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-COMPARISON OF TRADITIONAL INSTRUCTION AND
PROGRAMMED INSTRUCTION IN CHEMISTRY ----

By
Waliam E. .Chee<

y197.6.

ogrammed instruction was developed in 'chel istry
Central Piedmont Community Coll ge (CPCC) as a part ol
wide instructional revolution beginning about 1971. Thi6 de-
velopment took place with little objective evaluation either in
the area of chemistry or on'a schbol-wide basis. -Some of the
prefessional staff at CPCC felt that Student achievement was
less when-programmed instuctionwas used and-that studen'ts

preferred the trditional methods 'of instruction if given a
cboicq. Others on the staff felt that Programmed- instruction
(PI) was superior to- traditional instructin,(TI) and that

students much preferred the newer method.

This study was conducted to.determine: vhich of the

methods was.the Most eff tive in terms)of the following:

By which method will the che i try student prefer to be
taught, -(2) By which method will chemistry students achieve
the Most, (3) By which method will a high reading level che:

stry studelit achieve the. most. apd (4) By which method' will

a low reading. level chemistry student achieve the most.
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ed to determire if the diffe ence

in the mean gain scores for 'he two methods was ,sdgnificant.

It was found.that there was no eignIficant'dilference'in

achievement in the two methods at the 0.01 level. However;

at the 0.10 level, PI achievement was significantly greater

on two of the eight units. Achievement by TI wp not si

ficantly breater tha- Pi on any of the units at the 0.10

level.

gn

When students were asked directly the method by which

they preferred to be taught, PI was highly prefer ed to TI

on four of the five m dule covered in the study,. Chi-square

analysis of rating scales indidates a slight preference for

PI. A most sa nificant finding 4n the studywas that student s

preferreA TI on the one module involving a closed lab ua-

tion under supervision of the clas -7oom teacher.,

The ttest was run on the overall gain, scores for the

high reading group .both for Pi and TI. The results indicated

there-was no significant difference in achievement. The
5

t-test- was run on the overall gain scores for the low, reading

group on PI and TI. The results indicated no signiticm

difference in achiev

Recommendations were made tp continue further develop-

ment oTQ PI for both classroom ang lab but to convart the open

chListry lab .to a semiclosed,lab, taught and supervised by

the cla sroom teacher.
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Chapter

BACKGROUND AND STATEPNT OF THE OBLEM-

INTRODUCTION

Many changes have occurred in the field of CduCa-
tion in the la t decade. Two of these have had'a pronounced
effect on the community college and, e pecially, the edUca-
tional approach at Cent al Piedmont Community College (CPCC).
TlcrsAly, there has been an increase in the variety and depth
of learning due to the ,"knowl dge explosion". Secondly,
there is a grea e- accePtance of learning as a lifelong pro-

rather than a terminal one. Thirdly educators under-
stand bette- and are more a_are of individual differences
among learner., and recogni7e the need for d'iverse method's o_

instruction. ,

CPCC, has been keenly-aware of these changing needs
and by the summer of 1971, a tremendoUs movement was under7
way at th college to develop programmed instruCtion1

terials or techniques in all 'areas ,of instruction. T
promote this, the instructiOnal staff- was,granted leave time
to attend workshopa al%d conferences and to pa-ticipate

Oztensive training in the- art of developi-ig programmed in
struction. This movement was further supported IV on-campus

-rkshops,- concerned _ththe writipg--f specific. behavioi.al

12



'objectives and the other aspects of developing programmed

instruction. During the initial stages of the develop

of programmed instruction, much instructor release time was

'available but the amount of time was decreased substantially;

following the initial work with the new method's of imAruc-

t on To support and to mair4ain the development of pro-.

grammed instruction, profeSsionally-erain'ed p_ _onnel

hired tu aid the individural instructional. staff ,memhers in
/

their efforts. Again this waS a chool-wide movement

which a welding 'instructor -s-just as likely to be writing

learning obje tives as .the college transfer inst-ucter.: An

indication of the hasie school philosophy underlying this

innovative in tructionaI movement is well illustrated in the
A

stated school phil000phy as adoted by the poard of Trustees

and expressed in the college catalog (CPCC. General Catalog,

pp. 6-7)

The, College is aware that,the implementatien of
these objectives in an open door admission environment
will-bring to its campUs students who differ greatly in
age, motivation, and purpose as well as educational and
personal background.' -The challenge of educating these
students cannot be met with traAitional,methods of in-
struction alone. 'In recognition of this face the fol-
lowing policy statement has been adopted by the:Trustees
arthe Colle e:

"Centre. Piedmont Community,College.is cpmmitted to
the concept that, given enough'time, most students can
accomplish ny learning task. This ab based on the .

contept that students basically differ in their rates of
leRrning rather than their ability to learn.

This coAltment barrieg with it a resolve that the College
must have as a major objective the provision of ample
opportunitiesnfor students to learn at varying rates.
It also implies a belief in the coneept4of individuq_ized
,control of the.rate of learning."



The TruStees and siafi' of the College are dedicated to
the task of creating the environment for learning which
s defined in the above rstatements Of 'philosophy,
bjectives and Tolley.,

A A-
1
Further insight into-the philosophy.of the school

is revealed in the "Items of Special Emphasis for Personnel"

tated on.the,CPCC Application-for Employment f4orm....

CPCC is dedicated to good teaching ab primary goal.-
All mecabers of the faculty and staff. Contribute to this
goal. Each faculty member4 as an integral part of the
team, is expected to feel an interest in and demonstrate
entilusiasth for 'all aspects of the college program--not
Merelykthat of his/her ewn departdent or discipline.
CPCC stresses a results-oriented approach based upon
-pecific behavioral objectives for each staff/ position.
Ihis is at the heart of ble College's emphasis upon
accountability and cost effectiveness.

CPCC is committed to providing alternative ways by
which students can .learn. It places heavy emphasis-on
the avLilability of individualized instruction and multi-
media approaches to learning.

CPCC believes that learn i mor9 than accumulation
o facts. Opportunities fo a student to meet with
teachers on a one-to-one or small group basis are impor-
tant in the learningiprocess. To make these opportunities
possible, CPCC expect's its fact4ty members to be on
campus and available to students throughout the daily
work period as a reed upon with the appropriate depart-
ment head.

CFTC is a "people-centered" institution dedicated.to
servine its constituency, to fairness in inter-personal
relations and to nondiscrimination on matter's of race;

age, religion, nationll origin, colorT-sex andiother
factors unrelated to helping students achieve objectives.

Organizationally, the Cklege delegates the alit h.ority,

and responsibility for decision-making and policy,
implementation to those personsdclosest to the problem.

The department head, consequently, is an administrator
not a faculty member who presides at departmental
meeLings. The outcomes of the teaching-learning process
as defined by the department within the objectives and

the philosophical framework of Central Piedmont Com-
munity College are the responsibility of the members.of

,

the department and the -department head.
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CPCC. efforts to axlieve its bbjectives rquie dedi-
catiam onthe part of all--everyone on'the team.
these expressions of philosophy ahd beliefs do not agree
with those you hold, it would be.inr'your best interes
as well as that of CPCC,_to seek employment in an insti-
tution that has a philosephy and beliefs atuned to those

hold. (CPCC Application for Employment, pp. 1-2)

ObVieuly, the admini trative staff'that was respon-

Sible for policy setting at CPCC, in consideration of the

.-Troperties of the learner and the potential leLner, felt '

that new methods of instruction were needed f-r'the "new

kinds" of students entering the .open deors of the college.

The ::onviction that new methodS were needed led ultimately

tohe Innovative instructional'move ent. Upon:-examination.or

the properties of the typical CPCC student and comp-arisen with

a typical non-community college student, it will be'found Oat
a very.striking contrast existS between the two. This obser--

vation lends support to the deci ion that a need exists for

thg reeValuation of the traditional-Todes teaching in this

-community college.

A lecalstudy completed by Kirhy (1974) on the

"Learning interest of the Adult in Meeklenbur County"

vides some i- ight into the type of adult .,tudent and,poten-

tial adult student at CPCC. A concise summaryof some of

the-most significant findings of the -urvey are included.

1. Over seventy percent (168,000 persons) of the adult
population of Mecklenburg ,CeUnty would like to learn
more about some subject or skill.'

2. Adults in Mecklenburg. County are interested in a
very wide range of subjects and skills.

Interest in 'learning is present in all:social and
economic strata of the county population and focuses
more strongly on vocational.subjects.
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Adults are most interested in learning simply for
the sake of knowledge-msecondarily, they ara, inter-
ested.in learning as'a means for achieving personal,
princlpally vocational, goals.'

5. M4st adults still prefer the familiar lecture and
ciasSroom modes of instruction and see the community
college or technical institute as the preferred loca-
tion for learning..

6. Most adults would like to receive some form of formal
rpcogtnition for learning achievement and:would most
prefer that such recognition be communicated to them-
seives, their family or friends.

Time, cost, and the pressure of home and job respon-
sibilities are the greatest obstacles.to continued
learning for adults.

The average adult earner spent about four hours per
week in learning 'activity- for a period Of five
months, prebably did or will completethe course and
financed the instruction from his own or fam.ily funds.
(Kirby, 1974, pp. 13-14)

ONTEXT OF THE PROBIED
(

'For the p five years, the, writer has been involved

extensively in developing programmed instruction (PI) in

dhemistry at CPCC. Due to a constraint of time and vaNious

other problems, this development was carried out with little

Objective comparhtive evaluation with traditional instruc-

tion TI he method it has partially replaced. The need

for a comparat vestudy of tra.ditionaI instruction 1TI) with.

the neW instructional-approach (PI) used in general elleMistry

at Central Piedmont Community College was obvious.-

Numerous studies haire been made eomparing tradi-

ti nal instruction (TI) -and programmed instruction (PI) but
/

few have been Oondueted in the field of chemistry in the

community college. Each institution, and more partieula ly,

16



each community'college -has its own unique .educational

environment, and a need exists for eval-:ation of instruction

in each inStitution. This need.is paramount if the institU-

tion is to choose the r st effective instructional methods

to serve its students.

The overall need for improved instruction in the

field of chemistry is'shown by the low percentage of student

success in practically all levels of education in chemistry-

from high school, through four years of college. For example,

Berchin (197?) found,that only forty-five percent ofAhe

students successfully completed the general chemistry pre-.

paratory course Memistry 51) at Sacramento'City College,

while' a respectable seventy-two percent of the students

enrolled in the conventional general college chemistry cla

(Chemxtry 101) for science and engineering studen com-

pleted the course successfui_y at Meramec Community College

In St. Louis. The success rate in the first quarter of

General Chemistry 1504 at Central Piedmont Community College

is about sixty percent sixty percent of those who start.de

obtain credit by the end of the guar.er. Smile of those who

do not complete the course ao so the following quaTter.

This percentage is a little, higher than the corresponding

math course Math 1504) and less than the percentages in

other-areas, sUch as the social sdiences.

themiStry'has long been a basic subjec-_ needed or

many professions and technologies, and chemistry Courses'

have been used to "weed out" the apparently weaker student

17



in suCh fields as medicine, pharmacelogy:' etc., Many .courses

have been used for this purpcwe b-t -t -appears ihat the

difficulty encount--ed ifi the ledrning of chemistry make- it .

one of the most desirable..

Haight/(1976) strongly implies that a need exis13for

the overall evaluation of educational methods ofteaching

chemistry in light of the increased volume and sophis_i,

cation of knowledge in the field, (2),-the. expansion o

tudent populatian, including the less-well-prepared chemistry

student, (3) the development of technical aids to teaching

and learning, and (4) the at empt to define studerit goals

and limited objectives (pp. 5-4).

One of the- major problems inchemistry education
.

appers to lie at the i troductory41evel-and not with moe

advanced courses. A-recent study at the Unive sity,of

Illinois-found no junior level chemistry majors who ranked

below the nine --fifth percentile in hiS her high sehool

class Haight, 1976) Student- tith thiS kind of ability

appear:to do well on any level of chemist y and, most likely,

in any subject area.

George Hammond, recipient of the 1976 American C

mical Society's Priestly Medal (the highest honor in American'

ChemiStry)criticized the field'of chemistry as being "117

conservative", and chemical research as being "frequently

repetitive and stylized game playing, with elegance Rvalu-
.

.

ated more highly than innovation.", He projected that che-
.

mistry might-dis ppear as a'separate diSCipline. Hammond

18
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-describes chemistry,edubation as too inflexible, conserva-

tive a 1 having too little variety (Seltzer, 1975, p. 28).

Based upon considerable teaching experience in math

and science (general science, biology, physics and chemistry)

at various levels of educationjunior high, senior .high,

four-year ccalege and U. S. Army Signal Corpthe author can'

state thout reservation that chemistry is one of the most
i

difficUlt of these 'sciences for the stUdent to learn and the

teacher to teach. It appears that improved instruction is

neede: s-much- or more in chemistry than any other field of'

science. onstant instructional evaluation is needed in

teaching to recognize, identifk, and solve teaching and

learning problems.- This is espeL.ally true for neW in-_

structional approaches.

CLASSIFICATION OF TRADITIONAL INSTRUCTITILial
AND PROGRAMMED .INSTRUCTION PI

Studies_of this type Would best begin with a reCbg-

nitiOn-and definition of three-types of programmed material

and three, brpes of lecture classes.- They are classified as.

(1) non-adaptive (NA)-material, ,(2) partially adaptive (PA)

materW, and (3 ) totally ada:Ptive (TA) material. An illus-
/

tration of these types ofcategories is shown in the folloW-

ing diagram:

19



,Diagram 1

CATEGORIES OF PI ANn "TI

Non-Ada tive o:ramrned material a d lec u e materia

does not permit the deviation of presentation based

on individuaLlearning.eharacteristics. Each -stu-I

dent is presented identical materials, steps,,-.
frames, etc., in dependent and sequential'order.

There is no prograth or,learning material adjustment

r'de for individual differences in

teristics at levels a tudent''w ll need. The non-
,

adaptive lecturer teaches subject mattdr, not

students, discourages questions, is overly-concerned

with covering spe'cifie;d material in a limited time,

is orderly to a faUlt, arrives and leaves punctually,

has little or no oUt-of-class time for student confer-

ences, and is subject oriented. Typical common
1

remarks from students exposed to this type of in-

struction Includes: a) goes t6o fast b) expects

all -f us -Le be as interested in the subject as he

) has no time for the student, d) dry,

, 2 0
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uni e e ting, f) boring, and g "he knows the

subject b t can't teach it".

Partially Adaptive permits the

presentation of selected material based on student's

questions and or'responses to previously presented

information. The quality range of these types of

materials varies widely and is dependent upon the

knowledge and skill of the author and of his aware-

ness -of the charatteristios of.the target group.

Considerable 86ccess has been obtained at Central

Piedmont Coththunity College (in the area: f chemis

by the utilization Of partially adaptive material.

The ingredients for success appear to .be a speoific

definition or the' learning task, awareness of.areas

or concepts which offer difficulty for the leariler,

and knowledge of the le-rning characteristics of

the student body. Typical comments from studentsa

exposed to this type of,instruction 'include:

good, b) I like it, ) I can proceed at my ownrate,

d) review is easy, ) no difficulty.in determining

what is important, and f) no One knows how well 1-am

doing, except me.

Partially adaptive leotures are sensitive to indivi-

.dual differences but operate within a timejrame

which inhibits total individualized attention. As a

result, many questions ga,unanswered. Individual

conferences are encou aged but, with large classes,



are 11- ited to ,ho17-t.cluestion and answe.r-periods in

most cases. Student comments moS-toften-related to

this type'of instru tion Include: good instructer,

b) goes too fast for me, because I learn slower than

others, ) I should have taken a more elementary

course, I am spending.an awful lot of time on

homework, ),I Seem always to be ten days behind,

-,(f)-the exam grade does -ot reflect what'I know, and

,(g) I Could. .have done better if.i'd-had more time.

xtztay__3sLa_p_nys prQgmmed material adapts com-

pletely to the individual learning characteristics in

terms,of method of Presentation, time of presentation,

-and Ihe details of explanation. jthe ideal totally.

\adaptive-systemHhas not yet been designed and r

t'into practice. CAI, intera_ e television /

coupled with a dial-access anct compu_er are syst-
,,,

that offer much,more promise in this area.

A to ally_AcjAgiULyIL_Ilicture exists primarily in a

-
tutor sy,teM involving instructor and One student

(McIntosh,. 1971).
0

Both the 1131 and T1 used in this st dy fall'intO the

class of-partially adaptive material, and this should be

understood in any future re erence to FI.and TI in this

study.

2 2
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It is believed that many of the contradictions which

a ise from various co parativa studies of,TI anci PI are a:

reSult of the failure to- recognize the necessity4for like

compari -ons within the categories of elassifiCation. It is

possible to compare one section of a .eourae taught. .by the.

.sc-called lecture-traditional method with avother, progra,,ed,

section of the same corse and find that the traditional

section was taught, in a. highly 'adaptive fashiont even in-
.

eluding partialry programmed instruction. In other words, a

traditional class can include highly adaptive programmed

instruction in the lecture. The highly adaptive lecture is

the exception rather than the rule, hoxever. On the other

hand, it is pos ible to have the other extreme, *hereby the

traditional instruction is totally non-adaptive with the

programmed sectionsbaing highly adaptive to the learner's

needs. These types of studies demand that the _ethods of.

irstru tion 'be well defined if the results are to be valid.

An examlhation of the pr.ogrammed instruetidn included reveals

the adaptive 'nature of the material to be used in this study.

For example, the "what you should.knOw nol section and the

etest, illustrate a consideration for individual differ-

ences of the . learners.

STATEMENT OF THE PROBLEM

The Major Applied Research Projec

attemp _d:to determine:

MARP study



1. -Which of the two methods of instr ction (PI or TI)

will result in greater achievement by gdneral college

chemistry students at Central PiedmontoniMunity

College.

By which of the two:methods of instruction will the

Central Piedmont Community College che istry student

prefer to be taught..

Which of the two methods of instruction will resul

im.greater achievement by Central Piedmont Community

chemistry students of high r6ading ability.

Which of the two _ethOds instruction will result,

in greater achievement, by Central Piedmont Community

College students of low reading ability.

PURPOSE OF THE STUDY

The purpo e of-this study was to determine the

effectivene-s of programmed inbtruction in eheMistry at -PCC

.as compared to the conventional methods. AA previously

stated, CPCC had committed itself to the concept that most
t=

tudents can learn and that faculty members -hould inVeStiga e

alternative methods of instruction in search of improved

teaching and learning techniques-to meet the changing needs

of the ,comPlex student bOdy of title --ilege

One of the e-rliest programs to be initi4ted on

campus was the Audio-tutorial (A.T.) individualized lab
.

program in biology written by Postiewait at Purdtie Unive _ity.

The program met with Much -student-instructor enthusiasm.

2 4
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The A-T- program in biology was followed by the Toncampus

development of individualized prograMmed in t_ uction in

biology, business, auto-mechanios, chemistry, etc. Much Of

the early developmental work in chemistry wab carried out,

in's. "highly rushed fashion" with the typical neophyte mis-

takes being made. D e to the lack of class oom and lab

MDace, once a compitment was made to produceprogrammed

instruction for one class, it was difficult not to imiolve

the other cl sses within the same classroom and labs. It

was found that once programmed instruction as developed for

a portion of the courSe, many students demaAded:and'expected

programmed instruction for the entire course. Most of the .

instructional development was completed 'Nfithout release
-P

from normal tea-hing duties, requiring,,the sacrifice Of Much

f the instructor'S free time at home.as well as at school.

Thus the situation as described left no time for objective

comparative evaluation. It was believed by many of the

faculty members and students that programmed instruction

was somewhat superior to traditional instruction but little

objective evidence was gathered to support-this belief. An

improved grade point average for studentS- using programmed

instruction; in addition to favoraple student evaluation In

most cases, indicated that programmed instruction Was,

apparentlY, at . least equal to conventional .instruction,in-

student achievement and student response. As a. result, the

onal staff of CPCC was spending a tremendous amount

of ene y in the development of. new-Methods Of instrUction

profe

rz



in several areas of the institution with little scie tific

evaluation of-the rnothods The faculty thember: were en-

couraged to develop and impl nt new methods of-instruction

but little effort was made to encourage evaluatiOn of

adopted methods. In consideration of this, it wa- felt

that a "real need" existed for thi's comParative :tudy.in

chemistry.



litera-L

REVIEW OF -ELATED LITERATORE

For organ'izational purposes this review of rel ted

-e is divided into three parts, each dealing p imarily
r-

with comparative studies of TI and PI in various aic is of

education. The first part deals with studies of TI and PI'

in the area of general education, the second, with studies in

all fields of science exeept chemistry, and the third part,

with studies of PI and TI in the area of chemistry. Various

aspects of PI and TI will be considered such as -ost, adapt-

ability to different areas.of education, student and teacher

preference and effectiveness as determined by comparisons of

tudent achievement.

the purpose of the review of lite_atu7e, the

following terms are defined: Traditional Inttruction (TI) is

teaching in the typical fashion with closed classroom, student

and-a teacher. .This type may 'Oa referred to aS classical or

conventional instruction. In TI the class meets for, a speci-

fied-period 'f time and may involve lecture, discussion and/or

q_estion-answer techniques. Programmed Inst uction (PI) is

-eaching and learning in which'the instru tor may or may not

b- present in person during the learning activity. PI may

involve:use of various delivery systems and will usually in-

elude learning objectivesi d tailed learning -teps, frequent

16
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review and testinc, . PT is also def,ined as using all or pa

of Audio-Tut -±ial (AT), Computer ASsist-d Instruction (CAI)

Computer Managed I ction (CMI), the Keller Plan (PSI

the Systems Approach to the Instructional Process AIP),

Coordinated Instructional Sy-tems (CIS), Individually Pre-

scribed Instrt ion (IPI) or Icmrl ipg Systems Approach (LSA

In some instances, in this review of literature,

tklieq, considered to be typical of a particularcertain

methodology or containing valid data related to the proposed

hypotheses, are described in-detail. These examples were

included inte tionally to give the reader a more Lhorough

insight into the gen ral nature of the problem.

PI_and TT_in General Education

Sutherland (1975) completed an evaluation of indivi-

dualized instruction for .eVening and part-time Students in

busine administration. The study was part of a program

initiated by the B -3ness Department of El, Paso Community

College to improve the curriculum for the part-time students

yhich were selected from a student body of about 70% Mexican-

riean. Mo t students in the group had learning handicaps

due to poor secondary education. The study'involved the use

of individualized inst uctional packe s for the "Introduction

to Busines-" course.

Three ( ) sections of evening students, having the

same instructor and including identical learning objectives

for all sections, were studied.

2 8



With One section (I an irdiv c aL.ized instIu_

-I), Jibe lecture inethod wasunit was used; with an the-

Lo

10 nal

employed and 'with the remaini g :iection III), the lect -e

method was used with studer ,--- given optional use of the

.pregrammed unit as a classroom Supplement. Prom results of the

-tudy, ba ed Ton achieve -nt tests, it was fo nd that the

section given optional u e of progra med mterial to supple

ment the lecture method scored significantly higher than the

other two sections. No significant difference was found be-

tween the other two sections. The small number of students

(20) that utilized the optional material in the third section

made the results of that part of the study ciL etionable.

Conroy (1971) completed a Audy of the effect- of a'ge

and ..ex upon achievement in PI and CI in re edial Algebra

a Northern Virginia Community College. An analysis of the

equcaity of means of paired samples using the t-test showed

student age to be significant. The study shoWed that other,

students achieved more, that sex was not found to be signi-

ficant in achievement and, when sex and age were-held

stant, no sinificant difference resulted from theuse of

programmed in0 ruction Versus conventional in,ltruction. The

researcher suggested that further studies of the relationship

of age and sex to achievement,be made and that PI and CI be

utilized to maximize student achievement.

Giese and Stoekdale (1966) compared the effectiven

of programmed and conventional workbook methods of teaching

grammar, .sentence structure, punctuation, and capitalization

2 9
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in a Junior College. Two teachers particip ted in the exper

ment with each teaching the PI and workbbok sections. The

researcle- found no significant differences among the treat-

ment groups and concluded that remedial English courses could

be taught as effectively by PI as by the conventional method.

White (1970) completed a -tudy in which the effeet-

iveness of an individual .tudy approach to Asso iate Degree

Nursing at El Centro Community College in Dallas, Texas was

evaluated The purpose of this study was to determine whether

individualizatien of instr-ction would enhance learning and

help solve problems of crowded -tudent schedules, betero-

genous ability of.students and inexperienced instructors.

One,hundred and ten (110-freshman and sophomore students

comprised two control groups which received TI and two experi-

mental grOups which r _eived taped lectures and small group

seminars. Achievement was measured and no significant dif-

ference was found to exist between the two groups. Recom-

mendations were made that this individualized approach be

expanded to include all nursing courses, and that a listening

lab be constructed i1uding carrels, tape players, and other

A.V. equipmAlt.

The question arising for possible consideration don-

ning this study is "Upon whai basis does the .researcher

refer to this method of instruction as individualized inst

tion?" Actually, the lecture may have been more highly

individualized than the taped material.. This,is an exceller:

ex mple of the confusion Concerning classification of

3 0



lnst uctional methods rc'ferrecl. to in the

hapter.

o_y

The short and long-range learning that takes -1 ce

in TI and PI is exa ined in a study by Packard (1967). In

the fall of 1964, prospective students at Jjle University of

Minne ota were -ssigned to groups for a two-day orientation

unit. The purpose of th1 orientation was to familiarize

the student -ith general aspects :f the University. The

experi_ental group roc 'ved the-content from PI. The con-

trol group received the,same informationloy TI. The PI g_oup

performed significantly higher on an immediate post-test.

There was no significant difference between the-two groups

on theirevaluation of the method of instruction used. One-

month following the ses_ on, a retest of student knowledge.

about the University showed that no significant difference

existed beti,een the two groups. The lectu e group subject

were-judged to be bette- prepared for registration since m -e

members of this group completed the prescribed test as sae-

duled. The researcher recommended the use of both PI-and TI

in future orientation procedures.

An example of the apparent superiority of PI in

teaching students h-- to use the dictionary is shown by

Stockdale (1967)

a

In one section of a.reading and vocabulary

development course in a Junior College, students were.given

PI while in another section, subjects were taug t in the

'conventional way. In.four of the eleven test sco es of the

experimental groups, PI exceeded the control goup significantly.



The conventidnal group did et on only one of the tests.

There was no significant difference betwe.-n the two groups

in six of the tests. As a res lt of this study, Pi was

ac-epted as the method of teaching use of the dictionary

thi- school.

Brinkman (1966) explained the possibility of using

specially designed PI to teach the visualization of space

relations. An app_oximately 500 item program was presented

t- twenty-seven eighth grade students and'compared with a

matched control gro p who received only the pre-test and;

po-t-test while being taught by TI in the math class. The

results indicated that -t,le,subjects in PI scored signif i-

cantly (p<0.001) higher than the control group.

These results support the inding of Van Voornia-f(1941}

who completed a similar sctudy. Bis study indicated that the .

attitude -of the learnermay be an important factor in the

effectiveness' of Pl. Analy 1_ of the attitude S:ryey indi-

cated that those students who felt tbat teachers could teach.'

better than a program scored consistently above the m_

on the post-test when taught by, this method. Most subjects

disagreed with the statement on the attitude questionnaire

that "one does not have to Think when learning by PI" (Bri

mani p. 183).

Brinkman's results are supported b- Macomber and

Siegel (1956) who found that stUdents who initially .h_id.

ian

favorable attitudes toward 'a certain mode- of instruction..

.
achieved_ more than those who did not have thes: attitudes,

32
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The opi ion of selected faculty at fi e community

colleges in Florida con&rning PI is probably typical of many

instruct- q in the Community College today. HAndleman (1975)

surveyed seventy-four social science, English/Foreign Lan-

guage teachers at five Florida Commun ty Colleges. About

75% of the respondents indicated that they felt the rate Of

innovation-An the community college system should be reduced,,
a

at least for the immediate future. Many of these instructors

felt that innovations had resulted in academic-grade infla-

tion with a lowering of standards and de'-emphasis on cogni-

.tive learning. The study indicateb. that the respondents were

not opposed to innovative -te ching techniques as such and

would favor their use, if these methods were properly evalu-

ated before whole ale adOption.

The use of the computer as an instructional medium

has been proclaimed by some experts as having almost unlimited

potential. Lawrence M. Stolurow, director of the CAI lab at

Harvard, ates that

Computer-assisted instrpetiOn (CAI ) is not the
panaCea for today's,educati*Ial problems--there is,
no single solution to problems- aS complex as these.

Holever, Stolurow goes on to say:

CAI is comparable,to Gu enberg's invention of
the printing press in terms of the Potential-effect
it will have upon education (Silberman, 1970, p. 187)

Professor Suppes of Stanford, a noted CAI expert,

says that:
,

One can predict that in a.few more years millions.of
school children will have access to What Philip pf Mace-
donia's son, Alexander, enjoyed as a royal prerogative.:
the personal services of a tutor as well informed and re-
sponsive as Aristotle (Silberman, 1970, pp.,187-188). /
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It is interesting to note that Suppes, three and ,One-

half years later, dismissed the above notion as lipelessly

utopian

If we could create the be-t of all possible worlds
for the children in our society, we might wish that_
each of them would have a tutor of the quality of
Socrates or Aristotle. As a general approach to mass
education, however,-this is clearly prohibitive eco-
nomically (Silberman; 1970, p. 188)

According to'Anastasio and Morgan (1972), :he computer

as an instructional medium has unique proPerties. The com-

puter as an instructional medium is quite pnlike traditional

media and needs further study in some areas. Four differences

between the computer anclother instructional media were p _rti-

cularly underscored:

1. The procedures for the development and stru Wring
of CAI materials vary from those traditiona ly
employed in other instructional media.

The computer versatility in assuming a variety
of roles offers new possibilities for improving
instruction; these roles range from passive infor-
mational resource to simulated,instructor.

The responsiveness of the computer enables_it to
teach a process or dynamic systeM through inter-
action with a student-

The diagnostic capability of the computer enhances
individualization of- instruotion; enormaus quantities-
of information can.be exploited about the past and
present performance of a particular -tudent.
(Anastasio and Morgan,. p. 32)

Much research has been done concerning the use-of

the.computer in education. Some of these references are

included in the area ,of .general education.

Butl_ (1969) reports on the use of the CAI Method

in the lower grades in a study conducted in the New York City -

Schools.
3 1
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The only instances in which non7CAI Students made
,

larger gains than CAI students'wereat twO grade lovels .

in schools with predominantly ,Black or Puerto Rican
population, ahd the differences were not_pignificant.
These results are generally_in harmony with the numerous
reports from teachers that CAI students seemed-to be
performing better than non-CAI students (Butler, p. 21);

Alpert and Bitzer (1970) emphasize that the useful-

ness of the computer in teaching should not be limited to

rote learning and drill, as with arithmetic. They also be-

lieve that CAI should be extended fax beyond an automated

version of the Skinner -teaching, Machine. They thought the

computer should beof much Value in the development.of

cal thinking, W 11 :as the transfer of information.

The amount of instructional time required and the

ability of students to retain learning by CAI is v 11 temon-

strated by Alpert and Bitzer (1970) in a description of the

Plato system used at the University of Illinois:

Initial experiments aimed at evaluating educational'
. effectiveness have been made at the University of

. ,

Illinois and elsewhere. The data sample is altogether'
tbo limited,lbut the resUlts have been encouraging.
For examlAe, a class of.20 students in a medical science
course was taught for a semester entirely'with the Plato
system. When compared with a ,eontrol group in a nation-
ally'administered test, the students-taught with the
Plato system were found to have scored as well in grade
performance even though they had requited only one third
to one-half as many student-contact,hours of instruction
as those taught ill-the conventional classroom; 'Subse-
quent measurements extending over a 26-week period indi-
cated that the Plato group showed greater retention over
that interval (Alpert and Bitzer, 1970 pp. 1445).

,That CAI has been well received,by some students and

teachers is shown by a wide variety of experiments. Alpert ,

and Bitzer (1970) list several keyfeatures Of ,CAI that

explain why computer-based education has aroused this enthu,

siasm.
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1. The.interacti\pi?: natu-e 'of this instructional medium
typic.ally absorbs the attention and encourages the
total involvement of students at ail age and grade
levels.

The student may proceed at his own pace and can
exert considerable choice in the selection of
alternative teaching strategies and methods of pre-
sentation.

fl
.The feedback of information is applied not only in
the learning process but also in the teaching,pro-
cess; the system provides teacher or author with the
means of assessing in detail the progress of the

-

individual student, with a powerful tool .for evalua-
tion and modification of lessons, and with a mechan-
ism for measuring overall educational effectiveness.

Lesson materials may be written or edited ata student
console at any location while other consoles are being
used by students. Thus, materials previously prepared
elsewhere may be modified by a-teacher in a partici-
pating institution (for example, a commUnity'college
or a secondary or elementary school) in response to
thejparticular needs of his own students (Alpert and
Bitzer, 1970) p. 18).

Interviews with key computer personnel at CPCC reveal

that the full range of the CAI technique has not nearly been.,

reached MoInto-h and Kirby, 1975) They point out that it
a

is qualitatively quite different from a film, programmed book
0

Or televisltn presentation due to -ts flexibility and adapt-

ability.

According to Anastasio and Morgan (1972), the com7

puter is potentially the text, test, teacher, remedia-
,

pecialist, A.V. specialist, guidance counselor and adminis-

trator all wrapped up in one coherent system (An example of

CMI )- if so, the full petential of the computer in.education

.obviously has not been realized.



One of the main b

has been that of eeononics. Many
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'CAI acceptance and use

lnvestigators feel that

there are numerous, complex problems hindering the educa-

tional acceptance of CAI. Three of the more important ones

are listed in order of most critical to least cri :Leal.

The lack of adequate software and CAI effective/
Economics - the high cost of CAI.

3. Technical dimension difficulties concerned with
creating adequate CAI delivery systems.

Anastasio and Morgan, 1972, p. 11)

McIntOsh and Kirby (1975) have indicated that in CAI

trial programs at CPCC, they have found both the.high cost_

.and the shortage of good -oftware to be the largest obsta-

cles to CAI acceptance.

Anastasio and Morgan (1972) point out that one of

the major Impediments to CAI acceptance in education was

the lack of ba ic re earch in theories of learning, and that

there exists a wide gap between the present theories of

learning and their application. One applicatiOn of the

stimulus-response associationistic theory of lea ning is

programmed learning, which has been the mainstay _f teaching
_ .

machines. Although B. F. Skinner 'was not the fir.t to sug

gest this approach t eaching, he has popularized it the

most His idea was to treat classroom learning like any
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other situatton in which ce -Lrlin behavior

He thought that the learner should progress gradually 'from

Lhe familiar to the unknown, and tat learninEr should be

often reinf reed. The rate of learning will vary from person

to persen,-and therefore a need fi individualized instruction

-ists. Skinner solution to this problem was his teachingi

machine utilizing programmed 'learning (Hill,,1963)

Programmed learning has been applied many ways, and

it appears that the computer may'hold the most complete

mechanism for the implementation of this kind of learning.

P= -n- Ti In Science Ed- ation

One of the earlie-t types of programm d inst-u tion

used at Central PiedMont was the Audio-Tuto ial (AT) approach,

similar to the type initiated at Purdue University in 1961.

Since 1961,'sco'es of AT programs have been developed and are

being u ed in Comm nity Colleges all over the United-States.

In most cases they are adaptations of the prototype used .at

Purdue. The evaluation of many of the AT programs have,been

/1Somewhat subjective, according to Sparks and Unbehawn (1971).

-In a highly cont oiled and well de igned experiment, these

investigators compared the achievement of an AT section and

a TI section of General Biology. The groups were formed after

the students wereadministered the science portion of the

American College Test (ACT ). The design of the AT sectionof
X

the course was nearly identical to the-Pestlethwait system.

The AT group consisted of 190 students while the TI oup

included :180 students. The resultsindicated that:
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cted or the study were equal an

learning ability.

There was a significant difference in the achiev- -nt

of students in the PI group in thr e of tbe units

covered (Spa_ks'and Unbehawn, 1971, p. 576)

Students in the Ti section failed to excel'signifi-

cantly in any of the units. fIn addition to the achievement

gain as measured by the Total Biology Test, student acCeptance

of the AT method 'was high. Ninety p6rcent (90%) of those

enrolled in the AT section indicated they would.ehoose this

type of instruction again.

Mintzes (1975) compl ted a survey ofthe AT appro ches

in -which he summarized and evaluated the researdh 'on AT

instruction, Table 1 shov- a Summary of the results of Com-

paring TI and AT methods of instruction.
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Table 1

COM ARATIVE METHODS STUDIES

Type of Course

29

Analytic
Procedure

Results

Russell (1968) General Biology Analysis
Junior-College variance

Grebe (1970) J Biology for Analysis of
Nonmajors variance

General Biology

Rowsey (197 ) Animal Biology Analysis of
variance..

Sparks and
Unbehaun
(1971)

Maccini 1969) General Geology

McClurg (1971) General Geology Analysis of
variance

Hin_ s (1971) Inservice Ele-
mentary Teacher
Education

Significant dif-
ferences favor-
ing cenVentional

No differences

Significant dif-
ferences favor-
ing A-T

Significant dif-
ferences favor-
ing A-T

"Significant
gains" for A-T1
no control

No differences

Significant dif-
ferences favor-
ing A-T

(Mintzes, p. 249)

n summarizing the resUlts.of the comparative s

Mintzes states:

The results of comparative studies appear to be in-
conclusive and even contradictory. ' Of the several qtudies
reported here, three found the_A-T approacli to be signifi-
cantly better, twe, found no differences, one found the
convontienal method better,:and one failed to use a con-
trol group Mintzes, 1975, p. 248).

A second type of study that has been made concerning-

AT is that which investigates the relationship between student
,

characteri tics and performance in AT courses. This

4 0



study is labeled "Trait-Treatment Interaction" or "Aptitude

Treatment Interaction. Mintzes (1975) indicates that re ults

are somewat contradictory at times, but a number of impor-

tant conclusions appear to be revealed by current research:

(1) strong backgrOunds and or aptitudes in science,
and mathematics appear to contribute significantly to
achievement in A T biology; (2) personality measures
such as the UTS "restraint" and "ascendance" scales and
the 16PF."intelligence" scale appear to be related to
achievement; (3) biographical variables such as high
school grades and class rank. as well as college major
and college grade-point average appear to be predictive
of achievement. ,On the basis of-these findings, it is
apparent that a "general intelligence" factor is re-
sponsible in large part for the variance in achievement
levels among students enrolled in.AT courses, as in most
other instructional situatidns (Mintzes, 1975,-p. 249).

Table 2 summarizing this is included-in the appendix.

Mintzes (1975), in a third -eneral group.of studies-)

I

surveyed unreldted instru-tional variables associated with

the AT approach.. The results of the e are interestin- and

are summarized in Table.).
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Table 5

ST--iES OF INSTRUCTIONAL VARIABLES

Author
Type of
Course

Major
Question

Analytic
Procedure Results

Nord General Achievement Analysis of No effect
(1969) Biology under varied

attendance
requirements

covariance

Husband General Effect of. Analysis of No effect
(1970) Biology the "threat

of a grade.
in the oral
quiz section"

variance

Hoffman General domparison of Analysis of Significant
and Biology "direct" and .variance on differences
Druger units on "indirect" "loss scores" favoring
(1971 ) heredity A-T approache "indirect"

Kelley General Effect of An ysis of Significant
(1972 ) Biology use of va ance differences

units on behavioral favoring
genetics objectives

in A-T
lessons

objectives
*

Shields General Effect of Analysis of No effect
(1973) Biology use of be-

havioral
objectives
in A-T
lessons

variance .

_Mintzes, 1975, p. 251)

Berchin (1972_ completed a-study comparing the large

group'mode pf instruction, individualized programmed instruc-,

tion,,and the AT.mode of instruction in-terms of learning

outcomes and cost. This reference is deemed valuable because

it deals with the Community Collegeb that belong_ to the

"League For Innovation" of which 'UGC is a member. However,

the study has some severe limitation, p,g,_ the limited time

4 2
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span, small number of coursesinvolved and lack of ra-domly

selected courses. Berchin concluded that:

1. Changing the pattern_of classroom organization orthe instructional mode can re4uce per-pupil co tsand increase learning effectieness.

2. Courses organized under the large group mode of
instrucion generally are less costly on a per-pupil
basis than conventionally organized courses.

Courses organized under the individualized programmed
mode of instruction are generally less costly on a
per-pupil basis than conventionally organized course

Courses under the audiotutorial mode of instruction
are generally more costly on a per-puPil basis than
conventionally orga7lized courses.

Comparing the.three nonconventional modes of instruc-
tion, courses under the large group approach are the
least costly on a per-pupil basis, followed by these
usihg the individualized pr6grammed approach, and
lastly, by courses under the audiotutorial mode.

Subjective data indicate that courses taught under -
one of the nonconventional modes of instruction
generally produce more.effective instruction than
their matching conventionally ganized--courses.
(Berchin, 1972, p. 4-5)

Table 4 relates the extent that AT. is.used in selected
.1

Community Colleges and an estimate of learning that is being

realized with each method. The calculated average from the

data in the table indicates little difference in the two

ethods with respect to percent.completion and student grade .

indexes.
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Yame o Course

0

Algebra, Inter

mediate 013

:Anatomy and

Physiology

Anthropologyl,

Introduction

Biological Con-

ceps 110

Biology 1

Biology 1A

Biology II

Biology 112

Biology 115

41

Table 4

A C0M2ARISON OF LEARNING OUTCOMES BETWEEN

COURSES UNDER THE AUD;OTUTORIAL AND THE

CONVENTIONAL MODES OF INSTRUCTION

District Where Courpe

Is Given

Dallas County Community

Ooll..ege District,
.

Central Piedmon:t Com-

munity College

Santa Fe junior College

Maricopa County Junior

College District

Los Angeles Community

College District

los Rios Community College

District

Coast Community College

District

Brookdale Community College

Dallas County Community

College District

Audiotutorial

Percentage Student

.of Students Grades

Completing (Weighted

the Course Index

Conventional

Peroentage

of Students

Completing

the Course

Student..

Grades

(Weighted

Index)

19.23 .48 33.33 79

93.55 2,75 96.63 2 90

83,33 2,65 66,87 1,96

55.36 ,1.71 80,34 2.73

87.86 2.39 56,67 1442

80.19 2.35 85.45 2.4

78.95 1.98 N.A. N

48.89 .1.07 N.A. N.A.

62,38 1.47 60,31 1.27



Name of Co r e

Bioldgy 115

and 101

Chemistry 51,

Chemistry, Gen-

eral College

Economics 102

Electronics 230

English A-B

Humanities 1

Table L.

(Continued)

Audiotut orial

Dist lot Wherp Course Percentage

-I- Given of Students

Completing'

the Course

Dallas CoUnty Community

College District

Los Rios Community

College District

Junior College District ,

of St, Louis

Student.

Grades-,

(Weighted

Index)

73.51 1.85

42.11 1.00

85.51 2,52

Brookdale Community College 4706 1.32

Brookdale Community College

Coast Community College

District

77.78 2 56

48 03 1.20

Los Rios ComMunity College 86 6 2.29
District

)lathematics 1 5 Maricopa CountY Junior

College DiStrict

N,A. N.A ,

Nusing 111 Delta College 69 31

Psychology lA Foothill Com4unity College

District
Avera 66.128

1 89

1172

1.85

(Berchi

Conventional.

Percentage

of Students

Completing
,

the Course

8561

45.16

72,38

N,A.

N.A.

60.87

95.53

N.A,

90,32

8211L6

69,90

,1972,
P

Student'

Grades

(Weighted'

Index)

1.70

i.o6

1,57

N.A.

1.30

2.87

2,06

L.1.2

1.88
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Table 5 concerns the comparison of learning outcome&

tween individualized programmed mode excluding AT) 4nd

the conventional modes in the areas of science aAd math.

9



Table 5

A COMPARISON OF LEARNING OUTCOMES BETWEEN

COURSES UNDER THE AUDIOTUTORIAL AND THE

CONVENTIONAL MODES OF INSTRUCTION

Name of 0 ure District Where Course

Is Given

-Audiot

Percentage

of Students

Completing

theCourse

orial

Student

Grades

(Weighted

Index)

Conventional

Percentage

of Students

Completing

the Course

Data Processing

Developmental

Math. and Elem.

Electronic

Repair 50

General Physics

Mathematics 117

Physical Sci

Physical Science

121

40

ioothill Community College

. District

Junior College District

of StcLouis.

Los Rios Community

College District

Santa-Fe Junior College

Ditrict

Moraine V'alley Community

,College

Junior College District

of St, Louis

Santa Fe jUnior College

District

Avera

62.50
.

6470

95.00

59,04,

71.43

87.50

73.35

2 1?

2.46,

N.A

2.22

1.86

2.79

2,29

(Berchi

Student

Grades

(Weighted

Index)

86.67 2,40

80.00 1,90

56.67 J. 37

37.93 1.21

81;82 2.18

86,67 2;47

100 0 2.90

75.69

1972 p, 31)
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Tables CO paring the learning outcomes of the large

group mode and the conventional mode of instruction and a
-

comparison of l_structional cest are included in the appendix

as related information.

The decrease in North Carolina St-te revenue'avail-
.

-able for edUcation in 1976 has resulted in an increa ed

emphasis on educational cost accountability at CPCC with

respect t_ methodology. Berchin (1972) compares theic st of

AT and Ti in Table 6.

Apparently the cost of AT Instruction is significan:ly

higher than conventional inptruction based on the averages

calculated from this table.
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Table 6

A COMPARISON OF DIRECT INSTRUCTIONAL COSTS

BETWEEN COURSES UNDER TEE AILICTUTORIAL AND

BE CONVENTIONAL MODES OF INSTRUCTION

Name of Course District Where Course Is Givn

Algebra, interme-

diate 013 '

Atotomy and Physiology

Anthropology,

Introduction,

Biological Con-

ceRts 110

Eiaogy 1

Bioloiy lA

Biology II

Bioiogy'112

'Biology 115

Biology 11$ and.

101

Chemistry 51

52

Dallas County Community College

District $'21.60

Central Piedmont Community College 49.93.

Santa Fe junior College 15.65

Aud.iotutorial Conventional

Cost per Pupil Cost,per Pupil

Maricopa County Communitty

College District

Los Angeles Community,Col,lege

District

Los Rios Conimuniy College District

Coast Community.College District

Brookdale Community College.

;Dallas. County Community College

District

Dallas County Community College

District

104.50

76,78

194,48

56.35

473

41,29

$ 42,96

29.33

20.04

54.64

49,93

159,13

N. A,

N. A.

46.20

41,31 102 48

Los Rios Community, Colleige District 113.58 127t35



Name of Course

Table 6

(Cantinued)

District Where Course Is Given

Chemistry General

College

Toonomics 102

Electronics 23 0

Engli,n A-B

Humanities 1

Mathetratics 115

Nursing 111

P4chology lA

Junior College District o f

St: Louis

Brookdale Community College

Brookdale Community College

Coast Community College Ditrict

Los Rios Communi y CollegekDistrict

Maricopa County Community College

District

Delta Colleg

Foothill Community College District

Average Cost

Audiotutorial

Cost per ?upil

Conventional

Cost per Pupil

$ 76.28 u 76.78

46.32

100.11

16. 8

41.43

70.61

03,96

16.57

96.81

N.A.

N.A.

29.8)

30.57

54.12

33 .77

(Berchin, 1972. p,

78.75



TaborA1974) ccwil - icsul tri of c orivcnL ional

instr --Lion and PI in a course,"JUactrical Ciro 1W', offered

in the Mechanical E Techr logy Pr gram at C-yahoga

Community College. PI vias based on the PSI a as used

in the Keller Plan. The most important results were;

1. The percenta,_e of -tudents that completed the course
as taught by PI was significantly higher than tho .

finishing in the Ti sections. These results are corn-
:parable with those in most sLudics InvolVing AT
courses.

2. The grade received by each student .was independent
of the method of instruction used (Taber, 1974, p. 37)

McAlexander (1975) compared the aChievement of

Audents e rolled in Physics I who were taught by TI or I.

He found that a significantly higher n mbor of students

successfully completed this course in PI sections (PSI, Keller

Plan ) than those in TI sections (p>.05) The study also indi7

cated that 7 significantly higher percen aga of the student

receiving PI achieved A. or B than those receiving TI (p.>0.05

Another comparative t-tudy by McAlexander _1975) at

CPCC'in the area of Shop Science revealed greater achievement

using PI than .TI. The study involved two different instructor

both of whom t-ught a PI and a TI section. In'each instance,

the Pi section achieved significantly more than the TI sec7

tion.

Brantley (1974) complpted a comparative study of AT

and Ti in a physical science class at Pensacola Junior College

in -lorida. The results of the study revealed that:



1. TI taught students achieved si nificantly more

than AT taught sLuc "I 1,0_40

2 There was no cUfforence in achievement with respect

to age and sex among students taught by either

me -hod.

3. Students whose ages were 21 years or older seo ed

lgnLficantly higher in both AT and TI groups.

The final grade in the course taught by AT was

dire-tly proportional to the amount of time spent

in lab.

The attrition rate was higher in the TI section.

PT and TI in Chemis :v

_One of the few comparative studies of PI and TI in

high school was made by Summerlin (1971) funded by a NEW

grant. The purpose of the study was to determlne the effec

iveness of shor t--m t to ialtype CAI in elected topics

in high school chemistry. The TI group was taught using an

informal lecture-discussion style typical of high school

teaching. No films or other Alloquipment were used in the TI

section. The CAI units were designed to allow the -tudents

to progress at their own rate. The computer prOgram was

able to make the decision as to whether a student needed

review at any given point in the unit, based upon the number

of incorrect responses _-riven. After each incorrect r-sponse,

the computer gave the student supplementary information and

indic ted whether the --tudent- should try again or return to

a previous section of the program. If the student continUed.

5 7



to enter incor ?ct resp ises to the same questions, he
_ was

direct-d to a ____ading Assignment or given correct answer

and a solution scheme for the problem. St d nts could review

after each series of presentations by the computer. If

students el cted to rCview, they were given supplementary

information explaining each problem, using a different

approach than was used in the fir t exposure. Students also

had an opportnity to be directed to an advanced tract if

their responses were consistently accuraLe. A de cription of-

the computer program used in this study reveals it to be a

well-planned and well thought-out program. The-results of

this -tudy showed that student

learn twice as fast as those in

pleted the program in about 40-

TI group. While the TI g

in the CAI group appeared to

the TI group becauSe they co

of the time required for the

cored significantly higher on

the p est than the PI group (20% higher), the CAI prograni

was rated high by mo t students in the study. They were

atisfied with their 1 rning using CAI, and many felt that

CAI was superior to TI; Yet, when they were asked by which

thod of instruction they preferred to be taught, they

,--elected Ti because "the teacher has a personality and the
z

computer doe- 't" Suinsneriin, 1971, p. 26).

CAI 'has beenkused in some lab experimen-s with some

cc Ppes (1973) reports that a portion of the fre-h-

man- chemis-try lab work at the Universi y of Texas has been'

computeriz d. This was done partly because of the very large,

number of students over 3,000) taking gene.rai chemistry.

5 8



Some 'lay had to be found to replace a portion of the labora-

tory activity with simUlation.

An example of one experiment being used with success

is described:

The til_e required to complete a typi9a1 titration

curve" experiment in general college chemistry. (or QUANTITA-

TIVE ANALYSIS ) using a PH meter, stirrer, burette, etc., will

range from two to three hours depending upon the operator.

This titr7Aion would include only one acid, using no more than

two dissociation constants. ThiS.same experinicnt may be com-

pleted in much more d tail usin

Breneman (1974).

the ccmputer as_described by

.on a UNIVAC series 70/46 computer, 'Only

'five and one-half minutes,of computer time is required to

titrate a total of 17ftXHacids with one to four dissociation

constants each. In addition,' the titration curves are. plotted

,for each-of-the acids and each of the constants. Thus-, a

tudent could obtain much more data in much'le s time with

the computerized lab than the'traditienal lab. .In the typi

cal titration experiment, the budent does little more than

add small .increment- of reagent and.record the pH meter read-

ings. In the opiniOn of-the aUthor; .f this particular experl-

ment were computerized, the student would miss very lit-le

lab experience.

Wilson and Atkeni- (1968 ) report that cohpute ized

lab programs in advanced cheiistry involving complex and

dangerous experiments have been considered successful from

an educational, economi al and s=fety .tandpoint at the Un

versity of Texas.
5



Cheek (1975_ ) completed a brie

experimental design, in wh'_ch CAI

d-termine by which m thod the E tiuiont

Study, with a quas

compared with TI t-

pi_ferred Ao be taught

and by which method the studt.achieved more in a unit in

_general chemistry. The study was limited to a small group

of students because of cla and the availability of

only one computer ter-inal for student_ uSC. A detailed dc

cription of this .
study is included in the appendix because

of it- similarity to the Major Applied Research Project.

O'Connor 1974) has COffle up with yet another new

program called the "Learning Systems Approach". method

is very- simLlar to many of the other individualized, pro-

grammed designs. The new program, in use at Texas A & M

University, apparently increases the amount of-achievement

while decreasing the learning time for the Student in freshman

chemistry. Student evaluations we/0 favorable and bOth

learning and student self-satisfactionwere dramatically

improved, although no statistical date was presented in the

article to validate the,reported svce

It appears that four-year c llege ,chemistry faculty

_attitude toward new methods Of learning is becoming .more

like-the attitude of faculty in the typical com unity dollege.

This is well illustrated in a quote frem O'Connor (1974, pp.'-

18-19).

What this syste _means to_ the student is that tha
faculty cares about him and will do everything possible
to provide a-variety- of ways to help him learn the
ubjcot. It also moans that the student must care

enough to assume the responsibility of using whatever
means necessary to learn the material. The system will
work if the ,,.tudent 'works.
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Vandenbroucke (1975), i

standz-.d lecture approach in cb

the use of both the programmed text by R_nquist

search of alternatives

stry, ha., experimented with

used at cpcp

as a supple and with the Personalized System of Instruc-

tion (PSI) in freshman chemi: _y at Wartburg College, Waverly,

Iowa .This study dealt primarily with a comparison of PSI
a

ahd TI. Student :response to the PSI method was somewhat

favorable with the number -f students transferring in and out

of the PSI section about equal. Th- resilts of a student,--

ed that sixty-seven percentevaluation questionnair- indica=

felt that they would prefer the PSI approach in future

chemistry courses. Seventy-six percent/rated the course

above or well above average, while onlY,3% rated it below

average Test results showed that there was no significant

difference in general chemis _y, between the levels of

achievement when students were taught"by PSI or T1. In his

conol sion, Vandenbroucke points Out that:

Students tell you that they feel they learned m re
in PSI. While the test results in this study seem to
contradict this, possibly we are not testing for the
kinds ef things the students are learning! They leave
the course with a better feeling about chemistry than
do students in lecture sections. More important, the
-Ludents have a better attitude about learning, and
learning is the goal of teaching (Vanderbrouke, 1975,
p. 516).

Hedrick (1975) used a modified form of the Keller

Plan (PSI) at Elizabethtown College, Pennsylvania in an

introducLory chemistry course. The K ller Plan was u-ed

from 1970-1973 and the results compared with achievement

prior to 1970. Hedrick (1975) found that the m dined Keller

6 1



plan did not Yield

46

ts on the A.C.S. SLandarclized Examina-

tion (Form 1967) Lhat were si lifica tly diff a from TT.

This study indicated related that r sponse to P 1 was posi-

tive and s mts seemed to like the self-pacing aspect of.
,

the method. Especially, they liked the option of exam

retakes. The invcstigator felt that, in consideration of he

amount of -tudent and faculty time spent on the three-year

. nroject, results were discouraging because, although grades-'

were hiLher under PSI, student scores on the A.C.S. Exam

ined about the same. For the academic year 1973-74, the

discussion group was:dropped and repl -ed by a lecture in an

effort to improve student retention. The auther of this

study conclud d the article with an excellent point:

Different, students have a "best a.y" :of learnin
for sbme it is the discussion group, for others the
lecture, for still others self-study. -The list is
legion. What we need to ao is to provide .whatever
method is best for the individual student -(Hedrick,
1975, p. 65).

One of the most sucCesiful uses of programmed learning-

in chemistry has been carried out by%Dr. R. 1,..Heider: and Dr.

Walter Hunter of Meramec Community College in St. Louiá',

Missouri. The method they used was called the "SystemS

Approach", an individualized prograMmed approach develope&by
4 '

Dr. Heider for .the firt-year premedical and pre-On_neering

chemistry-students. The course material included textbook,

workbonk, student response book, exercises:- dio-taped films,

and _sti tg materials. Lab experimen_- C. -vere an in- 1 pa t

of the program., Dr. Hunter completed an eleven unit study

in which 180 students 'Jere di ided into five different gro pH:

6 2



1. IndivIdual ized learning

2. Pre-test group

3. Learning theory group

4. Criterion Unit-te t group

5. Lecture group

These groups were set up

specific questions:

r(

e purpose of answering

1. By which method of instruction will general che:i

students achieve the t.

2. Do pre-tests on unit objec_ives have any effect on

-Y

achievement?

Will learning theory lect_ es on how to learn have

any .effect on achievement?

4. Will criterion evaluations of unit tests have any

effect on achievem nt?

The study indicated that:

1. Students in the individualized .learning groups
achieved a significantly higher level on,the final
exam than students in the lecture treatment group.

2 Studentd achievement-in the individualized learning
Was significantly higher on anly,two of the. Unit teSt
in the study.

Pre-testing on unit objectives resulted in s
cant achievement increase.

Criterion evaluations of unit tep
mental achievement differenceS.,

. esu ted in Imre-

Learning theory lectures on how to learn have little-,
effect on student achievement.



48

6. Student of either high scholastic ability or r e-
vious high academic achievement learned significan ,y
more than students of low scholastic ability or lo
previous academic achievement (Hunter, 1973, p. 38).

The rosearcher felt the result of his study str- gly

supports the utilization of an individualized approach t_

gene--1 college chemistry. The individualized approach

ribPd by Hunter (1973) 1 s most of the Iypip 1 cha- c-

teristics of programmed instruction as defined in this st dy.

The instructional methodology u ed in Hunter's s:udy Is
e

based -rimartly on the."Syster- approach".

Summary

The search of the literature revealed tha-= many com-

parative studies of PI and Ti have been conducted. In this

review no attempt was made to su_-_ ari and o- tabulate- the

total rese--ch on the subject. 't-The example e chosen from

varIous fields and are belieVed to be- ypical of the total

literature. This is particularly true in the area o1 science

and chemistry. Other investigators have att6 pted to survey'

large portions of the literature on the evaluation and com-

parison of TT an4 PI. Three of these a e included at this

point.

A litera-Cure review by Lang (1922) showed that be-

tWen 1960 and1964 112 cOmparative studies of. TT and PI

were conducted to determine by which method achievement N

higher. Forty-ohe p cent showed PI to be c-Uperior, 49 no

difference, and qd% found PI to be less effective than TT.
P

Lang 'vey also revealed that the amount of time needed

6



to comPlete ,_Jgnments qith PI-: usually less than with Ti.

Lang surnmariv.cd the survey by ting:

It appears, on the basis -f the research to date,
that it is reasonable to conaude that PI is generally
as effective 4s TI and may result in decreasing the
amount of time required for a student to achieve a
,ipecific educational goal (Lang, 1972, pp. 4-35).

Another survey of PI and TI was conducted bY Schramurnm

(1964). This survey of thirty-six studies revealed that of

the thirtysix, eighteen showed no significant diffe ence in

rformance bet n PI and TI, seventeen sho ed a nifi ant

superiority for Ti.

Another more n= survey by Hunte and Lingle ( 976)

of the nineteen state region of the North Central Council of

CommOn ty Junior Coll:. 0,, indicates a strong beli f by the

practitieners of individualized ir truction that achievement

and student acceptarce of individualized programmed instruc-

tion was superior to TI. This is summa-ized in the following

table. Please note this data was tabulated from the 9pinions

of the practitioners. The complete table is presented in the

appendix as general information.



Tab e 7

PRACTITIONERS OPINION REGARDING INDIVIDUALIZED
INSTRUCTION BY SUBJECT AREA

Sublut

More

HuEr:anities 39

_rence 119

Math 51

Technical 66

Business 51

Social
Studies 44

Health

Communi-

63,

cations 46

Overall
Average 52

-effective .Achi

Le,. Inereased

43 78

28 79

19 83

17 86

21 82

dent
vement

Student
Preference

Decrease Yes

0 74 0

4 73 2

4 9

4 71 10

3 82 4

30 83

16 90

21 84

5 72 6

73 I
10

7

23 84 2 71 7
(Hunter and Lingle, 1976,, pp. 1617_

This tabIe indicates that the survey of professional

people using individualized instruction believe that:

1. Individualized instruction id more expensive.

2. Achieve ent by individualized inst uction is much

g.-eateri

Student predominantly pr- er individualized, in uc-

ion.



In stnmary, the literat: review _es - ncL clear-

cut supe_ iority for either method of instruction in,t
4

achievement. It appears that PI is at least as effective as

TI in te- s studert a hieveme-

to complete. 7t als
preference for PI, overall.

nd may require less time

4ars that students may have a slight

roughout the review, the'pro-

blem of classificatio- of t F=. methods of instru-tion and,the

placing of thorn in the correct ctegories of Pi and TL was

neted. It is felt that this problem arises from a lack of

st _ndaxd d fAnition by the r searchers. As a result of this

poorly defined classification of methods of PI and TI, some

of the data a-c. results may havo questienable validity.
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Pilot Study

a

Chapter 3

MAJOR ISSUES - HYPOTHESES.

A_pilot study was completed d -ing the Winter Quarter,

1975, at CPCC (January 1 - March 30), a summary otA" which is

included in this paper. The i?ilet, st14dy was made using

material from module #4 of the MARP and, since It was felt

'that the pilot study made a substantial contribution to the

MARP, the description and reSults of th s study are included

in the main body of this paper.

The purpose of the pilot study was:

1. To gatIker data to be used in formulating a hypoth-ses

for theMARP.

2. To test the Jbasibility of the proposed MARP and

uncover any unforeseen problems_that might .ari e,

-To evaluate selected =strum nts to be utilized in-

the MARP such as the student eva ation questionnaire
k

and p_ and past-tests.

To gather data on the p oblem to supplement the sub

seq ent study.

%

The pill:a study viae concerned with.. a compa lson of

TI wi h PI f-- two similar units in general college chemist y.

The p

--'ch of the -wo mc thods of instr-c ion will a

of the study was to determine:
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general chemi_try college student achieve me: e, when

given,equivalent class time.

-2. By which of the two methods of instruc ion will the

student prefer to be taught, ba ed.on the e units

6f study.

The pilot study differed from the MARP in that the

class time used f r both TI and PI Were held constant. In

Ithe MARP study there- was no time restriction made on-PI
v

(within reasonable limits). Students receiving PI in the

pilbt study were given the same amount of time.an each unit

as the student receiving TI. Students were not liermitted

to remove any tapes or written material from the PI lab or

from the TI clas except .unit objectives and their cm notes.

A summary of this pilot study is included:
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Diagram 2= FLOW DIAGRAM FOR PILOT STUDY

15 STUDENTS
GROUP A

MOLARITY
UNIT- -TI

tiORMALITY
LIN IT -TI

STUDENTS

PRE -TEST AND
GRADE AVE RAGE

15 STUDENTS
GROUP B

MOLARITY
UNIT --P I

NORMALITY
UNIT- -PI

STUDENT
EVALUATION

EVA LUATI ON

OF Rb SULTS

CONC LUS IONS

RECOMMENDATIONS
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DESCRIPTION 9F THE ACTIVITIES IN THE PILOT STUDY

1. A pre- and post-test were developed/and then critiqued
and checked by several advanced chemistry students
and by two instructors. This material was also eva-
luated.as excellent by Dr: Roueche, University of
Texas. Criterion reference testing, was used on the
post-test. These tests were given for ,two reasonsl
(1) to aid in placing, the 30 students into two equal
groups, and -(2) to measure the amount of learning
that took place by both the lecture and programmed
packages.-

2. The population sample was selected from a general
chemistry class at-Central Piedmont Community-College
and'placed into two equal groups on the basis of- the
pre-test scbre and on the basis of their class grade
average up to that point.

The students in both groups were briefed'at the same
time on the purpose in conducting the study, and they
were given-the necessary background for the unit to .

assure that each student had equal footing in terms
of what "he should now know."

The,unit on molarity was taught to the two groups.
One group used PI while the other group used TI:with
both groups given equal amounts of time. No parti-
cipant was permitted to remove any tape or written
material from the rooMs.

The unit on normality was taught to the two groups,
one using the PI approach and the other using the Ti
approach. In the seeond lesson, the method of
instruction used on each group wasswitched so that,
both groups used both methodS on two siMilar units.

Both groups were post-tpsted together to obtain,gain
scores. The post-test and pretest had five questions
on each of the two units, and the questions were
designed to test the stated Objectives in the two
units; criterion-referenced.

"Item analysis" was run on both-the resul s of pre-
test and post-test to deterMine if they v re good .

:tests.

Students evaluated the lectv e and programmed metilbds
via a questionnaire. Again,_theevaluation was made
to assure thgt the quality of instruation was high'
for both methods, especially-the lecture, since the

7 1



programmed method had been thoroughly evalUated
before the study. The evaluation was important
also to determine which method they preferred.

9. The results were summarized and treated.

DESCRIPTION OF LFAR-I G ENVIRO- TENT FOR THE PILOT STUDY

Lecture
4

56

Fifteen students were taught in a typical classroom,
using the chalk-board fQr problems, etc. The students 'were
given a list of objectives along with practice exercises on,
a har4out. Students showed much-enthusiasm for the units
in leZture and frequently became involved in open discussions.
The lecture lasted about two hours for each topic. The
total project time was two weeks.

ProgrWned

Fifteen students were\taught by a written program in=
a room that-had study,carrels. Each: student used the fol-,
lowing items: (1) written program, and (2) cassette player
with head set and tape: :They were left with very little
supervision--no mln was given concerning the chemistry
topics.

SUMMARY OF RESULTS (PILOT STUDY)

The data obtained from the study wa- treated as de-
scribed below:

1. Item,analy ip was rain on the pre- and post-tests.

The mean gain scores were.deterMined for'PI and TI.

The -Ltest was applied to the mean gain adores for
all,the students for PI and TI.

The average gain score found for the programmed
instruction and the lecture instruction on each 'of the
.units is shown in the following table:

7 2



Table 8

AVERAGE GAIN SCORES ON EACH UNIT (PILOT STUDY)

Lecture

P

57

Nolarity Normality

1.,7 2 00

The average gain score for both the molarity unit and
the normality unit was higher for the programmed instruction.

The average:gain score for both-the units by each
method of instruction is shown below:

Table 9'

AVERAGE GAIN SdORE FOR BOTH UNITS (PILOT STUDY)

Method

PI

TI

Mean Gain Score

1.97

Again, the average for programmed method was hi-her
than the average for the lecture/method..

To determine if this .difference in meah gain scores
iyas significant, the t-tes_ for the difference_ between .
means was applie0.

It was found that at the 95% cOnfidence le el no-
significant difference exists between the mean ga n score
for PI and Ti.for these two unils in chemistry...

'A summary of -tudent resp9nses to the que tionnaire
is shown in Table 10 on'the following page.
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Table 10

STUDENT RESPONSES' Pilot Study

1. Were the objectives clear
for the unit taught by the

No Yes
Percent

Yes

lecture method? 3 26 89.6

Were the objectives clear
for the unit taught by the
programmed method? 2 27 9 .1

3. Are you satisfied that yeu
accomplished the objectiv
in the lecture unit? 7 22 75.8

Are you satisfied that you
accomplished the objective
in the programmed unit? 9 20 68.9

5. Do you feel the objectives
were covered ad quately in
the po-t-tes 2 27 93.1

lee Ure Program No Dif-
ference

6. Which unit had the cleare w

objectives? 7 7 is

The results of questions 176 indicate the students
felt the objectives were clearly stated in both the lecture
and in the programmed-methods. A slightly larger percentage-
of the_students felt they had accomplished more of the
objectives:in the lecture than in the programmed method.

Tables 11 and. 12 show some important differences
between the two methods. The differences shown in Items
14, 21 and 24 'were' not surPrising..



Table 11

STUDENT liESPONSE (pilot StudY)

59

Please fill in the'following tables to record Your personal
reaction to both the lecture and programmed unitsi If.your
feeling is close to one of the words, mark spathe A or E in
the table. Ifyour feeling4s neutral, mark space C. If
your feelingis not ex:treme but strong, mark space B or p.

A. Lecture Method A B C fl g

7-
8.

9.
10.
11.
12.
13.

14.
15.
16.

Worthless
Difficult
Not Involved
Unimportant
Dull
Useless
Monotonous

(Boring-
Impersonal
Unfair
Ordinary

5 12
13 9

4 10 13
1 4 12
2 9 7

5 15
1 10 12

L. 6 114-

8 8
20 2

12 Valuable
7 :Easy
2 Involved.,

11 :Important
10, Interesting
9 . Useful
7 Naried.

5 Personal
Fair
Par Out

B. 12/2Erammed_Method A

17. Verthless I 2 11 15 .Valuable.
.18. Difficult 2 6 8 13 Easy
19. Not Involved 3 21C 11 3 Involved
20. Unimportant 11 10 Important
21. Dull 1+13 2 8 Interqsting
22. Useless 12 11 Useful
-23. MonotonoUs 6 10 6 5 Varied
24. Impers-onal 9 11 3 1 Personal
25. -Unfair . 8 6 15 Fair
26,- Ordinary 2 15 4 5 Far Out

The lecture appears to be a.little more interesting,
varied, and personal. If-the results in Table E were super-
imposed upon the results in Table F, it would appear that the
students liave a preference'fer the lecture method pver the
programmed method.

Graph A indica.tes the same overall student preference
for the lecture method Thcie the average for each column is
plotted for each method.



Graph A

GRAPH OF AVERAGE RE PONSE:FOR EACH METHOD vERsuS DESIRABILITY
(PILOT STUDY)

Column
Averages

From
Tables

11 and 12

EL

11ore Desirable

Frog -mmed Nethod

e le hod

Other questions seem to veri y the results shown_ n
the above table, as indicated by the following table:,



Table 12

STUDENT METHOD PREFEENCE PILOT ST- YY

Lecture Method'
Programmed Method
Some of Both

35.4 Percent
25.8 Percent
38.7 Percent

61

Some 'of the comments commonly made by students regard-
ing what they like best about each of the twe methods are .
listed beim:

Er2gEaant4_

1. "You can go over ,

at'first."
2. "More organized."'
3. "Prpgram explained the problem step-by-step.
4. "You rewind tapes and hear it again..-"
5. "Able to work at my own speed."

"Program was more logical."

again if you 'don't understand

Lectu e

1.

2.
3.
4.

5.

"you could ask questions and get
teacher."
"More interesting."
"Teacher commands attention more than tap s
"Teacher's personality makes the-class more
ing."
"After solving the problem or answerIng 'the
the teacher can show me what I'did Wron- "

e help from, the

do."
interest-

question,

ONOLUSID 'PILOT STUDY)

1. There was no significant ,difference in achieve ent
tihen the two different methods ,of instructAon were
'used for twp very similar units in general .chemistry'
where the amount of class and ,g1;Ag_m time was constant.
Three :Very important'points shouldlpe noted concerning
_the- two rmethods; (a) The student learned at least as
much by the PI 'method as with the TI methed without
the presence.of an instructorr (b) The development of
the material used in the PI required_Much. teaching
experience and a large number of instructor hours;
and (c) Ili this study the lecture was evaluated very
highly yhereas often this is not the case.
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The ,,tudents liked certain aspects of both methods
of instruction'although, overall, there .was aI slight
preference for the traditional method. Most
ficantly, the students indicated-a strong preference
for u.sing some of both- methods.

Based on experiences with the pilot Study, _ --as

decided that the MARP was ieasible and that flQ major problem

hould be encountered in the MARP. The necessity fel- a well-
/

organized ma ter plan for the MARP was realized in
1

e nsidera-

tion_of the numerous ta ks to be performed in the' tudy.

The data collected was found to be u-eful in formu-
, 1-

lating thehypotheses for the MARP and as a supplement to

the data collected in the MARP. As will be obser_ed later,

the resUlts of the pilot study were very similar Ito those Of

the MARP study with regard to student achievement but quite

different with regard to student preference.

1. Central Piedmont. Community College gene1ial chemistry

students of equal ability will have greater achieve

me t when taught by.partially adaptiveiPI than- tlen

taught by partially adaptive TI.

Centrale-Piedmont CommUnity College geeral chemistry

studentS will prefer to-be taught by tiartially
I [

adaptive .TI,rather than partially adaptive PI. .

Central Piedmont Community College gen_ al 'chemist

students of low ding ability will achieve more

when tal. bt by partially,adaptive PI than by partially

adaptive T I



4. Central Piedmont Community College chemistry

students of higher. reading abilliw will achieve more

when taught by partiallY adaptive TI than by partially

adaptive PI.

There will. be no signifi ant difference in the

Ti unitsquality of instruction presented in the

and the PI uni s based on the rating scale in the

questionnaire.

Variables

Inde endent - Method of Instruetion

De endent - A hievement and prIprence:of Method'

CPCC students, task order, task contei ttCon tant

dent ability in chemistry, baekground in chemistry, read

ing ability, .gradeS,.age-, sex, instructor, and adaptivit3i.,.

'of methods.

Rationale.for

Previous studies in fields other than chemistry and

many in chemistry have shown PI to be superior to TI in many

instances. Programmed instruction is more organized and is

.designed with.spedific learning principles applied with

directed-outcOmes. Programmed intructiOn, in most cases,

d mands that the learner achieve a certain level of competence

before proceeding to new materi,al This is usually determined

through the .e of criterion referenced.t sting rather than.

norm referenced tos_ing
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Progr-ammed instruc ion focu es on the individual

learner while the TI:appre ch Tocuse ,on the learner in a

group. Programmed instruction demands that the outcomes of '

learning, the objectives, be achieved by the student and,

furthermore, that their learning goals be.s-ecified in

etail prior to,the unit. The.fact that specifie,learning

objective- are clearly defined in advance makes it possible

to plan adeign more efficient learning strategies in

order to achieve theSe objectives. PI usually will ,accommo-

date individual differences mere,fully than TI by providing

a variety of learning pathways using various delivery systems..

Most,programmed instruction provides ample student evaluation

and other cyclic feedback which provideS for-tonstant evalua-

tion and revision, 31. 11:ually doe's net have-this twaltill

cyclic feedback revision proce s and even if it does,

not usually done-in a systeMatic way.

Qne of:the most iMportant differences be . en PI a d

TI is the role of the instructor. In,PI, the instuctor

becomes more of a manager and a-diagnostician wi:th the e-phasis

on measurable student learning and not,on teacher-activity.

Thus, PI should pAduce more lwning sinte the emphaSis is

upon the accomplishment of iroasurable abjectly by the

student.

'The learning envirönirient for.-PI nay 0r may pot be

ghly st-7 cturad but is gen -ally less structured than VI

requiring the student to set his own1pace and to s lect the

delivery system to be used. Agaln, the emphasis is on ti

8
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tudent lelrning rather than the instructor teaching.,

Grading systems-encountered in T1 usUally invelve A; B,

D and F and. tudents may .view this system as punitive,.

because the Individual may be punished for-net completing

the course in the prescribed time. Experience in the- teach-

ing ,of eh miStry indicates that students achieve more when

they ean concen rate upon the basics of chmistry and rtot,

the grade-to be attained. A typical_gradIng systeacwhere

PI is used will- Include.A, B, C -and I (or pass, fail)--a

non-punitive system with respept to time. lf,a studem does

not fulfill a large proportion of the eou se goalS, he- 53

given.a grade of I and- permitted to Complete the course 14

a longer period of-time determined by the student and

teacher. Itis type of systemfocus,es on achievement of the,-

.tated Objectives. Tf places greater emphasis on grading

rather than learning. This has been noted in student-to:.

student ecnversation-in which they are much More likely't

evaluate_PI by what I learned" rather than by "the grade,
-Y

made".

The average-grade_in eneral Chemistry at CPCC h s

been.es.imated to have increa ea by tit least a letter grade,

frem a C to a B, since'PI has been used in the course: (This

Cannot be attributed to nuade inflation because A.C.S. exam

ores have alsoinereased.) -In addition, tir number of

dents who successfully completed the course has also in-

creaSer from about 50% to 70%.. Both of.those obborvations

suggest that studen-- arc achieving more under PI. Students

81



Pi than Ti in such eours as Sh(-) Selo- e and Tee_ ical

Physics (PSI).

As has been illl Lraed , TI may be highly adaptive

./-
and may Include many of the desired feat- -- of progr nmed

5nstxuetIon. In most -,ci however, it does net. Ti 5s

usually not as well organizecl as PI and 1 aeks the systematic

approach with the application of principles. As a

result, it is believed II t -mere lear ng will take place in.

General .Chemistry ising ,PI than using TI.

An advantage of TT is that th- insLtucter can ada-

the learning situation to et the immediate needs of the

class. In this way, th-- instructor serves Tedback--

change agent. TI has, as the center of learnl_g, the IA_ ruc-

tor, who is liVe a_id can be much --_c re stimulating than a pro-,

grammed book, audio tape, etc. The teacher can talk back to

the student and answ-x questions.

instructor is availabl-

In most eases, the

source of encouragement and

should motivate the student thro- gh counsel :. and personal contact,

albeit limited. Most students are accustared to TIand many

need a "live" instructor for varying reasois. It iv' predicted

that, in the majority of instances, the st;u3entb will prefe-

TI to PI if given only one choice of instruction: It is

expected that many students will see advantages in both

methods and that-most will2pr,fer the u-- of both.

The pilot study indicated that students Jearn just as

well, or slightly better, by PI as by TI on a module si liar



to Lcsc used in the NA iP oxen igh td

spent by

units in the pilot study. One of the major advantages of

PT its inburent sell 'pacing which gives the student

mu Lime as he needs within limits.

In tle MARP, stclents in PT were given reasonably

unlim st. dy time. While students in the TT section were

given unlimited study tin. also, tl -y were limited in the

amount or Li. e in which they had access to the ins

(the main information r;ourc Sin the PT gr up in the

pilot study achieved just as much within limi tim:, as

the Tf group, one might expect them to achieve more if gi en

unlimited Lime using tle procrrammed mat ials.

The pilot study also revealed that students were

Lh PT but, when asked which method would they

rer if given a choice bas d on the module completed, they

chose TT. This was not boo surprisinD- consi ering results of

other research studies presented. Connally and Sepe (1972).

found that only 5O of the students preferred the indivi-

d alized to the traditional approach. Yet, a maj rity of the

studerts indicated a prefetence for most of the characteristics

of 31 ivid 11,4ed instruction except that tley pr ferred

teacher control rather than student contr 1 of the learning

situation. Evidently, st d nts do not want to acc pt the

complete responsibillity for learning and, as a result, chose

TT.

amount

ch TI and PI section was held cons

r t me

-t on both
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One of the basic assumptions in developing programmed

instruction in chemistry at CPCO was that students with in-

adequate oducatioaal exporIeneo in chemistry could achieve

more with PI than with TI. . The most basic tool needed for

learning in school has been shown to be reading ability.

Therefore, it was deolded.that a comparison be made between

higher and lower reading groups taught by TI and PI to deter-

mine by which method each group achieved more. The usefulness

of thls knowledge is obvious. The statement of the directional

hypothesis concerning the achievement and reading ability was

based on the above assumption.

'Although the writer believod that programMed instruc-

tion is superior to traditional instruction in mE4y ways and

had predicted that most'students, however, would prefer the

time-tested traditional approach, the study was,conducted in

a highlv scientific mnner. Observaties and conclusions were

made in an unbiased fashion and are stated honestly in the

final report. Evidence of this is shown by the "Certifica-,

tion of Data alidly by Sanders" included in the appendix.

_Operational Definitions of the Varia.les

Par 1; i al 1 v Aclu 1_, 1 ye_ raditional Instruction - Teaching

and learning where-the instructor is present in a classroom

or lab with students for a scheduled period of time. The

instructor is the center of learniwx, doing most of the

talkinP and or writing. Due to the constraint of time,

learning is usually lock-step with limited self-pacing



individualJ'Aed instruction. Specific learn ng objectives

may or may not be sWaTh--in most cases they are not. (They

stated in t)iis s tuchi in all of the modules.) The instruc-aro

tor is aler-= to the class_ floods 'And is constantly adjusting

the instruction to meet the needs of the OR9s with limited

time for individual help.

Partially_Ad.aptive - Instruc-

tion where the instructor may or may not be present in

person during the learning activity. Detailed learning

steps are provided for the student using various delivery

systems such as written material-_, audio,tapes, video tape.i,

sound-on-slides, etc. Learning is not lock-steAand each

person progresses at his own rate of learning (within certain

limitations). Specific learning objectives are always stated

with frequent evaluation using criterion referenced testing.

Achievement - Averme gain scores on post-test for,

each of the methods on each of the units (to be ificant

General _Chemistry_ tudent - Any student officially

re gl-tered for Chemistry 1504, 1505, or 1506 at Central Pied-

mont Community College. (See appendix for cour e descrip-

tions).

Equal Ability in Chemistry - Determined by previous

bachground'in chemistry and from sco:es on the Toledo Place-

ment Test.

Student Preference. - Method of instruction (TI or PI)

:s prefer as determined from a questionnaire and
5



chi-square analysis of the rating distributlon for Ti arid

PI (to be signi -ri cant p < 0. 01) .

Peqdlno- _ - As determined from scores on the,

7 0

Nelson Denny Reading Toot.

.of Instruction- Ac__, determined by the

results of student evaluation of methods to be,sIgn1 .m-ant

p

.



Chapter 4

PROCEDURE AN0 METH0DOLOGY

S ub je c

Th- stud_nts selected fo- this study cal- froa fir-

qua 6er goner _ chemistry classes t CPCC. The number of

students involved ra-Iged from 90 at the beginning to 60 a

Lhe conclusion of the 1504, 1505 and 1506 gener-1 chemi try

sequence. Students comprising the group were ehsrcteried

by having many and varied backgrounds -nd an age range of

nineteen to thirty-five, with a mean age of twenty-two.

ApproximatEly eighty percent were from the college

transfer area 'and the remainder from the t ahnology areas

\ (chemical', electrical, mecl nical, etc.) The group members

-were considered to be r_ resentative of "ty_ ical" CPCC

ger--,a1 chemistry students. A summary of their cha Acteri

\

tics ard presented\in Table 14.

The- sLucient were divided into two groups, each

with equal learning ability in Chemistry -s indicated by

scores _n the Toledo Placement Test ForM C) and by.previous

grades in Chemistry and science-. As sho n in y41e 14, the

two groups were similar with respect to age, Sex, veteran

status, previous courses and grades in chinistry and science,

and professional ambitions.

8,-



Table 1)

CHARACTERISTICS OF THE SUBJECTS

Number at the beginning of study

Number of Veterans

Percent Veterans

Number Non-Veterans

Male/F=,male Ratio

Average previous math

Estimated grade in previous math

Average previous physics

'Estimated grade in previous physics

Average Previous chemistry

Estimated grade in previous
chemistry

Mean score onToledo placement test

Median score on Toledo Placement
Test

Educational Goals

Medical Profession

Science Major (Biology,
Chemistry, etc.

Technology

Engineering

L,6iness Economy

Undecided

8 8

2

Group_A Croup B.

45 45

8 9

22 25

37 36

2.7 2.6/1

2.36 yrs. 2.36 yrs.

B

0.57 yrs. 0.60 yrs.

0

0.81 yrs. 0.76 yrs.

32.2

33

25%

21%

34.3

33

3O%

20%



The total group of w ILey d into

high re ding gr ip RH). and a low reading
,

diVision 1ii- IfladO on the basis of -co es ft-0;n the Nels9

Denny Readirig Test.

high and low groUps was to investigate the relationship be-

tween reading ability and a hievement by PI an d TX4n general

chem _Lry. St dariL who seered above the eentile _

the reading ti-t were assigned to the RH group, while the e

below the 52 percentile were placed in the
RL

g 011p. (These

percentile scores iere not based on T-ble 14.) otudents

73

Th=- rationale for this ,eparation into

who had been giir other reading tests or a cUfferent form

of the Nelsen Denn7 Tt were not included in either grou

,Ifence, the number of students comprising the A and B group

was greater than the number.in the RH and RL group_

six (26) shucienLs assig-E-d to the RH grovp and twenty-

Ight (28) to the R group.

It is believed that students enrolled

college chery- at CPCC are, on the ave age, be

pared mathematically and a-e higher ach -ve17, than

populationThf tudents at cpcc.

A possible indicator of ability te a

ral

P e-

1 ve mere is

the higher median score percentile) ror t1ii group as

compared with the median score for the college transfer

.tudent at CPCC. According to Griffin (1976) 46% .of the

college t-ansfer students peered below the tweTth-grsde level.
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The experimental desig-_ f--

Quasi-Experimental

his study was the

--non- c ivalent cont ol group

dose-Med by Tuchman (1972).

0_ ,
-2

Di gra

RESEARCH DES IGN

X
2

el;c==_A G- -.nip A

Pret.st G oup B

X = PI Treatment Unit 1/1 for Group A

X2 Ti Treatment Unit #1 for GroUp B

X = Ti Treatment Unit #2 for Group A

X = PI Treatment-Unit #2 for Group B

0 = Post-test Unit #1 for both groups.

o&0 = Post-te t Unit.#2 for oth groups.

This design is similar to the prete.t/Post-te con-

trol group except for the random assignment of subjec--- to

each gr up. The true IW;ea- ch design requi.._--s that the

sample be selecled.from the teLal population on a Completely

random basis. This compa ative sLudy of TI and PI used

st dents from intact-gr--ps (classes) which were not randomly

zned and, therefore, were placed into the Quasi-experlmental

ign (Tuckman, 1972, P. 118

90



Boca se the sub,jects uld

75

not be randomly assignod

to the groups, a prc-test was given before the assignments

were made,to insUre equivalence of the rcoups. The Toledo

Chemistry Placement Examination was used for this purpose;

In addition, othr factors related to ach'-vemerit such as

grades in provious science and chemistry courses, ages, sex,

etc., wore aseertalued. All of these, plus the placoment

test, were used to assign the subjects to'two groups having

relatively equal ability. (See4Table

Procedure and Rationale for Activities

The study was divided into five modutescarlh com-

posed ot two similar units (with the exception of one which

contained only one unit). A pretest was given:at the be-

ginning ofeach module, 'followed by Unit, One of that module

with one group receiving the TI trcatwnt while the other

group received the PI treatment. This was followed by a

post-tePt on Unit,One of the

each

that

module, the groups were

is., if Group A received

module. In the second unit of

given the reverse trcatmen.tr

the TI treatment in the first

unit, Group A received the PI treatment in the second unit.

The completion of the second unit was followed by another

post-test and a studert evaluation of both units one and two

of the module. 'The average gain score obtained,by each

method for each unit was student evaluations summarized for

TI-Tid PI on each module, and the overall average gain scores

_were tabulated for TI and PI for the high and low reading

grOups
r 9 1
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VLOW DIAGRAM FOR THE STUDY CONTINUED
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FLOW DTAGRAM FOR THE STUDY CONTINUED
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Profwammed units from the ,,eneral chemititry course

were selected as the topics to be used in the stt y.

01

These

Trogran1s were written by the author 'and class-tested several

times at Ceni: -1 CPCC. _They were subsoqueni]_y published and

ad-Ipted as one of the texts used in the'f- -hman chemlstry

course at CPCC. (For an example, see appel ix.)

0

The pr -armed unitc, usuallY follOw the following

line: In'Groducbion, pretest, specific objectives, _

\ta detailed learning steps to achieve the.stated

mma

objectives, and post-test (Cheek, 1972).' The tot 1 instruc-

tional package may irçlude filmstrips, films, and video

tape-5. However, usually it consists mostly of written

mat rial ald cassette tapes As can be seen, the' written

material requires frequent student resporSe with rdview. The

- die tapes rve as.a supplement to the written material and

,,apply the st den- vith detailed answers to many qUestio'ns

posed in the r OgraR and -ith additional informa ion about

the opics not i -:luded in the written material. Audio tapes.

are'very common:LT used witl this type of in tri:Iction at

Central Piedmont C(mmunity College, ard stude ts Tind

the tapes Very helpftl. Data collected indicate

appro>imatel y seventy percent of the students taking general

chemistry at Central Pie mont Community College _choose to

use.the tapes from the libra y in addition t- those be_g

11:3ed in the chemistry lab.

These programmed -units were th'e product of many

f teaching ehcinis try a d of speciali v.ed train:Lug Inyear.s

9 7
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the writing of proP:rammed materials. The eelectic approach

was used in writinp., the p-cogram using a combination of the'

--ystcms approach and Cistran (Deterline and Lenn, 1972).

Literature review shows that the difference between the

various approaches is not great. The packages used,vary

somewhat in Lheir.format, but basically they are q_.Le simi-

lar. The order :1.n which the components of each pacYage were

dove .oped are as follows:

a. Self-evaluation TeSt

b. Objectives'

c. Discussion of self-evaluation answers to test)

d. Practice exercise items (learning exercises)

e. Discussion of practice ey:erciSes (answers to

practice exercises)

f. Study Review

IntrOduAion

One of the strong peints of the above sequence of

development is that the test was written befpre-the objectives.

This results in a dobble emphasis on obje-Ctive and test in

the composition of material that answers test items and

objectives--a subtle but, never-the-les,J, important approach.

The subjects were given the w- _tten material and

°asset se tapes for each PI'unit assigned.

given cancerning the.locatiOn of related material for each

g.

Information was

unit. For example, manY supPlementary audio-visual mAerials

such'as filmstrips, books, filmloops, and films were found in

the opon chemi -try lab.. This informatin is actually a part

9 8



of the written pr
11 ) The studonb wo G not all owed to,

at_ Lend class cJrinr the PI untLs and they were givon as
)

much time' (within corLain limit as they des ired to co lete

each unit. Ludents wore encouraged to make use of the open

ch ristry- lab and the study carrells (which contain head -

Ls and cassette player-) in the library'. The PI nits

were almost complete self-p,tCC. Participq-ts were

keep a record of the , ioun of time spent on .ach unit

for the p 7p. of comparisOn wi-61 TI. It was emphasized to

the participants that hey could cotplete the PT units any-

where they- wanted, whetivr at home, at Central Piedmont Corn-

munity College, or even.on.th ir, wa_.- to school or work or on

a part-time job. tudents .have reporteediverse tudy
t,

patter ) it was emphasized, t-o, that if PI were followed

closely, they should need little help from the instructor or

fron other studen-L, s. St-dents using PI units were allowed

to seek .help from the in. tructor, if n eded, but it was

expected thict ii t]é help would be requ ted.

The TI units were taught- in the "usual" way 'he

author. The cla,ss met for a definite period of time (three

days-per week, excludin labs) with the instructor leading

the class discussion, as_int, questions, lecturingf using the

chalkboard or char c. Classes taught byTI in this

study were more structured than the typica "leetbre" ciao

For exalplo, specific learning objectives. were given to the

groups and pre-test and po -test were a pa t of each

module. Tn most traditionally ta- classes, +est are" not



LlVrn freq was required this study nor are

students given sp-cifie lea- -1-, objectives or pro-tests.
4

The administration of both pre- and post-testS and the use

_f learning objectives were required for'a meaningful and

valid study. Student's in9poth groups needed to know what

was expected of them, if a scientific comparison were to be

made .

TI was textbook oriented with-c ss notes written on

the blackboard and given to the student as a handout. An

effort was made to adapt Ti't- the needs of the sLudnt by

-actively encouraging participation in the form of questions

and discussion. A review was givei of the information

neces,,ary to mal--e- assigned topics -nder tandable and homeW:

as igl'iments were'made from the textbook. Thus, the Ti group

taught in a partially adaptive fashion, as was the PI

group. Subjects using: the TI units did not have access to

tha programmed miaterials, requiring that they learn,by TI

when a -igned -o'Units talght by this method of instruction.

Students were' rCquested to koep a record of lime spent on

homew-- k for each unit so that-this tiMe could be compared

with the time using PT.-. A summary of the contrasting pro-

perties of the two methedsof instruction are shown in Table

a_

,As one can z e frem the flow diagram, five of Me
,

modules contained twoc rnatched units of 3tudy, with each group

(A arid B) being taught the-sa e'units at the same time by two

different methods. (It was impoible to n-ch aIl units..)

1.00
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In the subsequent u it of each module, t e method ef intruc
was switched. To help rule olt any effect of order

treatment (of-TI and P1 on the gain sco on each mod le, .

the order of receiving the TI ai-d PI treatment was reversed

after each module. This pairing of the two. matched units

allowed each group to be exposed to both treatments in each

module vith the matched units. The two units in each module

were matched on the basIs of length, similaritY and degree

difficulty. It was belieVed that this matching of llnits

for. the PI and TT. treatment of each group in each module

would gre ly enhance the internalcvalidity :of the study.e.

-A pre-test was given at the beginning of each modUle

o a --,-ertainthe knowledge of oaCh group before it received

the treatments. A nost,test.was given at the end of each

module to mea e Lhe achievement on each upit. Average

gain sco ." were computed from the pre-test post-Aest

scores for each method of instruction and the aver-ge

scor were tabulated for all of the modules.,,

The units selected for the study varied from detailed

mathematical calculations, used in chemistry t6 -o lab experi-

ments and were taken from all, th-ee, courSes in general .

chemistry. It was impossible to include a "whole course" in

the banner deycribed and, as -a re ult,/units were selected ,

that wer considered to be reprc--tatVe. The total amount

class time devoted to this study kas about forty class

ho (greater than qUarter of lass7ork) and dnVolved

10 1
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stk felt that forty clas hours with thn

ment of 90 stude-ts should yield ampl- dnd adequate ro]abe
data for the study.

One of the main thru. of the Study was

the preferencechoice of method of instruclon--of tY

students. To do this, a questibnnaire was developed. to

obtain this information, in acid i Lion to oth pertine'- dat

Thi.questionnaire had been used:and revised, in two previ,ous

-tudies, yielding sa factory results. (See pilot study)

In these studies the studen-_- appeari,d to,understa d the

-questions well, resu1ting in very few unanswered and

misunderstood responses. The questionnaire proved- to be'

adequate in the pilot study. As a result, it Was felt th

this instrument should be valid and reliable for this study.

e

Proof was needed that both the Ti and PI instruction was pre-

sented on such a level as to yield valid results. This was=

especially true for the le Ire (T1) since much -f the PI'

has been.thoroughly evaluated before. -Another _iportant

aspect of the questionnaire was the determination of the

extent that the participants felt tley had achieved the

stated objectives for each of the units t, .ght by TI and Ply

Thus, an evaluation was cpade for each method of

instruction with respect to:

1. the effectiVeness of the method in h-qping the

ts achieVe, the objectives and

how the Subje felt about that particular me hod.
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Clo ed Class

.Limited

.Tabl
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OflPARATIVE TABLE OF TT AND PI

,s time

Stated objectives

Pre-tbst Post-tes

Learning steps not gre
detailed with random
student response.

Teaching and learning
closely controlled
directly by the
instructor.

Some individual:help
given by instructor.,

-Partj1y ailaptiye

Instructff

'Pew alternate learning
pathways made available.

Focus on the
learner in a'group..

PT

Oper ClasS

Unlimited study tame

Stated objectives.

Pre-tost - Post-test:

_y Detailed learning steps vith
frequent mell,planned's_ lent
response.

Teaching ana learning con-
trolled indirectly by.the
instructor through writtCri
prograMs and audio-tapes but
with Student control overall.

Little individual help,given'
by-instructor.

Partial adaptive

.Instructional,material

Some alte'rnatd,learning path-
ways made. available.

Focus is on the individual
learner.,

Validity and Rellabil ityçr_the Tests

The Toledo Placement Exam (Form 1967) vas develdped f-r

the purpose of haying available

could predict, with a high

success of a begi-

a one-hour chemistry te

degree of accuracy, the future

student in

This te-t was used at Centr

a general chemistry

that

1 Piedmont Community'College at

other local community colleges and at the University of North
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Ca olina at Charlotte in a study (u blishe comparing the

general level of achievement of incoming fres.' can chemistry

tudents. The portion of the study dealin't with COntral

Piedmont Community College students indicated that the Toledo

Placement Test (TCPE valid predictor of the future

success of the chemistry student. Those students who did
4

well on the J.CPE als- Lid well in their general ,chemirit y

courses (Chee, 1972).

The reliability coefficient for the TOPE (Form 1967) was

nd to,be 0.921 as estimated-by means of the K der-Richardsbn

formula 21. This valUe indicates the te.. t h--d good reliability.

Th- spread of reTponses in the lower range indicates that

incorrect answers are well written. (See appendi) The ALem-

discrimination ind.ices are high as s o n by the fo lowing data:-

A

Table 15

DISCRIMINATION INDEX ITEMS

50-49
49-49
30-39,
O-30

67
, 25'
18

20 outstanding
18 very good

unaccepted

(Hovey and Krohn, 1963, p 370)

The validi y of TCPF ha proved t9be very satisfa

tory in that.most students scoring above the Lit-off score

offorty are succ .,f 1 in Chemistry 117 at Toledo University..

A summary of this data is shown in the appendix. The number

of F grades decreased from over thirty-four.pe- ent to'less.
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than ten percert after t TCPE was used at the Univers

of Toledo. In the opinion of the authors of the test,

has been an excellent tool for deermining which students

should be.enrolled in a remedial course (Hovey and Krohn, 1963).

A comparison of the course grads and TCP,F. scores in

eleven different community'colleges in Oaliornia was m de

with those at Toldo U iversity. (Set 1.ppendix 'As might

be expected, .the community college TCPE scores are lower with

slightly lower letter grade for the courses. It does

appear that student,- who scored les- than-,forty on the TCPE

have little chance of being successful in the later chemistry.

co _:-ses in both the-community college and-at the University

of Toledo.

Ohe of the criticisms of the TCPE has been that the

_atistidal data used to validate the test came from two-

_thousand students at the University of Toledo, only.(Cral.

-ford, 1965) This appears to be a legitimate criticism.

However, the TOPE has been used by eleven community colleges

in Oaliforria, and some corroborating stati tical data has

been collected.

An item by item inspection ane-evaluation of the TOPE.

in t Lms of the cheA..stry course at Central Piedmont Community

Cellege-shows the test to have high content validity. Most

of the problem solving skil ann general knowl dge on the

list are included in_ the zeneralchemistry course content. .

Further a_alysis of the TOPE

105

terms of the course objectives
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indicates -11at the test'has good criterion relatod validity._

It appears that the test measures the skills anct knowlode".

the course objectivet define as being2YMportant.

In eonside'ration of the facts and opinions concerning

the TOPE and the cpnstraints of time, economics, and,tho

familiarity and availability of the test, itlX0

that,the TOPE was suitable for this study.

believed

.Reading ability was determined by the students scores
)

on the NelsonDenny Reading Test, Form C (1973). The follow-

ing evidence subs -ftLates the use df this test,. Research

has shown a close relationship between seholastic.aChieve-

ment and Scores on reading teste such as the 'NelSo -Denny

Reading Test.= Gusluin (1965) has shown that there xiwL

close relationship between scores on reading tests and the -

success or failure of nursing studentri.: Garrett (1949) sum-
.

marized 57 reported cer'relations\ between -schOlastic achieve-

ment and reading scores in specifi subject matter fieldS,

Coefficients ranged %from .10 to . 0, with a median of

The Nelson-Denny Rading Test showed a sorrelation of .67

with achievement imone of these-studies.'

Joy'ner (1972T cencluded that"there iv a significant

relationship between the 'total' Nelson-Denny pereentile

ta.A* scores and.c oulativejirst-year grade'point averages.

of 181 selec±ed Afro-Ameriean male and female freshmen

Students."

L e Tables 1,- 21 in thp Appendix for specific
.

correlations of the Nelson-Denny Test with other predictors,

1
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the s: if reliability coeffic:ieriLs, and .for -he

-reLest reliability coefficief

Co idering the correlation tleteri thr on

91

he Nelson-Denny Reading test and ichieveinerit, grade-point

avetap,:e, and scores on the PflnnesOta ScholLastic Aptitude:,

Test (MSAT), the Nelson-Denny Reading Test was consider:3d a

valid measur of readirr, and learning ability.- The high

,test-rete t rclab1ity coefficient for the Nelson-DennY

r ading test indicated the test was reliable.

The,pre-test a d post-test to be used in this study

were teacher- ade. Different forms of similar ter-ts have

,been cia-tosted at Central Piedmont Community College_

for the last three years and are esti -t d to have gooth

reliability and validity. Students have shown consistency

in their performncos on these tests with the majority of the

percentage scores .ranging fiom sixty percent to,ninety percedt

on the post-test with an average\grade of 'about eighty pereent-4.

The tests are Thtiple choice and objective with no penalty'

for guessing oniL orced. The test items are criterion-

referenced and are Written in terms of the unit objectiVes

'with at least two questions written for each of the objectives'.

Tho test ite s are wrAtten according to most the "good",

1.90)pri ciples of test Construction cited by Green

the most 'part, these tests are valid, reli.able, usable,
.

simple, clear and explicit. 'hetestsare criterion-referenced,

not po/er tests. They are written to measure the ated.
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objectives in the unit and not to measur such things_

reading rate, roadig comprehension a d intelligene

-,They are designed to measure

-uated in theobjectives.

the chemistry achi v llent,as

92

Internal validity: is estimated to be high due Ao the

past performance by the studnt on the post- est. It is al s o

elieved that external validity, is high due to the de-A'

performance on,the American Chethical Societ- general istry

exam (ACS) ziven at the-end of the course. bver the last four

years, the mean,sceres have been in the middle range of the

national norms. Students that perform well on the _nit

test also do well onthe ACS exams.

po

Data AnalYsIS

The mean gain scorcc, were dete.mined for the students,

both TI and PI, for each module in the study and treated

stati tically. The t-test was used to delerinine if any dif-

'ference in the mean gaAn s o_--es for

ficant.

h module were sig

Student responses to the questionnaire were compiled,

and the data fr?m parts II andITI dealing with specific'

.pects of instbuction were treated tatistically. Chi-

square analysis was run on the frequency of responses lor
a

each c_ rlteristic to detormile if there were a significant

ci ifference bOtwoon how the, LILudont.folL nlcwi. the two methods

of ins- ru tion qu -t1 inlire in

ing part'T

ivLudo

q esti onrtt. 5ce, a g it] a Li or wa.

Ihny hnd achIcirod 1 tltra d

8



objectives in_.each moduf- id appropriate compa isons were

made. Pther'data.from part I, dea:ling with the Prooedures

used in therespective methods to attain the stated objectivo,

were t bulated and compared.

From part IV of the questionnaire, summary of what

'the studen± liked most and least about each method was made

and used for compar'ison. The most irrportant item by far,

also on part IV of the auestionaire, was "which method do

you pre_e:
e

tO this important question were tabulated for PI and for TI

based'on thi-_ unit or odule?" The answers

and cOmpared f - all of the module& in the study. /

To compare the achieveM-nt of the re ding groups by,

PI and TI, the following analyses were run. An average _f

all the mean gain scores fo- ,-Ludents on both TI and PI,

were compvted for the high reading group. Xn ayerage'of ail

the mean gain scores for - on both TI and PI were al o

compdted for the low readi ,,, group --The t--test was adminis

tered to detormine if any difference in the mean gain scores

A
were significant for either the hgt or the low reading

group.

equal in

To ascertain if the two groups were treated with

tional quality, a 2'1K 5 Chi-square analy ,b Of

the rating frequency was run on the data from part I of the

student evaluation questionnaire. The specific pa-irs of

qu ,tions and the rating scales are shown:



(1) 1Ve the objectives Olear for the unit taugh.

by TI71.

Yes 5 4 3 2' 1 No

llere t:e ob.jeetiVes clear for the unit taUght'by

(5)

Pl?

Yes 5 4 3 2 1 No

Are you satisfied that you accompli hed the

objectives_ n the TI unit

Yes 5 4 3 2 1 No

Are.You satisfied that you accomplished the

objectives in the Pl unit?

Yes 5 2 1

,

Do you feel the material used and procedures

followed in 'the Ti unit were adequate to

achieve the stated objectives.

Yes 5 4 3 2 1

Do, you feel Lhe ma- _,:ial sect and procedui7es

followed in the PI unit were adequate to

achieve the stated 'obje tives?

Y s 5 4 3 2 1 No

As has been staLed, there was a need to verify that

both the PI and Ti were =aught with equal instructional

ality in order to give the Study validi y.

LiiniLatiori ., the_ Study

This'llt-dy was confined toCcn ral Piedmont Community

Collog0 i id, clue to tho experimental contr-is, ostimated

110



to have high internal-validity in the area of general

chemistry. The degree to which the study has external

validity depends upon several facto . External validity

should be high for th-- general college chemistry student

in the large urban type, community college wAth age and

socio-economic levels similar to those at Central Piedmont

Community College. The results of the study ,might have

less validity when applied to the traditional four year-

college o.. university, such as the University of North

Carolina at Charlotte.

The extent to which the study is valid in nen-che.istry

courses _vould depend upon the degree of -imlarity to the

tudy ef chemistry. It probably would have validity in th-

physical sciences, math, and engineering at Central Piedffont

CoMmunity College--and at similar community colleges. E*ternal
0

validity would probably be much lower in the non-science\s,

.such as sociology, hi tory; and economics'at Central Piedmont

Community College.

This t-tudy was limited to representative units-i

general college chemistry, and it did rot incIudeother, more

opecialized areas of chemistry, sueh as biochemi y, rganic,

analytical, and physical chemistry. Although "chemistry is

chemistr , it would be unwise to assume that what i true

in the methods of teaching and learning general chemistry

would al o AMY apply to more specialized areas of Chemistr._

The differc- the mat rity and motivation of studelts

unsureand the complexity or the subje t would make

wmumption.
111
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--Iiiirs&ty College 6_

of the following characte-ristics:

96

y-was limited to the Central Piedmont Com

eral cheMistrystudent who possesses some

1. The student is older than the typical four year
,

college student, has more responsibility, a-d may

have more financial and personal problems.

In many cases this student is mere highly motivated

and has had related experiences which make his

learning .more meaningful. (The'llterature reView

has shown older students to be more highly motivated.)

Like the goner 1 student population vf :Central Pied-
.

Ilient Community College this stude- .has some of the

characteristics of the adult learner described by .

1-_:no les (1970). That is, he is. self-directing ,with

a vast reservoir of-knowledge for learning; he is

interested in learning for immediate application

rather than future application.

In many cases, the Central Piedmont CommUnity College

chemistry student requires devel6menta1 study to

be successful in the qurse (shown by the lower

avrage. Toledo Placement Test --ores).

_tuqlSignificance:of

it id expected that 0 is study answered 'some of

tho questioim conce.tnrig Lhe effectivene, and desir bility

.1= iiim?d'irtsLructi on at Central Nedmo -t-Community Coll fe,

-ticuTa ly ir the fiold of chemistry, As p :!viously
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mentioned, mu _ous comparative aclievement studies betwe n

-TI and PI have been made, but no hiLobetjve studies

have been done at Central Piedmont Community College in

chemistry or in any other.area.

S .me instructors at Central Piedmont Community

College have be 1_ concerned with t e question of.student

achievement levels a d preferences for the two methods.

They express the Opinion that s-iudents and instructors have.

*been and sti l are being forced to use programmed4ndividua-

lized- in truction with which the students,"learn los
' and

which they "do not prefer" There may be some justification

for thib feeling in_ that no thorough --udy has bee,n carried

olt at Central Piedmont'Community Coilege to.ansver these

criticisms. In the first plac'e, -such/a corimitrnent to one

method of.instruction .Alould be preceded by Nand data. In

the second place, if the method of.instruction is net

tested at the specific institution-before being adopted as

"the way", then-it should at least be evaluated through a

highly scientific study after Ith4s been adopted. It

hoped, ther-fore, that this study will serve as a reliable

reference for futu e.questions of achievement and student

prefe- nee for proraiiirned and U.aditional instruction

Central 17iedmont Comm nity College, especially in t

f chemistry.

The st dy revealed

achi vement by Pi and TI and readin y.

hekqeen
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The i. esults, of the .tudy shpuld be of inter& to
/

the chemi try educator in b th the high school 'and the fol4r

year coll- Many of,the topics-covered in the study and

the problem sOIving skills usd in the study are corrimo

to both the chemistry taughtin tte high school and in the

four year collcee.'
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S_ VARY 0' FINDACS

Th- results 'of -he st-Idy are presented In

the four hypotheses pr posed.in- Chapter III.

11:10. 'hesis
a

-ins of

This hypothe-is states that Central Piedmont Com-

munly College general ch mistry students of equal ability

wIll have greAer-dehievement when:taught by partially adap-

tive PI than when taught by p rtially adaptive TI.

Table 22 shows a summary of the average gain sco

obtained for each method of in truction on each of the units

covered during the vtudy.

Aracting th

-amn scores were obtained by sub-

pre7test ,core from the raw post-t

score for- ach student on each.unit. Theaverage gain

scores were computed for each method for each Unit. The

average gain score for PI wa_ greater than the average gain

sc re for TI on six of the efght units. TI gain scores were

greater than PI gain Scores on two units, as shown in Table

14. The overall ave:age gainscore for the unit is greater

for PI than for TI.
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Table 22

AVERAGE UNIT GAIN SCORES FOR
EACH 'METHOD OF I STRUCTION

100

Units
ne

PI TI

Exponential Numbers used
Chemistry 5.57 7.00

..

Significant Figures 6.67 5.38
Stoichiometry 8.45 . 34
Molar Volume Experiment 7.78 6.36'

Equivalent Weight Experi ent 7:97 7-.26

Normality Cal ulationi 5.12 5.42

Mola ity Calculations 5.66 4.70

Redox 11.7§ 9.56.

Overall Ave age 7.38 6-63

,Graph 9 compares the average gain scores for eaCh of

the units covered in the study. Again, the graph illustrates

that gain scores on-PS were greaber on -ix of the -eight ..Anits

covered. The 'graph also indicates that a substantial amount

of learning took place in both theTI group and the PI group.

The maximum gain score possible'. was 16.

The t-test was used to_ alyze gai- score§ for

each of the unit. The results are summarized in Table 23.

Although the,gain scores foi. the PI troatm- t were

greater than thoso for TS treatment on six of the eiiiht units,

the results of tho t-tost do not iupp.et hypo basis I. The .

1 1 6
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;

AVERAG UNIT- CAIN SCORES' FOR. EACH FETHOD OF ,INSTRUCKION

T1

UNITS

1. .Expenential Numbers in Chemistry
2. Significant Figures in Chothistry
). Stoichiometry
4. Molar Voluthe xperimont

. e EquivaIent treight Exporiu ent
6. ormality
9. lwri'Ext

9., Ove:rall ,Avorage-
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Table 23

CALCULATED T-VALUES FROM THE GAIN SCO _S

Critical
t-value
13 0.10
Two Taiied

Critical,
t-value
p< 0.01
Two Tailed

Unit Test
.

Test -value df

Exponential Numbers
in Chemistry 1.67 2.66 1.13 86

Significant Figures 1.67 2.66 1.79 89

Stoichiometry 1.67 2.66 1..53 76

M6lar Volume
Experiment 1.67 2.66 1.78 68

Equivalent Weight
Experiment 1.67 2.66 6.75 67

N r ality 1.67 2.66 0.34 62

Molari ty 1.67 2.66 1.13 60

Redox 1.67 2.66 1.61 60

(Tuck -n, p. 370)

thesis is not supported on any of the-units in_ the study

at either= p< 0.01 or p< 0.05 level for a two tailed test.

The results of the t-test supports the null hypothesis--

there is no significant difference in achieVem_-nt between the
A

two rethods of instru tion. Although the null hypothesis

supported at the 0.01 level, it should be noted that in two

units, significant figures 'and: molar volume there is a sig-

nificant difference in the gain scores at 0.10 level. It

should also be noted that in two other unit the t-tost value -

appreachcs 'significance at the 0.10 levea.

I i8
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The o groups used in the study appeared to be

equal in overall achievement. Neither group consistently'

scored higher on units taught by one particilar method of

instruction _TT or PI Th- overall average,gain score in

both TI and PI units for Group A was 7.06. The overall

average gain score in both Tl'and PI units,for Group B was

ThiS is further indication that Groups A -and B were

equal in learning abilitY and that any difference in achieve-
.

ment was due to tile method of in t-uction and not to inhe ent

differences in the groups. A compdrison of the grou- over-

7%sall achievement is shownin Table 24.

a

Table 24
OVERALL AdHIEVEMENT GROUPS A AND B

,

PT Averdge TI Average Average Overall
. ain Score Gain Score Gain Scores

-oup A 7.45 6.68 7.06

-oup B 7.32 6.58 6.95

The

the subje(

merit and

. its of the Toledo Placement Test reveal that

below average in their previous achieve-

aptitude 1in chomiptry. The reported cut-off

score used on the Toledo Placement Test (TCPC) at Toledo

University, Ohio wa

at the Univorsity of

were advikled to take

lie fore tak Ing the

40 (Hovey, Kroln, 1963) Those studen

Toledo who scored below 11-0 on the t- t

a developmental course in chemistry

ular college chemistry cou.
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The cut-off score reportedly u ed at Cuyahoga CommunitY,

Cloveland,,Ohio was 45 (Laughlin 1976),. Th-

TCPC scores for the A and B Groups.in this study were 32.2

and 34.3, respectively. The median score for bo h the A

and B group was 33, It was alsd found that only 23 he

students

Based on

,

in the study had,TCPR scores of_40 or greater.
,

this test-instruMent, the majority of subjects were

below average in preparation for college chemistry. If this
.

.

group wk. taking the course at the previously mentioned
,

schools, about 80% would ape advied to complete a remedial

chemistry course before the regular college °hem], tFy.

HoeVer, these scores ate only slightly lower than the TCPC

scores of previous CPCC c-cmisry students treated in

other study. The mean score for CPCC students was found

to be 36 with a median of 34 (Cheek, 1972). The similarity

of TCPE scores suggest that the groups used.in,this.study is

typical'of the CPCC general chemistry student.

Again, the resUlts do not support the hyp

support the hull hypothe is-- here is no .iignificant dif-
ference in achievelhent by PI and TI in chemistry-at CPCC.

4%. The outcomes of the pilot ubr support the results

of the MARP. There was nosigniTicant difference in. the

mean gain scores for the' two methods of instruction.,.

)1xppJj!__IT
Thi s. hypothesis states that Central Piedmont C mmu-

ty Co] inge general h_mistry st Ls 011 prof -to be ta
.

120
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by par :Lally -adaptive .TI rather than partially adaptive PI.

One method of testing this hypothesis waS the chi-

square analysis.

A - E'cells in- P

This analysis was rua on the sums of the

the questionnaire- For each

module1 the students rated Certain aspects of each method

par 7-16 and parts 17-267 These were tabled for each

column for each method an&s. 2 x chi- quare analysis wias

run on each modUle. 'The results are s _marized in Table 25.

7

A. TRADITIONAL _METHOD A 13 C D E

7. Worthless_
8. Difficult'
9. Not Involved'

10. Unimportant
11. Dull-
12. , Useless
13. Monotonous.

(Boring)
14. Ipersonal
15. U-.fair
16. ,Ordinary

Valuable
Easy
Involved
Important
Interesting
Useful
Varied

Personal
Fair
Far Out

B.

/

Pi METHOD A'13 C D. E
17.
18.
19.
20.
21.
22.
23.

24.
25.
26.

Worthless
Difficult
Not. :involved
Unimportant
Dull
USbless
Monotonous

'03oring_
lomperoonql
Unfair
Ordinary

-

2 1

Valu
Easy/
Invelved
Important
Nnteresting
Useful'
Varied

Personal
Fair
FAr Out



Table 25

CE-SQUARE ANALYSIS OF YiETHOD DESIRABILITY

Modulo A

32

36

B

175

70

0

242

152

D

314

,

E.

C-mpued

A_ Value CriticalW2t-,t p< Lp;_.

Sign1ficant Figures,

TI

PI

_

t'rm
i 1

77..

237

6.65

_ -_

,

.i.

c

S;oichiometry

T:

7"7 ,,.

44

22 4o

178

117

104

113

53

68

1 b

Molar Volume

and

7iquivalent night
, m-

1. i2 37

33

186

104

104

$0

56

26

,

.10,13 13.27

7FLodule Normality

and Tklarit'y

TT

, ?I

6 1

0'7

220

182

174

117

69

58

5.23

,

,

, 13.27

,

,
:,e.c1

.

PI '

19

19

55

41

169

163

155

122

66
,

55

2,35
.

,

1).27
,

122
1.

123



Tho rosul. Is of the chi-square analy do tint suppor

-Me (-1.1 L i i ihypOLho:r; I on r o mod -1 11 The null

hypc-0.1 is is supportod on four of

thure no -1ficant difforence in studo-t attiti

-d the two methods., The chi square value for the stoich-

m d ul c!:7,

iometr iiiocl nb s greater -L11 Mc orltioal value indicating

1IIOL'Ct A.gnifican: difforcnco in the 1 t ug of the L 0

methods on LIhC m_d le. It -hould he not d that the module

on m tar volume and eqiivalent weight has a l-quare value

that appro ches significance at the p< 0.10 level.

Eased on this part of the study, it appears that the

d.igr 2ieant diffe-ence in how studenLs feel about

the two method of instruction.

The ros lts of tho most important question in

quos t lonnaire, number 31 located in Part IV of the ques

naire, support the opposite of the hypothesis. Me question

reads: "Based on theAr present Lion, which method of :instruc-

tion would you prefer to be used on you?" A sumMary of the

results are shown in Table 26. The students indicate a

strong preference I__ PI in four of the fiie modules in a

ratio of about 3:2 PI:TI In othe-r words about 605 oT the

st dents preferred PI and ab 407, of the :;Ludents preferred

TT.

12,1



Table 26

STUI PRXWBENCE

Module 1 Significant i'iiirn
and Exponential

OF FI, TI

Percent
TY

Percent
Pf

Pc re ent
Somie of

BcYth

Numbers in ChemisLry 38 2 4o

Modulo 2 Stolch1omLcy 30 0

Module 3 Molar Volume and
Equivalent Weight
Experiments 39 46

Module Normality and
Molarity )6 64

Module 5 Redox 36 64 11.11.

Avera 4o 60 4o .

It should be noted at this point that student responses

to question 31 of the ques ionnaire r-eveals that they prefer PI

to TI in the stoichiometry modulo in wh ch the previously men-

tioned chi-square te t showed a signifi.eant difference...

Graph B compar-_ student preference for PI and TI in

each of the modules and depicts the overall average for all the

modules. This graph reveals a clear- It pref ;-)ce for PI by

chemistr students at CPCC.
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Cr:Th C

STUDENT PREFERENCE OF PI.OR TT

2

1. Significant Figure and Exponential
2. Stoiehiometry
3. Molar Volum& and Equivalent Weight
4. Normality anct Molarity
5, Redox
6 . Overall Averfte 126

Numbers



It is in-eresting to note that the only Modulo in

whiehthe students preferred TT to PT was the molar volume

equivalent weight which consisted of lab experiment in a

cloSed lab situation. AnwCher Observation was that many

sudants Preferred to'have both methods used in'the instruc-

tional program. This is illustrated in Graph D.



STUDENT )RE:2 RE.

D

OF TT PI AND BOTH

1. Si __ ifieant Figures and Exporiential Numbers :

2. Stoiehiorrietry
3. Molar Volume and Ecitkiva Weight
4. Normality and Molarity
5, .Rodox
6. Overall Average 1.. 8



in summary, the data s Lrongly supports the

of the hypothesisthat is CPCC goneral chemis try studen

Po

prefer to be taught by PI 9Aher than TI. The results of

the pilot study do not suppT t the MARP results. As was

shown,,student- preferred Ti to PI in the pilot ,-tudy in

which the Urne used for PI and TI were.exactly the sam-

To compa _ some of the %' -istics of t e
A

e

two methods of Instruction, graphs were colstr cted for each

of the module., using data from Part II of the questionnaire..

A rating scale of 1-5 was' assined to the A, B, C, D, E

columns (from left to right 1-5) and nu erical av-rages were

computed for four of the more important characteristics in

the teaching of chemistry. They were diTfieuit,easY:, dull-

interesting,.imper oHal-personal, and unfair-fair. One,

common complaint of TI in chemistry has been,that it is too

difficult and sometimes unfair. A common coMplaint of PI

used in chemistry has been that it is dull and impersonal.

This data is plotted in the follewing'graphs E - J.

1 9
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1

Graph E

SIGNIFIGAft FIGURE AND EXPpNENTIAL NUMBER

Graph F

STOICHTOMETRY

11

8. Difficat - Easy
11. Dull - Interesting
14. Impersonal - Personal
15. Unfair - FaA
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Graph G

fifi:DOX

Graph H

EQUIVAIENT WEIGHT

15

8. Difficult - Easy
11. Dull - Interesting
VI-. Impersonal - Personal
15. Unfair - Fair -

131
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Graph I

MOLAR V OLUTIK

111 3

11

Graph

4

NC)RNIALITY AND TIOLARITY

8. Diffic - Easyll DUll - Interesting
lit-. Impersonal - Person 1
l5 Unfair Fair

1 2

15
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The differences in the vaLing for these forms are not

largo in most cases. Even so It appears that precyammed

3f-ruction is considered to be easier and fairer while tradi-

tlonal instruction is more personal and inLeresting. These

results support the feelings of the investigator based _n;

-experience with the two methods of instrueLion.

Hypothesis_IIT

This hypothesis states that Central Piedmont Community

College general chomistry students of lower reading abjlity

will achieve more when taught by partially adaptive PI than

by partially adaptive TI.

The results of the study do not support the hypothesis

-but. support the null hypothesis--that there is no significant

difference in achievement when low readlmr ability students

were taught by PI or TT.

The results of -Ile t-test 9,-e shown An Table 27.

Table 27

MEAN GAIN SCORES BY METHOD - LOW READING GROUP'

Method

P1

TT

Total Average
Gain Scores - All_ Uni-

5-75

6.32
.)

t-,-,0.63 is no- significant.at pe0.0i.

(If t-value,

54 0.63



As shown in Table 27, the average gain score for the

low reading greup is sliuhtly higher on TI than on PI but the

difference is not significant, even at the 0.0 level.

Hypothesis_IV

Hypothesis IV states that Central Piedmont Community,

College _hemistry students of hiiTher reading ability will

achieve Rib-re when ta- ya by partially adaptive Ti than by

partially adaptive PI.,

_gain, the results do not support the hypoLhosis.

When the total average moan gain scores for each method are

treated uSing the t-test, there is no significant difference

in achievement. Therefore, the null hypothesis is supported.

These results are sUmmarized in Table 28.

Table 28

MEAN GAIN SCORES BY METHOD - HIGH READINC.,GROUP

Total Average
Method Gain Sepre 7_All Units df tilvalue

PI 7.08
46 0.82

6.88

0.82 is not significant at p< 0.01



The average gain score for the high reading group is

higher on PI than on T1. iftmrever, as shown, this is not

statically significant.

As previously mentioned, the Nelson Donny Reading

Test was used,to deLerminJ,the high and low reading groups.

All, sLudens who had reading scores above the median score of'

52 percentile on the Nelson Denny Roading Test F-rM C) was

laced in the high reading group. All studen':-:,, who lad

reading scores below the median score of 52 percentile for

the test group were placed in the low reading-group. Both

the modianscore and the mean score of 53 indicate the group

had a reading ability equal to an average college freshman

student. The norm used for this group, was that given tor

the thirteenth year.

HypothesisN

Thiq hypothesis stat.-s that there will be no -1 nificant

difference in the quality of instruCtion presented kn,the T1.

units and the PI unitsApased on the rating scale in the'

questionnaire,

To insure that both TI and PI were presented in a

quality fashion, student ratings for questions I, and 2; 3 and

4; and 5 and 6 of Part I of the .,tudent evaluation form were

summarized. Three 2 x 5 chi-Square analyses were run on each

of the modules. The data and results are presented in Table

29.

3 .5



Table 29

-ALITY.OF INSTRUCTION FOR TI AND PI

Clarity of
Objective

Feeling of Accomp-
liShment of
Objectives

Evaluation of
Procedures

Chi-scuare Value _for Each nodule

2 3 4 5

1.2 2.2 3.LI

0.7 1.0 2.7 5.9

1.3 1.9 1.1 4.9

Critica 72 Value iS .27 at the 0.01 1 v 1. .27 computed

The results inchoate that the quality of TI was not

nificantlY different from PI. None of the calculated- chi-

square ) valt are clo e to the critical(X.2)values. 'The

results strongly support the null hypothesis--th-re is no

significant differc- e in th- quality of inotiuction pre-

sented in Ti'and PT. Thus, any difference in achievement by

the subjects in the -tudy was due to difference in instruc-

tional methods and not the quality of instruction,

j illustrate that there was litticdifference in the

quality of instruction on the two methods,
\
graphs were

stru-Ied from the r n rieal average ring f - "ela:Aty of
)

4-

objecives," "feeling of accoriipli slirnent of objec and

'.va,l.uations of pi --' we us d-" These were cieterni ned fon

h of the modules and are pres-TtAA in,Cra hs K - P;
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Were the objectives clear for the unit taught by Ti?
Were the objectives clear for the unit taught by PI?

a

'Are you fatisfied that you accomplished the objectives
in the TI unit?
Ate you satisfied that you accompli h d the objectives
in the PI ,unit?

Do you feel the materials used and procedures
in the_TI unit were adequate to achieve the s
objectives?
DO you feel the materials used and procedures
in the PI unit were adequate to achieve t-

objectives?

F4 Do you feel the objectives,
the post-test?

1 8

follo ed
ate&

followed
atea

re a equately covered in
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Were the objectives clear for the unit taught by TI?.
were the objectives clear for the unit tqughthy PI?.

Are you satisfied that yOUS accomplished the objectives
in the TI unit?.
Are you satisfied that yoU accomplished the.objectives
in the PI WV

/s
Do you feel the materials used and Trocedures followed in
the TT unit were adequate to achieve the stated objectives?
Do you feel the materials used and proceduxes followed in
the PI unit were adequate to a hieve the' stated.objeetives?

Do you feel the objectives were adequately covered in
the po test?
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were the objectiv
Were the objectiv

clear fer-the unit tau ht by TI?
clear for the unit taught by PI?

Are you satisfied that you accomplished the objectives
AA the TI unit?
Are you satisfied that you accomplished the objectives
in the PIA- t.

Do you feel iThe matyrialS used ane) procedures followed_in
the TI unit were adi.quate_to achieve the srtated objectives?
Do you feel the materia s psed and procedures followed_in
the PI unit were adequ to achieve the _tated 6bjectives?

-4 Doyou feel the objectives- ere adequately covT ed in
the post-test?



ese graphs_indicate little di- e-ence in-the
_

ratings with PI hamlng a slightly higher overall rating than

126-

TI. It is interestJng to noteAhatTI averages F-re higher

on the modular involving lab experim-nts.

What student- liked and disliked about eachmethod

of inst u t-ion are summarized in Table. 30. This data was-

taken from the student eValuation questionnaire and which

asked:

27. "What did you like most abou he traditional class

unit?"

28. -"What did you like leas about the traditio a unit?"

29. "What did you-like most about the PI unit?"

30. "What did you like leapt about the PI unit?"

-The e questions were subjective :nd all students did

not respond 'although many cOmwents were written. As in the.

pilot study, m -17 r4esponding students gave similar reactions

to the qutions. The frequendy of student comments

marized for each method on eaci-vmodule in Table 30

what they liked,xid disliked about the methods.

143
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5able 30

WHAT STUDENTS LIKED MOST AND LEAST
ABOUT EACH MI7MOD OF INSTRUCTION

Liked

A. '"Able to ask questions
Module
FreqUency of

Comment

TI,

1 2 3 14. 5

3 22 16 16 16

"Personal Contact with nst u or.
Module 1 2 3 4 5
Frequency

Comment 5 4 4 6

2
"Explanation Given.

Module
Frequency of

Comment

Disliked

A. "Lack of Trine to pompl6t-
Module , 2 3 4
Frequency of

Comment 15 12 10 7 7

"Required more concentra-ion, missed a few parts--difl'icult.
1 2 3 4 .5.

6

5

Module-
Frequency of

Comment 12 10 8 4

Liked

A. Self-paced."
Module 1 2 3 4 5
Frequency

Comm:rnt 25 19 16 16 14

D. 'Convenient."

i)

Module 1 2 3 4 5
Frequency of

Comment 8 4 6 4

144



T4ble 30
Continued).

C. "Repetitious."
Module
FrequencY of

Comment

A. "Unable to A k Ques ions.
Module 1

Frequency of:
Comment 14

"Time Consuming."
Module
Frequency af

Comment

C. ,"Impersonal."
Module
Frequenyof

Comment

1

12

10

2 5

6

2 4 5

13 12 10

2 3 4

12 11 9

5

As men ioned,in the procedures section of Chapter 4,

an attempt was made to determine the amount of study time

used by students in Ti and in PI. The average total time

spent by students .on Ti was larger:than by PI on-five of -he

eight units. coveret. The validity of these results are

questionable because only about 50 of the students reported'

their time.

After completing the main portion of the -tudy,

was decided to determine if there were any relationship be
,

-en either h'gh or low scores on the TCPE'and achievement

in TI and PI. The data --eded for these determinations had

. alroady boon,collected and the application of thoresul

45



in. the 1

obvious.

re planning of chemistry programs at CPCC was

The' Lotal o p was divided into the highscore

-

TOPE and the lo --score CPEgcoup as shown in Table 31. The

mean TCPE score for the low group was 24 while the Mean TCPE

score for the high group was 41.

Table

AVERAGE TOPE SCORES FORHIGH AND LOW GROUPS

Low Group 24

41

The gain scores were determined for the high score

and the low-score TCPE groups. The t-test was run.to deter-.

mine if the difference in gain scores was significant.

As may be observed in Table 32, there was no gnifi-

cant differente between achievement by Ti and PI for students

with hi h TOPE scores. Al o there was na significan dif-

ference between achievement by TI and PI for students with

low. TOPE scores. The nuil hypothesis is suppo ed in both

cases.
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Table )2

LOW AND HIGH TCPE SCORES AND ACHIEVEINT

High- core TCFE

Low- core TOPE

df 76
t-value 1.09

df 74
t-value 0.89

147

PI TI

7.32 7-13

6.20 6. 24
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Chapt

CONCLUSIONS, DISCUSSION AND RECOMMENDATIONS

Conclu,ions

The findings in this study led to the conclusions

that:

1. CPCC students of general chemis ry achieve as much

by one method of instruction as by the other method.

Achievement appears to be somewhat independent of

the method of instruction when oiher.vatiables are

held constant.

CPCC students of. general chemistry appear to have a

preference for programmed instruction when used in

conjinction with a regular ciemistry cics being

upervised bY the classroom instructor.

CPCC general chemistry students !appear to have a

preference for traditional instruction in tfie lab

pa tion of the general che i try course when tabgh

by the classroom instructor in a clo-ed lab.

CPO general chemistry students of Yigh reading

ability achl ve as much by one method of instruction

the other.

CPCC general chemistry students of low reading

ability achieve as much by one mct_lod of instruction

ho other.

1)1
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132

There was no .Agnificant differelee in the quality

of instruction pre ented in the two methods --f

structions In the study.

Dis us_sion

The findings in th study seem to support many

other comparative studies in that achievement was f_-nd to-
'

be somewhat independent of the method of instruction. It

shoUld be noted, however, that in six of the .eight units',

,achievement by PI was higher. Although-this difference in,

achievement was not significant at the 0.01 level, ach'ieve-

ment by P1 was significantly greater tY;an TI on-tr of the'

Units at the 0.10 level. In 1-o Other units achieveme'nt

.diffe ences approached significance at the 0.10 level.

A- previously-stated:, this study was conducted in

regularly scheduled 11emistry classes at CPCC. The nermal

course procedure involves the use of learning objectives.

It was-felt that both PI and Ti Should have these objective6

in order to be fair to the students. _It was believed, too,

that for the study to b- meaningful and Tor it to have

direction, learning objectives werelliecessarrfor both TI

and PI. In addition, the experimental design required the

use of a pro- Lest arid po _ test on each unit for both,TI and

PI. The use of objectivoo pre-test and frequent post-tests

had an obvious built-in advanta e for Ti because traditional

instructi-n does not usually employ either objective pre-

tests oquerf st-te
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To gain acceptance of the resuTts and ec111_ 1i ions

of this study by the faculty and staff of CPCC ;InJ other

unitscommunity colleges, it was Telt that students in TT

should be given every advantage possible within the llmits

of Ti. This was another reason for the use of learni n g

objectives in TI.

Even with these atypieal hui lL-in advantages for TI,

achievement by TT was np better than by PI.

The significance of these results is that students

learned j st as much using programmed instruction without

the presence of an instructor as when they used-traditional

instruction which required the presence of a classroom

teacher. Evidently, the chemistry teacher doos not have to

be physically present when the learning of specified infor-

mation takes place. It should be noted, also, that the in-

formation was on a relatively high level of sophistication.

This learning without the presence of an instructor has much

educational significance and implicatien.

This study also supports many other studies in that

the majority of students preferred PI to in most of the

units. Although the chi-square analysis of student ratInqs

of the various characteristics-of TI and PI showed no signi-

ficant difference in four Of the five modules, stpdent re-

sponses to the direct questions coneerniw; 'thod preference

indicated that they preferred Pi. One set of data im lies

that students had a slight preferenca for PI while another

Het of data strongly indicates a student pcferellco for PI.
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TI appears that much greater weight should ba given to data

obLained from the direct questions. Seemin,g,ly, results

obLain-d from a direct qustion should be mere valid than

results implied from the statistical analysis of a rating

scale. Tha purprwe An the rat;ing scale was not only to

estimate the overall prefere-nce in i:erms of specific char-

actorisLIcs but to ",..ero in" on certain aspaeLs of each

method.

one Interesting result of this part of the study was

the apparent student v'eforences for TI in the lab module.

This is cause for some concerA because all of the general

chemistry lab experiments at 'CPCC are tawLht by Pl. As pro-

viously mentioned, one of th[,!.basic assumptiolo in developing

the instructional material for lab was that students pro-

forrod an open PI lab. Results of this study reveal that

students prefer just the oppositc--that is, they preferred

the closed Ti lab taught by the classroom teacher. Even

though the time spent on -17.1e jab module was about 30% of

the total time uL;ed for the study, it was Telt that -is

data va,,, valM and reliable.

What is the significance of this finding? This may

be attributed to well-known instructional problems encount-

ered when a different person than the classroom instructor

supervises or tenches the lab portion of..a course. These
N\

Problems are varicd but usually involve student evaluation,

assigning of lab grades, student metiva-Aon, Student

1 5 1
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counseling, etc. Although the materials used in the PI lab

wore individualized and have proven to be compleely workable

in the past, some student-lab instructor contact is neces-

sary. For example, the lab paraprofessional is rquired

to initial the experiment at certaLn check points in the

experiment and to grade unknowns.. A few students ask for

.hclp from the lab paraprofessional in locating and construct-

ing chemical apparatus. Most. Alnportantiv the chemistry lab

Is where the student's :uriousity becomes aroused and many

questions are asked. Numerous times those questions go un-

answered by the lab supervisor. This is most likely due to

a lack of time, professional experience or training to

answer these questions or to direct the student to he

proper source./ Sometimes it may be due to a plain lack of

interest on the part of the paraprofessional:.

In this study, the TI closed lab was supervined by

a regular classroom instructor with many years of teaching

experiencle and professional tr:Ming. Even though the

materials used in the TI lab were not nearly as well organ-

ized or complete as the PI lab 'and even though the students

had to attend Saturday classes Chemistry classes are not

usually taught-kon Saturday. for the TI closed lab, t ey

preferred the TI closed lab-about three-to-two.- This iS

significant and points to a problem that has ee- suspected

to exist at CPCC in lab courses since the present syster,

has been in operati:on--th6 problem of paraprofessional-

teaching the lab portion of the course.
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lt is believed thai, students 'iuiil d have preferred

the PI open lab if the classroom instructor Iwo been super-

vising the PI la,b duriwr the study. The study was not

'designed to have the clatJsroom teacher supervise the PI lab

bccrluse:

1. The course is not normally tau0t with the classroom

teacher supervising and teachiwi, the lab and there

was need to test the present -system.

2. There was not adequate lab space to complete he

study using two labs.

If the results of this study are valid and reliable,

one can assUme that students of general chemistry at CPCC

prefer PT to TT when lsed in the manner described in the

study. If students prefer PLto TT and if they achieve justu

as much (In many cases at a faster pace) , then an obvious

suggestion is to continue the'use and development of programmed
1

instruction in ffnieral chemistry at CPCC.

This is a viant step in the evaluation of,..educational

methodoloLv.and should lead to better learnitig. The wider

use of PT in the general chemistry course should not only

fulfill the student's choice of method but it should relir,ve

the classroom teacher from the sometimes monotonous task of

teaching the.same old basic principles and conceptS--basic
,

old, but, riovorLheloss. important. 'Ideally, Ahis irstruc+or

release time sliol aliow, for much :better overall teaching.

The classroom instruc-bur wood be free to advise and counsel

aTid use more jalivIduaa di,aghoses in hls -heachir4 of cherrias:tr
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The instructor should have much greater time to revise,
dovelop, up-date and evaluate material used in the course.

The instructor An Ti daus not usually have this
time because he spends a large perce_t of, his working day
delivering information in person. In PI the amount of
"delivery ti should bo Much loss. The following graphs
compare the estimated percent of time spent on various
duties 'hen utilizing TI and PI.

fi

151



P14

60%

time 'spent dalivery
information

25% tire spent on
student evaluations

GRAPH R

50% time spent
up-dating materials and

teach ng skills, evaluating
material, mot-hods and planning, etc.

25% time-spent on
studnt evaluation

PI Pie

Less than 25% time spent
on delivering information
to students, mostly on ap
individual
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Fl and TI , as described here, would b- similar tothe PI and TI

demonstrated in t is study. One
sivnificantdiff rence in the

two graphs
the time spent deliveringinformation. Again, it should be emphasized t at hes areestimated percentages.

Is this a t-ue
reflection of whatA--,- oecu---71 atCPCC? The answer this most critical question is es and

no. While in the
doielopmental .,tage of PI, some instxuctor-elease time was made

available. ThIs relcaSe time was re-duced
substantially as the

development continued and -agradually dropped
completely., Today (1976) there is very.little release time for

development of new
material-or forany uses as provieusly- de cribed. What has
happened- is th-t-paraprofessional personnel have been hired to replace thecla s_oom insruotor in the

chemIstry lab. Now instead,ofthe instructor havinq t
"release time'for the Oriticailyimportant duties such as student

advising and diagnoqevelopment and revis _n of existing programmed materials,the instructor is assi led a ilea- r classroom
tea'6hir load,Working under these conditions tie classroom instructor hasless time available for revision of teaching material andindividual student contact tha= under the previous system.He is now spendIng just as much time delivering in-for ion as before (sometimes up to four or five
differentc ours

Under the present system, the classroom instructordoes not teach any lab classes and, therefore, has much le.opportunity for student contact in lab. The present

15 0
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system has, in effect, taken the classroom teacher away

from the -Ludent!

Chemistry is pr-se tly and has always been an experi-

mental s-ience, meaning th:_t the actual test f che istry

problems and their Tinal'solutions occurs in the lab.

Practically all chemicril laws have been proven in Lhe lab.,

The chemistry lab is one major

and the non- _ion

focence between the sciences

This difference should be used to

motivate stIdents rather than turn them off. The lab

place where st:dents dove], ma ipulatie skills and teCh-

niques. It puts TnphasI-- on Lhe essential intellec"ual

9kills of science such as observ tion, organization and the
interpreation of data.

If, most of the important chemical facts, e9:tion--

'ships, concepts, piinciples and laws have been discovered

in the lab and r=,. e tested and rediscoveied by chemis try

students obviou ly the chemistry lab hould-be tie heart of

a basic chemistry cour

the teaching and

paraprofe sional?

One of he

administrators and

If this is true, then why should

st ervision of labs be relegaLed to a

"sales pitches" used by community college

faculty hw, been tha-_ "We are deeply con-

corned that students,achieve and in the community college

d n't relinquish the teaching of our basic cola'. ses to

xperienced graduate students, as the l _ge university

does." Today, for economics and other reaisons, som

munity colleg have r- laced the professional with the
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paraprofessional in very critical areas of teaching. Thus,

we are guilty of the same 'error: as the university i n pii cing

our potential in the hands of an edueati_nj novice.

Eyidently, the sLudents in this'study may have recog-

nized this problem as indicated in their choice of the closed
A

ichomTstry lab.

In retrospect, during the innovative revolution that

has taken place at CPCC, many mistakes have -been made by both/

the faculty and administrators. However, in the opinion of

the -q-iter, there is much better teaching and learning talang

place in chemistry at CPCC in 1976 than there was in 1971.

Recommendations

In consideration of the results and conclusions of

the study, 'the following recommendations are made.

1. That the development and use of programmed material

be continued and extended to include the entire

general chemistry course.

2. That within.the limits of economic feasibility,

students fAlould be.given the option-of programmed

. instruction or traditional instruction in-chemistry

at CPCC.

3. That the general chemistry lab be changed from a

c,..Tletely open lab to a semi-closed lab. In this

sysi,em studelltS and the classroom insiruetor would

meet in a closed,lab for approximately t o-thirds -of

the time required to complete the entire experiments.
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Duri q this time, and teacher cou]d

solve any problemsand conside- all questi oris. After

this closed seeticAl, the lab co ld th n be opened

for a specified 1 riod of time for completion of

the lab assignment and for repeating al y needed

work. D ring the closed lab, assigned teaching

load 'on the basis of one lab hour berng equal to one

classroo_ h'ur would be maintainer g the open-

lab period, the lab sup rvision could be handled

successfully by a paraprofes

That further investigation be made to determine what

relationships exist bet een such things as ag

personAity traits, professional ambition and achieve-

ment by Ti and PI. (:\

That further invest igat ion be made to dote: nine what

effect PI has on the success Of students in higher

level chemistry co rses anc1, later, in their pro-:

fessions.

That the administration make full ue of the instructor

"release time concep -" presented in the discussion

section of Chapter 6--not Only.give release time for

the development of new coIrse maLarial but allow

teaching credit-for the continual revision and up-

dating needed for PI i Good aab experiments shOuld

b- changed at least every t o years! If this is not

done, the programmed instruction .may bec me anti-'

plated in a short period of time
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That the, admini:Aration and faculty sh6u1 d develop

both morit pay and professional incentive progrkims

to promote the coAtinued dovelopment of good in-

struetional materlal,.

6

6
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