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ABSTRACT

The purpose of this study was to formilate a "multi-approach
“ []

rationale" forwadulf academic upgrading pfograms, to develop Q?mathemaiics
teaching strategy and instructional materials upyrobriate'toishc rntionglo
and to evaluate the ext®nt toiwhich using éuch a curriculum meets specific
student characteristics and neceds. ~Tﬁe multi-apgroach‘;ntiognlc was

basically an eclectic position WGFEh incgrporatea,process and mastery

learning in u_mpdule format . The subjects were the students enrolled in
level T technical mathematics during the 1976 spring semester at Alberta

Vocational Centre, EdABﬁryn. They were randomly assigned to three

experimental groups, one of which constituted the control.

All groups received an initial three week review. The control
group then proceeded through the course in a somewhat traditional manner.
The two treatment groups employed a curriculum formulated on the basis

: : ‘ .
of-the multi-approach rationale which was developed. Students were

encouraged to do independent work on the course and to meet’ regularly in

ﬁﬁali groups to do remedial work.

It was hypothesized that: (1) with respect to the mid-term and .
final examination results, the population means of the fhree groups
would be equal, (2) the performance on the final examination by students
within each group would be independen; of their attendance records,
(3) the prqportions’of,studeﬁts within the three groups qﬁgwering

positively to various featyres of the treatment would be the same.

“iv-
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A one-way analysis of variance model was used to test the signifi-
cance of differences between groups for hypothesis (1) above.

Multiple comparisons were made by using the.method developed by Scheffé.

All Qtner analyses were undertake:ify applying a Chi Square test of

ind?pendenee or test of significante of the difference between propor-

Vg

tions. A .05 level of significance was used throughout.

£y

Results indicated that the.treatment groups both scored
significantly higher than the control group on the mid-term examination.
For the final examination the treatment group marks were still consider-

ably higher tnan for the contfol group, but the differences were short

of being statistically significant. No statistically significant
"association was found between the final examination score and attendance
Tecord for students within each of the three groups. The data did

.indicate though, that for the control group, good marks were much more

dependent upon good attendance than was the case for elther of the treat-
ment groups. Student responses‘to various features of the questionnaire
showed remarkable similarity for the two treatment groups. Overall, the

responses by students in the control group tended to be more negative

“

than for either of the treatment groups. - \

It was concluded that the use of the multi-approach rationale in
. . N ) y R

offering mathematics instruction to adults is an effective way to

facilitate their learning as well as to meet some of the unique charac-
teristics of these adult learners.. _ ’
i) : /
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CHAPTER 1

INTRODUCTION AND NEED FOR THE STUDY

o INTRODUCTION

A recurrent theme in education today is that the learning
process must be oriented pe the learner in such a way that it meets
individual needs and is directed towards the attainment of individual
goals. Bergevin, a specialist in adult education, shares this point

. )
of view in making the following statement about the adult learner:
He must be offered an opportunity to attack
a problem in a way suited to his nature as a
learner, at a level he can handle, in a manner
(process) that helps him to know more about
working with others and himself as well as
about a particular subject. (Bergevin, 1967,
p. 26) ‘
He is implying, then, that the learner must be the central focus of
the whole educative process.
: ‘ /7
+ In attempting to devise an effective mathematics program for use
by adult learners, one that takes Bergevin's position as a guiding
principle, many factors must be taken into consideration. One of the
most important factors is the formulation of a general philosophy for
adult education, a philosophy which will serve to provide parameters
within which decisions can be made. Before any such formulation is
feasible, it seems desirable to consider the viewpoints of leading

adult educators, curriculum specialists, mathematics educators, and

learning theorists. As well, very definite consideration must be



-

given to the development of of terive means oy chooasing of approprias
subrect matter tor inclusion i the progrsa.  Tn addition, lecisions
must be made pertaintny to instructional methe . ovogy and evaluation

techniques.

Education has come a long way from the time when the CUTriCUIhm
;

consisted of slate, rod and teacher. Today, the number of variables to
consider in the process of developiry and subsequent implemen:ation of new
curricula 1is 'staggering. In relation to acndcmig upgrading programs
for adult learners (for definitions of terms sce section I1V), fhough,
the number of such variables to consider is somewhat reduced. This is
due to scveral factors among which one of’the most important is that
adult students demonstrate a rcigkivcly high degree of matu;ity.' This
frees the curriculum developer frém having to éonsidcr such things as
the discipline ramificaﬁions accompanying proposed cﬂanges of
iﬁstructional methodology. . Further, ﬁatters related fo.subject matter
content and mode of insfruction of'speéific courses arejnOt gehc%ally
decided in' the public arena as 1s the case with curricula for use in

~ i : ' . .
the public school system. Thus, the adult curriculum developer has a

cerE?in amount of freedom to exercise in making-his decisions.

SETTING AND GENERAL PURPOSE OF THE STUDY 

The setting for the study i1s the Alberta Vocational Cenitre situated
] .

in Edmonton. This institution 1is administered by the Department of

Advanced Education and Manpower and offers unique educational opportun-

ities to adults, who, because of limited educational and occupational



skills, find themselves at a disadvantage in eobt ining and holding M
suitable employment.

The modern facilities of the Centre can accommodate
more than 1000 students in programs of general
education and occupational skill development.
Students are given the opportunity to earn the
credentials necessary for direct employment or for
entry to technical institutes, colleges, univer-
sities and programs of apprenticeship.
(Alberta Vocatidpal Centre Calendar, 1976)

i

Because of the fact that the Centre emphasizes placement of students at

~
~

their '"functioning' level, pfospective students are required to complete
placement tests before admission can be considered. On the baéis of
these tests, and other iﬁformation such as vécational goal, an attempt
is made to plan a program of studies which meets the needs of each

individual.

(1) to formulate a viable rationale for academic upgrading programs and

The general purpose of this sfudy is threefold:

subsequently to use this to provide guidance in the development and
implementation of mathematics curricula to adults. .

(2) to produce instructional stratigies and materials appropriate to the
rationale.

(3) -to use t .se structionalvmaterials for one full semester and to
evaluate thc'~ wffectivenezz in an adult upgr:zdin- setting.
In carryin, --ut the study the focus will be on the technical

mathematics proéram'offered by the Academic Upgrading Department. This

program at present is roughly the equivalent of the mathematics 13, 23



and 35 programs offered in the reyular school svstem. At Albert.
Vocational Centre instruction is provided during three semesters:
two tive-month semesters (August to January; February to June) and

one summer session of nine weeks Luly oand Aupgust),

NEED FOR THE STUDY

This studv can be considered as a follow-up to a 1969 study by’

David Schoenfield entitled A Bascline Study of Adult Training and

Retraining in Alberta. One of his major considerations is that research

15 required ihro problems related to methods of training adults of

different ages. He ulgo suggests that attention be given to various

variables intluaencing dfop-our rates. His main plea is that "the major

orientation of research should be towards action' (Schoentield, 1969,

p. 75). In making this statement Schocnfield 1s implying that the purpose

of research in this field shouldd Bq%jirected towards improviné education
e .

programs as opposed to merely making 'status quo' reports.

It has long been 4pparont that, in many respects, the

mathematics programs in Alherta'siacademic upgrading institutions have
been inadequate. Presently -there is general willingness, on the

part of teaching and administrative personnel alike, to consider
possible changes. Oliver (1965) states th;t the scope of proposed
curriculum improvcmentitgst be based on two primary considerations:
the school's readiness'fof change and the nature and extent of the
inadequacy of the present educational program. It would. thus seem

desirable that considerable energy be devoted to revision of ti.
\ .



present mathematics program.

Historically, the institutions involved have 'borrowed" from the

S

regular school system the course of studies and te(:books for high
school mathematics and hav presented the material to the students in
much the same manner as is done in the more traditional public school
classroom. Considering the characteristics of adults as learners
which differentiate themufrom younger students and also the particular
needs and goals of these more mature and pragmatic individuals, this
is a questionable practice. The whole problem has been compounded by
the questionable Appropriateness and readability levél of many of the

prescribéd textbooks. This can be exemplified by reading the opening

statements in the Introductions to Principles of Mathematics, Books 1'and

2 (Dean et. al., 1970, 1971), the textbooks which are currently being
used in the technical mathematics programs at Alberta Vocational Centre.
In Book 1 Dean begins, '"You are a very lucky person! You are young and
are living in one of the most exciting periods 6f history." In Book.2
his opening statement is '"To be a teenager in the Space Age is both a
privilege and é responsibility." Bergevin (1967), a specialist in adult
education, reports that his research ﬁas shown that adults are sensitive
about their roles as learners and thus do not want to be exposed to -
learning resources which §ﬁack of childhood learning. Accordingly,

~Dean's statements are inappropriate for adults.

Irving Lorge, Howard McClusky, Cyril Houle and Edwarg Thorndike are

among those who have published the results of their research relating to -



P

the characteristics of adult learners. More recently, Bergevin (1967)
and Cass (1971) have published works in which are identified several
crucial issues in adult education. They have attempted to answer
quostion§ such as: How do adults lcnrn? How can teachers of adults %o
used most etfectively? What are the major problems whicﬁ adults facd
\\\ upon returning to school? Cass (1971), upon analyzing the tundamental
data provided by Thorndike, Lorge and others, identifies scverullkey
factors which make the teaching of adults quite different trom the
teaching of children. She concludes that the typical adult is ready fo
learn if the material presented bears upon his needs and deals with con-
crete practical problems. Theﬁnddlt feels an urgency tb learn and‘thus
tends to be an impatient learner. Further, due to the wide variation
in age, experience, and past oducatidn of adults, the role played by
individual differences must be accentuated. A more lengthy‘investigation
into the psychology of the adult, as learner, is included in’fhc Review

a

of the Literature. Vv

In considéring the direct{pn of this study, several further points
_must be made. First, there is _a real neéd today, as exbressed by 5oth
Provincial aﬁd Federal sponsors of adult students, for programs in which
thé students can work at a more individual rate. As is the case in many
of the public schools, there is a general lack of special attent;on given
to those students who either are very capable or are experiencing great
difficulty. In ;ddition, there are many students who ekpress the wish

to be able to work at an accelerated rate in an attempt to gain faster



entrance to some other post-secondary inétitutibﬁ Or training program.
There are those, of course, who require ‘a more extended period of time
in which to master the content necessary to gain credit in a particular
course. It thus seems very dJdesirable that work be done in developing

progfams which allow for the individual preferences of the types

mentioned.

Secondly, in adopting a moré individualized approach ta mathematics ‘
instruction it becomes necessary to place increased emphasis on the
importance of reading abili;y in the learning process. For a variety
of reasons, reading has not'been emphasized as a vital learﬁing tool
for the adult to use in solving mathematical problems. The main reason
perhaps is that many adults who\return to school are, in fact, relatively
poor readers and as a result tend to read only when they. absolutely have
to. Recognizing this characteristic of their students, instructofs of

mathematics have in the past based their presentations on the traditional

lecture and note-taking method. This practice has had the effect of

reinforcing the students' reluctance to read and has given them the

impression that reading and individual "research' are relatively

unimportant. In many adult classrooms the instructor has dominated the

whole educative process and as a result he, rather than the student, has

become the focal point. Consequenfly fhere has been relatively little
: .

time devoted to individual work or student-student interaction.
! .
) )
Finally, in considering the consequences of the above statements,
. < :
it is necessary that- a well-structured program be prepared. The



~individual units o% work Must be organized in a,logical and sequentia]

‘mahner to facil%tate sméeth progress, on the part of the students,

through the progréé.‘ To be cffective, the materials must be complete,

concise, and in a language appropriate to adult lea?ners.\ Again, the
emphasis must be on regdability. iﬁ this study these materials will be
termed modules.i‘A module Qill consist of a‘cqlleqtion of materials fof

'usé'by studepps in a.struttﬁred classroom setting or on an individual

basis - ihcludiﬁg textbookks) or teacher-prepared textual material,

diagnostic tfo;mative) tests, and remediation aids. Thereare many
advantages to having such a program fdlly de;eloped and available to
adult students. Among them are thé following:

(1) Those students who miss class time through iliness or other
circumstances (such as family break-up or babysitting prdblems)
will be better able to 'catch up" by»referr;ng to the relevant

‘éectioﬁs of a learning package, rather thén by copying someone
else's notes. Experience has shownvthat many adult studen%s
though i1l and at home w111 do some work while still at hoae in

" an attempt'to stay abreast of their course work. Again, w1th a
‘well organized learning paekage in their“pgssessien,,éuch ‘

students should find it easier and much more productiVe to do

such work.

The importance of the above is highlighted by the results of three
1ndependent drop-out studles (September 1971 - June 1972,
September 1972 - January 1973, and September 1973 - January 1974)

designed to ascertain the reasons for student terminations from
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th¢ upgrading program at Alberta Vocational Centre.' In each
survey, illness was stated as the major reason for termination.
It is significant that in many cases it was illnefs of a

family member other than the adult student himself that inter-
fered with aftendance at classes.. It is qﬁite probable that in
such‘; case the adult can do é great deal of school work at home
if, again, he has a learning package which makes it relatively
easy for him fo do this. The chore for the curriculum developer,
then, is to prepare such a programwhich can be used by students

without being reinforced by a great deal of lecture-giving and

note-taking.

(2) .Individual units of work (modules) pertaining to spécific topics
such as scientific notation or significanf figures, can be |
”iifted" from the program and used by students in chemistry or
physics who require extra work on a particular mathematical topic.
‘This has in fact been a repeated request by such students and

their instructors. . o : I

In summary,-the above suggests ‘that an approach‘tO'adult upgrading
in mathematics be developed which incorporates materials presented in
a2 module format. These ma?erials should be appropriate to adult -learners
anc . ould facilitate those who wish to progress through the course at an

indi - iu ‘= of speed.



DEFINITION OF TERMS .

» ]

tudy should.belunderstandablé

‘
Most of the terminology in this

in the context in which it 1is used However, several teré; must be

_clarified:

adult education: those systematic, sustained and supervised learning
~activities in which adults are engaged on a full-time

basis, while attending institutions similar to

. Alberta Vocational Centre.

adult student: any student, regardless of age, who is attending an

adult educational institution.

academic upgrading: that educational 'process in which students, who {/

do not possess an adequate level of general edrcation,
are enabled to earh the credentials necessary for-
direct employment or for entry to technical institutes,

colleges, universities, and programs of apprenticeship.

module : a collection of materials for use by students in a
structured classroom setting or on an individual basis;
ﬁrimarily teacher-prepared textual material, diagnostic

(formative) tests, and remediation aids.

mastery learning: an_educationél strategy defined in terms of attain-

ment, by individuals, of a pre-defined achievement

level for a specific objective or set of objectiﬁes;



11

process learning: an educational strategy the goal of which is to

help the student to cope effectively and automonously
with novel situations by being able to apply highly

generalizable skills and operations.

%



CHAPTER 11

REVIEW OF THE LITERATURE

In drawing from the contributions of leading educators it was
mandatory, for the purposes of this study,.to focus on possibie
applications to the sphere of the adult learner. This preséﬁ{ed
some problems in that the major portion of.the 1it;rature was
found to be directed towards a more youthful population. However,
in such situationg it was assﬁmed.that many of the basic concepts
and generalizations could be directly applied to the adult learner

|

although perhaps in a modified form. ‘

/

Information.was required primarily in the areas of adult
education, mathematics education and learning theory. ' In that few
people could be considered authorities’in all these areas, leaders

in each individual field were reviewed. Their viewpoints helped

provide direction to the goal of formulating a viable rationale fc.

academizkupgrading-programs.

ADULT EDUCATION

Time and energy are wasted by the adult educators

who plan and conduct programs of adult learning without
considering the nature of the learner and therefore,
make little effort to fit a program to that nature
(Bergevin, 1967, p. 66)

Bergevir  philosophy for adult education is based on -the premise



¢

that every attempt must be made to provide an education which 1is
"'personalized". He states that every adult can learn and that every
adult can be helped to make better use of his inteliectual capacities.
It is further suggested that an understanding of freedom, discipline
and fesponsibility promotes the discovery and productive use of our
talents and that these three concepts can be comprehended only
through a variety of inspired learning experiences. :Bergevin thus
concludes that traditional teaching procedures and learning facilities
are very often inadequate in providing for adults' educational needs.
It is argued that too much emphasis is placed on the speed of
learning, and furthér that this "philosophy of speed" does not result
in the production of quality human beings - human beings who have
improved in their ab;lity to perceive situations clearly and toilearn

thoroughly. This viewpoint is shared by Bloom and other proponents

of the mastery léarning approach to learning.

Any attempt to bring the learner into a meaningful relationship
with what is to be learned, in both the cognitive and affective
dpmains, mﬁst be done in such a manner that the adult hés a dynamic
‘relationship_With the processes’of leérnipg. In making this statement,
Bergevin (1967) contends that the adult must péfticipate fully with |
the léarning pfocess and must be given tﬁe opportunity to exercise
‘his judgement in learning situations. This emphasis on the processes

of learning is parallel to the position taken by Biggs (1968). He

(Biggs) states that the intent of process learning is to change the



learner in such a manner that he is capable of reacting cttfectively.

and autonomously when confronted with novel situations.

Bergevin cautions that one of the major problems related to

» )

implementing new approaches in education is resistance to change.
The adult educator gets the student who has been schooled in the
traditional system - as he himself was. The author concludes that

this results in the adult student expecting what he always got from
< s

school, namofy, a certain amount of information doled out in a certain
amount of time, mostly by the so-called lecture method. The adult
is ‘a product,of a school system characterized by a fairly rigid
atmosphere, a relative lack of active learner participation, a very
definite time coﬁstfaiﬁt, and a teaching procedure that/sets teacher
and learner apart. ‘AccOrdingly, the educator must be'éwa;e of the

mental '"'set'" which the student brings with him upon first entering
! . P

an adult educap{onalyinstitutidn. _

Eergevin states that although there are a few adults in every
educational program who are concerned simply with‘increasing thei.
general knowledgg; the majority of participants are motivated by a
much,ﬁore pragmatic Teason. Thuslthe conclusion is reached that the
practicality and applicability of the material in a particular pfogram

must be foremost in the mind of the educator. He further states that

~

"the average adult learner functions in the realm of reality more than
in that of abstraction, and a problem-centered or situation-centered

program is real to him" (Bergevin, 1967, p. 149). This is as opposed



to a '"marrow' subject-centered approach 'in which itis assumed
that particular subjects per sc are of great interest to adult

learners. /

Finally; in A Philosophy for Ad&%t~;§uédtion,_the following

observations are made by Bergevin (1967). Each would seem to have

relevancy to the adult educator.
- 4

(1) Many adults brin, .egative feelings with them to the classroom

because they resent authority.

(2)  Adults are sensitive about their role as learners and as such

do not want to be exposed to resources which smack of childhood

learning.

(3 InadeQuacy and possible failure are more likely to be in-the
forefront of the adult's mimd than in the mind of the average

school-age child.

(4) Most adults must rather quickly see more relevance and immediacy .

of application of what is learned than is the case with

children.

(5) Adults become frustrated and discouraged when education programs

do not stirt’at an intellectual level consistent with their

previous schodling.

2

One is struck by the juxtaposition of observations.(2) and

(5) in the foregoing. In evaluating the learning packages this will
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have to be taken into account. That is to what cxtent is it
possible to start mathematics instruction at a level consistent
with previous schooling and at the same time not have that portion
of the program smack of childhood learning. Further, it would

appear desirable to ascertain the extent to which Alberta Vocational

Centre students demonstrate the many characteristics to which

Bergevin refers.

7

MATHEMATICS EDUCATION

Chalking a mathematical statement on the
board, the professor said: *This of course,
is obvious.' He looked at it again and
added: 'At least, I think it is obvious.
Then he retired from the lecture-room with
a pencil and paper. Twenty minutes later
he returned beaming and announced: 'Yes,
gentlemen, it is obvious.'

The above mentioned anecdote is used by the editor of Skemp's

“book, The Psychology of Learning Mathematics, to highlight Skemp's

contention that mathematics can degenerate into a presentation of
rules and procedures devoid of any empﬁasis on the underlying
reasoning involved. In the book named, Skemp (1971) questions

cthe approach used by ‘many teachers in which mathematics is presented
as beiné ob?ious. To him, a thorough understandiné of what one 1is

doing must be a major theme in thc .caorning process. It is stated

that ‘unless we understand basic concepts in mathematics such as those
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of systems of numeration, equivalence and mathematical models, then
we cannot fully understand the processes stemming from them. This
would seem to have implications for the application of the process

learning approach as advanced by J. B. Biggs (1968). Thc‘implication

o

for curriculum developers is that an attempt must be made to
identify those sorts of learning situations which lend themselves to

concept attainment.

Skemp's position is that learning must take place in an
atmosphere of interaction between intelligences. He states that '"in
mathematics, perhaps more than any other subject, the learning
process depends on agreement, and this agreement rests on pure
reason" (Skemp, 1971, p. 116). It is argued that thegé must Ee a
"meeting of minds" in the sense that the methods useq;must inciude
the student as an active learner. This position isféimilar to that
taken by Bergevin (1967) who states that the adult ﬁus; be an active
learner, that is, one wﬁo has the opportunity to e;ercise his
judgement in various Iearning situations. Skemp éoncludes thét if

X , N
what the student encounters is not intelligible mhzerial (to him),
then concept attainment is doubtful. He arguégﬂfhat presenting
material as a series of seemingly simp&é/;;;es (for example: to
solve an equation take all of the x's to one si@e and all the

J .
'numbers' to the other) is in fact harmful unleéss the rule is founded

on a base of real understanding.

-



In providing a rationale for these statements, Skemp continues:

Trving to understand something involves the
accommodation of one's schemas. To the
extent that what 1s being communicated is
not intelligible, the receiver is tryving to
accommodate his schemas to assimilate
meaninglessness. To dv this would be the
equivalent to destruction of these schemas:
the mental equivalent of bodily injury.
(Skemp, 1971, p. 117)

To clarify the above quote, a schema may be thought of as a mental
structure which functions in such a way as to integrate existing
knowledge and also to provide a means for the acquisition of new
knowledge. Skemp thus sees the student's mind bogglir at the

unorganized collection of rules given to him. He states that the

R
student is aware that he cannot find meaning in what is presented

to him but more importantly is not aware that the fault does not lie

with himself. The point is conceded that if all that is wanted 1s a
quick rule for solving a particular type of problem, then an
algorithmic approach is acceptable. He emphasizes, though, that to
be able to adapt one's knowledge to new situations requires the

. . ]
understanding of firm concepts.

Skemp's contention that the emphasi; must be upon the '"meeting
of minds" between instfuctor'and students and upon concept attainment
h;s implications for the cﬁrriculpm and‘instruction -1s formulated
in this study. Were a completely individualized approach employed,

it 1s doubtful that these goals coﬁld be realized. Support for

this point of view is found in the Report on the Newstdrt Demonstration
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Project which was conducted at Alberta Vocational Centre from

November 1971 to March 1972. The materials for the Project were
developed to fagilitate individualized instruction as opposed to

a group approach. Accordingly, one of the main objectives of the
Project was to evaluate the individualized style of instruction which
was used. The assessments reported reflected the views of all those
individuals involved in the Project - students, instructors and super-.
visors. A major conclusion was that although there was an adequate.
survey of mathematics topics '"consider hle elaboration or topics with
accompanying exercises for practice was deemed necessary if students
were to acquire the command of concepts and processes required for
versatility and flexibility in mathematical thinking' (Romanko, 1972,
p. 12). Further, the_point was made that "even with a cldss of only

15 students it was not possible for one instructor to provide adequate
individual assistance in circumstances Where.students were working af
up to 15 different stages" (Romanko,_1972, p. 8). It thus seems
advisable that although allowances will be made in this study for
students to work at a more individualized rate thén has been the custom
at Alberta Vocational Ceﬁtre, a completely individuglized»approaﬁh’will

not be used.

In considering the problem of negative feelings towards the
teacher (an authority figure) the point is made by Skemp that student-
teacher clashes can be extreme in mathematics in that the learni-g

processes in mathematics must be based firmly on reason and agreement.



I'f what the teacher is presenting seems unrcasonable, then this deepens
the feelings of Tésentment towards the teacher. The importance of

this cannot be overemphasized in the‘caso of the adult learner in that
{as reported by Bergevin) adults often bring negative feelings with
them into the classroom because they resent authority. Skemp states
that the problem of reaction against authority is minimized wﬁen the
students' schemas have béen developed in such a way that the material
seems reasonable. Under thesc latter conditions the instructor can be

accepted as a reasonable '"character" in that he has superior knowledge

in mathematics - a subject which is itself reasonable.

LSkemp identifies student anxiety .s one very important variable
which must be considered in assessing the effectiveness of any
teaching method. His basic premise is that anxiety may increase,

subjectively, the difficulty in understanding and mastering new

-

material. He states:

The more anxious the student becomes, the harder
he tries, but the worse he is able to understand;
and so, the more anxious he becomes. Thus a
viscious circle may be set in operation.

Given several experiences of this kind, the
situation itself, of a mathematics lesson or
lecture, becomes a learnt stimulus for anxiety;

so the student begins each lesson already partially
defeated. That this is not an exaggerated picture
will be vouched for by many, from their personal
experience. (Skemp, 1971, p. 125)

In stating that many adult students enter educational institutions
with extreme feelings of inadequacy and failure, Bergevin (1967) would
surely favor learning situations which minimize the anxiety to which

Skemp refers. Accordingly, special attention will be paid to this



variable in assessing'the effectiveness of the teaching strategy’

formulated in this study.

LEARNING THEORY

In Information and Human Learning, Biggs (1968) identifies two

general aims of education which have been traditionally distinguished:

the child(learner);centered aims. and the subject-centered aims. He

'states that according to the former, the central focus is upon the

development of the potentialities of the individual. The subject-

centered approach emphasizes the impbrtanéé of the transmission and
enlargement of a body of knowledge. This latter approach is
characterized as taking one of two rather distinct forms:

(1) the rather academig view that learning involves mastery, to a
particular standard, of a bohy of knowledge. "The criterion of
such learning is therefore the extent to which the learner is
capéhle to give evidence for his learning'" (Biggs, 1968, p. 3).

(2) the more utilitarian view thaf education involves the masteringA
of the facts and skills required by the average citizen.

In deciding upon the relative emphasis which each of the above

approaches should be given in ény educational setfing, Biggs‘étates

that none of them are likely to provide an individual with the
wherewithal to cope with future demands made upon him. He suggests

that the most desirable approach is to produce an amalgam of them

all.
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Such an amalgam would involve the learner as one
who (a) has mastered a body of knowledge, and
(b) has become, through the educational process,
a better thinker and problem-solver, so that ()
he is useful to society, despite- the fact that
changes in society prevent us from prescribing
in advance what his specific uses will be.
(Biggs, 1968, p. 5)

The means by which this ideal is to be realized is termed, by Biggs,

’

the process learning approach.

Process Learning

i

Biggs' process learning is characterizedkby teaching at a higher
level of geﬁerality, in order that the learner himself may construct
"codes'". These codes fuhcpion to allow.the link-up ‘of seemingly
aisparate events and also to relate these events to some more
universal concept. Lt would seem that Skemp (1971) is suggesting a
similar approach in emphasizing thevneed for the attainment of schemas,

N

by the learner.

" In considering the prbcess learning approach as a possible

‘

strategy for use at the Alberta Vocational Centre, the Report on the

Newstart Demonstration Project contains a key statement. In assessing

the effectiveness of the instructional approach used, the instructors

agreed that “tﬁe absence of variety in methodology created;ériées of
low morale and boredom from time to time" (Romaﬁko, 1972, p. Bj;

That these ére undesirable Fffects of égz_teaching method need hardly
be emphasized. It thus seems desirable that a "mulfi—approach” stra-

v

tegy similar to what Biggs is suggesting be used in this study 1in



order to minimize these undesirable reactions.

In Learning: Past and Future, Biggs (1973) further distinguishes

between content and process learning. He states that while process-

learning must always involve content to some degree, the emphasis

must be upon the possible transfer of knowledge to novel situations.

The learner must be taught to cope effectively and autonomously.'

Biggs conceded that when content really must be mastered then Bloom's

(1968) learning for mastery strategy is indeed desirable.' He claims,

though, that ''the prbcesses involved here are limited in extent, and

thus it is necessary--if fhe student's pdtential is to be realized--to

expose him to a wider range of situations" (Biggs, 1973, p. 7).

1)

(2)'

(3

(4)

A summary of Biggs' approach to process learning follows:
In that process learning cannot "occur in a vacuum', a certain

amount’ of basic content must first be mastered.

The student must be able to (or be taught to) apply highly

generalizable‘skills and operations such as writing and reading

skills. This would imply that in appiying the process to

- mathematics, a modicum of ‘computational skills must be present.

Basic problem-solving strategies must be learned in order to have

an effective tool at hand to give focus to the skills learned in

" (2) above.

The student must be involved in setting his own objectives. Such
objectives are‘terqu expressive (a term coined by Elliott Eisner),

and ''they arise in the course of the'learning episode and are



(5).

(6)

recognized and formulated (if‘at all) by the learner, not by

an outside agent. Whereas instructional objeciives are

.appropriate where the '"truth' is already knowr in advance,

expressive objectives apply yhere the.”truth” is relative,
emergent, and for the 1e;rnef to decide" (Biggs, 1973, p. 8).
Further, it is emphasized that tﬂere is merit in létting the
student hpow what it feels like to have to make bis own
decisions and fo have to "live with' the consequences.

The student should take an active part in his own efforts. For

" this to be an effective process, the evaluation should be

criterion-referenced and formative in nature as opposed to being

norm-referenced.

. Ther: should be a gradual movement towards intrinsic motivation

- where the task itself is of sufficient interest to the student

‘to provide the impetus for learning. "Being intrinsically -

motivated is a sigﬂél that--for the time'being and in tﬁgt
particulaf task--the learner is self-sufficient. And Béing
self-sufficient is what.process learning is all about' (Biggs,
{973, p.- 10). Statements made in the Newstart Project repor£

have relevance here:

Most of the trainees possessed weak study habits
and skills with the result that they were under

a sever handicap in situations that required them
to be self-directed and self-motivated. Several
~ weeks of adjustment were required before traineés
began to use their time efficiently. (Romanko,
1972, p. 8) .
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Well motivated students developed a high degree

of self-responsibility for their own learning.

Regrettably, a significant number preferred to

rely on the instructor to take responsibility

for their learning. - (Romanko, 1972, p. 9)
The first statement above reinforces Biggs' contention that to be able
to cope effectively and autonomously in learning situations, the
students must first have mastered some basic skills and operations and
some basic content. Only when this is accomplished, then, can students

be expected to take a more active role in directing their own work.

In addition, it would appear from the second statement that self-

responsibility of students involved ih'thelproject " ~y heavily
dependent upon their motivation. It would thus appea 1ble to
consider motivation as a key variable for consideration 1 thc

“present study.

In assessing the progress of students in a process learning .
program, Biggs suggests that there are two aspects of such change to
be considered; First, there afe those internal changes such as
flexibility'and driginality\of thought, and ability fo organize and
classify data. Secondly, there are those external manifestations of
spch change having to do with what the learner can do. It is upon
thgselexfernal and more easily observablé aspects that the teacher -
should concentrate. Thus Biggs states that fit is in fact easy to
set up a checklist of behaviors, speéific to situations in which the

student will be exposed, and determine the extent to which he behaves

effectively and autonomously'" (Biggs, 1973, p. 11). In forming such



a checklist of specific behaviors, the list of suggestions for the

1

-

formulation of a process strategy provides a good framework.

In summary, the point of view is presented that it is very

desirable that education become a matter of process mastery as opposed

to content mastery. The rationale given by Biggs is that the "knowledge
explosion' has resulted in a need for the development of methods for

the processing and organi%ing pf large blocks of information. This
approach is as opposed to the seémingly hopeless task of "learning it
all" in the traditional sense. The emphasis in education, then, should

be on learning how to learn.

Mastery Learning

Much attention has been paid over the past five to teﬁ years to
B.S. Bloom's mastery learning strategy. - Biggs (see above) concedes
that when'contegt must really be mastefed, then Bloom's (1968) learning
for mastery strategy is indeed desirable. Accordingly, a summary of
the key‘faCets of mastery Iearning is included herein and possible

applications to the field of adult education considered.

In Mastery Learning Theory and Practice, Block (1971) focuses on
: )

both the theory behind the concept of mastery learning and also the

advantages of this approach. He desc¢ribes the strategy of learning

+ for mastery as one directed towards reversing the conviction held by

many educators that only a few of the very bright students can learn



the major portion‘of what we havé to teach. He claims that “our
schools have not moved very far toward the goal of increased learning
for all students" (Block, 1?71, p- 2). He concludes that the result
is~thef only about one-third of the learners have successful and
rewarding learning experiences. Further, it is suggested that these
unsuccessful learning experiences limit an individual's chances for

-

economic survival:end»security in the field of work.

The importance of the above statements is very pronounced 1in
relation to adult students attending institutions similar to Alberta
Vocafﬁonal Centre.- The initial motivation for the majority of such
students to "return to school" is being unable to attain adequate
security for themselves (and their families); that is, they are
either unemployed or underemployed For them, an upgraded education

is perhaps their only real hope of eventually attalnlng a decent

standard of living.. at these sametadults represent the one-time
"rejects'" of the fegu ar school system tendé to lend support to.

Block's contenti r Block, the mastery‘learhingestrategy offers
the possibility th most all students can‘learn what we have to

teach them - if only we use the proper techniques to attain this goal.

*

Upon analysis of two early attempts etjthe'idea of mastery of
learning (the Winhetka Plan of Washburne and'essociatesband Morisson's
Univefsity of Cﬁicago Laboratory School), Block (1971) found that they
shared six ba51c operatlonal features‘ |

(1) Mastery was defined in terms of achievement, by 1nd1v1duals of



specific educa;ional objectives.

(2) TInstruction was structured into self-defined learning units.

(3) Complete mastery was required of each unit before preceding to

° the next unit.

(4) Diagnostic-progress tests were used to provide feedback to both
student and teacher.

(5) Origingl instruction“was supplemented with appropriate learning
correctives if the results of the diagnostic tests indicated
that such/action‘was necessary.

(6) In that complete mastery was required by each student, the time

~

required was let vary from student to student.

In giving a more up-to-date perspective of the idea of mastery

learning, Block presents Carroll's conceptual model and then shows how

Bloom extends this to give an actual working model. Carroll's model

is presented in functional notation as:

. Degree of learning = f time actually épent
' time needed for mastery

This notation ‘emphasizes a key featugre of mastery learning, namely,
that the degree of learning is dependent upon the extent to which
‘the time actuélly spent in learning approaches the fime needs for
thorough learning (ie: for complete mastery). It is fgrther noted
that these two time variables are themselves functions of certain

institutional and individual factors. Specifically, the time needed

28



for mastery is seen as dependent upon the student's aptitude, the
quality of instruction, and the student's ability to understand this
instruction. The time actually spent is seen as varying in relation
to the time allowed for student work and also the student's
perseverence. In considering the interreclationships between these
factors it is important to note that the aptitude is probably a
constant. However, the other factors are definitely Variablcs and

are capable of manipulation.

In thinking of possible applications of Carroll's model (as to
adult learning for\cxamplc) a Study of Bloom's (1968) working model
of mastery learning provides some interesting insights. Block (1971)
states that the operational strategy proposed by Bloom is very
similar to that of the two early mastery models. It is claimed
though that Bloom's more recent strategy is a great improvement in

two major respects.

First, the feedback instruments were much improved.
Their improvement was attributable in part to the
greater precision with which the structure of the

. learning units could be described. ...These
structural descriptions provided an excellent blue
print from which the diagnostic instruments could
be built. The feedback instruments' improvement
was also attributable to a major evaluation break-
through called formative evaluation. ...Secondly,
this strategy employed a greater variety of
instructional correctives than previous approaches.

...The sole function of the correctives was to
provide each student with the instructional cues
and/ar the active participation and practice and/or
the amount and type of reinforcements he required
to complete his unit learning. For these purposes,
the following correctives were used: small-group
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study sessions, individualized tutoring, alternative
learning materials (additional textbooks, workbooks,
programmed instruction, audio-visual methods, and

academic games), and reteaching. (Block, 1971, p. 8)

In Learning for Mastery Bloom (1968) states that a majority of

students can master what we have to teach them and thus that the
educator's task is 'to search for the methods and materials which
will enable the largest proportion of our students to attain mastery"

Ng _
(Bloom, 1968, p. 1). Bloom is implying here that there is no one method

which wif& work equally well for all students. He emphasizes the fact
that instruction must be adapted to the needs of the individual learner
as much as possible, as opposed to the Gblanket” treatment often used.
Further, 1t is argued that the presence of a variety of teaching
proceddrés and instructional méterials helps both teacher aig/student
to defeat feelings of passivity about the educative process.' This
contention is supported in the Report on the Newstart Demonstration

. BN
Project which was conducted at Alberta Vocational Centre and reported
earlier in theé:study. A major conclusion of that Project was that the
absence of variety of teaching method resulted in low morale and

boredom on the part of the students. Again, an approach which incor-

porates a wide variety of materials and strategies suggests itself.

In describing a mastery of learning strategy (being used by a
group of researchers at the University of Chi;agd in 1968) Bloom (1968)
provides som; insight into the general operating procedures and into
the techniques relating to formative evaluation. It is important to

note that the University of Chicago study involved university students



as subjects.  In that the majority of Alberta Vocational Centre

ctudents fall into a similar age category, the results ot the above

study take on special significance. In other words, it should be

possible to gener ¢, to nome extent, the results ot the Univers=ity

——

of Chicago study to other adult cducational institutions.
? ;

Bloom estahlishes that a precondition of formative evaluation 1s
that the csurso be broken into relatively small units of learning.
These units may correspond to anvaoll-defined corftent portion ot the
course. 1In the Uﬁiversity of Chicago‘study the tdeas presented by

Gagne in Conditions of Learning and Bloom in Taxonomy of Educational

Objectives provided the framework within which decisions were made
relative to the content organization. An attempt was made to

categorize the elements within each unit into a hiera. ay ranging

‘to complex processes such as application, analvsis, and synthesis.

In describing formative evaluation Bloom states:

We have then attempted to construct brief
diagnostic-progress tests which can be used

to determine whether or not the student has
mastered the unit and what, if anything, the
student must do to master it. We have borrowed
the term Formative Evaluation from Scriven
(1967) to refer to these diagnostic-progress
tests. (Bloom, 1968, p. 9)

Many advantages to these formative tests are suggested, amongst which
are the following:
(1) The tests pace the learning of the students and motivate them to

put forth extra effort to eliminate deficiencies immediately upon

y
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their identification.

(2} The students who have achieved mastery are assured that their
present approach to learning is effective and are thus
rein ed to continue their efforts.

(3) Since students may attempt the same or parallel diagnostic tests
several times in an attempt to demonstrate their mastery, there
shéuld be a reduction in the anxiety associated with the'testing
process. |

(4) The formativg tests reveal points of difficulty and thus aid in
the selection of instructional materials and processes required

for remedial action.

That the above type of testing can in fact-be overdone is‘Suggested

in the Report on the Newstart Demonstration Project. The instructional

style involved in the project was "in keeping with the current view
that, 1in pianning for teaching and learning, mastery of content should
be the constant while time requireﬁ for mastery should be the.
variable'" (Romanko, 1972, p. 8). In addition, a formative-type testing
procedure was used. The instructo;s involved with the project agreed
that many students came to regard the passing of tests as an end in
itself. '"There was a disturbing preoccupation with test-taking rather
than learning for mastery'" (Romanko, 1972, p. Sj. This will have to
be guarded against in applying the mastery strategy in the present

study.

Bloom identifies various means for helping the students to work



on their difficulties. 'He states Ehat the most effective method (in
relation to the University of Chicago study) has been to use small
gfoups of students who meet regularly "to review the results of their
formative evaluation tests and to help cach other overcome the
difficulties identified on these tests" (Bloom, 1968, p. 10)1 In
addition it is suggested that tutorial help should be available to
students experiencing problems. The use of a variety of audio-visual

methods is also presented as a technique especially useful in helping’

particular types of students.

Airasian (1971) reéommendé that, in an attempt to accommodate
individual differences, every attempt must be made to provide for an
on-going system of specific feedback to provide direétion for further
work. He states that in mastery learning this is especially important
in that the strategy'itself is based‘on the premise that‘there is a

constant flow of information relating to the attainment of sgecific

objectives.

The foregoing represents the views of several leading educators
from the areas of adult education, mathematics -education and learning
theory. Their viewpoints will be considered while formulating a

rationale for academic upgrading programs.

-4
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" CHAPTER IT1

PROGRAM DEVELOPMENT
. RATIONALE FOR PROGRAM DEVELOPMENT

In formulating a general philosophy oftrationale for adult
education, attention should be paid to the advice of Miel (1964).
She states, in giving a historical perspective to-curriculum trends,
that many educators in the past fell into.thé error of beligving that
it was necessary to be against one particular approach (regarding
contgnt selection, teaching method or evaluation) to Be in favor
of another.- It‘is hoped that the stance taken in this study cannot:

be so characterized. In analyzing the needs of adult students and

also the views of leading educators, one is led to the conclusion

that what is needed is a "multi-approach' rationale. The desirability
of such a rationale is emphasized by Biggs (1973). He contends'thatv
although it is worthy to strive for mastery of a body of knowledge,
emphasis must also be given to high level proéesses relating to
'problem solving and critical evaluation. This approachvappears éo

be consistent with one of the recommendations in the report of the

Commissiqn of Education Planning, entitled A Choice of thures. In
emphasizing the advantages of stressing thevacquisition'of general
problem—solving_skills, the re?ort &akes the pointuthat "the
processes of schooling cannot be divorced from the process of living"
(Wofth, 1972, pl 153). Again, this latter recomméndation does not

play down the impértance of the approach proposed by Bloom, in



which objectives are made explicit, befnrcﬂand, and the teaching
process directed towards providing each student with the wherewithal
to aéhieve ma;tery of these objectivcs.b Intfact, Worth (1972) states
a bonus of such a strategy:{

The definition of behavioral objectives brings

the needed clarity to program designs and en-

ables the staff to apply their professional
knowledge of the conditions of learning. (p. 153)

He further- states that if the total program is pre-planned prior to-
the actual teaching encounfer, then teachefs-can be expected to have
more time to do those faéks they should be able“to‘do best; namely,
to develop.strategies for motivating students, to select those

condtions which maximize individual learning and to assess student

performance.

It thus seems desirable,.for the purposes of adult educatipn,
to effect a marriagé between the pfocess legrning and mastery learning
strategies. It will be assumed that the major portion of the
mathematicé content can be prescribed beforehand for the adult i;
an upgrading program. Fﬁr this content to be ”Zoal-directed" would .
‘Tequire that considerab1e work be done in ascertaining exactﬁﬁgwhat
skills, concepts and abilities are important for the student to possess
as a prerequisite for entry into his chosen trade or technology. A
mastery model would éeem to be effeétive in providing for a major.
portion of this learning. In addition, in providing edﬁcétidn towards

the goal of self-sufficiency and the ability to be an effective

problem-solver, a process learning strategy appears attractive.
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Table 1 should help to put several of the variables in
perspective. It shows the relationship between specific student
characteristics and their consequences in the areas of selection

of content, teaching method and evaluation techniques,

SELECTION OF COURSE CONTENT APPROPRIATE TO THE RATIONALE

The technical mathematics program‘ét Alberta Vocational Centre
consists of three levels (levels I, II and ITII), roughly the
equivglent of the Mathematics 13, 23 and 33 ;ourses'offered in the
regular school system. The main focus of the pfésent study was

level I of this program.

As stated earlier, one of the requirements of the study was to

produce instructional materials appropriate to the rationale. To this

end the total program was pre~p1;nned prior to any instruction having
taken place. Care was taken to ensure that the content selgCted

for inclusion was compatible with the heeds of students as outlined
in Table 1. 1In addition, it was mandatory that the level I content
provide adequate background for those students proceeding into the

level II course.

Three other sources provided guidance in deciding upon
appropriate content: the program of studies for Alberta senior high
schools, recommendations from the Alberta Apprenticeship Board, and

recommendations from the Mathematics Department at*the Northern®
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TABLE 1 4

CONSEQUENCES OF ADULT STUDENT CHARACTERISTICS

Characteristics of Adult
Students

Consequences for selection of content,
teaching method and evaluation
techniques

v

-students have forgotten
many of the basic
mathematical concepts and
operations.

-the necessity for a thorough preliminary review.
-the availability of a sequential package of
learning materials which are expressed in simple
language.

-a good starting point for the emphasis on the
importance of reading, writing, and
computational skills.

-students are practical
people and must see the
relevancy of the material
included in the program.

-the inclusion of an abundance of material
relating to real-life situations as opposed to
the inclusion of cold, academic data.

-emphasis on the accommodation of material to
the students' schemas.

-necessity that the written materials are in
language appropriate to adults (as opposed to
the Dick and Jane syndrome). :

-students have feelings of
inadequacy and possible
failure.

-the use of criterion-referenced formative
testing procedures to help students to pin-
point their difficulties.

-the provision for enough time for each student
to attain mastery.

-students show resentment
towards the instructor (an
authority figure) and have
negative feelings towards
learning in general.

-gradual replacement of the instructor as the
one directing classroom activities to a more
self-directed approach to learning.

-provision of alternative learning materials and
environments for those not making reasonable
progress towards achieving mastery.

-students wish to be able
~to work at an individual
rate of speed.

-the existence of a fully developed package of
materials (instructional package), complete
with formative tests for diagnosis of =~
difficulties. .

-emphasis placed on textual material which .is
attractive and éasily read by students.

-the necessity that students demonstrate their
ability to read, write and compute sufficiently
well to progress on their own.




Alberta Institute of Technology. The advisability of having input
from ihese latter two sources is evidenced by the fact that many
AVC graduatés enter either apprenticeship programs or NAIT
technologies. Further, an attempt was made to include content
related to general problem-solving skills. This content was deemed
useful and advantageous to the success of those'student§ who
re-enter the wofk force directly upon leaving AVC, as well as to

those students who continue their formal education.

Finally, on the basis of the foregoing, the level I content was
organized into eight units. Each unit was further subdivided into

chapters or modules, there being twenty-four modules in total. The

unit headings were as follows:

Unit I Basic Operations with Whole Numbers (Review) .
Unit II Operations involving Fractions

Unit III Measurement of Distance, Area and Volume in SI

Unit IV Basic Algebra Concepts . |

Unit V E*ponent Cperationstand Scientific Notation

'Unit VI Algebfaic Expressions

Unit VII First Degfee Graphs and Systems of Two Linear Equations

Unit VIII Fundamentals of Trigonometry



PREPARATION OF THE MODULES

Of the twenty-four modules or chpaters making up the course, -
the first sixtcen were teacher-prepared. For the final eight
‘chapters of the course the standard level T textbook, Principles

of Mathematics, Book I, was used. Henceforth, the term module will

be used only when referring to one of these sixteen teacper—prepared
units of work. Several pages of one of the modules are included

herein in the Appendix.

Man; factors had an influence on the preparation of the
modules. The goal was that the content of the modules be compatible
with and directed towards the rationale for program development.
Amongst these factors Qere the followiﬁg:

(1} The need.for a preliminary review of basic concepts :
operations. The first six modules wefe designed to . is
need. They concentrated upon operations with whole numbers.
Iﬁclpded was work relating’to the use of brackets, 6rder of
operations, bases indiées and powers, factors and‘multiples
an§ finélly, expressions involving powers.

(2) The option available for students to work at an individual rate

" of speed. For this goal td‘be tealized meant that students

must gain confidence in their ability to read and learn on their

own. Thus a major objective in preparing the modules. was fhét

they be easily read. Concepts were presented using simple

languége and explanations and related problems were made as

39



(3)

(4)

concrete and practical as possible. Each module contained

numerous examples worked out in detail.
The need for answer keys to be provided with each module. The

benefits of this were many. First it freed the instructors from

~

having to provide answers on a daily basis, thus allowing them

to spend more time helping students. In ‘addition, access to

the correct answers was mandatory if students were to work

more independently. A major bbjectiVe of the teaching approach
formulated in this study was for the person directing the day
to day classroom activities to shift gradually from the

instructor towards the student himself. The keys helped to

facilitate this shift. Finally, it is the researcher's

experience that adult students become frusfrated in doing
hoﬁework assignments when they do not have the correct answers
avéilable. They like to know if they are on 'the right track"
when working on problﬁés.

The need for the student to see ;he relevancy of the course
material. To this end the material was presented in simple,
straight forward, yet not childish language. . Material of an
explanatory nature and as many examples and problems. as possible
dealt with real-life situations. In this manner it was hoped
that negative féelings towards the subject and consequently to
the teacher might be kept to a minimum. Skemp (1971) suggests
this as a consequence of teaching in cases where new material

-

is presented as an extension to a student's existing schemas.

40
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AVC -students in level I mathematics tend, in the researcher's
experience, to be practical and non-academic ''types'. It
thus seems reasonable that they would react positively to the

type of content suggested hbove.

Further, each module'contaiﬁed numerous exercises to be done by
the students. ‘Each set of exercises was designed to reinforce the
-
concepts developed in that section. An attempt:was made to sequence
the exercises from easiest to hardest. Thevintcnt was that students

would gain confidence by experiencing success in the initial section

of a set of problems,

The modules were prepared over an eight month period of time
extending from September, 1975 to April, 1976. To facilitate their
production the researcher was assigned a reduced teaching load by -
the administration at AVC for this period of‘time. Graphic'work and

typing were done by the Audio Visual and Academic Upgrading departments

of AVC respectively.

.

DEVELOPMENT OF THE METHOD OF INSTRUCTION

The main goal was that the method of insiruccion be consistent with
the rationale for program development. To faciiitété movement towards
this goal the features outlined previously in this chapter were
employed in the treatment. Accordingly, many factors were involved.

Collectively these factors could be considered as stemming from three

major sources: the process learning strategy as proposed by Biggs,
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the mastery learning strategy of Bloom, and other influences related -
to various student needs. Features related to mastery learning were

emphasized early in the semester with process learning hécoming

increasingly imp6rfant as the semester progres%ed.

The mainvinstructional features of the treatment related to
mastery learning were a; follows:

(1) Students and instructors used a learning package consisting of
sixteen modules‘ahd related material (to fulfil the need that
instruction be structured into well-defined learning units).

(2) A course outline .with units subdivided into broad instructional
objectives was g?ven each student. Students'-themselkes were
involved in idéntifying specific behavioral objectives within
each module (for fir<t sixteen chapters’of thé course) and
within each textbook chapter (for the final eight chapters of

. the course).

(3) Students were not required to show compiete mastery oﬁ eaph
module before proceeding. However, they were encouraged to do
remedial work to eliminate the deficiencies identified in-the
diagnostic—pfogress tSifi;//Upon doingfthis remedial work étudents
were allowed to wfite another examination on the'appropriate
section.

(4) Small groups of students met regularly in "'workshop''-to do
remedial work, tq do homework and to do drill reiated to thé

course content being discussed by the regular class at that

point in time. The drill sessions were done with the students



(1)

(2)

(3

(4)

at the blackboard. The workshops were of ong—half hour duration
or less and scheduled during blocks when most of the students
had their spares. Attendance was optional. An instructor was
avﬁilable periodically at these sessions to give tutorial help
to-students experiencing problems. On other occasions a capable

group member assumed a leadership role in this respect.

The instructional features related to process learning were:

The first three weeks of the semester were devoted.to a thorough
review of basi - mathematical concepts and operations. This was
done 'in ordex that later concepts, skills and generalizations
cpuld be related to this solid base of gnderstanding..

Students were required from the beginning to do independent

reading of the course material including both the modules and

supplementary material.

One module (Module 14) was devoted entirely to develbping basic
problemjsolving-approaches. Students were encouraged to apply
these approaches in subsequent course work. )
Students were encouraged to become actively involyed in their

c earning and in the setting of some of their own objectives.
This encouragement took many forms.hhéach student was allowed to

set his own mastery level with a minimum of fifty per cent being

acceptable. Attendance at workshops was encouraged but remained

an optional ,activity. Marking of homework was done by each

student as an integral part of the homework assignment itself.

Marking keys were provided for this purpose. The actupl "lecture"
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portion of the class (teacher-directed time) was kept to a = um -
generally less than thirty minutes per class. This resulted in
forty five minutes being available every day fo adent-student’ and

teacher-student interaction as well as for individual work. )

\

Finally, one furfher important factor had to be considered in
the development of the method of instruction; namely, that students
would learn at varying rates. To accommodate thovinstructional
method to thi§ factor, to the rationale and also to administrative

restrictions within AVC, the following procedure was followed. )

Students who had demonstrated their ability to progress through the
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course with very little instructor guidance (that is could effectively

apply a process learning strategy to their own learning), and at an
acceptable mastery level, were encouraged to do so. It was

anticipated that these students would form a somewhat cohesive sub-

group within the larger class and that they would complete th- course’

more quickly than the others.



CHAPTER TV

EXPERIMENTAL DESTGN AND PROCEDURFE

AV

Alberta Vocational Centre, Edmonton has been involved in

cfforts to revise its mathematics program betore, most Tecently the

Newstart Demonstration Project undertaken in 1972, Unfortunately,
the Project was not considered to be a complete success. It was
conclhded that this was, in part, due to the fact that the design

of the project was too "loose'". Further, it was concluded that,

to be effective, such an undvrraking‘must have clearly defined
objectives and limi;atjons, that a total operational framework be
devispa and agreed upon by all those involved and that a cureful-
;taff selection be undertaken. It was agreed that without these
precagtions such undertakings are extremely difficult to evaluate.
The following summary statement highlights this concern.

If projects are to provide data of any validity,
a reasonably tight and sophisiticated rescarch
design which undertakes to account for all
possible independent variables needs to be
devised, and all research activities should tocus
on clearly identified testable hypotheses. In &
field as subject to fads as educatjon is, it 1s
particularly critical that ''new'" instructional
modes be subjected to carefully structured
research ana}ysis. (Romanko, 1972, p. 18)

Accordingly, the procedures outlined herein were followed in an

attcmpt'to provide a reasonably '"tight'" research design.
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SELECTION AND DESCRIPTION OF SURJECTS

The experimental subjects of this study were those students who
were enrolled in the Levql I technical mathematics program (roughly
the equivalent of Mathematics 13) during the 1976 five-month spring
semester. Of the total of 78 students in the program, 39 were male
and 39 were female. Before the end of the semester 3 students had
transferred to another math course and 22 stud- ts had terminated from

Alberta Vocational Centre. Thus, 53 students completed the program.

In academic upgrading programs students are classified as being
either new or on-going. New students are those who are in their
first semester. They are placed into appropriate courses on the L

-

basis of the scores they achieve on placement examinations which are

written prior to the commencement of the semester. On-going students

¥

are those who are continuing from the previous semester. Of the 78
students involved in this study, 27 were on-going and 51 were new

students.

Selection Procedures

The .established practice at Alberta Vocational Centre is to have
acadeﬁic upgrading classes contain no more than thirty students.
Accordingly, the students were diyided intb tﬁree cidS" .hereafter
referred to as Class A, Class B and Class C. The class. .ontained
26, 25 and 27 students respectively. Classes A and B formed the’

treatr - groups with Class C being the control. Various problems



attached to the procedures of scheduling the classes and subsequently

of selecting the students for cach.

Instruction at AVC is offered during six periods or blocks, éach
of a duration of seventy-five minutes. Ideally, all three classes
might have been scheduled during the same block in order that the
jgsults of the study not be contaminated by factors such as fatigue
effects asséciated with different class starting times. . However, it
was not possible ;b schedule all the classes in this manner. The
researchér did, though, convince the a&minstration to schedule two
classes for the same block.} Thus Class A was scheduled in block 3
_starting at 11:10 every morning while Classes B and C werc held in
block 6 starting at 3:10 in the afternoon. It was deemed important
that the tontrol class be scheduled at the same time as one of the
treatment classes. Otherwise it would be hard to eliminate class
scheduiing as a factor inflqucing results of the various measurements:
made in the study. All classes were held inilarge, bright classrooms

on the third floor of Alberta Vocational Centre.

The selection of students for eaéh class presented some
difficulties in that most students attending AVC must enroll in thyge
classes. It is school policy not to schedule these three classes in
three adjacent blocks. Th}s resulted in sev¢ra1 students having to be
placed in either block 1 or block 6 for their mathematies, depending
upon what their other twn courses were. However the majority of

students were placed into the 3 classes on a random basis. The need
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for randomization in studies involving sampling statistics is widely
known and need not be reported here at great length. Briefly, it 1is
needed in order to ensuré that extraneous variables which are
concomitant with the dependent variable(s) will not introduce

systematic bias in the experimental results.

To.validate that the students in each class were func;ioning at
approximately the same mathematical level prior tg the treatmenﬁ,

Jthe following procédure'was followed. The samé test was given to each
student at the end of thé_three week reQ‘cw period. The test covered
the content being reviewed during that period of time. A one-way
analysis of variance was then used to.comparé these marks. The
analysis resulted in a non-significant F-ratio of 0.44. This'result

cgnfirmed the equality of the classes with respect to mathematical

. functioning level at the start of the semester.

- L3

SELEQFION OF STAFF~

Three teachers were required to provide instruction for the classes
involved in the study. At the time of the selection there were eight
instructors working in the Mathematics Department at AVC.

Accordingly, towards the goal of protectine ! internal validity of

, .
the study, a careful selection was made.

Several criteria were involved in making this selection. Each
instructor was to have several years experience in teaching mathematics

to adults in academic upgrading programs. A good proportion of this
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- as the semester progressed.
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experience was to have been at a level compara@lé\to grade 10 of the
\
regular school system. This was to ensure tha£‘the instructors'be_
familiar with the geﬁeral content of the level I brbgréh; Furthef,
each instructor was to have d proven record of competence as a
mathematics instructor at AVC. Finally, it QaS'deemed desirable that
the three instructoré have more or less similar teachiné ""'styles'.
To objectively choose the three iqstructors on the basis of the above
criteria required that the senior instructoryof the department be
involved. His‘knowledge of the capabilitiés of eagh instructor,
obtained by working closely with them as their immediate supervisor,

proved helpful.

On the basis of the foregoing criteria the choice of instructors
was made. In addition to the researcher, two other experienced
instructors were chosen. The researcher was assigned to one of the

two tréatment'groups.- It is conceded that it is not possible to

control the varying instructor-treatment interactions resulting from

~having three different instructors involved in the study. However,

the procedures followed for staff selection were carried out in

order that any resulting biases be kept to a minimum.

PROCEDURES FOLLOWED

.

Various procedures were followed to ensure that the instructors

involved in the project were prepared adequately before the classes

commenced. In addition, an ongoing dialogue occurred between instructors



Prior to the actual instruction it was mahdatory to differentiate
clearly-bétween the different treatments. Accordingly, the folléwing
distinctions were identified and agreed upon by the three instructdrs.
Class A, the class taught by the resecarcher, was to employ the complétc
treatment as outlined previously (see pages 42 to 45). Class B, the
other treatment group, was to apply this same treatment with one
minor exception. Students were not allowed to write "make-up"
examinations on sections of the course in an attémpt-to raise‘thgir
marks. Further, both groups A and B returned to the regular téxﬁbook

used in level I Mathematics for coverage of the final eight chapters

of the course.

The method employed for.the control group, Class C, differed frém
the above in many respects. In general terms it could bé described.
as the ”tyélcal” approach used for mathematics clas;és w1th1n ~AVC and
in all likelihood; w1th1n the majorlty of public school mathematlcs
classrooms in Alberta As a result, most of the operational features
outined previously for the treatment groups we%e.missing. There.was
one exception; the first three weeks of the semester were devoted to a
thorough review of basic mathematics concepts and operations. As in
the case for the treatment classes, this was done in order thét later
concepts ihtroduced in the course could be related to this solid base’

of understanding. The basic course content was the same for all threc

classes.
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Preparation of Examinations and the Questionnaire

The three groups of students wrote common mid-term and final
examinations. Marks on these examinations were to be used in testing
the significance of any differences in achievement amongst the groups.

.Care was exercised in preparation of the tests in an attempt to

maximize their reliability and validity.

At mid-term 'hLc¢ control group was not-as far along in the
course as were thc treatment groups. The content of the.mid-term
therefore inclu&éd only that portion of the program which had been
- covered by all three classes. The examination consisted of both
multiple choice and written-answer questions. All‘three instructors
prepared sample questions of both types for inclusioﬁ on the mid-term.
From amongst this collection of submitted‘items a decision was made
by the instructors as to which items should be included. ‘A common
marking key was prepared and carefully followe! Multiple choice
questions were assigned a wéighting of two marks each. No penalty
was assessed for incorrect choices. The written-answer. questions
\ varied in wéighting from two to six marks, depending upon their
difficulty and length. Partial marks were assigned objectively-on

the basis of the requirements identified on the marking key.

For the final examination the same procedures as outlined for
the mid-term were followed. The control group, unlike the treatment
gr0ups f1n1shed only the f1rst seven un1ts of the course. Accordlngly,

the f1nal sxamination did not contain questions based on unit eight.

¢
>
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The emphasis on the final examination was on the course material
covered after the mid-term. There were, though, questions.based on

the content of each of the first seven units.

A questionnaire was designed and administe;ed to all the students
remaining in the three classes at seméster'énd. A copy of it is
included as Appendix B. The intent was to solicit student reaction -
to the poursé. The student responses were'used to analyze the extent
to which various student needs were met and the overall effectiveness
of the instructional method. iﬁ addition; students from the treatmeﬁt

groups were required to respond to six further questions pertaining

to the use of the modules.

corse in subsequent semesters and to evaluate the course just finished.
They were also informed that the information gatﬁered would not in any
way influence their final grade in the course: This information was
also printed in the instruc;ion'section on page 1 of th¢ questionhaire.

Further, the students were directed to Not sign their names?

All questions were of the multiple choice type with four alter-
native answers for each. Students were requested to circle the letter .
Loy : ' :
in front of the statement' that best represented their view about what

‘had happened during the semester. They were told that there were no

- .03

right or wrong answers and that their honest opinions were requested.

For three of the questions the students were asked to state why they



answeréd as they did. This was done to facilitate the analysis of
the student responses on these three questions. . Finally a. space was
provided in which students were encouraged to make any further

comments.

STATISTICAL ANALYSES

The research design used in the study is outlined in this section.
Of major concern was a determination of the extent to which performance
on the mid-term and final examiﬁations (dependent variables) were
aependent upon the overall treatment (indepéndent variable). To
this ena an analysis of Variance involving one-way classificagion was,
employéd. In addition )(? was used to test the éignificanqe of the
difference between the proportioﬁs of‘students within the groups
providing positive (as‘opnosed to negative}nansweré on the
questiqnnéire items, )(2 was also used to test the extent to which
per%orﬁance on the final examinations by thé studentgrwithin each

group was independent of their class attendance record.

The overall experimental design used was of the posttest - only
control group tvpe. This is identified by Campbell and Stanley (1973)

in Experimental and Quasi-Experimental Designs for Research as a

"true' experimental design strong in preserving internal validity. This
strength results ffdm the random assignment of subjects to the tfeatmeﬁt
groups. ' Campbell and Stanley identify randdmization as the most .
adequate all-purpose assurancé of a lack of initial biases between
groups. Further, it is‘sfated'that "within the limits of confidence

stated by the tests of significance, randomization‘can

23



suffice without the pretest" (Campbell and Stanley, 1973, p. 25).
Symbolically, then, the design used in the study can be represented

as follows:

R XA ' OA
R . XB OB
R , . OC

R, above, refers to random assignment of students to the groups. XA

and XB represent the application of the treatment to Groups A and B

54

respectively. OA’ OB and OC represent various observations and measure-

ments related to the students within groups A, B and C respectively.

The Application of Analysis of Variance

As stated previously, a single factor analysis of varinnce was
used to test the significance of the differences between marks obtained
by the groups on the mid-term and final'examingtions. It was also
employed to verify thap there Q?re no significant différences between
groups with respect to mathematics functioning levef‘at semester start.
Attached to this method og analysis are several‘assumptinns which
must be met if the dfawing of invalid inferences is to be Advoided.

7

These are widely known (Férguson, 1971) and therefor¢ are not
: Y '
repeated here." Tests were conducted to assure tlat all data submitted

' to analysis met, within reasonable limits, these assumptions.

In testing the hypotheses related to'thﬁ above, the decision
rule was to reject the null hypotheses if the F-statistic was

~

so L
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significant at a probability lcvel of & £.05.

Following a significant F-ratio, comparisons between the pairs

were made using the mu]tiplc comparison of means method developed by

Scheffg. Forguson'(1971) states that this method is more rigorous

than other multiple comparison methods with respect to Type 1 error;

this method will also lead to fewer significant differences.

"Because' this is so, the investigator may choose to employ a less

Wwas retained

HYPOTHESIS 1:

HYPOTHESIS II:

T the mulggplé comparisons.

L
2,.’ .
P "1

éﬁce level in using the Scheffé,procedure; that is,
gsed instegd of the .05 leQel” (Ferguson, 1971,

S

by C ) ‘ o
@Pstanding these comments a .05 level of significance

Tt was hypothesized that the population means on the
first criterion ¢ wination (the mid-term) for the

three classes (Group A, Group B and Group C) were equal.

The above null hypothesis hay be expressed in the

following terms:

o~
o - .//AZ/UBZ He
It was hypothesized that the populétiqn means on the
second criterion examination (the final) for the three
)

classes were equal.

Again, this may be written in the form:

Hy: o A - /us'z/ac
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The Data were analyzed on the IBM 360, Model 67 System at the

University of Alberta. The ANOV 15 DERS (Division of Educa! ional

- ~
Research Services) computer program was used.

The Application of Chi Square

[y

It was important to determine the extent to which student
achievement, as demonstrated on the examinations, was independent
of, or associated with, attendance. A )(2 test of independence was
used for this investigation. No attempt was made to_ establish a
functional relationshib between the above two variables. Rather,
X2 was used in an attempt to establish that good attendance was not
needed by studentsbin the treatment gfoups, to the same extent as those

in the control -group, to achieve a‘fgiatively high mark.

First, an overall test of independence for the comﬁined group
Awas done. The data were set down in a 2 x 2 or fourfold contingency
table (see Ferguson, 1971, p. 185). Attention was paid to Ferguson
in regards to the eétablishment of the points of dichotomy. He
states that this egtablishment should take place on a completely
a priori basis. Accordingly, the points were arrived at as follows.
For attendance, the mean number of classes missed per student over
the course of the semester was calculated. Attendance was then
judged as being good or podr - on the basis of being either-below or
above this average number of days missed for the combined group. For
those students who started the. semester late, an appropriate adjust-

ment was made in the number of classes missed.
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Final examination score was the other v:1\ri;1blo to which
attendance was paired. To establish a point of dichotomy for this
variable, the mean final examination score for combined groups was
chosen. Students were then classified as cither being in the top

half or bottom half of the total group with respect to this grand

mean.

4
f .
1’

A test of dependence for each individual group was then done.

a decision had to be made with'respect to appropriate points

of dichotpmy. Two approaches were followed:

Approach ( The points were those calculated for the combined

AN

Approach (B): points were cglculated by taking the mean number

of days missed afid the mean final examination score
for each individual class.

' . 2
As a result of applying the above procedure, two X~ values were

determined for each class.

2 . : . . .
The‘x tests of independence were obtained without calculating

the expected values by applying the formula

)(2 = N(]ap - BC| - N/2)°
(A+B)({C+DA+C)B + D

This formula employs Yates' correction for continuity. as is recommended

by most writers in cases where any expected frequency is less than 10.

In testing each hypothesis related to the above, the decision rule

Lo . 2
was to reject the null hypothesis if the X~ value calculated was




58

o
equal to or greater than the critical value required for significance
at the .05 level for 1 degree of freedom. This critical value was
/—’ )

3.84. ’
/

/

HYPOTHESIS IIf: It was hypothesized that performance by students in
Group A on the final examination was not associated
with their attendance records. (That is, performance

was independent of attendance.)

HYPOTHESIS IV: It was hypothesized tRat performance by students in
' Group B on the final examination was not associated
with their attendance records.

>

HYPOTHESIS V: It was hypothesized that performénce by students in

| | Group C on the final eiémination was not associated

with their attendance records.
Finaliy,:k_z was used to determine whether or not the proportions
- of students within the three groups providing posztive (as opposed to

pqgative) answers‘to thesquestionnaire items varied significantly;
F;f most items, alternatives a and b were considered as positive
responses while ¢ and d were considered as negative. The data were
set out in a 2 x 2 contingency table and Yates' correction for
continuitv was applied. Again a critical value of 3.84 was chosen

as required for significance at the .05 level apd 1 degree of freedom.

~

HYPOTHESIS VI: It was L pothesized that the proportions of students

within the thras groups answering positively to cach



of the questionnaire items were the same.

” LIMITATIONS

While every attempt was made to protect the internal validity of
the study, complete control was, of course, notﬁpossihlc. “Further,
during the relatively long five month interval of time over Which the
treatment was appliéa, various factors no doubt were confounded with
the effects of various treatments. Accordingly, the results are
considered”és limited by ihe extent to which:

(a) experimental mortality affected the overali results.
{(b) there was iack of complete randomization of azgignmei{ tu
.treatment groups.
. (¢} the persona1i£y and capibility of each instructor confounded
: with the effect of the 'reatmét:s. )
(d) various other factors con.ounded with thé efgtét of the

treatment.

v
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CHAPTER V

THE RESULTS OF THE STUDY

In this Chapter the results of the various aspects of the overall

study are reported. First the analysis of students' performance on

the mid-term and final examination is pr.sen 9. ‘The relationship
between attendance and examination perfori... ¢ is then investigated.
Next, the student questionnaire results are presented. Finally

3 - Aty
)

observations are made pertaining td the termination of students trom

3

e#eh Group. |

EXAMINATION PERFORMANCE

A one-way analysis of variance was used to test the significance’
of the difference§ bet .een the means of the three groups. Following
a significant F test the Scheffé method was 1sed.to comgire every
mean with every other mean. Even though this method is more rigorous

than other commonly used procedures, a 0.05 level df significance

was requ. for significance.

Mid-term Examination Results

A common mid-term was written by the students in each class.

e

The students in the treatmemt groups had covered one chapter more than
had the control group students. The examination, therefore, was
designédago test.only that common content covered by all three groups.

80 minutes was the time limit for this ®xamination.
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(d)

(e)

o

o1

The ANOV 15 computer program vielded the following results.

,

Mean scores tftor Groups A, B, and € respectively were 72.5,

76.2 and 56..2.

Mean score for the mbined group of students was 6704,
The homor aeity  f variance test vielded a chi square value of
L .
. L 5 DS L2 &
0.54. mpanying probability was 0.76. LR
alved < o 3 ~p ’ . rkk‘it
Analysis of variance: . e
t
Source of Sum of Degrees of Variance
Variation Squares Freedom Estimate Y
e
T
Between 3899.2 2 .1946.6 ' .
.,\t}"
Within 1:169.9 48 233.1
Total , 15089.1 . 50 F.= 8.37 .
o <

12

“ | | P

n
]
=
o
~J
o

Scheffg'multiple comparison of means:
Groups A and B comparison yielded P = .80

Groups A and C' comparison yielded P = .01.

N 48 .
Groups B and C compariygh yielded P .0021

[%

The mean marks obtained by the two treafment‘groups varied less

~

than 4% from onc another. ‘lowcver, Group A-and the control group varied

.

by nearly 16% while Group B and the control group varied by nearly 20%.
In each case the treatment group mark was the higher mark. These

differences were tested following a significant F statistic (p € .01).

The Scheffe multiple comparison method produced significant differences

between each treatment group and the control group. For Group A



and the control group the difference bgtween means was very nearly
'significant at the .01 level. For Group B and the control group

the difference was significant at the .01 level. On the basis of
these results the null hypothesis (Hypothesis 1), stating that the
population means on the mid-term examination for the three classes
were equal, was rejected. The multiple comparison method indicated
that sampling error could reasonably explain the difference between
the means of the two treétmengygroups. However, sampling error could
not be considered responsible for the differences between the means

of the control and each of the treatment groups. These differences

must then have occurea as the result of the treatment applied.

Final Examination Results

»

A common final ex&mination waé written. Group A had finished -
the entire course; however, Grdup B did not cover the final chépter
on Trigonometry while the‘controi group, G¥adup C, had not finished
the final chapter nor the two previous chapﬁ"§ rela;ing to eguations
in two variables. Thus, material from the final three'chaptéfsrof

the course was not included on th- final.

The ANOV 15 program yielded the foIlowing results based on the
final examination marks. . o

(a) Mean scores for Groups A, B and C*respectfvely were 63.3

3

62.7 and 51.4. o

(b) Mean score for the combined group of students was 58.4,

-

(c) The hombgeneity of varidnce test yielded a chi square'vélue of
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2.77. The accompanying probability was 0.25.
(d) Analysis of variance:

Source of Sum of Degrees of Variance

Variation Squares Freedom Estimate
Between 1661.7 2 830.8
Within ‘ 13868.9. 48 288.9
Total - 15530.6 50 F = 2.88
‘;:"\:‘c;,\r \'»\‘:_!, o ‘ P = .15

/S.\J

(e) Scheffé multiple comparison of means:

-

Groups A and B comparison vielded P = .99
Groups A and C comparison yielded P = .12
Groups B and C comparison yielded P = .15

The mean marks obtained by the two predtment groupstvaried less

than 1% from one another. However, thq Group A mean final -examination

mark was nearly 12% higher than that of the control group. The Group

B mark was more .than 11% higher than that Yof the contréi'group, The

—

analysis of variance showed a non-significant F statistic of 2.88

+with p >.05.

Even though a posteriori tests are generally applied only

. L ’ ’ . )
following a significant F test, Scheffe multiple comparisons were
&

! calculated and rcported. The similarity of results for comparisons

involyving either treatment group and the control groupwas again
. ’ -
evident.

1 3

Further; had a.simple a priori test been applied to the
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differences between these paifs of means, the results would have
shown significance at the .05 1e§e1. However, on the basis of the
original decision rule,'the‘null hypothesis (Hypothesis II),.stating
that the population means on the final examination werevequal; was

accepted.

EXAMINATION PERFORMANCE AND ATTENDANCE

A chi square test of independence was applied to determine the
extent to which student achievement was independent of, or associated
with, student attendance. For each student the final examination

grade and attendance record for the complefe semester were used.

First, this test was applied for the combined group. The mean ,
. £,
' final examination score of all the students was 58%. The average
!number of days missed o?er the course of the semester was 9.8.
These were taken as the p01nt of dlchotomy in constructlng the
_contingency table. Table 2 s b%s that the value of}L obtained was
!?
3.35. This was just less‘than the value required for'51gn1f1cance at
the .05 leyel. Thus; while not statisticélly significaﬁt (at the |
‘predetermined ievel of significaﬁce),‘the results did indicate a
considerable degree of association between final examination scores
and at;endance for the combined group. Amongst those students
qbtaining marks on the examination above the mean, the ratio of K
5y

good to poor attenders was 3:1. For those students obt&ining marks

“below the mean, the ratioc was very nearly 1:1.



TABLE 2
CHI SQUARE TEST OF INDEPENDENCE
OF FINAL EXAMINATION SCORE AND ATTENDANCE

FOR COMBINED GROUP

65

. Bottom Half - Top Half

of Scores ' of Scores Total

Good o ,
Attendance 13 (25%) 18 (34.6%) 31 (51.6%)
Poor 3;"1 S ot

3 g . .
Attendance 15 (28.8 ) : 6 (11.5%) 21 (40.3%)
Total 28 (53.8%) 24 (46.2%) 52 (100%)
Chi Square = 3.35 P > .05

u.\k:

Table 2 shows, at the .05 level of significance, that

final examination score and attendance were independent of one

another.
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Chi square was also employed to ‘test the degree of association
between attendance and final examination performance for each of
Groups A, B and C independently. Two tests were performed for each
group. In the first test (referred fo as Approach A) thg points of
dichotomy were as in the test for the combined group. The points
in the second test (referred to‘aé Approach B) were the average number
6f days mis-ed and mean mark for each individual group. These latter
values were: 11.1 days and 63.3% for Groub A; 7.8 days and 62.7%

for Group B; and 10.3 days and 51.3% for Group C, the control group.

‘Tables 3 and 4 present the results fof~6foup A. They show chi
square values of .071 and 0;27'respeétive1y. Both values- are much
below that required to indicate significance at the .05 level. Thus
for Group A students attendance and final examination performance

show a marked degree of independence of one‘another.

Tables 5 and 6 present the results for Group B. The ch. square
values of 0.014 and 0.63 indicate that, at the .['S level of
v R .

significance, the two variables are again independent of one another.

‘Tables 7 and 8 present the resélts fOfIGrOup C.  They show chi ~
square‘yalues of 1.32 and 1.38 reépé&tively;, While not high eﬁough
to indicate significance at the .QS lekel, these values are somewhat
higher than those obtained for Groups A&hgd B. |
On'the basis of these results null Hypot eses III, IV and V were
accepted. That is, at the :05 significancevlevélkgierformance was

seen to be independent of attendance. /



TABLL 3

CHI SQUARE TEST OF INDEPENDENCE

OF FINAL EXAMINATION SCORE AND ATTENDANCE

FOR GROUP A *

Bottom Half Top Half

of Scores of Scores Total
Good | ‘ ; 0 .
Attendance 3 (18.8%) 7 (43-6°) 10 (62.4%)
Poor o . . .
Attendance 3 (18.8%) 3 (18.8%) 6 (37.6%)
Total - 6 (37.6%) 10 (62.4%) 16 (100%)

Chi Square = 0.071

Table 3 shows, .at the .05 level of significance, that

P > 0.70

- final examination score and attendance were independent of one

another.

N

* Approach A points of dichotomy taken.
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TABLE 4

CHI SQUARE TEST OF INDEPENDENCE

OF FINAL EXAMINATION SCORE AND ATTENDANCE

FOR GROUP. A *

Bottom Half

P> 0.50

Tob Half
of Scores of Scores Total
Good
0 9 o

Attendance 4 (25%) 6 (37.5%) 10 (62.5%)
Poor o . X
Attendance 4 (25%) 2 (12.5%) 6 (37.5%)
Total 8 (50%) 8 (50%) 16 (100%)
Chi Square = 0.27

_TanéZ4'shows, at the .05 level of significance, that

final examinatior score and attendance were independent of one

another.

* Approach B points of dichotomy taken.

B

68
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TABLE 5

CHI SQUARE TEST OF INDEPENDENCE

OF FINAL EXAMINATION SCORE AND ‘ATTENDANCE
' J

FOR GROUP B *

Bottom Half Top Half

of Scores of Scores Total
Good o o
Attendance 4 (26.7%) 7 (46.7%)

#
Poor o 2 o 9
Attendance 2 (13.3%) 2 (13.3%) 4 (26.6%)
. : : _ .

Total 6 (40%) 9 (60%) 15 (100%)
Chi Square = 0.014 P> 0.90

Table 5 shows, at the .05 level of significance, that
final examination score and attendance were independent of one

, another.
“ - .
~ * Approach A points of dichotomy taken.



TABLE 6
CHI SQUARE TEST OF INDEPENDENCE
OF FINAL EXAMINATION SCORE AND ATTENDANCE

FOR GROUP B *

Bottom Half Top Half

of Scores of Scorrs Total
Good g o
Attendance 2 (13.3%) 5 (33.3%) 7 (46.6%)
Poor ' .
Attendance 5 (33.3%) 3 (20.1%) 8 (53.4%)
Total 7 (46.6%) 8 (53.4%) 15 (100%) .
Chi Square = 0.63 - P > 0.30

Table 6 shows, at the .05 level of significance, that
final examination score and attendance were independent of one

another.

* Approach B points of dichotomy taken.

70



TABLE 7
CHI SQUARE TEST OF INDEPENDENCY
OF FINAL EXAMINATION SCORE AND A 1#vPANCE
FOR GROUP C *
Bottom Half Top Half
of Scores } of Scores Total
Good o [ 0.
At tendance 6 (28.6%) 4 (19.0%) . 10 (47.6%)
Poor 4 o | ‘a0, a0
Attendance 10 (47.6%) 1 (4.8%) ‘ 11 (52.4%)
Total 16 (76.2%) - 5 (23.8%) 21 (100%)
Chi Square = 1.32

Table 7

final examination

"another.

P < 0.30

shows, at the .05 level of significance, that

score and attendance were independent of one

* Approach A points of dichotomy taken.
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OF FINAL EXAMINATION S"ORE AND ATTENDANCE

TABLE 8

FOR GROUP C *

CHI SQUARE TEST OF INDEPENDENCE

Bottom Half Top Half
of Scores of Scores Total,
Good o 9 ;
rtrendance 5 (23.8%) 6 (28.6%) 11 (;2.40)
v
Poor 0. o o
Attendance 8 (38.1%) 2 (9.5%) 10 (47.6%)
Total 8 (38.1%) 21 (100%)

13 (61.9%)

Chiquuaré

"Table 8 shows, at the .Os'léVel of significance, that

'p < 0.30

. . N > . . " .
final examination score and attendance were independent of one

another.

* Approach B points of dichotomy taken. .
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To gain further insight into the relationship between

S -

attendance and examination performance, the following procedure was

* “

followed. By averaging the values within each cell of two contingency

tables for each group, representative proportions were obtained.
The values stated in each category below are for students within . | = = &

o

Groupé A, B and C respectively.

#y
’ iPrbportion of students with good attendance héVing marks\w ‘7
* below aver;ée: 22%,.20%, 26%
jd%orportion of students with good attendaﬁce having marké
jf above average: 40%, 40%. 24%
_/ Proportion of students with poor attendance having marks
v / ’ .
’ below average: Ej%, 24%, 43%
‘zﬁ;oportiohlof s;udents with poor « ~ce having marks
’ 27 ) . A
2 above aVerage: 16%, 16%, 7%
4 ° . » _‘ . L& . . . .
K S ‘ RESPONSES ON THE STUDENT QUE§TIONNAIR» . 3 . lfi;“.
, e . , ‘ S N . -
s | ; 'fhe responses tghtﬁe>5ue§tioﬂnairg items are shown in Tabler§;“ .
¥ ‘ -

Proportlons of stdﬁﬁﬁxs w1th1n each group respondlng positively or

" Ty W

- >negat1ve1y to each 1tem were calculated Chi square was then applled
to test the 51gn1f1cance;of the d1fferen<, between these proportions

with a critical value of 3:84 requlred for 51gn1f1cance. For all

o but 1tems 1, 2 a7 8, alterndtives a and b were taken as p051t1ve

responses with ¢ and d,‘gnstltutlng the negatf%e responses.

Three chi ‘square tests were employed'in analyzing the responses ,r
. - - 7/

-

to éach item. Comparisons were made between groups A and B, between



TO ITE&ﬁll THROUGH 10 BY STUDENTS IN THE THREE GROUPS

LEVEL 1 MATHEMATICS QUESTIONNAIRE RESPONSE

TABLE 9

'

Group¥A Responses

Group B Responses  Group C Responses.

A B C D A B C D . A B C D
f,
" F :"}1 12 3 1 0 13 1 1. 0 9 9 3 0
‘W&‘ ) ,
2. 1 1°.3 11. 0 0 .5 10 1 .2 10 6
! :;';\.4 ,:

3 3711 11 €3 10,1 0 . 4 14 3 0 (
A . :‘%n : l? @“ ) - }%

4 3 8 2 .3 1 as 8% 1 11 6 3

o [ PR
, ) S . ‘mﬁl ; : R
- 0 15 1 .0 018w &0 0o 16 5 0
3 : (SO )
6 4 11 #1 <0 5 8 0% 7 12 1 70
7 T4 9 0 11 3 1 2 17 2. 0
-2 .‘_/
. “ Q . . &

g 13 2 9 1 3 2 15 15 0 ¢

9 9+ 7 0 O 5 8 1 0 11 7 3 0

) ~ B S
10 2 10 "2 .1 6 7 20 4 13 4 0
’ y - )
¥ ® * ¥
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groups A and (, and finally between B and C. The results of these

‘comparisons are reported in Table 10. In each case a chi square and

¥ ‘.

corresponding probability are given. SR

ITEM 1:

N

4

How much do you like mathematics as a subject?

For this question alternative a was consideréﬁqu thes only

positive reigonse. The choice of alternative«b "about as much as

my other courses""r was grouped along with ¢ and d as being negative.

v
-

M

The ‘responses by tht°btudenVSn1n the two treatment groups’ were .

very similar fchi- squasies =,
P o

-~
‘J

.'r

o, ¢$ 50) 81% of these students

R AN

indicated, by chosing alternat1ve a, that they 11ked mathgmatlcs "a

gv,

AT 3!

;}great deaiﬁk Only 43% of Group C students made this choice. The

. “-"l.z b v

, difference between proportlons respondlng p051t1ve1y for groups B and

o»;!

{xv

C was statlstlcally 51gn1f1cant at the 05 leveld For groupé A and

{y.a T

c, chi sadare was very nearly significant at the 10 level 47 student<

5

b3

quallflea the1r responses to item'l by maklng comments 1nr5he space

prov1ded

A

-

3

p051t1ve than for group

&

%he 1nformat10n proylded by Groups A and B tended to be more

=mple comments from these former students
o

v
‘ﬁre "'I'm flnally getting. somewhere '1n mathematics"; "The subject isg

B ., o

llnteresting and challenging”; and ”Because it was easy to learn'.

3 . »

Three group C students stated that they folnd the‘coqrée to be

/

uninteresting. No similar comment was made by a student in either

-

of the other two groups. o o ‘i'.

. : ,
ITEM&2: How‘wonld you compare your present like for mathematics with
»

your like for the subject prior to _taking this course?



< TABLE 10

.

e
N

RESULTS OF CHI SQUARE TESTS OF THE SIGNTFICANCE OF DIFFERENCE

BETWEEN PROPORTIONS OF STUDENTS ANSWERING POSITIVELY

ON QUESTIONNAIRE ITEMS

’
-u:.v\.’

e

Questionnaire -Group A ‘and | h

-Group A and C

Group B and C

In each case, a chi square and correspondlng

probab111ty are réported

;o

Item Comparison Comparison Comparison
R o
1 .22 (p> .50) 2.65 (p<.20) 4.25 (p <.05)
2 .068 (p >.70) 3.43 (p <.10) 2.85 (p <. 10)
3 L0035 (p>.95) .11 (p>.70) 032 (p>.80)
4 LSS(p)bﬂh v’&.h4(p>.7m .46 (p=.50)"
C - = :_. : ‘l é:’# e
5 — — a—
6 .01 (p>.90) 32 (p¥.50) .44 (p>.50)
2 -
P . ) .
7 .005 (p >.90) 11 (p ».70) .007 (p ».90)
g Fa
8 .82 (p >.30) .09 (p>.70) X3 3 .70)
9 .005.(p >.90) | .94 (p >.30) .01 (p >.90)
10 0 (p=1) -11 (p>.70) 0 (p=1)
: )
&l ‘ -
ES

. o T
° N 2
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For this question alternative d was considered as the only
positive response. This was done as a result of the words "much more

now'" which set it apart from the other alternatives.

‘ J :
As in item 1, the treatment groups responded very similarly to

¢ question (chi Square'= 0.068, p>.70). 68% of these students
chose the positive‘response while for the control group 46% made
. this choice. The $wo treatment-control group comparisons produced
: , A \ ‘

Jgp chi square values which wére significant at the .10 level. They:

were, though, short &f the required .05 level established for these

comparisons.

.

Reasons given for the positive answers by students in the treat-

ment groups were varie®  The magq threé reasons had to do with the

use of modulesﬁ”h@lpmgiven during workshops and the option available

' ) . % - 4 TRt R eI .
.» to’work at an individual rate of speed. - ' o~ i@ﬂ )

' Coar e /

- . PR "

y ITEM 3: Would you be more confident now than at the beginning of

the semester in attempting*to~l%?rn new mathematics topic¢s
L3 . ¢

« . without the h%lp of a teacher?
e )

\ - / ~ (S
¢ )

R
No statisticalix/significant differences. were found amongst the

g -

~ i - L. .'

three groups. The three. groups responded very similarly to this
> item. The probahilities resulting frém the three comparisons were -
all greater-fhen'O.?O.: The propof%ions of students within GroupéhA,

B-andr C answering positively were’ 88%, 93%Mand 85% réspéctively. ?"“iﬁf

[y wl - : .
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ITEM 4: While taking the course, was the thought of possible failure

of concern to you?

" No statistically significaht differences were found amongst the

i

positively were®31%, 60% and 43% respectively.

N

twice as many students within treatment group B as 1n)treatment group

A reacted positively.

1

ITEM 5: How challenging and demanding of your abilities do youfeel
' e IR

the course was?
(>

K

" A

L

*~
5.

'ﬁgfstudents:in any of the three groups chose alternatives a or
S y !

— &

.

d in this item. :Iﬁé course, therefore, was not seen by any student

to be eithetitqo difficult or much too easy. All students thought

the‘coursgﬁ
_ ’ 4
easy. 24% of-.the group C

&

ents thought the course was a little

tod easy.  For groups A and B these figures were 7% and 15%

respectively. A chi square analysis was not applied to this item.

ITEM 6: Do you feel ydur instructoj spent enough class time eXplainiﬁggM

b4

,new topics when they were encountered in the course?
. 4

g
P

geither of the correct difficulty or was a little too

No statistically.signifiéant differences were &faund amongst the

three groups. The treatment groups responde{. very similarly (chi

square = 0.01, p>.90). All.but one student in eagh of groups -A and

C responded positively to this quéstion.

“<thbught more than enougzgﬁgme was,spent

proportlons were 25% and 38% respectlvely

35% of GrbupxC<stuaents

: -~
For Groups A and B these .

/groups. The proportions of students within Groups A, B and C an%werlgg

ThereforiA approx1mate1y

“

——

K
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ITEM 7: Were you given enough class time ' to do work assigned by

your instructor?

No statis ic .[iy -iunificant differences were found amongst the

three:groups. “he e groups responded very similarly to this item.

The probabllltles resultlng from the three comparisons were all

greater;than,.70. For groups A, B and C the proportions of students

\

N . P
giving positive answers weresSJ/ 69%: and 90% respectlvely Students

o,

reacting p051t1ve1y felt that either enough or more than enough class

g ST

time was allotéd to them. R \ ¢
B R } ‘ ,

.ITEM‘8J: Were you allawed to work through the course at the Qeed you
| want)e.d‘? i P N

- .

e

.ﬁ';_\
\

-
’No statlstlcally 51gn1fmcant d&fferences were found amon&st the

‘three groups 4 A p051t1ve response 1nd1cated that the speed was about

s

e

rlght Proportlons «of students within groups A, B and’C respondlng

positively were 81% 60 and 71% respeetively.

S e
ug‘* S 6v\

ITEM 9: Do you feel that the cggrse mater1a1 will be useful to you,
-~ so far as to be helpful in preparation for your vocational

goal? & - .

No statistically significant differench were found amongst. the

three‘groups. A positive response to this“it%h indicaéed that the

students thought ﬁhe material would be either very or somewhat - useful

to them. The positive response by groups A, B and C was 100°' 93%

and 86o'respect1ve1y

<
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»
ITEM 10: Do you feel that the course material will be gseful

R

Qto you in your everyday affairs?

..

No statistically significant differences were found ambngst the

three groups. All three groups reécted‘very positively to the

. - .. o
question asked in this item. i

It was seen that only one of the chi square values calculated

in the foregoing analysis was significant at the .05 level. Two “
/ : ” . o ‘
others were significant at the .10 level. Thus, taken all together,
‘ .
the results indicated that the proportions of students within. the

three groups answering posL%iVely to the questionnaire items were

essentially ther§ame. Accordingly, Hypothesis VI was accepted.

Fx A
e s were made by students in the space provided

. . : L N ' : o
following item 10.. Six, seven and eight students from Groups A, B

and. C respectively provided this extra féedback.-

Two Group A students ideptified the modules ag being-very

helpful in learning mathematics.  Two others indicated that their

" teacher was very good. One student suggested that the course could.

S
i

have moved more quickly. The remaining comments indicated a general

i
';\)l RIS

A
One Grbup B stﬁdent idgntified the modules as being very -
. . ) . s - ‘
helpful. Anfther reacted positiveély to the option available &f
working at aﬁ individual rate of speed. Two students suggested that"
they could have moved through the course more quickly; ‘Two others
: oy - .. . .

asked that more review time be given.
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Two Group C students expressed an appreciation for their good .
teacher. Two others said they found the course interesting. One
student expﬂ!%ﬁed some apprehension over the final examination.
Another Indicétéﬂ that '"the only reason 1 stayed-wus because oﬁce
I start something I likQ %ﬁ;ffniSh it." Two other comments were

"Workshops would be véry’%elpfhl”-and-”l would much rather have dong

AN

“this course by the unipak method."

Réaction'by Students in the Two Treatment Groups

«

Students in Groups A and B provided extra feedback by answering

questions relating to the use of modules. These were in the form
s .

a

of multiple choice questions. In addition students were asked to make

a final summary statement if they so desired.

ITEM 1: What is your general attitud@'towards using modules of
) the kind used this semester in helping to learn mathematics?

100% of the Group A students indicated that theflwere vefy help-

[¢)

ful. For Group B, this proportion-was 77%. 23% of these students

indicated that thc'modu1¢snwere somewhat helpfu! No' students in

. R - %
either group indicated that the modules were only . irginally helpful

N «

oY 8f~no help. N .. <

N ~

- FTEM 2: If given the choice of using a' textbook or modules’in a
. -«

new math ceunse you were enrolled iq, which would you

I

- prefer? ’ . .
) :

A -
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For group: A, 67% of ‘the students indicated that they would
prefer using modules only. 33% &ndlcated that they. would prefer a
,combinétion of modules and té:$i§gk. These proportions for Group B
were 69% and 31% respectively. No students in either group indicated
that they would prefer usiné the'textbook only or that they would be
happy using eithey. |
ITEM 3. How clearly written was the material in fhe modules in’

.

comparison to that in ‘the textbook you used? RS

&

The resuits were id;ntical for'egéh group. 87% of the
students indicated that'thelmaterial in the modules was much easier
to-understand. The reméining.IS% thought that bofh modules and
textbook were well written aqﬁ easy to understand. ﬁ% one sugges%ed

that the textboé&bigs easieWfl understand. B
LE8 h ' ‘

ITEM 4: D1d you §1ﬁ§ 1t ‘easier to organlze your dallﬁaﬁuthematlcs

& .
work when following the modules or when u51ng the ~

textbook?

67% within Group A thought it was much easier when using the

modules. 23% thought it W3S 11tt1q;9a51er by this method? Fbﬁ§
. T -3
Group B, these proportions were 63% and 319 respectlvely> One student

frog Group B thought organization WaS easier when-usimg the Textbook.

AN . .

ITEM 5: =~ Would you have preférred to have had the ias;»few units m

Joo.

@? the cqurse presented in.modules rather than from the

) , . N o »
textbook? X - C '



71% and 75% of the students within Groups A and B respectively
indicated that they very definitely Qﬁuld have preferred the mbdules.
Only one student indicated;that he was happy within the textbook for
these units. The remaining students indicateq éither no preference
one way or the other br that they would have.preferred some method

other than modules or textbooks.

ITEM 6: How would you judge the amount of time per class that your
instructor spent taking up homework or introducifig new

concepts?

Bl -

N 4

*%00% of the Group B students fndicated that about the right

T, . ~
,

amount of time was spent. ‘For Group‘ﬁ”this proportion was 87% with

the remaining 13% 1nd1cat1ng that moré tlme should have, been spent.

>

i
No students from- elgﬂkr -gioup 1nd1cat&§ﬁimt less time, should have
" . T I MRy ¢ A M~:
been spent. Lo ) IR H,: L , . - <G

Within Group A, seven students provided extra feedback in a .
. *

section headed "In the space that’ follows ad" “»comments which you

would like to- make " Their commentsiﬂere as follows . v

(a) I was unhappy to find out we were not us;ng modules anymore.

P

. .
~ ’

) I have'apgreciated the encod%;gg?ent.and lack of pressure in
')‘.‘-/ . .

-~

™. this class. Al
&

" (c) 1 prefer the modules as they are easier to understand. Also,

|

you can work ahead more easily in ‘modules.
L B - B

‘w
_ . ‘ o~

(d) I hope the modules will be used next semester instead ofi

textbooks.
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{(e) The workshdps were of gfeat help and should be encouraged, and

continued.

(f) T think the course should be made up of strictly modules as the
textbook is much harder to understand.

(g) The class time was about right, you didn't get bored. If you‘ :
had problems you could get them stfaightened out then go do youw

work. I think it was great.

SlX Group Bstudents prov1ded comments as follows:

LS

(&>—T think the, modules are good and for extra work the textbook.

(b) The modules are presented in 5uch a manher that those with
' rrf..
_incentive would find it easier to work ahead.

i N3

(c) I think there should bé‘fewe%&péople in each‘claSs.iffpossible...

(d) #Ighave learned a lot from this.course and enjoyed math more than

. - .
e & - .

\

I did before.

»

{(e) Some concepts were harder to'understand than gthérs and.'therefore

- M

should have more time ‘in bxplanatiqy-épent on them.
. .
(f) The modules;aré a great help with good iliustrations, good -
explanations, made mathematics a practical subject that was

. e

" understandable. . il o .

/"' TERMINATION OF STUDENTS
q

JThe tbrminafion rate from academi%}upgrading-programs has

Histoficaliy been reigtively high. In sevefal dropout studies done
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at AVC from 1970 to 1976, the percentage of students not completing
the semester rnnged from 30 to 40 percent. A rule-of thumb has been
that for every three students registered at the beginning of the

semester, only two will stay for the complete duration.

In the present study, of the 78 students in the thrce groups,
‘22 students terminated before the end of the semester. This represented
a termination rate of 28%. 9 of these terminations were from Group A,

« i .
7 were from grougl B and 6 from group C.

=)

£

"o

To test the slgnlfloante of the dlfference between the propo 110ns

of students who t&rminated from the groups a.?( test of 1ndependence

N

was applled When results for the two trﬁatment groups were pooled,

o
a )(~ of .82 resulted. “This was far below the value»of 3.84 required

NS [y
s f

to shoW‘significance at the .05 level. Thus it wou;d appear that the

rate of termination‘by students occured in ‘endently of treatment.

e b
T Prev1ous studmes undertaken at AVC 1n 1972 1973 and- 1974 lend

,'support to the a%ove They showed ‘that the major factors contrlbutlng

1) H v
to termination were personal illnéss, family illness, 1nadequate

training'éT?owanees and-increasing debts. Problems gglated
'dlrectlyczo‘teachlng - learnlng process were fhted as less 1mportant
Again this would 1ndlcate that of the 22 students who termlnated

the majority did -so for reasons other than those related to cléssroom

interactions.

Campbellrand Stanley (1973) state experimental mortality,'or
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differential loss of subjects from the comparison groups, ds Onc of

the main factors which threatens the internal validity of exper-

. ) .
- iments. In order words, experimental mortality might produce effects

which will confound with the effects of the treatment. In that the
termination rate of students in the present study was nearly one

third, this becomes an important point to consider.

-

One factor suggests, however, that the loss of students from
o~ ¢ . B . .

each group happened in ‘a more or less random way. Marks on the review
» ° Y
test were compared. The students from group A who terminated had
S ' ' i
previougﬂy@%&tained an average of 65% on the yeview test. For groups

B and%ﬁ% the averéges’wene 67% and 65% respectively. Thué, the groups

were seen to be very,comparable in this respect. No group appeared

) 3

" - 1
to have lost  students whose performance'on'the review test varied

M

markedly from that of the other rwo. This would suggest that the.
o . ‘
effects of experfﬁental mortality in this present study would be

. Co, ‘
minimal. S C ‘ ’ : ,

i

V-
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SUMMARY AND CONCLUSTONS

ﬁ T Ty - '
The purpose of tN?FQstudy was threefold. First, a viable

rationale for adult academic upgrading pro. ams was formalated.

This ritionalc‘was then used to provide éuidnncc 1n outlining ern{cglcs
for use in th development and teaching of mathemiatics ourr{culn.
Finally, instructional materials were prepared and were used for one
tfull semester at A}herta Vocational Centre. An evaluation was then

undertaken to determine the cxtenE to which this curr}culum was
effective in meeting the individual needs of students; Students were
randomly assigned to the three experimental groups: two treatment
groups and one control group. All of thq students involved in the
study were enrélled in the level [ technical mathematics program at

-

i Alberta Vocational Centre, Edmoniton, during ppé”five—month long
1976 spring semester. t

N

All students were involved in a three week review of the basics.

The control group sfudents then proceedea through the rest of the course
in a somewhét traditioﬁal manner. The two treatment groups proceeded
~arough the course by applyiﬁg the curriculuﬁ which was developed to
account for various student characteristics. It was hypothesized that:
(1) the population means on both the mid-term and final examinations

' ,weu{? be equal for the threé Y. ips, (2) perfo;mance on thé final
exigjnation by students withiii each group would be independent of

th¢ir attendance records, and (3) the proportions of students within
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the three groups answering positively to various features of the

treatment would be the same.

Taken all together the fata indicated thapt the use of the multi-
approach rationale 1n offering mathematics instruction to adults
(i.c.: application of the treatment) was an effective war @ “acilitate

their learning. The results showed that on the mid-* wexar o ion

the treatment groups attained scores which were sign 14 aer
than those of the control group. On the final examina. .e
Y,

differences were not statistically signiticant. However, on this
. I
examination, the mean score for each treatment group was more than

10" higher than that of the control group.

No significant association was found between the final examination
score and attendance rc-ord for students within each group. The dgta
did }ndicate, though, t =t good marks were much more dependent upon
"good attendance for student - within the control group than was the
case for those i the wo treatment groups. In général, the results
of the student questionna:re indicated that students from the control
group tended to be less positive in their responses than did the
treatment students.

/.
CURRICULUM CHARACTERISTICS

A major advantage in using the curriculum developed for this study

was that student performance was somewhat enhanced. Evidence supporting

f, -
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/

this contention is seen in the results tfor both the mid-term and final
/

examinations. On both examinations the marks attained by each

treatment proup were seen to be superior.  Thus, these students had

'

dchiceved a higher degree of mastery of the course content than had

R . . ~ . . 1
the control students. The advisability of using a curriculum which

results ese gains is evident and need not be dwelt upon.

Further, the similarity of the mean examingtion marks of the two

treatment groups is noteworthy. On each examination these marks were.

‘ . . [
very close to one another. They varied by less than 4% “d %
respectivély on the mid-term and final. Considering the fact that

the personalities and capabilities of teachers tend to contound with
the effects of any treatment, these results suggest that the curriculum
e \

used by the treufmcnt\groups was relatively teacher-proof, with

respect to student performance on examinations.

Upon reviewing the design of the curriculum this characteristic
. . . . - »
is not surprising. In fact, a major component of the design was that
the stdgént himself, as opposed to the ir :tructor, was to-be the focal
point of the learning process. Teacher-directed class time was kep
to a minimum with more time being devoted to individual worK and

student-student interaction.

An additional strength of the curriculum was that it allowed
students to work at a more individual rate of speed. This was mainly

due to the use of the modules. Once a student had developed the

N



e
necéssary process skills he was ahle to proceed through\thc modular
materials relatively iﬁdependbhtly of the instructor. Six students,
three fro% each treatment gr:.;, demonstrated this ability to a high
degree. Inlthis independént manner,‘they covered not only the content
in the modules but also that in the final textbook chapters of the
course. These students Finished the ~.imse élmost one month before
the end. of the semester. Had level TI ot *le tech~ical math program
béen organized in a manner similar to that.for level I, these
students yould have been able to proceed with this content. As it ¢

was, they had to wait for the start of the next semester before

commencing with level ITI.

Another advantage cf the_curriculum was that, upon returning to
class after one or more days ébsence, students were better able to
""catch up" on material they had missed than were thOQF in the control
group. The tests désigned to gain insight into the relationship
between attendance and examination performance suggested this result.
They showe ' that on a proportional basis, nearly twice as many students
in the control group, than in each treatment group, demonstrated a
combination of'poor marks and poor‘attendance. Conversel&,morg than
twiéé és many students in each treatment group, as in the control
group, demonstrated a combination of. good marks and poor attendance.
In other words, poor attendance did not seem to jeopardize the e

effectiveness of the curriculum developed in this study to the same

extent as in the case of the more traditional curriculum. Considering
. J



tl  fact that adult upgradiny students fend te miss a great deal of

class time to tend to ngrsondl and family ﬁattcrsi this result takes
on added s{gnifignnco. Again, the similarity of the results tor the
two treatment groups 1s noteworthy. The representat ive proportions

within each cell (see page 73) were nearly identic@l)for,thcse_

groups.

Various other results relating to student feedback on the

questionnaire are noteworthy. First, on a proportional basis, twice

as many treatment students as eontrol students ‘indicated a liking for

mathematics. This difference was found to be statistically signifi-
>

cant for the Group B and C comparison, but slightly short of

significance for tiie Group A and C comparison. Students were also

asked to compare their present like for mathematics with their like
for ;he subject prior -to taking the course. The treatment—cé;€;bk\
group comparisons produced chi square values which'were éignificant
at the .10 level. Had the totals for the treatment groups been
caombined and then compafed to those of the control group, a
statistically significant result, at the .05 level, would have
6ccured.‘ Further comments by students in the two treatment groups

supporting their like for mathematics were very positive. The main

reasons given for the positive answers had to do with the use of the

(‘nodules, help given during workshops and option available for doing

\individual work. :Assuming,~theh, that the positive reaction by

txeatment students was a result of the treatment itself, this result
N .

g w7

-3

‘



is very important. Any curriculum which results in students increasing

their liking for a particular course would seem to be highly desirable.

Twice as muny Group A as Group B treatment students indicated
that the thought of possible failure was of concern to them. This
was the only area on the questionnaire in which the two tre.a.ment
groups varied markedly in their responses. Chi square showed, at the
.05 level, that-thg above differcnce in response was not statistically
< wnificant. Howéver, it 1s the rescéfcher's opinion that not all of
thi: variation can be attributed to sampling considerations. The two

L
treatments did differ in one main respect; Group A students were

'encouraéed to write "make-up' examinations on sections of the course
in an attempt to raise their marks to a particular mastery level.

It is possible that this increased emphasis on demonstrating mastery
was responsible, in part, for the différence in studenf response
noted above. However, considering the similarity of responses and’
performance by the two groups in all other areasrunder investigation

in this study, this does no%\gppear to have confounded with any of

the other variables involved.

The responses to thé other items on the quéstionnaira were very
similar for all tﬁree groups. No further statistically significant
differences were found. However, the comments made by the treatment
students indicated a more positive reaction to the curriculum than

was the case for the ‘ntro} students. The former students over-

whelmingly endorsed the use of the modules as an instructional aide. -

!

!
]



Not onc student in either of these groups indicated that the modules

AN

weres of questionable usefulness. 87% of the students indicated that
the material in the modules was much easier to understand than the
texthook. In addition, 73% indicated that they w&uld have preferred
to have used modules for the last few units rather than the textbook.
These proportions highlight the students' acceptance of the modules.
The scheduling of workshops was also reacted to positively by the
treatment students. Student com' " ts indicated that they were of

great help and should be continued. Several students also stated

their appreciation of being able to work at their own speed.

A final advantage of the treatment curriculum was that students

<

were able to cover an increased amount of material. The control
class covered only the first seven units of the course, whereas the
treatment classes finished unit eight also. This last unit included

a section on descriptive geometry and an introduction to right angle

trigonometry.

In conclusion: it would appear that the combination of
instructioﬁal foatures, related to both mastery and process learning,
which were cmployed in this study was effective in meeting many
individual student needs and in helping students toward mastery of

the course.

IMPLICATIONS FOR THE CURRICULUM

“

On the basis of the findings of the present study, including
N - v . N

r | | 1

/
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student résponses and comments on the questionnaire, the following

suggestions are made. ‘

(1) An approach similar to that developed in this study be used in
offering instruction to-all level I mathematics>students at
Alberta Vocational Centre.

(2} Modules be prepared to cover the contenf in the last eight
chapters of the Level I mathematics course.

(3) The main intructional features of the treatment related to
process learning continue térbe employed:

(a) The first three weeks of the semester be devoted to a
thorpugh review of -basic oncepts and operatighi

(b) . EmphAsis be given to the development and application'by
students of basic problem—solvingvaéproacheg.

(c) Students be required, from the beginning of the semegter,
to do independent réading of course material.

(d) Students be encouraged to become involved in setting many
of their own learning patterns such as deciding the rate

-~

at which they wish to work through the course and choosing
their own mastery level.

(4) The following instructional features of the treatment related to

. mastery learning continue to be employed:

\

( Modules to be used as the primary reference to fulfill the

need thdat instruction be structured into well-defined learning

: ¥
units.



(5)

(6)

)]

(2)

(M) Students.moet regularly in Small\%roup workshops to do
remedial work, homework, and .* .11 related to the course
content.

() Students themselves be involved in identitying specific

behavioral objectives within cach module..

.
,

Students not be required to show complete mastery on each module
before proceeding. Encouragement should be given, though, for
them to do remedial work to eliminate deficiencies.

Y

Students not be encouraged to write ''make-up'' examinations in an

attempt to raise their marks.

|

IMPLICATIONS FOR FURTHER STUDY

Further studies be undertaken in an attempt to ascertain the
interaction effects of the various contributing aspects of the

overall treatment as developed in this study. For example, a

'

at workshops results in improved performance in the course.

Modular materials be developed for Levels II and IIT of the

study could be made to determine to what extent student attendance

technical mathematics program in order that students can progress .

-

through the entire sequence of courses in the same manner was

was done in the present study. Anélyses could subseduently be
undertaken to determine the extent to which this more advanced
program was effective in helping students progress smodthly in

their mathematics education.
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The Measurement of Area
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The Measurement of AreagJ

In order to measure the size of any surfdce it is necessary to agree on

the shape of the unit of measurement to be used. To measure distance we used
the length of a line segment, and sO we had linear measure. To measure surface
area any shape of flat surface could be used as the unit. But for reasons of
convenience the sguafe has been chos: or the unit of area, hence area 1s

always expressed in square measure.

When we say that a surface measures.9 square centimeters we mean that the surface

could con*tain 9 squares of side L cm if the squares were suitably arranged and

divided to fit the surface.

o\

/)

A2
o l :f. A

What is the surface area of this figure?

The Area of a”Rectangle

.

Since the sides of a square are
perpendicular, the number of square
~units which will fit into a rectangle

can easily be found if we know the

r
H
T—.F———-___ bumiTs _______4 length and width of the rectangle.

k—— h umiTs —H

Let us call the horizontal side of a rectangle its base.

" We shall call the vertical side of 'the rectangle its height.

The height of a po]ygoh is always PERPENDICULAR to_ité base.
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In one row along the base of a rectangle b wunits by h units there are b
unit squares (squares of side 1 unit).
There are h rows of squares from bottom to top of the rectangle.
Consequently, altogether thére are b x h unit squares in the rectangle. The
area of the rectangle is bh square units. Denoting this area measured in
square units by A we have, for any rectangle:

A2

A = bh

Note: An alternate form for the rectangle formula is A = 1w
where 1 represents length and w represents height.

The Area of Ahy Square ' /

The formula for the Srsa of.a

N
rectangle is A = bh "7
"

4

— 98 UNITS —)

—$s uniTs —

Since a square is a special type of rectangle in which b and. h are equal,

we can replace both ® and h by s, and we have .
-
A=s X s
- We write this, ' A= 52

The Relationship between different square units

Before proceeding to find the areas of different geometrical forms let us
consider the units used for area measure in SI.

Square inches, square feet, square yards and square miles are replaced by
square centimeters, square metres and square kilometers. Since area is two
dimensional, S1 symbols for area units show the "two" as an exponent. For

.




-

example, square centimeter will be written cm2. The acre is replaced by the

hectare (rhymes with "air"). -

A p
.

These units are abbreviated as follows:

A 1 square centimeter = 1 cm ‘
1 square metre . 1 m2
1 sduare kilometer . = 1 km2
1 hectare = L hm 2

The relationships between the common units are:-

1 kel = 100 ha
1ha = 10,000 m
1mé = 10,000 cm?

To get a "feeling" for these SI units consider the following statements:

_(a) The square metre (mz) is the primary unit of area. This.will play an
important role in many applications, one being the sale of carpeting by
the square metre.

Thé square kilometer (ka) is a large unit of area, generally used to measure

the areas of surface regions of the earth.-

Intermediate between the above two units is the hectare (ha). In any

track meet the 100 m dash is a standard race. The hectare can be
visualized as the area of a square with sides 100 m in length. Most impor.
tantly, the hectare replaces the acre. A 100 acre farm is very nearly,
equivalent to a 40 ha farm. Now fd;get acres; think hectaréé!
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EXAMPLES.

1. Calculate the area of the rectangle shown below:

- 20 ¢m

Solution A = bh

= -20cm x 7 cm

= 140 cm?

2. How many m2 are contained in the area represented by the shaded portion

of the dfagram below?

ZiZ7) |
C:::::j :5? A 26m
%

N

L

Solution 1: Area of large rectangle.

A bh

= 36m x 26m '
= 936 m? ' :

AN

Area of small rectangle.

A = bh —
= 30m x 20m
= 600 m2 N
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The shaded portion of the diagram below represents an indoor race track,

which is to be covered with a new synthetic material. What would be the
cost of covering the track at $23.00 per m“? SR
. }
< 179m_ \,
i
' ///::::ZEEL,///’/:;///i:////::///://///;//’//i;/////://///;/]_‘///’
/
- —
~ /
/
k 109 m , ,|
Semi-circle
4. The shaded portion of the diagram below represents a parking lot, which is to
If the cost of covering with black top {s $1.50

be covared with.black top.

per mz. what would the cost of covering the parking lot be?

500 m————2

374m




Exercise 6.

1. What would be the cost of carpeting the floor of a house wih the

dimensipns as- shown below, if the cost of carpeting is $14.00 pef mz?

le—35 m—> | —

=
. , . 15 m
l 30m
40 m
—

*__30 m__)

Semi-circle.

2. A symposium hall is to be covered with carpet as shown betow. If the cost
of installing the red carpep*is $16.00 per m2. and the cost of the psychedelic

is $20.00 per m? calculate the total cost.

Psychedelic
Carpet,
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APPENDTIX B

STUDENT QUESTIONNAIRE

NG



QUESTIONNAIRE: LEVEL 1 PRE-TECHNICAL MATHEMATICS

(-

o

Following are Somedquestions about what happened in your mathematics
class this semester. Your TesSponses and answers to the following
questions would be much appreciated as they will help us to improve
the course. The results of this questionnaire will not in any way

influence your final grade in the course.

Circle the letter in front of the statement that best tells how you

feel about what happened. There are no right or wrong answers -

instead we wish for you to state your honest opinion.

For certain questions you are asked to state why you answered as you

did. Try to provide clear and concise answers for these.

)

1. How much do you like mathematics as a subject?

A great deal.

a.
b. About as much as my other courses.

[¢]

. Less than my other courses..

d. Not at all.

Please state why you answered as you did.

109

[t

2. How would you compare your present'like for mathematics with your

l1ike for the subject prior to takirng gpis course?

a 1 liked mathematics more before taking this course.
b. I like mathematics a little less now than before.

I like mathematics a little moTe nNow.

[g]

d. I like mathematics much more now than before.

Can you state a Teason why you answered as you did.
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Would you be more confident now than at the beginning of the

semester in attcmptingrto learn new mathematics topics without

the help of a teacher?

Yes, T would definitely feel more confident now.

Yes, T would feel a little more confident now.

No, T would feel a little less confident now.

No, T would feel much less confident now.

While taking the course, was the thought of possible failure of.

concern to you?

a.

b.

Yes, T thought about it all the time.

Yes, T thought abouﬁ it occasionally.

No, 1 thought'about it very seldom.

No, T never thought about it. :

How challenging and demanding of your abilities do you feel the

course was?

a
b.
c.

d.

The
The
The
The

course
course
course

course

was

was

was

was

too difficult for me.
of about the correct difficulty for me.
a little too easy.

actually much too easy for me.

Do you fecel your instructor spent enough class time explaining

new topics when they were encountered in the course?

Yes, more than enough time was spent.

About the right amount of time was spent.

No, a little more time should have been spent.

No, much more time should have been spent.
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7. Were you given enough class time to do work assigned by your
instructor?
More than enough time was given.

a
b. About the right amount of time was given.

A little more class time should have been given.

(e}

A lot more class time should have been given.

o

—

8. Were you allowed to work through the course at the speed you wanted?

.>a. Yes, the speed was about right.
No, we move. through the course too quickly.
c. No, I céuld,have moved through the course a little more
quickly.
d. No, I could have moved through the course much more

quickly.

9. Do you feel that the course material will be useful to you, so far

. as to helpful in preparation for your vocational goal?

a. Yes, the material should be very useful.
b. Yes, the material should be somewhat useful.

No, the material will be of marginal usefulness.

(e}

d. No, the material will be of no use.

10. Do you feel that the course material will be useful to yoq'in your

everyday affairs?

Yes, the material should be very useful.

a
b. Yes, the material should be somewhat useful.

O

No, the material will be of marginal usefulness.

[« W

No, the material will be of no use.

In the space that follows, add any comments which you would like to

make. .
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The following questions are to be answered by those students who were
in a class which used modules to cover the first portion of the course,

Again, circle the letter in front of the statement that best tells how

you feel about what happened. —~\\§
> :

1. What is your general attitude towardsﬁasing modules of the kind

used this semester in helping to learning mathematics?

a. T think they are very helpful. .
b. T think they are somewhat helpful.

I think that t' - are only marginally helpful.
d. I

think that they are of no help.

What is the main Teason you answered as you did?

2. If given the chéice of using a textbook or modules in a new math

course you were enrolled in, which would you prefer to use?

a. T would piefer to use the modules only.
b. T would prefer to use the textbook only.

c. I would be equally happy using either.

d. T would prefer to use a combination of modules aﬁd

textbook.

7

3. How clearly written was the material in the modules in comparison

to that in the textbook you used?

a. The textbook was much easier o understand.
b. The material in the modules was much easier to understand.

‘Both were clearly written and easy to understand.

C

(a9

Neither was very easy to understand.



4. Did you find it easier to organize your dialy mathematics work

when foilowjng the modules or when using the textbook?

a. It was much easier when using the textbook.
b. It was a little ecasier when using the textbhook.
Tt was a little easier when using the modules.
d. It was much easier when using the modules.
5. Would you have preferred to have had the last few units in the

course presented in modules rather than from your textbook?

a. Very definitely ¥ would have preferred the modules.
b. No, I was happy with the textbook.

I have no preference one way or the other.

o

I would have preferred that some method other than

textbook or modules might have been used.

‘

Y

6. How would you judge the amount of time per class that your

instructor spent taking up homework and introducing new concepts?

a. More time should have been spent.

b. About the right amount of time was spent.

@]

A little less time should have been spent. ¢
d. Much less time should have been spent.
In the space that follows add any comments which you would*like to make.




