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ABSTRACT

This study haé investigated the extent to which students
enrolled in (1) Ingefmédiate Algebra and (2) Fundamentals of
Algebra I (a) achieved a more positive attitude toward mathematics,
(b) exhibited greater achievement gains from pretest to posttest,
and (c) demonstrated greater ability to transfer concepts to a
novel problem~solving situation when taught by the Individualized
Method of Instruction than when taught by the Traditional Lecture
Method.

A juasi-experimental design was utilized and the study was
conducted for one semester with-pretests and posttests in both
achievement and attitude, and a posttest in problem—solving. The
two lavels of courses utilizing two instructional approaches
comprised 101 Ss: 62 were enrolled in Fundamentals of Algebra I, and
39 were enrolled in Intermediate Algebra. The study was conducted
at two urban Community Colleges whose student population was similar
in ethnicity, saéiéiecgnamic backgrounds and educational experiences.
Two instructors were involved.

All Ss received behavioral objectives during the first week of
the semester and those who received instruction by the individualized
approach were given additional literature describing Individualized
Instruction; they studied for fifteen weeks and at their own pace.
The Ss who were traditionally instrﬁeted by the lecture methkod also
studied for fifteen weeks but progressed through the content at the
instructors' pace. All Ss took pretests and posttests during the

first week and last week of the semester, respectively. During the

ard 4



fourteenth week, all Ss were assigned a problem-solving task which had
to be completed within a week's duration. The problem-solving task
was designed to evaluate Ss' abilities to use initiative, mathematical
skills and skills that led to independent thinking that were not teacher-
directed. A cumulative graph was kept by all Ss to record thelr progress.
Achievement and attitude testing were computer-scored, and problem-
solving tasks were scored by each instructor with a maximum of 120
attainable points.
Based on the data collected from the study, a 2 X 2 ANCOVA was
employed for each task encompassing achlevement, attitude and problem-~
solving. 1In achievement and attitude the pretests were utilized as

covariates, but in problem-solving (posttest only) the pesttest achieve-

bias.
The following results were noted:

(1) There was no significant difference in achievement on the Diagnostic
and Achievement test between the two groups. (F = 0,07; df = 1/67;
p < .01).

(2) There was no significant difference in attitude changes as exhibited
by Ss' scores on the attitude inventory. (F = 0.41; df = 1/67;
p < .01).

(3) There was a significant difference in problem-solving, in favor of

]

Individualized Instruction. (F = 6.50; df = 1/63; p < .05).
Secondary findings were:
(1) A significant B effect (course) in achievement. (F = 25,37;
df = 1/67; p < .01).
(2) A significant B effect (course) in attitude., (F = 15.83;
i0

viii



df = 1/67; p < .01).

(3) An AB effect of 3.76 in attitude which approached significance at

the .05 level (F ~ 4.00; df = 1/67;°p < .05),

Findings of earlier studies were replicated by this study. How-
ever, several suggestions were nade for further research and refinement
among which were: further comprehensive and systematic research on
other affective variables in academic achievement; and institutional
implementation of varied teaching methodologies, evaluating the outcomes
through on-going vesearch,

It 1s of great importance to educators and especially to mathe-
matics instructors that students who have suffered the fear of failure
syndrome be assisted to recover and develop new positive attitudes,
Students can be helped by humanizing mathematics without sacrificing
excellence. Individvalized Instruction may hieip the achievement of

these goals.

i1

ix



CHAPTER I

INTRODUCT ION

Context of theﬁE:aﬁiay
Several research reports CEnglert, 1972; Neddt and Hedlund, 1967;
Dreger and Aiken, Jr., 1961; Whipkey, 1969} have been written to
establish the intérrelaticnship of mathematies achievement and
mathematics attitude. Most recently many educators have been deeply
concerned about meeting the Students' individual needs through indi-
vidualized instruction; some dissertations (Frase, 19713 Taylor,
1971; Jeffrey, 1972) reflect this concemn, Jeffrey (1972) investigated
preferences and attitude toward one of two modes of mathematics
instructign, Frase (1971) observed the tipe utilized by two groups te
complete the same number of units with tweo different styles of instrﬁga
tional experiences, and Taylor (1971) tried to obtain statistieal
evidence that might be Partially used to determine the effectiveness
of independent study as used in teaching Algebra, 1In addition, Aiken
(1963) researched personality correlates of attitude toward matﬁématies,
and Cattell (1945) pPerformed a etudy on pPersonality traits asscsiatéd
with mathematical abilities, Dés?ité these concerns and Tesearch
articles, little attention has beén!givan to discover the effeers of
teaching methodology on students' attitudes toward mathenaticsi_
Within this construct Hayés;(1972) has researched the effects of two
methods of presenting homework upon attitude, achievement and Percep—
tions of Study habits in a college mathematics Course; Connolly and
Sepe (1973) worked on an analysis of student attitudes toward

divergent modes of instruction, the implications of which were geared

12



goward Individualized instruction; and the Department of Educational
Resetrch o f Miani~Dade Junior College, Florida (1971) investigated
learning systems znd student achievement as a teést of a model in a
large, Urban community college.

In all levels of instruction, teachers of mathematics have been
confronted with students' attitudegxtaward this subject and its
relatiomshdp to performance. Gough (1954) used the term "mathemaphobia"
to descyibe students' reaction to ﬁathematizs, Tuloct (1957) referred
to £t as "enotional blaéks“ and Johnson (1957) emphasized the need

for "comditioning" a positive attitude toward mathematics through

!fewa::ti- The fact is, educators have become increasingly aware of the

difficuldties which students e;zqseri;em:e in mathematics, many of whom
have committed themselves not to merely accept rationalizations from
students, but: to seek out nev methods of presenting the subje«;f matter
which mAght affect attitudes and give cause to greater achievement.
Many steidenits actually experience great emotional stress and aeti;,ally
shy avaw from ;*.‘h,is discipline; this phenomenon has caused several
avthors (Poffenberger and Norton, 1959; Aiken, 1963; Hamza, 1952) to
investigater the factors that produce this symptom. This educator Vis
especially Interested in alleviating these fears and fostering a
positive actitude by "humanizing” mathematics -~ a humanism exempli-
fded by the methodology of imstruction utilized in the teacher-learning
process . |
The deefinition of learning as changed behavior, if accepted,
allows appropriate consideration to be given to the possibllities »
of changging attitudes in conjunction with the acquiring of knowledge.

An instructor nay well affect change by providing a classroom climate

13



in which students grapple with past problems vhich wexre the cause of
negative experiences in mathenatics, verbalize them and set foxth

new goals in which theﬁr would strive for complete recovery £rom ;
"mathemaphobia" (pronounced fears in the presence of mathenatics)

and "emotional blm;ks“. (dislike of, and hostility toward mathematics);
the end results, hopefully would be greater academic Success im the
understanding of mathematics, a more positive attitude toward the
subject matter, and the ability t:t:! transfer concepts learmed to

problem-solving situations.

‘Statement of the Problem

The purpose of this study was to ascertain the extent to vhich
students enrolled in (1) Intermediate Algebra and (2) Fundamentals
of Algebra I (a) achieved a more positive attitude toward nathematics,
(b) showed greater achievement gains from pretest to posttest, and
(c) demonstrated greater ability to transfer conmcepts when taught by
the Individualized Method of Instruction than when taught by the

Traditional Lecture Method.

Review of the Literature

For the past fifteen years, 1959-1974, there has been an incre ased
number of published articles relative to performance in mathemstdics, the
effects of attitudes on perfc.mance and methods of instruction, the
expressed theme of which was greater mathematics achievement and how
personality and environmental factors affect attitude toward mathematics.
Most recently, educators have been devoting their energles to instruc—
tional outcomes, instructional preferences, behavioral objectdives, and
above all meeting individual needs of students through a variegated

14
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axray of prograns, Current evidence to support this contention is

revieved below,

A. Teaching Egts?Le,s nd Tngtrueerdonal Pxo I Tams,

Clrapman (1966, p, 34) asked: "Are Juniorx Colleges superior
teaching colleges? I the teachdng in Junfor Colleges as good as,
or better tham that of opher imstitutions of higher Jearning?"” He
alludled to SAdney Hook” s Statement dn which ir was meﬁtianed that
it 1s an open scandad £hat £he worst teaching in the American
system of education takes Place at the college level, and continued
that ke did not kaow thether Hook was including Junior colleges
dn his denunciation; me thing that vas certain in Chapman 's minc
was that there should he no room for complacency at the Junior
colleges . Rather, he Sufgested educators improve i:he‘ teaching by
""resharpening the tools of Instzuction™ so that improved léémiﬁg can
tde place; by "tools™ he meant the total college environment —- al]
personmel, facildities, gtudent services, curxiculum, and 4nstruction
that vere utilized to reach the obligations of the college, iHe added
that

Whether ve Like £t or mot, technology has invaded
the classxoon, Ttwild in a1l probability, have
4 greater mnd greater effect wpon us, the way we
do things , , . students can projrass at Individual
rates , , , materdal will be presented in a variety
of ways which ave designed to intensify learning, -

The &nf luence of Reller's vork has been §artigulagly important
In establishing the Indiydiwmaldzed PMethods of Instxuction. Keller,
2 psycthologist, and dissatis fled with the conventional approaches

to teaching, devised a new g tyle dn which he applied his behavioral

#pproach to coldege teaching. He implemented the concept of mastery

15
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leaming and developed a syatematic behavioral mode) known as the
Paersonalized System of Instruction (?s1) az'the:Keller Plan. One of
Xéllgr's (1968, p. 80) hand-outs read as follows: |

This is a course through which you may move, from

start to finish, at your own pace. You will not

be hgld back by other students or forced to go

shead until you are ready. At best, you may meet

all the course requirements in less than one

semester; at worst, you may not complete the job

vithin that time, How fast Yyou go is up to you. . . .
A brief synopsis of this (Kellexr) Plan would be: It divides the
material into small, clearly-defined objectives, permits each
student to proceed at his own Pace, requires mastery of one unit
before proceeding to the neﬁt; furnishes immediate positive reinforce-~
ment and provides fgr.the Personal-social interactions that we know
are Imporiant to motivation, Research evaluations (Ihe EPIE Eepcft,
April, 1974) have also shown that retention of content 1s as good as
or better than that which occurred in the conventional classroom.
Some of the studies also tested students from nineteen weeks to nine
months aftexward, to obtain contrasts in retention. Here allrgtudies
favored PSI, and the contrast was greater than that shown immediately
after the course ended. When differences at the end of the course
ranged from 6 per cent to 20 per cent, with a mean of 10.8 per cent,
differences in later retention ranged from 10 per cenﬁ to 22 per
cent with a mean of 17 per cent. .

Several other programs have been invented since the PSI Planp.

The Educational Products Information Eichange Institute (EPIE, January,
1974) looked at three similax programs, namely, Program for Learning

in Accordance with Needs (PLAN), Tndividually Guided Education (IGE),

and Individually Prescribed Instruction (IPI); PLAN is an instruc-

16



tional system that facilitates Individualized Instruction; IGE among
other components focuses on the individual learner, deveiops measure-
ment tools and evaluation procedures; a%d IPI is an iﬁsttﬂétianai

system which is designed to individualize the veaching of subject

content. IPL, one of the older and more widely known instructional

systems, has been closely identified with an elementary mathematics
program (EPIE, 1974).

Connolly aud Sepe (1973, p. 31) tried to identify those
characteristics of Individual and Traditional Instruction preferred
by community college students. From the choice of the two methods
of instruction, 50 per cent nf 377 students chose Individualized
Instruction and of eight characteristics describing the tvo teaching
methodologies, seven of the Statements were favored over the
traditional counterparts; the one characteristic not preferred
was “'learner control" as opposed to "external egntrél“i These
two characteristics were described és follows:

Would you prefer a course in which (check one)

Learmer . the student will be responsible for his

Control | own learning and Progress and for meeting
~ the stated course objectives,

Or a course in which

External.. ___ the student 71111 have to meet certain

Control requirements set by the instructor to
— malntain satisfactory progress in the
course.

The students were told in advance that the particular course 4in which
they were planning to register would be taught in these two different
styles, and that they were free to select the one they preferred.

Since these two concepts -- "learner control” and "external control"

~- were well-defined, the authors were of the opinion that there

17



appeared to be some unwillingness on the part of the students to
accept responsibiliity for learning. They also attributed much of
the failure of individualization to this” factor and recommended
that students be taught a "new" vay, as imdividugls. They must
modify a learning style that has focused primarily upon the teacher
to one that will depend primarily upon the students.

What did the students vho have been exposed to both types of
instruction say? Jioia (1973) in a soclology course taught by the
Individualized Method of Instruction found that the students in
comparing traditiomal aﬁpr@ach with individualized approach favored
the individualized course; the rationale was that they could work
at their own pace and receive immediate gratification (quick test
results) for their work. They pointed out, however, because of the
nature of soclology, they missed classroom discussions and they
felt isolated from their Peers although they had more intefagtian
with their instructor.

Roueche and Herrscher (1970) have acclaimed that learning is
not an accident, bul rather the result of strategically planned
teaching methods, They advised that prospective teachers be trained
in dinstructional methodologzy to meet the needs created by recent
technological developments fo- educational innovations; consequently,
this method should be a contributory factor to more effective teach-
ing. They also advocated Individualized Instruction, and agreed with
Bloom's (1968) research on student learning where he concluded that
95 per cent of students can learn a subject up to a high level of
mastery -- the grade of A being an index of mastery. Roueche and

Herrscher (1970,gp; 26) further state that

18



it is obvious that traditional methods of teaching

do not succeed with individuals who are not traditional
students. It becomes equally obvious that if the two-
year college is ever to achieve dits lofty ideals, the
institutions will be compelled to experiment =- to

try nev programs and new methods, discarding those

which do not succeed and refining those which are
successful.

Koyanagi (1970) in his quest to determine the relative merits
of two methodologies in improving problem-solving abilities, designed
a study for a seventh grade science class. A relevant, but secondary
purpose was to determine {f relationships existed between students'
problem-solving ability and their ability in critical thinking,
reading, and non-verbal I.Q. Thz_e groups vere studied. Two
randomly-selected groups comprised each of Groups 1 and 2; and
Group 3 consisted of students from another school. Group 1
received instructions in vhich a problem was defined, the
variables of the problem discussed, the direct procedure to solve
the problem carefully outlined; then the students were allowed
to work in pairs. Group 2 also recelved instructions in which a
prﬁﬁlem was defined and the variables discussed, but they were
required to design and make their own procedure to solve the
problem; they too were alloved to work in pairs. Group 3 received
no formal seience instruction during that s;hacl year and worked
individually on the problems. The duratian of instruction to
all groups was fifteen 40-minute periods. The results of the
study indicated that problem~solving abilities of lower I.Q.
students who received instruction utilizing a teacher-planned
procedure or an individually-ascertained procedure could be im-

proved more significantly (significant at the .05 and .10 levels,

19



respectively) than th@seAstudents who received no instrxuction.
Analyses of the data showed no significant gains for tég remainder
of the students in both treatment and confrol groups within the
instructional time-limit allotted. There was also significant
positive correlations betveen students' problem-solving abilities
an’ their abilities in critical thinking, reading and non-verbal
1.Q.

In summary, the literature discussed in this section reinforces
the need for innovation in education, with special emphasis on the
type of instruction afforded the community college student, There
was supportive evidence that individualization of inmstruction to
meet individual students' needs has blossomed into sévg:al variations
throughout the country since Keller's departure from the conventional
instructional approach. In the quest for teaching styles to meet
students’ needs, identifiable concerns were: (1) student input.ig
selection of teaching methodology; (2) teaching ntvle effectiveness
from one program ﬁa another; (3) uniqueness of community college
students because of the wide range of intellectual abilities =—- SEudeﬁtg
should be less subjected to traditional college lecture method of
teaching; and (4) problem-solving ability of lower L.Q. studemts Eg
perform with instructional éésistaECE, wocking in small groups, and
without instruction working individually. It was established that

students wfth lower I.Q.'s could improve their problem-golving

allowed to work in a pair-group situation; it appeared that the
higher ability students did not necesgsarily require teacher assist-

ance since their problem-solving skills were not impruved. This
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notable difference as a result of teaching styles is very pertinent
since its implications are directly applicable to the community

college student population. :

Aiken and Dreger (1961) researched the relation of mathematrics
attitudes to achievement measuret, the relation of mathematics
attitudes to personality measures and the relation of mathematics
attitudes to experiences with mathematics. They found that atti-
tude as a predictor of achievement was barﬁe'aut for females but
not for males: leadership fér males was significantly correlated
with mathematics attitude whereas females with good "adjustment to
reality" had more pésitive feelings toward mathematies ;hanithase
with poorer adjustment; math attitudes were found to be réiated
tv remembered impressions of teachers, the females more clearly
so than the male attitudes. |

Neidt and Hedlund (1967) made reference to the number of studies
reflecting relationship of attitudes toward school or toward a
specific subject matter and achievement. Their study aeéigﬁéd to
investigate the relationship between change in student attitudes
toward a classliﬂ which they were participating and f£inal achieve-
ment in class, with ability held canstant,'rEEQIEEd in cgnsisgently
decreasing mean attitude seéres in all three of the classes
tested -~ Science, English, and German. (Attitude results were néﬁ
tested statistically). 1In two of the classes, it was found that
attitudes we?é signifiéantly related to final course grades rather
than early in the period of instruction, and that student attitudes

toward a particular learning experience became more closely related




to achievement in the learning experience as the period of
instruction progressed.

Whipkey (1969), utilizing the Duttdn Attitude Scale and
the Hurd Number System Test, also found a small but important
relationship between mathematical attitude and ﬁathematical_
iaehievemént‘ He was convinced that a mathematical attitude does
have a félationshi? with an associated behavioral disposition which
is the determinant or consequence of atfitudei

Aiken (1963) investigated 160 female college sophomores for
personality correlates of attitudes tgwafd mathematics. He chose éll
femsles since his Previous study 61961) indicated that non-intellectual
factors were more influential in determining the attitudes of females
toward matBEﬁati;s than those of 431&5- The iesults.suggested that
women with more favorable attitudes toward mathematics (high scorers
on attitude scale) tend to be more soclally and intellectually mature,
more self-controlled, and pPlaced more value on tﬁEﬁretigal matteré
than those with less favorable attitudes (low scorers on attiiu&e
scale). He concluded that atti;u&es.tawérd mathematics were signi~
ficantly related to general personality variables.

Anathgr of Aiken's studies (1970) reviewed several research
Projects that were conducted over a period of ten yeaés with the
subjéets ranging from elementary school to college level, He
discovered that on the college level, low correlations between
matheﬁaties attitude and achievemen; existed. Hawéver, there was
found to exist a significant relation between selection of a
mathematics course versus no mathematics, and attitude,

Poffenberger and Norton (1959, p. 172) in an attempt to find
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out why high school and college students had such seemingly lack
of interest in mathematics pursued extensive research, first with
a pillot study -- Student Attitudes Toward Mathematics --— followed
by another study namely, The Formation of Attitudes Toward Arith-
metic and Mathematics. The studies revealed that "students do
ﬁat care as much for mathematics as they do for other subjects . . .
(and) there is a tendency in our culture to believe that men like |
and do better in mathematics than women." Other results from the
study were certain factors that signifigaﬂtly differentiated the
tvo groups under study into those subjects who indicated a "positive"
attitude and those who indicated a "negative" attitude. These
factors were (1) the attitudes of the fathers toward mathematics
and the e#péctatian of both parents of mathemat%eél achievement on
the part of the children; (2) a teacher effect, where sﬁudents with
positive attitudes showed a greater liking for a teacher than those
with negative attitudes == those with negative attitudes being
more critical of their teachers and even if théfxliked the
teacher disliked the subject; and (3) the present lack of
interest in mathematics which was largely a cultural pPhenomenon
pervading not only the eﬂucatisn;l system of the country but
also the family as an institution that conditions tha attitudes
of children.

In a longitudinal study over a six-year period (19§Qi66}§
Antonnen (1969, p. 467) investigated the relationships between
mathematics attitude and mathematics achievement from the late

elementary to the late secondary school level. The 607 subjects

were tested in the spring of 1950 with a mathematics attitude
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instrument and were retested in the spring of 1966.
Using a .05 level of significance, the results
showed a significant positive correlation between
the elementary attituderscﬂres and the secondary
attitude scores. In addician,rsignificant
positive correlations existed between all measures
of attitude and achievement.

In summary, of the several studies performed to research the
relationship betWEEﬁ-mathematizal attitude and mathematical
achievement, there has been increasing evidenaexsubstantiating ;
the existence of a high positive correlation between these two
variables; poor or negative attitude resulted in low achievement,
while a positive attitude often resulted in high achievement,
Personality variables have also been eartelated with attitudes
toward mathematics and there has been gxhibitgd a fear of this
subject at all levels of education. The attitudes exhibited
in elementary school have been seen to persist through high schonl
and into college, where students demonstrate their attitudinagl
behavior by enrolling or not enrailing’in mathemztics courses.
Famlly members and teachers of mathematics have contributed to
tﬁe development of attitudes toward mathematics as well, but a
humanistic approach to teaching mathematics currently in use
throughout the zauntrj may affect more positive and less negative

attitudes toward this subject,

C. Achievement and Transfer of Concepts.

Sheppard and MacDermot (1960) described a design and evaluation
of a pProgrammed-teaching procedure applied to a large undergraduate
course in the psychology of learning. The design of the experimental

teaching procedure was patterned after the approach .taken by Keller
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(1968) and the performance of these students was compared with the
performance of students covering the same subject matter in a
conventional manner. The results showed:the experimental
teaching procedure to be superior to conventional instruction
procedures as measured by studeﬁt achievemenﬁ and student
;atisfactian. The authors concluded by agreeing to Michael and
Corey's (1969) statement that the procedures used had wide
generality and were applicable to general subject matter.
Achievement is an integral part of imstruction. Tyvler
(1951) claimed that instruction involves several steps, and is
not effective unless desirable changes in the behavior of students
take place. Among these steps 18 educational measurement or achieve-
ment testing, and the outcomes could be of a multiple nature such as:
knawledgé; skill, interest, attituées; and transfer of concepts.
Tuckman (1574) also advocated a multiplicity of outcomes which stemmed
from five categories: (1) specific knéwledgg and comprehension; (2)
general knowledge and comprehension; (3) thinking and prablem*Sﬁiving;
(4) attitudes and values; and (5) learning related to behavior. Other
authors who havevresearthed multiple outcomes are Worthen (1968) and
Mahan (1963). Mahan investigated two modes of instruction in genefal
science and measured problem-solving skills, attitudes, interaests, and
personal adjustment, Worthen, in two methods of imstruction with
elementary mathematics, measured tests of initial learning, retentiom
and transfer of heuristics and m2asures of attitude toward the subject
content. Schmalz (1973) in conjunction with her dissertation, "The
Effects of Two types of Feedback in Microteaching on the Development

of Mathematics Teachers' Questioning Skills,” developed an instrument
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with five major categories of questions: rhetorical, opinion, pro-
cedural, lower-order and higher~order; the first three categories
separate the non-content, nansmathamaticai questions from the
questions of mathematic content according to the cognitive level
they demand. Schmalz felt that:

In a time of rapid technological advances,

when there is need for frequent adaptation

of skills it is generally agreed that teachers

must do more than just teach students a2 cerxrtain

body of facts. They are responsible for teach~

ing students processes of thinking and learning

80 that they have the ability to discover same-

thing new through consideration and reoxganiz-

ation of the known.
(Some of the problems for the problem~solving task of this study'
were adapted from the higher-order questions of the instrument.
constructed by Schmalz).

Inherent in the measurement of achievement were the criteria set

by clearly formulated objectives., Tylexr (1951, p. 49) states,

It 1s not possible to construct a valid achleve-

ment test . . . without clarifying the objectlves

which the test is supposed to measure. Ome canzot

measure thz outcomes of a course without knoving

what particular changes in behavior are sought. . . .
Katona (1940) in pursuit of this concept emphasized "understanding,"
the sort which favored transfer of learning to a problem-solving
situation., Gagné and Brown (1969) exhibited much inmterest in
their study on a "bridge" between conceptual learning and utiliz-
ation —— how concepts that were learned enter into the activity of
solving problems. Gagné and Brown's study dealt with Discovery
versus Rule and Example in which they found that the subjects who

were eoxposed to the discovery method exhibited greater transfer

- of learning if the degrewc of the original learning was equated.
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Roughead and Scandura (1968) alluding to Gagnd and Brown's find-
ings felt that the outcome of the study was due to uncontrolled
factors; Roughead and Scandura belie?edéthg transfer ability of
learning depended on "what is learned" originally, the nature

of the transfer items and the relationships between them. Worthen
(1968, p. 7), in his study also made reference to these two pre-
vious studies and expressed his belief that "much more exploration
was necessary before it would be possible to discern which, if any,
comparisons are legitimate."

Krathwaﬁl and Payne (1971) in defining education as a process
of "changing student behavior" to achieve certain specified goals
have oriented their readers toward some facets of education that
should be incorporated im eéucatianal programs. One of these
facets stressed content "usage" and content "application" more
than content "recall." The authors emphasized that what a

student did with the content he learned was more important than his

- abllity to remewber it on demand; it was felt that content learned

in the context of its use was more resistant to fnrgettingvthan

if learned more or less by rote as a series of relatively unrelated
facts. Another facet that played a role in effective behavioral
change was learning methads:far pProcessing data, for salviﬁg problems,

and for decision making. A third, emphasized transferability of

learned behavior. Prominence was given to the display of learned

Eehaviars in the wide array of situations and problems to which
they were appropriately applicable but in which their applicability
were not directly taught.

To further substantiate evideuce on transfer of concepts to
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a problem-solving situation, Hellberg (1970) researched the relation-
ship of concept learning to perception problem-solving and transfer
through selected puzzle and design tasks: He found that the conceptual
approach to learning resulted in significant gains and that defining
the problem in terms of behavioral aims, identifying the concepts
invalved, and giving experiences to fix those concepts; resulted in
significant behavioral changes. He also found that whereas perception
improved for subjects receiving treatment, this was not true for the
no-treatment group; moreover, the no-treatment group scored signi—
ficantly lower on the problem-solving test gilven,

In the Elliott and Tuckman (1973) study, “Differentia;ed Out-=
comes Resulting from Individualized Instruction at a Two-Year
College" although there was no significant difference in achieve-
ment on the performance test between the two groups, subjects in the
individualized program spent less time in studying withou: decreasing
aghievéEEﬁt, spent more time solving problews and received more
correct transfer problem solutions. These sﬁudents had learneéd to
function independently and aceepted the responsibility for search-
ing out the answers; the authors concluded that better performance
on an initial job when leaving school would be an expectancy.

Keller (1968, p. 83) in having his students assess individual-
ization of instruction had this report from his mythical figure
John: | |

Among other thingé,rin comparison with eourses
taught more conventionally, this one demanded
a much greater mastery of the work assignments.
It (has) required greater memorization of
detail and much greater understanding of

basic concepts, it generated a greater feel-

ing of achievement. It gave much greater recog-
nition of the student as a person, and it wasg
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enjoyed to a much greater extent. . . . Study habits
had improved during the term, (hils) attitude

towards testing had become more positive, worry
about final grades had diminished. . . .

An individualized instruction ap?résgh in the teaching of
mathematics at the community college seems to be feasible and
desirable and some mathematics educators tend to suppoirt this method
of instruction. In accordance with Chapman (1966, p. 37) as
educators,

we must accept the faet that we can improve our
courses 2nd methods of teaching. We must stretch
our imaginations, study current and proposed
practices, experiment, and then make some bold
decisions. We must accept ney ideas, new tech=-
niques, and the media. not because they are

novel or for the sake of change alone, but

because they, and the other concepts coming from
them, promise to increase effectiveness as teachers.

The importance of multiple outcomes as reflected in the literature
has been a major concern for several educators. Researchers have been
discovering that they could adapt the principle of the differentiated
outcome hypothesis and thereby utilize measures broader than achileve-
ment for evaluating less conventional styles of teaching., Individual-
ization of instruction, one of these less conventional instructional
methodologies, has received supportive evidence and wide acclaim
while producing comparable results when evaluated using one criterion;
however, in some instances, when multiple criteria were applied, this
teaching style has produced superior results in problem-solving.

The ultimate goal of learning is the ability to apply what

"has been learned, which is the transferring of concepts to problem-
golving situations: It is with this intent that educational be-

havioral objectives try to reflect the psychomotor, cognitive and

the affective domains in hierarchical levels. Much of the research
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to date, however, has focused on measurement of content achievement
while little has been accomplished in the affective domain and higher
cognitive levels of achievement, but thé literature cited indicated

an irncreased trend to establish mcre work in these areas of study.

‘Hypotheses

Hypothesis 1

Students who study Intermediate Algebra by the Individualized
Method of Instyuetion will experience greater achievement

than those taught by the Traditional Lecture Method,

’;gyﬁgthésis,g

Students who study Intermediate Algebra by the Individualized
Method of Instruction will indicate a more positive attitude
toward mathematics than those taught by the Traditional

Lecture Method.

Hypothesis 3

Students who study Fundamentals of Algebra I by the
Individualized Method of Instruction will experience
greater achievement than those taught by the Traditional

Lecture Method.

Hypoihesis 4

Students who study Fundamentals of Algebra I by the
Individualized Method of Instruction will indicate a
more positive attitude toward mathematics than those

taught by the Traditional Lecture Method.
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Hypothesis 5
Students taught either Intermediate Algebra or Fundamentals
of Algebra I will show significantly greater ability to
transfer concepts to a problem~solving situation than

those taught by the Traditionzl Lecture Method.

Rationale for Hypctheses

Keller's (1968) .atroduction ~f the Personalized System of Instruc—
tion (PSI) in the college classroom has led to tremendous efforts by
educators to adapt the Individualized Instruction System ever more
frequently and accurately to satisfy the personal needs of each
individual student. The supericrity of the techniques of PSI over
traditional lecture method has been well documented (Born, Gledhill,
and Davis, 1972; Cooper and Greiner, 1971; Morris and Kimbrell, 1972;
Keller, 1968) and tend to stimulate educators as to their réspansibili—
ties. Responsiveness to students' needs or accountability iarthe theme
for today's education in many areas of the country, hence not only con-~
cerned educators but entire educational gystems have been, and should
econtinue to be, responsive in providing the services required to help
students attain their goals. Wilson and Tosti, (1972, p. xi1) define
responsiveness of the educational system as "every time that a tech-
nique or approach is introduced which increases the frequency with
which the instructional sequence can be changed for a student" aﬁd
irresponsiveness as "any condition in which all students must do the
same thing with the same materials at the same time."

Many students bring to the community colleges their negative

attitudes resulting from previous experiences in mathematics. This
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contlinues to be a handicap For them and for the institurion since
certain programs demand courses in mathematics be taken (students have
ne alternative) aﬁd students shying away from the subject give cause
tn failure of the @aEEEtméng to meet its enrollment expectancy. If
“he community college is a teaching college having the ability to
emphasize the exceiience of jt« teaching as Chapman (1966) has claimed,
then instructors of mathematics must: project this image, attract more
students to the Program, alleviate thei? fears and negativism toward
the subject, attempt to remedy the poor mathematical preparation of
former education, seek to avoid iailuré in mathamaticé and assist
students in coping effectively with his environment., Moore (1970,
p; 219) has also stated "regardless of the eurriculum used, in the
first analysis, it is the people —- creative people ~- who make a
curriculum work." Tyler (1951, P. 47) bas asserted "instruection is
not effective, unless some changes in the behavior of students have
actually taken place." He further stated that instruction involves
several steps and that in appraising the effacts of the learning
experiences educators must not only test but evaluate, taking into
consideration that: |

Any learning situation has multiple ocutcomes.

While the child is acquiring information, know-

ledges, and skills there are 2iso taking place

concommitant learnings in attitudes, apprecilations,

and interests, This view indicates a shift from a

narrow conception of subject-matter outcomes to a

brgadgr conception of growth and development of

individuals. :

As educators pPrepare students to function in a larger society

outside thé classroom it ie imperative that tfansferlaf knowledge
be one of their goals. Problem-solving is one such vay of evaluating

mastery of concepts or subject matter content, yet many instructors
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and researchers avoic rhis aspect of medsurement. Gagnd and Brown
(1961, p. 313) stacec that "voncepts acquiréd in the course of an
*xperiment are usually not further 'uséd’, as in the solution of a
problem but are simply measured as being "established' in the sense
that they meet 4 criterion of learning or recall." They further
stated that only a few isolated studies have been deveotad to a
combination of concept learning and utilization, for example
applying concapts or corncept sequences which are newly learned
to the solving of problems,

The following therefore has been investigated in this
study: If by broviding a different classroom atmosphere relative
to the mode of instruction and the evaluation of transfer of
concepts, then mcre positive attitudes would occur and greater
achievement be accomplished, Acknowledging that students learn
at different rates and considering the concept of maximizing the
gain students receive betwéen their point of entry and their
point of departure from an educational institution, it seemed
pedagogically sound.ta implement Individuaiizatian of Instrugﬁien
and analyze the gain achieved by students when compared with the
Lecture Method approach commonly and currently in use. Further-~
more, educators must no longer be satisfied to implement any new
concept in its entirety without experimentation and assessment’
through research.

There were several reasons for conceptualizing that Indi-
vidualized Instruction would result in greater academic achievement,
Inherent ia individualized instruction is student responsibility

= a very vital ingredient for success in this teaching apétcach.
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This method assists students in learning how to solve problems
1ﬁdegendéntly and to respond o situations which they encounter

as students, workers, family leaders, community members or private
citizens. Also, in the teaching-learning situation, appropriate
guidance is given to each individual 22 the need arises; students
are not bored performing tasks tha£ they already know how to
manipulate nor do they have to proceed to other assignments befgfe
grasping basic concepts. Especially in mathematics, this latter
phenorenon often causes failure since the content of most mathe-
matics courses is so structured that understanding of future
material 1s prediczied on previously learned knowledge. Another
benefit derived from individualized instruetion is the omission

of the fear of failure syndrome, and the almost certain hope of
achieving a grade of A. Bloom (1968) and Connolly and Sepe (1973)
contend that with proper planning, effective methods of "teaching-
learning”, and a sincere desire to meet students needs, 95 per cent
of the students will want to and can achieve a grade of A, given |
sufficient time.

This mastery of subject content can be accomplished as a
result of the methodology incurred in individualizad‘instruccign.
Not only are there pretests and posttests, but sample tests are
included for each module and unit; students are also afforded the
opportunity of taking a parallel form of any test on which mastery
was not attained. These factors tend to (1) result in better
grades, (2) build studént canfidence; (3) enhance morale, and (4)
eliminate bitter anxieties; fears; and negative attitudes toward

the subject matter.
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Operational Definitions of Variables

Independent Variable

The methods of instruction utilized in the study were
Individuzlized insttuctién versus Traditional Lecturea.
Individualized instruction for thls research was defined
as the study of (mathematieal) content via behavioral
objectives either individually or in small groups. Students
were allowed to request slides, films or filmstrips to be
used at their disposal. The instructor served as a facili-
ation of (mathematical) content interspersed with questions
and arswers between instructor and students and thE»eiﬁ
planation of concepts on board with the help of audio-
visual aids. The instructor lectured to the group as a
whole.

'Modérator Variable

The Level of Courses was the moderator variable. There were
four groups in the study comprising of two levels of instruc-
tion; two classes of Intermediate Algebra and two of
Fundamentals of Algebra I.

' 'Dependent Variable

The dependent variables were (1) Achievement on Mathe-
matical Objectives, (2) Attitudinal Change, (3) Transfer of
Concepts to a Problem-solving Situation. Attitudes in this
Study applied to students' responses toward or against
mathematics as a result of their mental and neural state of

readiness, organized through experience. Students'
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attitudes were categorized as positive or negative

according to a weighted-score index obtained from a
Mathematics Actitude Scale (Aiken, 1963). A score of

fifty and above was considered positive; and a score

below fifty was negative. Achievement was defined as the
degree of change from pretest to posttest as exhibited by each
student on the Achievement Test (Boyle, 1972). (Course grades
were determined as a result of tests and quizzes administered

during the semester but were not part of the statistical

Transfer of Concepts to a problem-solving situation was
the ability of students to retrieve knowledge and the ability
to perform on an activity for which there had not been any
explicit instructions given but which made use of bésie
principles of the course and allowed students to take
initiative to find a solution. The term "greater ability"
implied that students exhibited their capabilities of
méaningful organization of material toward the solution of
mathematical problems; the .term "problem-solving situation"
referred to an assigned task that students performed in a
sSpecified amount of time and which was not directly related
to instruction.

Intervening Variable

Instructor's personality was a factor that could have
influenced attitude and therefore had to be given some con-
sideration since each of the two Intermediate Algebra groups

had a different instructor. This was not the case with the
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Fundamentals of Algebra I groups which had the same instructor.

Control Variable

These were behavioral objectives, content to be covered,
the maximum amount of time to learn material before posttest
wag administered, and teacher effect,

Behaviqral Objective was defined by Banathy (1968)
adapted from Mager (1962) as what the learner is expected to
de; how well the behavior is expected to be performed; and

under what circumstances the learner is expected to perform.

The Content was the amount of material to be cévered.

The time was one semester of 45 hours, Fall semester,
1974,

Teacher effect was the indirect result of using two
instructors. Of the two instructors involved in the stuﬁy,
one of them taught two courses in Fundamentels of Algebra I:
one of the courses was by the individualized method, "and tﬁa
other was by the traditional method. The Intermediate Algebra
course on the other hand, waé ﬁaught by two different instructors

at two different colleges.

Operational Restatement of the Hypotheses

‘It was hypothesized that in both Intermediate Algebra and’
Fundamentals of Algebra I (a) students who were allowed to work
individually at their own rate, discuss their work with their peers
in a classroom setting, received Individual assistance from their
instructor and took tests and quizzes when they demonstrated under-

standing of content, will show greater achievement than those students

whose pace was set by the instructor, and who took tests and quizzes

IToxt Provided by ERI
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vhether or not they understood the material; (b) students exposed to
this first option would tend to change their attitudes toward éathEﬂ
patics in a positive direction to a greater degree than those under
the influence of the Lecture Method of Instruction —- those who
already exhibited positive attitudes will indicate an even higher
positive score on the wath attitude scale; finally (c) students who
studied by the Individualized Method will perform better when concepts
had to be retrieved to solve a p;ablem- That is, they will have more
correct problem solutions, than those who studied by the Traditional

Lecture.

Significance of the Study

Individualized Instrugtiﬁn is one of the most recent innovative
ideas in educational re¢form throughout the country. It éemands a
new conception of the curriculum with much emphasis on the individual
student's needs. There is a change of emphasis from teaching to
learning; yet it is not sufficient to adapt new techniques without
researching the applicability to a particular institution. It
<herefore behooves educators who are affiliated with commumity
colleges to cease merely discussing the philosophy of the system
and engage in more systematic research on the success of teaching
methodologies, attrition; the community college as a host for traln-
ing community college teachers, and the effects of community :éilege
programs on the population it serves.

Educators ﬁust also have roles delineated for them which ¢all
for programs of study and methods of instructiom to fit the needs
and capabilities of individual students. There is no single theory

of learning; even Individualized Instruction is vériegatéd; that is,
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several approaches are widely used. However, there is the need to
{ndividualize instruction in the broadest sense of the term. It
has been well documented (Sheppard and MéDermot, 19703 Keller, 1968,
1971; Cooper and Greiner, 1971) that this method of instruction
favors critical thinking, creativity, self-direction and the devel-
opment of one's self-concept. More student E#posufe to several
styles of instruction and different modes of learning as in this and
other studies may result in a climate favorable to growth of
individuals in the institutions involved. Chapman (1966, p. 34)
said: |

In order to ascerta'nm the caliber of teaching at

the Junior College level, a method of teaching and

instructional evaluatici must be the first order of

business. It can be formal or informal, structured

or uastructured. However, it must be designed to

improve teaching in bold and revolutionary ways.
He went on to say that there should be a concerted and coordinated
effort on the part of everyone to make the Junior College a teach-
ing college and everyone must become involved.

More specifically, it is hoped that this study will begin to
substantiate and shed light on the reasons for low mathematics
enrollment at South Central Community College (Connecticut) and
suggests, from the outcomes, other techniques which could be
utilized to increase positive, and diminish negative attitudes
toward mathematics. One of these techniques which might prove
beneficial to the student is for the college to offer more than
anermeﬁhod of instruction in order to provide a cholce to the
instructors and students. This is highly significant to this
study since the researcher advocates humanism in mathematics

and feels that student preferences for modes of instruction should

G(.‘. | . 39




29

be honored.

- Several studies indicate that students have preferences as to
the type of methodology by which they are” taught. Tuckman and
Orefice (1973) found that students of "abstract personality
structures" preferred self-study via tapes and booklets over (1)
pfagrammad instruction within a classroom setting, (2) programmed
instruction and lectures in a classroom and (3) traditional
lecture discussion instruction (lecture coupled with programmed
text was least preferred while programmed text and conventional
approach was intermediate); on the other hand, students of
“concrete personality structure" liked the programmed text=-by-
itself procedure as compared with the other methods; self-study was
liked most, followed by the 1ec§ure§pragrammed;text approach, and
the conventional approach respectively.

It 1s therefore hoped that this study can (1) give ﬂausé-far
changes in the registration procedure at South Central Cobmunity
College, and (2) result in fewer student failures and greater
successful achievements in mathematics because of the new approaches

that would be made available in the teaching-learning process.
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CHAPTER II

METHOD

The population }fam which ghe sample of this study was
drawn, consisted of a diversity of students from two urban
community colleges in the State of Connecticut. The diversity
encompassed ethnicity, educatiéﬁal preparedness, EﬂEiﬁ*EGQﬂQEiEV
life-styles, age and interests. The two cclleges are aﬁprgximately
35 miles apart and share many similar;tiesg In general, the sample
was a typical urban community college group of students who
commuted to classes from thé city or the_subufbs in ;1@52 pfazimity,
and most of whom worked ana/gf ﬁere :espénsible far.fémilieé.

- 0f the 101 students camprising the. sample, 62 were enzallad in
FundaEEﬂtals of Algebra I and 39 were enrailed in Intermediate Algebra{f
Four intact groups were invalved in the study - twn Fundamantals af |
Algebra I and two Intermgdiate Algebra. Twn af these grgups received

treatmgnt,(El, ) and two received no treatmant (Ci‘ Cz) EﬂtpllEEﬁts

 ~§2§2 distributed as follows:

=28 Gy =34

E, = 15 Gz>§ 24

43 58

All groups were registered for the Fall semester of 1974 and
consisted of both sexes with an age range extending from immediately
out of high schcal to retirees.

S8 enrolled in Intermediate Algebra had completed Fundamentals

of Algebra either at their high school or at the college level; the




Fundamentals of Algeora I Ss had a basic knowledge of Arithmetic.
Two instructors were involved: one taught three classes -- two
Fundamentals af.Algebra I (a treatment group and a no-treatment
group) and an Intermediate Algebra (treatment graug), while the_

other taught one class in Intermediate Algebra (no-treatment).

All Ss met two and one-half hours per week for fifteen weeks.
During the first week of the semester a pretest consisting afA(l)
an achievement test and (2) an attitudinal inventory was adminis-
tered and at the end of semester, a posttest was given; in addition,
a problem-solving task was assigned dufing the fourteenth week of the
semester to be completed within one week.

Intermediate Algebra Ss received during the first week of classes
hand~out material consisting of (1) course syllabus, type of
instruction and grading procedures and (2) behavioral objectives
eneempassiﬁg sets and polynomials, equations, order relations and
Cartesian plane, relations and functions, and linear and éuadratig
functions. The treatment group also received a flow-chart illustrat-
ing how they were to proceed with their study and information
explaining individualized instruction.

Fundamentals of Algebra I Ss were also the recipients of these
hand-outs; the only difference‘was that their behavioral objectives
covered operations with algebraic expressions, special products and
factoring, operations with functions, and first degree equations in

one unknown,
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Independent Variable

Individualized Instruction Ss enrolled in Fundamentals of
Algebra I received behavioral objectives (Appendix-A) covering
four units, each of which had four module and one unit tests.
The tests refiected the behavioral objectives; each test
consisted of parallel A'and B forms. Module tests were teacher—
made, but unit tests were those provided by the author of the
Teacher's Manual. Course grades were determined by performance
on these tests. Teacher-made tests were Previously tested on
another group of students which allowed for ineffective questions
to be eliminated; however, all Ss received the same test therefore
the validity was not threatened. Ss utilized a teiﬁbgak and a
workbook which were recommended by the instructor, and in additionm,
several reference books were placed in the library for their con- |
venience. Success on sample tests prepared by the instructor .
determined the preparedness of the Ss to request Form A of the tests
and each module or unit was mastered before proceeding to the next.
Ss studying Intermediate Algebra via Individualized Inatrueti@ﬁ! |
also received behavioral objectives (Appendix B) for the course,
utilized a textbook and a programmed Study Guide, and made necessary
use of the library reference resources. The’test was planned to cover
material and each test was available in parallel Forms A and B.
Lecture Ss recelved verbal presentations each time the class
met, and were subjected to heuristic techniques. Content was the
same as for those receiving the treatment and quizzes and chapter

tests (referred to as module and unit tests in the treatment groups)
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vere administered. These tests and quizzes were administered by the
jpstructor at his discretion when he thought that the class was.
prepared. : 2

Both the treatment and no-treatment groups had access'tc_slides,

filns, film-strips and tapes.

Iﬂstfﬁménﬁs

The dependent variables were Ss' achievement on (1) the Algebra
Achievement Posttest, (2) the Attitude Inventory Posttest, aﬁd-(a)
the problem-solving task. All Ss were given the same Achievement
Test, Attitude Inventory and Pfﬁbléﬁ*ﬂélviﬂg taék. Achievemeﬁt was
measured by thé number of problems each SSudeﬁt correctly completed
on the Achievement Test (Appendi£ C) after perfermiﬂg for one-half
hour. Reliability data for the achievement test include a test-—
retest correlation range from 0.75 to 0.85 on total scores and ratio
scores obtained toward the end of the school year. ﬁata cbtained
during the early weeks of the school year for Algebra students
showed a 0.55 test-retest correlation. Boyle and Littrell (1972) gave
supportive evidence for the mitigation of familiarity of students with
the test items because of the branched-program format. Validity
data for the achievement test are illustrated in Appendix D. Content
validity and concurrent validity were established by a pilot study
and subsequent tests administered at Columbus Technical Insﬁitute;
Scores were obtained from sii different levels of mathematics. As
11lustrated in Appenaii D; the Algebra test has a mean ratio score
of 0.49 for students completing one year of Algebra.

Positive and negative attitude attainment was measured by a

five-point Math Attitude Scale whose test reliability was 0.94
A A ' '
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(Aiken, 1961, p. 20). The Attitude Seale (Appendix E) consists
of twenty items, ten connoting positive attitudes with responses
scored from five to one -= five being most positive for positive
items and five being most negative for negative ones.

Transfer of concepts to a Pfﬁblem“$§l?iﬂg situation was
measured by the number of correct solutions achieved by each student
from the assigned problem-solving task (Appendix F). The total

number of points attainable was 120 and the minimum was zero.

Design -
The design of the study was of the pretest-posttest factorial .
(two-factor) type, which is illustrated in Figure 1 with achievement

and attitudes as dependent variables.
TREATMENT

Individual Instruction _TIraditional Lecture

Fundamentals
of Algebra

Intermediate

. Algebra

Figure 1

Iwo-by-two Factorial Design
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- Statistical Analysis

The two independent varizbles were (1) Teaching Methodology
with two levels, Individualized Instruction ang Traditional
Lecture; and (2) the nature of Course:with two levels, Fundamentals
of Algebra I and Intermediate Algebra (which has been labeled as
the moderator variable). '

This design was employed in testing for significance of posttest
scores on all three dependent variables: achievement, attitudes, and

problem~solving skill. On all three measures, pretest Score served

An analysis of covariance was conducted for the posttest

‘8cores. using the Pretest scores as a covariate for the attitude

and achievement; and ap analysis of covariance wag conducted from
the problem-solving (posttest only) scores, using the posttest
achievement scores as gz covariate.

With an unequal number of observationg in each cell; the
technique of unveighted means analysis wag utilized in which the
mean scores of the original cell entrieslwere added to equalize

the number of scores in each cell.

Procedures

The study commenced with a1l 8roups receiving hand-out material
and taking the Achievement Test and Attitude Inventory; the Same
test and inventory served ag Posttest at the end of the Semester,
All Ss were told that the test results would be utilized by the
instructor for diagnostic purposes in trying to meet their needs.

They were also informed that no grade would be assigned for their
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performance on the test. All 8s used textbooks and/or workbooks
as directed by instructor, followed the prescribed procedure as
outlined in the hén&saﬁts, and pursued E%éxtasks as enunmerated
by the obLjectives of the course. |

The Fundamentals of Algebra I treatment group, after studying
designated areas of the textbock, took sample module tests and
having achieved mastery on the sample pfaéeeded to request Form
A of the test. I1f thg score from Form A was satisfactory to bé;h
instructor and Ss, Ss advanced to the subsequent module or unit.

In cases where the score did not reflect mastery (90 per cent or
better) of the concerts tested; Ss were counseled individually,
assigned additional prescribed tasks to remedy iﬂdiﬁétgd deficiency,
and then were allowed to take Form i of the test. If mastery was
still not attained, further counseling occurred and other farﬁé of
instructional media were utilized to assist Ss in achieving mastery
of objectives. Ss repeated the test items on which they previously
demonstrated poor performance. At all times Ss worked at their own
pace, consulted the instructor (if necessary) who acted as a facili-
tator, hadrthei: tests corrected imﬁediately after. completion and
received feedback on an individua;izei basis.

In the case of the Intermediate Algebra treatment group, pro-
cedures were slightly different. Although problems were delineated
to constitute module testing, these were checked only by the student
for proficiency. When Ss thought that they were sufficlently prepared
to take the unit test, they requested and were given Form A. Mastery
on Form A meant Ss proceeded with the ne;t unit; if not, the process
as enumerated for the Fundamentals of Algebra i Ss followed.

.. A




The no-treatment Ss received tradiﬁicnal lectufe, homework
assignments, designated times for testing, with everyone moving
ét the same paaé which was determiﬂed;by the instructor.

All Ss vere encauraged to complete objectives in one semester;
however, provisions were made and afforded the treatment groups
to complete the course p:iaf to the end of the semester and up to
8ix weeks after. Late completion of course did not jeapardige
the study per se since Ss were given the pgsttest whether or na;f
they completed the course at that time, The problem-solving
activity designed to be completed within éng week, just before éha
end af semester, afforded Ss the opportunity to use a variety of
means to obtain salutians. Solutions, hﬁWEVEf, had to be clearly
and logically explained. The task entalled appligatiﬁn of basic
skills learned in Algebra and Ss' own abilities to draw on con-
cepts learned earlier or during the semester.

To control for Hawthorne effect, all Ss were given a chaft
whereby they could record their progress and pipt a cumulative
graph. |

| Experimental procedures and pertinent literature were afforded
both Department Chairmen and the second instructor (the investigator
was the other instructor) in advance. Publisheré of the Achievement
Test were also contacted and égregment was made for scoring both

the Achievement Test and the'Attitude Inventory.
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CHAPTER III

RESULTS

Tﬁé posttest scores on achievement and attitudes were analyzed
by analysis of eavgriancé using pfetést scores as a covariate. The
acceptance level of significance was set at the .01 level. Problem-
solving scores were also analyzed by analysis of covariance, however,
the achievement posttest scores were utilized as a covariate; the

jevel of significance was set at .05.

Hypothesis 1.

Students who study Intermediate Algebra by the Individual-
ized Method of Instruction will experience greater achieve-

ment than those taught by the Traditional Lecture Method.

" 'Hypothesis 3.

Students who study Fundamentals of Algebra I by the

. Individualized Method of Instruction will experience
greater achievement than those taugh; by the Traditional
Lecture Method.

In Table 1 is reported the findings of the analysis of covariance
of the achievement posttest scores using the pretest scores as a co-
variate. The F-ratio (F = ;O?; df = 1/67; p > .01) indi:atad_that
there was no significant difference across treatments, but the F-ratio
of 2§;37 showed that there was a significant difference between courses

(F = 29.37; df = 1/67; p < .01). The AB interaction showed a F-value

of .62 (F = .62; df = 1/67; p > .01) which did not attain significant

level.

49



SBINOD

g

Judmwlesay 3y

w T0* > d
,-,ﬁ
90°L = (L9/1) 864
oL - 00°00LET 00°00%0T  00'00STI T=30%
€0°1€ 000802 L9 00°0%62 00° 0521 00°0Y6T  aozag
'29°0 ¥E°6T  06'6T I 00°0LS 00°080T 00° 0502 av
LLE°6T - 05°T16 00°T16 I 00°09.8 00°028S 00°098€ g
L0°0 | 602 60°¢C T 00" 0T%T 00°0522 00°009¢ Y
- Lo %ise %ss ds *ss *AS.

,.,,ugaﬂ,uﬂgnu ® s® soa00g _gmmumum mﬁ_mmﬂmz , muuaﬁuw, m,nmsgﬂﬂﬁi 18933804 3Y3 JO SIUBTIBAGH JO SSATEUY

L
-t

T TTIVL

3

O

Aruitoxt provided by Eic:

E



8

In Table 2 can be found the achievement means for each group.

TABLE 2

Mean Pretest and Posttest Achievement Scores
by the Four Groups

Fund. of Alg. I Interm. Alg.
(B)) (Bz)

Pre  Post _ Pre  Post

Indiv, . , ‘ s
Tnstruc, 7.3 7.7 11.3 24.1

Trad,
Lecture
a,) : —

Indiv, R —
Instruc. 15.66 27.48 20.57

Trad.

Lecture
(4,)

L]

14.59

14.12

b4 Al = 20,57

Y A2 = 19,23

b = 0,73 Regression Weight (within)

w

ol

20.07
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Fundamentals of Algebra I Ss who received Individualized Inmstruction

had a pretest mean of 7.3 and a posttest mean of 7.7; the Traditional
Lecture group had a pretest meaﬁ of 10.8 and a posttest mean of 10.9.

The Intermediate Algebra Ss who received the Individualized Instruction
had a mean!seare of li.B on the pretest and a mean score of 24.1 on

the posttest; the Traditional Lecture group had pretest and posttest
means of 36.1 and 38.6, respectively. The adjusted means which are

also reported in Table 2 shows that the adjusted cell mean for Fundament-
als of Algebra I Ss whcrréceived Individualized Inst#uetiﬁn was 13.66 and
for those who received Traditional Lecture was 14.59. The adjusted cell
means of Intermediate Algebra Ss for Individualized Instruction and
Traditional Lecture were 27.48 and 25.56, respectively. The Individual~
jzed Instruction group had a marginal mean of 20.57 and the Traditional
Lecture group had a marginal mean of 20.07. Fundamentals of Algebra I
had a marginal mean of 14.12 and Intermediate Algebra had a marginal
mean of 26.52. |

The results reported allows hypotheses 1 and 3 to be réjected-

~Figure 2 illustrates the results graphically.

"Hypothesis 2.

Students who study Intermediate Algebra by the Individualized
Method of Imstruction will indicate a more positive attitude
toward mathematics than those taught by the Traditional

Lecture Method.

Hypothesis 4.

Students who study Fundamentals of Algebra I by tile (ndi-
vidualized Method of Instruction will irdicate a more
positive attitude toward mathematics than those taught by

the Traditional Lecture Method.
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At Individualized Instruction :
Az ¢ Traditional Lecture

Bl : Fundamentals of Algebra I

B, : Intermediate Algebra

25 -
20 -
15 -
10 - B
5 =
A )
Treatment
Figure 2

Adjusted Mean Achievement Scores by
Treatwents fAl and Ag) and Courses

(B1 and Bz)ar

53




43

In Table 3 can be found the attitude posttest scores when the

' analysis of covariance was applied using the pretest scores as a

covariate, There is no significant A effect, the F~ratio value
being .41. There was, however, a significant B effect (F = 15,83;
df = 1/67; p < .01). No signifieaﬁt AB interaction was indicated: the
F-value was 3.76. | |

Means and adjusted means of the attitude scores are‘reparted in
Table 4. The means of the Fundamentals of Algebra I Ss who received
the treatment (Individualized Instruction) were 57.6 on the‘pretest
and 67.3 on the posttest; the no-treatment (Traditional Lecture) Ss
had a 66.2 on the pretest and 68.1 on the posttest. The Intermediate
Algebra Ss who recelved the ﬁfeatmﬂnt had a pretest mean of 68.1 and
a posttest mean of 62.1, while the no-treatment Ss had a pretest mean
of 77.3 and posttest mean of 71.1. The adjusted cell means of Fundamentals
of Algebra I Ss were 75.04 for Individualized Instriction and 69.02 for
Traditional Lecture. For the Intermediate Algebra Ss,.they were 61.26 and
63.91 for Individualized Instruction and Traditional Lecture, respectively.
The marginal mean for Individualized Instruction was 68.15 and for Tradi-
tional Lecture, 1t was 66.47. For the Fundamentals of Algebra I cgurse;
the marginal mean was 72.03 and for the Intermediate Algebra, it was
52.59- This result allows hypotheses 2 and 4 to be rejected.

A graphical representation of these results appears in Figurz 3.

Hypothesis 5.

Students taught either Intermediate Algebra or Fundamentals
of Alpebra I by the Individualized Method of Instruction

. will show greater ability to transfer concepts to a problem-
solving situation than those taught by the Traditional
Lecture Method. 5 4
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Indiv.
Instruc.
(Al)

Trad.
Lecture
(A)

Indiv.
Instruc.
(A))

Txad.
Lecture
(a,)

TABLE 4

Mean Pretest and Posttest Attitude

Scores by Four Groups

Fund. of Alg.
G,)

I Interm. Alg.
(8,)

Pre _ Post

57.6 67.3

66.2 68.1

Adjusted Means

Fund. of Alg. T

Gy

Interm. Alg,
(8,)

75.04 61.26
69.02 63.91

E
)

b
w

72,03

= 67.86

= 66.47

62.59

= 0,73 Regression Weight (within)

D6

68.15

66.47
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Al : Individualized Instruction
AZ : Traditional Lecture

! B;l : Fundamentals of Algebra I
32 ¢ Intermediate Algebra

0 \
70 - . ~ B

1
0 - .
50 -
R
A A,
Treatment

Figure 3
Adjusted Mean Attitude Scores by Treatments

(Al and Azj and Courses (Bl and 32);.
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Posttest achievement scores, used as a covariate for the problem~
solving scores are reported in Table 5. The results indicated there was
a significant A effect (type of instruction) of 6.50 which leads to the
acceptance of the hypothesis (F = 4,00; df = 1/63; p < .05). There was
a B effect (Ccurse) of 1.19 (F = 1.9; df = 1/63; p < ,05) and an AB
effect of .30 (¥ = ,30; df = 1/63; P < .05) neither of which was
significant.

Table 6 reflects thé means of the achiasvement test and the
problem-solving scores; it also indicates the adjusted means-@f these
scores. The problem-solving means of the Fundamentals of Algebra I
S8 were 82.00 for the Individualized Instruction group and 63.53 for
the Traditional Lecture. Intermediate Algebra Ss had means of 88.59
and 95.88 for tféatmant-and no-treatment, respectively. The adjusted
cell means vwere: Fundamentals of Algebra I Ss instructed by Tndivi-
dﬁaiisgd Instruction, 86.40 and Ss instructed by Traditional Lecture
73.28; Intermediate Algebra Ss instructed by Individualized Imstruc-—
tion, 89,25 and Ss instructed by Traditional Lecture, 81,08. Indi-
vidualized Instruction reported an S?;SS marginal mean and Traditional
Lecture reported a 77.18 marginal mean. Fundamentals of Algebra I
reported a maxginal mean of 79.84 and Intermediate Algebra reported one
“of 85.16.

In Figure 4 is presented a graphical representation of the

adjusted means.
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Figure 4
Adjusted Mean Problem—-solving Scores by

Treatments (Al and A2) and Courses (Bl and 32).
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CHAPTER IV

DISCUSSION

A statistical amalysis of the data revealed the following:

There was no significant main effect of A (type of instruction)
but there was a significant main effect of B (course) indicating that
Ss who were enrolled in Intermedizte Algebra performed better than
those enrolled in Fundamentals nf Algebra I, regardless of treatment.
Since the degree of learning which took place from ﬂné course to the
other vas not;a major concern of this study, and since Intarmedia;ev
Algebra is a more advanced course than Fundamentals of Algebra I, the
superlor performance demonstrated by Intermediate Algebra Ss was not
unusual. Hareover; the achievement test is sensitive to thé‘materials
taught and learned in the mathematics sequence as can be observed in
the ratio scores and total scores when respandeﬁts who are tested Lave
different levels of eiperience (See Appendiﬁ D).

Selection of Ss was not done on a randomized basis. Observation
of the means revealed that in both courses, Ss who received individual-
ized instruction had higher achievement gains, but Intermediate Algebra
Ss who received traditional lecture instruction exhibited pretest scores
three times as large as the pretest scores of their counterparts. The
achievement scores were therefore subjected to an ANGDVA which regulated
the unequal entry of-the groups and adjusted the means. When the degree
of initial learning was then equated the difference in performance was
negligible which suggested that the treatment evoked comparatively the
sane performance from both courses. There was no significant interaction
between A and B which implied that the relationship between the two kinds:
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of treatment was not sdgnificantly different from one course te the other.
On the basis of these results hypotheses 1 and 3 were rejected.

Attitudes of Ss who studied Fundamentals of Algebra I showed
positive changes from pretest to posttest under both treatments, with
the Individualized Instruction group showing a larger mean. The
intarmediate Algebra S8s, however, showed a loss from pretest to pcét—
test under both types of treatment; morecver, the loss was comparable
in both cases. The effects of the adjusted means on these scores
resulted in the Individualized Instruction Ss of Fundamentals of
Algebra I having a higher mean than the Traditional Lecture Ss taking
this course. 1In Intermediate Algebra the results were reversed; the
Traditional Lecture Ss vho took Intermediate Algebra displayed a
higher mean than those S$s who took the :ourse by the Individualized
Method. Thus, an AB effect resulted, which approached significance
at the level of .05.

There was a significant main effect of B which iﬁdicated_that the
Ss in Fundamentals of Algebra I had made greater positive changes than
those in Intermediate Algebra. The reason for this differential find-

ing may have been a function of the level of courses. Intermediate

which would imply that Sg of TIntermediate Algebra have had more ex—~
perience both with mathematics and possibly traditional learning
styles. As a result, 5s who took individualized instruction may not
have been as readily willing to change their learning styles, and the
Ss taking the Traditional Lecture approach have been less flexible to
participate in completing the instruments administered. It can be

concluded that the treatment worked in one course —- Pundamentals of
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algebra I, but not in the other -—— Intermediate Algebra. There was
no significant main effect of A; the notable positive changes as
observed from the treatment were. in favor of Individualized Instruction
but these differences did nct reach the significant level.
Problem-solving means Indicated the need to contzol for selection
bias, since it was evident from pretest achievement scores that the
groups were not homogeneously matched; one group iﬁ’psrticular, the
Intermediate Algebra ccntral; showed pretest scores three times as
large as their counterparts under investigation. When the adjusted
means were computed, they revealed a significant A effect in favor
of Individualized Instruction. There is some evidence from the B
effect that one course achieved more than the other regardless of the
treatment, but again, this can be attributed to the level of courses
and the differences were not significant. There was no significant
interaction between A and B, but it was noticeable from information
contained in the graph of Figure 4 and the adjusted means of Table
6 that the treatment resulted in higher means across courses; Inter-
mediate Algebra means were also higher than Fundamentals of Algebra I
for both types of instruction. The latter result can be attributed

to S8’ mathematical maturity.

Interpretation

The results of the study suggested that when students we:é
tested for (1) achievement based on behavioral objectives content
and (2) ability to transfer what has been learned to a situation
in which no direct teaching was given: several events were notice-

able.
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Ss performance on achievement testing was comparable within
the purview of each course and the more advanced course had greater

means than the less advanced course. The treatment was also equally

I~y

effective in both courses judging Tam the small F-value (F = .62)
exhibited. On the basis of A effect obtained from achievement
scores, it also suggested that there was no difference in performance
because of the treatment.

In measuring achievement on the problem-solving, Ss' abilities
to utilize initiative, mathematical skills, and skills of independeacé
gained through individualized instruction were very pronounced., The
transfer of knowledge was demonstrated and the learning experience
which occurred favored the individualized approach when the degree of
original learning was equated.

This overall achievement result can be interpreted that
individualized instruction produced equal outcomes from classroom
learning experiences but when higher cognitive demands were made,

S8 who had experienced individualized Instruction excelled to a greater
degree than those who received instruction from the Traditional
approach.

Attitudinal changes toward mathematics were also the subject
of this study. There were positive as well as negative attitud-
inal changes. In one coursa -- Fundamentals of Algebra I, the
results were as hypothesized. 8s whose attitudes were negative,
experienced positive changes and those whose attitudes were already
positive demonstrated an even higher positive attitude score. There
were but two exceptions; one instance, vhere the S's negative

attitude became more negative, and another event, where the S's
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attitude changed in a negative direction but remained positive.
The Intermediate Algebra results did not follow this pattern. Ss'
attitude toward mathematics declined fram‘@retest to posttest in
both courses taught by the two different instructors and in both
§91ieges; The decrease, however, was proportional; this implied
that the intervening varlable, teacher effect, did not adversely
affect the outcome of the study. Teasous for this differégtial
finding suggest Ss' mathematical ﬁaturity and/or the nature of

the courses., Evidently, the mors acade..cally sophisticated the
Ys, the more reluctant they were to participate in completing
questionnalres. Also, the more accustomed Ss were to a particular
teaching style, the more resistant they were to a new teaching
methodeology.

Peclining at:itﬁde gcores are not unfamiliar, as studias
referenced in the review of the literuture have shown. Also
referenced was the students' unwillingness to accept responsi-
bility for learning, labelled "learner control." 1In this étudy
the more advanced course under the traditional teaching methnd-
ology indicated a 2.65 higher mean which could be attributed tar
the preference of "teacher control" -— the éharaeteristic which is
iz direct contrast to ''learmer control."

In general, performance on achlevement and attitudinal -
outcomes of this study support earlier reports of the equable
results that may have occurred from two different teaching
teehniques; teacher-oriented, versus learner-oriented. This
study has also replicated previous findings which support the

superiority of Individualized Instruction over Traditional Lecture,
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when higher order cognitive skills were required as in a problem-
solving situation. The significant difference which was exhibited
in the transfer of concepts in this study‘has significant importance
gince learning outcomes of this type are usually more complex than
those for which a one-~to-one relationship exists between behavioral
objectives and behavioral responses subsequently measured on an
examination. Other features which addressed themselves to this
study were randomization and attrition, enrcllment, and the
achievement instruméﬁt.

Randomization, the ideal method of selecting students for
study, was impossible in this investigation since intact groups had
to be used. The college's policy could not accommodatz this method
for esteblishing classes. The sample size was limited to four
classes totalling 101 students, This number dwincled further when
some students changed their schedules after the first or second
week of the semester, withdrew from class or school, and/or were
abaent fgrzat least one of tﬁa tests administered. The sample
gize of four classes also liumited the participating instructors
to two (2). '

Small enrollments in mathematics at South Central Community
College could not provide four or more classes for which there would
be a treatment group and a no—treatment group enrolled in the same
level of mathematics; many classes had only one section. As a
result thre: groups had to be chosen from South Central and one
group had to be chosen from Greater Hartford Community College.
Neither college had enough students registered for two Intermediate

Algebra classes. Teacher-effect was therefore difficult to be
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controlled,
Branched-program achievement testing s a comparatively new

idea being encouraged for test-retest situations. Students,

hovever, despite the explanation of how to manipulate this tech-

nique in answering questions, tried to treat the instrument in

éhe style to which they had been accustomed, namely, working problems

in consecutivs order. A branched-program instrument requires the

selection of successive problems depending on the students' previous

ansver, bThe instrument is also designed for computer scoring; lack

of students' adherence to directions given, contributed to loss of

Ns for the sample,

Implications

With the Carnegie Commission's recommendation of the open-door
policy for community colleges, severzl educators have researched and
practiced various teaching methedologies to accommodate those students
who were less capable of mastery of college material, Others have
viewed the quiet influx of large numbers of students with poor
academic records as a threat to the image ~f the establlchment of
higher edueatian. The community college can be viewed as the insti-
tution of the future which will be functional in (1) preparing a 1. _
percentage of students for four-year colleges, (2) Preparing a massive
-number of the community for career occupations, (3) affording educational
enrichment to the masses with limited financial means and (4) accommodat—
ing thé late~bloomer who has experienced educational deficiences, but
wha; given exposure to non-traditional teaching styles which allow for

individual differences, will acquire some degree of success.
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Success often promotes a positive self-image and a positve self-
inage often influencésf e:;:per:tatian, attitude, !;a,nd future performance.
Anonig some of the innovations in education that have praovided this
level of success is individualized dnstruction, which is not limited
to the college-age group, nor to the less-capable student. It pro-
f;;iaims that egalitarianism and dindiwvidual differences, can proceed

through college in varied ways and rates, and can exit from college

also recognizes that teachers too have distinctive cognitive styles
that affect their teaching; and it supports the theory of mastery
learning whereby 95 per cent of students can learn a subject o a high
level of mastery with time as the varylng factor and not achievenment,
Thigrs,tudy was aimed at {avestigating a2 form of éhe_ Keller Plan

and supported the contention that students who studied by the

in setting their individual gosls, an accomplishment which can lead
them into life-long self-directive learming; the study also suﬁpnrted
other theories that students who studiedb by this method of dastruction
performed as well as or better than those studied by the traditional
lecture st-yle of teaching, and that individualized instruction Favors
gi:eatii?ii;{y, critical thinking, development of sé,lf—*—«:ant;ept and the
ability to transfer concepts to problem—~solving situaﬁians.

Ome of the students in this study, with reference to the problen-
solving task wrote: "I thought that this test really required a
senge of kow-to—do nathérmatic:—s-.- This took me three days to finish
buwt after fimishing, I felt a sense of great satisfaction." As

educators, ome of the implications of this study is that learning

69



experlences should constitute educational exposure to problem-
solving approaches; moreover, students shgﬁld acquire the skill to
successfully apply the techniques when cénfronted with tfansféf
gltuations.

Individualization of Instruction is but ome style of innovation
in education; the search for alternatives to meet students' individual
needs continues. If by develeging students' initiative and helping
them experience success -~ & sense of accomplishment -— they can
internalize personal achievement and development as goals, then
their motivation for learning would not terminate with a dég’fee,

but becomes 1ife-long.

'Suggéstions for Further Research

The results of this study has implications for further research

ard refinement. Among the salient features:

1. Replication with a larger sample.

2. A practice session with the branched-program achievement
test before admindstoring the instrument.

3. Efperime;ntatian with randomized groups especially to measure
transfer of concepts ﬁf: situations outside the realm of
content directly taught. |

4, Further comprehensive and systematic research on other
affective varizbles in academlc achievement.

5. Institutional implementation of more than ome t;,éac’;n\ing
met.hgéalggy,: and evaluating the outcomes through on-going
research.

Such research may have beneficial significance in guldance and

placement of students, identification of high and low achievers
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through diagnostic testing, helping to discover effective reans to
diminish 'fear' of mathematics and humanizing mathematics without

i

sacrificing excellence.

Ivplementation

The ultimate goal of educati@nallresearch should be to analy:ze
present, educational techniques and to suggest improvements for
increased maximization of learning. Attitudes can indirectly
aifect learning since individuals' self-concepts often dictate the
eﬁtgnt to which they might master the control éf their destinies,
Irdividvalization of instruction has been cited in several studfes
i this investigation as a source whereby students were affoxded the
opportunity to gain self-esteem. South Central Community College
can also be benefited by such innovative curricula changes. o
Institutional plans for additional individualized projects have been
organized by the Head of Inte:disciplinary Studies and the writer
(Appendix G), A three-day staff workshop, scheduled foxr May 27
through May 29 and a summer institute, scheduled for June 2 through
June 20, vere deviscd.

The department of Interdisciplinary Studies has been recently
(sl£ months) conceived at South Central Community College and ihe
sumner institute was the fi;at in the college’s history. The theme
of the institute was Innovations in Educatign and the writer. was
one of the guest speakers at the workshop. It was the writer's
concept that the prograu should address itself to individual student's
needs. The design of the learning eﬁperienees during the three
weeks was the responsibility of the writer who organized a program

for learning in iccordance with students' needs. Appendix H
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lillustrates the procedures for individualization of instruétian during
the institute and cites some of the observations during the initial
stages. There were 193 applicants to the institute, of which 123
attended on the first day; 75 of those who attended were enrolled in
the mathematies Prograwn.  Statistical results were not yet aﬁailable
ﬁut a subjectiée evaluation indicated that students vere highly
enthusiastic about the Program and demonstrated this enthusiasm by
their zealous participation, E

The writer and the Head of Imterdisciplinary Studies xre fn
agreement that dndividualized instructfon can meet some students®
needs and have made plans to incorporate this taaéhing methodology
as a part of the regular yearly program. To determine the type of
instruetion which might best serve the students' needs, aveeggitivi
mapping of individual students would be produced. Student preferences,
as well as thedr strengths and weaknesses wauié(be considered, with the
ultimate goal of maximizing ieafning!

Alg0, in the mathema;iﬂs department of South Central Gammuaity
College, the department head has sanctioned further develgpmént aﬂd.
ntilization of individualized instruction. In this deéartment, two
of the four instructors have Planned to proceed beyond the experimental
stage and teach more of their cli«: es by this method, sometimes using
a team approach,

The mathematical ueeds of the cow. mity are vast; if by implement-
ation of individualized instruccion more syccess among students can bhe
realized and attitudes and self-concept can be favarably changed during
this process, then one of thé major goals of education would have Deen

accomplished.
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1.

2.
3.
5.
5.
6.
7.
8.
9.

FUNDAMENTALS OF ALGEBRA I -— M 101

-Behavioral ébjecti?es'
Unit I

i
i

StﬁdEﬂt;Will be able to:

_Uhéezstaﬁd how algebra began and be able to represent numbers ﬁithi
symbols. N ‘ i o
Enow the language of algebra, that 1s, know the meaning of factors,

terms, exponents, monomials, multinomials, -
Find the sum by combining like terms given a set of monomials and/or
multinomials. _ ) T e ,
Subtract one algebraic expression from the other, given two algebraic
expressions. L ; : '

Find the product given two or more monomials.

Find the product, given a monomial and a multinomial.

Find the product, given two multinomials, _ ,

Know the mefining .of Distributive Property and use it to multiply a
nonomial by a multinomial and a multinomial by a multinomial.
Know the order of the operations in an algebraic expression that

- contains several operations and demonstrate the ability to reduce the

- expression by grouping to its simplest form.

10.
11‘
12.
13i

Identify polynomials from a set of algebraic expressions,

Divide a monomial by a monomial, given two monomials. )
Divide a multinomial by a monomial, given a multinomial and a monomial, .
Find the quotient of two multinomials. ﬁ ' :

Behavioral Objectives
Undit II

2 gtudent will be able to:

- Factor into primes two and three digit integers.:

Know the meaning of symmetric property.

Fnow the meaning of binomial. :

Know the meaning of trinomial. B )
Identify binomials, trinomials, symmetric property, given a list of

 algebraic expressions,

Multiply two binomials by inspection. _ . )
Use the reverse process of multiplying two binomials to factor a
trinomial perfect square, .

Find the product of two binomials with the same literal numbers.
Factor trinomials that are not perfect squares,

Factor an algebraic expression by extracting its greatest common
factor and a simpler multinomial. :

Find the product of the sum and the difference of .the same two numbers.
Factor the difference of two perfect squares. ‘

Factor the sum or difference of two perfect cubes.

Factor an algebraic expression by grouping.
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Behavioral Objectives
Unit IXI

student will be able to:

Simplify fractions using the rules far‘changing signs in pairs.
Find the product, quotient, sum and difference of rational numbers.
Find the product and express the answer in simple form, given two
algebraic fractions.

Find the quotient of two algebraic fractdionms.

Find the least common multiple of threes expressions.

Find the sum (difference) of two or more algebraic fractions.

Find the sum of a fractional term and a non-fractional term.

Find the simple form of a complex fraction.

Behavioral Objectives
Unit IV

student will be able to:

Select the postulate that makes one equation equivalent to anothez,
given a pair of equations.

Select the equation that represents an identity, that represents a
conditional equation or one that has no solutions.

Jdentify each of the reflexive, symmetric, transitive, addition and
multiplication axioms when given a set of equations in which these are
used.

Read an algebraic expression written in set-builder notation, under-
stand the meaning and write the solution set utilizing set notation.
Find the L.C.D. and find the solution set of a linear frsctiﬂnal
equation in one variable.

Solve for one variable in terms of the ather(s) given an equation with
more than one variable.

énalyze the data of a stated problem, write an equation that can be
used to solve the problem, and find the solution set.
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INTERMEDIATE AVGEBRL —— M 119

Behavioral Objectives
Unit I

The student will be able to:
1. Use set notation and set laaguage.
2. Identify natural numbers, integers, rational numbers, irrational
. numbers and real numbers.
3. Apply the properties of positive integral exponents.
4., Add, subtract, multiply and divide polynomials.
5. Work prcblems (write answers by inspection) involving special products.
6. Factor polynomlials. _
7. Reduce rational expressions to simple form.
8. Add, subtract, multiply and divide fractions.
9. S5'mplify complex fractions. .
10. Apply the properties of rational exponents to simplify expressions.
11. Apply the propertics of radieals to simplify expressions.

 Behavioral Objectivas
Unit II

The student will be able to:

1. Solve first degree equations, :

2. Solve word-problems which involve first-degree equations.

3. Understand order relations and their properties. o : " _

4. Solve first-degree inequalities and show their solutions on the number
line. ’

5. Understand the absolute value definition relative to the number line.

6. Solve absolute value equations. -

+ Solve absolute value inequalities.

. Locate points In the Cartesian Plane.

- Find the distance between two points in the plane.

O 03~
.

Behavioral Objectives : .
Unit III :

The student will be able to:
1., Define g relation and a function.
2, Determine functional values.
3. Graph functions involving linear equatious, quadratic equations, cubic
" equations, and rational equatioms.
4. Find £ + g, given functions f and g.
5. Find £ ~ g, given functions # and g.
6. Find £ . g, given functions £ and g.
7. Find £ / g, given functions f and g.
8. Classify functions as odd, even or neither. ,
9. Determine symmetry of functions with respect to the y-axis or the origin.
10. Determine the domain of a functlon,
il. Determine the range of a function.
12. Petermine if the function 1s increasing or decreasing.
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Behavicral Objectives
Unit IV -

The student will be able to:

1.
2i
33
é’i
5!

6.

The
li
2i
3D
41
5.
6‘
7.

Find the equation of a line given the slope and one point.
Find the equation of & line given two points.

Graph a line given the equation.

Determine the slope of a line perpendicular to the lire.
Solve systers of linear equations by:

(1) Substitution method

(11) Elimination method. )

Solve quadratic equation in order to find the x=-intercept of
quadratic function by: ’

(1) the factoring method

(11) completing the square

«(111) the quadratic formula.

" Determine the domain of a quadratic function.

Determine the range of a quadratic function.
Determine the extreme point of a quadratic function.
Graph a quadratic function.

Solve quadratic inequalities.

Solve quadratic and radical equatious,

Behavioral Objectives
Unit V

student will be able to: :

Divide polynomials and apply the division algorithm,
Use synthetic division. '

Use the Femainder Theorenm to graph functions.

Use the Factor Theorem to find roots of a polynomial,
Determine zeros of polynomial functions.

Graph polynomial functioms.

Graph rational functions.
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VALIDITY DATA
for
THE ACHIEVEMENT TEST

The early planning for the test to be used at Columbus Technical
Institute (CTT) was done by selection, from a pool of mathematics test
items, those judged most appropriate to the instruetional sequence in
terhnical mathematizs I and II.. The selection of items was facilitated
v data obtained from a programmed algebra test administered there in
hovember, 1971, After selecting and matching test items, and augmenting
wherz necessary, the following conbinations of subtests was adopted.

Aajor Subtests ‘Subsidiary Subtests
Technical Mathematics I 1. Straight line equations, elementary
algebraic opaerations.
2. Simple trigonometry, radian measure,
trig tables.
3. Common angle functions.
4, Algebraic functions and factoring.

Technical Mathematics 1T 5. Exponents and logarithms.
6. Vectors and complex numbers.
7. Arc and periodic fumctions.

Tensts were administzrod as fol'ows:
DESIGNATION LUMB GROUP
1 17~ 1972 starte at Columbus Techuical Institute,
tvsted between July 11 and September 3C, 1972.

2 an CTI students having completed Technical Math-
ematics I, tested in February, 1973.

3 37 CTI st :dents having completed Technical Math-
ematics II, tested in June, 1973.
37 CTI students having completed Technical math-
‘ ematics III, tested fo June, 1972,

During the early summer of 1973, the test was administesred to 57
new Columbus Tech students. The resulting scores were practically the
same as those from Group 1. Some additional comparisons in trand are
based upon scores obtained from administration of a branched-program
algebra test during 1971-72. This series includes an administration
to 119 CTI students in November, 1971. -

SCCRE TRENDS

An overall impression of the trends in test scores, and their values
at different stages of technical mathematics study,; can be obtained from
Table 1,
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; TABLE 1

Mean Test Scores for Columbus Technical Institute Students
at
Four Levels of Technical Mathematics

Group n Total - Items Ratio ™I TMII
Score Attempted Score Score Score

1 171 5.1 42,3 0.116 4.3 0.78

2 30 6.9 28.0 0.224 4.7 2.1

3 37 ©.2 29.6 0.330 6.4 2.7

4 46 11.4 23.% 0.482 7.7 3.8

Group key: I1=beginnurs, 2=complete TMI, 3=complete TMII, 4=complete TMII:
(Test M-67)

The principal trends to be noted are the generally increasing scores
concurrent with a substantial decrease in the number of items attempted.
The latter decrease may be attributed in part to inadequate control of
time during the first administration. In some instances the time allowed
for completion of initial testing was somewhat greater than the 30 ninutes
recommended. Additionally, during a first encounter with a test of this
type, students will frequently resort to rapid guessing. As they become
more familiar with the materials represented on the test, they become
more inclined to attempt thoughtful answers, and as a result consider
fewer test items in a given amount of time.

Notwithstanding the zedustion in the number of items u:tempted,
the total scores, as wel’ as the principal suktest scores, are observed
to increase. The tread in ratio score reflects both the advance in
total score, as well a3 the reduction in the number of items attempted.
The mean ratio score for Group 4 is ceen to be more than four times the
corresponding scorz for Group 1. The regular advance which is evident
in the ratio score, supports the contention that the test is sensitive
tc the materials taught and learned in the mathematics sequence at
Columbus Tech. :

Once again regardinp the experience with the Columbus Tech test

as a pllot plant oper: 7. some comparison is possible with score
trends noted in simi’ s¢ .28 of administrations of another test.
During 1971-72 a pro. -  algebra test was administered to students

of six diiferent leve. - mathematics study. The scores resulting
irom administration of this elementary test illustrate application
over a more extensive range of related achievement.



TABLE 2
H
Mean Algebra I Test Scores for Six Student groups

Group n ° Total Items Ratio Standard
Score Attempted Score Derivation

A. Algebra T students, Jan. '72 102 8.6 30.8 0.30 0.23
B. ©Same as A, tested in June '72 102 16.8 35.1 0.49 0.22
€. Algebra II studants, Sept. '72 67 19.1 32.5 0.58 0.18
D. Algebra II students, June '73 70 30.8 37.8 0.82 0.15
E. CTI-TMI* students, Nov. '71 119 23.7 32.3 0.72 0.20
F. Freshuwen engineers, Jan, '72 42 53.7 58.1 0.93 0.07

(Test M-06)
#Columbus Tech. Inst. Technical Math I

The data obtained under pilot plant conditions with the CTI test
show trends sufficiently like those shown in Table 2 to support for
viction that the CTI test is capable of doing some of the things planmned
for it. 1In bot" instances there is to be noted a steady increase in the
total score and especiallv in the ratio score as the respondents are
tested at more advanced lsvels. A difference to be noted is in the
degree of difficulty evident in the two tables., Table 2 confirms the
intended level of use for the algebra (M-06) test. The measn ratio score
of 0.49, for students completing one year of algebra, indicates a near
optimum application of the test at this level. The test may be of serv-
ice with students of lesser experience, however it is more diffirult
for them. TFor students who were more advanced in their mathematics
study the test is, of course, easier. Nevertheless this test is capable
of discriminating arong more advanced students, for exar ~.+ those in
Groups C, D, and E.
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REVISED MATH ATTITUDE SCALE

Directions: Please write your name in the upper right hand corrier. Feoh
of the statements on this ocpinionnaire expresses a feeling whick a 2ar  Lauiys
person has toward mathematics. You are to express, on a five-poinm. . &
the extent of o, reemert between the feeling expressed in each sta:ss I
and your own persenal feeling. The five peints are: Strongly Disagree
Disagree (D), Undecided (U), Agree (A), Strongly Agree (SA). You are to
encircle the letter(s) which best indicates how closely you agree or dis-
agree with the feeling expressed in each statemant AS IT CONCERNS YOU.

1. I am always mmder a terrible strain in math class. SD b U A SA

2. I do not -
have to tax

mathematies, and it scares me to
ir S50 D U A sA

3. Mathematics is very interesting to me, and I
enjoy math course. SD D U A sA

4. Mathematics is fascinating and fun, 5D D U A saA

5. HMathematics make me feel secure, and at the
same time it is stimulating, SO D U A sA

6. My mind goes blank, and I am unable to think
clearly when working math, 5D D U A sA

7, I feel a sense of insecurity whes attemptiug
mathematics. SD D U A s3A

8. Mathematics makes me feel uncomfortable,
restlecs, dyvritable, and impatient. SD D U A SA

9. The feeling thar I have toward mathematics 1is a
good feeling. SD D U A sA

10. datheuatics makes me feel as though I'm lost in
a jungle of numbers and can't find my way out. SD D U A SsA

11. Mathematics is something which I enjoy a great
deal. SO D U

>

S5A

12. When I hear the word math, I have a feeling of
dislike. S5O D U A sA

13. I approach math with a feeling of hesitation, re=-
sulting from a fear of not being able to do math, SD D U A sA

14. I really like mothematics. SD D U A SA
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15.

16.

18.
19.

20.

Mathematics is a course in school which 1 have
always enjoyed studying.

It makes me nervous to even think about having
to do a math problem. :

I have never liked mwch, and it is my mont
dreaded subject.

I am happier im a math class than in any otherx
class.

I feel at ease in mathematics, and 1 1like it
very much.

I feel a definite positive reaction to mathematics;
it's enjoyable.
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Problem~-Solving Test Name :
s ‘ Period:
Date:

Directions:

This is a problem-solving situation in which you may find 1t necessary to
utilize intuition or mathematical concepts that you have learned. Be sure
to try ALL .« wroblems, If 1li“rary resources are needed, please make use
of ~ren i y

: jicate clearly how y~u arrive at your answer. The maximum
amount of time for you to returs rhe test and your answers is ONE week.

1. A set isc enclosed under - -11lar operation # when for any a and
b in the set, a # b ds = .. o2 set. Is the set of rationals
closed under multiplic ‘on? Who '~ '

2. What is meant by the sxpression “iivision is not associative"? Explain
fully giving pertinent 1lustre iom.

3. Suppose John's age is represented by X. If you were told John's brother's
age was x + 5, what would you know about his brother's age? If 5 years
ago thelr combined ages were 49, how old are they now?

4. Here is a point ".". If you were asked to find all pocint~ cqulidistant _
from this point, what kind of figure would you have? Can you find objects
{n real life that resemble this figure? Glve examples 1f you can.

5. Consider this set: A={ 3, 9, 15, 27, 45, 72, 105 }. 1s there something
that each of these elements has in common? If so, identify.

6. Mvs. Smith's living-room-diring area is 9 feet longer than it is wide.
1f the perimeter is 82 feet, what are the dimensions? Her rug is 12
feet by 18 f'et, can this rug cover the entire floor? If the answer
is negative. now much of +he floor 1is mot carpeted?

7. Bob thinks +!- fo'lowing: 4y time Susan comes to a party, Tony ccmes
with her. Eut Ir.y 13 out of town this weekend. . guess Susan isn't at
this party touleht. Is Bob's thinking correct? Explain.

8. (X*Y) * (Z*W) = (X* Z) * (Y * W) holds whenever the operation is
addition or multiplication because of the propert’-s of commutativity
and assoctativity. Can we then assume that this does not hold for sub-
traction since subtraction is neither commutative nor associative? Give
logical reasoning through mathematical {llustration.

9, S., 53, Scs 57 are, fields. S,, S:» 55, Sld are not ficlds. For what
values of n do you think 3_ 14 Eiglg?

10. You are trying to find the mumber of subsets of a set of 40 elements.
What information might you gather to help you answer this question?

11, 1fa ;b _'athb was a definition, what would be some of the consequenccs
c d c+d .
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11,

of this definition? List as many as possible.

Cive a story to fit this oPen sentence: f <+ 5 > 18,
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April 15, 1975

.

Dr, Eary Braxton, Chsfv.an
Interdiseipliﬂary Btwdiag
South Central Communits College

Dear Dr, Braxton:

The Surmer Institute which you are in the Process of planning can
be a rawarding experience for many of our studerts,

Ag an educator whe sincerely aud ardently subscribes to the 1mportance

of meeting the student's needs, I would like to be affordeq the opportunity

to share with you during the workshop a synopsis of my Major Applied

Rgseareh-Prﬁjeet which #4 a part of the requirementa for my Ed, Db degree,
have great interegt ir Individualized instruction, ‘

In =y opinion, the three-wsck Institute would be an 1deal situation for
sioma innovation 4in education at the college., I wil! he delighted to

discuss thig matter nore zhﬂraughly with you at your convenieraa,
Very Sincerely,

4. Inex Everest
£aalatant Professor, Mathematics
South Cantral Community College

dlg
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STATE OF CONNECTICUT
EﬂDCﬁTEfCEHV??EAL;EtﬂﬁﬁiCEV]T}’Ci?LLEHSE
111 WHITNEY AVB. - N5W HAVEN, CONNACTICUT 04510

- (203) 772:3472

Mz, Inez Everest

Assistant Professor, Mathcmatics
South Central Community College
New Haven, Connecticut

Dear Inez,

Jour interest and involvement in the Summer Institute
has been very rewarding for all concerneda

The workshop which you have run on an individualized

approach to Mathematics was considered highly informative by
attending faculty members. In addition to your workshop, the
Summer Institute which was just completed profited immensely

from your leadership and enthusiasm in the Mathematics arca.

It was an exciting experience for me to see the impact of

the individualized instructional Math component which you so
effectively put together,

It is clear to me that you not only understand the model ,

but you work with it axceptionally well. The enthusiasm, comnitment
‘and involvement you demonstrated will go a long way toward getting
this institution re-evaluated on its present instructional directions.

Sincerely,

Ecrnk T Bravln. Pc.

Chairman, Interdisciplinary Dept.

9%
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Procedures for Summer Institute Learning Experiences and Initial
Observotions,

Among the several variations of indlvidualized instruczion that
have been in use is the Westinghouse Learning Corporation program
lknown as Program for Learning in Accordance with Needs (PLAN). The
learning experiences at the sumper Institute, in wost part, resembled
this program as outlined by the writer duaring the workshop. The
following abbreviated procedures formed the basis for instruction in
english, mathematles, sclence and soclal sclenca during the three=
veek period.

Students’ needs were diagnosed on entry into the program, and &
program of study was presecribed for each stirdent. This process vwas a
time=consuming tzok but was reallzad easiliy with the aid of a work-
study student and esprit de corps.

A diapgnostic test was administered on tha first day to teach the
123 students who attended; some tests were given orally and some written
depending on the subject matter. Thus each student's needs were evaluated.
When students returned on the second day, theilr deficiencies weare discussed
with them and together, student and instruector agreed on the three-week
program of study. Flexibility was a necessary Ingredient in constructing
th: prograr and this allowed students to make changes as they progressed
or as there were needs,

In the mathematics program, the structure was more precise., Each
problem on the diagnostic test had a behavioral objective which was
referenced by a number, (See sample at the ead of Appendix H). Students
worked through objectives which, when completed, were noted on their
prescribed sheets. Students' folders were kept and this arrangement
allowed progress records to be easily accessible. Participants im the
mathematics program were also asked to fill cut an attitude inventory at
the beginning and end of the imstitute.

Since instructors as well as students have different cognitive
styles, a variety of instructional media was available and utilized by
students and instructors. The media consisted of several texts for each
of the disciplines taught, some of which had different reading levels,
tapes, filmstrips, films, transparencies, small group-discussions, and
the tutorial approach on an individual basis.

Formal and informal evaluations were being made but no statistical
results were yet available. Casual observation has indicated much
student enthusiasm with some hesitancy during the first week of the
institute. Also notable vas the period of adjustment to a new teaching
style; many made the adjustment very readily, but a small number of
students (13) did not return after the diagnostic session. Several students
neaded remedial skills, but several also participated in advanced learning,
There was a marked difference during the second week. Students attended
regularly and everyone appeared relaxed and striving to gain additional
knowledge. :
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The folliowing excerpts were tavan from a tape on which students
expressad theilr feelings about the summer instituce.

Y wac scared to death about math until I had some
instructovs who worked with me and showed me that it was not
at all that had. T have znjoved it here and T hope o uake
the course during the summer. 7T did not get anv grade but when
I take the course during the summer I hope to get 2 good grade."

“"I'm going to college next year. This program helped me
out a great deal toverd mwy colilege aztivities, I horpe to attend
South Ceatral in September and I hope I'll he able t3> keep up.

I will like to becoms an ancountant.”

I enjoyed the students ard tutors. 7 N
englisbt and math. I will like to thank vou a1l for Leing so concermed."
"The institute should have been instituted long ago for people
vho are having problems in different subject:s; it needs to be ex—

panded so that more students can benefit from it."
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AUTOBIOGRAPHY

Born June 18, 1933, in Nevis, West Iédias, the author was the
jast of five children -- three brothers and one sister. 5She attended
a private school from three and one-half years of age to seven and
one~half years of age, after which she attended a public (government)
Girls' School. At the ages of twelve and thirteen she received two
certificates for proficiency in Mathematics, English Reading, Geography,
Writing. At age fourteen she won a scholarship to attend the private
and highly selective Excelsior High School.

Five more years elapsed, and the author completed her high school
career with a Senior Cambridge (England) certificate in English,
English Literature, Hathemgtics, History, Geography, Religilous Knowledge,
Health Science, and French.

She was employed as a teacher during which time she studied
educational philosophies, principles and practice of teaching,
elementary science and home ecoromics on an independent basis.

Outstanding work in teaching was rewarded with a six-months'
scholarship to study in a specialized area -~ the "Junior'" years of
elementary school, ages seven to nine. This led to further experience
in teaching at all levels with all boys, all girls, and coeds, five of
these years at the Secondary School.

The author climaxed her teacher preparation in the West Indies
with a one~year scholarship at Spring Gardens Teaching Training College
where she received the Psychology Award and the Principles and Practice

of Teaching Award§ the Awards exemplified the highest achievement

103




100

exhibited in these axeas of study during that college year. The years

spent in Nevis saw many friendships, most of which still exist. The
author enjoyed participating in church activities and civic affairs.
The first Brownie pack in Nevis was established by her; she was alsa
a Girl Guide leader and became the first District Commissioner of Girl
Guides on the island of Nevis,

A second phase of the author's life began when she entered a four-
year Higher Education institution in the United States. Her educational
pursuits continued, resulting in a one-year scholarship as an under-
graduate, two National Science Foundation Scholarship Grants, a Bachelor
of Science degree from Southern Connecticut State Lollege, a Master of
Arts in Teaching degree from University of Cincinnati, and a Doctor of
Education degree from Nav§ University. The author finds it challenging
and E#Eitiﬂg to teach at the Community College, prior to which she

taught at high school level. She has been innovative in her teaching

‘methodologies, has written a Mathematics Manual, Mathimagination,

for her Intermediate Algebra students who study by the individualized
method of instruction, and philosophizes about humanism in mathematics.
Other inmovations include speaking at a Summer Institute Workshop on
Individualized Tnstructién and designing a program for learning in
accordance with neads.

A member of several professional organizations, the author
subscribes to many prcfessional journals, and attends several confer-
ences yearly. Organizations include: National Education Association,
Connecticut Education Association, National Council of Teachers of
Hathematics; National Association of Two Year Educators in Mathematics,

and Mathematics Association cf_Twa Year Educators in Connecticut.
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Other civic and educational involyements include: Board member of
Friends of South Central; Board member of International Student Center,
Board member of NAACP (Meridén—Wallingigrd Branch) and committee member
of Southern Connecticut State College Alumni Association. The author
has served as an officer and/or chairperson of various committees at
'S@uth Central Community College, has established a Foreign Student

Club there and served as the Foreign Student Advisor for three vears,
She sponsurs a yearly International Food Fair at the college and
established a Martin Luther King Club at the high school prior to
teaching at the college level.

Married for the past five years, the author has no children, enjoys
traveling and all outdoor activities. Hobbies include stamp collect-
ing, coin collecting, reading, and indoor and outdoor gardening. Fond
of suburban living, the aﬁthcr also enjoys a retreat to the wacds where
tranquility reigns except for the sounds of the beetles, birds and

frogs, and where nature in its splendor can be appreciated.
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SIGNATURE PAGE

I certify that I have read and am willing to sponsor this Major
Applied Research Project submitted by M. INEZ EVEREST. In my opinion
1t eonforms to acceptable standards and is fully adequate in scope
and quality, as a Major Applied Research Project for the degree of
Doctor of Education at Nova University.

Dr. Bruce W. Tuckman, MRP Advisor

I certify that I have read this Major Applied Research Project and in

my opinion it conforms to acceptable standards for a Major Applied Research
Project for the degree of Doctor of Education at Nova University.

& A)é' ) 3 7
&,

Dr. W. Richard Krallg Clust&r Coordinator

This Major Applied Research Project was submitted to the Central
Staff of the Nova University Ed.D. Program for Community College Faculty
and is acceptable as partial fulfillment of the requirements for the degree

. of Doctor of Education. _
(:!Ir?/{'mﬁ-— “zgiﬂ“‘*' ,

3 Dr. Ross Moreton, Di:;gfbf of Research
and Evaluation
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