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Programmed instructicnxwas@déyelcpeﬂ in chenistry at
Central Piedmont Gﬁmmunityeéailege (CPCC) 2as a part of a school-
wide lﬁgtTUCtLQEEl revalutlcn beginning about 1971, This de-
;Elapmdﬁt took Dlace with 1little Dbgect1Vﬁ evaluatlén either in
the area of chemistry or on' a school-wide basis, §SDmé of the
professional staff at CPCC felt that student achiévement vas
less when programmed instfuctiog’wé% used and that students
\; _prefgrréd the tréditioﬁal methods of ‘instruction if given a
chmicéi thers an the staff felt that programmed- 1nstruat10n
\PI) was superior t@ traditional ln truct;gn (II) and th&t
students much preferred the newer method, -
. This study was cchducted to. determingawhich of the
two methods was the nmost effective in terms.of thé féllawihg
(1) By whlch method w111 the chem;etry student prefer to be
taught, (2) By which method will chemistry gtugﬂﬂta ach;eve
the most (3) By whlch methad will a hlgh reading level che-
mistry Sbudent aehleva the: most, znd (4) By which method w1ll ,
= ' a low readlﬂg 1eve1 chemis%%y student achleve the<;QqE. .
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One t-test was used to determine if the difference
= ; - N =

“in the moan géfn scores for the two methods was .significant.
It was found _that there was no sigﬂificant'd;ffefencé:in
achievement in the tﬁo methods at the Digl 1ev§1; chever;
at the 0.10 level, PI achievement was Significaﬁtly greater
on two of the éight units. Achievement by TI was ﬂDt‘éigﬂi*

ficantly greater than PI on any of the units at the 0.10

level.

]

When sﬁudegts were asked éirectly the method by which -

they preferred to be %§ught,(PI vias highly preferred to TI
on four of the five modules covered in the etudy. OChi-square
aﬁalysis of rating Scaies indicates a siighi preferEﬂge for
PI. A most significant finding 4in the Sfucly\ wasfhgt students
preferred TI on the one module involving a gléged lab situa-
iioﬁ under supervisiaﬂ of thé classroom teacher.

~ The t-test was run on the overall gainiscares for the
high reading group both for P and TI. The resvlts indicated

ignificanl difference in achievement. The

m

there was no
- v | o o | : | B
t-test was run on the overall gain scores for the low reading

group on PI and TI. The results indicated no significani
‘ difference&in achiévgment;
| Recommendations were made to continue further develop-
ment of, PI for both classroom and lab but to convart the Qﬁen
; ! chémistry lab to a semiclosed.?lab, taught and supervised by

the classroom teacher.
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" Chapter I
BACKGROUND AND STATEMENT OF THE PROBLEM

INTRODUCTION

Many changes have Qccurréd in the field of educu

tion in the liﬁt decade Two ol these have had a proncunced

2
¢ {

effect on the g@mmunlty college and, especially, the educa-

tional approach at Central Plédmont C@mmunity College (CPCC).

‘Firstly, there has been an increase in the Varlety and depth

L.

of learning due to the "knawi&dﬂe exp1;51om" . Secandly. o
there is a greater acceptance of 1eafn1ng as a 11felgﬂg pro—
cess rather than a ierminal one, Thlrdlyu eduCatcrs under— K
stand better and are more aware of individual dlffEféﬁGES-;
among lC%rﬂErE and recognize thganged for diverse m?thods Qf
instruction. | | & ‘ !xv - EZS'
GPCC has Eeen keanlﬁiawargfcf These c@aﬁging needs
and, by fhe:summerzéf 1971, E-treméédGUS movement:was under=

way at th <college to develcp'programmed instructional

-~ materials or techniques in all areas of instruction. MTo°

pf@mate this, the 1hetructlonal staff was” granted 1eave t;melg

to attend uorkghcpg and canferencas and té participate 1n

;Eit2ﬂ81Vé training in’ the art of dEVElGPng programmed in- -

Structlan This mgvemEﬁt was further suppcrted by @n campus

WDfﬁghDPa, concerned w;t?*the wrltlng of gpeglflc hehav1cral

pe—— . 7! R
« 7 i



{ . .
‘objegtives and the other aspects of develcping programned

instruction. Dur¢nﬁ the initial stages of the dEVélopment

of programmed 1haifuctléﬂ much 1ngtructor raleage time was
G .

-évailable but the amount Df time was decreased substantially
following the initial work with the new methods of instrue-

"tionq To suppart and to maintain thé development of pro-

grammed 1hstruct10n. prcfess;@nally= ained pergonnel w%ré

hired to aid the individual insiructignal staff«membefskin

. ) ; /
. their efforts. Again, thi% was a school- -wide mavementfsn

Wnlch a welding instructor was ~Just as likely to be wrltlng
learnlng abgectlves as the college transfer 1nstructor.f An
indication of the basic schoal phlloscphy underlylﬁg this
1nnavat1ve 1nﬁtruct10ﬂd1 m@vement is well 111ustrated 1n the
stated Qchogl philosophy as adoptéd by the Board of Trustees
and gxpreésed in the college catalog (CPCG.General_Gatalcg,7
pp. 6-7).

The College is aware that-'the 1mplementat1on of

lhese objectives in an open door admission environment
will bring to its campus students who differ greatly in
age, motivation, and. purp@se as well as educational and
personal baekground. ' The challenge of educating these
students cannot be mét with traditional. methods of in-

. struction alone. ‘In recognition of this face¢ the fol-
lowing policy statement has been adopted by the’ Trustees
af the College: _ . : J

"Centra Pledmcnt Community, Callege is commltted to
the conceptithat given enough time, most students can
accomplish any learning task. This ‘is based on the
concept that students basically differ in their rates of
learning rather than ‘their ability to learn. o

This comhitment carried with it a resolve that the College
must have as a major objective the praVlﬂlén of ample
opportunities for students to learn at varying rates.
It also implies a belief in the concepts of 1nd1v1duallzed
.control of the rate of learning." A



The Trustees and staff of the College are dedicated to
" the task of creating ‘the environment for learning which
. isidefiﬁéd in the above rstatements of philosophy,

objectives and policy.. : o

¢ .. Purther insight iﬁto‘%ﬁe philosophy of the school

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

Stated qﬁith2eC?GG Application” for Employment form....

CPCC is dedicated to good teaching as a primary goal.
All nmestbers of the faculty and staff contribute to this
goal. Each faculty member, as an integral part of thet
team, is expected to feel an interest in and demonstrate
enthusiasm for ‘all aspects of the college program--not
merely. that of his/her own department or discipline.
€PCC stresses a results-oriented approach based upon °*
specific behavioral objectives for each staff] position.
e This is at the heart of the College's emphasis upon

.~ accountability and cost effectiveness.

b ‘

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

CPCC believes thatzlearg;ﬁg is morg than accumulation
of facts. Opportunities for’ a student to meet with
: ’ teachers on a one~to-one or small group basis are impor-

v ’ tant in the learning gprocess. To make these opportunities
possible, CPCC expec%g its faculty members to be on
campus and available to students throughout the daily
viork period as .agreed upon with the appropriate depart-
ment head. . :

i

. ) : . @
CPCC is a “people-centered" institution dedicated to
serving” its constituency, to fairness in inter-personal
relations and to nondiscrimination on matters of race) ’
age, religion, nationdl origin, colori—sex and, other
factors unrelated to helping students achieve objectives.
: \ Organizationally, the College delegates the authority
; and responsibility for decision-making and policy-~ ‘
implementation to those persons,closest to the problem.
The department. head, cénsequently, is an administrator
not a Taculty member who presides at departmental
meetings. The outcomes of the teaching-learning process
b ’ as defined by the department within the objectives and
. the philosophical framework of Central Piedmont Com-
N munity College are the responsibility of the members -of
the department and the depariment head. o

L1 H = . 4 1 . -
. s -
.
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@

'CPCC. efforts to qghleve its bbgectlvE% rcqu1 e dedi-
cation on the part of all--everyone on the team.
these expressions of philosophy and beliefs do not agree
with those you hold, it would be in.your best interest,
) as well as that of CPCC to seek employment in an 1n5t1§
b jtutlcﬁ that has a Phlloscphy and beliefs atuned to those
“you hold. (CPCC Application for Employment, pp 1-2)

dbv;ﬂuély. the administrative gtaff -that was respana
glble for policy aéttlng at CPCC ln con31derat10n Df the |
sprapertles of the 1earner and the potential lEarner felt
thaﬁ new methods of lnstruction were needed for the "new
kinds" Dfistudents énterlng the OPEﬁ doors of the college.
The ccnv1ct1@n that new methods were needed led ultimately

&

ta%%he 1nncvat1ve 1netructlcnal mavement. UpQﬁ éxamlnatlcn Df

r‘

" the pr0pertles of the typlcal CPCC gtudent and camparlson w1th

a typlcal non- c@mmunlty college student, 1t w111 be found bhat

a very. strlklng ccntragt ex1sts between the tw@ This Dbserﬁz

vation lends Support‘t@ the aééision'tﬁSt a need exists for""

the reéﬁaluatiaﬁ of thé'traditional'médes qf teaching ihé%his

cammunityicgllégéi‘ '

o 5 A 1écalvétudy completed by Kirﬁy (1974%) an:the
"Learning interest of the Adult in Iecklenburg County" pro-
vides game insight 1nto the type of adult utudent and potens

SR tial édult student at CPCC. A concise summary: af some of
the most signifiéant findings of theisurfey are inéluded

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

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

3. Interest in learning is present in all social and
‘ economic strata of the county population and focuses
more atrangly on vncatlcnal subjects.

Ed
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. CONTEXT OF THE PRDBLEM

5
[l

ﬁ4-“A&e1te are most 1ntereeied in learning simply for
*  the sake of knevledge—qeeeenderlly, they are inter-

NN sted in learning as' a means for achieving personal,
—1\'Prln21pelly vocational, goals.
[ 4

5. ~Mgst adults still prefer the ‘familiar 1eeture and
- ckassroom modes of instruction and see the community
college or technical institute as the preferred loca-
tion for learning. C

L .
a

6. .Most adults would like to reeeive some ferm of formal
recognition for learning achievement and would most
prefer that such recognition be eemmuﬁlceted te them=
‘selves, theilr family or frlende

7. Time, eoet and the pressure of home and job respon-
gibilities are the greatest ebeteelee to continued
1eern1ng for adults.

8. The averege adult 1eernef spent about four hours per
week in learning activity for a period of fiwe :
months, probably did or will complete: :the course and
financed the instruction from his own or family funds.
(Xirby, 1974%, pp. 13-14). o

i
\t

Fer the pae% flve years, the, wrlter has been 1nve1ved

A-exteneively in develepiﬂg programmed ;ﬁetruetieﬁ (PI) in °

chemistry at GPCC Due to a constraint of time and ve;ieﬁe

other probleme, this development was eerried out w1th 11tt1e

obgeet;ve eomperétlve evaluation w1th traditional 1netruea.
tion (TI)--the meihed it has’ pertlelly repleeed The need
for a eomperetlve etudy of tredltlenel 1netruetlon (TI) w1thb
the new instructional’ eppreeeh (PI) used in general chemistry
e? GentreigPiedment Gemmunify Ceiiege was obviege; |

. Numerous studies have been made comparing tradi-
tional inetrue%ien (TI) and programmed iﬂetreetien (PI)_but

few have been conducted in the field of ehemietry in the

‘eommuﬁity'eollege; Each institution, and more particularly,

¢ R
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each c@mmunlty ccllege has its own unique educatlanal

=

EhvlrﬂnmEﬂt and a ﬁEEd-E?lStg for evaluation of instruction

in each institution. This need. is paramount if the 1n%t1tu§

tlon is to chaase “the most effective 1ngtructlanal methgds
to serve its siudEﬁts
The overall need for improved ins tructlan in the

7
fléld of chemlstry ls‘ghown by the low percentage of Student

success in practically all levels of education in chemistry -

from high schg@lﬂiﬁrauéh four years of college. For example,
Berchin (1972) found' that only fartysfivé perc&nt of -the

students uccesgfully ccmpleted the general chemlgtry pres

i paratory Eauree (Chemlstry 51) at Sacramento Clty Cgllege,

=

whlle a respectable seventy=hwa percent of the students

'enralled in the COHVEﬁtlDﬂal general college chemlstry class .

(Chémlﬁtly 101) for science and LnglﬂEErlﬁE student cmm—
pleted the course successfully at Meramec Cemmunlty Gallege

in Sf_ Louis. The success rate in the first quarber of

is about 51x%y percent - sixty percent of those wh? Stéft;d@
abtaln credlt by the end cf the quaru Some of thqée wh?l
de not complete the course do so the f@llowing quartér;
This percentage is a little higher than the corresponding
math course (Math 1504) and less than the percentages in
other -areds, such as the social scdiences. | )
Chemistry has long been a basic subjeFt needed ia:
many professions and lechnologies, andgchemistfy ééufses'

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

17
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in such fields as medicine, pharmacology, etc.- EagylcgurSes
have been used for this purpose but ‘it -appears that the

difficulty encauﬁtered_iﬁ the ledrning of chemistry make it .

one of the most desirable..

B

Haight’ (1976) strongly implies that a need existsfor’
. -4 ) . )
the Dv8f311 evaluation of aducatiéﬁal methods af-teachiﬁg
chemlstry in 11ght Df the (1) 1nﬁreaggd volume and Saphlstls

cation of kn@wledge in the field, (2) the exgans;cnzzfxihe

Jgtudent papulatlan.lﬁéludlnﬁ ‘the legs wellaprepared chemlgtry
. student, (3) the.development af_ieghnigal aids to teaehing

and learning, and (&) the atfeﬁpt to define sfuéén% gcals

and limited objectives (pp. 5-6).

One of the major ff@blems in.chemistry education .

[

- appears to lie at the introductory level and not with more

advanced courses. A- recent study at the Unlver51ty -of

]

Illlnglﬂ-fcund no gunlar level chemlatry maaars who ranked
below the nlnety—flfth percgntlle in h;s/her high schacl
class (Haighf—>19?6). Students with this kind of ability

appear to da well on any level of chemlstry and, most llkely,

b

in any gubgect area. - _ ) © . _;“ S L

George Hammond, recipient of the'ig?é Américgn Che-
mical Scciétj‘s;Priestly Médal (fhé higheét honor in American:

Chemlstry) crltlglzed the flelﬂ of chémlstry as being "hlghly

-~

canﬁervat¢ve" and chemical research as b21ng "frequently

répet;tlve and stylized game piay;ng, with élEEEﬁGE evalua'-

ated more highly than innovation.". He pragected ‘that chc=
' /

mistry mlght disappear as a‘s@paraie dlSGlpllﬂE; Hammonﬂ

18
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descrlbes ahemlstry educatlcn as tae lnflexlble, céh serva-
th% and having too little varlety (Et,%j:lize:t?;',3,9!‘?5,i P- 28);
VBasgd gp@nicansidérablé tea?hing experience in.math
and séiaﬁcé (general science, biolbgy, ?hysics and chemigtry)
at varlcus 1evels of educaf1@n—=junlor hlgh senlgr high,
fcuf year callege and U. S Army Slgﬂal Carp——ihe guthar can
state Y}thcuﬁ reservation that chemlstry is one of the mcst
dlfflcult of these sciences for the student tc learn an& thé

teacher to teach. It appears that lmprpvad instruction is |

s -‘much or more in chemistry than any athértiield of "

science. \Constant instructional evaluation is needed in

teaching o recagnlze, identify, and Salve teachlng and
1earn1ng problem - This is especlally»true_igr new in-

structicnal approaches.
CLASSIFICATION OF TRADITIQNAL,INSTRUGTIDN (TI)

AND PROGRAMMED INSTRUCTION (PI)

Studies. of thls type would best begin w1th a recog-

nition and definition Df»fhrEE'tyPés of Prégﬁamméd matériali

aﬁd three bypes éf 1ecture classes—i They are classified as .

(l) non- adaptlve (NA). materlal (2) partlally adaptive (PA)_

materlaj and (3) totally adaptlve (TA) material. ' An 111us—

tratlan of these types of‘categarles ;3 shown in ‘the fellgw=

1ng diagram:

19
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CATEGORIES OF PI AND TI © g
. : . ‘;}f

e

PI |. . i

(1) Nﬂnzéﬂaﬁtivg,ﬁt@grammédWmatérialganémlggtgtg,matérialvéﬂ

£

does not permit the deviation.of presentation based
on iﬂdiviauali1earﬁingdchafacterisﬁics;J Each stu~
dent is present?é idéntiéal materials. stépsi | |
frames, ggg;; iﬁ!dependéﬁﬁ and sequential order.
There is no proéraﬁ?sréléarﬁing-ma%eriél adjusfment
made for iﬁdividgal differéﬁces in 1éarning:cnafac:
teristics at levels a s%ﬁaéﬁtiwiii need. Thé!ﬂéng i
édaptive lecturer tégches subjeét ﬁattér, not

students, discourages questions, is overly‘éancernédi‘l'
with covering spééiiiéa matérialvin axlimifed-fime,

is orderly to a fault, arrives and leaves punctually,
has 1ittléécr no @uteéfﬁélasg time for student confer-
)énces. and is subject oriented. T&picai common

remarks from students e#pcsed to this type of in-
s?fuctian includes: a) goes téoFfast..b) expects

all of us %c be as‘interested in the subject as he

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

, | 20 .




- (2)

-
L]

e) uﬁinteresting,'f) boring, and g) "he knows the

subject but can't teach it".

- . ) . & 7 ) . ] .‘:7
Eartially Ada@tiv%jﬁrogrammed,matgglal permits the

presenfstlcn of selected matarlal based on student B

questlans and/or" responses tc prev1au31y pregented

'7 information. The quality range of these types of

materials varies widely and is depeﬁdenﬁ upon the
knowledge and skill of the authcr and @f his aware-

ness of the characterlstlcs of the target group.

' Con51derable success has been cbtalned at Central

‘Piedmont Community Callege (1n the area of chemistry) -

by the utilization Df partlally adaptlve material.'

The 1ﬁgred;ente for success appear tD be a spec;i;c;

definition af the 1earn1ﬁg task, awarenesg of " areas

or c@ncepts whlch offer dlfflculty fgr the 1eainer,
and knowledge of the learning characteristics of
the student 3ady. Typical comments from- students-
exposed to this type of. lnstructloﬂ ‘include: 'a)h
good, b) I 1like it, ¢) I can Prcceed at my own. rate,
d)ifeview is eas y, e) no dlffleulty in determining
what is 1mpartant and f) Nno one kncws how well I am

dalng, except me.

Partially adaptive lectures are sensitive to indivi-

.dual differences but éperate within a time frame

which inhibits té%al individualized attention, As a
result, many questions gaiunansweréd. Individual
conferences are encouraged but, with 1arge classes,

B
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are limited to short question and answgr!periéés(in
‘most cases; Student CDmm%ﬁtsmeSt.théﬁifélaﬁed to
this type of iﬂsffucficg iﬂéIﬁdE? (a) good instructor,
(b) goes too fast fcr me, .because I learn slower than
”chers, (e) T ghauld have taken a more elementary
, course, (d) I -am spending ‘an awful lot of time Qﬂl;

o . }th&wark. (e) I seem always to be ten éays behind,

(f)w%hé exam grade d@es not reflect whatET kﬁ@w, and

(3) Tatallv Adaptlve programmed materlal adapts c@ma
| pletely tc the lndlv;dual learn ing characterlstlcs in
terms .of method of @reaénfat’ on, t;mg Qf presentatlan,

.aﬂd the detalls of explaﬂatlcn_ »The jéeal tetally;‘r

- aadaptlve-system'has ngc yét_been designed and/or
Xﬁut into practice- - CAI, iﬁterac‘gye télévisian ’
caupled with a dial —-access and computer are Eystems
that @ffer much JAnore Prcmlse in this area.

A tctallv adaptlve 1eeture exists Prlmarlly in a,

§

tutor sygtem involving instructor and one student
 (McIntosh, 1971). | ‘o
Both the I and T1 used in this study fall into the
class of’ partlally adaptlve material and this should be
understood in aﬁy future refe:ence to PT and TI in ‘this’

study. |, .
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arise frcm various camparatlve studies of TI dnd\Pl are a
regult of tpe failure to regcgﬁlze thé\ﬂ823381t¥ﬁfar like
cémpari%éns within the catégories.éf ciassifiéation. It is
pcssible to compare one section of a course taught by the
(§S$called lecture- tradltlaﬂal method with apather, pragraﬂmed
section of the same course and find thai ﬁhe tradltlanal )
Eec‘tlan was baugh‘t in a highly adaptlve fashlan; even in-
cluding partlally pragrammed 1nstructlan - In Dther wards, a
’tradl‘tl@nal t}l!?ag, can 1nclude hlghly adaptlve prggrammad
instruction in the lecture. - The highly adaptlve lecture ;s
the excépticﬁ raiherlthan-thé rule, however. Gn the other
Hand, it is poszible to have fhe-ather extréﬁe. Whérébj tﬁeé
tradltlanal instruction is taﬁally non- adaptlve w;th the |
pragrammed sactlcrﬁbe_lng highly adaptlve ‘tD the 1earner' s
needs. . Thege type of stu@;es demaﬁd that the metﬁ@ds cf
_irét;uctlcn be well défined=if the results are_tg ba valid.
An éﬁamihatigﬁ'cf therprbgraﬁm?d ins%fuctidﬁ iﬁcluéed.révéals
For eaample, the "what you shguld know now'" sectlan ‘and the
%Aetest; illustrate a conﬂlderatlen far 1nd1v1dual dli‘fer—
eﬁcés Df thé,learners- >

STATEMENT OF THF PRDBLEM

The Ma3ar Applied Reqearch Progect (MARP) study

attempted to determine:
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1. Whlch cf the two methcds of 1ﬂstrUCt1Qﬂ (PI Dg TI)
will result in greater achievement by géneral college;
chemlstry students at Central Piedment Coﬁmuﬁlty .
Cgllege _

2. By which of the two methods of instruction will fﬁe
Central Pledmont Cammunlty Callege chemlgtry‘student

( AY

! 3. Whlch of the two methaés’af instruction ﬁill fesglt“
.in;greater achievement by GEﬁtral Piedmont Ccmmuﬁity
chem;stry students of hlgh readlng ablllty
L. Which of ‘the two methods of 1nstruct1an will result.
in greater achlevement,by Céntral Piedmont Commnunity

College students of low reading ability.

PURPOSE OF THE STUDY

The purpose Gf*this study was to'de%ermiﬂe the
effectlveness of prcﬁrammed lﬂstructlcn in chenistry at CPCC
‘as compared to the conventional methods. A% prevléusly
- stated, CPCC had ccﬂmltted 1tseli ta the cancept that mast

A
tudents can learn dﬂd that faculty member should anestlgafe

alternative methads of instruction in search of imﬁroved
teachiﬁg'ané 1gafning techﬂiéuas to meet:the chaﬁging needs
of the chplex student body of the college.

One of thé earliest programs %o be initiated on
campus was the Audio-tutorial (A,T.) individualized lab

program in biology wr:tten by Postlewait at Purdie Universily.

The program met with much student-instructor enthusiasn,

24
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The A-T" program in biology vias folldwed.by'fhefdﬂ—campus
déVélopment of individualized prdgraﬁmed instruction in
biology, bu51ﬁesg. auto- mechanics, chemistry, ete. HMuch of

the early dEVEldpmental work in chemistry was carried out

‘infa "highly rushed fashion" with the typical neaphyte mis-—

takes b81ng made. Due to the lack of classraam aﬁd lab

iSPace, once a ccmmitment was made to prdduce prcgrammed

instruction for one class, it was difficult nct to 1nvalve
the other classes w1th1n the same classroom and labs. It o
was fdund tﬁ%t once prdgrammgd ins tructlan.was develapddvfdr
a FDTtiDﬁ of the course, many students déméﬂded*and expected
prdgrammed inatruction for the entire course. M@gt Gf the
1ﬂstruct1dnal develcpmént was campleted w1thdut releagg time
from normal teaching duties, rquiripggihé sacrifice af mudh
of the instructor's free time at héme'as_wellras at school.
Thud; the situation as described left no time farrdbsedti%e
comparative evaluation. 'I% wvas believed Ey'manﬁgdf the,”
faculty members andlqtudentg that programmed iﬂstrucfidn
was somewhat superior tc traditional instruction but 11tile

obgective evidence was gathered to suppdrt this belief ‘An

instruction, in addition to favorable student evaluaticn in

- most cases, indicated that programmed instruction was,

. apparently, at least equal tD!GGHV%ﬂtiQﬂél.iﬁgtfuctiDﬁ,iﬂ‘

LI

student achievement and student respanse. As a result, the
prcf8551dnal staff of CPCC was upenddng a tremenddua amount

of enérgy in ‘the developnment of new methods of instruction

" . 2 2-3



in several areas of “the institution with 1little scientific
0 evaluation of -the methods. The faculty members were en-
couraged to develop and implément new methods of "instruction
. but little éff@ft was made to encourége evaluétiéﬁ of -
adopted methods. In consideration of this, it was felt
that a "real nced" existed for this éamparétive study,iﬁ

. chemistry.

20
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Chapter 2
REVIRW OF RETLATED TLITTERATURE

For organizational purposes this review of related’
ié%ér51Ufe is divided into three parts, cach dealing primarily
with comparative studies of TI and PI in vafngS arcas 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 eiéept chemistry, and the third part,

with studies of PI and TI in the area of chemistry. Various
aspects of PI and TI will be>ccnsiééréi such as cost, adapt-
ability to different aréaglcf education, sfudenf and teacher
preference_ané efféctiVEﬂess as determined by compariséng éf
S%udéﬁt achievement.

For the purpose of the review of literature, thé
lelowing_tEfms are def%ﬂed; Traditional Instruction (11) i%
teaching in the typical fashion witﬁ closed classr@oi, students
and 4 teacher. This type may be referred to as classical or

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

£

fied.period of time and may involve lecture, discussion and/or
" question-answer techniques. Programmed Instruction (PI) is:

>4, : . . ¥
teaching and learning in which the instructor may or may not
be present in person during the learning activity. PI may
= = . = = 5\, - - 2 = = N ",:
involve use of various dellyery systems and will usually in-

clude learning objectives, détailed learning sféﬁs. frequent

16
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review and testing. PI 1s also deféﬂed as using all or part

of Audio-Tutor ial (AT), Computer Aésis%éd Instruction (CAI),

Gam%uter Managed Instruction (CMI), the Keller %1an (psT),

the Systems Approach to the Instructional Process (SAIP),:

COOIdlﬂade Instructional Systems (CIS), Individually Preﬂ ;

&C;lb&d Instruction (IPI) or Learning Systems Approach (LSA).
In some‘iﬂgtancasi in this review of literature,

considered to be ilypical of a particular

g
I
L
r«i,«
m
|-
=
]
ot
-
s
.
i
W

methodology or containing valid data related to the proposed
hypofhesgs, are described in-detail. These examples were
included intentionally to give the reader a more -thorough

insight into the general nature of the problem.

PI and TI in General Education

Sutherland (1975) c@mpleted an evaluation of indivi-
dualized instructicen for evening and part- lee students in
business admlnl tration. The study was part of a program
initiated by the BusinessﬁDéparfment of E1 Paso Community
Collége to improve the curriculum for the part-time students -
whiéh vere selectedgfﬁam a student body of about 70% Meiicans
.ierican. Moct students in the group had learning handicaps
due to poor secondary eéucatiaﬁ. The study involved the ﬁsé
af'iﬁdividualigéﬂ instructional packets for the "Introduction
to Business" course. | | |

P Three (3) sections of evening students, having the
same instructor and including identicai learning gbjectiveg
for all sections, were studied. -

-
2

28
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With-@ne section (I), an individualized instructional
unit was used; witlth another (II),‘ihE lecture melnod was
employed and with the remaining section (III), the lecture
method was used with students given éptiOﬂal use of the

programmed unit as a classroom supplement. From results of the

study, bésea upon achievement tests, it was f@uﬂd‘that the
section given optional use of programmed material to sﬁppleg
ment the lecture method scored éigﬁificantly higher thén the
other two Secticns.g No sigﬁificaﬁt difference was foﬁﬂd be -
tween the other twc.geztions- The small number Of‘StuﬂEﬂtS
(20) that utilized the optional material in the third éecﬁioﬁ
maﬂelthe résults of that ﬁaft of the study qumsfionablé!

Conroy (1971) completed a study of the gffects of age
and sex upon achievement in PI and CI in remedial Algebra Ifat'
a Northern Virgihia Community College. An analysis of the .
equality 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 Qgﬁifound to be signi-
1ficant in acﬁievément and, when sex and age were-held con- -
stant, no significant difference resulted from the-use éf
programmed instruction versus conventional instruction. The
:reéearcher suggested that further studies of the relationship
of age and sex to achlevement be maée and ‘that PI and CI be
utilized to maximize student achievement.

Giese and Stockdale (1966) compared the effectiveness”
of programmed and EOﬂveniiohal workbook methods of teaching

- grammar, sentence structure, punctuation, and capitalization

-
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in a Junior ébllgge. Two taachefs participated in the experi-
ment with each teaching the PI and workbook sections. The
. researcher found no significant differences ém@ng the treat-
ment:groups and concluded that reTQdial English courses could
be taugh¥ as EfféﬂtiVEly-by PI as by tﬁe conventional method.
White (1970) completed a study in which the effect-
iveness of an individual sfudy appréach to Associate Degree
Nursing at El Centro Community College in Dallas, Texas was
evaluaﬁed: The purpose of this study was to deterﬁina whether
individualizatibn of instruction would enhance learning and
help solve probléms of crowded student schedules, hetero-
genous ability of students and inexperienced instructors.
One, hundred and ten (110) freshman and sophomore students
comprised two control groups which received TI and tvo expe%is
mental groups which receivéd taﬁéd lectures and small group
seminars. Achievsient was measured and no significant dif-
ference waé fduhd to exist between the two gfaups_’ Recom-

mendations were made that this individualized approach be

lab be constructed irwluding carrels, tape players, and other

A.V, equipment. \

The question arising for p@ssible consideration con-
cerﬁing this study is "Upon what basis daes‘the‘researéhér
refer to this method of instruction as individualized instruc-
ti@n?" Actually, tﬁe lecture may have been more highly
individualized than the taped material. This_is an excellent

example of the confusion concerning classification of

30



iggfructianai methods Téferréd to in the introductory
chapter. |

The sﬁart'aﬁd long-range learning that takes pléce
in TI and PI is examined in a study by Packard (1967). 1In
the fall of 1964, prospective stuﬂénts at the University of
Minnesota were assigned to groups for a fwaaday Q:ientaticn
unit. The purpose of this orientation was to familiarize
the student with general aépects of the Uﬁivérsity. The
experimental group réceived the” content from PI. The con-
trol group received the same information by TI. The PI group
performed significantly higher on an immediate post-test.
There was no significant difference between the -two groups
@n'thei§=evaluation of the method of instruction used. One’
month following the session, a retest of student knowledge. ;
about the University showed that no significant difference

. .

existed between the two groups. The lecture group Subﬁecis;‘
were‘juégéd to be better pfepared for régistraticn'sincevmﬁre
members of this group completed the prescribed test as sche-
duled. The fegéaféher recommended the use of both PI-and TI

. -
in future orientation procedures.

An example bf the apparent superiority of PI in
teaching stﬁdants how to use the dictionary ié shown by
Stockdéle (1957). In one section of a_reéding and vocabulary
development course in a Junior College, students vere given
PI vwhile in another gectiéﬁ, subjects were taught in the |
Hcdﬁventionéllway, In four of the eleven test scores §f the

experimental groups, PI exceeded the-caﬁtr@l group significantly.

31




The c@nventidpal gr@upvdid better on Dnly,aneeaf’tha tests.
There was no significanf difference between the two groups
in six of ‘the tests. As a resultkaf this study, PI was
accepted as the method of teaching use of the dictionary at
, R

Brinkman (1966) explained the possibility of usiﬁg
gpécially desigﬁed PI to teach the visuélizatian of spage
relations. An approximately 500 itém program was presented
to tWEﬁtysseven eighthigrade_students and compared with a
matched control group who received only the pre-test g%d;
pDStPfES% while being taught by TI in the math class. The
results indicated that vae .subjects in PI sc@reé signifi-
cantly (p <0.001) highér than the control group.

' These results support the finding of Van Vcarn13£(l94l)
who completed a Similaf shudy. His study indicated that “the
attitude of the learner may be ari important factor in the.
effectiveness of PI. Analysis,of the attitude survey indi-
cated that those gtudents who felt that teachers could tE§Eh
better than a program scored can51stent1y above the median
on the post-test when taught by this method. Most suhjects | f;f

- |

disagreed w1th the statement on the attliude questlcn naire

that "one does not have to ithink when learnlﬂg by PI" (Brink- -~ ;

man, p. 183).

Brinkman's results are supporied by Macomber and
Siegel (1956) vho found that students who initially held .

favorable attitudes toward a certain made of 1ﬂstruct1@n

. achieved more than those who did not have these attitudes.

32
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The Qpini@ﬂ of selected faculty at five community
colleges in Florida e@né@rning PI is ?rahably typical of many
instructors in the Communitly College today. Handleman (l9?5)
éurveyéd seventy-four social science, English/Foreign Lan-

guage teachers at five Florida Community Colleges. About

at least for tﬁe immediate future; Many of these instructors
felt that innovations had resulted in academic gréde infla-
tion with a lowering of standards and de-emphasis on cogni-
tive learning. The study indicatel that the respondents were

not opposed to innovative teaching techniguéé as such and

. would favor their use, if these methods were proﬁérly evalu-

ated before wholesale adoption.

The use of the computer as an instructional medium

75% of the respagdénﬁs indicated that they felt the rate of |

has been proclaimed By some experts as having almost unlimited

Y =2

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

Harvard, states that .

Computer-assisted instruction (CAI) is not the
panacea for today's educatiéﬂal problems--there is
no single solution to problems as complex as these.

However, Stolurow goes on to say:

CAI is comparable to Gutenberg's invention of
the printing press in terms of the potential "effect
it will have upon education (Silberman, 1970, p. 187).

Professor Suppésicf Stanford, a noted CAI éﬁpert,

says that:

One can predict that in a few more years millions of
school children will have access to what Philip of 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, 19?0,_pp;\18?a188)i M

. . 83
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It is interesting to note that Suppes, three and .one-
half years later, dismissed the above notion as hopelessly
utopian

If we could create the best 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 Arlgtctle As a general approach to mas
education, however, “this is clearly prohibitive gca—
nomically (Silberman, 1970, Pp. 188).

According to Anastasio and Morgan (1972), the computer
. as an instructional medium has unique properties. The comar‘
puter as an instructional medium ié;qﬁite‘unlike traditi@nal
media and needs further study in some areas. Fquf differences
Eét%éeﬁ the éomﬁuter and. other instructional media were parti-

cularly undergcored ' ' s
1. The procedures for the development and structuring :
of CAI materials vary from those traditionally

employed in other ins tructlonal media.

2. The computer's ver%atlllty in assuming a varlety °
’ of roles offers new possibilities for 1mprov1ng
instruction; these roles range from passive infor-
mational resource to Slmulated -instructor.

3. The responsiveness of the computer enables it to
~ teach a process or dyﬂamlc systen thlcugh 1nter=

action with a student.

4, The diagnostic capablllty of the camputer enhances
individualization of instruction; enormcus quantities
of information can be exploited about the past and
present performance of a particular student.
(Anastasio and Morgan, Dp. 32)

Much research has been done concerning the use of ..
s
the computer in education. Some of these references are

included in the area of general education.
Butler (1969) reports on the use of the CAT method
in the lower grades in a study conducted in the New York Gify

Schools. - , -
-4 34



The Dhly instances in which non-CAI students made

larger gains than CAI studenls were at two grade levels »
in schools with predominantly Black or Puerto Rican
population, ahd the differences were not slgﬁlf;cant
These resulls are generally in harmony with the numerous
! reports from teachers that CAT students seemed to be
performing better than non-CAI students (Butler, p. 21):
Alpert and Bitzer (1970) emphasize that the useful-

" nmess of the computer in teaching should not be limited £c

rote learning and drill, as with arithmetic. They also be-
lieve that CAI should be extended far beyond an au%@mated
version of the Skinner teaching machine, They thought the
computer should be of much value in the develbpmeﬁticf criti-
cal thinking, as ‘well as the transferiof information.

The amounf of instructional time required and the
ability of students to retain learning by CAI is weli Qemon-
strated by Alpert and Bitzer (1970) in avdeseription of the

Plato system used at the University of T1linois:

e,

Initial experiments alde at evaluatlng educatlgnal
effectiveness have been made at the UanEf&lty of .
Illinois and elsewhere. The data sample is altogether
too limited, but the results have been encouraging.

For exam;:le, a class of 20 students in a medical science
course was taught for a semester entirely with the Plato
system. When compared with a control group in a nation-
ally administered test, the students taught with the
Plato system were faund to have scored as well in grade
performance even though they had required only one-third
to one-half as many student-contact hours of instruction
as those taught in the conventional classroom. Subse-
quent measurements extending over a 26-week period indi- Lo
cated that the Plato group showed greater retention over iy
that interval (Alpert and Bitzer, 1970, pp. 14-15). L

[

B ,Thét CAI has been well received by some Sﬁudénts éﬁdi | -
teachers is shown by aiﬁide %ariety of experimEﬁtsa: Alpert .
and Bitggr (i??DJ list several keyffeatures'of;QAI that
explain why'camputerebaseﬂreducati@n has aroused this enthu-

siasm, s L
5) - -

e
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1. The interactive nature of this instructional medium
typically absorbs the attention and encourages the
total involvement of students at all age and grade
levels, ’ )

27 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. :

_ I = 5 :!‘g;‘

3. [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.

L. Tesson materials may be written or edited at a 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
. the particular needs of his own students (Alpert and

Bitzer, 1970, p. 18).

Interviews with key computer personnel at CPCC reveél
that the full range of the CAI technique has not nearly been
reacheé (MgIntggh and Kirbyr 1975). They point out that it
is qualitatively quite differéﬁt from a film, programmed book
or televis¥on presentation due to its flexibility and adapt-
ability. = .

According to Anastasio and Morgan (1972), the com-
puter is p@tentiglly the text, test, teacher, remedial

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

tratér all wrapped'up in one coherent Sysiém (An example of

" CMI). 1If so, the full potential of the computer in education

~obviously has not been realized.

e
S




One of the maiﬁ barriers to CAI acceptance and use
has been that of economics. uMany investigators feel that
there are ﬁﬁmer@us, complex problems hiﬁdariﬁg the educa-
tional acceptance of CATI. Three of the more important ones

isted in order of most critical to least critical.

=

are

1. The lack of adequate software and CAI effectiveness
2. 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 CATI
trial programs at CPCC, they have found both the-high cost.
.and the shértage of good software to be the largest obsta-
cles to CAI accepténceg J

‘Anastasio and Morgan (1972) point out that one of
the major impediments to CAI's acceptance in education was
the lack of basic research in theories of 1earning; and that
there exists a wide gap between the present theories of |
learning and their application. Dﬁe application of the
stimulus-response assoclationistic theory of 1earniﬁg is
- programmed learning, wvhich has been the mainstay of teaching
machines. Although B. F. Skinner was not iﬁe first to sug-
gest fh;s apﬁfcaeh to teaching, he has popularized it the

most. His idea was to treat classroom learning like any

&
i .{‘/
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other situation in which certain behavior was to be shaped.

He thought that the learner should progress gradually from

the Tamiliar to the unknown, and that learning should be

often reinforced. The rate of learning will vary from person
to persan;-and therefore a need for individualized instruction

exists. Skinner's solution to this problem was his teaching,

machine utilizing programmed learning (Hill, 1963).
: , Programmed learning has been applied many ways, and
-1t appears that the computer may hold the most EGijétEx

mechanism for the implementation of this kind of learning.

PI and TI in Science Education

One of the earliest types of programmed instrucficn
used at Central Piedmont was the Audio-Tutorial (AT) apg;@a;h,
similar to the type iﬁifiated'at Purdue University in 1961.
;Siﬂce 1961, scores of AT prégfams have heen developed and are
being used in Community Colleges all over -tlhe U;ited States.
'In most cases they are adaptatiéng of the prototype used at
Purdue. .The;evaluafi@n of many of the AT ﬁrograms have. been
g/ﬁgomewhat subjective, accordiﬁg to Sparks and Unbehawn (;9?l).'
* "In a highly controlled and weilAdesigﬁed experiment, thése |
investigators compared the achlevement of an AT section and
a TI section of General Biology. The groups vere formed after
the Studéﬂtg‘WETE:aﬂmiﬁigferéé the science portion vathe!
American College Test QﬁCT)ES‘The desigm of the AT section of -
the course was nearly identical to the Postlethwait system.
The AT group c@hsisted of 190 students while the TI zYroup

included 180 students. The results. indicated that:

38




28

1. The two groups selected Tor the study were equal ‘in

e

' learning ability.
2. There was a significant difference in the achievement
of students in the PI group in ‘three of the units

covered (Sparks and Unbehawn, 1971, p. 576).

Students in the TI section failed ‘to excel signifi-
cantly in any of the units. ' In addition to the achievement
gain as-measuréd by thérTatal Bialcgy Test, student écééptange
of the AT method was higﬁ- Niﬁety péréent (90%) of those i
enrolled in the AT seétién indicated they wcu1d Qh@QSe this
fyﬁe of instruction again. |

Mintzes (1975) cémpleted a Sufvey of  the AT approaches
in ‘which he summarized and evaluéted_the research on AT

instruction, Table 1 shows a summary of the results of com-

_ 39 | . . , - a




Table 1

COMPARATIVE IETHODS STUDIES

Author

Russell (1968)

A

-

Gf@bew(1979)

Sparks
Unbehaun

(1971)
Rowsey (1973)

Maceini (1969)

McClurg (1971)

Hinds

and

(1971)

Type of Course

Y

29

Analytic
Pracéﬂu?e

Results

General Ei@logy
Junior College

%

Biology for
Nonina jors

Genegal Bialmgy
Animal Bi@l@éy
Genefél‘Gealagy
General Gealégy

Inservice Ele-
-mentary Teacher

Education

Analysis of
variance

Analysis of

variance

Analysis of
variance , -

Analysis of

variance

1ﬂg A-T

Significant dif-

ferences favor-
ing conventional

No differences

Significant dif-
ferences favor-
ing A-T

Significant dif-
ferences favor-
ing A-T

"Significant
gains" for A-T;
no control

No differences
Significant dif-
ferences favor-

In summarizing the results of the

Mintzes states:

reported here,

The results
conclusive and even contradictory.
three found the A-T appféach_tq be signifi-
one found the

o

(Mintzes,

.hd‘

cantly better, two, found no differences,
conventional method better,
trol group (Mintzes, 1975, p. 248).

249)

comparative studies,

Gf comparative studles appear to be in-
* 0f the

several aiudles*

-arid one failed ﬁc use a con-

A second type of study that has been made c0ﬁcerning*“

AT is thaf which 1ﬁvestlgates the rclgtlansh;p between studﬁﬂt

_characteri

stics

and-performance in AT courses.

40
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study is labeled "Trait-Preatment Interaction™ or "Aptitude

_ , S L - N p

i Tréatment.Ipte;action-:1Mintzés (1975) indicates that results
are Séméwhat céntradict@ryvat %imes, 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 meagures <

N such as ‘the GZTS "restraint" and "ascendance" sciles and
the 16PF. "intelligenice" scale appear to be related to
achievement; (3) biographical variables such as high
school grades and class rank. as well as college ma jor -
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 situations (Mintzes, 1975,°p. 249).

Table E'gummarizing this is included  in the aPPéﬁdix_

Mintzes (1975), in a third general gréup.gf sfudieéJ l

" surveyed unreldted instructional Variablesgassécié%ga with
the AT approach. =The results.cf thESeAéIE interésting and -

LS

are summarized in Table 3. e E




Table 3

STUDIES OF INSTRUCTIONAL VARTABLES

Author

-Nord’

(1969)

Husband
(1970)

i

Hoffman
and
Druger
(1971)

Kélle{

+ (1972

Shields
(1973)

Type of

Lourse

Major -
Question

Analytic
Procedure

General
Biology

General

Biology -

General
Biology
units on
heredity

éenefal
Biology
units on

genetics

General

Biology

1 -attendance

Achievement
under varied

requirements

Effect of.

the "threat
of a grade
in the oral
quiz section"

d@mpariscn_gf
"direct" and
"indirect”

Effect of
use of
behavioral
objectives
in A-T
lessons

Effect of
use of be-
havioral
objectives
in A=T

A-T approacheg.

Analysis of
covariance

"lAnalysis of

variance

Analysis of

|variance on

"loss scores"

Analysis of
varlance -

Analysis of
variance

lessons

No effect

Significant
differences
favoring

| "indirect"

Significant
differences

favoring '
objectives

No effect

1

(Minizes, ié?g; ?, 251)_7 -
e .

~Berchin (1972) completed a.study comparing the large

group mode of 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 Colleges that belong to the
"League For Innovation" of which CPCC is a member. However,

the study has some severe limitation, e.g. the limited ‘time
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épan, small qumbéf of c@urses:iﬁvclved and lack of randomly
selected courses. Berchin concluded that:

1. Changing the_Patternraf;classr@cm organization or
the instructional mode can reiuce Per-pupil costs
and increase learning effectiveness. -

2. Courses organized under the large group mode of
instruction generally arée less costly on a bPer-pupil
basis than conventionally organized courses.

K o

3. Courses organized under the individualized pProgrammed

mode of instruction are generally less costly on a
per-pupil basis than conventionally organized ,courses.

4. Courses under the audiotutorial mode of instruction
are generally more costly on a per-pupil basis than
conventionally orgaliized courses. ‘ - -

5. 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 those
using the individualized prdgrammed approach, and
lastly, by courses under the audiotutorial mode.

6. Subjective data indicate that courses taught under -
one of the nonconventional modes of instruction
generally produce more effective instruction than
thelr matching conventionally ggganized*boursgs.ﬂ
(Berchin, 1972, p. 4-5) : S

Table 4 relates the extent that AT is used in selected

"Community Colleges and an estimate of learning that is béing
realized with each methdéd. The calculated average from the

data in the table indicates little difference in the two
. i ) / - .
methods with respect to percent, completion and student grade

indexes.




Table 4

A CONPARISON OF LEARNING OUICONES BETHEEN
COVRSES UNDER THE AUDIOTUIORIAL AND THE
CONYENTIONAL MODES OF INSTRUCTTON

. Audiotutorial Conventional
lame of Courge Digtrict Where Cowse | Percentage Student |[Percemtage Student
Is Glven | ‘of Students Grades |of Students| Grades
Completing (Weighted Completing | (Veighted
; the Cowrse . Index) |the Cowrse | Index)

. Aléebra,'Iﬂtera Dallas County Community | N .
mediate 013 . | College District, | 19,23 A8 13333 79

~oAnatomy and | Central Piedmont Come 93,55 2,75 96,63 2,95
Prysiology munity College * - N ,.

Anthropology,- | Santa Fe Junior College | 83,3 .| 2.63 66,87 1,96
Introduction | o

Biél@gical Gon- MariéoPaCou_ I o |
~ cepts 110 College District 55:36° L 603 | 2m

| ‘EiGiOgy i " Log Angeles Commmity | 87,86 2,39 %.67 142
| College District o |

Biology 1A Los Rios Community College |  80.19 235 | 85hs | 2.4
Distriet o .. |
Biology 11 Coast Community College | - 78.95 | 198 | WA | N
| District : | |

~ Biology 112 | Brookdale Commuﬁity‘college? &8;83 13,07 ] N N

Biology 115 Dallas Cowty Commmity  |. @8 | LW | 603 1,27
o 1 College District o ‘ | - '

. o ! . . -
s i 3 . . £ : .
n.ur ded by ERIC \ ‘ . ‘ ‘ . .
i 7 o , B i . .
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- Table &4

(Gonfinﬁed)'*

| = ; . | Audlatutarlal ) Ccnventlanal
Name of Course ~|  District Where Course Percentage | Student |Percentage | Student
‘ | Is Given of Students|: Grades . | of Students | Grades
o Completing: (wEighted Completing |(Weighted:
L . ) the Gowse | Index) \the Course | Index)
Bioldgy 115 | Dallas Caunty Communlty | | |y |
and 101 College Distrlct - 7351 1:85 85,61 1,70
Chemistry 51 = | Los Ries Gommunlty 42,11 1,00 45,16 1,06
| ' College District | é *
Chemistry, Gen= | Junior College Distriet | 85,51 2,52 | 72,98 1,57
-eral College cf 5%, Louls . T i t .
~Zconomics 102+ | Brookdale Community Gollege 47,06 1,92 N.A, N4,
| Electrqnics.EBD Brookdale Ccmmunlty College | 7778 2,56 N;Af VA
ﬁnglish A-B F‘ Caast Community College 58.63 | 1,20 60,87 1,30
| Digtrict | |
Humenities 1 - Tos RlGE Conhunity Ccllege 86,26 2,29 05.53 2;8?
| - | District . | * L ,
Wathenatics 115 | Haricopa County Junior Noho NA | N M
College District | - | '
Msing 111 | Delta College 69,31 200
- Psychology 1A Foothill Cammunlty College CBL00T | LY 82,47 19 0 F
| DlSurlct Averagd ," 66,128 1,85 69,90 1,88 -
o o (Berchln. 1972, p 31) R
. e _ :47r
/ s
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Table 5 concérns the comparison of learning outcomes.
“between individualized programmed modes (excluding AT) and
\ the conventional modes in ‘the areas of science and math. |
' b /
] ¥ N !.- ,? ] ,
H
i =
L - V ] g‘
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. , .
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b
i
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A COWPARISON OF LEARNING OUTCOMES BETWEEN
GOURSES UNDER THE AUDIOTUTORIAL AND THE -

CONVENTIONAL MODES OF INSTRUCTION -
et RS i ..___‘!'j' . R— e

Name of Course

District Where Course
Is Given

=; ,;FAudiqtutgrial o

Conventianal

| Percentage

of Students

Completing -
'thex Ceurse

Studens

Grades.

(Weighteé

lgdex)

Percentage
of Students
Completing

Student
Grades
(Weighted -

. Data Processing I
Developmental
Hath. and Elen,

Electronic
Repair 50 -

General Physics

Mathematics 117

Physical Science
I S

PnySLCal Sc1ence
121 |

{9ERIC

'Ecothili Community Céllege
. Digtrict - ‘

Tunior College District
of 5%.-Louis

Los Rios Cammunity

College District

,Santa Fe Junior Callege -

Dlstrlct
|

Toraine Valley C@mmunlly
Gollege

Junior College District

of §%. Louis

‘Santa Fe Junior College

Average

=62;50 :

1 oo

95,00

NiAi!

59,0

74
6.0

733

212

tbé unrse

86,67
80.00
56,67
x37:93 *
i
6

100,00

2,29

]
- (Berchin, 1972, p. 31)

Index)
2 40

| 1.0

137

1,21

5

;o
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Tables comparing the learning outcomes of the large
group mode and the conventional modé of instruction and a -

comparison of ‘instructional cost are included in the appendix

as related information.
i

The decrease in North Car@lina State revenue avail-
- able for édﬁcétiaﬁ in 1976 has resulted in an increased
emphasis on educational cost accountability at CPCC with
respégt'ta methodology. ﬁerchin (1972) compares tﬁe?bgst of
AT and TI in Table 6. ’_ B ﬁ

 Apparently the. cost of AT Instruction is significantly

higher,tggn conventional instruction based on the averages

calcﬁlatédlfram this table.

51
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© Ligetra, Intermea

Diological Con-

‘Blology 115

i

Table 6

A COMPARTSON OF DIRDOT INSTRUGTIONAL COSTS
BEMEEN COURSES UNDER THE AUDIOTUTORTAL AND

THE CDNVENTIDNAL BDDES OF INSTRUCTIDN

o

Name of Course

7

District Where Cowrse' Is Given

Audlctuﬁorlal

| Gost per Pupil

Ccnventienal

Cost per Pupil

dlate 013

Anotomy and Physlalcgy

Anthropslpgy,
Introduction,

cepts 110 .

Biology 1

Biology 1A
Biology 11
Biology 112

Blolagy 115 and
101

Chémistry 51

O

L Dallas County Community College

Distriet

Central Piedmont Community College

| Santa Fe Junior College

-| Maricopa County Cgﬁmunitty

= College District

| Los Angeles Community, College

Dlstrlct

Tos Rios Community Gollege Distriet

| Coast Gammuﬁity,CellegeVDistrict

Brookdale Community College:

| Dallas County Community College

District

| Dallas Ccunty Cammunzty College |

Digtrict
B

Los Riog Csmmunity,Collége Digtrict

§ 21,60

k993

15,65
206,50 |
%78

19048
539

) ;51!73._
bl.29

| )

113:58

$’92396
29:33
20,04

| 5,6l

.53

159.13
N A

N A

46,20

102,48

1235

53



Table 6

 (Continued)

Name of C@urse

DlStIlCT nere Courge Ig GLven :

Audiotutorial
Cagt er Pup;l

Conventional
Ccstrper Pupil

- Cremistry, General

Gollege

| Ecénamiga 102
Electronics 230
English A-B
Humanities !

Vathematics 115

Rursing 111

Psychology 1A

“Junioy College District of

Sti Louis
Brookdale Community College
Brookdale Community College

Coast Community College D%étrict ;

Los Rios Communify College District

Naricopa County G@mmunlty College
District

Delta College

Foothill Community College District

~Average Cost

5 76,28

b6, 32
100,11
16,8
"
70,61

303,96
16,57

96,81

§ 76,78

(Berchin, 1972, p. 315,

6E



Taber. (1974) compared Lthe resulbs ol conventional

instruction and PI in a course, "Electrical Circuitd), offerecd
L ]
in lhe Mechanical Engincering Technology program at Cuyahoga
Community College. PI was based on the PSI approach as used
in the Keller Plan. The most important resultls were:
1. The percentage of students that completed the course
as taught by PI was significantly higher than those
finishing in the TI sections. These resulls are com-

parable with those in most sludies involving AT
COUrses. ,

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

McAlexaﬁdér (1975) compared the achievement of
students enrolled in Physics I who were taught by Tf or PI.
He found that a significantly higher number of students
successfully completed this caurée in PI sections (PSI, Kel;ef
Plan) than those in TI s&cti@ns‘(p;gDS). The study also inéif
cated that a sigﬂificantly higher percentage Df‘thé student
receiving PI achieved A or B than those récéiving TI (p>0.05).

Another comparative study by McAlexander (19?5) at”
CPCC *in the area of Shop Science revealed gfeatgr achievement -
using PI than TI. The study involved two different instfuctars
both of whom taught a PI and a TI section. In each instance;a
the PI section achieved significantly more than the TI sec-

tion.

Brantley (1974) completed a comparative study of AT _i

and TI in a pﬁysical science class at Pensaccla'Jgnior College

in Florida. The results of the study revealed that:

50
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TI téught students achleved significantly more
than AT taught students. |

2. There was no differcnce in achievement wilh respect
to age and sex among students taught by either

method,

o

Students whose ages were 21 years or older scored

significantly higher in both AT and 11 groups.

4. The final grade in the course taught by AT was.

directly'prcpértiOﬂal to the amount of time spent
e s .

£}

in lab.

‘5, , The attrition rate was higher in the TI section.

PI and TI in Chemistry

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 determine the effect-

ivenéss of short-term tutorial-type CAI in selected tcpics
in high school chemistry. The TI group was taught ﬁsing aﬁ
informal lecture-discussion style typicai of high school |
teaching. WNo films or other AVeguipment were used in the TI
section. The CATI units were‘desigﬂeﬂ to allow the studenﬁs
o progress at their own rate. The computer program was
able to make the decislon as to whether a sfuaEﬁt geeded
revieﬁ'at any given point in the unit, based upon the number
of incorrect responses given. After each incorrect rgsﬁanse.
the computer. gave the student supplementary information and
Vinﬂicated whether the student should try again or return ta.

a previous scclion of the program. If the student continued,

Y

L e, P
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to enter incorrect responses to the same questlons, he was
directed to a rcading assignment or given the correct answer
and a solution scheme for the problem. Students could reviéw
after each series of presentations by the computer. If | |
students elgcted to review, they were given supplementary
iﬂf@rﬁation explaining each problem, using a different
aﬁﬁr@ach than was used in the first exposure. Students also
had an opportunity to=be directed to an advanced tract if
fheir résﬁgnses %éfe consistently accurate. é éescription of .
the computer program used in thils study reveals it to be a
well-planned and well thought-out program. The=resulté of
this study showed that students in the CAI group appeared to
learn twice as fdst as those in the TI group because they com-
pleted the program in about 40% of the time fequireé for the
TI gféup. While the TI group scored significantly higher on
the post-test than the PI group (20% higher), the CAI pfagf%ﬁ
was rated high by mast.students in the study..: They were

satisfied with their learning using CAI, and many felt that

k]

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

method of instruction they preferred to be taught, they

_selected TI because "the teacher has a personality and the

cé%puter doesn't" gSummerlih, 1971, p. 26).

CAT has been. used in some lab experimgnts withvsame
success. Suppes (1973) reports that a portion of the fresh-
man- chemistry lab work at the Uﬂiversify of Texas has been -
computerized. This was done partly because of the very large

number @f students (over 3,000) taking gengralAchemistry;

58



43

K Some way hadif@ be found to replace a portion of the 1ab§réa
tory activity with simulation. : o
An example of one experiment being used with success
is described:
The time required to complete a typical "titration ,
curve" experiment in gEﬁerél college chemistrj'(@r QUANTITA-
‘ ~~ TIVE ANALYSIS) using a PH meter, stirrer, burette, etc., will
range from two to three hours depending upon the gperat@rg;
This titration would include only'ggg‘acid, using no morefthan '
two diss@ciafionﬂconstants. This same experiment may be com-

. pleted in much more detaifjﬁéiﬂg_ihgwEgmpuierﬁa%wdesctibed;by;__é:
Brénemaﬁ (1974%)....0on a UNIVAC series TD/Eégcamputer,'dnly §§
five and one-hall minutes of computer time is required to
titrate a total of fifty acids with one to four digsociatiég
constants each. In additién; the titration curves are plotted
.for each of -the acids and each of the constants. Thus, a
student could obtain much mére data in much less time with
the computerized lab than the traditiondl lab. In the typi-
cal titration eiperimént, the dtudent does 1little more than
add small increments of reageﬁt and . record thé pvaeter read-~
iggsg In the opinion of the author, if thislyarticulér experi-
ﬁeni were computerized, the student would miss very little
lab experience. _ ) | _ |

Wilson and Atkenir (1968) rep@éf that cofiputerized

-1ab pf@gfamg in advancgd chemistry.invalviﬁg complex and/or -
dangerous eﬁgérimen£s have been considered successful f:am

an’eﬂucatioﬂalg economical and safety standpoint at the Uni-

versity of Texas. - e o SN




Cheek (19?5) completed a brief study,' with a quasi-
experimental design, in which CAI was compared with TI to
é&iarmiﬁe\by which method the siudent preferred to be taught

and by which method the student achieved more in a unit in

~general chemistry. The study was limited to a small Zroup

of students because of class size and the availability of
@ﬁiy one computer terminal for student=u;e. A defailed des -
cription of this study is included in the appendix because
of its similarity to the Magor Applied Res earch Project.
O'Connor (19?4) haS come up with yet another new
program called the "Learning Systems Approach", This method

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

[l B

grammed designs. The new pragram; in use at Texas A & M
x" #
University, apparently increases the amount of achievement

whileAdecreaSiﬁg the learning time for the student in freshman

B

chemistry. Student evaluations were favorable and both

“learning and student self-satisfactionvere dramatically

improved, although no statistical daté was presented in ‘the

~article to validate thévrgpcrted succegs!

It appears that four-year callege chenistry faculty

attituvde toward new methcds of learning is becomlng more

like “the attitude of faculty in the, typical cammunlty cbllegei
’ L {

This is well illustrated in a quote from 0'Connor (1974, pp.’

/

18-19).

What this system means to the student is that the
faculty cares about him and will de everything possible
to provide a variety of ways ‘to help him learn the
subjcet. It also means 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 student ‘works. '

x




Vaﬂdénhroﬁgke (1975), in’ search of alternatives to the
standard lecture prfaaﬁh in chemistry, has experimented with
the use of both ‘the ﬁf@grammed text by Runquist (used at cpCC
as a supplement) and w1th the Personalized System of Instruc-
tion (PSI) in ffeghman chemistry at Wartburg College, Waverly,
Towa.  This study dealt primarily with a comparison of PSI
and Tij Stuiént response to the PSI ﬁethad was somewhat
favarablé with the number of studEAtsvtransferring in and out
of the PSI sectlon about equali“-The resyl%é of a student
- evaluation questionnaire indicaﬁed that sixty-seven percent
felt that they would, pfefer the PSI approach in future
chemistry courses. Seventy-six percent rated the course
above or weli above average, while only. 3% rated it below
I'SVérage! Test results showed that there was no s1gﬁ1f;caht
difference, in general chemistry, between the levels of
achievement when students were taught by PSI or TI. In his
conclusion, Vaﬁaénbrcucke points out that:

j . Students tell you that they feel they learned more
in PSI. While the test results in this study seem to
contradict tnis, possibly we are not testlng for the
kinds of .things the students are learning! They leave

. the course with a better feellng about chemistry than
do students in lecture sections, More important, the

students have a better attitude about learning, and
1eafﬂ1ng is tHe gaal of téaChlhg (Vanderbrauke, 1975,

p. 516 ,
Hedrlek (1975) used a modified fcrmicfbthe Keller

Plan (PSI) at Elizabethtown College, Peﬁnsyl#ania in an
introductory chemis try course. The Keller Plan was used .
from 1970-1973 and the results eompared with achlevement

prior to 1970. JHedrick (1975) found that the modified Keller
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plan did not yield results on the A.C.S. Standardized Examina-

tion (Form 1967) that were significantly diffcreﬁt from TI.
This study indicated related that féSEOESE to PSI was posi-
tive and students scemed to 1ike the self-pacing aspect of.
the method. »ESpéciaiiy, they liked the option of exam
retakes. The investigator felt that, in consideration of the

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

o
-y

project, results were discouraging because, although grada;;
were higher under PSI, student scores on the A.C.S. Exam
remained about the same. For the acndemic year 1973-74, the

discussion group was dropped and r3placedgby a lecture in an
effort to improve student retention. The avthor of this

study concluded the article with an excé11Eﬁ%7§aint;

, Different students have a "best way" .of learning--
for some it is the discussion group, for others the
lecture, for still others self-study. " The list is
legion. What we need to do is to provide whatever

method is best for the individuval student (Hedrick, .
1975, p. 65). : ' '

One of the most successful uses of programmed learning

€

in chemistry has been carried out by'‘Dr. R. L. Heider and Dr.

- Walter Hunter of ﬁefamec Community College in St. Louis,
Missouri. - Thé method they used was called the "Systems
Approach", an individualized programmed approach developed. by
Dr. Heider for the first-year premeaical and pre-e:.  -neering
:chemigtry.gtudenfsg The course material:iﬂcluded_téxtb@ak.s
WGIKEOﬁk,:Sfudéﬂt response book, cxercises,'agdiaetapedifilms,
and t;gting'materials, Lab engriméntshwere an integral part
of the program., Dr. Hunter completed an elevéh unit study

/ - R
in which 180 students were divided into five diffcérent groups:
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v

Individualized 1earning

Pre-test group

Learning theory group :
2

Criterion Unit-test group 4

Lecture gréup

These groups were set up for the purpose of answering

specific questions:

1.

b=

By which method of instruction will general chemistry
students achieve the most?

Do pre-tests on unit objectives have any effect on
achievement? |

Will learning theory lectures (on how to learn) have
any efféct on achieveme?ﬁ?

Will criterion évaluaticﬁs of unit tests have any

effect on achievement?

The study indicated that: ' /

Students in the individualized learning groups
achieved a s;gnlflcaﬂtly higher level on the final
exam than students in the lecture treatment graup.

¥

Studentd achievement in the 1nd1v1duallzed 1earn1ng

s was significantly higher on only two of the unit test

in the study

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

Criterion evaluations of unit test resulted in incre-
mental achievement differences.v

Learning theory lectures on how to learn have llttle
effect on student a&hlevement, :

: 63 - | ;
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6. Students of either high scholastic ability or pre-
vious high academic achievement learned significantly
more ‘than students of low scholastic ablllLy or low
previous academic achievement (Hunter, 1973, p. 38).

The researcher felt the result of his study strongly
supports the utilization of an individualized approach to
general college chemistry. The individuvalized approach «
described by Hunter (1973) has most of the typical charac-
teristics of programmed ]ﬂthUCELOﬁ as defined in this study.
The instructional methodology used in Hunter's study is

[
Yased primarily on the ."Systems approach".

The search of ‘the liieréture revealed tﬁat ﬁaﬁy com-
parative studies of PI andeI have been conducted. In this
review no attémpt was made ‘to Summarigé and/@r;tabulate:thé!
total res search on the subject. ¥he examples were chosen from
vario;s fields and are believed to be typical Q£ the total |
literature. This is ?articularly true in the area of science
and chemistry. Other investigators have attempted to survey
large paftians;@f the literature on the evéluation andAccma:
périsoﬁ of TI a%g PI. Three of these are included at this

E

point. : . ; -
A 1itera£ureiréviéw by Lang (1972) showed thét Eeﬂ:
tweer 1960 and. 1964 112 Ebmparative studies of TI and PI
were conducted to ég%efmiméﬁﬁy which methadmachiévemen% wagA
high&f. Fﬁft;=ahe pércent showed PI to be superior, Lg no
difference, and 0% fgund PI to be.léssAeffective than TI.

Lang's survey also revealed that the amount of timé needed

6. i
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) to complete assignments with PI- is usually less than with TI.
Lang summnarized the survey by statiﬁg:
| It appears, on the basis of the rcscarch to date,
that it 1s reasonable to conelude that PI 1s gencrally
as effective as TTI and may result in decreasing the
amount of time required for a student to achleve a
specific educational goal (Lang, 1972, pp. 34-35). >
Another survey of PI and TI was conducted by Schramémm
(1964). This survey of thirty-six studies revealed that of
the thirty-six, eighteen showed no significaﬂt difference in
aﬁformaﬂge between PI and I, seventeen showed a}significant
superiority for TI.
Another more recent survey by Hunter and Lingle (1976)
of the nineteen-state régianiaf_ihe North Central Ccungil of
. -~ Community Junior Colleges indicates a strong belief by the
‘p?actitioﬁefs of individualized iﬂstruciiaﬂ_that achievemgﬁ%
and student acgeptancé of individualized programmed instruqﬁ
tion was éuperiaf to TI. This is summarized in the following
table. Please note this dhta vas tabulated from the opinions

of the préctitiﬂnerS; The complete table is presented in the

appendix as general information.
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Table 7

PRACTITIONERS OPTNION EEGAEDING INDIVIDUALIZED
INSTRUCTION BY SUBJECT AREA

. , , ~ Student | Student
Subject | Cosi-effective |  Achievement | Preference

More | Tess | Increased | Decreased) Yes | No

Humanitiecs 39 L3 78 2 )

Science L9 o 2% 79 73 2
70 9
71 10
82 | &

Hath 51 | 19 83
Technical 66 , 17 86

w F & & o

Business 51 21 82

Social

Studies by 30 | 83 '72 ' 6

Health 1 63 16 90 0 73 10
Communi- : o ‘ . ,:

cations . 6 21 8L -3 .71 7
Overall ' |

Average 52 | 23 e | .2 | owm | 7

A}

(ﬁuntér and Lingle, i??égipp; 1§¥1?)

This table indicates that the survey of prgfégsignal_
people using iﬂéividualized instruction believe t%at:
1. Individualized_ingtructiaﬂ is more expensive.
2. AchiévemEﬁf by individualized instruction is much
greater;: .

3. Student predominantly ?refer.iﬂdividua;i;ed.iﬁsfruca

tion. - .
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51
In Summ;ry, the literature review suggests no. clear-
cut sﬁparimrity for either methad-cf ingtruction in terms of
achievement. It appears that PI is at lecast as effective as
PL in terms of student achievement and may require less time
to complete. Tt also éppears that Stﬁdents may have a slight
preference for PI, overall. Throughout the review, the pro-

1s of instruction ahd,%he

¥

blem of classification of the metho
placing of them in the correct categories of PI and TI. was

noted. It is felt that this problem arises from a lack cf

w

0

Etaﬁdafd definition by the reseérchgrs. As a rgsuit of this

poorly defined classificalion of methods of PI and TI, some

of the dalta and results may have questionable validity.

=



Chapter 3

MAJOR ISSUES - HYPOTHESES .
g ' &
Pilot Study

® A pilot study was cgmplétéd during fheIWinteraQuérter,
1975, at CPCC (January 1 - March BQ), a summary Qf which is'-
included in this paper. The pilot study was made using
“material from module #4 of the MARP and; since it was felt
.‘that the pilct-study made a substantial caﬁtribution to +the
MARP, the description and result ‘of this study are included
in the main body of this paper. i

The purpasé of the pilot Study vas:

IH

To gather data to be used in Iormulatlng a hypatheses
) fgr the-NARP ‘ 7

é! To test the{feagibiiity @f {he proposed MARP and fé.

| ungcver‘any unforeseen problemé that might arise.

3. To evaluate elected 1n3trum€nt3 to be utilized in
the MARP such as the student eva%satlan questionnaire

A
and pre- and P@statestsi '

L

L. To gather data on the problem to supplement the sub-

sequent study. N

The pilot study was'éancerﬂed with a comparison of
TI with PI f@r two clmljdr units in géneral college chemistry.

The purpose of the study was to determlnea

1. "By which of the two methods of instruction will a



23

geﬁefal chemistry Q@ilgge student achieve more, when
given‘equivalenﬁfclass time.
.2., By wvhich of théltwé methods of instruction will the
| student prefer to be taught, baE?dAan-these units
of study. |
The pilot study differed from the MARP in that the
class time used for both TI and PI were held constant. In
. the MARP study there was no time restriction made on PI
(within reasonable limits). VStudents receiviﬂg‘PI in the
pilat study weré givenn the same amount of time on each unit
és the student receiving TI. Students were not ﬁéfmiited
to remove any tgpas or written material from the PI lab or
from thé TI class éxcaptauﬁit objectives énd their own notes.

A summéry of this pilot study is included: -

=
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70

ram 2: FLOW DIAGRAM FOR PILOT STUDY

S,

15 STUDENTS
GROUP B

MOLARITY
UNIT--PI
NORMALITY
| unzT--PI

/_

E



55

DESCRIPTION OF THE ACTIVITIES IN THE PILOT STUDY

C L.

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 reasons:
(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. -

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 score and on the basis of their class grade
average up to that point. o ’

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.l :

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. T -
The unit on normality was taught to the two groups,
one using the PI approach and the other using the TI
approach. In the second lesson, the method of
instruction used on each group was’' switched so that
both groups used both methods on two similar units.

Both groups were post-tested together to obtain gain
scores. The post-test and pre-test had five questions
on each of the two units, and the questions wvere
designed to test the stated objectives in the two
units; criterion-referenced. '

"Item analysis" was run on both ‘the results of pre-
test and post-test to determine if they were good ,

“tests.

Students evalvalted the lecture and programmed methods
via a questionnaire. Again, the evaluation was made
to assure that the quality of instruction was high -
for both methods, especially the lecture, since the

1 ]

71 o
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programmed method had bEEﬁ'thQraughly evaluated ..
before the study. The evaluation was important
also to determine which method they preferred.

9. The results were summarized and treated.

DESCRIPTION OF LEARNING ENVIRONMENT FOR THE PILOT STUDY

N ) ¢ . . g
Lecture : :

) Fifteen students were taught in a typical classroom,
using the chalk-board faqr problems, etc. The students ‘were
, 8iven a 1ist of objectives along with practice exercises on,
.a handout. Students showed much “enthusiasm for the units
in lecture and frequently became involved. in open discussions.
The lecture lasted about two hours for each topic. The
total project time was two weeks. ' - \

Programuimed ‘ ' A\ e

Fifteen students were “aught by a written progran 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 help was given concerning the chemistry
topics. ' :

SUMMARY OF RESULTS (PILOT STUDY)
The data obtained from the study was treated as de-
gcribed below: ) : : co
1. Item analysis was run on the pre- and past—teéts.f;.;
2. The mean gain scores weré deﬁermined for PI and TI.

3. The t-test was applied to the mean gain scores for
all the students for PI and TI. :
The average gain éc@re found Tor the programméd-
instruction and the lecture ‘instruction on each of ‘the
~units is shown in the following table:

72
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N
Table 8
’ éNERAGE'GAIN SCORES ON EACH UNIT (PILOT STUDY)
f i |  Molarity " Normality
Léc%uré'v L 1.4y 7 2.00 |
- Program " -~ 1.87 2.07
: The average gain score for both the molarity unit and
= . the ﬂarmality unit was higher for the prasrammed insfructién-
The average galn score for boeth the unlts by each
method of 1ﬁ5tructlcn is shown below:
Table a

AVERAGE GATIN SGORE FDR BOTH UNITE (PILOT STUDI)

Method g Mean Gain Score
PI : é 1.97
P - o 1.73 -

{

Agaln. the average for pragfammed method was hlgher
than the average for the lecture., method. .

J .
- - To determine if this difference in meah galn scores
was significant, the t-tes st for the dlfference between.
means was dpplled :

It was found that at Ehe 95% confidence level no
significant difference exists between the mean gain score
for PI and TI: for the e ‘two units in chemlstryL

"A summary of student respgnses to the ques tiaﬂnaire
is shown in Table 10 on the following page.

a

= ) 7/
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Table 10
STUD?NT RESPDNSES (Pllét Study)
_ S . Percent
. : | - No Yes Yes
1. Were the ijéctives clear
for the unit taught by the | - -
lecture method? 3 26 89.6
2. VWere the ébjeetiveé clear '
for the unit taught- by the , .
programmed method? . 2 27 93.1
_3: AFE you satis fled that ycu
dccomplished the objectives = . .
in the lecture unit? 7 ‘ 22 . 75.8
L. Are you satisfied that you
© - accomplished the objectiveg . . ' E
"in the programmed unit? g 20 68.9
5. Do you féel_thé Dbjecﬁives |
- were covered adequately in '
the post-test? 2 .27 93.1
v\ T ‘Légture_ Program | No Dif- -
' - , : ference
6. Which unit had the clearest
objectives? - 7 7 - 15

The regult Gf questlans 1-6 1nd;cate 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 accﬂmpllahed more of the :
objectives in ‘the lecture than in the pr@grammed methgd—

Tables 11 and 12 show SGmé important ﬂlfféréﬂces

between the two methods. The differences shown in Items 13;
1%, 21 and 24 were not surprising.

T4



59

Table 11

STUDENT RESPONSE (Pilot Study)

Please fill in the following tables to record your personal
reaction to both the lecture and programmed units. If your
feellng is close to one of the words, mark space A or E in
the table. If your feeling is neutral, mark space C. If
your feeling'is not extreme but strong, mark space B or D.

A. TLecture Method A" B C 'D E

7. Worthless

8. Difficult

9. Not Involved
10. Unimportant

11. Dull 1
12. Useless
13. DMonotonous

(Boring)

14, Impersonal 1
15. Unfair :
16, Ordinary ' 3 -

12 12 vValuable
9 7 Easy
13 2 1Involved.
12 11  Important
10, Interesting
15 9  Useful
7 Varied

e

l omON oo ToWwn
\J
=
o

‘Personal
Fair

;Mw‘ B N
H\
o
TR
DL\

]

Far Out

[{me]
X
i
Jes

" B. Programmed Method A

17. UWorthless

18, Difficult

19, Not Involved 3

20. Unimportant

21. Dull ' 2

22, Useless

23, Monotonous 2
5
3

2 11 15 .valuable.
6 8 13 Easy '
12 11 3 Involved
C 11 10 Important
3 - 2 8 Intergsting
6 12 11 Useful
6 5 Varied
, 3 1 Personal
8 6 15 Fair |
L 5 Far Out

24, TImpersonal
25, ‘Unfair .
/ 26.. Ordinary

NN NN
-

v : )
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 have a preference for the lecture method over the
programmed method. ' ]
¥

Graph A indicates the same overall student preference
Tor the lecture method where the average for each column is
plotted for cach method. N
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Gf‘aph A : .

GRAPﬂ oF AVERAGE BESPDNSE FOR EACH METHOD VERSUS DhSlFABTLITE
(PILOT STUDY)

10 1 T :

- 7“ 9 &;?
8 i',
Column
Averages
From

Tables
11 and 12

FA

bl S e My S 7 gty e o

gl

= T

o

S

= Programmed Method

= Lecture Method

Other questions seem to verify the resultls shown.on
~the abgve table, as indicated by ‘the following table:,

T
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Table 12

STUDENT {ETHDD PREFERE NGE (PITOT STUDY)

' Lecture Method 35.4 Percent L
Programmed lMethod . 25.8 Percent .

* Some of Both . ' 38.7 Percent

Some of the comments cammoﬂly made by students regard-
“ing what they like best about each of the two methods are -
listed below: ! ,

Programmed

l. "You can go over 1i again if you don't uﬁderstand 1t
at<first."” ,

2. "More organized."- '

3. "Program explained the @rcblem step- by step.”

k. "You rewind 1 .: tapes and hear it again.™ :

5. "Able to work at my own speed." .

6. "Program was more logical." T ’

Lecture o -

1. "You could ask questions and get more help from. the
teacher."” ) ‘

2. "More interesting."

3. "Teacher commands attention more than tapes do.™

L. “Teacher‘e personality makes the.class more interest-
ing.

5 "After solving the prablem or ans werlng the question,

the teacher can show me what I1I'did wrong."

CONCLUSION (PILOT STUDY)

1. There was no significant difference in achievement
When the two different methods ®f instruction were
used for two very similar units in general chemistry’
where the amount of class and study time was constant.
Three very important'points should be noted concerning
the two methods: (a) The student learned at least as
nuch by ‘the PI method as with the TI method without
the presence of an instructor; (b) The development of
the material used in the PI required much teaching
experience and a large number of instructor hours;
and (e¢) Tn this study the lecture was evaluated very

"highly wherecas often this is not the case.
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2. The ctud;ntr liked certain aspects of both mehhcds
of lngtructlon although, overdll, thére was a’ slight
- preferénce for the traditional method. HNost Sléﬂlﬂ
‘fleantly. the students indicated -a gtrong preference
for using some Qf both methods. :

Based on ExpéflEﬂGE w1th the pllat study, 1t was
decided that the HARP was ;easzble and that no maJDr problem

" 'Should be Eﬂcountered in the MARP. The necessity for a well-

organized master plan far the MARP was realized 1n/ccn$1dera—
tion of the numerous tasks to be Perfcrmed in the*ﬁtudy,

. E The data collected was found to be useful. #n formu-
lating the hypotheses for the MARP and as a supplgment to

the data collected in the WAFP Ag will be DbsEfféd 1ater,‘

’

the results of the pilot Study wvere very simiiar/ta'thagé df

the MARP gtudy w;th regafd to student aahlevement but qulte
/

different w1th regard tc student preferencei /

i
/
{
j
i

Hypotheses e ! .

1. Central Piedmcﬂt'@ammunify CGilége gEﬂ%ral cﬁemisfry

ment wﬁen taught by . paftiaily adapfive/PI than'when
fh *

- taught by partially adﬁptlve TT. \j

L ] : s . : - r L
students of equal ability will have greater achieve-

M

Caﬂtral ?Ledmcnt Ccmmuhlty Coliege gemeral chemistry

) ~ students will pfefer ta be taught by partially

3. Central Piedmant Lammun;Ly Co]lcge gEﬂéral chemistry
Etudﬁntc of lower readLﬂﬁ ability w11l achieve more

when LﬁUﬁhL by parhlaily adaptive PI than by parb;ally

=

adapltive TI.
LY
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. Central Piedmont Cammgﬂity College chemistry
students éf higher reading ability wild achieve more
vhen taugnt Ey partially adéptive TI than by pa}%ially
.adaptive PI. | |

5.. There will.be na-sigﬂifigant differEﬁGe in fhe

. ) quallty af instruction Pregented in the TI units

“and the PI unl%s-baéed on ‘the ratlng scale in the
vguestlonnalrei ’

Variables
) 9

Constant . -~ CPCC qtudents, task Brder, task ccnteﬁ%

Sgudent ablllty 1n chemis try, backgr@und 1n chemlstry, reada

N 2
= ing ability,.gradesi age, sex, 1nstructar, and adapt1v1ty

‘of methods.

Rationale for the Hypothesis

£

Previbus studies in fields other than chemistry and

many in cheml try have Sh@Wﬂ PI to be superlef to TI in many

instances.’ Eragrammed instruction is more Qrganlzed and is

, desigﬁed with specific learning principles applied with.
dﬁrected outcomes., Pf@ﬁrammed iﬁﬂtructi@n, in most casés, -

demands that the IEQTHEE achieve a certain level of CDmPEtEﬁCEu

before proceeding to new material.‘ This is usually determined

N . . , T S ,
through the use of criterion referenced testing rather than:

5

norm referenced testing.

¥

]

79
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Prcﬁfamméd instruction focug es on the 1nd1v3dual
i

learner while the TI*apprDth*nguééS,Dn the 1earﬂer in a

group. Programmed ingtruction demands that the outcomes of
2 a4

1eafniﬁg, the @hjectiVES, be achieved by the student aﬁd,

i‘urthermc:re. that their learnlﬁg goals be. s 7&(‘311‘7126‘ in

Edetall prior to-the unit. The fact thaﬁ &PECIflC learnlng

pbjecti#es afé_GiEérly defined in advaﬁge makes it possible
to plan aﬁ,-degign mo?e efficienthlearﬁing strategies in
@rd&? to achieve these DbjéctiV%Sg; PI usuéily will accommo-
déte individual differéﬁces more  fully than TI by providing

a variety of learning pathways using various deliﬁery'sysﬁems.

lost prOﬁrammed 1h3truct1on prov1des ample Student évaluatlan :

and other cyclic feedback which p?@VldE@ fcr canstant evaluaa
tion aﬂd rev131aﬁ? Tt usually daes nct have th;s bullt 1n "

cyclic feedback revision Pr@ce ss and Evéﬁ 1f ;t dces, it T

is not usually done’ in a systematlc way. .
/ ' o o e o - e
One Qﬁ‘tha most important differences'between PI and

[
Bl

Ti is -the- rale Df the ins trﬁéﬁcf- In._ PI thE 1ngtructcr

beccmes more Qf a manager and aﬁdlqgﬂg tlclan w1th ‘the emphas;s

i

on measurahlé stuﬂEﬁt 1earn1ng and. ﬁot on teacher act1v1ty.

Thus, PI vhau1d pr@duce mare learnlnﬁ ?1ﬂce the Emph351s is -

upon ‘the accomplis shien't Df mfa u1able Dbgect1v25_by ‘the

7 '
TA B !

student. :?

" The 1Pirﬁiﬂg eﬂv1rmnmént fTor PI may cr may not be

thhly utlULEUEtd but is &EﬁGL111y less Ltruchrcd than TI
requiring ‘the student to set his Dwn.Pace and to select the

delivery system to be used. Again, the emphasis is on the -

g0



D and F aﬂdisﬁudents mgy.viéw this system as punitive,:3
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<
13

student learning rather than the instructor teachlﬁg.

Grédiﬁg systems -encountered in 7T usually involve A; B, G,
“u

i because the 1nd1v1du31 may be punlshad for nat ccmgletlﬂg

the cgurse in the prescrlbed time. Experlence in the i&agha,
ing,af chemistfy-iﬁdicgtes that students achieve more when |
tﬁ%y can concentrate uﬁan the basics of chémisfryﬁand not,
the grade to be attained. A typical éradiﬂg Sygfem‘where

PI is used ﬁ%ll iﬂclﬁdé-Ar B, C and I (or pass, fall)=—a
ncn=pun1t1ve system w1th resé@c+ to tlme ' lf a Student does

nct fulfill a large prcpaftlan of the course gaals, he iE]

x,glven a gtade of I and permltted to camplete the course in

a longer Perlad of ° tlme determ;ned by the student and

teacher. ‘This type of system focuses ori qgnlevement of the
stated objectlvesi»xTI places greafér;émph351s on grading
rather than 1sarﬁing} This ﬁag been noted in studgn?etai
studeﬁt,cpnvérsatiqn-in‘which-ﬁhey are muéh‘mgré likely+to

'évaluate:PI bg{"what-i_learned" rather than by "the gradé,l

made”.
The svéfége*grade An Geherai‘@hemistry at‘GPGC BES‘

been. estimated to have lncrea ed by &t 1east a 1etter grade,

from a. C to a B, i ce PI his béen used ln tne cour " (This

Hcanngt be atLrlbuted tc grade 1ﬂflatlan because A.C.S. examgb

scores have also fiﬁ’ sed.) In EddltlDﬂ, Lhe number of
students who success sfully C@mmleLed Lh; course hdg also in~
creased, Trom about 50% to ?O%L BDLh of ‘tlthese Gbgervatlans

surgest that students are achieving more Uﬁdgr PI_ Students



PL than TI in such courscs as Shop Science and Technical
Physics (PSL).

As hag been illustrated, TI may be highly adaplive
and may iéélude many of the desired features of programmed
instruction. In most cases, however, it does not. TI ig
usunlly not as well organized as PI and lacks the syslematic
approach with the application of learning principles. As a

result, it is believed that more learning will take\placé in

General Cnemiquy,hz g PI than using TI.
An advantage of TI 1s that the insltrucltor can adapt

the learning situation to 1 2t the immediate needs of the

class. 1In this way, the instructor serves asba Teedback--
chango.agent. TI has, as the cénte: @f learning, the instruc-
tor, who is 1live aid can be much more stimulating than a pro-
prammed book, audio ‘tape, gtcg» The tecacher can ‘talk back to
the student and answer questions In most cases, the
instructor is available as a source of encouragement and
shoﬁld motivate tﬁe student through c&uﬂselJaﬁd personal cénfagf,
albeit limited. Most students areaccusta?ed to TI and many
need a "live" instructor for varying reas@ﬁs.' It is prédigted
fhat, in the majority of instances, the Sﬁuﬁgnts will prefer
TI to PI if given only one choice of instfucticn; It is
expected that many students will see advaﬁtagas in both
ihodq and that.-most will' prefer the use of bofh,

The pllot Study indicated that tudentg Jlearn just as

vell, or 11ghtLy better, by PI as by I on a module similar

Aruitoxt provided by Eic:
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ERIC

Aruitoxt provided by Eic:

Lo Lhose used in the NARP eyen though the amount of time

1

gpent by cach TT and PT scetion was held constant on buLh
unils in the pilot study. One of the major advantages of

PT iz ils inherent nelfl- lllif‘lﬂﬁf which gives the gstudent as

fm

much Ltime as he nceds, within limit

b

I

In the MARP, students in PI were glven réésmnably
unlimited- study time. While students in the TI section were
given unlimited gtudy time also, they were limited in the
amount of time in which they hadvaccéss-ta the.instrugtar
(the main information source). Since the PI group in the
pilot study achieved just as much within 111thg timez asg
the TI group, one mighl cxpect them to achiceve more if given
unlimited time using the pl@ﬂfammcd ma Efialsi | ’

The'pilot study also revealed that students were
pleased with PI but, when asked which method would they
preler if given a choice based on the m@dulé completed, they
chose TI. This was not too surprising cons sidering results éf
olther regearch studies presented. Connally and Sepe (1972) -
Tound that only 50% of the students preferred the 1ﬂd1Vl—
dualized to the tra di*iénél approach. Yet, a majority of the -
students indicated a preference f@r most of the characteristics
of individualized instruction except that ihey preferred
teacher control rather than student control of the learning
situatian. Evidently, students do n;t want to accept the =
complete ii‘%l)i)ﬂ“_lbl_lll,y tt’“nﬁ learning and, as a rcsult, chose
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Aruitoxt provided by Eic:

One ol

instruction in chemistry

adequate cducational expericnce

more with PI ‘than wilh "TI. . The
learning in
Thereflore, it was deocided

higher and lower rcading groups
mine

of this knowledge is obvious.

b

the buasic 1nuumph ons

that a comparison be made belween

by which method ecach group achiev

The statement of the dir

68

in developing programmed

at CPCC was thal students with in-

in chemistry could achieve

most basic tool needed for

E)

school has been shovm to be reading ability.

3
1.

taught by TI and PI to deter-

edrmore. The ugefulness

ectional

hypothesis concerning the achievement and reading ability was

based on the above assumplion.

‘Although the wrlle believed that programmed ins trUCS

had predicted that most s

time-tested traditional apprnach,

IGHLTFIC mniannar. Obs

made in an unbiased fashi@n and

ot

final report. Xvidence of this

tion of Data Validity by Sanders”

students,

however, would prefer the
the study was conducted in

ervaticns and CDHClISi ong were

are stated honestly in the

is shown by the “Certifica-

included in thé appendix.

Operational Definitions of ‘the Variables
MPET: Ohial et tNLLLIoNs Ol tne varl: s

Partially Ad:

ptive Traditional Tnstruction - Teaching

reriod of time. The

and learning where the instructor is present in a classroom
b

or lab with students for a scheduled

talking and/or writing. Duc to

D

learning is usually 1@@L=stgp with limited self-pacing

instructor is the center of learning,

doing most of the

the constraint of time,
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insthruction. S8peciflic learning objeclive
they are not. (They

alruc-

individnalized
) The ine

may not be ubnwkedi-in most cases
in all of the

may or \
sltated in Tthis g l.uﬁ_y\'tﬂ
agg need

are
the ¢l

modules.
constanlly adjusting
with limited

=
J

of the clas

tor is alert to
instruction to meet the needs
Instruc-

the
individual he:
grammed THqLJUL{LQﬂ

time for 1]
sent in

Detailed learning

btn
Lo
V"l

g activity.
student using various
audio tapes, video ‘tape

delivery

ided for ‘the

sleps are pProv.

stems such as wirilten matlerials,
Eédtnlﬁg is ﬁ@f lock~step and each

own rate of learning (within certain

[ ,']

sound-~on-slid
uPEClElE learning obje cth‘“ are always stated

person progresses at hi
sing eriterion referenced testing.

limitations).
s on post-test for

with frequent evaluation us
- Average gain scores
on cach of the units (to be significant

A C‘ g ,:‘j‘igﬂ,, i
’ ’

student officiall

Y 1 Ch@mi”trj_gﬁgiggz - Any
stered for Chemistry 1504, 1505, or
(See appendix for course descrip-

1506 at Central Pied-

regis
mont Community College.

tions).
1ity in Chemistry - Determined by previous
cores on the Toledo Place-

Equal Abilif
ckeground in chemistry and f;am S';i;" '

ba
nstruction (TI or PI)

Test.
Method of 1

Student Prefercrnce
determined from a questionnaire and

ment

=, x
auLud@7tg preler as
8o

i
i

|

A

O
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chi--square

Ly ea.

analysis of the rating distribution for T and

PI (to be significant p< 0,01).

.

Reading Abilily - Ao delermined from scores on the

Nelson Denny Reading Test.

Quality of Instruction - As determined by -the

results of student cvaluation of methods (to be i nificant

p< 0.01).

3y



Chapter U
PROCEDURE AND METHODOLOGY

E%le hilects:

The students selected Tor 1lhis sfudy came Trom first
F

=

quarter general chemislry classes at CPCC. The number of
students involved ranged from 90 at the beginning to 60 at,
the conclusion of the 1504, 1505 and 1506 general chemistiry
scquence. S%tudents comprising the group were charicterized
by having many and varied backgrounds and an age range of
a\\‘ nineteen %D thirtynfive, with a mean age of twehtyntwo.e

Apprcximétély eighty percent were from the college
transfer area and the remainder from the technology areasi
(chemical, electrical, mechanigai, etc.). The group members
'were considered to be rePfésentati%e of "typical" CPCC
general Lhcmlatry utud@ntf A summary of their characteris-
tics are pf&fented\ln Table 74 |

The. agnﬂené§ were divided into two groups, each

: \

with Equal learning ability in Chemis try as indicated by

scores on the Toledo Placement Test (Form C) and by previous

grades in Chemistry and science. As shown in Table 14, the
two groups were similar with respect to age, sex, veteran

status, previous courses and grades in chemistry and science,,

and professional ambitions.




Table 173

CHARACTERISTICS OF THE

SUBJLCTS

72

Number at the beginning of study
Number of Veterans

Percent Veterans

Number Non-Veterans

Male/Female Ratio

Average previous math

Bstimated grade in previous math
Average previous physics

Egtimated grade in previous physics
Average previous chemistry

Estimated grade in previous
chemistiry

Mean score on Toledo placement test

Median score on Toledo Placement
Test ;

Educational Goals
Medical Profession

Science Major (Biology,
Chemistry, etec.) :

Technology
Engineering
B.siness Economy

Undecided

Group A

11 5
8 .

Group B

I+§
9



The total group of students was also divided into a

high reading group (Ry). and a low reading gfaup'(RL), Tthe
division being made on Lhe basis of scores from the Nglggg'
DEﬂﬂy‘REaﬁiﬁé Test. The rationale for this!égparatiéﬂ into
high and low groups vas to inv eatlgate the relationship be-
“tween reading ability and achievement by PI and Tlgéﬁ’genéral

chemistry. Students who scored above the 52 percentile on

the reading test were assigned to the RH’grQup, while those

below the 52 percentile were placed in the RL group. (These
percentile scores were not based on Table 1&4.,) Students

who had bcen gi%ﬁﬂ other reading tests or a different form
of the Nﬁigcﬂ Denny Test were not included in Elthgr group.
,ﬂéﬂce, the number of students comprising Lhe p and B groups
vas greatler than the numbaer . in the RH and R groups. Tweﬁty_
six (26) students were assigned to the RH grouvup and twenty-~

ht (28) to the R group. ' ’ N

\L

U"u

It is believed that students Eﬁrollea‘ii general
college chemistry at CPGC are, on‘the average, better pre-
pared mathematically and are higher achievers than - the |
general populatimﬁ“gf students at CECC.

A possible indicator of ablllty to achleve more Ais
the highef median score (52 p?FCEﬂtllE) fDr iﬁiﬁ group . asz
compared with the medjan score for the collegg'fransfer

student at CPCC. Ac\,ﬂf‘dlng to Griffin (1975) h6% of the

college transfer ﬁtudeﬂt scored belgw the twelth grade 1evel.



Reveaceh Degipn
The experimental design for this study was the
i . '

Quagi-Txperimental type--non-equivalent control group as

described by Tuckman (1972).

Diagram 3

RESEARCH DESIGN

‘O\
il

Pretest Group A

Pretéat Group B

[
11

X, = PI Trcatment Unit #1 for Group A
X, = TI Treatment Unit #1 for Group

11

R
X, = T1 Treatment Unit #2 for Group A
B

»—M‘
i

- PT Treatment Unit #2 Cor Group

1
3

Post-test Unit #1 for both groups.

0 &0,

0,&0), = Post-test UnitE#E for both groups.

4

hut

i

This design is similar to the pretést/ﬁogf—testican—
trol group EIG@P% for the random assignment of subjgcts to
Ea;hrgraupi The true rvesearch design requires that the

sampie bé selected from the total p@pulation on a ébmpietely
random basis. This comparati%e study of TI and PI used .
students from intact-groups (éiaéses) which were not randomly

assigned and, therefore, were placed into ‘the Quasi-experimental
1

- ‘ '
design (Tuckman, 1972, p. 118). : Al
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ause the subjects Huld not be randomly assigned

Homd
p J

to Lhc groups, a protest was given before the assignments
were made to iMSUf@_aquivéiénce ol the gf@upsg The Toledo
Chemisiry Placemnent Examination was used for this purpose.
clors re 1ated to a@h*fveméﬂt such as

In addition, othur [la

“'v"ﬂ

grades in previous scicence and chemislry courses, ages, SeX,
cte., were ascertained. A1l of Llhese, plus Llhe placemant

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

relatively equal ability. (Sce *Table 1)

Procedure and Rationale for Activities

The study was divided into five mocdules each com-

posed of two similar units (with the excepbion of one which

b=

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

giming of cach moduvle, followed by ﬁﬂitg@hé of that module

with one group rcceiving the T1 treationt while the other

group recéived the PI treatment. This was followed by a

post-test on Unitiéﬂe of ‘the module. In the second unit of

sach module, ‘lthe groups were given the reverse trecatment;

that is, if Group A ﬁeceived the 7T 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 ?ﬂd a student evaluation of both units one and ‘two
of tﬁevm@dule. ‘The average ga in score obtained by each’
method for cach unit was student cvaluatlons summérized for
TI'and FI on each module, and=the overall average galn scores

7Uweré téﬁulﬁted for TI and PI for the high and low r eading

groups. , 2

B | -

(4] ‘ 7 .-

ERIC ;

Aruitoxt provided by Eic:



Leneral Chenistry studantg

[Qri&ntafiﬁn ¢

cece

of Subjects

Group A

TI
How to use .
Exponential
Nurbers in
Chemistry

xS
~ =

" Unit 2
PI
Significant
Figurez
in

__Chemistry

ERIC.

Aruitoxt provided by Eic:

Test

previous grades
in chemistry, etg

Fqual
Ability
Groups

Pretest
Module 1,

Evaihgtiénq
(student)

—=—>| Group B

N
A

MNodule #1

F

Diagram 4

FLOW DIAGRAT

- I'OR THE

Unit 1
PI
Hew to use
Exporential

Nunmbers in

Chemistry

TI
" Significant
Figures
in ,

a0 92

STUDY

"
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Aruitoxt provided by Eic:

FLOW DIAGRAM IOR THE STUDY CONTINUED

Pretazt

Module 2
Stoichiometry

Unit
PI
Stoichiometry

Post-test
— I

Student

Evaluation

Pretest
‘Module 3

Unit 1

T ¢
Molar Volume
_Experiment

) N
P@si=tesﬁ

93

Stoichiometry

"~ Unit

TI

onit 1

PI

Molar Volume

Experiment

77




FI.OW DTAGRAM IFOR THE STUDY CONTINULD
Unit 2
TI :
Equivalent
‘ ] - veight
Experimant

Unit 2
BT
Equivalent
Weight
Experiment

Module 3

Prctest

Hodule' 4

T ™. : PI
ey : ‘Molarity

1

Post-test
Molarity:

Unit 2 | unit 2
PI T

"Post-test | : -
Normality 4° '

Etﬁuﬁéntﬁ o
Evaluation
- Module 4

ERIC B

Aruitoxt provided by Eic:
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i

[ Unit 1
PI
ggégz Numbers

‘Unit 1
TI .
Reégx Nurbexrs

- l tnit 2 . Unit 2
PI : TI

Balance Rodox ' Ralance Redox

‘Eduations Equations

| sffg;ﬂ
Pozst~teost
I ' ==
Stuaeﬁﬁ' )
- el Evaluation

Summary and
Treatment of
Data

ERIC s o

Aruntoxt provided by exic |
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Aruitoxt provided by Eic:

FLQQ DTAGRAM I'OR THE STUDY CONTINUED

n
‘"H

Overall
hverage
Gain Scores

PI

L — —
Averade
Gain Scores

TI

Denny
Roading

Test
Scores

U

L]
Er

Overall
hverage-

Gain Scores
Pl

Average
Gain Scores
PI

Summary
R
Treatment

N

o

B T
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Aruitoxt provided by Eic:

Prggﬁnmmzd vrniils froin the general choemlsiry course
were pelected as thé topics tﬁfbe uged in the study. These
prograns were Qrittcn by the aulhor and cla i;—LDvLed several
times at Central CPCC. - They were subsequently published and
adapted as gne of tﬁe texts used in the- fIC hmdﬂ chenistry

i 4

course at %FCG! (For an example, sce appendix.)
' The prééramméd units usually follow the following
outline: Iniroduction, pretest, specific objectives, summary

of “tasks, detailed learning steps to achieve the. stated

Y

objectives, and past;tesf (Cheek, 1972). “The lotal instruc- .

tional package may irclude filmstrips, films, and video

tapes. However, usually it conslists moatly of ertteﬂ

material and casselte tapes.; As can be seen, the writlen

material requires frequent student response with'réviéwﬁ’lThe
gudié tapes serve as .a supplement to the written matérial and
pp?y ‘the student with detailed answers 1o many questi
pogaé in the program and with additional information abouw

I : ) ;
‘the tap ics not included in the wrillen material. Audio tapes

e
o
- L

,’ ..,‘

n

L\’l

E N
L

are "very commorily used with this type of instruction at

Cenbral Pladmont Cumﬂuﬂlty College, and maﬁy students Tind
n ,
the tapes very helpful. Data coll ected 1nd1cqt2ﬁ that

approximately ¢ évenuy percent of the LudonL: taking gencral

chemnistry at Central Piedmont Community College choose to

use . the tapes from the library in addition to those being
in the chemiciry lab.
These programmed units were the product of many

years of ‘teaching chemistry and of speecializad training in

: 97
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Aruitoxt provided by Eic:

unit. For example, many supplementary audio-visual ma%terials

82
the ertlﬂU of programmed materials. The ecleclic approach

ing the program using a combination of the'

NS USEd in wriil

£

Systems approach and Cistran (Deterline and Lenn, 1972).

.
[
=

Literature review shows that the difflerence between the

various approaches 1s not great. Thg packages used vary

ud

comewhatl in lheir format, but basically they are quite simi-
lar. The order in which the components of cach paclage were

developed are as follows:

a. Self-cvaluation - (Test)

m
s
w
o
D‘
[
]
ot
Mgt

¢. Discussion of self-evaluation - (answe:
d. Practice exercise items - (learning exercises)
e. Discussion of practice exercises - (answers to

practice exercises)

N
\m\
4

f. Study Review <

L

£. Intraduétiaﬁ k ‘ Ai .
P ,
- 7;‘ One of the 5tfang pbihts of the above gequence of

development is that Ehé test was written before the objeéectives.

and test in

test items and
objectives--a subtle but, never-the-lessy imp@rtant:appTOQGE,

material and

casgselte thEu for each PT unlt assigned. Information was

riven caoncerning the. locatioh of related material for each

] - 4
¥ ‘ = = & « ﬁ" e =5 =5 o Ky - 3 =
such as filmstrips, books, filmloops, and films werec found in

the Dpﬂﬁ chem ieryilab.- (This informatian is actually a part

08
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-
]

ofl thé \0padi LLen program.) The Etudenbszweré not silﬁwad
altend class during the PI units, and they w&réigiyén as
much timeigﬁithin certain limits) ng Lhey}ﬂcsircd Lo complete
cach untt. ﬂStudénﬁs vere encouraged to make use of the open
chemistry lab and/or the study carrells (which contain head-

ot : : . o .
sets and cassette players) in the library. The PI units

vere almost complete self-paced. P11t151pi'“ were requested

fD‘

to kee p a record of the amount of time zpemt on each unit
Tor the pufpgge of comparison wiﬁh TI: It vwas emphasized to
the participgnts that théy could ganléte the ?I units any-
where they wanted, whether at h@me,rat CEﬂtraleiedmont Com-
munity College, or even ;ﬁ_their.way to Séhgéi ér work or on
a part-time jéb. (Sgud%nt5 havE reportéd’ diverse study ¢
patterns.) It was émphasized} too, that if PI were'fallawéd

N
rom the i3 siructor or

iy

closely, they should need little help -

‘m

from other students. Students using PI units were allowed
fa_seeﬁlheig from the instructor, if:ﬂééied, but it was
xpected that 1iftle help would be requésted.

The TI units were taught in the “usual" waﬁ by ‘the
author. The class met for a definite period of time (three
days per waek, axciudLﬂg labs) with the 1nﬂtfuctar lgadLng

the cl dis 310 asking questions, lecturing, using the

-

il
W
I" l}
m

15
151

" "!‘
w
[:p

chalkboard or charts; ete. Classes taught by .TT in this

sludy were more structurcd than the typical "1éctﬁﬁé¥ class.

For example, specific learning objectives were given to. the

"TL groups and pre-test and post-test viere a part of cach

~module. Tn most triﬁLL1an511y taught classes, tests are not

)

99
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givﬁn as fr&éueﬁtly ;s was required in this study nor are
students given specific 1Earni£g objectives or pre-tests.

. | R S
The administtati@n of both pre- and post-tests and the use
of learning objectives were required for-a méémingful and
valid study. Students in*both groups ﬁeeded‘tﬁ know what
- vwas expected of them, if a scientific comparison were to be
made., |
T DI was téxtbqok oriented with class notes written on
fhe'blackpaafd and/or given to the student as a handout. An
effort was made ‘to adapf‘TI‘télthe needs of the students by
artively encouraging participation in the form of qﬁesti@ﬁs

- # ;
and discussion. A review was givea of ‘the information

necessary to make 'assigned topics understandab.ie and homework

assignments were-made from the textbook. Thus, the TI group

]

was taught in a partially adaptive fashion, as was the PT
group. Subjects using the TI ﬁnits did not have access to
the programmed materials, requiring that they learn’ by TI
when 355ignea ﬁé‘uﬂits taught by this m;théd_@f instruction.,
Students were‘reqﬁéstéd to kecep a record éf time %pénflén
homework for each uﬂit so that this time could be compaged
with the time using PI.. A summary of the céﬂtrasting pro-

rties of the two meth@&s-cf ingtruction are shown in Table

ke
D

=

b_J\
W

fAS‘Dﬁé can see from the flow diagram, five of the
modules contained iwormatchedlunifsicf study, with each gé@ﬁp
(A and B) being taught the %ame¥uni%s at fhe game time b& twag
different methods. (It was impossible to match all units.)
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that were considered to be royw ﬁta

In the subsequent unit of each module, Lhe method of instruc-

" tion was swilched. To help rule out any effect of order of

treatment (of TTI Sﬁd”PI)EOﬁ th@ gain scores on each module, . -
thevariéf of recei#iﬁg the T1 and PI treatment was reversed
after each module. This paifiﬁg'of the two. matched units
allowed each gf@up to be exposed to both ireatments in each

module with the matched units. The two units in each médulé

were matched on the basis of 1enﬂth, simiiaritﬁ and degree

of dlfficulty 1t vias believed that thls matching of units
for. the PI and TT trEatment of Edch gr@up in each module

waujd gfeatly Eﬁhaﬁce the internal le]dlty ‘of the Study

to ascertain ‘the knowledge of éaéh'graup bef@re it received.

the treatments. A post-test.was given at the end of each
module to measure the achievemént-on each upit. Average
=]

gain scores” were computed from the pre-test/post-test

scores for each method of 1n%tructjon and the average galn

Scares were tabujated for all of the modulés;, _ .

The unlta selected for the atudy varled ;ﬁom dé%ailei'

mahhematlcal caleuTationE used in chemistry to” 1wQ 1ab experla

ments and were taken from all\three cgu%ges in general_

chemistry. It was impossible to iﬁClHdé a "whole course” in

the manner described and, as a result; /uﬂlts were selected .
/ _
t1 ve. The total amount

/T

of~ claas time dnvoted te this gt dy }as abaut forty class

hours (greater than cne QUdFtEf of glasswsrk) and iﬁVOlVéd‘QDx
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5tqdaﬂf“ Tt was Telt that Torty cl 85 h@ﬁrs with the ihvolve-
‘a ment of 90 students should yield ample and ddDQUdLl ?£114ble

data for the study.
One of the main thrusts of the study vas to determine

the preference--choice of method of 1ngLruc11@n7—@i tre

- £

sﬁuiemtz_ To do this, a questionnaire was developed to
obtain this information, in édditioﬂ to other perltinent data.
Thisﬁquéstignﬂaira had been used .and revised“in two previous
studies, yielding satisfactory results. (See pilot study)
In fhese studies the students appeared to understand the
-questions well, resulting iﬁivery few unanswered and/é;

¥ L3

misunderstood responses. The questionnaire proved to be’

-

adequate in the pilot study., As a result, it was felt thaﬁ

thlé ins TrumEﬂt should be valid and rellable for this study ’
Proaf was ﬂecded that both the Tl and PI instruction was pre-
sented on such a level as to yleld valid reﬂulug; This vas -
§Speéially true Tor the lecture (TI) since much of the PI

- has been thoroughly evaluated before. “Another important
aspect of the questionnaire was the determinationi of theé i /
extent that the pértieipaﬁis felt trey had achileved %hé /

stated Gbgecblvea for each of the unltﬂ taught by TI 1nd PI”X

/

7. . Thus, an evaLuatlan was pade for each method of /

instruction with respect to: | o /

' ’ 1. thd effectiveness of the maLhod in h;lplng the u%
A
gegbe achieve the DbJQQLlVE% and . /

i

- 2. low tha aubjchﬁ felt about that partlcuiin me;hod

e,
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‘Stated objectives

87

Table 14

» CDJHJAHATTVF TABTL;, OF I'T AND PI

e S e et T T

o A,
' ﬁ; s PI N i

Closed Class B ‘ Open Class

Limited class time . Unlimited study time
, N ' . y !

Stated objectives
- h
¥

Pfesiégﬁ - Post-test: - Pre-test - Post-test

Learning steps not greatly Detailed learning steps wlth
detailed with random Trequent well planned student
student response. - r response. ‘ : '

Al =
i = . B =

Teaching and learning. Teaching and learning con-
closely controlled o trolled indirectly by. the
dlrectly by the ' instructor through written
instructor. ; : programs and audio-tapes but

* with student chLrol overall.

/

Some individual help - . Little individual help- gluen
given by instructor. by instructor.

- Partiag)ly adaptive Parfﬁal adipfive

Instruct ¥on ) In quctlcnal materlal

-

Few alternate learning Some alternaté’learnlﬂg path—
pathways made available. ways made. available.

Focus is on the ) Focus is on the individual
learner in a group. learner.. «=

c ” NET T

Validity and Rél ability of the Tests

- R s : -\ g

The Toledo Placement Exam (Form 196?)7yas develdped faf

the purpose of having available a one-hour chemistry test tha't
~, . ’
could predict, with a high degree of accuracy, the future
= A : . )
success of a beginning student in a general chemistry C%Prsep

This test was used at Central Piedmont Community College, at
- &

other local c@thﬁity celleges and.at the University of North
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.

Carolina at Charlotte in a study (unpublished) comparing the
} ’ ] y ! I g

general level of achievement of incoming freshman chemistey
students. The portion of the study dealing with Céntral
Piedmont Community College students indicated that the Toledo

Placement Test (TCPE) was a valid predictor of the future

= =
-, .
=

success of the chemistry student. Those students who did

Ve
vell on the TCPE also ‘did well in their general . chemistry
courses (Cheekr 1972)-

The reliability coefficient for the TCPE (Form 1967) was

found to»be 0.921 as estimated by means of the Kuder-Richardson

formula 21. This value indicates the test had good rejiabilityg

' The spread of regponses in the lower range indicates ‘that

incorrect answers are well written. (See appendix) The ilem-

~discrimination indices are high as shown by the following data:

\':
!

T Table 15

DISCRIMINATION INDEX ITEMS

50-k9 67 20 outstanding
Lg-Lg 125 . 18 very good

74 . uﬂaccep%ed

(Hovey and Krohn, i?é},’p.fB?D)i ‘

&

The validity of TCPE has proved to“be very satisfac-

i
tory in thatim®5t StudeﬂtS scoring above the cut-off score

of forty are successful in Chemistry 11? at Tclédavﬁniversityh
A summary of this data is shown in the appendix. The number
of F grades ﬂgcréased from over thiftyéfour-percegt té’legsr§

\
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than ten percent after the TCPE was used at the Univursity TN

=

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

.', = - — 19 R I = = = is i -
has been an gxc;liénL tool for-déiermlnlng which students

should be, enrolled in a remedial course (Hovey and Krohn, 1963).
A comparigén of the caufsé'gradés and TCPE scores in

eleven different community colleges in Calif@rﬂia was made

with those at Tolédo University. fgeg’appéndix) "As . might

be expected, the community college TCPE scores are lower with

~a slightly lower 1etter grade for the courses. It does

appear that students who scored less than .forty on the TCPE
have 1little chance of being éuv;essf 1L 1n the later chemistry
courses in both the’communlty college and at the Universjty

of Toledo. C .

7

One of 1the criticisms Qf-thé TCPE has been that the

'qpstlstf'él data used to validate the test came from two-
_‘thousand students at the University of Toledo, only (Craw-:

‘ford, 1965). ihls appears to be a legitimate criticism.

However, the TCPE ha; been used by eleven communlty colleges

in Califormia, aﬂd some corroborating statlstlcal data has

L
& i d

been collected. T
An ilem by item ins pECtlon and Eva]uablon of the TCPE

in terms of the chemistry course at Central Piedmont Community
College shows the test to have high conient validity. Most

: 0
of ‘the problem solving skills and ganaral knowledge on the

1i

l,_v w

st are included in the general chemistry course content.

3

Fufthér analysis of the TCPE in terms of the coursge objectives
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i
[

indicates that the test has good Cflu?f? on related V"ll‘ldLLy

5 th : dee’

It agpéars that the test measures the skills and knowlecd

=

r Amportant. |

E'J

111

‘IT:!

“the course objectives define as be

In coﬂaldEIaiLan of the fact

o

i3

and opinions concerning

A N . .
the TCPE and the EGﬂathlH of time, cconomlcs, and. the

fh"
W

familiarity and dvallabllltV of the te t, itvﬁsrbelievgd
;ihit the TCPE was suitable for this Stu%y.
Reading ability was determinad by‘thevstudeﬁ%s scores
on the Nelf —Denny Rtadlng Test, Form C (10?3) The faligwi

ing evidence subs ~tiates the use of this testa Reseaych

has shown a closé relationship between scholastic. achieve-
ment and scores on reading teste such as ‘the Nelson-Denny
Reading Test. Gusluin (1965) has shown that there cxists a

LY

elxtionship between scores on readlng tests and the -

-

N UJ

CQE

H

- success or failure of nursing students. Garrett {19%9) sum-
marized 57 rgpafth CQFFE] tions between scholastic échieve—
ment and reading scores in specil ifie aubgect matter fields.,

Coefficients ranged from .10 tc‘i?Q with a median of 40.

=

The ”alséanEﬂny Réaéing Test showed a(ccrrelatlen of 67
with achievement in. one of these s tudleg_ -

Joyner (1972) concluded that "there ig a'éigﬁificaﬁt
relatioﬁship‘betwéen the 'total' Nelson-Denny percentile
tank scores and_cumulativeifirstéyeér grade point averages:
of 181 selected Afro-American male and female frésﬁmen
students.” £ -

¢ e Tableg\lla 21 in the Appendix for specilic

correlations of the NélsanaDenﬂf Test with other predictors,
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Aruitoxt provided by Eic:
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*,

s

for the spli }, reliability coefTicients, and for 'lhe ;

tegt-retest reilabiilty coefticients. o . o ‘
) Considering the corrvelation ﬁétWEEn,thE.HbDTEg on ,-I -‘

the Nglson;Déﬁﬁy Reading test and achievement, gz?de po

average, and scores on the Minnes bta gcholiﬁtic AptltUdE’ “

{ .

Test (MSAT), the Nelson-Denny Reading Test was considerad a

reading

£

and learning ability. The high

<
o
ot
ol
=
\m\
i)
T
jut
[
D
e
iy
~

test-retest reliability coefficient for the Nelson-Denny . .

The .pre-test and post-test to be used in this study

were teacher-made. Different forms of similar tests have o

been C13PF tested at Central Piedmont Community Collegeu
for the last threce years and are estimated to have gaéd;” f .

reliability and d;ty Studenlts have shown Gﬁﬁglcfiﬂcy

= -

rformances on thE”E tg sts with the majority @f the

=
3
o
jo3
m‘
o
N
Lol
I
W

percentage scores ran nging from slxty perceﬂt to ninety perzeﬂt
on the post-test with an avéfagg\graﬁe of about eighty peréentgix

The tests are ' ‘ltiple choice and objective with no penalty”

f@r guessing cniorced. The test items are criterion-

Teféféﬂﬁéﬂ’aﬁﬂ are written in terms of the unit objectives

‘with at least two gu&%tl@ﬂg wrlLLen for each of théﬁgbjectigés.'
The test items are VFWLLE£’¢CEOfd!ﬁg to most <7 the "gqqdﬁ,; .
principles of test comstruction cited by Green (1963). .Ecri S
the most part, these tests are valid r%liable,‘ﬁsable,

= - 5 = - . ;-—"4 oo o = & - .-‘v, .
simple, clear and e pll’lt The "tests.are criterion-referenced,

not power tests. They are written to measufe the stated .

s
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ijectives:innthé unit and ﬁgt to measure ‘such things. as
feaﬁjnﬁ rate, reading compréh nsion anﬂ/mr 1ﬁt2111éanc2
.They are déal&ﬂ@d tD measure [the Cthlvt}y aghlavementfas‘
stated in the Dbgectives |

Interﬂal vajidlty lg es timated ta be hlgh due tc the

past performance by the stuﬂent on ‘the pDat"LE%t It is 1so

m

_belleved that external val;dlty 1@ high due to Thé sfudEﬁt‘

e ;, performance on.the Amerlcgn Chemlcal QDclety general thmlvtry
exam (ACS)‘glven at the Pnd af the course. Dver the last four
ye ”si the_mzan,sc@fés have been in the middle range Df the

natlaﬂal norms. Students that perform well on the unit pcgt—

s test also do we]i onn- the ACS exams. ..

Data Analv

I

The mean gain scores were determined fmf'the students,

both TI and PI, for each module in the study and ththd
statistically. The t-test was used to determine ti any d;f—

i

N - 'ference in the mean gain scores for each module were signi-
ficant. »

: , : ‘ \ ;

a | Student responses to the guesti@nﬁairg wére compiled,

and ‘the data from parts II and ITI déa}iﬁg with Spécific‘

aspects of iﬁstéhction ﬁexe treated;S“atisticélly; Chi-

square aﬁaiysisawas run on the Ireéuéncy of responses for

cach charaYer1at1c to determine if there vere a 51&n1f1caﬁt

, d%ffcrence between how the' "Sludenls Felt aboul the Llwo mglhad?

of iﬂétructiﬁnj(see questionnaire in appendix). )
Using part' T ol lhe questionnalire, a tahuTntinnE;as\

made of how well :—;:l;udfmts fell they hnd achieved the gtlaled
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objectives in_each module aﬁd agprogrlate compayvisons were

made. | Other’ dgta'ETOm part I, dealing with the Proggdureg

used in the, res QECthE mEthDda to attain the stated objective,

were tqbulated and compared. - - . -
"y , .
Y : From part-lv of the quEStioﬁﬁaire, & summary of what_'
“the Stﬁdénté iikéd most and 1eé%t about each mefhad was madé‘
and used for Cémpariscni The m@s£§impartaﬂt itém by far, ~

also on part IV of the guestianﬁaire, was “which method do i

you pfefar .based on this unit or module?" The answers

8 W

to uhlE important question were tabulatid for PI and for TI
e and compared for all of the modules in the ﬂtudy,/
‘ To compare ‘the 1chlévem§nt of the rcadln groups by,
%i PI and TI, the follow;ng aﬂalyse were run. An ayerage va
all the mean galn scores fﬁr students on both TI dﬂd PI -

were cmmputed for the hlgh rcﬂdzﬂg group. £n average of all

thé mcaﬂA&ain scores for gtudéntﬁ on both TI and PI were also

-

computed Tor the low recading graup ”Thc t-test was admlnlﬁs
tered to determine if any difference in the mean gain scores
vere significant Tor either the higﬁ or the low reading

5

group. . ' ’ /

To ascertain il the two groups were treated w1th
cqual 1HQLFULL1Dﬂ11 quality, a 2 % 5 Chi-square analy31é of
the rating Frequency was run on the data from part T Df the
student cvaluation qu&&blﬂﬂﬂaLLE! The specific pairs of

queslions and the valing scales are shown:

*,

) ' -

£33
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-

(— (1) Were the objcctives clear for the unit taught

by T17 -
Yes 5 4 3 2 1 No

(2) Were the objectives clear for the unit tadght by
‘ " PI? L o o R
o Yes 5 4% 3 -2 1 No “ | L

(3)" Are you satisfied that you accomplished the

@bjécﬁives=in the TI unit?’ '

7 ) | Yes .5 L 3 2 1 * No

. (&) Are .you satisfied that. you accomplished the - ;

:
v P

objectives in the PI unit?
Yes 5 4 3 2 1 No
(5). Do you feel the material used,and procedures
Followed in the TI unit werefadéquate to
~achieve the stated cbjectives?w'
Yes 5 L 3 . 2ﬁ 1 No |
'a‘ (6) Déﬂyau‘feel thé_matarial_used:and proceduies -

followed in the PI unit were adequate to AN

-

achieve the stated .objectives? : '

ooy Yes 5 4 3 2 1 No

As has been stated, there was a nced to verify that

both the PI and TT were taught with equal instructional

quality in order to give the study validity.

Admitations of ‘the Study
‘ Thig-study was confined to-Central Piedmont Community

College and, due Lo the cxperimental conlrols, is cstimated
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) to have high internal-validity in the area of general -

chemistry. The degrece to which the 'LUdy has external
_validity depends upon several factors. Bxternal yalidiﬁj
'should be high for the general cqllage'chemistry student
\ ), " in the large urban type community coiiege with agegaﬁd-
socio-economic levels similar to those at Central Piedmont
Community College. The results of the study might have
less validity when applied to fhe tréditional féut yeéf'
college or university, such as thé University of North
vCarcllna at Charlotte. |
The extent to which the study is valid 4in non-chemistry
- | courses would depend upon the degteé of Similarity to the |
gtudy of chemistry. It probably would have ?aliﬂiéy in.thg_
phys;cal sclences, math, and engineering at Central Pledmﬁnt
éohmuﬁityl@@lleggxaﬁd at SJmllar c@nmun;ty cclleg;s! Eiternal
validity would probably be much lower in the néﬁ—scienceé, .
‘;Such as sociology, history, and ecogaﬁics*aﬁ Central Piédm@nt
C@mmUﬁity College. | |
This study vas limited to representative units in’
generél college chemistry, and it did not inciude\ather, more
Spécialigéd areas of chemistry, sugh as!bicchemigfry};drganic,
analytical, and physical chemistry. Although "Ehemisﬁrﬁ is
chemistry", 1t would be unwise Lo assume that what is true
in th% methods of tleaching and learning general chemistry
would also fUlly apply to more specialized arcas of éhemistry{
The dillerence - An the mdLUIL[y and mDLivaLlﬁn of students

and the complexity of lhe subject wnu1d maké this an unsure

asgumption.

TR L




This s 1dy was limited to the Central Pledm@ﬁt Com-
T hangty Ccllége geuaril chemislry student who posse esses gﬁmg
of the following ‘characteristics:
1; The student is older thén the typical four year
college sfudent, has more reSPOﬂsibiiity;'aﬁd may
hé&e mofé finaﬁcial aﬂi personal problems.

*

2. In m%ﬂy cases thlS student is more hlghly motivated
and haﬁ had related experlances which make his
learning more meanlngfulg (The‘llteraturé review

has shown older’ students ‘to be more hlghly motivated. )

3. Like the géﬂEFal student Populailan of Central Pied-~

mont Comnunity College thlS Studéﬁt=ha' some of the
characteristics of the ﬁdult 1earner dEaCflbed by f
Knowles (1970). That is, he is selfadlrectlng with
a %ﬁsﬁ reservoir of knawlcdge fcf learning; he 13 a
1ﬂterEEted in learning for 1mﬂedlate appllcatlon
rather than future appllcatlon | |

., 1In many cases, the Centrai 1edmant Communlty Callege
chemistry student fequires developmental study to |
be Euccessful 1n ‘the ?gurse (shown by the lower

average’ Toledo Placement Test scores).

S

Significance of the Study

A .
Tt i& expecled that this study answered  some of

Um quesltions QDH(;C‘[‘FIITI& the QF[EGlec.nc:b and desltrability

£

pafticn1aﬁly in the Tield of chemislery! As previounly
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mentioned, numerous comparative achievement studies between

TT and PI have been made, but no highly objeéctive studies

2

have been done at Céhtral.Piedent C@mmuﬁity College in
chemistry or in any other area.
Some iﬁsfruétcrs-atréentral Piedmont Commuynity
College have be.n caﬁcerﬁedjwith the question of student
achievement levels and preferences f@f the two methods.
They express ‘the opinion that students and inét:uctgrs ha%eé
*been and still are being forced té;ﬁée ﬁfﬂgf'mmed\inéividua_

lized instruction w1th which the students "1earn less" and

%

which they "do not prefer There may be some Justiflcat;@n ’
for this feeling in that no thorough study has géép carried
out at Central PJEdent Cammurlty College to_ ans FET these

) GrlLLLI sms. In the flrst Place, %uch a c@nmltmé;t té Qne
methad of .instruction should be precéded by valid data. 1In
the second place, if the methad of instruction is not |
tested at the é?ecific ihaﬁitutiohabefare b31ng adopted as’
"the way", th2ﬂ=it should at leas 5t be cvaluated through a
highly aclﬁﬂtlflc study aFter 4t has been ddQPtEd It is
hoped, therefore, that thls study will serve as a réfiéblé
1eferznce for future: questlcns Df achlevement and %tudent
preférence Tor pr@gz mmed dnd/ar lIadltTDﬁﬁl 1nalruut1aﬁ ab:

Central Piedmont CDmmUﬁlty Gcllege, especially in the”area

1 ' of chenmistry.
| e . g L. . &
\ The study - revealed thd relationship heltieen
\ ' R : ’ o
: - achievement by PI and TI and reading-ability. ¢
\ ’
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SR
The results of the study should be of 1nter§£t to
. _j‘- . s i
the chemistry educator in both ‘the high school and the four

s

year college. Many of the tgpics*gbvered in the study aﬁi
R = B = - ¥ - ,/7,, » )
the problem solving skills used in the study are common

to both the chemistry taught in the high school and in the

four year college.
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=5 - 5 ——-57 .
: . SUMMARY/OF FINDINGS

The results of Yhe study are presented in terms of
i *
the four hypotheses prgposed in Chapter III.

-

ifypothesis I. V
This hyPDthésis states that Ceﬁtrsl Piedmont Com--
munity College éénérai chemistry students of equal étili%y
will have greater achievement when taught ﬁy partially adap-
tive PI than when taugh? by partially adaptive éi‘ .
Table 22 shows a sumnary of the a?erage gain scores
Dbﬁained for each methDdLDf instruction on each of the ﬁpitg

-

covered during the'gtudyi Gain scores were obtained by sub-

“tracting the raw pre-test score from the rav post-test ‘

score fcr-eéch student on éachauﬂit- +The  average géiﬁ
scores were computed for each method for each unit. The
average gain score for PI was greuter than the average gain
score for TI on six of the eight units. TI géiﬁ scgraé!were
greater than PI gain scores on two units, as shown in Table

14, The overall ayverage gain,scofe for the unit is greater -

fér PI than for TI.

99
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Table 22 o

AVFRAGE UNIT GAIN SCDRES FDR

' . ; . 7 Methods," L
Units P - TI

— - = — o = = = — — =~ = = = = ,e'q,,

Exponential Numbers ueed in
Chemlgtry ; | 5.57 7.00

Significant Figures i ; ‘ - | 6.67 |l 5.38
Stcishiametry , )- . 8.45 %_34-
Molar Volume Experiment ' | 7.78 . 6.36
Equlvalant Weight Experlment 7.97 7.26
Narmallhy Calculat;ans ) 5.12 . 5i42
Molarity Calculations ¢ 5;55 4.7@

. Redox . . .. o 11-7§A 1 9.56

Overall A%e;égé o _ | o 7.38 - 6.63

-Graph B compares the average gain scores for each of

N the units covered in ihé'studyg Again, the graph illﬁstraies
that gain scores on-PI were.gféater on six of tﬁezaigh% ﬁﬁits
; cavered- The graph also indigates ‘that aisubstantial amoﬁnt
of learning took place in both the. TI group and ‘the PI group.

= E

The jmaximun 1in score Pcsslb1e was 16,

m

1

) The t- tegt was used to analyze fggggéiﬁ scores f@r

‘Gach of the units. The rcsulti are summarized in Table 23,
Although the gain scores for the PI treatment were

., greater than those for T1 treatment_on six of ‘the eiéht units,

the results of the t-lest do not suppert hypothesis I. 'The
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Table 23 g

CALCULATED T-VALUES FROM THE GAIN SCORES -

o ~ A E Critical Critical.
" t-value t-value
p< 0.10 p<0.01
Two Tailed | Two Tailed -

- Test Test t-value |df

Unit
Exponential Numbers : s
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

Molar Volume , , 7
Experiment _ 1.67 - 2.66

-

.78 - |68

Equivalent Weight ' 1 |
Experiment .67 2 .66 6.75 67
.5?. .66 | ! Qe34 f 62
.67 .66

.67 66 1.61 |60

N

Normality

-

Molarity .13 60

[\ I

S R S R W R

Redox

(Tuckman, P; 370)
hypothesis 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--

_‘%ithere'is na-significant difference in achievgéenf between the
two methods of instruction. Although the null hypothesis is
supported at the 0.01 level, it should be noted tﬁat in twvo
units, significant figures*énd molar volume there is a sig‘v
nificant difference in the gain scores at the 0.10 level. It
should also be noted that in ‘two other units the t-lest value .
ﬂPPFéﬂChEH significance at lhe 0.10 level. ’ -~
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The “two groups used in'fhetstuéy appeared to be
i equal in overall achievement. Neither gfoup consistently’
scored higﬁgf aﬁ_unitg taught by one particﬁiﬁr method of’
R ‘ ingtructién,(TI or PI). Tﬁe Qvé}all aVETEgEJgaiH‘SQQfE in
both TI aﬁd PI unité for Group A was_?.Oé.- The overall
average gain score in both TI and PI units. for Grgup B was
C - 6.95. This is further iﬁdiéaticn that Groups A and vaere;
;équal in Egarning ability and that any differgﬁcé-in achievég
ment was due to tlie method of instruction and ﬂDt‘tG iﬁhefént
éifferences in the groups. A comparison of the grDuEE avEfa‘

*.all achievement is shownin Table 2L,

ffs . .
H]
H.

: Table 24 :
DVE‘F{ALL AC}HU;VEMENT e.GRDU}?S A AND B

PI Avezage TI Average Average Overall
“Gain Score |Gain Score Gain Scgres

Group A ?;%j’ - 6.68 x 7.06
Group B 7.32 6.58 & | =~ 6.95 .

The results of the Toledo Placeient Test reveal that
the subjects were béléw average in théir-PféViéuS-géhiEVE—
mént and/or éPLILUﬂEIlﬂ chemiglry. The TEPDrtEd cut-off
score used on ‘the Tﬁ1edo P1dﬁcméﬂt rest ('CPC) at Toledo

iUhiVéfSlty; Ohio was MD (Hgvey, Kroln, 1963). Those studenls
at thé University of Toledo whD_chfQﬂ bhelow &D;Dn the test
vere adfisad to take a developmental course inlchemistry

belore Laking the repular college chemixntry course.
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The cut-off score repgrtédly used at Cuyahoga Community. -

'Gallege,'cle%elaﬂd. Ohio was 45 (Laughlin, 19?5). The mean -

TCPC scores for the A and B Gr@ups in this study were 32.2

“and 3453; respectively. The medlan score for both the A

£

and B group was 33. It was alSD faund that only 23% of the
students in the study had. TCPF scores of AO or greater.

Based on this test"ihstrum%nt the maiarity of subjects wvere

&

- below average in preParatlan for college chemlatry. If this

s i
group were taklng the course at the prev1cusly mentlgned

&

sch@als, abaut 80% would -be advised to complete a remedial 0
chemistry caurée before the regulér college éhegist;y.
However, ﬁhese scores éfeuanly S;ighﬁly lower %han the TCPC
sccreg'@faprevicus CPCC chémistry students treated in
another study Thevmean'gcafe for CPCC students was foundt
to be 36 with a median of 34 (Cheek, 1972) The simiiarity.
Gf TCPE scores Euggegt that the gr@ups us gd in cthis. Study is

typical ‘of the CPCC general chemlstfy gtudcnt

]

Again, ‘the *esults do not suppart the hypc%ﬁesis but

support ‘the null hprthéL1$ﬂ=tthE is no Sjgnlflcant dif-

_ference in achlevement by PI and TI ln eheml t;y at CPCC.

¢ The autcamés of the pllct study support thP results

of ‘the MARP; There was no- b1gﬂLflCéﬂt d1fference in the

mean ¢ain scores for ‘the two methcdsggf instruction.

et

llypothesis 1T

''his hypothesis glates that Central Picdmont Communi-

ty College general chemistry students will prefer Lo be ‘taught

N~
120
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by partially -adaptive TI rather than partially adaptive PI.

One method of testing this hypothesis was the chi-

square analysis. . This analysis was run on the sums of the

A -~ E;cellsein'Parﬁ\II‘cf the questianﬁairé?. Féf each

module, the students rated certain aspects of .each method

‘Parts,?eié and parts 17-267 These were tabled for each

S

N S

’ ) . sy 3 fa L. o . /
column for each method and a 2 x 5 chi-square analysis was

Y

run on each module. 'The results are summarized in Table 25.

C - -

(.\X

3
-
A.

T
7. Wort
8. Difficult
C Not Involved
Unimportant
Dull
. . Useless
Monotonous
(Boring)
14%. TIppersonal
15. Unfair
16. »Ordinary

Worthless. -

RADITIONAL METHOD A B C D E

) Valuab;e

* 7
* Personal -

.

Easy
Involved
Important
Interesting
Useful
Varied

Fair
Far Out

d,

£

u\ P

Ve ';;R":i
/ f

i
£

r;;flfi,, e

B!

17. Vliorthless
18, Difficult .
19. Not Involved
20. Unimportant
21L. Dull T
22, Ustless
23. Monotonous
, (Boring)

/ 24,  DImpersonal

25. Unflair

26. Ordinary
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CHI-SQUARE ANALYSIS

Table 25

OF METHOD DESIRASILITY

Moculs -

Significant Figures.

il
Pl

|

j L

Cgmputed

2 Vil

Critical Value 2 at 3<0.01

6,65

SToichionetry
T

?"'

16

‘ ,

178
117

Molar Volure
and
Zouivalent Weight
M

S

!
)

180
104

104
50

13,27

wocule Normality
and Molarity
71

- 71

Y3

220

162

174
117

69

5.2)

13:.27

169
163

122

193

6 |
?

2,35

13.27
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The veogsulls ol Lhe chi-sguare nnalysis do not support

the direclional hypolhesis on Lour of the modules.  The null

1

hypolhesis is supported on four ol the five moduleg-. -that ic

.

ificant differcenece in student atbltlude

]

Lhore was n

jug
i

toward the two methods. 'The chi-square value for the sloic

jomeltry module is ater than the ’tnc 1 value indicating

Lhere was a signillicant difference in the l‘giti:ti'l'lg of the two

']\

methods on the wodule. Tt should be noted that the module
on molar volume and equivalent welght has a chi-square value
that approaches significance at the p« 0.10 level. :
Based on this part of the study, it appears that there
was some significant difference in how students feel about

?

the two methods of instruction.

The results of the mogt important question in the

vstionnaire, number 31 located in Part TV of the question-

naire, support the opposite of the hypothesis. The gquestion

"Based on their presentation, which method of instruc-

reads:
tion would you prefer to be used on you?' A summary of the

ulls are shown in Table 26. The students indicate a

m

r PI in Tour of the five modules in a

m
o

strong preference T

I
PI1:71). 1In otheér words about (0% of the

-

ratio of about 3:2

gstudents preferred PI and about 0% of the students preferred

TI‘

/
- - 124 o
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Mable 26

STUDENT PREFERENCE OF PT, TUI

Percent
Percent |Percent | Some of
S Pl . Both

Module 1 Significant figure
and Exponential
Numbers in Chemistbry 38 6?2 1o

ma

Ifodule stoichiomelry 30 70 30
Module 3 Molar Volume and
Equivalent Weight
Experiments 61 39 L6

Module b Normalit
’ Molarity

vy and

36 6y Bl

Redox .36 |6 b

L,

Module

Tt should be noled at this point that s%udéﬂt responses
to question 31 of the questionnaire reveals that they yrefér PI
to TT in the stoichiometry module in which the previ@ﬁsly men-
tioned chiﬁséuaté test showed a significant difference. .

Graph B compares student preference for PI and TI in
cach of the modules and depicts the overall average for all the
modules. This graph reveals a clcar-cut prefefeﬂcg Tor PI by

chemistry students at CPCC.
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Graph C
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It is interesting to nole that the only mmodule in

vwhich the students preferred TL Lo PT was Lthe molar volume

equivalent weight which consisted of lab experiment

=i

n a

closed lab situation. Another observation was that many

[

students preferred to have both methods used in' ‘the instruc-

tional program. This is illustrated in Graph D.

-t

&y

Q s ’ . /
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Graph D
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STUDENT PREFERENCE OF 11, PI AND BOTI
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Tn summary, the data sfroﬂgly supports the opposite
of the hypothesis--that is CPCC general chemistfy students
prefer to be taught by PL rather than TI. The rggulté of
the pilot study do not support the MARP results. As was
shown, »students preferred Ti to PI iﬂ the pilot study in
whlch ‘the time used for PI and TI were:, exa;tly the same.

To compare some of Lhe hh?.ﬂhdﬁdtﬁirlbLlég of ﬁhe
two methods of instruction, graphs were constructed for each

of the modules using data from PiLt ET Df the questionnaire.

( A rating scale of 1-5 was as signed to the A, B, C, D, E

columﬂs (from left to right 165) and numerical averages were
computed for four of the more important charactéristicsbiﬂ
‘the téaéhiﬁg 5f chemistry. They were difficuitﬁéasy, duil—
1ntarert1ﬂg. impevscﬁal=p@?20ﬁal—“aﬁﬁ unfair-fair. One = |
comnon cumplaznt of TI in chemistry has- been that it is taa
difficult and sometimes unfair. A Qommgn complaint Gf PI
used in chemistry has been that it is dull and impersonal.

This data is plotted Lh the following' graphs E - J.

\@ﬁ



Graph E
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" Graph F
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Graph G

REDOX
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Graph I
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The dilferences in the raling for Lhene [ormg ave not
large in most cases. Even so 1L appears lthat pfngramm&d in-
struction 1s concidered Lo be casicr and airer while tradi-
"~ tional instruction iz more personal and interesting. These
resulls support the feelings of the investigator based'an;

expericence with the lwo methods ol instruction.

Hypothesis TIT ' , .
This hypothesis states that Central Piedmont Cormmunity
College general chemistry students of lower reading ability
111 achieve more when taught by partially adaptive PI than
by partially adaptive TI.
The resultls af thﬂ study do not support lhe hyPDlhD j
- but “uppmrt the null hyLBthLa1a““thdt there is no signifigaﬁt
difference in achievement when low reading abilily stuvdents
were taught by PI or TI.

The resulls of the t-test are shown .in Table 27

Table 27

A

IMEAN GAIN CDRLS BY METHDD LDW RhADlNG GHOUP

Total Average

Iethod Gain Scores - All Unif af t-value.

PT , 5.75 , |
: : 54 0.63

Gy | : 5.32
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As shown in Table 27, the average gain score Tor the
low reading group ig slightly higher on TI than on PIT butl the

difference is not significant, cven at the 0.05 level.

Mypothesis TV |

gt N = et s ol

Hypothesis 1V stales that Central Piedmont Community
College chemistry sbtudents of higher reading ability will |
achieve more when tavght by partially adaptive TI than by
partially adaptive PI. N _ | )

Again, the results do not support the hypothesis.
When the total average mean gain scores for each method are
treated using the t-test, there is no sjgﬁificagt difference
ih achievement, Thercefore, lhe null hypéthesié is suppO?teé;

These results are summarized in Table 28.

bl

Tablaqga

MEAN GATIN SCORES BY METHOD - HIGH READING. GROUP

7 Total Average
Gain Score -~ All Units = df t-value

. PI 7.08

Method

b6 0.82

i

B 6.88

o
i

- 0,82 is not significant at p< 0.01
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The average gailn score for the high r@ading group

higher on PI than on L. However, ag shown, this iz not

atatic

m
?"L"h
P
;,,__U
S

signiticant.

previously mentioned, ‘the Nelson Denny Reading

A

by

Peut was used to determinz. the high and low reading groups.
A1l otudents who had reading scores above the median score of
,52 percentile on the Nelson Denny Reading Test (Form C) was
plzced in the high rcading group. All students who had

=g

centile for

W
A

reading scores below the median score of pc

the 1est group were placed in the low readir ng group. Both
the median score and the mean score of 53 iﬁdicgte the group
had a r@édiﬂg ability equal to an average college freshman
student. The norm used for this group was that given for

the thirtleenth yecar. , .

Trhis hypothesis statles that.tthe will be no sig ificant
difference in the quality of instruction pfésenteﬂ_in,the Ti-
uﬁits and the PI units ‘based on the rétiﬁg(sgale in the
questiéﬂﬂéire; - ' - ' ..

insure that both TI an vere presented in a

T nd P
quality fashibn, Ludent ratings fo questions 1 and 2; 3 and
Ly; and 5 aﬂd 5 of Part I of the 'student eva?uatLDn form were
summarized. Three 2 x 5 chiésquére analyses were run on each
of the moﬂuléS; The data and res ultf arc pres cntud in Table

29,

L
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QUALITY OF INSTRUCTION FOR TI AND PI

Chi-square Value for Each IModule
o 1 2 | 3 L 5

, Clarity of :
N e DbjeetiveE 1.0 1.2 2.2 3.4 3.1

Feeling of Accomp-
lishment of
Objectives

' _D;%;v 1.0 2.7 59

o

Evaluation of - R ’ ‘
Procedures : 1.3 1.9 1.1 k.9

I
.
|
I

1 =
= -4 1

':f"."*" " A ) " -
CriticalX? Value ig 13.27 at the 0.0l level. 13.27 computed ¥
. - -+ ¥ . - i

i
]

The resuits indicate that the quality of TI was not
significantly different from PI. NQ%E of the calculated chi- -
aéharé (Z2) values are close to the critical@ig)valueé. " The
results?str@ﬂgly!supp@rt the null hypothesis~-there is né
%i:ﬂff{cant differcnce in the qualiiy @f;ihétructi@n pre-

sented in TI“énd PI. Thus, any difference in achievement by
“the subjects in zhe study was due to differerice in instruc-
" bional metk?ds and not the gualiﬁy of instruction.
© o illustrate that there was 1itt1éndiffér?ﬁce in the
quality of ihstfuéticﬁ on the‘twa methods, gfaphs were con-
glructed Trom the numerical average rating for "claritly of
objectives," "fEEliﬂéEOf accomplishment of Dbjéﬁ%ﬁVES"vand
.

Arevaluations of procedurce used." These were delermined for

S i

eaﬁ:h of the modules and are preserted in Graphs K - P
f o -
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'Are you satisfied that you accomplished the

in the TI unit? 7 . ) o
Are you satisfied that you accomplished the
in the PI unit?

Do you feel the materials used and procedure

in the.TI unit were adequate to achieve the
objectives? :

_Were the objectives clear for the unit taught by TI?
Vere the objectives clear for the unit taught by PI?

objectives

objectives
7

s Tollowed
stated

Do you feel the materials used and procedures followed

in the PI unit were adequate to achieve t%e
objectives? - '

stated

Do you feel the objectives were adequately covered in

the post-test?
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L)

Were the objectives cle&, for the unit taught by TI7.
Were the gbjectiveg clear for the unit taught by PI?

H

2 Are you satisfied that you‘accanpll shed the objectives
in the TI unit? .
Are you satisfied that y@u accampllshed the ‘objectives
in thE PI wunit?

: / ) o _ : ,
FB Do you feel the malerials used and procedures followed in
the TF7 unit were adequate tc achieve the stated cbgectlves?

Do you feel the malerials used and procedures followed in
the PI unit were adequate to achieve the Stated_DbJEQt;Veﬁ?

fF& Do you feel the objectives were adequately cavered in
. the post-test?
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3}

" Were the abgect1vev clear for the unit taught by 11?
“VWere thé objectives clecar for the unit taught by PI? _

!Are you atlsfled that you accampllshed the QbJEﬁtlves ’ 4

i/ the TI unit?
Are you satisfiéd that you accaﬂpllshed the cbgectlves
in the Plgﬁn1t¢ ; ) '

s .

Do you feel the materials used ang procedures followed in

the TI unit were adqquate to achieve the stated objectives?
Do you feel the materia 8 psed and procedures followed in
the PI unit were adequs to achieve the stated objectives?

Do, yéu feel the cbjectlves ‘were adequately covered in
the past tegt?

I ) . o

s

N
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. %;ese graphsﬁ&§d;cate 11ttla dlfferenge in- the

on the madular involving 1ab experlments.ﬂ'_

What studentg 11ked and disliked ab@ut each, methad
of ins tructlan are SUmmarl?ea in TabYe’ 36.. Thlﬁ data was.
taken fram the student evaluatlcn questlcnnalre End whlch
aqked 4
27.4 "What didlyau like most about the traditional class

ﬁnit?" : | 7 ' : ;) B _
28. "What did you like least about the!§raﬂitigﬁal unit?"
s 29. "What did yau'like.mast abcu% the PI unit?"
30. "What did you 11ke least ab?pt the PI unltﬁ"
“These quegtlons were subjective and all students did
B ¥ not réﬂp@ﬁd Elthéu&h many cﬁmmentﬁ were written. As in the
pllct study, mos®t respandlﬁg aLudents gave similar reactlcns

to the qa;% ions. The frequency of studerﬂ;f@mmentﬁ are sum-

mar;zed for €ach method on each: madule in Table 30 ik

terms:

> of what they liked ,and digliked about ‘the methods.
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Table 30

WHAT STUDENTS LIKED MOST AND LEAST
ABOUT EACH MZTHOD OF INSTRUCTION

—
TI .
Liked
s% l: =
A. . "Able to ask questions.” c-
a Iiodule 1 2 .3 by 5
( Frequency of _ .
PR Comment =~ - 23 22 16 16 16
B. "Personal Contact with Instructor." ,:
Module 1 2. 3 4 5
% ' Frequericy of 7 .
' -Comment -5 L L
. " C. "Explanatlon leen " | C o
Module : 1 2 3 L - 5
Frequency of .
* Comment 1 6 . 7 8 h
Dj%llked o )
A. "Lack of Time to CDmPTEte " ) 7
- : Module 1 2 . 3 b 5 -
Frequency of o 7
Comment 3 15 12 10 7 7

E oy

B. "FequIred more concentration, missed a few parts--difficult."”

f 1 Module . 1. 2 3 4 5 _
Frequency of . B 8

Comment : 12 .. 10 y . 5
PI
? .
Liked
(W o
A. "Belf-paced." ; _—
‘ Module 1 2 -3 b 5
Frequency of : ,
Coiinznt 25 19 16 16 14
' B. \Convenient." l
et . Module 1 2 3 L 5
Frequency of - .
J Comment 5 8 Iy 6 Iy

. B 144 N
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Table 30
(Continued)

.C. "Repetitious." -
Module 1 2 3 L 5
- Frequency of ,
Comment 3 L 6 2 0 1

Disliked

A. "Unable to Ask Questlanﬂ;"
Module 1 2 3 L .5
Frequency of - o :
Comment BN R 15 13 12 i0

B. "Time Consuming."”
Module ' 1 2 3 b 5.
Frequency of :
Comment . i2 11 12 i1 - 9

C. ."Impersonal." a _
- Module : 1 2 3 L 5
Frequengy .of . .
* Comment 10 7 6 - L4 5

/

AS mentioned, in tﬁe précedﬁres Segtiéﬁ of Chapter 4,
an attémpt was made to determine ‘the amount of study time
used by ¢ tudents in TI and in PI. The veraée total time
speﬂt by students on TI was larger than by PI on five of the
eight unlts covereft. The validity Qf thesegresults are

guestlcnable ‘because only about 50% of ‘the students repaftedi 

their time. .
By
i

After completing thé main poffianrof the study, itl
wvas decided ‘to determine if there were any relationship be-
tween eithér high or -low scores on the TCPE and acﬂiévemEEt.
Ain TT and PI. The data needed for these determinations had

already been-collected and the application of ‘the results
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in the future planning of éhemistry prégrams at CPCC was
obvious.
Thé,tatal growp was divided into the high-score

TCPE and the 1Dw—score\kFPE'gfoup as shown in Table 31. The

score for the high group was L41.

t

Table 31

AVERAGE TCPE SCORES FOR.HIGH AND LOW GROUPS

Low Group ; 24

High Grodp | o1

The gain scores were determinsd for lhé high score |
and the low score TCPE groups. The t-test was run,té deter-
mine if;the éifference in gain scores was significant.

\ ;As may be observed in Téble 32, there was no signifis
cant difference between achievement by TI and PI for stuieﬁté
with high TCPE scores. Also_tgere was no significant dif-
ference between achieveﬁent by TI and PI fér:studEEté with
low TCPE scores. The null hypothesis is supported in both

cases.

8
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Table 32

~ LOW AND HIGH TCPE SCORES AND ACHIEVEMENT ,
PI Y
High-score TCEE , 7.32 7:13

af 76
t-value 1.09
Low-score TCPE 6.20 6.24

¢ af 74 oo
t-value 0.89
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Chapter 6 | -

CONCLUSIONS, DISCUSSION AND RECOMMENDATIONS

-

Conclusions

that}

I,

The findings in this study led to the conclusions
CP&C studenté of general chemistry achieve as much
by one metncd Df instruction as by the other method.
Achievement appears to be gcmewhat independent of
the method of instruction when other variables ape
Eelﬁ can%tént.

CPCC students of. general chemistry appear to have a.
preference for pragrammed instruction when used in
conjunction with a vegular chemistry cluss being

supervised by the classroom instrugtmr.

CPEC general chemistry atudEﬂtS ‘appear tD have a

preference for traditional instruction in the 1ab

" portion of ‘the geﬂaral'chemiﬂtfy course when iaﬁght

by the ciﬁsaracm Jnﬂtrucbaf in a claaed lab. o

CPCC génerﬁl chemlgtry students of high reading
ability achieve as much by one method of lnst;uctian
as ‘Lhe olher.

CPCC general chemisley students of low reading

abilily achieve as much by one method of instruction

18 the other.
131
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6. There was no Sigﬁificant difference in the quality
of ingtruction presented in the two methods ef in-

:StfuétiDﬂS in the study.

The fiédiﬂﬁs in this stﬁﬁy seem %o upport miny
other c@mpaLatlve studies in %hat achlevemeht was found to-
be Eomewhat 1ndepéndent Df the method of 1ﬁstructlan. It
should be noted, however, that in six of the_eight uﬁifs;é

" achievement by PI was higher. Although this difference in
achievement was not significant at the 0.01 level, acﬁiéveEi
ment by PI was significantly greater than TT on tyo of the
units at the 0.10 level. In %wcjothe: units achievement
[differences approached signifiéaﬁce at the 0.10 1eve£, .

As previéusly stated, this study wasg céndﬁcted in
regularly scheduled ghemistry classes at CPCC. The néfmalA
course procedure inv@lves the use of learning objectives.

. . It was felt Lh?t both PI and TI should have these GbJECt1VEE
‘ in crdcr 1o be fair to the students. It was belleved. too,
that for the study to be meaningful ané’fdi it to have |
direction, learning Dbjectiveg were -rnecessary’ for bgth T
i and PI. In addition, the expérimental design requirgd the
use of a pre-test and post-test mgieaﬁh unit f@r}bgth,TI and
PI. 'The umctof deGCthEg, pre~test and frequent p@statésts
. had an obvious built-in advan@age Tor Ti because traditional
instruction doecs not usually éﬁpl@y cither DbjectiVé.prEE

tests or frequent pout-tests. : . : .y
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133
To gain acceptance of the resulls and concingions
of this study by the facully and ctaff of CPCC and other

compunity colleges, it was <felt Lthat students in 1T units
should be gilven cevery advantage possible within the 1imits

ol TI.

=
=
et

is was another reason for the use of learning
objectives in oI,

Even with these alypical built-in advanta 1ees for TI,
achievement by TI was no better than Ly PI.

The significance of lhese vosults is lhat students
learned just as much using programmed inslsruction WMLQQQE
the presence of an instructor as when they used “traditional
inst lctum which required the PJ‘_QE,.EHL‘L of a Cjilf};ﬁfgam

]

te

b
Y

cher. Evidently, the Qhamistry teacher does not have to

ve physically pzl%ent vhen the learning of specified infTor-

"

nation takes place. It should be noled, also, that tﬁe in-

et

formation was on a relatively high level of sophistication.
This iearming without the presence of an instructor has much
educational Sigﬁificaﬂca and implicatidﬁi

This study also supports many olher studics in that
the majori ty oif students vreferred PI to T: in ﬁost Df‘fhé

units. Aith@nwh the chi-square analysis of student ratings

various characteristics of TI and PI showed no signi-

O

i
o
-
m

difference in four of the five mnﬁuJCS; student re-

i) d‘“

fic
sponses to the direct questions concerning 1 thed preference
indicated that they preferred P, One set of data implies |
that QJrudPnL had a sli ght pr' efercence for P[ while another

|
set ol data sirongly indicales a student prefereiice for PI;
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v appears that much preater welight should be given to data
obtained from the direet questions. Scemingly, resulls

obinined from a dircel question should be more valid than

results dmplied from the statistical analysis of a rating

gecale. The purposze in the rz 1Ling scale was not only to

estimate the overall prefercice in terms of apecific char-
aclteristics but to "sero in" on cortain aspecls of cach
method. 7 '

One interesting ‘??Ult of ‘this part of the study was
the apparant student I‘PL(L“HLE” for TI in the 1ab module.
This is cause {or somne cancern because all of the general
chemistry lab experiments at CPCC are laught by:PI_ As pre-

kx\ ously mentioned, one of tha basic aszumPtiDﬂs in deﬁ&laping

the instructional material fo lab was that students 1 |
Terred an open PI 1lab. Rézuiis of this study reveal Lhdt
students prefer just the opposite--that is, they preferrod
the Glogeé TI labd taught by ﬁhg classroom teacher. Even
though the time upent on the ‘1lab module was about 30% of
the total time used for +the gtuvdy, it was felt thatbthis
data was vallc and reliable.

What is the significance of this finding? This may

be altributed Lo well-known instructional problems encount-

agssroom instructer

’A-J

ered when a diffe Ent person than the c

supervises or teaches the lab portion of a course. 'These
N L ,
problems are variced but usually involve student cvaluation,

signing of lab grades, student motivation, student

as

L’“
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4

counseling, ete. Although the materials used in Lhe PI lab
were individualized and have proven to be completely workable

contaet ig neces -

4

in the past, some sltudent-lab ingltructo
iary. Lor example, the lab paraprofessional is required
to in¥tial the experiment at certa:n check points in the

experiment and to grade vunknowns.. A few students ask for

‘help from the lab paraprofessional in locating and construct-

ing chemical apparatus. 7 the chemistry lab

is where the student's curiousity becomes aroused and many
\
quegtiuns are asked. Numerous times these questions go un-
answerédwby the lab supervisor. This is most 1ﬁkél§ due to
a lack of time, professional expericnce or training té
answer these questions or to direct the ULudenL to the
proper source. S@ﬁetimes it may be due to a plain lack of
interest on the part of the paraprofessional.
In this study, the TI cloged lab waé supervised by

a rcgular classroom instructor w/th many years of tEdLhiﬁg
experience ind professional Lralnlna. Even though the

lerials used in the TI lab were not necarly as well GIL8ﬂ=
ized or complete as the PT lab 'and cven ih@ugh the students
had to attend Saturday classes (Chemistry classes are not
usvally taught-@on Saturday.) for thé TI closed lab, they
preferred the TI closed lab about three-to- twa. This 1s

significant and points to a problem that has been suspected

to exist at CPCC in 1ab courses since the present syslem,

has been in operation--the problem of Pafﬂp“afés%i nals |

=

teaching Cthe lab portion of the course.
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Lt is belicved Lhao students would have proforred
the PT open 1ab if the clnosroom inglructor had beoen super -
viging the PI 1ab during lhe study.,  The study was not

‘designed Lo have the clacsre

supcrvise the PI lab
beeause:

L. The course g not normally taught with Lthe classroon

Vg f

teacher gupervising and teaching the 1ab and Lhere
was need to test the present -systen.

There was not adequate lab space to complete the

study using two labs.

If the results of this study are valid and reliable

u_\

one can assume that stuvdents of general chemistry at CPCC
prefer PI to TI when used in the marmer described in the
study. Tf students prefer PI.to TT and if they achieve Just

as much (in wany cases at a faster pace), then an obvious

‘Ll i

suggestion 1s to continue the use and development of programmed

instruction in general chemislry atl CPCC.

This is a glant step in the evaluation of.educational
methodology and should lcad to belter learning. The wi%ér
vse of PI in the genaral chenis tly course should not only
fulfill the stuvdent's choice of methaﬂ but itishupiﬁ relisve
the classroom teacher Irém the sometines monotonous task of
Iteaching the, same old basic principles and ccﬂceptEe—bd ,

old, but, nevertheless, important. - Idea]ly, %hls iﬁstruc%ér
(s release time should allow for much better Dverail teaching.
The classroon 1n3tru¢tgf wadlé be free to advise ané counsel

B

ahd use more individual dingnoses in his téa;hihg of chemistry.

o o 153
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delivering information

137

The ;

instruetor should have muceh {rre to revise,

ater time

develop, up-date and evaluate material used in the course,

The instructor in Tl does not usually have Lhig
time because he spends a large bereent of hisg vorking day

in person. In PI the amount of
"delivery time" should be muéh less.  The following £raphs
compare the cstbimated percent of time spent on various
duties when utilizing TI and PI.
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information

25% tiwe spent o
lua

on
studant evaluations

ling

3
]
il

10% counse
dlagnos:

GRAPH R

50% time spent
on up-dating materials and
teaching skills, evaluating
material, methods and plahniﬂg, ete.

%

=3

25% time spemt on
student evaluation

PI Piec

ERIC

: t B i
Aruitoxt provided by Eic:

Less than 25% time spent
on delivering information
to students, mostly on an

individual basis.
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. PI énd TI, as deg seribed here, wguid beigimilar to
the PT ang TI demonstrateq in thig study,  Opg g ignificant
difference in the two éraphs 12 the time gpont ﬂclivgring
information. Again, it should pe ¢mphasgiyed that thege are

estimated Pereentages.,

Is thig a true 1§f1 ction of whats has occurred at

CPCC?  The answer'to thig most critical Question ig Yes ang

No.  While jip the de%e]@pméntal stage of PI, some ih“ffﬂcbar
release time wag made available, Thig release tipe Qas re-
duced ﬁubgtantia17y as the d“”;lapmgﬂt continued ang was
g€radually dropped completely, . Today (19 ?6) there ig very
‘llttlé release tine for dhvelameﬁt of new naterial op Tor

any uses gg prev 1'137y dD?erbEd What hag hdppEﬂEd*JS thdt

Tl’,‘l

baraprofessionaj bersonne] thE been hiredq o replace the

classroon 1nﬁtructor in the Chﬁm1"try lab., Noyw instead . of
the instructor having this"reléase time" fop Lhe crltlcally

L’g ahd diagn

ol ¥

m

important duties such a8 student agy ris
development and revy vision of existing prégﬁammed materjais

\ .

the jrstructar is assigﬂed a heavier ¢lassroon teachlnn losd
Working under ‘thege conditiong the classroon instructor has

less time available for revision of teaching material ang

inﬂividual student contact thapn undér the bPrevioug Systen,

He is now Spending just ag much tipe deliver lng in-

fﬂrmdtlﬂﬂ as before (gomptﬁméﬂ up to four op five different

courses).  Under 4pe Present system, he classroon instructor

does not teach any lab cTasses amd théraf@re, has much less

Qppcftun1ty for student contact in The 1lab. The bresent
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11:0

system has, in effeet, taken the classroom leacher away
from the student!

Chemis 1Ly and has always been an experi-

u—-.

o
u

tey is prese:
mental science,, meaning that ‘the actual test of chemistry

problems and their final solulions occurs in the 1ab,

“Practically all chemical laws have been proven in the lab.

The chemistry lab is one major difference between the sciences

and the non- %QﬁﬁnCéa; This difference should be uzed Lo

L
—
—
i

motivate students rather than turn them off. The lab

" place where students develap manipulative skills and tednh- e
. wer :

ques. It puts emphasis on the essential iﬁteilectual

o

n

bl

kills

\UI

of sgcience such as D}ﬁezvat1an, organization and the
interpretation of data.

If most of the important chemical Tacts, relation-

"ships, concepts, principles and laws have becn discoverad

in ‘the lab and are tested and fédis& ered by chemistry
students, obviously the chemistry lab should-be the heért of
a basic chemist:y course. If this is true, theﬁ why shquld
the t;achiﬂg‘aﬂd/of supervision of labs be relegated tafa
paraprofessional?

One of the "sales pitches" used by ccmmumitj college

administrators a nd faculty has been that "We are deeply con-

’h.

cerned that stud ents achieve and in the commUﬂLty CDT1€§E
we don't reiiﬂquish the teaching of our basic courses to
1ﬂEFPEFJQﬂPPd graduate SLUﬁéﬂtu, as the large university

does." Today, for economies and other reasons, some com-

‘munity collegos have replace d the Prafég51ana1 with the R

187
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ional in very eritical arcas

paraprofess

we are gullly of the same error as the university in placing

our potential in the hands of an cducational novice.
Eyidently, the students in Ehi5§study may have raéag—

nized this problem as indicated in ‘the

"

r choice of ‘Lhe closed

"

o,
T

ehemistey lab.

S/ In retrospect, during the irnovative revolution ihat

" ur

3

has taken place at CPCC, many mistakes have -been made by bot?g
the faculty and administrators. However, in the opinion of '
the writer, there is much belter teaching and learning taking '

place in chemistry at CPCC in 1976 than there was in 1.971.

Recommendations

”,

nsideration of the results and conclusions of

o
o]

o]

o

et

i

the study, "the following recommendations are made.
1. That the development and use of programmed material
be continued and extended to include the entire

ceneral chemlistry course.

o

2. That within the 1limits of economic feasibility,.

students should be given the option of programmed |

at CPCC. .

3. That the general chemistry lab be changed from a
coopletely opén lab to a semi-closed lab. In this
system studéﬁfg and the classroom ingtruétor vould

meet in a closed lab for approximately two-thirds of

the time required to complete the entire experiments.
1 b

ERIC o _
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Dufiﬁg this time, the student and teacher could
solve any problemsand consider all qusséimng. kfter
this closed g@cbi@h, the lab could then be opened
for a specified period of time for completion of

the lab assignment and/or for repeating any needed

work. During the closed lab, assigned tecaching

load ‘on the basis of one 1lab hour being equal to one

‘classroom hour would be maintained. During the open-

ion could be handled

U"

1ab period, lthe lab supsrvis
Suéce Sfully by a péfipfof esslional.

Thatifurthgr inves t;gation be made to determine what
relations hlpg exis t between such Lhiﬂgsras age,
personatity traits, professional ambition and achieve-
ment by TI and PI. ' A3

That further investigation be made to detgrmiﬁe-what
effect:PI has on the success of students in hiEEE?
level chemlﬁtry courses and, later, in their pro- :

orls.

m
I,_J\ w

fes
That the administration make It 111 use of the 1n tructor.
"release time concept" presented in the discussiﬁn
section of Chapter 6--not oﬂly give releas e'timé for
the development of new course mgtérlal but allow
teaching credit for the continual revision and up-

dating needed for PI i.e., Good lab experiments should
be changed at least every two years! If this is not
done, the programmed instruction may b;came anti~

quated in a short period of time. ) .
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1h3
'?( That The administration and faculty shéuld develop
' bolth merit pay and professional incentive programs
to promote the coatinued development of good in-
structional materials. N\
™

o

-
- — =
i
.
L . -
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/
-
=
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