; The squared multiple correlation

RPN

was significantly different from zero since the critical F value for 27
and 55 degrees of freedom, at the 0.05 level is 3. 17 and thus, Null
Hypothesis 3 1is rejected'for.the independent study'group.

Students with low Factor M (practical) scores and high Factor B

(more intelligent) tend to drop out according to the regressiqn equation.

©

3

Table XIV gives the results of the stepvise regression analysis

for predicting dropouts among: 54 lecture students. The Variables making

a significant contribution are: L | o ,'“\g_
B DAT !Numerical Ability. o
'_ 2. X35:? MAT Integrated Mating.

The,multiple correlation, R was  0.306, indication that lérper cent‘of
the variance was accounted for by the prediction equation.. The squared ,
‘multiple correlatiOn was significantly different from zero since the
.-:_critical F value, for 2 and 51 degrees of freedom, at the 0 05 level is;

3.18, and thus Null Hypothesis 3 is rejected for the lecture group.
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Students with low scores on both Numerical Ability and Mating

tended to drop out according to the regression equation.
 NULL HYPOTHESIS &

There is no significant difference in the mean .scores for a given
student characteriatic between the student dropouts and the
student; completing the course. v
In'ea&? setting (lecture and independent study) this hypothesis was
',lrepeated for each'student characteristic (ea{h aptitude, personality,
‘and motivation factor). _ ‘
+  Means and standard deviitions of scores,fromdthe tests of the

student characteristics for th

- '3

ndependent study dropouts and the

independent study students who wroXe the final examination and the Co-

a4

operative Mathematics Test (independ nt study non—dropouts)"were,computed.

In order to test £6r»significance of 3difference betveen the BrQup

means the t ratio described in Chapt 111'935 used. Table Xv lists the
student characteristics which had nificant group mean differences.‘

The t r.__ios indicate a signifdcan difference in the means of

".

- XlS: 16 PF Fuctor H——Practical versus Imaginative and X35 MAT Integra-—

.

, .ted Mating.
. The independent study dropouts had a lgggs ‘mean score on Factor M
‘than the independent atudy non—dropouts. According to the characteris-
*tics of Factor M one can say the independent study- dropout tended to be
more conventional .more concerned with his or her. immediate interests

‘and issuea, Hhereas the student who stayed in the independent study

- setting tended to be unconventional, abaorbed in ideas, imaginative,
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_ Table XV

Heans, Standard Dev1ations (S D.), and Numbers of Students (N)
for Selected Student Characteristic Scores

of_INDEPENDENT STUDY DROPOUTS and -

INDEPENDENT STUDY NON-DROPOUTS.
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Variable

<F

S, D.

- X

thup.‘- ﬁean N_ t ratio
X,o: 16 PF Factor M Dropout - “11.69 © 3.03 32
18 R » : : 5 39*
Non-d¥opout  13.30 2.12 27°
: MAT Matiog I Dropout 6.41  1.93 32 o
35 _ e } , o 223"
' _ . Non-dropout 1, 5-30 1.88 27 . - :

*x
p < 0.05
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-, and interested in art, theory, and basic belie s. Cattell’et'al. (1970)
stated
In terms of criteria high M individuals in groups tend to feel
unaccepted, but unconcerﬂ - « « . They express significantly
more dissatisfaction wit the group unity and the group's regard
‘for rules of procedure - « - « Occupationally, high M occurs in
artigts, researchers, some planning executives, and many editors'
»low M in occupations requiring mechanical sense, realism. and .
alertness. [1970 98] .
The independent study dropout had a igher HAT Integrated Hating )
mean score than the independent study non—dropout.s This scale measures

: heterosexual interest directed touard ‘the sexual act itself and,

’ according tO‘Sweney (1969)g a high scorevwill indicate in most cases an
active participative interest in sexual intercourse._ Thus, one might
say. that the independent study dropout seemed to be more interested in

:_pursuing sex than in studying calculus.

. There were no . significant differences between the group mean

' aptitude" scores such as Numerical Ability, Abstract Reasoning, Wonder—.

- 1lic,’ Van Wagenen 16 PF Factor B and MAI General Intelligence—lnforma—
tion scores. Also, there uere no significant differenres in the Costelloﬁ

‘Scales measuring 'need to achieve.

Means and standard deviations of scores from the tests of the

student characteristics for ‘lecture dropouts and the lecture students who -
: jwrote ‘the final examination and the Co—operative Hathematics Test !

(Aecture non-dropouts) were computed. The t ratios in Table XVI show

significant differences in the group mean scores for variable DAT Numer1— B

cal Ability and MAT Integrated Sweetheart
The lecture dropouts had a louer mean Numerical Ability score

than the lecture non-dropouts.' There'vere no significant differences ‘
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Table XVI

Means, Standard Deviations (S D. ), and . Numbers 6/‘Students (N)
for Selected Student Characteristic Scores of 'LECTURE
DROPOUTS and LECTURE NON—DROPOUTS

. Variable ) Group :Mean  S. D. N .. t.ratio

X :.DAT-Numeriégi

3 Ability - Dropout 75.24 14.70  17* C w
. - ' ‘ ] - 2.51
Non-dropout 85.58 12.48 36 g

X3gi MAT Sweetheart I Dropout’ : 5;76:. 1.71. 19

*
. S ' -2.02
Non-dropout 4.75 1.77. - 36 :

*
. .p <.0.05"
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-\for the other aptitude variables.' .

,‘The lecture dropouts had a higher MAT Integrated Sweetheart mean
score than“the lecture non—dropouts.' This scale mEasures more specific-
ally the affectional needs of the subject in‘relation to%a person of the
opposite sex. It operates independently of the mating erg. On the basis
of the difference observed betveen the two groups, one might say that the:
. lecture drOpouts had, compared to their friends going to lectures, a

higher conscious drive for romantic love relationship

.On'the basis of the t ratios, one ‘can only ‘Teject Null Bypothesis
4 in the independent study setting vith regard to the 16 PF Factor M
‘and the MAT Integrated Mating. .~In the lecture setting, one can reject

Null Hypothesis 4 with respect to- the DAT Numerical Ability and -the MAT

Integrated Sweetheart.

NULL HYPOTHESIS 5

‘ere {8 no significant difference in the mean criterion achieve—

rent scores betveen the 1ecture and independent study groups.

This h othesis vas repeated for each of the six sets of achievement -
5core.v(four term tests; finai_examination, anthhe.Co-operative |

» tics Test) | . C:a}

: Means and standard deviations of achievement test scores for the
ind pendent study and lecture groups are given in Table XVII;. t ratios, |
“which uere used to test for significance of a difference betueen the |
oup means, are included. | o

On the basis of the t ratios, otie must reject Null Hypothesis 5

R ]

,for Term Test ‘2 and Term Test 3. The.lecture group had higher meanl'



Means, Standard Deviations (S. D.), and Number of Students’ (N)
: for Achievement Test Scores of the Independent
Study and Lecture Groups

Table XVII
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' Variable

" anup Mean S. D. N _S?ra;io
| . 1s 59.77 22,52 - 53
X&A: Term Test 1 Coen T 1.12
A L 1 64.28 19.48 57
- AU IS . ©55.43°  21.80 47 -
x45: .Term Test 2 , - , 3.1
‘L. .. 67.32 1461 - .41
o - Is. 54.40  27.41 30 o
46° Term Test 3 ‘ , o : 2.82 -
) | L 70.48 - 17.72 42 | :
. IS 62.25.  23.16 28 . .
X£7: "Term Test 4 . . S e - 0.42
e ' T 60.03 18.53. 40 '
X, :“Co—operative - IS . 2146 7.0z 28
48" pach tics Test e | 0.9
o yoarhematics Tes L '23.18 7.85 . 39" ’
. ) - 1S 44.50  26.81 28
X,q* Final Examination : - N 10.33
| | L 46.69 27.16 . 39

x
p.< 0.05
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scores on all tests except for Term Test 4.

- . -

. .~ . NULL HYPOTHESIS 6 ., =~ -/

s . P
-

' the lecture and independent study groups. ' ‘E ' D :

,,v" i v~'.'r

Table XVIII é}ves the numbers- of students involved'1n the succespive ’ -

£

stages of the calculus_course. ST

‘ Table XVIII -
. Number of Independent Study (IS). Students, Number of
~ . Lecture (L) Students andwTotai-Number of Students
, Involved in the Successive Stages of the ~

Calculus Course . e 'mF
R 2 |3 Wl os e 7
i . ' ~ Test | Test | Test | Test | . and :
Ao , 1 2. -3 . A Final | Dropouts
IS | 67 | 53 47 30 | 28 | 28 | -39
L o6 | st | ar 42 | 40 |- 39 23
Total | 129 | 110 % | 72 | 68 | 61 | 62

R : ' /

...ﬂ cOlumnll shOWS the final experimental population sizes resulting
- from the random assignment of the’ students into" the two groups.‘ |
Column 2 shows the number of students who wrote the first term
:test or Test l Notice that 14 independent study students failed to
'write Test 1 whereas only 35 1ecture students did oot write this test.

- Some of the students failed to show up because they vaU1Ted jObS
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and others because of changes in theirreducationnl plans. Host of the

students in the independent study group had previously experienced only

~ the lecture approach or variations of the lecture approach to instruc-

wioe ot

‘tion; thus, some of these students dropped the course because they felt

_they'could not learn or ‘were not prepared to attempt to-learn in this

.

new environment. ‘This last statement partially explains the large num- -

ber of independent study students failing to write Test 1._ ;
| Columns 3 to 6 show the mumbers’ of students vriting Test 2;
~ Test 3, Test 6,.the Co—operative Hathematics Test (CHT), and the final‘
Aexamination (Final). xhere were a large number of dropouts in the |
1ndependent study group betueen Test 2 and Test 3. Thisearastic drop B
g 'uas probably due to several factors ‘which uill be explained in the mnext
i.chapter. | e
_ Column l givesithe number of dropoutsvfor'each of the.

as well as the total number of dropouts. The number of dropouts is

‘,simply the total number in Columm 1 minus the number of students who

v

'urotefthe cMT and_the Final in Column 6. Sixty—two.out of.129 (48 per-

cent) of,the students became.dropouts. The percentage of IS 8tudents

_ vho dropped out uas 58 as compared to 37 per cent of the lecture
‘students.z Using a z ratio to compare the dropout ratios of the two, i

groupS,°a‘£;value of 2‘& was found3 which is»significant at the 0.05

» ~level_of‘cdnfidence..-'l'hu Null Hypothesis 6 is.rejected; “




CHAPTER V. . - N

' SUHMARY CONCLUSIONS LIMITATIONS
g v AND IMPLICATIONS

f,INTRODUCTION

This study has been concerned with mathematics curriculum develop-_
ment and methodology of the teaching of calculus. The researcher has
adapted mastery learning features of Carroll (1963) and 'Bloom (1968) to
a one-semester, first—year university calculus course resulting in an

': 1ndep§§dent study approach to the learning of calculus. An implicit

e which led to the present study was that there is no one best

RN

acttit

" method of instruction for all students. »In-fact,_it was-assumed that

1

c rtain‘teaching‘methods-were best for certain kinds of-students defined

.

terms oficapabilities,ipersonalitiess aspirations and backgrounds.
hus, the primary purpose of - this investigation was to determine student
dharacteristics important to the- 1earning of calculus in a‘traditional
‘lecture setting and to contrast these with student characteristics
'1mportant‘to the" learning of calculus in the independent study setting

‘ Student characteristics were classified under the three general areas of

'.aptitude, personality; and motivation,

. . SUMMARY OF THE'STUDY . © -

.‘\b

Two calculus classes of randomly assigned first—year unlversity

R students participated in the study at Mount Royal College during the _,b

108
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1973 spring semester. .One class of 67 students received their instruc—
tion by an independent study approach and the other class of 62 students

by a 1ecture approach, The study was designed to assess the importance

7 of student characteristics h respect to the 1earning of calculus in
each of the two learning setti gs and to describe the learning outcomes
of the two learning methods.

At the beginning of the semester, the students were administered

a test battery consisting of the Numerical Ability and Abstract Reason-

i ng tests from the Differential Aptitude Tests (DAT) battery, Cattell s .

"Sixteen Personality Factor Questionnaire (16. PF), Cattell s Hotivation

Analysis Test (MAT), and Costello s Achievement Hotivation Scales 1 andv

‘ll.‘ Scores from the WOnderlic Personnel Test and the Varni Wagenen Rate

of - Comprehension Scale were obtained from the Educational Development
' _Services of Mount Royal College. Mathematical achievement scores wereihﬂf;

’bobtained during the semester by four ‘term tests, a final examination,

-:and the Co—operative Mathematics Test (Calculus) -

 SUMMARY OF RESULTS AND CONCLUSlONs

The results and conclusions are summarized as answers to the‘

'questions posed in Chapter I..

o 1. What student characteristics can be used to predict calculus y

achievement scores in a lecture setting’

-

One of the most important factors for predicting calculus'

'achievement in the lecture setting was DAT Numerical Ability. This

} factor was significantly correlated with 4 of the 6 criterion achievemeht
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variahles and dppeared in 4 of the 6 regression equations. The DAT

Abstract Reasoning was significantly correlated with humerical Ability

' and the two factors were never in a regression equation together. DAT

Abstract Reasoﬁing was one of the two factors in the regression equation

for the Final. The Van Wagenen Rate of Comprehension was significantly

'correlated with all achievement tests except for - Test 1; however due to ..

the small number of available scores,vthis factor was not entered into

the regression analysis. Thus, aptitude factors: played a strong predic-

tive role with respect to achievement in a lecture setting.

The 16 PF Factor F (Sober versus Happy~go~1ucky) appeared as the
other most important factor in the lecture setting. Factor F was signi—f‘
ficantly correlated with 4 of ‘the 6 achievement tests and appeared in

three regression equations.> As mentioned earlier, Factor F is a major

”component of the 16 PF second-order factor, Exvia. _EXVIa was negatively -

'correlated with all the achievement tests._ Thus, the students vith low .

B

scores on ‘Factor F and Exvia tended to. achieve higher scores ‘in. calculus.

_These students tended to be serious, introspective, and - concerned or more

.generally intmoverted, as measured by ‘the 16 PF - scales.

In the lecture group, the MAT Ceneral Autism factor seemed to be

g

_ an important factor. It uas significantly correlated in a negative way -

v

'with 4 of the 6 achievement tests and was a predictor variable in twWo
f:regression equations. General Autism uas significantly correlated

‘(positively) with another important factor, MAT Total Personal Interest.

.u*This factor appeared in the regression equation for Test 4, uhile
'beneral Autism was absent. Students vith low scores on both General :

”lAutism and Total: Personal Interest tended to achieve higher calculus l
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achievement scores. This is the opposite of what one may expect from the
_description of these two- factors given by Sweney (1969) General Autism
’ or_Optimism is a measure of wishful thinking applied to one's
'cbgnitions“f(SVeney,‘léGétZl), with,high scores'indicating.greater,

'optimism or a rosier outlook on life. Sweney (1969) 1ndicated that low _
”scores on this factor is an indicationaliﬁthe "loser s syndrome. A high
_‘Total Personal Interest score is, supposedly, indication of ‘high motiva—

tion_ahd life interest.
The lﬁ PF Factor l (Trusting versus, Suspicious) was significantly

correlated (negatively) with three achievement tests and appeared in two ,
regression‘equations, being the most important factor in the regression
'equation for the Final. Factor L wasfsignificantly correlated (0 311)
. with Factor F and the factors never appeared in a regression equation e
together although one or the other appeared in S of the 6 regression' ‘
‘equations‘predicting achievement scores. ‘A low score on Factor'L
'_indicated a trusting, friendly,'easv—going, and-relaxed person,'aCCord;
Vingfto'the'verbal description of this’factor; Such a person tended to
achieve higher scores in calculus in this study. ‘ |

16 PF Factor G (Expedient versus Conscientious) appeared as a:
‘*factor in- two regression equations for the lecture group. Students with
»high“scoresﬁ(conscientious) tended to aChieve higher achievement scores.;

Thus, factors from the aptitude, personality, and motivation . .i
- domains played predictive roles with respect to calculus achievement in_'
“this study. DAT Numerical Ability, DAT Abstract Reasoning, and the

Van Wagenen Rate .of Comprehension were the important aptitude predictor

.'variables. _The more_important personality‘and_motivation predictorS'
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~

were'Faqtors F, 1., and G of the 16 Personality Factor Questionnaire and
Generul'Autism and Total Personal Interest of the Motivational Analysis

Test. .

On tne bssis of thistinyestigation; it nould be”predlcted that
Students'wlth higﬁ aptltnde'seotes,ilow Fector L and Factor F scores,
high Facto::C'scotes, and low General Antism and Total’Personal lnterest
seores'shonld'acnieve'the higher_calculus'acnievement scoresbin the
’lectnre setting. Thebpercentagﬁfé; vatianeeﬁaCCounted foilpy-the

predictor veriables:of the regression equation ranged'from 33 per cent

for the Final to 67 per cent for Test 1.

.42 2. What student characteristics can be used to predict calculus

achievement scores in an independent study setting?
7\Tneimost‘important factor for predicting calculus aohievement-

s

scores in the independent;study sett{ng\was Costello Scale II. This

v

factor was significantry'eotrelated with‘3.of the 6'Cr1terion eehiene“
ment variables and eppeared}in 4 of the 6‘regfession'equations.'.Aeeord;
ing to Costello (1967lethis'scale measures'the disposition or need of a
‘person to.be a.success defined in terms of the emulation of successful
people.‘ In both the lecture and independent study groups this factor
fcorrelated significantlv with 16 PF Factor G (Expedlent versus Consc1-’_
entious) 16 PF Factor C (Affected by Fellings versus Emotionallv Stable),_
. 16 PF Anxiety, 16 PF Factor Q4 (Relaxed versus Tense), and MAT Total
:‘Personal_lntetest. “On the,basis oflthese correlatlpns_one may be able to j

“_say that?stddents scoring high on the Costello Seale II tended to be more

conscientiods, more affectedpby'feelings‘or'emotionally unstable, more
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" tense 'and more anxious with less interest in the external world than

students scoring low“on this scale.; Two of the- above variab}es (Factor .
"G and Factor C) did not appear in the regression equations which was
probably due to. suppression by the Costello Scale II.

. Two factors that'are major components of the 16 PF‘secondforder
factor of Ervia (Introversion versus Extraversion) emerged as important
»‘factors.in the prediction ot calculus achievement. These factors were

_Factor F (Sober versus Happy—go~lucky) and Fattor 92 (Croup Dependent
‘:versus Self-sufficient) ' Factor F was in the regression equation for the '
‘Final and was negatively correlated with all the achievement tests. |
'_Factor Q2 %was in the regression equation for Test 1 and”the Co—operative
gMathematics Test. Students=vith lqv scores on Factor“F and high_scoresH
on“Factor Q2 tended to achieve‘higher scores7in calculus;ialhe'verbal

description of these factors implies that. these students tended to be

seriOus, introspective and self—sufficient. Low scores on Factor F and
:high scores on Factor Q2 are- also typical for introverts or low scorers

on the Exv1a factor.

v
4

‘16 PF - Factor 91 (Conservative versus Experimenting) appeared as an
‘1mportant factor being significantly correlated (negatively) with thet
xirinal and appearing in the regression equation for the CMT. Studentsi
with low Factor Q1 scores (conservative) tended to achieve higher u
caltuluS'scores. ’

n vIt istnotablefthat;there were notaptitude variables-in the
.regression equations predicting achievement scores in the independent

‘study group. The absence»of.significant positive correlations between

the-aptitude variables 'and achievement 'scores for the independént:atndy va
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' group agreed with the results ‘of a preliminary report in Appendix J.

3

~ The importance of the Costello Scale II in the independent study setting

" was also in agreement with the preliminary study.

. important predictor Jariables were from the personality domainq namely,

Notice that, apart from the Costello Scale 1T factor, the most

A

- ~ e

Factors F: Q2, and Ql. The’ percentage‘of variance accounted for by thew

oo

g regression.equations ranged from 31 per cent for Test 1 to 76 per'cent_ »

 .for‘Test 4,

”

-

3. Hhat are the characteristics of the dropouts in the lecture

setting? - o o /

In the lecture setting, there vas a significant difference in

the mean DAT'Numericél‘Ability and MAT Integrated Sweetheart scores of

the‘dropouts and non—dropouts, The dropouts had a lower‘meaanumerical

Ability score and a higher mean Sweetheart score. The dropoutvprediction,‘

equation had DAT Numerical Ability and MAT Integrated Mating as indepen—

dent variables; however, the equation accounted for only 15 per cent of
the variance in the criterion:scores.

.1;,15 tentatively‘concluded that loper NumericalfAbility scores

was the most important characteristic of the lecture dropout. Other

’

characteristics appeared to be a lower conscious.sex drive (Mating factor)

and stronger sentiments for romantic love relationships (Sweetheart

: factor),

4. What are the characteristics of the dropout.in'the independent -
' ’ ‘ e o '

istudy‘aetting?,

" In the independent study setting, there was a significantf
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difference in the mean 16 PF Factor M (Practical versus Imaginative) and

MAT Integrated Hating scores of the dropouts and non—dropouts. The drOp—

outs had a’ louer mean score on Factor M and a higher mean ‘score on the
Mating factor.‘ The dropout prediction equation had 16 PF Factor M and
16 PF Factor B (Less Intelligent versus More Intelligent) as independent

Hvariables, houever, the equation accounted for only 17 per cent of the

w . . . >

’variance in the criterion scores.v o "v‘ ' ’ :v ‘ .

It is concluded again tentatively, that lower Factor M scores
was the most- important characteristic of the independent study dropouts.
The verbal description of Factor M indicates that the dropout tended to
rbe more practical conventional and concerned with his or her immediate
-interests than the non-dropout.v A higher heterosexual drin 4 higher

'kintelligence score appeared to be other characteristics of the indepen—
dent study dropout. The experience of the researcher 1in teaching

-calculus via the independent study approach uould confirm results that

the independent study dropouts tended to be more intelligent. It seems

that the more intelligent student may be able to pass a calculus coursei
bvuith less effort and hard uork by the lecture approach..
| ' It is interesting to note that a personality factor (M) was
the most important factor distinguishing the independent study dropout
" from the non-dropout vhereas an aptitude factor (Numerical Ability) was

the most important factor distinguishing thealecture dropout from the

non-dropout.. This finding concurs in part vith the achievement predic— S

tion findings discussed earlier in this chapter._-'
In contrasting lecture and independent study dropout groups.

-significant differences Here found for two variables, MAT Hating and

v
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'Narcism, with the independent study group having higher scores on both °
variables. From this one could conclude that the independent study drop- ‘
'outs had a strooger preference for the "finer things" in life, - and had a

'stronger drive touard self—indulgence including sex than did the 1ecture

dropouts.

5. Is there any difference in the mean . achievement scores of the

independent study and lecture groups?

There was a significant difference in the mean scores of the two
‘groups with respect to Test 2 and Test 3._ The 1ecture students achieved
_the higher mean scores. . It must be acknowledged that the two groups‘
wrote different term tests and each instructor marked the test papers
.: of his group Houever, the two groups wrote the same>Co—operative Mathe-
':matics Test ‘and had a common final examination, vithithe researCher‘
: marking these tests. There | was no significant difference»in_thefmean‘

scores on either the‘Co-operative'Hathematics Test. or the Final.

The importance of formative evaluation and feedback/correction

. as stressed by Airasian, Bloom, and Block was cited in the review of

‘the literature chapter.” If these tuo procedures of mastery hearning had
been’ more strictly adhered to in this study, then the mean achievement
test scores for the independent study students may have been higher.
Indeed, on the basis of mastery learning studies and the mean achievement |
scores of the preliminary study (see Appendix I, ‘the researcher is-
convinced that the mean achievement scores of the independent study group
on the c-naliexamination‘and the Co-operative Hathematics Test could have

e

’been significantly higher.
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6. . Is the dropOut ratio ‘of the indepEndent study group different

from the dropout ratio of the lecture group?

Defining a dropout as a student who did not'take-the‘finAI exam,
there was a significant difference in the percentage of dropouts in the
lecture and independent study groups. The independent study group had a

dropout ratio of 58 per cent’ as. compared with 37 per.cent in the lectureb

s

group. The . high dropout ratio in the independent study setting is in 3
accord ‘with the high dropout ratio found in the preliminary study and
g

reported in Appendix J. b

It was: found that " very few.students in either group dropped out .
“after Test 3.° In the lecture group, the- largest dropout numbers occurred.
yafter lest 1. In the independent study group, the largestldropoutv;
"numbers'occurred.prior'to Test l-and'betueen Test é and Test'3. The
large initial drop in the independent study setting is probably due to
‘the fact that the students had no previous independent study experience
and’ some of these students felt incapable of learning or were not. pre—
'pared to.attempt 1earning in this new environment. |

Test 3 tested the obJectives of units 7 to 11. inclusive.# These
units 1nvolve applications of the derivative concept and cause, in the
:researcher s opinion, greater difficulties for most students than‘the
other units ' It was in this portion of the course that seventeen
:1ndependent study students dropped out.. Nhile studying these units,“
'many students need encouragement and frequent feedback on’ their progress

which some. students claimed -was not readily available from their instruc—if

tor 1n this experiment. 5



LIMITATIONS OF m}:' STUDY L

-There are a number of limitations that should be considered in
interpreting the’ results from this study.> The first limitation concerns .
the size of the samples. As a result of failure to acquire data for all-
students and the large- number of dropouts, the sample sizes decreased to
tthe point where data for only 36 and 27 students in the two groups were
’available for the analysis of the relationships between student charac—
teristics and achievement ‘on the final examination and the Co—operative ,
| Mathematics Test.

The second limitation concerns the interaction effects of the two
groups, although the extent of such effects is difficult to ascertainb

- There wds interaction to the extent that it was possible for students,

from: both groups ‘to study together and exchange or lend study materials."

The independent study students could AL: attend the lectures of the
lecture group but the lecture students could obtain independ:nt study
jpackages from the independent study students thus the interaction
;effect vas probably most. beneficial for the lecture students. To reduce
_‘this study possibility for the lecture studenfs, it was not possible for ,
Vthem to obﬁain copies of the packages from the instructors. Only one

'icopy of each package was handed out to each independent study student.

The feedback/correction feature of the independent study method

: fwas not: adhered to during the course of instruction. This cbuld be

considered a limitation of the study in that possibly different student
characteristics Hould have emerged in the regression equations if the

feedback/correction procedure had been used The low mean criterion
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test>scores for the independent study group’can probably be attributed
to lack of feedback/correction. b%f . |
| A fourth limitation is related to theflackAof‘involvement’of the
instrdétors in the preparaiion and selection of course materials. The
'selection of texts and preparation of objectives. packages, and tests
were performed by the researcher. More involvement by the instructorg
appears_desirable to encourage their identification with and comﬁitnent
‘ththezmethOdsvused. |
A fifth limitation of the study is in the area of generaliz— ™~
ability:_ The study population can;be’considered,representative»of{
calculus students at Mount Royal‘College over attime period'of several

vears. Generalizations beyond this population are dangerous. Despite

_'this, it is possible to use the results as the basis of further

S

research and evaluation hypotheses in other settings
iﬁi ‘. A sixth 1imitation may be that predictor variables other than
aptitude, personality, ‘and motivation factors of the present study
bshould have been used. The aptitude factors used in the regression
analysis were restricted to the DAT Numerical Ability and the DAT
| Abstract Reasoning. Using furthen aptitude factors may have signifi—
“cantly increased the percentage of variance bf the- criterion variables
‘:accounted for by the’predictionfequations'for the lecture group

| The method of linear regression analysis is a standard technique

in predictive studies in edgcation, however, appropriateness of the
technique is dependent upon the absence of a non-linear relationship in
»the regression of any variable upon the criterion as well as. among

'variables. Acceptance of this assumption for the absence of non-linear
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‘ relationships in this study may be questﬁoned in this investigation.
However, the statistical significance of the correlaiion coefficients

1ndicate that linear relationships exist among the variables. i
" IMPLICATIONS FOR INSTRUCTION .

The main'conclusion"from this study was that there are'student
characteristics related to achievement JAn calculus in the lecture setting -
'chat are not so important invan independent study setting, and vice
versa. The dropOuts in éﬁch setting also had distinguishing character—:
‘-istics. The implicationS'from these results relate to the advising and

guldance of the prospective calculus student into one of the two methods
iof instruction that may be best suited for him or her. Although the

e

prediction equations need to be - improved upon, there were certain

3

emergent factors from this study that one can look to with’ regard to y
. helping students make a choice
Prior to the advisement of students, the following data—gathering'_

‘ instruments could be administered

g l.f,CostellO‘ScaIEE*I and II; B L Time: 3 to 6 minutes:

2. Van Wagenen Rate of Comprehension. Time: 4 minuteS;
3 Cattell s Sixteen Personality Factor : » o
' Questionnaire. Nl' 5 ':f - 7 Time: 60 minutesL

o -
4. . Numerical Ability, Abstract Reasoning,_ o _
. RN S . -

v v

'_'and Verbal Ability ‘tests of the Differ~

ential Aptitude Test battery. f - '-Time' 90 minutes
. - i

Use ‘of these testing instruments would provide student characteristic

scores in the three realms of aptitude personality, and motivation.



.The three specifit aptitude scores fron the gh,<~as u%%% as’ a general

aptitude“score, uhich is the sun oi the Nu-erical Abiliﬁaghbd‘Verbal
- i LR ..

Ability scores, uould be avatﬂau&e;~ The Van Uagenen.

'1n this present study._ Per, &“mity factor scores uould be available
R T

?rqm the 16 PF. Hotivation scores ﬁeasuring certain aspects of Egeed to

achieve\\uould come from the Costello scales.~' ‘ ﬁ : I o

Ny

Notice that Cattell's Mbtivation Analysis Test was omitted eevep

though some HAT Factors were related to achievement. General AutiSm and

L

_'Total Personal Interest made some significant contributions to the
prediction of achievement in the lecture setting, however, these contri—
butions seemed contrary to uhat one might expect., The instrument

requires sixty minutes for\administration and the scoring can be Very ;ﬁ\'

'time consuming. Thus, the researcher reconnends further reSearch with

7

this 1nstrument before using it to guide students into either a lecture

or 1ndependent study setting.- CE .1?.> s "“f T

. Using-the data'from the.recommended-measuring instruments;‘the

.
™~
~.

‘adv1sor may be able to assist students by keeping in mind the review of

-

the 11terature results and- the results of this g&gdy.- Some particular_ R

“ v:

;points.to;consider include.j‘/'b 'f
| _.l. .Persons uith lou 16 PF Factor HdtPractical versus Imaginative)
hidscores and high aptitude scores tended to drop out in the’
._independent study setting.; |
::_21“ Persons Uith louer aptitude scores tended to drop out in’ the

lecture setting. o

3. Persons with high Cosﬂailo;Scale_II and 16 PFkFactoerZjT

<

N
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e
(Group Dependent vs. Self—sufficiert) scores tended to achieve
higher Calculus scores in the independent study setting
Persons with low 16 PF Factor F (Scber vs._Happy—go lucky)

16 PF Exvia (Introversion vs-. Extraversion), and 16 PF Factor

c (Affected by Feelings vs. Emotionally Stable) scores tended

to obtain higher calculus achievment scores in the independent

study setting.

" Persons with low 16 PF Factor Ql'(ConServativeAvs.’Experi—

menting) scores tended to obtain higher calculus scores in

. the independent study setting, whereas persons with high 16

PF Factor Ql-scores tended.to obtainvhigher’calculus scores

'inftheylecture setting.

s

Persons with high aptitude scores, including high Vah Wagenen

"scores, tended to obtain higher calculus ‘scores in the

-

lecture setting.

' Persons‘vithslow 16 PF. Factor F (Sober vs. Happy—go—lucky)i

'u,and 16 PF.FactorlL (Trusting vs..Suspicious) scores tendedvi'

"to obtain higherdcalculus_scores in the lecture setting.

“IMPLICATIONS FOR FURTHER RESEARCH

‘It is recommended that research be continued to further determlne

' what individual differences are relevant to particular instructional

methods.

1”1arger samples and different post—secondary institutions. -Such studies ‘5WR

This study was: concerned with only two teaching m

Studies similar to ‘the present,one are\needed but. involving

|

would possibly justify generalizations to larger populations.

-\-'ﬂ

P ST X : - N ey

:”;; m%u‘ ) ”, v‘ by [te
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-
'iinvolved measures of forty-two factors determined by specific testing
finstrumehts. Other instructional approaches, cognitive and non—cognitive
factors, measuring#instruments, and analysis Pprocedures need to be
1nc1uded in future studies in order to carry on the task of detetmining

relevant characteﬂistics of the students associated with learning via v

different instructional modes.,.

In view of the em@ﬂgenceﬂaf personality variables and the Costello
Scale ‘I factor | as predictor variables in the independent study setting
of this investigation,.further research involving these variables, 1s L

'necessary. For years, work concentrated on’ aptitude variables as ‘the

¢

”bexplanatory variables for academic achievement however perSonality <

'variables seem’ to play an important predictive role as ‘well. The fact
that the Costello Scales require so little time to administer makes it
_1mperative//hat these instruments receive more attention.'

~ A more important and detailed problem than the problem of this
:study is one of 1dentifying, for each student _ the most effective
sequence and combination of methods for achievement ‘of- each of the
bspecific course objectives. We need to think of instruction An terms of
the selection of teaching strategies, chosen to- fit optimally with
-spec1fic objectives and studént characteristics. Ultimately, we- want
\to be able to say that for this particular student and this particular

1nstructor and ‘this particular course objective we have the best

1nstructional strategy in terms. of sequencing and combination of methods.

i Although this may be an impossible goal, studies vhich lead to. decisions

1n thls realm should prove valuable to students and teachers alike.
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INTRODUCTION TO'PURE MATHEMATICS 201

2

\(a)”

(b)

(c)

@

'You will find the study of mathematics enjoyable because of the‘
success you will have in mastering calculus. Failure will not
occur if you are motivated to spend the necessary time

You will become acquainted with a process of studying the proper-

" ties - of Eunctions through the study of the derivative and the

.integral - -
. [

JYou will come to an understanding of the 1nteraction between
calculus and "real world" problems.

You will learn that mathematics 18 a human activ1ty and its

development has come about from sensitive human beings. T

You will learn that’ mathematics is built upon intuitive under—
standings and ‘agreed conventions that are not "God—given or
eternally fixed. : :

You will learn that complex things are sometimes 51mp1e and
simple things are sometimes complex and that, in mathematics .as
in other fields, it pays to study something to detailed to study-

o and to. study something which seems hopelessly intricate.

Method of Study

,The calculus course has been divided 1nto 19 units. Hlth a package

prepared for each unit. A "package" is a set of notes consisting
p P g

(aj.

(b)

(c) .

(@
©

The

essentially of'

Specific objectiVes. exactly what is’ expected of you upon -
completion of the: unit- .

'References to texts, cassette tapes, and other materials.

Written explanation of the concepts and procedures 1nvolved in
-each unit. =

Problems for you to do with the solutions provided;‘
'Post—test.

package is“designed:to‘guidetyOur_learning.‘
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.

. *The teaching method is structured so that you will have a combination

‘of lectures,'self—study, small group study, and individualized
-attention. - . .

There will be one lecture per week to provide all students with
general instructions, explanation of concepts and an opportunity for
asking questions. The lecture ‘sessions will progress at a pace
whe:eby the entire course will be covered in one semester.

Now what do you do besides going to one lecture. per week? Well,

- mainly self-study with help and guidance provided from your- instructor

and any other mathematics instructor in the mathematics section of
the learning library. The learning library is designed so that. you
can study independently, work in small groups, listen to cassette
tapes, use other audiovisual aids write tests and ask for HELP.. You
will be able to receive cassette tapes, cassette recorders, reference
texts and other materials from the mathematics resource island

~ One 1mportant feature of the method of instruction is something called

"feedback~correction." At the end of each package is a post~-test for:

“you to write. Upon completion ‘of this test,.you will ask an instruc—.

tor to mark it for you. You will not receive a grade for this test.
You and the instructor will mark the test together. As it is marked,
-you will discuss the answers and the unit objectives that you have
mastered. For the unmastered objectives, the instructor may use '
severidl procedures that will enable you.to master them. This feature
is called feedback-correction because you are given immediate feed-.
back on those objectives you have mastered and at..the same time you
are given a corrective procedure to master those objectives you missed.
Even though no grade is given on the post-test, you must obtain
,approximately 802 or better mastery before proceeding to the next
unit. If you do not achieve this. level of mastery, then you will
write another test (answering those questions corresponding to the
unmastered objectives) after the correction procedures are complete.
One important aspect of. feedback-correction is the personal contact

.. between the student and instructor.”: It is important that the’ instrucf

tor know you as a person and you know him as a person if learning is
to: take place. ! : o : ¢

In essence, -the method of instruction enables you to progress through
the course at a rate suited to your mathematical background, your
'abilities, and your- personality. We realize that each one of you is a’
unique, different human being with different backgrounds, different
abilities, different personalities, different motivations, ‘and differ=-
ent personal problems. ° It is our aim to provide you with the ”

opportunity to achieve a mastery of calculus at a rate best suited
to you. : -

N L

: o P
Grading Procedure fﬁ

One—d% six grades will be awarded at the end of the semester ‘based
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upon:
(a) four term tests, and

(b) a final examination.

The grades are: A for superior e
: ' - B for excellent '
C for average
D -for low pass
I for incomplete
W for withdrawal.

"Your achievement on the term tests and final exam will determine your
final grade. . The term tests and final exam will count approximately
50% each toward your final grade, with exceptions made depending upon
your specific situation. ' You may challenge the term tests and final
‘exam at almost-any time.. T o :

On the term tests and the final exam, ‘you will score above SOZ}for:én;
A, between 65% and 80% for a B, between 50% and 65% for,g C, between
40% and 49% for 'a D, and below 40% for an I. - :

An I grade may be awarded to you if you do not complete the course by
the end of the semester. You may have the I removed by completing -
the course within a specified period at the end .of the semester or by
-passing the final exam. If you received an I and did not pass the
final, then you will have an opportunity to write ‘another final exam
on a date within the specified period. 'IT IS IMPORTANT TO NOTE THAT
NO STUDENT WILL BE. ALLOWED TO REMOVE HIS/HER I AFTER THE FINAL UNLESS
_HE[SHE HAS COMPLETED AT LEAST TEN UNITS AND TWO TERM TESTS. Any. - o
student not removing an I may register for the course again . the follow--
ing semester and: proceed from where he left off in the preceding

at thg end

"~ semester.
‘;Térm Test #lu will cover units 1 to 2 inclusive and willlgake iiace-
C ~at the end of the second week. '
Térm Test #2 will cover units 1 to 7 inclusive and will-ﬁake place
o at the end of the fifth week. - = = o
Term Tést4#3 ‘will cover units 1 to 11 inclusivé'aﬁd’ﬁill take’place”
s o at the end of the eighth week. R :
Term Test #4 will cover units 1 to 16 inclusive énd'w111~take'place

of the eleventh week.

" If you.are unable to write a Term Test, .then it is your responsibility -

' to contact your instructor.
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Please ‘note that you can take the term testsﬁand final exam earlier

 than the specified times if you progress ‘at a faster rate. In fact,

if you have the motivation to complete the course in half the
semester, then you can take the rest of the semester off. as far.

>

General Comments

!

(a) You}ﬁill be given a complete set of packagés. Thué, a large

- three-ring binder should be purchased to‘contain/;he packages.
. ] i N - " . . . , X —/ .

learning library; however, you may exchange a bl@gk C-60
cassette tape for one "full" cassette ‘tape for your own use.

(b) Cassette tapes and reéordets must not be removed from the

(c)  You may‘purchaée’any of the.fdllouing texts from the bookstore:

(1) R. Jobnson and F. Kiokeméistef, Calcuius,and'Analytic.
- Geometry, 4th ed. Boston: Allyn and Bacon.

Q%g%tPProtter and Morrey, Calculus with Anal tic Geometry: - A
T Fir8t~Course.v2nd'ed. Addison Wesley,

((111)  Serge Lang, A First Gourse in Calculus, 2nd ed.
- Addison Wesley. . o o

(iﬁ)‘ Fisher and Ziebur, Calculus and'Analytit‘Geométry, 2nd
: " ed. Prentice Hall. : o / .

(v) - Lowengrub and Stampfli, TopiCS’in‘Céiculus; Ginn-
o Blaisdell. = - T

~(Qi) Louis Leithold, The Calhulus/ﬁ;ok: “A FirstACouise with
: Applications and Theory. Harper and Row. o

There are coples of each of t

" above texts foy your use:at the
mathematics resource. island. ' ; :

() 1f you are having pr6b1 » ask fbrlhelp asvsooh as possibie._

Rgmember, you have paid your fees and thus have a right to ‘
expect help.. Don't think of your questions as stupid questions.

" (e) . Discuss your work thjyour classnites and/or friends. Two

- (g) Work like hell‘and&you‘llggnjoy.the'cOutsL more.

heads are often better than one and trying tq;expaliﬂ a concept-
to someone helps to clarify it in your mind. ’ S
. . . . / * R

ff) . Use a penciffand'p#pet when stﬁdying mathéﬁaﬁicsi You will be

~ amazed (sometimes) at what you can do if you would but write .
down what is given and any ideas you have’pertalning to the '
question. ST P o

A
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PURE MATHEMATICS 201
SELF-INSTRUCTIONAL PACKAGE' #8
© MAXIMA AND MINIMA
4
1
el -

~

~(© P. Neil Webber, 1972
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MAXIMA AND MINIMA

9 ) .
A maJor problem of a manufacturer is how to minlmize the cost of produc—»

tion' and how to maximize nrofits. An engineer wants to maximize the

" "strength of structures. A landlord wants to know what rent to charge 1n
order to maximize proflts;) These are examples of mgny.nractical maiima
-and minima problems that arise in'ourvliyes. ‘The derivatiye is a nower-
ful tool used to help. us solve these problems,

Cost, profit, st;ength,.etc. are variahles, and variables may be telated‘

!
[
by means of functions. The study of maxima and minima problems thus '

entalls the study of functions and in particular the study ‘of the

derivative of functions.' In. ehme*package, you w111 study a number of
° i@

" concepts so that you will be able to attack appllcations of maxima and

"mlnlma in the next package.
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'Objectiveé/‘

1. You will Be able to defineg ©
(a) iincreaéing functidg,- 'E
(b) decreasing‘funct;on; , R
:(C;' rélafiye maximué,
‘Cd) rélativg minigﬁm," R
(e¢) maximum, - :“: .
(f) ‘mipimUﬁ, T
.(g)"cyitiéagﬁpéiﬂt; ' t‘ ‘vﬁxp .

2. You will be aﬁié to find‘ﬁhe intervals on which-giygp‘functions'are
‘increasing and decreasing.
3. You will be ablelto determine the critical'points of given functions.

4. .You will be able to deterﬁiné the points of relative'minimum and

‘:‘relative maximum of given functions.
5. You will be able to determine the points of minimum and maximum of

given functions.
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MAXIMA AND MINIMA

Increasing and Decreasinngunctiohs

Definition 1

"A function f 1is said to be increasing on an interval I

if X, >‘xl"implieslf(x2) > f(x)l. qhete x

> X el

(see objective 1la).

Ex. 1~

for X1 X,

139

f(x) = x2 is increas-
ing oq'[O, =) since
c'[O,’«O
> H Dy > 1)

Note: X, and~x2 are simply-valges of xialong tBelx-axié. .Subsctipts are

used to.distinguish one value of x from another value of x. x

‘teads "x sub one" and is not x =1,

17

Definition 2

if for xl, xé e I.
'»'*2 > xl i?p}ie§‘ f‘xz) < f(xl)

)

. . ‘ L S : S
A function f is said to be decreasing on an interval I

(see objective 1b) .
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Ex. 2 !
' i 2
f(x) = x° is decreasing on
s the interval (- =, 0]
) U — since_for'xl, xz‘é (= =, 0]
- 1 \decreasing X2 xl:=>f‘x2) <'f(xl)'
- ' v‘- ‘. - = Py
TR
! i
s -y
| e -
1 %

is neither increasing nor decreasing on an interval, it is

. \_/f'
%% jue3suod
: ' o YInsky
L . D o -

[} P

_Find the intervals on which = f - ‘is increasing and those on whi'ch it is
decreasing for eacﬁ of - - féllowing; '
: oy 2 '
- (a)  f(x) = x - 4

() £(x) = (x - ) (x = 2)

(sée'objective’Z)

. . N - »
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K

)(2 -—:.3)( - 4

(x - 4) (x +1)

(a) f(x)

141

The graph of the givén quadratic function
is a barabola ?rqss#ng ghe x:axis at x = 4
and x = -1." Since the parabola is symmetric
about a vertigal 1in;.halfyay bétween the
x-intercepts, you can determiné,the.axis '

of symmetry as ' x ;?,%

~ From the graph, we see that

- f(x) is increasing on [3/2, é),

and f(x) is decreasing on (-=, 3/2)1

om0 = k=D x+2)

Fr'oketch_ing' ‘the graph, we observe that

' .f(x)ifs increasidg.on”(fw, -1] and [1, =)

f(x) 1s decreasing on [-1, 1]~

*»
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Is there an easier way' to determine where a function is increasing or . . -

decreasing? Let's see.

~ the slope of the tangent line is positive,‘the functon is 1ncreasihg
and when the glope of the tangent line is negative, the function is

‘decreasing. Sincéff'(x) is the slope of the'tangént liqe; you have:

f is increasing on [a, b] if f£'(x) > 0 for all x e (a, b)

f is deéfeasing on j[a, b] if f'(x) < O for all x e (a, b)

Ex. 3 - o Exy 4

Incredsing Funétion

(slopes are positive) ' : (siopés'gte‘negative)
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@

.." \
f(x) =1 0<x2b

»”

Here f is decreasing On o, b]

Let's solve

Ihééngre f is. decreasing on (—w, 3/2]

- BRCERO
S
- #180,

N
)".

Coin
s

and f (x) <0 for all x e (o, b

the‘problems”on page 140 now by considering the sign of

f (x)

o .5;J S : -;5

(a) £(x)'=x" - 35:‘—"‘;4‘}4

| £ (x) = x - 3 7 '
£ (x) <om2xl— 3<0’

5 of 2x < 3

61‘ x<3/2_

f'(x) > O_for x > 3/2 — f is increasilng on [3/2, =)
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(b) {f(x) (x - 1) (x + 2)

f (x) = (x - 1) ; 1+ (x + 2) - 2(x - 1)

é 3(x - 1) (x + 1) ‘f
~f"(x) < 0==$’(x - 1) (x + 1) < 0 (You remember, of course, how to
‘ v v solve inequalities )
. : BT
I One factor is positive and the other negative
s-x-l,andL=x+1 | R
. fﬁr - | S <0 ‘ané :‘L >0 |
,;;. f ‘,. lx”— l < 0 and x +, ; > 0
"‘ =;>'x ; 1 ‘and x > —1 ,A¢ . B - .
: Therefore, f is decreasing on [—1 1] v g¥ O .

Also,Af (x) > Obx < -1 or x > 1

Therefore, f 1s inc_reasing on (-,P,',‘-I]U‘[l'." ®)

(see'objéctive 2)f
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Mamimum; Minimum, Relative Maximum Relative Minimum _
In the cese of f(x) = 2 - 3x - 4 where is f'(x) = 07

£'(x) = 2x - 3, and so f (x) =0 at x = 3/2
\ - .

=G

£'(x) <0

Is there a minimum or maximum value of f at x = 3/2? -

Minimum is correct!

. Where do you. think Iff(x) = 0 for the functipu f(x) = (x - l) (x + 2)?
~ See graph on page 141, ' -

. o Answer : Cxe==1, 10 w
"‘ Vo . . - . . .
“Is there a minimum Or maximum value of the function at x = 1, -17 The
funetion has.neither'a minimum nor maximum, butvit'is seid'to;haVe a
local or relative maximum ét x = -1 and a local or’relative minimum at.
X = l; You will 'see the definitions of relative minimum and relative

maximum shortly, but flrst the definitions of maximum and minimum (some—

S

'tlmes referred ‘to as absolute maximum and absolute minimum) will be

given
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Y AR
hear W
we

Definition B

A function f 1is sald to have a maximum on an interval I

1 _
if there exists x, € I such that f(xo) > f(x) for all x ¢ 1.
. (see objective lc)
Ex. 6 - S Ex. T

20 'f(xg) L
o

b

f(b)-f—————7
. )
< ‘ '
o ” o
“.. ’ '
o | y

b

;(\ o ) B .
LN YO . R  f has no maximum on [a, b).

i has a‘hgximum of [a, b] at x f has a maximum on {a, b] at b,

Ex. & "f ' ' Ex. 9 -
7’ «
. \ ‘
. o I ‘
i . 1
X A\ 1 ,
X N\ a b..
0 \ -
1 ,hdé no maximum on (- =, ). : f has a maximum on [a, b] at

1 has a maximum on [0, =) at x ' both‘ a ‘and b.
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: o AN . ‘ o :
As .seen in theqexamﬁIbs%w‘%b may or may not have a maximum on a given
7] ak . . .

interval.

A definition for minimum is:

' Defiﬁition‘h

A function

if’;hére exists

£ is said to have a minimum on an interval 1

3

Xy € 1 such that f(xo)vs f(x) for'ali x e I.

Question

(see objective 1f)

R f(X)>=_x2; find the maximum and minimum of .fv‘oh (f3, 2] if

there are any.-
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Answer -]
By examlning the graph of f(x) = xz S
’ ‘on (-3, 2], you see that. ;
C (1) ?f has no maximum . - o % 4/|
. /‘3 |
(11) f has a minimum value ’ . o,
. . . 1 M
~at x = .0, £(0) = 0, . . 5-3 .-

Now for relatiQe‘maxima and relative

NL'_' s e

Deflnl:ionfs

~A function f 1is. said to'have a relative or local maximum

such that f(x > f(x) for all X in (a, b).

o 2

iég, *0

at a point X, if thére exists an open interval (a,,b) contaln—

Note: xobreads "x sub zero" and is notfx'= 0.

Ex. 10 SRR Ex. 11

“(see objectiye lc)

|
|
|
I
I
4

a x0 b ' a .
t has a relative maXimum‘atﬁxO; f has a relative maximum at x..
. - The relative maximum is also a
v l(xo) f(x) for all x ¢ (a, b). maximum for £.
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i T o
befingkion 6%

, o Al o
. Vg - ! e
PR a2 A RN L n
J I s - ¥ ) &ALy @ ) :
b o L sl N

A function
-~ ) \rﬁ' [ 2t

elative or local minimum

at a pdint %, if'thére exists anla,mﬁ{intervalb(5, b) Containing
X, such that f(xo) < f(x) for'all X in (a,b)

ot -

©‘(see objéctive 1d)

The following graphs have relative hinimums at Xg-
: R ~

Ex. 13

| 1. |
‘ ‘, |
' ]
! | 1
i . 0
L [ N
a XO , b

No;é: If x¢ (a, b), then f(xo) < f(x).
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Consider the following graph.

There are relative ninimums at ’ gﬁ\

There are relative maximums at

UNWIXEW BATIB[II D ‘q

WNWIuTW SAIIETAI D ‘e

'saams.w

o - A
Perhaps you have not‘ed that,

Lhc

at a point. of reldtlxe maximum or mlnlmum

dLrlvatlve is elther zero or does not exist. Thus if you are te

find uhere,relatxve minimum and maximum values of a given functlon f

occur, you would find where f (x) =

= 0 and where f' (x) does not EYISC
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Defirition 7

-

_If X. is a numbe; in tHe domain of f aﬁd if either

0
1 —_ ) A\l N ' 1 >
f (xo) O or ¢ (xo) éoes not exist, then X, is call§q a &
critical point of .f. C ‘
(See objectiﬁe 1g)
Lx. 15 o . Ex. 16 |
" |
| !
oI |
‘ I
[ 3 '
i | o
L 1 1
r X SR Xy
r and x are critical points _ L >XO is" a critical point
' (r) =‘O; f'(x} = Q: : ' ’ ‘ f'(xo) does not exist.
Ex. 17 ' " - - Ex. 18
|
| :
b
: \ l &=
Ky B 0
Ca _.‘.;/' L ) o L ‘.
X is:a critical point. S XO is a critical point.

N . 1 ' =
- f (xo) does not exist. _ f ‘Xo). /0-
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v

The lakt two examples illustrate that, at a critical point, there ne?d

not be a relative minimum or relative maximum. J

Consider the following exéhples of how to find critical points.
. ! .

Find Ehe critical points of f(x)s= x3 + 7x2.

Solution: .We want télfind_where f'(x) = 0, or f"(x) is undefined

Thus,

Ex. 19

. P

£'(x) = 3x" + 1l4x ] ’
(x) ex1sts for all values of x and thus 1s not undeflneu n
_(x) = 0 ::D 3x + 14x = O
or x(3x + 14) =
or x =0, x=-14 g
.3
Thus the cfitical bdints are 0 and -14.
. 1. -
Lx. 20 - _ , .
- _Find the critical points of f(x) = x2/3 4 leJa.
SolUtiqg:"
o 9 _
:f(x) = “/3 (factor out x 2/3)
.)"‘3:' . e 4 d . .
-2/3 473 L .
= 5x (x. + t) (remember when multxpl\xng powers with lxke
3 - ;f~ babes, you add the expcnents.) '
=‘5(x3/% )
iy
3 2/3
f'(x) is undefined at xv=v0; and so x.= 0 is a critical poxnt.
f'(x) = 0 = x4/3 + 1 =0, but thisvis never zero since nx /3 (xl/S)*
'is alwéys > 0, and so there are no critical
p01nts where f' (x) .

the only critical point is 0
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Problems . ‘ o .
— & , : o
Find the critical points of each of the following: '
1. f(x) =‘lx3 - X 2. f(x) = 1
3£ = 278 L1t/
Solutions ’ _ . e
. .3 o T ' -1
1. f(x) = 1x™ - x . . 2. f(x) = 1 -= (x + 1) _
B | SRS I
v : 2 : o e : E 4 -2
f'(x) = x° -~ 1 . ‘ o fr(xy = -(x+1) °..
R . LA =
f'(x) =0= x" -1=0 ' £'(x) = -1
o _ : T2
] = x = 1, -1 :\‘, ) B . _ 1()( + 1) .
. . . . : ' . . ]
f'(x) exists everywhere. £7(x) is never-zero and f (%)
fﬁ@é;,éritical pointéfére | is def}néd for all values of
Ty ' o x in the domain of f. Thus
1 and -1. - g : — ' S
there are no critical points.
£ = 28 - 1axt/® -
. 0G0 = 148 1456 N
@V L6 6 )
r e oy | .
6 ‘ ' oL -
PERI(x = 1)
"3§5/6;
£'(x) = O when x = 1
£'(x) 15 undefined at x = 0.
ThUS; the critical points, are 0, 1.-
o © . (see objective 3)
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The technique for finding points (x,

f(x)) of relatlve maximum

and relative mlnimum of a function f is:

- 154

-

Find the poxnts of relatlve mdx1mum and relatlve m1n1mum of

v'.\

f(x) = 2%t +55x + 6.

-SQLU;iQn:

)

My

9

(1) Critical points

fr(x) = —4x+5 L
Now f'(\()=0:>x‘= 574

and ' (x) is deflncd everywhere.

Thus

V(lj»:bxbn of derlvative

the onl\ CrltlLal p01nt is 5/4

v

Let us check the SLgn of the der1vat1VL on e

.eritical point.

o LT x > 5/4, then f'(x) f'O.f
"If x - 5/4, thesf ' (x) > 0.

RLLdll £! (X)
Tis 1nLrL451nb

Witn f dpcreabxng 1or X > 5/4, and f incre

3

is a rclativg max1mum at x = 5/4.

'(3) Tﬁc relative maximum is £(5/4) =

Thus

~2(5/4)% +

i
o~

3
4 8

» (5, 73) is a point of relative maximum.

(1) Find the crltlcal points, ‘
(2). Check the sign of the derlvatlve on elther 31de of each
) crltical point,
(3) ° Find the values of f at the cri;ical points._‘u
bxe 2]

1fher side of the'

< 0 lmplies f is decreablng, and ' (K)
asiﬁé for x < 5/4

5. 5/4.+ 6

> 0 implies f

, - there



The technique for‘finding points of relative maximum and relative
EN .k :

. minimum invoved three steps.
N

First, ‘the critical pbints (or values of x where f'(x) = 0 or f'(x) is
undefined) were found. In' Ex.,21 the critical point is X = éy which
is the x—coordinate of the pofnt (x, f(x)) of relative maximum or

relative minimum o

Second by checking the sign of f' .on either side of the critical point,
'vou are able to determine whether there is a relative maximum or

,relative minimum. ~In Ex. 2L, there is a relative maximum at x = %u

Third find the values of f at. the critical points and the resulting

values are the y-coordinates of the points (x, f(x)) of relative maximum )

s

-or relative minimum

"Let's look at another example.
' ‘ O .;\?M
CEx. 22
‘ Find the points of relative minimum apd relative maximum of -
 f(x) = x - 2) Ax - 1) ' ) e
K Solution:
(1) Critical points
£'(x) = (x - 2) - 3(x
‘ = (x -'1)2 [3(x 2) +x - 1]
Therefore, £'() = (x - )7 - (4x - 7) = (x - 1) - h(x - T/4):
Now f'(x) =0 => x =1, 7/4 g
And f'(x) 1s defined everywhere.
Thus, the critical>pdints are '1 and 7/4 -

1%+ O - 13

(2) Sign of derivative d

-.Let us check the sign of the derivative on/either side of eech of
fthe‘critical points. |

B ,;_g;é_
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g,

relatlve minimum at

x -+ 1 TDE(x) ~ 0"
1= |

Z s'the‘g;aph
1sg%ncreasing on the rfght of., 7' ‘
l.
and decrea51ng on the left of 7.
: A

1< x<7DE'(x) < 0
3 ‘

neither relative minimum nor

relative maximum at 1. Since the

sign of  tne 'derivation on either
'51de of x = 1 is the same.

:ﬁl x < 1 T9f'(x) <0

"~ There is a point of relative minimum at x = 7.,
. : ’ : 4

'(3) “The relative mlnimum is f(7/&) (7/4 - 2) (7/4 - l)

= “l A (3){3}
/4 4
= =27

756

Thus) ( - 27) is a polnL of relative’ mlnlnum

7
‘ 4 ’50
Problems | . f |

Find the p01nts of r;latxve maxxmum and rglatlve mlnlmum if they exist,
s ..

tor cacih of, L“L folloulﬁg

1.0 f(x)

2. 'f(x) =
3. f(x) = (2 - X)3 ’
= x3'+ 48

I~
Ce

f(x)
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'Solutions:

" Y 157

. >
f(x) = x"-2x -3

1)

Critical points

£7(x) = 2x - 2

Now f'(x) = 0 implies x = 1 .
And f'(x)lis defined. for all real numbers.

Thus the only critical poini is x =1,

. Sign of_ derivative

oy : ' ' ’ . . o .O - '
x > l ) > 0} = relativé minimum at x = ]

3

x <.1 == f'(x).$~0

<]

- The relative mlnimum is f(l) S —4,‘éhd_thust(l, ~4) is a point

“of relative mlnlmum

.f(x)

(1)

3 2 .
= X - 6x + 9x - 8

Critical pgints "~

f'(x) = 3x" - 12x + 9
> :

3(x” - 4x + 3)

3(x - 3) (x - 1) R

[t}

\ou f' (w) =0 ::) x =3, 1

and f£'(x) 'is defined everywhere*(for all reals)
9

_ Tnus the critical" p01nts are 1 and 3.

(2)

(3)

Sign of derivative

4

. :=:> ' ' o : .
x> 3 Feo>0 - relative minimum at x = 3
1 < x< 3:}f(x)<0 ' . B . e ’
X < l =5 (x) 5 0 } 3 ; relative rna_x,ufxuvm at x =1
£3) =33 - 6(3)2 +9.3 - 8 -8 o
f =10 - 62+ 9.1-8= 4 . .

 Thu5,“(3, -8) is a point of relafive mihimum.'

-And (1, =4) is a point - of telgti?e’maximum..



& . A

L h% — \ | - 158

: R
3. f(x) = (2-'-*3()3

(1) Critical points

£ = =32 - x)°
Now f'(x) =0 = x =2
“And fi(x) is defined everywhere.

Thus, the only critical point is 'x = 2.

”

(2) Sign o f derivative ‘ _
VAN E . v R ’ . ‘
X2 = f"(x) <0 | .

- no relative maximum or relative minimug
X >2 D Ff'(x) <0 -

f(x) = x3+ﬁ»
) X

(I) Critical points

f'(x) = 3x° - 48
o s i ,
. x“- .
4
="-3x .= 48 f & .
B it
“ - ‘\“:‘_ ' v ' ’\? 23
] 4 . . ‘:W N ‘., A,“ o Lty v
= 3(x - _16) o P
X by F q‘ R - B e »
’ ) LI ) o R e,
o= MXT 4 4) (x 2 2) (x e 2) N
- ——— e 23 T i
X Loy, ;_" .

B Now £'(x) = 0 =B.x = 2.0 _ .'-‘ Y
o CE(x) is undg‘:ffined;”.;i;_,:,\:"'); 0, but 1 is undefin ar’'x “= 0
~as well, - g ' : '
Thus, the critical poigii:as are 2 and -2.
: . . ) ,

(2) Sign of derivative.

) c ! S ‘ o e
S :> t::,_(x”) >0 —» relative minimum at x = 2
0 - x~2 Df'"(x) <0 f- ’ . : ,

[}
i

b
’
!

te

’ >—2 $OxX < . ' < L E " :
x v :> £ (x) ; 0 :b relative maximum at x° ; _
- =D ') ~o0 f T .

>
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3 4

(3) £(2) = 20 448 = 8 +e@l = B2
o 3
£(-2) = (-2)> + 48 5 -8 - 24 = -32
)

Thus, (2, 32) is a point of relative minimum,

. §q§~and (-2, —32) is a p01nt of relatlve maximum.
; :

&3

(see obJectlve 4)

‘1u the examples and problems following'Definitions 3 and 4, you observed
that a function may or may not have a maximum and m1n1mum on anginterval.

HOWGVLF thgrn is a-theorem (it will not be agyVen here) commonly referred’

to as the hxtreme value Theorem which states.

If a functibn f 1is continuous on the closed interval [a, b]

then £ has both a maximum and a minimum of [a, b]

o

R

L Vg

®

~ You have probablv observed that a maximum or minimum value may occur at

a crlt;cal p01nt See Lx; 6 and Ex. 16.

x1mum or mlnimum may occur at an endpoxnt of the closed lnterval

la, ).~ See Ex 7 and Ex. 9.

".,.)vr',.

" As a result of these observations, the following technique is outlined:

F

The technlque for. flnding maximum and minimum valugs on a closed .
1nterval [a, b] is:
gl) Find the,crlt;célfpoints~of f on (a, b].
>22) Calculate thé'value‘of the function at.each.crificai'pointuﬂ'
(3) .Calculate the values of f(a) and- f(b)

(4) The largest of the values from steps (2) and (3) is the
- maximum and the 3mallest of the values 1f_;he minimum. .
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Ex. 23

Find tie maximum and minimum valué§t3§ f(f) = xa - 8x2 on the interval
(-1, 31. | -

'Solution: . ' - _ : a

(1) Critical points’ o ' ' ; ’

£ (x) = 4x3 - 16x
= ax(x® - &)
= 4x(x - 2) (x + 2) .
£'(x) =0 when x = 0, 2, -2, but -2 ¢ [-1, 3]

' (x) is deflned everywhere.

Critical points of f on: [-1, 3] are 0, 2.

0 ' ‘.

(2) 10
£(2) = ~16 ?

(3 f(a) = £(-1) = - 1
f(b)‘é £(3) =
t(&) Tlie maximum valué on {-1, 3] is‘9 at x = 3. ' _ e

Tne minimum value on [-1, 3] is -16 at x = 2.

. Kote:~

The proolem of tlnalng a maximum or minimum (if -any exist) on any 1qterval

‘1 is similar to ‘the preceding etample, except that one may not havé to
worry about endpoints. ‘That 1s, if 1 } ta,’ b)ﬁ for examplg, tnerg are ne
cadpoints to worry‘abogg{ so ‘vou just haQe ﬁoufind the critical points
and check them out for maximum and minimum values. ‘ .1',
Propicms

Find fhe maximumiand‘min;mum'of eaéh»of the fplldqing funcﬁi§n5‘in the

_intervals ‘indicated.

Lo f(x) = x7 = 22x+ 5,1 =-[-3, 4]
2. f(x) = x> #2x - 4, 1= (-1, 2]

-

oA



b ' o 'A, ST 161

3. (%)

1l
s
A
N
L
4+
><
l
p_A
H
I
/'\
L@
c,)
S’

4. - f(x) = x 2, 3] .,.;W_, i
W —— e - .
Solutions - . ’ - '%’ Q SR Lo ;
1. f(x) = x7 - 2x +.5, 1= [-3, 4] ‘3.';4 T r_ﬁ: : ol Wy o
o - o Lo . A A ST TR AR 3 S :
Critical Points . ~ ~ - -~ . . oo LR o
, E . ( ‘,. R .u _,,_-ﬂ{ i ,,’- - . .
A I TR S SRR
f'(x) =0 =D x = 1, whlch is a member of "1‘ e
£f'(x) is deflned everywhere ' 7 ' ‘
Thus.thelonly crltlcal point is x =1, #
£(1) = | | g

Endgoir.ltsf'j - » - . o
£(-3) = 20 | A '_-,’j~“

ximum value on [-3, 4] is 20 at k:§:73.1”; L

minimum value on [-3, 4] is 4 at'x = 1.

= x3 +25 -4, I= (-1, 2]

Crltlcal Pofuts

*ﬂéi) 3x2 + 2

P'(x) = 0 =D+ 2

O whlch is impossible since 2 is added to

- i the positive number 3x2.
f'(x). is defineq\izzizwhere | S ;L?
. . o N, ; o _
Tnus there are no ical points. . .. .

'Ehdgoinﬁs
£(-1) = -
£(2) = :

‘The maximum value on [—l,'2]”iS 8 at x =-2.

The mihimum"valué~6n [-1\ 2] is -7 at x = 71.



4,

f(x) =

162 .

3 23? +x -1, 1= (-3, 3)

Critical Poiuts

£ (%)
£ (%)

£ (x)

=3x’2-4x+1

i

Gx - 1) (x - 1)

0= x = 1, 1, which are in I. ‘
3

s defined everywhefe;

Thus,,:he critical pointslare X = l;'l, which are iﬁ (-3, 3)

£(1)
L
f£(1)

i}

3

23
-27

-1

‘O There are no endp01nts

Therefore ‘we can only conclude that x =

1, 1, are possible points
-3

o of maximum and minimum

“To. check that there are no maximum and minlmum values on ( 3 3),

‘at) the functlon as x- approaches 3 and ~3.

AS X

3, £(x) » 11
> =3, £(x). > =49

'f(x ',3) /\

L= (2, 3]

(x - 3) 2x - X
R
2. .o
2x" - 6x - x°
Cx - »?
"x‘ - 6x

_ {%;_

1x(x = 6)

cff'(x)
B (x) is defined for 311 X in [2 3]’..= 

0 ::$ x = 0 6 neither of which arc in (2, 3]

_thus thcrc are . no critical points in [2 3]- i

~th oulv cndpoint is 2 dnd f(2).

£

v

(x) k;IOIfo,r--)_\ e 12,:3]'@hd;thuéfthe,grepﬂiis‘decreqsing.

look
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As x> 3, f(x) > ce ‘
Tuere is a waximum value of -4 at X =2, and theré is no minimum.

(see objective 5)
VJ ’
. . ’ ) - } ’,; o ) " X y
New Vocabulary = = . o ’
1. increasing function R
2. .decredsing function S )
5 ) [
) . ‘ ) 3 - . /‘ o
3. «relative maximum IS

4. relative minimum
5. maximum
6. minimum

7. critical point = . f@”‘x;' - o e ‘ R



to

Qf@‘s i 164
4 POST-TEST ON MAXIMA AND MINIMA
Define: (a) critical point
(b) relative minimum
Find iheﬁcritical points of the function f(x) = x? - 3x.
Find the minimum and maximum values of the function f(x) = x3 - 3x

on the interval [-3, 3].

Find the points of relative maximum and relative minimum for the

function in question 3.

Find the intervals onvwhich‘f(x) = x3 - 3x i$ incfeasing, and the
dntervals on which f(x) is decreasing.
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10.

11.

13.
14,

15.

16.

17,

18.

19.

&he fﬁﬁdamental theorem of calculus.

166
TOPICAL OUTLINE OF PMAT 201

Number systems, sets, and functions.
Inequalities. . /
Limits.

Infinite limits.

-Continuous functions.

,Tbe derivative.

:Differentiation of algebraic functions.

Maxima and minima.

Applications of maxima  and minima. .

Rates of change and impliéit diffefen;iation.
Curve sketching.v
Areas.

The definite integral. .
Methods of integration. o /;///)/(/

Dif ferentiation and fhtegraiion of ‘trigonometric functiéns,

P

Pt

Applications of integration. L -

Logarithmic and exponential funcﬁions.

Integration by parts and partial fractions.
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COSTELLO'S ACHIEVEMENT MOTIVATION SCALES ‘1 AND II :
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QUESTIONNAIRE

DfRECTlONS: The little questionnaire yoh are being asked to complete is

- 168

to be used for research purposes: only. Please answer all

. questions honestly by checking the yes box or no box for
each question. It will only take a few mlnuges.

SCALE I

a

1. Are, you lncl
rather than do

,of the successes of others.
of making yourself a success?

te

Would you describe yourself as an amibitous person?

3. Do you work for success rather than daydream about it?

1~

Would you describe yourself as being lazy?

5. Do you usdally work to do more than just get throdgh
.an examination? :

(S

6. Will days often go by without your having done a thing?

7. Do you do things "today" rather than putting them off
to do "tomorrow'? : "

.- e

S. Are you ineclined to take life as it comes without much
planning? - '

«

9. Do‘you work hard at a.-job?

)

10.° Do you, or did you, do little preparatlon for
anmlndtlonbVY' » :

YES

NO




v

'
Y

Do you grow excited when telling someone about the
‘ork yom are- d01ng7 :
fc— .
2. Do )ou usually r?maln free from boredom when on
", holllda)s’ s : L
- 30 Are you very 1nterested in the lives of successful
 people?” . - [ :
é a ,

4

1I. ‘Do 3 Fou readll) forget youx work when you' are on

1

1
4

4. "Do vou remain relaxed at the thought of

task you are about to undertake”

3

> Are you usually unlmpressed by how hard

"
)

an exc1t1ng job?

B Are vou usually able to sleep even when

-

7. - Are you usually awed in the. presence of very

¥

succegsful peop1e7

“.,

2

- Lo you even when an lmportant job is finished’

9. .Dees tne great ach1evement of cthers sometlmes make

vou feel small7

that of a- successful person’

nolldav U ) .&. .
2. /Are vou .influenced by é
amount of work you do?"

N e

.

3.7 Dot rou’ usually remain free: from envy“whan others' !

- are successful7 ) .

1

'\

[

hose afbund.yeu initnei 

U

v

e

a difficult

engaged in

10. ngve vou at’ an) tlme trled to model Xgur life on

. i el
4. Do you often compare how well you can do somcthlng
with how well others can.do it? - -

others work?

a. Can Jou’usually concentrate on what people are saylng

¥

i e
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' QUESTIONNAIRE FOR PMAT 201 STUDENTS
Name : . Age:
" Address:.
‘Sex:_ Male Female . Telephone Number:
"Last School Attended: Year
Last Mathematics Cdurse Taken-, Year
'Grade Obtained in Last Mathematics Course:
Reason . for Attemding Mount qualrgollege:_
k.
. Edpéatioqéle;ans:

, Father's 0¢cu§aﬁion:,
\

“Mother's Occhpétiod; B

-~
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“THE SIXTEEN PRIMARY -FACTORS OF : THE 16PF
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THE SIXTEEN PRIM@RY FACTORS OF .THE 16PF

" High Scoré.- o

Factor Low Score *
1y —— - ‘
AT " Reserved, Detached, Critical, _ Outgoing, Warmhearted Easy- _
' Cool ” : going, Participating Ll
B Less Intelligent, Concrete- vs More Intelligent,,Abstract¥
b ‘thinking o R thinking
C Affected by Feelings, Emo- vs. Emotionally Stable, Faces
‘tionally less stable, . Reality, Calm, Mature
Easily. upset . ) .
E Humble, Mild,,ACCOmmodating,—'f Assertive Independent,
Conforming .. T Vs, Aggressive- Competitive
o oo Stubborn
F Sober,vPrudent, Serious, -~ Happy-go-lucky, Impulsively .-
—— vs. k ‘
‘Taciturn. g ‘ llvely,‘Enthusiastic(,
G Expedient, Evades rules, <f"vs . Consctentious, Persevering,:,~
.Feels few obligations R ‘Staid, Rule-bound ’ '
" H " Shy, Restralned Diffident vs’ Venturesome Socially-bold
Timid - | - 5 e Uninhibited Spontaneous
1 Tough-minded, Self—reliant, vs Tender—minded’ Dependent
o Realistib, No-nonsense STt ) Over—protected Sensitive
'L Trusting, Adaptable, ‘Free of Suspicious, Self- opinionated
o -~ jeal usy, Easy to get on oo Vs, . Hard to: fdol : :
- in with i, - Toe s ﬂ . -
4}fr ) Practical Care£u1 Conven~.'”: Imaglnative Wrapped up in
N tional Proper - . ‘C)vs. T inner urgencies, Careless -
‘ : ) -of practical matters';b,
N Forthright, Natural, Attless3; Shrewd Calculatlng, Worldly,,
' Sentimeéntal * ., ¢ - aE o Penetrating '
"0 . .. Placid Self assured Confi— dvs- _pprehensive, Worrying, De_
i dent Serene : pressive, Troubled v :
~-Conservative; Respecting ’Experimenting, Critical

ah

. established ideas, Toler-
ant of tfaditional diffi-’
culties

Vs,

l-'.‘

Liberal, Analytical Free— 3

thinking
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Factor- Low Score . - High Score
Q, " Group-dependent, A "joiner ~fvs .ASe1f-8ufficient Prefers .y
" : and sound follower . ‘ Tt ‘own decisions, Resource-"
R , ' ful

A Q3ﬂ “v Undisciplined Self—nonflict, Qs Controlled Socially

*Careless of protocol : precise, Following

Follows own urges‘f . ' "self—image )

7:Tense5 Frustrated, Driven, ~

vs- Overwrought -

SR B ey
. Q[‘ : B-e -axed » TfKHQUIl » : S5 y
n £, ﬁﬂéﬁfrustrated" R L

)
1

A low raw score on a 16 PF factor should not ‘be interpretedlas a "poor"”

‘score, but simply .8 score corresponding to the behaviour described

on the left. Similqﬁly, ‘a high raw score corresponds to the description
_ on the right. ‘ﬂ ) : SR

»
. L
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COMPUTER~PROG§AM FOR COMPUTING 16 PF

. 'SECOND ORDER SCORES




01

202

i

D02 M =1

< Ls . o

i

;IMENSION A(4,16), C(a),'x(ia), Y(16)

DOL.I=1,4

: READ (5, 100);<A(I§J>, J=1,16), ¢(1)

WRITE (6, 200) (A(1,3), J =1, 16), c(I)

© CONTINUE

DO6 I = 1,90

READ (5, 101) 1D, (X(L), L = 1, 16)

- WRITE (6, 201) ID;. (¥(L), L = 1, 16) -
%?f-%gﬁ"

1,6 ¥ .

(L

DO 4 K
TOTAL = 0

, 16

~

YO = AGK,M)*X(M)

TOTAL = TOTAL 4 Y(M)
CONTINUE

TOTAL = TOTAL + C(K)

WRITE (6, 202) TOTAL ST

CONT INUE . .

CONTINVE - -

FORMAT (16F4.2, 75.2)

FORMAT (I3,. 16F2.0)

FORMAT (5X, 16(F5.2, 2X)."3X, F5.2) |

'FORMAT (5X, I4, 2X, 16F5.2) .

END

* FORMAT (SX, F8.2)

L6PF SECOND ORDER SCORES FOR MRC STUDENTS 1973

176
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2
L,

Do 1 loop read in the four sets of welghts and constants from Table 10.9,

Hahdbook For the 16PF. (There were separate male and female weights

and constants.i

;’.(':b K . . . .
DO 6 loop_read in eg student's 16 primary factor sten scores, calculated
b . :

and printed out)gye four second—order scores in stens.

/

In thlS partlcular program there were 90 male students (I = 1, 90).
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10,

'Narcism-Comfort Erg<\

ul

o

179

THE TEN PRIMARY FACTORS MEASURED BY MAT

Mating Erg

. Assertiveness Erg

Fear "(Escape) Erg e

Pugnacity-Sadism Erg
Self—Concept Sentiment

Snperego Sentiment

Career Sentiment
Sweetheart-Spouse Sentiment

Home-Parental Sentiment

Strength of the normal, heterosexual
or mating drive.

Strength of the drive to self—assertion,
mastery, and achievement. '

Level of alertness to external dangers.

Level of drive to sensuous, self-
indulgent satisfaétions, :

Strength of destructive hostiie
impulses.

‘Level of concern about the self- contept
»soc1al repute, and more remote rewards.

Strength of development.of conscience,

Amount of development of 1nterests in

-a career.

.Strength of attachment to wife(husband)
or sweetheart

Strength of attitudes attaching to the

- parental home.

-l
.
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PNDEPENDENT STUDY GROUP
PMAT 201 TERM TEST #1

-
' [

Answcr all of the questlons Show vour work for each question.b-

1. Which of the follbwing numbers are rational numbers?
' 2, 1.7, 162, 0, %, V8, =, 1
3 S 2 0

= . . ~.

e

‘Which of the followlng fuﬁctions are rational functions.
(a) f(x) = x? - 4x +5

¥ gx) =x% -4 o e " ¥
. x
(e) L{x) = x2 -1 -
. V '2—' o (-/\,
(d) f(t) =t + 12
3. Suppose f(x) = x?f and g(x) = x3 + 1 . lf\
' ' b S T X2 ‘

(a) State the domain of f.
s (b) 'State the domain of g.
- (¢) Find f(4) /g(z)
A (d) Write the ‘composition function (g-o f) (x).
(¢) State the domain of g o f.

4. 1f A= [-3,6] and B = (-2,3)W[4,5], find:
(a) ANB | - '
®) B
() Aup ™.
| (D) B'Na

/ oo » ._,

5. Sketbh the graph of each of ﬁhe following functions:

(a) y= 1
, CR— <
(b) y= |‘~"xl

6. Solve the following 1nequalities

. \
(a) 3+ x > 0 : a
X - 4 ‘ o P

RE)

151
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L A 182,‘(0
(h) 3% + 4] =6
(c) x(x - 1)? 5.0 : :
T i

< b does it follow that a< b? Why?

i



'LECTURE GROUP =~ SN
PMAT 201 TERM TEST #1° \ ,
- ) » | "} N N N . . &

Answer all’of the questions. Show your work for edch question.- K

N

1. " (&) Whlch of the. followLng numbers are not ratlonal numbers7"
_51)733 8%, m, 2.63, 6

LA

q ,3“3‘__«5

~ (b) Why is .the expression -6 >2x >3 incorrect7

+

»

2 Suppose f(x) | 1 and ‘g(x) = 1.
v Lo - . * N
(a)‘ State the domain ofﬂf X :
_7-(5), Write the composition function (gof)(x) )
(c) State the domain of gof. '
(d) . Find_ (f. g)(l) ‘ .
3 = [-2, 3n1@5) and B = (3ﬁ]fmd$
o {a) AUB - :
' ®) A T | ’
() ANng o

J
4. Which of the following functions are ratlonal functions?
(a) f(x) = 2/3 1 .
(¢) L(r) = 2r? - 3r + 1 e
(d)  g(t)

]
P

1
t2

5. Salve the,following inequalities: .

“(a) x - 4
2-— X

AY

20

DY ¢ B

(b) lzx - 5| >3

@ (x+2)<x—4>\<o ‘ o
T S—

483
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¢

- 6. Sketch the graph of: ‘ .
@ yv=-l1-x]"

(b)y: . 1 . -: . . A -
2 -x o '
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 INDEPENDENT STUDY GROUP"
“PMAT 201 TERM TEST #2

‘Answer each of the following questions sh ES your work. -
‘1.' Solve o 2x - 3, > 1 . v -
: x -2 ‘

2. . State ' the meaning of each of the following:

~ . -

(a) lim f(x) = -3 -

x+2 ' .
(b)  1lim g(x) = -1

gt

3. -FindAthe,followingulimits, if they exist.
' B (a) 1lim (-2)-= ‘

X3
() um x3 -4 =
“(c) lim f£3 - t) - £(3). where f(t) = t% 14
t->0 . ot . . g
| : S . S o
4.. Find the following limits.
(a) lim 2x + 2 =
X0 X _
. (b) lim_;.u 1 .=.‘, . !
, (@ Mdm. x4 = . &
X3 2x2.- 5 ' -

N . : 4%@ .
5. Find the vertical ané\gorizontal asymptotes (1f any). of each of the ’
functlons in question SHOW WORK, °

6. (a) Define continu1ty of a function g at a point b.

(b) Sketch the graph of the function

- if x <-1
£(x) = Ciffl < u <2 g
‘ if x=22

(<) Indicate the points where f is not continuous and the reasons
- why f is not. continuous.

‘ﬁl-
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. (a) Using the DEFINITION of &érivaéxve, find the derivative of:
4 f(x) = 3x? - 2, ' ,
(b) Find the equation of the tangent 1line to the graph of
| F(x), = 3x2 ~.2-at x = -1

Find the derivétive of each‘of the~fdllowing functions:
(@) £0 = " - 2x

) £e) = (e = D@e+n2

(@ gm=xi-23 0 e
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LECTURE GROUP ' ;"Q? |
PMAT 201 TERM TEST 2 : N

'Ansﬁgr_each of the following questions\shOQigg-your work. '
1. Solve 2x -3 >1_ = = , “ '
: ) ' Xt—<2 ‘- . o : ‘-1\
> ‘ . R

- 2. 'S;ate thg:noaning of each of the following:

(a) 1lim' f£(x) = -3

v 2 o

(b) Mm g(x) = -1
a1t '

3. Find the following limits, if they exist.
(a) lim (-2) =
(b) lim x2 - 4 = -
oL X2 x+ 02

(¢) 1lim f(3 - t), - f(3) where f(t) t2 +1°
-0 St e

a4l Find the”folloying limité:
. (a)' lim  2x + 2 =

. a2 X - '
“(b) lim 1. = : A
: x>0~ . F S
(¢) lm ., x-4 =
.x*@ 2xZ = 5 .

5. Find the vertical and horizontal asymptotes (if any) of each of the
functions in question 4. SHOW WORK!

fal

6. ‘(a) Define»continuity'of a funotion g at a point b.
(b) Sketch the graph of the function '
_ 2 if_l(ffl.“'
TE() = x2if -1 € x < 2
| 2x if x> 2

(c) Indicate the points where f is not continuous and the reasons
‘why f is not continuous.
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7. .(a) Using the DEFINITION of derivafive, find the derivative of:
. f(x)‘=3x2"2 '_" - .o ) X /e

(b) Find the'equatidﬁ'of the tangent'liqe to‘the;graph of -
£(x) = 3x2 - 2° at-x = -1 o , o 7T

8. Find the derivative of each of'the—followipg‘funétions:

(@) £G0) =g <2x B - L
(b) £(t) = (2t < 1)(t + 1)2 ST e
" (c) glr) = o - 2rb/3 ' L
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. INDEPENDENT ' STUDY GROUP
- _PMAT 201 TERM TEST,+#3

°

Find the equation of the tangent line to the curve of

f(x) = x?‘/3 + x -1 at x = 1

Find the derivatives of each: of the following functionS' o

(a) -
)

(c)

- f(x) = (x;5 + 4)3(1 - 6x + 4x3)2 f

‘f(x) 7t < I | e

f(X) = (4x2 - x3)S

The volume of a cube is_ increasing at 100 cu. in./sec. How fast.is’

- the edge increasing when it is 12 in.?

A function f is defined by £(x) = x3 - le
o ‘ 3 : -
(a) ‘Find the intervals 1in which f(x) is increasing
(b)A Find the’ values of X where the relative maximum and relative
‘ minimum occur. .
(c) Find- the second derivative of f(x)
(d) hFind the points of inflection. »
-(e); Determine the intervals in which £ is concave downward and
. concave upward respectively
() Sketch the graph of the function.

3

~ Find the altitude of the cylinder of maximum volume that can be

inscribed in a sphere of radius R.

~



R

3.'7Show that the square has the greatest area among all rectangles of

_a given perimeter.

4.

" 5.

o - 190

LECTURE GROUP
PMAT 201 TERH TEST #3

Find the derivatives‘of each of the following functions:

(@ £ =x5+ 632407 T s
(b) £(x) = - 32 L
(c) £(x) = (8x '—.onl).3-'

-

‘The equation of a circle with center (0 0) and radius 5 is

x2 + y2 = 25. Show that the line- tangent to the circle at (3, 4)

',1s perpendicular to the line through (0, 0) and (3, 4).

J

CA function £ 1s defined by f(x) A.— 3x. -
(a)  Find the int%rvals in which f(x). is increasing.

(b) Find. the values of x where the relative maximum and relative
minimum occur. :

(c) _Pind the second derivative‘ofbf(k),
4 (&) - Find the points of inflection. .

(e) Determine theLintervals in’ which‘g is _concave downward and
concave upvard #espectively.<

(f) 4Sketch the graph of the function.

When the radius is 1 ft., find the rate of change of . the radius of a
Sphere whose volume is changing at. 8n cubic ft. per minute.‘ T
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INDEPENDENT STUDY ‘GROUP
" PMAT 201 TERM TEST #L:

'Evaluate f x2 dx using the definition of the definite integral

R . )
(a)" State the fundamental theorem of calculus.

e

(b}» Find the area of - the region bounded by the graphs -of y = x2 - 4'>‘
and y = § - x2 : -

Find the voluﬁe generated by revolving the region bounded by the -

graphs of y = /4 + x, x = 0, y= 0, about the x axis.

(a) Given that Dy(cos x)'— —sin X, prove that Dy (sec x) = sec x tan x.
(b) Find: -
W Bx2 x - 2) dx

(D) [ (2x+ D2+ 3x+5) ax |

CL(iii) s
(iv) F sec5 x -tan x  dx -

d’.



1.

[ %]
.

(W)

. Find:

} T

Given. that

o T x dx

Find the area of the region bounded by “the graphs of y =
y-='x + 1.

Find:the voiume
graphs of y’'=

One studeht worked an indefinite integral pfoblem and got:

whlle a fellow student used a slightly different approach to- the
same r- ‘blem and got:

. 'Evaldate

LECTURE GROUP

';*e-f S PMAT 201 TERM TEST #4

” J (setz”u + csc? u + 2) du

(xz +'az)3

S 2x+ x3 - 7) dx

tan X = sin x , show that
cos x

2

Du (tan u) = sec“ u

-

I

tan? x+ 1+ C,-

.f{

6 Y

L

tan2 X + C.

M,Are the answers different7 Explain bfiefly.

1

192

2o

enerated by revolving'the régloﬁ‘gqunded by the
- x, x = 0, y = 0, about the x-axis. i

o

i)

mm— .

P

( x2) dx using the definition of the ﬂefinite integral
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MOULI ROYAL COLLhGL
N DEPARTMLNT OF HATHEHATICS o

PMAT 201 FINAL - MAY-ZZi 1973,

‘Answer ANY FIVE of the following problems. SHOW your work.
1. Listing all relevant information (i.e., intersection with axes, .
critical points, horizontal and vertical asymptotes) "sketch the
graph of y = x2 w4 . S
T -

x< - 1
2. Differentiate the following functions with respect ro the varlable X.
(a) v 2x31nx

3x;, 3/5

“{b) "y

]

(¢) y- _sin x e : R - S
o x2+1 S ' o L e

@ oxy? -y x=0 . )

3. Sdnﬁ is falling in a pile always having the shape of a cone, at the
rate of 5 cu. ft. /m;nf Assume that the diameter at the base of the
pile is always three times theAaltitude.- At what rate 1is the altltude

increasing whénlthe altitude is 9 ‘ft. (Volume of a cone unose base
has diameter."d"™ and altitude "h" is dzh)

4, Prove: 1f f\lS continuous at t, and g is continuous at t, and
‘ g(t) #0, show that f is continuOUS at t.
R "v-g .
B) showing d (ln(ax) - ln'x) =0, where a is. some constant prer
dx. ‘ . N :
fthat In (ax)- - ln x = ¢, where C'iS“some‘constant. Rhat is the
value of c? RN '
.b.-7'State and prove the product:rule for differentiation.
7.  Find ghé‘following integrals: i
() ¥ O+ x23) ax
. 1 S L



(b)

(e} J x cos x dx C ‘ S

x dx _ : ' .
"1+ x° ‘ ‘ ' '

i A

WYL x 42 dx
'3 1 :

+

.U51ng the definltion of derlvative, find the der1vat1ve of the function‘f
lfo) 1 from flrst principles.'

X+ 3¢ : S
. b v

Find the height of the right circular cylinder of maximum volume V -

which can be inscribed in a sphere of radius as

t . .
I - »
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THE DATA GATHERED IN THIS STUDY ,
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X1:  Student Identification Number -

&

'THE DATA GATHERED IN THIS STUDY

X2: -Student Age in Years

- X33 " Numerical Ability Percegtile Score (DAT).

Xs:. ”Wbdderlic Percentile Score: ' -
Xg: Van Wagenen Rate of Comprehension

Xy: Costello Scale I Raw Score

Xg3 Costello

Xq:: Factor
';Xic: Factor

Xyy:. Factor

A XIZ: ,Fa‘ctor’

 Xj3: Factor
fxiu: féctor
'xig:f faétor
| Xisg‘ Factor

X;7: Factor

Xig: Factor

‘X192 Factor

A

B.

‘M

N

Scale II Raw Score.

X4: Abstract Reasoning Pétcentile’Séotg (DAT)

‘raw Score-(LG PF)

Raw Score (16 PF)

Raw

ng

Xzb; Factor C Raw

" X33t Factor Q; Raw Score (16 PF) -

"Xp5:° Factor Q, Raw Score (16 PF)

Score

Score

Score.

Score

Score
'a
Score
RS
ocore

Score

Score (16 PF)

as

(16
(16

(16

@16

16

Q16
a6

s

PF)
'PF).
PFjv'“
°F)
PF)'W

PF)

F7)

PF)

PF)

Score in Words per Minute
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"Code

BRVEE
Xzy:

x.25:

.
o
)

Factor Q3 Raw Score (16 PF)
Factor Q, Raw score (16 PF)

Exvia (Introversion—Extr&verion) Sten Score (16 PF)

Anxiety (Low anxiety-High anxiety) Sten Score

'Cortertia (Tenderminded Emotionality—Tough Poise) Sten Score

W

Independence (Subduednesa—lndependence) Sten Score

Integrated Career Sten Score (MAT)

. Integrated~Home-Parental Sten Score (MAT)

Integrated Fear Sten Score (MAT)

Integrated Narcism-Comfort Sten Score (MAT) -

-Integrated Superego Sten Score (HAT) ‘
:‘.Inteérated.Self—Concept Sten Score (MAT)

: Integrated Mating Sten ‘Score (MAT) |

H Inteérated PugnacitnyadiemvSten‘Score1(MAT)'

: Integrated'Assertiveness-Sten.Scorel(HAT)

*ntegrated-Sweetheart;Spouae Sten Score (MAT)'
General Autlam—Optimi;m Sten'Score (EAT)'

General Intelligence—lnformation Sten Score (HAT)
Total Integration Sten Score (MAT)

Total Personal Interest Sten Score (HAT)

Total Conflict Sten Score (HAT)

Term Test 1 Percent Score

Term Teat #2 Percent Score
Term Test #3 Percent Score ,

Term Test #A‘PercentTScore
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)

198
Code
Xyg: Cooperative Mathematics Test Raw Score °

7

X0t Final Examination Percent Score

Studehts with, 1dentif1cation nunieré from 1 Eo 67 :inclusiveé were:
"in the independent study group while those with identification numbers
fron 68 to 129 inclusive were in the lectute group.
- Hissing data in the ean@uter printout is 1nd1cated by zeros except

' for the two cases where a daggef (+) appears with the zero.



199

g o 1N
)

[AVER

ME U N aC NS
: -~ -

ST V-
[A VI SIS

[

R

&,

Ky

£1

gl

el
91
81

2t

91

el

91
91

184

N
|
1

el ||

0- ' 0-
R 0t
£ . ¥
Iy - utl
1R ¢ vl
sb L4
g% . 0%V
el Y
L Ul
21 b
8 4
LR Q
R L
P b
21 p)
'R} 01
11 3
- S
vl b
9 b
- 0-
9} b
0« -~ 0=
2l b
st b
6- . 0-
31 01
Tt o
biax 01x

-~

.y 0o

-t

-t

-

NCL CcIchwo ol aa O NG NANCCO
Voo . , .
UOOCUCOOLUNOUCTAL T INCEANNRNG NLE& N IM e
] B

g

o
0 oM C0 O0FC.IOaMMOMNLCECONITC LN 3K O

oc

>

o~
Lo

Sy

lo

. al

9y
54

56

0=

Ob

Y
ah
0a

gy
gk
sS

0%
66

0%
ELY

08
59
E

‘94

. 06
N

X

2é-
61l
02
i1
wl
|-
1e

be

b
02

Y

‘r
12
0¢

.¢e
-0
‘fe

61
ée
0¢
1e

e

12

cé

ce
"R

2x

COAMNMINOMNDOIO~AUMINONDC
e T m e NN OGN NN

NN I ONT

-
>



Ma L NC C Mo
-

~
-
> .

0t
Ge

¢l
¢t
st
cé
el
¢t

&2

n¢e
et
12
D-
£1
5t
81
£l

1Y
¢l

e

91X

11

1

nix

11
¢l
a1
9}
Ll
¥i
L1
Lt
el
12
fe
£l
sl

0=

"

£l
91
02
n
sl
et
01
1
14
(¢

9

e
b.

L1

AR

1
2¢

91 .

¥l
st
2e
Oc-
9l
ni

=
"1

a1
£

‘g1

0b

s1

s

“ul
51
‘ol
01

2EX

Cow00OKMAhCC N

N E-E-IN-N-K-]
-t - Lo B

[ ol . - oVl o AN - SRR ]

twd

0TX

-«

ONFM T LW NT T

crME AMOE NN

L ol o

-

-

[
>

-~

Lotk al

B LI
O?\Q\C\L-CQG'U‘U\N((\:UOOJ_O"F’ZO"#JN\DF:N&NQ

.

o

-t

©
>

cca'rOoOrROUE NG MNECO

oo tColdaOonhOC

-t

-t

) -

o~
>

G-

L6

0=
e

-
KL

.00

£
bb
00% .

66

e
‘o
0e
ib
0s
S
6b

40

¥
Lo

ay

0s
a-
c-

46
Y

0o
"4

ar.

02
94
S8
D'
b6

ay .
09 -

89

T

X

Wl

w4

Wt
13
8T

b
2¢

0¢

1e

Ly

¥l
1e

i ¥

tc
c-
61

I

bt
0c

le

61
61

0e
Bl

éc

22
22
02

2



201

TOU OLWLOo 2TIT—~0C TC W

Al o -

-

-t o

a ITITIT O
| etet v vt e v

-
‘l;a

£
Y

he
he o

01

Sy Mg a0

A

[ 54

[ AN <o~ Q3N <GV o]
v - |

COOCOoO.LLCIMLECO N

Lol ol o -4t

-

= g
-
D

R
EY LOTRRRY

9t b 2t

<< 4 L

el RS 2l
Ll R A
ul4 0c e
9i v ol
Ge -~ & v
wi  O¢ Ve
wi cd . v
be i

gl [0 ¢ 51
1 91 o
0= J= G-

2b &b et
91 e Py
3 A sl
L 0 T B 4
6 9% c2

b °f - wl
1 ek et
b1 o L

ul 41 AN

h1. 9 gl
e - w1 )
S .mr wl

dbAa CTa . bbX

CLCOCOMONENMCECR mJQTOCCTA COEL 0 00 O v

-

-

I

. ] - -

B ol o] Lol ol Ll

-

[T cl_r‘/uru'u N =1 T T = JPUSr Y N L re 3N

c g a«

[

§ - -

-t

v

S Ve
-

-
Lal

vA

-

-
N EZ UL ORGP TOMNC L TORMICNCLO €« @M Iy O

Lo

-

-

.

- 0

-

fCCLULLOCe@IUMMECENC O WNME N

-

-
-

Lot

o-

9bld
cl¢e
o=

-

uel

Nut

ue .-

Q82

é9¢ |

RPY

=
g=

0<
50 b

c0e

U=
Ul

£

cy
A"
L
C'4
0=
8
Jtb

Ve
4b
4g
vy
9l

4“4y

Yo
3L
vy
ad
o
Ov
0b

Sy
0"
U=

‘Ob

0=
2y
9y
93

98

-1

46

Gy
a9y
Os
lb

¢

0e

ne
02

o1
te

Ch

28

ol

ol
g1
te

ot
¢e

0¢

£c

f,..,om

¥l
Ve
e
A

ge .

L
"G
g
1172
B
<
Tv
0%~
oL
i
de

,m,cb

G
"¢

¥
ed
Ve
0L

. oY
Y
49
59
CY]
9
£Y
.69
19
a9
oS

178



202

‘ « o B
TR I W )

PR N

«

<

VA

LU CAAONMF COINLITOWHM T HROINIY IO

i e e e

-’

D -

.

L I I |

--

G .

gl

9 4
61
0¢ .

st
91

N ¥

128
ut
51
Yyl

WAt

02
6
O.I.

b}

g7
0t

i
vi
L

STx

X

st
el

L1
ov
1e
8
22

.l

T
sl
41

9y
v
IR
Ve
1

g2
L1
Gt
2y
Ue

. 91

.
PR
vl

,,wﬁ h.w.
s ol
Y v b
ot 4l
VR ¥
9 b .
S 02
Ly 01
o o
Je o
31 |
DTS
6 9l
) R
91 o1
nl. Ve
21 nl
.c.w\ e ¢
31 St
0- u-
g1 b
c?e LT
B I S ¢
.wl 91
91 . 41
he - &}
9 [
L1 al
P2 SR O ¢
2ix LIX

-t -l el " -«

Lo X L0 0~k O v a v
B -t

Mo U - CUDLILAWEO UITEOU O ANT TE N

-

-t

o
>

- Ll ol

-~

I3

ORANMOBCINNG @ wTORN TEOCTODNNITNNUE N
. , : - o '

-

- !

9o

mr

b

bb

Lo

bt
2y

e

9

8o
ERN

a4
09
G4
uo

st
0N

09

Qb

4.0

190
fo
1

. bb

b
bb .

Sy
Lb
ub

o hX

0=
'y
J5
0%

06

Jdb -
ad
Y]

a0

99

ae

,.,.co :
Lo
RL]
-39

Ju

66 .

L6

b

0

9y
6o
a8

46
b

lb

X

g1

.1
¢
sl .

o1
0¢
ne

0

0¢e

x«
b2
0¢
dc
RS

0¢e

S.02
e

61

Y

X
o1
9l

L1

0¢

¥c

es

8

22X

917
sttt
t1l
PG
223
FLT.
OFF
o0l
801
Lot

901

TR
0y
0T

201

‘T0T
007t -
bb
b6
lo.

.96

sb -
"o
£6
cb
193
06
ot

LR

EX



' el e

Lol

OO NONOE TC Y OO
—t .

o
—
bod

- .3- - wee mc 0- )= 0~ o2l

0= U= -y~  0- .G

L 8y 91 ¢ ¢ RS L - u= 0 oo b ob  wll

S 0k ST 5 vl b T gn waee 09 U3 02 221

Y I st 5 b b o . wu= 0= U3 06  be 9}

ab h w01 BT LW Y 0- 0- . uo. Lb. Bl G2F
o2y o v - T 4 w 0= - 4 4o 06 81 w21

o vi A Ti ' 1 T bee 26 46 Jdo - ¢¢ - £21

] Si -9k 0V 0F 4 3 22r tb 6o Gb ¥} 22}

0c © %1 > al b "9 g ° {91 - BB T sb Jor  2¢  T2V .
Te vl -l 8w g ul 0ul ns LRy ol 02t

& £ 9l o 24 b 6 0= o G- 0- 0= 12 22
0= c.._ S~ 0- .= U= L= whqﬂ e 0~ 3= v- . BTE -
L) SENEEE SR S 3 9 ¢ 0 ¢8l o6 0b. 88 - kg . LIT 7
SIXx CIx BTx 01X ex. WX U4x 9x 9x MK kX eX TRk



&

204

17

- EICPrMMNOMNCE waull 32+ MU n~Cc b B O WO W
~ s ! ' '

> ;

S SLCORCCOCrFCHROINIITULICILICNOITIITLUO W
~ ] ' "8 '

>

€ 24 CrL D I U T IOCAYy LU a6 P 3 3& ™10
[V ’ N ] ' i . ' -

o>

. «—~O0CTCOUOURMNUEMNMCINON T OL FT—NINOFON
oo ® © @ S .2 5 o & o o @& & o S ot o0 0 5 & O e o s o s 9 »
> TJa R LCLCH USSP LIMITIMIOCE IO OO T
N’ CuOoOCU OLOCaAAUELMMOOURwE MY NIOUEMMON '
[ o.....o-..o.o,._o.‘..0—...,00‘.‘0(_-00‘. .
> CrCerOr IrICr3OMmerraffoney srenew
U S UOPPMOICAMLOMeehTOMMEICr oI oW
(3 ® ® ® & & & & 6 & o ® & o o B0 o e &4 & © & © o e & o o
X N R I F U NCAN VR TUOULRNIANY ND 3 -
£ S CrMTCOCXAaANRNRNCOCANUNMNOR—~rF COI IO
<N > ® @ © @ o ® 06 ® o © ® © o 06 o @ o e6. e ® o o 0 o ° s .
> CEE LA SLEE P N U LA g S oI VER N R S ANRVRPE S S SNVl TR Y
3 O OOCU SroWEOVLE « N0 wFM g CC V0o Ia o
O e e LI O I R o U o iR o ] [AVER SR -— Lol A - B B o
> : ‘ :

4 T ITOCOAUN D COMNAtdrtUN O OO OF Owt0 @ OO N
N — o § et ) v ) et e e e gt -t - vt ot -t ot ] e
> i . -
1N CrooO oOJoOMmMmMMNMNICE DXONNMMUEPpUN~MO Qe Maor
o~ - -t § et} v e v e -t Ll ol SR o B R -— Ll B
> . : -

- AL OMNOCYNEORN OO0 uh COIDEC MO0 T @ L o
(AN} -— vt § st § ) - et Lok o K O BE S TR oK oI o e
o :

c AT OINMNCCCN~IO IO O el rsradhM yaalb o’
[a¥} -— [ [] I SNttt N e e . b e
>C e : L.

€. CU Uwr OFROCOULXTAMNLCO LU % h I B NENELC W
-t - [ I | [} -t P - - N
> P

T A COCANCOOIEINND nNOOMEB LN a M ME Moo
- — v ) - e} [ B -— v-‘v-‘v‘v‘vv:v""ﬂ Lo IR o ARV |

> ® .“ Ce

a . A . : B

- M IT NGO U IO &« CO- N TN N a O ’



Yy

y?‘)v

(’_t

X6 XP7  X°8

X228

X1 x22  x2r 24

Y2p

Y1 0

L §

xyo

-4

[

a

T

-3

-~

12

30

~

r~

ar
*

-

»
-
",

c
L]
[

th
16

e

12 .
17

20

12
14
EL

10

12

12

141

e
17

14

7

TR LE

14

3L

~No’

U~

™

3~

[V |V

5 .
17 .

11
RN

13
16

37
LB

v

L

Ny

g~ U

£

| S o

~

<~

c

B

" -

-
~

',c

o«

0

o~
.

' &

~.

['e

13 17

KLY

10
11

g

Jtu
13

te 11 1R
15

1R

u?

1)

L3

c o

L

.0

‘e

4.

-n
19

4s

n

k'

e

Wk

1R
15
15

12
1"
18

L7
LA
4a

2

Lol

1k

137 92 11?
19

12
16

&N
51

b6

16 .

P

120

N ON o~

a0 .« ™
* e ‘o o o

MK~ ™

PR Y
3 -'. L 4 L ]

(VRS g B Tl T

Q

0

F
16
17

NS NO NN
v ot
~ oo a
- et e

1

>
12
12
14

f
12
10-
14

11

3

15
7
15
R
12

sS4
&5

52 -
53
56

10
ie

11

i

T

1L

12



X20  xir 74

X24  XPE  XPR  XP7  ¥p8

Cu

X18 Yia- ¥20  x21

Xy

10

14

12

1N

12
16
12

cq
&0

61"

7.0

18

16

“'7_

12
11

12
17

Rl

h2

L C 0y

LN

T C v

12

10

1z

8
o

~,
*-oed

A
14
12

11

1o
12
14

1?2
16
12

63
64

16

12

16

65

18

1°

ir

66

14 -

<t

bels
o2

5e¢1

1%
15

156

16
PR

1€
2y
16
14
16

67
68

7‘02

10
10

.1?
1"

[

69

70
74

12
10

16

.

1=

14 .

ol

o2

£,

13
g1

15
14

e

14 .
11

8
14
-0

72
73
74

f
.

*.0

7.2

Lbe3d

14
11

11
19

14
15
13

12 13 15
11,

11

1?
14
12
11

«

76
77

12

10

~

1m0

4o

78
¥4

16
14
19

1%
Kl

16

~

10
10
11

AN

1y

17

15
11

Ry
A2
A

16

12

Mo o T

[ JEVON W

NabM N

Y RY

ow oo
® o o ¢ o

. oY

13 13 24
13 14 - 10
Q Q 17
17
3

q
12
I4
5
>

s
1A

o @~

84
RG -
L1

1z

13

R?

206



vt

y27 X7 x31 Y22

x28
7.6
Se0
St

X?7.
e
7.R

beb FSob

X6
.
9'7

vpe
)
[

iR

13

19
10

18

Ye?r
13
14

11
i
12

ya
1€
12
12
18
13

16
11

11
14

Y21

”‘Y’>0
19
14

{0

10
14
12
8
14

s

X1
88
89
a0
a1
97
LR

L u

 C

-\C.O‘

N

[TandV e}

~ O

G®L T

14 12 19
13 345 10
17

19
15

i0
10

15
13

au
a5
. 95

. N

k %0,
3.3

21
48

13
10..
12
16
{&

15

14
19

L
. .

10
-
qr
12

Q7
CLE

[Tl

70“»

1

IR
11
'K

10
4a

Qg

L

41
14

102
10

o

11
13

11

s
12
in

£?
12

17
11
10
18
20

11

v

{8

15
1
7

17

1?
16

106
105
10#
107
108

[ ¥o

[
-
£

7.5

7.2

12
18

{R

12

e

[3

7.1

1A
16

15
11

RS
1N

14
R

10

14
16

{109
, 110

»(P"

B I 4

" 5N

KT H

~ ~

13
10

5
1?
10 - "4

10
12

111
112

R,5
a3

A
1o
{n

15 .

13 - f

113

[
'l‘_»

T

{8
15°

15

18
14

114
115
116

10

13



X18 i 20 X21 X?2 X271 X24 X2®  X?h  y27  XPB X270 ¥X0 X31 X32 ¥3°

X1

1

[T B T oY o, 2 VS LY

b.1
*.0

54 E

11

20
-0-
)

117
118
119

n
100

1¢C 19

i

120

“

0N a N N

[V, B PV 4

[ QI SR SN (ol oV}

IR 2 o AN * A BN SRR T8}

qO O o O

.

13

M~ o a
-

-

12
13
5
13
16.

7 11 A
A 12 15
5 15 18
14 11 18
10 11 th

14

ta
?
2

11
12
16
17
12

121
122
123
124
125

1y

-

~

11
16
15
-0

10
13
10
=)

12 7 16"
12

14

126
127

Seli-

Y

12

16

11
=0

12

Lol =

~w

17
-0

18
-0

128
129

1208



A
Fd

209

1]

0= 0=
u- ‘0O~
be yl
¥e B RS
T
wd | de
U= -
o= L=
L) 1
VL B 4
d= U=
‘e J.wl
e _ o3
D2 ‘ﬁm
J= U=
U= .-
J= U=
- o=
ve £
- o=
U= Ne
u . nt
v=- c-
u- d=
ol $c
J- fi=
J- 0~
v= c=
u- v=
LA v A

U=
u=
11
Cl

=

X

9N A

BL

Y

De

e rA

ol

-nY
wi

Yo

-+

U=

Yl .
vk

U=
bd

h9.
)
n%

us
bd
ce
Y
vl

4
Dl
0N

Ne=

Crodaeowoar CRNMMOCRCECOE Na CE&NTE O

Pl

~
-3
b

tNX.

a

:

rMrowwmoa

SeuafuIanrya ITCNICCHUE I ~K

20X -

~

ECOHr O U UNEY WS 2O

N

-t
e
>

-

AR OV COORNMOLECTOCNIRC L UMW RN F&n 2

i

JnA

MO0 ICLOU X I IO LELU N BN IO OF P L

¥

S

LA

MIOEANORNCE UMK WM AN G U T8 ROULI O™,

beX

’

LMt MO @~ T S ol AV RVl ol VAL O T IR VO I TR Y

e X

TLOCUVNMUECEIMNDOODCT 30 a 3

MO OU BN OO oK C 3
. )

-4

YR

UuQUOCOCOoOWwuUuDaouw JullC «Wr Crw i oo

3

-

9
~ -
>

C ITOU NOULODDVNE WL WE L NDIT e ou amiE nm

’

nex

VLT A TR Yo N

PO FAMIUT ECNCTT e M 2 AC e C
f*ﬂv‘f‘wév—tﬂwr(\l(\)(\ VIS VR VI JURE SO VI oV}

-~
x



210

- 8i ey Q¢ 95 . ¢4 o e 2 um 9 " 4 ¢ e 9 -
a- U= o- o= 0~ G- w9y ool Y o - 9 s
cu=' U= . . 0= - u=. ®s . Co ¥ 5 .S R 9 £ L e .
u- b= U= b= 0- nh ¥ B N B N 5 e R F
u=" U= u- PN | SENT o hooon " LA A -
U= U= U= U= e . s b n 9. S g 9 9 v ¢ 8 " -
wh 12 o 06 L Y] v & g9 Y h g 9 . ¥ 3 "
u= J= 0- = 0= 9t g- g 3 " S ¥ ¢ .Y 8 oM g
e 1 S T SN V/ nn. g, . .9 L ] " 9 L s L9
99 ge - Cw.. . Gh . 0e . co. 9 'S . 0F ¥ oM v 3 6
J= U= 0~ . s L®ae . 29 b 9 4 9. n ¥4 ,°9 9 Jb s
u- e U= L= 0- -+ u- CREN o 01 s L Z S 0 6
b= 0= - -~ U= 0= wr 0 ¢ ¢ 9 0y s . ¢ 8 2 ¢
G-, C- U= Ne 0= 28 u=  0- J=. Q= _ 0= 0~ _u= “4d=  J= Q-
U= e d= .. 0= 0= L= = 0= D= 0- .0-. 0- 0= ..0- 0- O-
- - i=- 0- G- 0- ey o v s . & g g r 9 S .
e _ 4T n 6 8. M9 Yy -8 e L. £ 9 M oy 9 .
P ¥ 1 B 09 . Y ] P g Y " L i 8 ¥ &
0= 0= Q- (= ¥n 9y L Y gy Y £ 3 h o 2 S
i=- 0= . 0-.  u- 0t ¢l u 3 S 9 g "o h Yy g R
SE T e¢ 49 29 99 . <o (3 L h L6 L w s s ]
ue- G- 0= J= 0c. -~ we CIE L W "oy 9 -9 3 8

Y= - - L= 0= - oux v m. 9 9 U LS 2 £ 9
L= C= = 0= - 0V - u- t- 0~ (= - 0= 0= 0- u= u= 0= =
50 le - b 9y 4o . UB N " o oh S 9 v £ 13
gd4 - <t "% te .- 99w ¢ 2b ¥y 5 8 L v 9 l 4L 9

F S R T 00F  ub¥ . Le T’ 4 e 4 S B A 9 é L ) "
U= . G- o= G- 0~ - 3¢ Lo .8 e L S h ) s . L. 9
L= - U= L= wm v vk ¢ b ¥y 1 S SRR £ -
LA BNA X utX - GNA nn X rhA  cnX  bnx o 08X brX #eX LE£EXK YLA  sEX  NaX.



1211

gl
vl
J=
Jd=

u=

Se

..o.l.

VR

o4

-

2
e

U~
ug

U=

U=

o=

Ul.
C|
"ad

0d

vz

Gr

¥
fvN 4
Y

LA

(3]
[

[SSEEVVEL D N
- e

a
[

1]
¢}
le

he.

-

el
f-

00}

Je

v9

0
un

vf
ry)
ve
oh
9y

yhx

‘vl
g

gl
24
oh
4>

m

8w

uh
w9

-

¢l
KD

¢S

_._x.

v
C-
uc
nh

U=

‘we

79

¢l

40
Iy

93

¥S
']

X

T TORULMUPLOUL NG TION PO UL BTN QLD ING O

ONaoe C a0 o

-~

|

[
]
L]
'
]
'
o

NP OOCOCaUooC0oda «a g«

W™ R e e RN COM 2l I LM o MW
PGNP IR ADON OO M0y 3

COUEMNEIANAME ODOMNMITOCRMNMNONIEN MDA W0~ C
CEaNMOLEOL VW IOFM OOMNOWBN ONI IMC U NN
LA UMNTU P UBUNITOR YOl LY WM TG w

N N
MIMNTAUUANCE INOOMEPN QLM EIULMIANIEL

MWK FUDER IJOIF CUMME WL I CIR U a W
AN IN LNV ILCTOTRNOIT TN TT el LD NS T T

o
~.
>

ls
9y
Sy
he

-9
c
‘bh

CoO+NMNIVNOLNDOONOAMmINONT T e
OO LCOOOETOOWOANMAMNNNNRNNNNG

-
>



+

212

FRE

vé

ng . 04

5N )
y= . tl
0- Q=.
8L D¢
ny . 06.
by . 0=
LS 8l
. Bl .4 CI
3 99
b 09
v - SF
he 0¢
ve 0=
b9~ 95
gh LS
0- 0=
KA oy
ve L)
99 - 04
0- U=
49 9
wﬁ : A\CQ,ﬁ
g 1 R
oY reu
al ab
Y 0s
1 0o

LNX T unx.

Y.

0w
hYy
9y

R'L)

08

¥9

.“\..

¢l

9

0=
09
0G ¢+
9
Ug
90

By

73

.

g

. 9d¢

9 0- 9=  u=- 0= 0- O~
Hy ¥ 4% & 5 4 "
99 S T o 6 : 5
L- l ‘@ B Y h N
hy - o - N & ] 4 V]
7} i) c z " h <
nh v 9 4 L s L
0n : T R R )
9 . & 5 Y ) Y Y
¢ 9 s ¢ 9 h
Cun ¥ l " 9 L ]
ny g % ) v .- 2 )
Y ) ¥ 9 ] g 9
vh. 8 El ‘9 9 4 L
cd () 1S & £ - N 3
UL B L 9 g 9 "
9% b ¢ X ¢ 9
Yl gy 5 L L T
~ 0 L X Y- P Y " .
T 0= U= U= U= u= O~
vy ¥ L 1 9 9 9
vy 8 . 9 ¢ 9 l " L]
9g e N o) 9 R
RN B SRR R K] ) | SRS
bl e g 9 9 R ]
Y ] © ) b g
e L Ny 9 £ L
59 R K] ° L 9 é
do 9. 4 9 Y L v
nAx . E0X 2nX TuX  0ax bEX wiX.

COME I L ILNCETON CMAOPr F CRNCEN I NA Lo

- 0= . 0- 0-
n .5 e
01 9 9 .
9 B TR
L S ¥
9 3 x
o 3 4
PSR | }
A n.
) vl 9
9 9 rs
.o 9 ¢
-9 A 9
9 £
S " .
RO S
" 4 ]
9 o 9
- - 0= 0- 0=
3 P ]
B B L .
- 9 A
g o - b
L Jb ¢
‘v L 9
P . d
4. 4 !
) y) 9
TN

L
~;
x
N u‘
o
>
=
~n
X



213

On
b
FR |
1)
Cl-
Lo

9y

ol
yh
J=
Yn
Ye

bnA

P A 2
gl
he
Ol
¢l
0¢

HEnA.

el

L-
45
sh

L%

89 < e e = gy
sb - el Lol 8 o 9
e un Cued o " e
L2 48 ¢6 v S
b - Uy 09 L " 9
U= 0= 2Lt u L
(v " G0 2 S Y
‘ue . HE 96 ] 9. 9
o 0% hh . o 3 <
ut el "9 9y 9 L
G- 0-, <3 ) 7 :
6¢ 2T T = 0= (=
s 99 ¥9 9 L L
YN X (AP %X X - chKk o Tax

ROIOVICMIN T3

c.
ol
>

u D;FﬁJF TNMNM O

4

M~ ro
!

KoM PO I N O

L Y

oMU C e~

LEx

T

rosArPEITAra

RN Y

,mlwwwwmuhqc

~ o
N ]

Ve
~
P



APPENDIX J-

PRELIMINARY STUDY:

. ‘214



25

PRELIMINARY ‘STUDY

This 18 a brief summary'of a study the researcher made during N
the 1971-72 academic year at Mount Royal College in Calgary, Alberta.
In September, 1971, a One—semester calculus course, PMAT 201,

| ‘was offered on an independent study mastery learning approach similar

to that described in Chapter III. There was a difference in that the
students wrote wveekly tests that counted towards their . final grade and
there vas no formative testing; At the beginning of the semester,
scores were obtained from the General Aptitude Test Battery (GAIB)

The GATB yields a general intelligence score (G) and subscores for
verbal ability (V), numerical ability (N), spatial ability fS) “form
perception (P), and clerical perception (Q) These six scores vere_
compared with the final achievement scores (in terms of grade point) of
"the students. Heans, standard deviations, and corr:lations for 37

.students are shown in Table XIX.
-Table:XIX :

Heans, Standard Deviations (SD) and Correlations (r) . 7f-7f
" for 37 Fall (1971) Independent Study Students : T

" Achievement.

¢ v N s  _p - Qfl'j' Score
Mean  71.2 616 77.0  70.0 7.8 Ble 1.7 |
Sb 0 18.20 214 155 233 2006 158 1.4

: . . : 0 ) ) &
r h o —0.344* -0.303 '0.087. ~=0.269 - 0.157 ~0.330

significant at the 0.05 level e
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lA comparisondof gchievementrscores with scores on the Wonderlic‘
Test for Al'studentsvshowed.a nonsignificanticorrelation of -0.156. The
WOnderlic Test is an adaptation of the Otis Self-Administering Test " of
mental ability. A nonsignificant correlation of —O 087 between achieve-

ment scores and scores om the Van'Wagenen reading test showing rate of ' -
comprehension in words per minute for 43 students was also found.

In the 1972 spring semester, the . calculus course was again offered
on an independent study mastery learning approach a8 described in Chapter
»III except the course was. completely self—pacing. ScoreS‘were obtained

fr9m Costello s{scales of need achieyement. Means, standard deviations,

and correlations;are as shonn in Table XX for 37 students:

Means, Standard Deviations (SD), and Correlations (r)
for 37 Spring (1972) Independent Study Students

oz mmam— —\—;--—»—-,-»———-——- e e = = e = == 2.z = mz==

‘~§ostello I »_,.Costello o Achievement
’ Scale I - - . Scale II - . Score

: . S o L I
. Mean o 641 S 6.2 o - 2.0
so. . 2.3 S5 R O X

T S 0.325% L 0.483%x

x ' . R ,
.significant at the 0.05 level
**significant at the 0.01 level

The absence’ of a significant positive relationship between general
'ability (G score) and achievement in calculus in the fall semester, and .
the presence of significant positiVe relationships betwaen need to achieveb

-

scores and achievement in'calculus is interesting. - The latter relation-
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ship'makeS'sense in that the course was highlf structured and involved

considerable work for'the atudent,.regardlesé of his intellectual powers.

e = -

‘However the former situation is indeed puzzling.

) ‘ The dropout ratio for the 1971 fall and 1972 spring groups were

'-52 per cent and 54 per cent respectively. When PMAT 201 was taught by

"the lecture method during the 1970 academic year at ‘Mount Royal College,-
-the dropout ratio was 38 per cent.

¢

The mean grades on the final examination for the fali and spring
. groups were A&JQAper cent and 76 6 per cent respectively The difference
in the method of instruction for the two groups was with respect to .
. formative testing and self pacing. ,The spring group had formative testingv -
‘ and aelf-pacing, whereas the fall»groupkdidfnot‘have.thesevtwo aspects
\of indepgpdent study Theﬁleeture group‘of 1970 had a“mean’final

examination score of QS 6 per cent. All final'examinations were very -

similar in nature.
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STEPWISE REGRESSION TABLFS FOR' TERM TESTS OF THE
LECTURE AND INDEPENDENT STUDY 'GROUPS
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