- BD 192 717.

" AUTHOR
TITLE

INSTITUTICN

SPONS-AGENCY
FFEORT NO

"PUB CATE

. NOTE
AVAILABLE FROM

3

EDRS PRICE
CESCRIPTORS

‘*Proggamed In=truction'

DO»UHENT RESUHE

- IR 008 627

Delgnan; Gerard M.: And Others

Computer-Assisted, Programmed Text, and Lecture Modes

of Instructicn in Three Medical Training Courses:
Comparative Evaluation. Final Report.

Air Force Humah Resqurces Lab., ‘Lowry AFB, Colo. .
"Technical Training Div. S
. Alr Force Human Resources Lab.. Brooks AFB, Texas.

AEHRL-TR-79-7¢
Jun 80 .
33p..

Superintendent :of Documents, UaSa Government Prlnolnq.

cffice, Washington, DC 20402 (1980 -671-143/31).
MFO1/EC02 Plus Postage.) T

*Comparative Analysis: *Computer Zssisted.
Instruction; Formative Evaluation; Intermode
Differences; *Lecture Method: *Medical Eduycation:

Summatrve_Evaluatlon : e

ABSTRACT
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This report contains & comparative analy51s of the

‘differential effectiveness of computer assisted instruction (CAI),
fregrammed instructional text (PIT). and lecture methods of
in=truction in three medical courses--iedical .Laboratory,. Radiology,
and Dental. The summative evaluaticn includes (1) meltiple regression

_ analyees conducted to predict learner rerformance;. (2) 2x3 analyses
cf variance conducted to i{nvestigate treatment (CAI, lecture, and

PIT) and aptltude effectn. and (3) discriminant analyses of high- -fast®

and low=slaw achievers in each group te determine the characteristics
cf learners, for whom the particular treatment was effective. The data
for each course are presented, including charts and graphs, followed

_.by.a section providing discussicns of the instructional effectiveness

~cf the three treatments within each course:; decision strategies;

--3earner-characteristics: characteristics of high achievement<=fast

" CAI learners, high-fast vs. low-slow PIT students, and high vs. low
achievement lecture tudents- res: instructional attitudes; learner
media preferences: and attitude change. Conclueions, r€commendations,
and a list of references conclude the report. (CHC)-
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CO\lPUTER-ASSISTED PRO(,R»\\l MED TE\T AND LECTURE MODES OF
INSTRUCTION IN THREE MEDICAL TRAINING COURSES:
. ’ COMPARATIVE EVALUATION -

H INTRODUC’HON

. \

Comparatlve analyses of the differential effeetiveness of (,omputcr-dssnstcd mstructnon (CAIl).
programmed instructional text (PIT), and leeture methods of instruetion in field setungs have been
sparse and sometimes cqulvocal (Dallman & DeLeo. 1977; Dare. 1975: Keesler AFB, 1974).
Presently. it is not known whether one instructional method is more effective than another for
eertain kinds of students eonfronted by different tasks nor the- degrec of effeetiveness. Rather. it is
assumed that (a) learners possess and cmploy to a similar degrec thé _same’ characteristies-for
___progessinginformation-and-(b)-instructional methods/media are equally effeetive for different kinds
of tasks and studcnts despite the vast literature on individual dlffercnees and task dlfﬁeulty

. This report attempts to provnde information in the medieal tralnmg area on the following

guesuons (a) Do CAL PIT, and leeture differ in instructional effectiveness? and (b).iinder whdt

condmons are CAL PIT, and lecture dlffercntlally effective?

ks

Objeetives . o - : | ;

The major objeetives of this field study were to compare CAI with lecture and PIT modcs of
insiruetion on dimensions of (a ) instructional effccuven(ss. {b) time-savings. and’ (c; stadent
acceptance. ‘\ddmonallv ~pre-course assessment measurés were used to attempt to identiiy the

‘eharaeteristies (c: g dpmudc blogrdphlcdl data and attitudes) of learners for whom CAL. PIT and C

lecture modes of instruction might be differentially effective in segments of three different training
equrses for mcdlcal technicians. ‘ ' .
N~ . . . s .

0. METHOD

Students ' ' T ’ v N

. Three medical training courses (Medical Laboratory. Radiology, and Dentil Assistant) were
sclceted to provide a range of learner charaeteristics and eourse content suitable; for generalizing

- results to ‘students in medieal courses of comparable difficulty. The Medical Lahordlon course
"rcpresented a difficult course requiring a relatlv('ly hlgh dpmu(lv level. Rddlolog\ and Dental
eos xrses, respec uvcly, (‘orrcspondcd lo average, an‘? jow dlfﬁculn courses: mlh (-orrespondmg

aptitude levels. Thé student sample during formative and summative ev dluauon consisted of 700
male and female trainees assigned to the Air Force School of Health Care Sciene vs at Sheppard A1 B.

- The CAI delivery system used was the PLATO-1V interactive Plasma Panel terTlnal conngeted to a

main frame at the Center for Education Research Laboratory (CERL). University of. lllinois.
Champaign-Urbana via telephone line. The programming language used in PLATO was TUTOR. a
language providing realtime author.editing as well as CAl delivery. Instructionalmaterials from each
of the courses-were developed in CAl formats by on-site experts trained in T l!'_I‘OR')

5 :

Pre-Course Measures
.

Based upon training task analyses in each course. selected precourse learner characteristies

measures were developed and administered via automated slide-tape to all students p{i&r to course

.o
\




O

ERIC

Aruitoxt provided by Eic:

entry. These measures include (a) the’ medncal version of the l)vll.x Reudmg "ocabulary (r o= .88)
(Deignan, 1973). (b) the Ceneral Aptitude lnde\ from the Armed Services Vocational A'ptitude
Battery (ASVAB) ( =.87). and (¢) the mcmorv (r‘,‘ = .060). visualization (r v .77). and
biographical measures from the Dela Training Aptitude Bdlter\ (Deignan. 1976). Tn addition to

validity studies of the Delta currently in progress in both military and civilian vnvlrunmvnls.

“previous studies. (Colling. Danseroau Holl(_‘\..\l(Dona]d.& Garland. 1978: Dansereau. et. al.. 1973,

1675, 1978; |)(_:|gnan & Duncan. 1977; “Dickhoff. 1977: McCoombs. Deignan. & Sivring. 1975:

Moore. 1975: and Long. 1976) have reported predictive validities ranging from r =45 to r =.75 in

studies, employing university or military students from & variety of courses. Measures were
d(lmmlslervd prior to course entry to aid CAl authors in the dev (‘lopmcm and formative evalnation
of lnslrut ‘tional material appropriate to the target pnpuldnon in cach course. These [§ ontrol measures

were subevquvnll\ 'N‘(I 1o as

generalizing comparative performance resuits.

‘Materials Development Procedure N

Prior’to CAl lesson development. prediction of course criterion achicvement from pre-course
learner characteristics was;-accomplished-bv means of multiple cregression. analyses. By
tric hnlomw.mg the distribution of the highest aptitude predictor of achievement-(Delta Rvadmg
Vocabulary!. low *middle. and high aptitade groups were formed for cach-course. Criterion-related

learner (hdld(l(‘rl\ll(‘s were used to assist CAL authors in the mnml development of iastructional

materials and strategies appropriate to the target population in each course. Hence. CAl materials
development and validation were based- upon a studenteprofile of characteristics known to be related

to course achievement. This approach. therefore. prepared authors- for-the range of learner skills.

aptitudes. and attitades for which instruction was intended. Likewise. pre-course learner

‘characteristics information sugzested how authors might best design CAl lessons and branches to

cope with such factors as: (a) deficient rea ading skilis. (b) concentration-retentioe capabilities. (¢)
learnér steategies for processing information. and (d) initial motivational level. Similarly. to assist
formative evaluation, ali CAl §tudents in the three courses were administered an on-line zttitude -
survey which contained Likert- stype items with responise alternatives ranging from  highly
llllfd\’()l'dl)l(‘ (() to highly faverable (a). } : . -

¢

Formative Evaluation . - ' ' .

Formative “'.cf.valuzninn consisted of an ‘experimental 'pvriod of initial instrpetional materials
development. characterized, by lesson and test developnent, materials tryout. and subsequent
instructional revision. Small numbers of students were administered newly developed lessons to
provide CAl authors with student attitudes toward CA L. Following small group lesson revision. large
group pilot studies were conducted on representative samples of students from cach course: (a) 1o
ensure l(‘\%()nﬁaﬂdllﬁfd( !nr)l\ supported attainment pf instructional ohj(‘(ll\ es. (b) 1o provide
preliminary statistical data on re presentative student performance. e.g.. achievement scores. time to

completion. and emhedded lesson test item statistics keyved..to specific instructional lesson segments.

and (¢) to further individualize instruction l)\ such means as compensatory hrdn( hes. d(l(hllon.ll d nll
and prac tice or (~\.|mp|v~.. and graphic simulations.
Summative Evaluation

In contrast 1o formative evaluation. summative evaluation initiated a ‘period in which all
instruc lmn.ll materials. ‘procedures.” and evaluation measures remained constand, Comparison
between CALand non-CAl delivery (lecture or PIT) -was made on identical instructional objectives

°

. ) .r‘h.. 8

'

t summative. _c_‘_\uluallon in-terms of v.\plzllnmg. lnl(‘rpr(‘lmg. anid



and criterion measures (Table 1). Criterion measures included post-instructional measures of .
achievement. elapsed time to complete instruction. and attitudes toward CAL PIT. and lecture, One
hiundred students were programmed for assignment to cach CAl and non-CAl control condition i
cach course during summative evaluation. In some analyses. the sample size was less than 100
_subjects per condition because some students lacked com plete data on pre-course’ assessm (‘ntsgxi'l,d/or

lcriterion data! o o _ , 5 /
/ + Table 1. Sample Cell Size by Course, Treatmentand Aptitude Levels S
/" . . L o /
// . ’ ¥ - Testment © Aptitde —Tieatme ne® //" -
J : Ml
Counse N - Low Middle I High
Medical Lab : A :
CAl o 93 o3 30 20
Lecture = S8 ©o300 \ 30 32
Radiology . . : _ .
CAL ; 97 o ' - 34 w33 20
PIT . 89 24 30 15
. \ . .
Dental ‘ } ‘ ‘
CAT : L lor 30 28 o 2]

: ; - - ¢
Lecture : 52 . T 7 )

“The sum of the cells in each row does not equal the total treatment N due to the exclusion of students who were not

__administered lh‘-,prn-:('uurmr ASSESSMOENLMEASITes, — o - e .. - PN e e -

Major statistical analyses.included: (a) multiple regression analyses conducted to predict learner
performance, (b) 2 x 3 analyses of variance conducted to'investigate treaiment (CAL. lectuse. and
PIT) and aptitude effec;si to include possible interactions between treatm«nts and aptitude levels.
and (¢j discriminant analyses of h]gh-f{ast and low-slow achievers in cach treatment to determine the .,
characteristics of learners for whom CAL. PIT. and le~ture were effective. S

OL  RESULTS

To compare within-course CAl and non-CAl Instructional effects at low. middle. and high reading
vocabulary aptitude levels. 2 x 3 2nalyses of variance were performed in each course separately. To
compare time-to-completion differences between constant time lecture treatments and variablz tinie
'CAl treatments, the standard error of the difference scores at each aptitude level was determiaed to
be the appropriate statistical analysis (Pennell;-1978). Appendix A includes the achievement cell
‘mean (X) and the standard deviation (Sd) by aptitude, treatment, and course. Appendix B includes
the time-to-completion cell X and Sd by aptflude. treatment. and course. Appendix C includes the
o;'cra‘l.l niain effect X and Sd inderendent of aptitude. '

" Medical Laboratory

- In the Medical Labo raiory‘course. the 2 x Janalysis of variance of achievement scores. as shown in’
Tal;-i:c 2, revealéd significant main cffccts_: for"both treatments, F(1.177) =54.51]. p =001, and
aptitude, F(2,177) =541, p =01. Graphic illustration of the data is showit in Figure I'. o

ERIC

Aruitoxt provided by Eic:



Table 2. Analysis of Vadanee of Achievement Scores for Lecture-CAl
Trrautens and Aptitude Level Conditions in the Medical Labortory Course

i . . : Sum of ) Mgan
Sonnnve— r © Squares Sepiane I
Main Effects 3 . - - A
CA s Leetare (V) N 230300 - - 2306300 SIS
\ptitude () 2 10022 . - 23101 S
\ + B luteraction 2 5.7250 K 2.803 . 660
Withia ' ) (I . TO7.359 . - L3335
Towl . o . 182 ) L0770
- ' .
p=ENL '
ATICATTH : -
a I =
5 ¢ s
‘)' .
96 g .
) s ’
90 ' o . T e e o
.. i
w 87 N '
2
<
= 84 . " \
i L N
(@]
w 81
c s
w
o
_ 78
’ 75 o ea
72 : //
o
69
. . ! . . ’
Low o MID HIGH . ~

DELTA READING VOCABULARY AETFI:UDE

Figure 1. Medical Laboratory achievement as a function of aptitude
level and C Al vs. lecture conditions.

~—
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Inspection of Figure I reveals the av erdge achievement of CAl studcnte was 18 percentage points
higher. t(1,53) —5'71 P = 001. than lecture controls at the low aptitude level. Similar CAl’
achievement superiority in eomparison to Medical Laboratory lecture eontrols was also refleeted at
the middle apmude (88% vs 75% ) u(1.71) =4. H p 001 and high aptitude levels (92% vs 79% ).
t(1.57) =3.49,p =001.

- Time- to-complction difference seores (Table 3) between M edical Laboratory leeture and each
» CAI apmudc level revealed signifieant differences in favor of CAl at the mid (t(1 70) =23l p = 02) -
~ and high aptitude CAI levels. t(1.56) =7.84. p =.001. The time difference at the low aptitude level
was not sngmf_lcant However: as noted above. the achievement of the low aptitude CAl studentS§was
significantly better than their lecture eontrols. In fact. as shown in Figure 1. the average achievement
of the low dptitudc CAI students is higher than that of both the mid and high aptitude lecture:
students. Thus. it is probable that if all group.) had been trained to the same criterton lever. there
would ha\c been a signifieant time savings m favor of CAl at all |e\ els.

The CA\I -leeture tréatment bv apmude time difference seores shown in Figure 2 mdlmted CAI
time savings e\cetded II% -at the miu and 33% at the high aptitude levels wnthm the Mediea!

Laboratory course. ‘
- . Q

Table 3. The Grand Mean of Difference Scores and the Standard Emor -
of the Differerice Scores o Testthe Difference-beétween-lecture .«
Time to Complete (@ eonstant of 540) and CAl Time to Complete

.Instrueton ut’ﬂmee Aputude Levels in the Medical Lab Coune

v

= 76. 000 o . ) Low Aptitude Time Difference - = -32.0476 ~

Sd =256.091 ' _— Middle Aptitude Time Difference = 56.61410
Se = 24.523 . High Aptitude Time Differenee - = 1923077
n = 86 CAl : ' : .
o v ’ R t (Low dpi) _=|.3| R . B
e c . St (Mid apt) =231*
t -—7()/24 523 . . t (||lg|1 dpl) =7 8§k
t =3.10%* . ‘ ’ >
A Z05. ' N

*pENL : - : AR

wap Z,001. . . : -
' Radiol()g'.y N .

The. 2 x 3 analysis of variance of achievement scores wjthin the Radiology codrse is shown in
Table 4. In addition to a statistically significant aptitude main effect. F(2.149) =020, p Z .01
significant CAl I’IT treatment x dplllll(ll‘ ml(‘rd( tion. F(2. l: 19) =9.22. p Z001. was found. Howey er.e
the CAl vs. PIT main (*ffv( ‘L comparison was not significant (p Z.07).

\lml)octi(\n ‘of the interaction shown" in Figur(t 3 revealed l’nw aptitade CAL students scored 7
percentage omts\hlgh( r.1(1.57) =2.56. p .01 in achigvément thar did low aplilud(- PIT studenis..
No statistically mgmflmnl\ukmvnl differences were found-at the middle .lpmudv level: however.
“ high apmudv CAl-ac hn-vo\}nonl was ‘) pvrunlag_,(- points greater. 1(1.26) =2.70. p =.01 than high -
apmud(- PIT controls. L - o A

9
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s flmn the Xas a function of reading vocabulary level. 2 -
> . N . ’.’-"
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Table +. Analvsis of Vadance of Achievement Scores for PIT-C Al - . N
N v N L3 N Al .. . ‘. i) L. .
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4 : yFigure 3. Radiology achievement as a function of aptitude level

e \ wuand CAl vs. PIT, conditions. N

. In Table 5.2 x .'i/fm.ll\ 'sis of variance of time-tocomplete inslru'(-linn in the Radiology course
“rev caled a gignificant main effect for aptitude. F(2.143) =9.13. p =.001. and a significant CAI-PI'T
treatment x aptitude interaction. F(2019) =664, p = ()I The main effect for treatment
) approa( :hed: but dld not reach. significance (p Z.09). . : X ' ‘ \.
~ ' o v N

-0

Table 5. Anal\sm of Vanancc ()f’l‘lmc to Complete Instruction for PIT- CAl
Tn,atmems and Apmudc Le\clﬁhmms .in the Radiology Course

. . Sum of ' Mean
S(nm!c . . df Squares Square PR
..‘ - . N . . - ' " - - : ‘ '
. Main Effects. < L . o - ,' ' , o ' . R
CAl vs. PI F (A). o 1 - 16435744 L 16.435.7414 S 284
~ Aptitude. (B) - 2 165.504.284 52.752.142 Q. 13%% "
¢ N T, hes
:\%— B lnt(-rd(tlonh . 2 A 17307475 K 138_.()5:3.7I¥8 o '().().‘)*'ﬁ .
_,*thm ' ' B U . 860.784.957 " " 5.777.080 S
Tosl . 154” 070381510 |
Coap =0l o : - ' R v
=001 o : o L

Low aptitude CAI students demonstrated a 17% savings in time to complete instruc libn 1(153) =
2,33, p =.02. when compared to their low aptitude PIT counterparts. as depicted in Figure 4. The
“tendency of high aptitude CAl students lo progress faster than high apmude PIT students was not <

N Slullbll('d“y s:gmf:(anl t((I.56) =1.65. L2 ThIS r(sult may in part- be dm-\lo the greater

. . .~ - *
v . . ' . : . o e
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Figure 4. Radiology time to complbtmn as a functmn
of aputude level and CAl Vs, l’lT conditidns.

completion time varianee of tho PIT students (Sd 8() 89) in ('omparlson to CAI studcnt (Sd =

46.54) variance. (However, here again, the CAl time savings probabl\ would have been significant -
had the level of achievement been controlled.) e

R . . & . - : . Lo
. . Y . .

. Dental Coulsc
S .
Dental course 2 x 3 analysns of variance of achn(‘\'emcnt is reported in Table 6. Only the main

. cffoct for aptltud(- level was statistically significant. F(2.96) =7.38. p <.001.

~

Graphic representation of the Dental CAl Iocture treatment-hy.-aptitude | |ev0| offeots sho“n in
Figure 5 revealed that low aptitude CAl students tended to score 7 pereentage points highier than low
aptitude leeture eontrols. Due to the joint effects of moderate achievement criterion reliability (r =
.58) and lack of low aptitude-criterion seore matches, the small sample, (N =7) at the low dpmudc
Iccture level in contrast to the low aptitude CAl sample size (N =30} may have precluded statistical -

e N

swmﬁcancc 1(1.35) =1.27,p <..‘_Zl.

Sy
i
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Table 6. Analysis of Variance of Achievement Scores for
CAl-Lecture Treatments and Aptitude Level Conditions -
in the Dental Course

o~ o ‘
Sum of Mean
Souree I dr Squures - Square , ‘F
Main Effects ' ~ ’ , "
CAl vs. Lecture (A) | 00.06Y ‘ 0606.69 A2 s
Aptitude (B) 2 ’ 2.336.49 s 1.168.25 . 7.38% @ ,,
A + B Interaction ' .2 ‘ 271.23 135.01 * .80
Within 90 15.178.51 . 158.1
CTotal 101 17.796.08 176.20° ,
*p =001,
- .
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Figure 5. Dental d'(:h‘ieveme'm as a function of aptitude
level and:CAl vs. lecture conditions.
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A

Analysis of time (Table 7) 1o (,omplele instruetion within the D(‘ntal course resulted in statistically
signifieant differences in time at each aptitude level. Examination of time to completion (Fi |gurc 0)
revcaled high aptitude CAl'students completed instruction in 29% less time. 1(1.30) =13.52 p=E

- 001). middle aptitude studemis “ v 15% less time. 1{1.34) =7.38. p Z.001. and low .lplllud(- students

in 9% less time. 1(1.36) =3.81, .pE 001 than lecture controls.

Table 7. 'The Grand Mean of Differencce Scores and the Standand Emor
of the Dlﬂ'eneu(,e Scores to Test the Difference between Lecture
“Time to Complctc Ins truc tion (@ eonstant of 540) and CAI Tine

to Complete Instruction at All Aptitude . L(-u-ls in the
- Dcnml Course

X = 8()_.()‘)()2 o LLow ';\pli'lmi(‘ Time Difference = o k316067
Sd =100.6172 . ' < Middle Aptitude Time Difference = 835714
Se = 11.3203 Hirh :\.plilud(- Time Difference - = l'.").'f.(?»l'f()
n 79 CAl “ : ‘
'.‘.' . _ : o (Low ;;pl) = 3.81%* )
e t (Mid apt) = 7.38%
=80, ()‘)()’/ll 3203 ‘ t (High apt) =13.52%
t = 7.00%
*p Z?(H:, )
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Additioua)] Leamer Chametenstics Yardables

In addition to reading vocabulary aptitude. pre-course measnres of mativation. sell-oneept,
cognitive stvles. learner strategy preference lor processing information and related I)imrruphi(-ul diita
were expeeted to be related to achievementand time-to-complete instruction. Vecordingly. llllllll])ll‘ '
stepwise Fegression analyses between achievement and pre-course learner clarvacteristies“in each
course were conducted and eross-validated. :

W lllnn the Medical L.llmr.llm\ course. the ehiel variables predictive of achievement inclide d
reading vocabulary. motivation (level of ul\])ll‘;lll()ll to achieve). self«oneept. and learuer strategies
for processing lnlurln.llmn. (R =:01. pE ()()I) Cross-validation of the lnulllpl(' corrclation an an
independent. hnl(l-oul sample revealed littde shrinkage (R =535 p =Z.001).

Figure 7 (|('|)i('ls‘ CAL and lecture achievement seore differences as a funstion of treatinent and

learner strategy pre fereuces for processing information by rote. imagery. or verbal p.lr.lpln sing.

A nalysis of variance ofachievement seore, (Ich Tenees n-mlu d.in statistic .1||\ stanificant main effeets

for treatment. FOLLIT0) =19.62. p =.001 and strategy’ preflerenees. F(2.1 T0) =3.12. p = .05 The
I I I

greatest difference in achievement between CALand leeture controls was obtained by Tearners who

preferre i imagery. In this case. the achievement of llu- Al «rruup exvecded that of its cor rmpun(lm"
lectre gronp by 19 pereentage points, As noted in Figare 7. CAL rote learners exeeeded the

Gehievement of lecture contrals by 17 pereentage pmnh whereas CA L Tearners who preferred \c-ll).ll

paraphiasing excelled lectare u)unl( rparts by 12 pereentage pmnls.

s 0 ] . ) . TTe cal
L ég ‘ - > - - ’ )
84

82 ) - h . v . wo .

PERFORMANCE -
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78 1 LECTURE o

75

. N el

o . ] g

g : : ROTE IMAGE . PARA
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DELTA LEARNING STRATEGY PREFERENCE

Figure 7. Medlcal Laboratory achlevemem as a function of Icamer stmugy‘
pnefemnce for processing information and CAl vs. '
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Variables prcdl(‘tnv of time to (omplvtlon in th(‘ M (‘dl(.dl l.aboratory course included reading
\ocdbuldrv self-reliance. ficld indépendence. 5(-11-(0nu'pt memory. and learner strategy preferences
(R = ()o p=E 001). Validation of the multiple (orrcldtmn on an independent sainple produced slight
shrml\dg(: in“the- cross-validation group (R =.601. p =.001). One of several learner characteristics °

- found significantly. related. to time savings included sclf-concept measures from the Delta
« Biographical Inventory. Time-tocompletion differences between €Al and lecture as a function of
‘. low. middle. and high self-concept are shown in Figure 8. Lo ' :

160, ' - ' A
140 :
120

GRAND X TIME DIFFERENCE .
!
N
o

ow T miD . HIGH
DELTA SELF CONCEPT '

Figure 8. CAl nmc o complétion differences from the \
as a function ofsclf-('on('epl lcvcl in the
Medical Labomatory course.

~Tinie to (.omplcuon as a functlon offtrealment and sclf-conccpt s shown in Figure 8. High self-
concept CAI students'completed instruction in 32% less time. t(1.20) =5.04. p 2.0001. as a funcuon -

~of CAl than cid Medlcal ,Laborator) lecture conlrols ' . . o o

2 I

Wlthm the Radlology course, Icarm-r charactcrlstlcs predictive of achievement included - reddmg
vocabulary, memory, level of achievement aspiration, mdepcndencc. learner strategy prcf(-ren('vs.
and attitudes toward reading (R” =.65, p =.001). Cross-validation-of the muluple correlation on the
hold-out group indicated some shrmkagc (R =.49,p =.001).in predicting an achievement crncnon
of moderate reliability ., =.56). Figure 9 depmts treatment achlcvcmcnt _score dlffcrcncm as a
funcuon of three levels o¥ achlcvcmcnl aspiration. : -

16
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Figure 9. Rnd_i'olog'y'aéhi_e'véniéﬁt as a function of le vel of as piration

and CAI vs. PIT conditions. .

—_

Statistically significant main effécts were obtained for the CAI-PIT treatment; F(1.134) =1.95 » =

.05, and achievement motivation faﬁctr‘o'l:_é,' ?‘(‘_2,]3.4) --—-»l?:‘)_.fé,_ p_?OS Low achievement »or 0

- 1.79, P é.'()_bf. as shown in Figure 9. .

students exceeded the achicvement of low zisp—i:riii.ii—)n PIT students by 6 percent ats 30)

Learner characteristics predictive of Radiology time to completion included reading vocabulary,

memory, self-estimates of memory, self-reliance, self-concept. and learner strategy preference (R =, -

- .60, p = .001). Shrinkage of the multiple correlation was acéeptable, (R =.54, p <.001). One of

ERIC
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"in one’s family (R '=.67,°pféOO_l). Shrinkage of the multiple correlation was acceptable (R =.60. p =

several learner characteristics found related to.completion time was learner self-estimates of memory
whei confrorited with lengthy or complex material, as shown in Figure 10.-

~ Analysis of varianee of time as a function of treatment and learnér self-estinates of memory

resulted in statistically significant main-effeets for treatment. F(1.137) =6.30, p,=.01.and memory. -

than PIT counterparts as shown in Figure 10. . e ;

i

F(2,137) =7.10, p'é.OOI.\Avcrage meméry CAl students completed. inslrgcﬁpri in 20% “less time

‘Dental course learner. characteristics. predictive of dchievement “included reading vocabulary.

:.memory, achievement aspiration, self-coneept. lecarner strategy preferences. and ordinal birth rank

—

.001). Similatly, variables, predictive of time to . completion -included reading vocabulary.
achievement aspiration, self-coneept. and learner strategy preferences (R =.08. p = .001). Cross-

< validation yielded slight shrinkage (R =.62, p =.001). Accordingly. Figure |1 graphically displays

time-to-completion differences as.a function of treatment and three levels of achievement aspiration:
low, middle, and high levels of aspiration prior to assiE;nmcnt to CAI or lecture condiliou_s.

.
.
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Figure 10. Radiology time to completion as a functon of leamers”
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. treatments and motivation. As shown in Figure 11, high aspiration CAl students- completed

Dental course time to completion revealed statistieally significant- ¢ffects for CAldecture
instruction in 23% less time. t (1,38)_.,__=£)_._!3, p <.005, than did leeture controls. R

v .,

To summarize briefly, i addition to reading vocabulary ap-iiade, learner choracteristics (e.g., self-
concept, motivation, in'dependence, and learner strategy preferences) were demonstrated to he
significantly related to achievement and time savings in the three courses. Foremost among these
learner characteristics from the. standpoint of eonsistent rélationships to differential performance
was the motivational variable of achievement aspiration. '

Comparative Failure Retes.

N o

- Average failvre rate in the three courses durinfg the year prior to CAl intervention was moderately

(22% ) high. Indeed, one of the factors considered in course selection included course difficulty
“indices as reflected by average achievement attrition and failure rate. Failure rate in the present

context was defined as the number of first attempt failures on the achievement test.

.Cqmparalivc failure rates between CAl (2% ) and PIT (14.9% ) within the Radiology eourse were
statistically significant, { =7.77, p = .01. Failure rates hetween CAl and leeture in the Medieal
Laboratory and Dental courses were not significantly differént. '

Student Attitudes

Student attitudes toward CAI prior to. during, and immediately after CAI, as gathered by the ¢n-

line scale, was, on the ayerage, favorable and significantly different, t(1,385) =8.6],-p =Z.001 from

neutral as shown in Figure 12.°1t is noted that no significant change in attitude was obtained at the

- pre, interim, or post-CAl, on-line measurement points. _
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Figure™ 2. Online leamer attitudes toward CAI immediately
. : ‘ p{'or,_vduring, and subsequent to CAL ; '
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~lu contrast. statistically significant attitude items obtained from the Delta Post-Instruetional

instruction r(‘v(_:al(‘_gl some interesting attitudinal ('mn';)urisons as a funfition of experiencing CAl and
non-CAl treatment eonditions. Signilicantly more (7 =15.32.p =001) CAl students (50% ) than
controls (25% ) tended to disagree with the statement that listening to a lecture was generally a better
way to learn than reading sell-paced materials. In contrast. significanily (x‘l =12.53.p Z.001) more
Al Sll‘;’(l('lll.j‘ (72% ) than eontrols (51% ) agreed they were motivated by the opportunity tg
. complete iustruction as quickly as possible. likewise. signifi(:unll‘\' more (X" 1 =2383.p =.001) CAl
students (77%) than controls (31% ) felt “they did a lot more doing than listening during
instruction.” Though a greater percentage (57%°) ol the controls agreed “they needed more
- opportunities to practice what they were learning. significantly (x‘l =094 p Z.05) lewer.(14% )
CAlstudents agreed more practice was needed. :\(lldilionall_v. signifi(:;mtl_v more (x?'l =6.03p =.05)
7 CAlstudents (89% ) than controls (77% ) agreed they-learned best ' when a v;\ﬁelybl’ visual examples
were provided.

- Attitude Questionnaire administered to CAL PIT. and lecture slud:.;?approximawly 1 week alter

In comparing student attitudes toward alternative delivery systems (GAL |’|]‘..a|1(l lecture). the
following data were obtained: 67% of the C:\‘I students as opposed to 1 1% of the controls aggeed that
CAL compared to lectures. was less boring '(X"l' =03.09. p = .001) than lectures. Comparison of

¢ student attitudes toward CAl as opposed to PIT. indicated CAl was pereeived as less boring (61% )
than progra'lﬁ med text (19% ) ( 1 =39.20. p 2.()(_” ). To complete attitudinal comparisons ;fm'ong
instructional delivery alternatives. significantly (x| =13.86. p = .01) more (57% )} CAl students -
than control (30% ) agreed with the statement that “lectures' were more boring than programmed
text.” However. it is noteworthy that more CAl students (78% ) than controls (55% ) agreed that
CAl mnight be best used to teach basic material: whereas: “live™ instructors should be used-to lead.
* seminar diseussion groups to increase studént understanding ofcriti’(':al subject matter { - p=1282.p -
=.002). : ’ S ) : R '
. Analysis of post-instruetional student attitudes within the CAI ‘group solely.. revealed a gr:“e;i’lur
percentage (56% ) of CAl students agreed than disagreed (32% ) that'it was more interesting to be
“taught by CAl than classroom lecture (le =4.88. p = .05). Considering that enly 2i% of the
students expected CAI to be more interesting than lecture pﬁor‘tp" assignment to CAl or now-CAl .
conditions. significant positive attitude ehange toward CAl as.a function of CAl experience was.”
demoustrated (| =26.91.p Z001). - ' g ‘ :
- .

a ) S

-Morcovér,,a greatcr;p'crcentagc of tﬁé'C.»\l students agr'eed (58% ) than disagrq(ic_d (23% Y that

lessuns were successfully eompleted faster at their own pace under CAl than under conventiofial - ¥
classrcam-conditions (¥ =10.93. p £.02). The majority of CAl students (74% ) also perccived that'
seoinputeradministered achievement tests were equally fair for.all students (X2| =20.93. p =.01) due
‘to computer objeetivity. Interpretation of attitudinal results withiini “the context-of-CAlnon-CAl—
conditions is deferred to_the Diseussion seetion of this report. : '

D
N

. v
E)

~ V. DISCUSSION ' e e

' -

To answer t’he qucslion-bf__ whether CA] is instructionally more: effective than PIT or lecture.
independent of aptitude level. data were. obtained (Appendix C) which supported the contparative
instructional effectiveness of CAl in two-of three courses in whieh CAl and non-CA'l students were
eompared toidentical instructional objectives. Overall,'CAl'student achievement exeeeded student’
‘achicvement mediated by (a) lecture by 13 pereentage poiﬁts'and (b) PIT by 3 percentage points. In<* :

#°terms of comparative learning time independent of aptitude, CAl students averaged 12% to 17% qus

time than leeture or PIT students. Thus. if one were interested only .in .overall comparative

" “instruetional effeetiveness (disregarding aptitude Igvel in eourses and for students eomparable to
. N . o . . . . .

- o

. . . ) 20‘_.

Q
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those employed in’ the.present study),-CAl is concluded to-be more instructionally effivieat than
lecture or PIT in the Medical Laboratory and Radiology courses. Withix: the Dental eourse, no
significant difference between CA1 and lecture achievement was found: however, a 17% CAl time
. savings was obtained. To provide empirical data on the question of whether CAl. lecture. and
programmed text differ in instructional effectiveness as a function of aptitude level. treatment by
aptitude level com pzrisons were made. Results revealed that CAl vielded greater achievement and
time savings than non-CAl at certain aptitude levels. Thus, the evidence affords aun cmpirical basis
for decisions pertaining to choices among alternative instructional modes based upon differences in
instructioral effeetiveness and time savings. :

Nbdi?:.gl[.abdmwly. \/ LT

Within the=M.edical Labo ratory course, CAI student achievement sul)slunlia”'_\' exceeded M edical
Laboralo’ry lecture controls at all reading vocabulary aptitude 18vels. At the low aptitude level. CAl
students excelled lecture controls by 18 percentage points. Probability of first attempt failure was
extremely low (p =.001) for CAI students, as well as for lecture controls (p =.03). N

. In eontrast to achievement findings. learner time to completion as a function of aptitude level
revealed time savings exceeded 33% at the high aptitude level. Time 10 completion’differenees at the
: nii'd-aplilud‘c'lc_vel revealed an 11% 'C\?Pﬁre savings, but no statistically significant ime difference
at the low aptitude level, compared (5¥¢Cture eontrols. As.noted previously, since CAl achievement
.~ was higher than lecture at all-levels of reading aptitude, the obiained CAl time scores probably are
mueh higher than required to reach a level of achievement equal to the leeture means. '
" Radiology ) ‘
"Achievement differenees betweéen CAl and PIT were shown to be related to aptitude level in the o
"Radiology ¢ourse.”Both high and low aptitude CAl students achieved higher average scores than
their high and low aptitude PIT counterparts. The effects of boredom ‘may be once possible
-explanation of the lower-than-expected performance of P1T students compared 10:CA | students at
the high aptjtude level. Indeed. post-instructional attitudinal data indicated the majority of'students
pereeived programmed text ‘to bc‘n‘;orc.Ll)o‘ring than CAIL. It is im}\mr'luul to_emphasize that
programmed text had been the major instructional device employed in the last few weeks preceding
the CAL-PIT comparison. In addition. failure rate ‘was significantly less (2% ) in theCAl condition.
than in the PIT condition (14,9% }. ' T

s

Unlike Medieal Laboratory course time-to-completion data. the greatest difference in time to

) . L. ‘3 N ) . . . : . : R
eompletion between CAl and PIT oecurred.at the low aptitude level in.the Radiology course. Low
aptitude' CAl stud ired 17% less time than their.dow aptitude P17 ¢ rp : lete
aptitude Students require 0 less time than their-low aptitude counterparts to.complele

inmstruetion Furtherntore-CAT-student-com pletion-time -variabiiity-was considerably-less-(Sd-=05)--

.+ than PTT time variability (Sd =101): Such data suggest greater group variability in tinie to complete

.-inslruciignuiseduc.i'nnpart.19_ lh'v.rproblems of-control of student-time under conditions of self-paced

‘programmed instruction. On the other hand, CA'l apparently tends to keep students task-oriented

-~-f—,:~.t\'l_1_‘lr(;'ugli_' the lrucll‘liurc and stimulation of interactive requircuients. o ' '

' " N ¥ . ' e _ e o S

“tip the case of self-paced PIT vs. CAL. CAl'is concluded to produce gi‘ealer,.inslru(';ion'illh
effectiveriess in 17% 10 18% less time than PIT for low and high aptitude students. Furthermore.

" CAl was shown to produee time savings with’ 60% less time: \'ari'll)i_l‘ily than PIT. Thus. the
‘interactive. eoxtrol of CAl may he responsible for sustaining learner’atiéntion which leads to more

rapid progress than PIT. - o Cow

Rty

o . .,l‘ ‘ . 2| " 23 e : " R
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"Dental . o . : p
Thongh no statistically significant overall achievement score differences weresobtained tn the
Dental course. aptitude stratification revealed a tendeney for CAL students at the low aptitude level R
to achieve more (7% ) than their low aptitude leenire controls. Unfortunately. in addition to less
than desirable’ l)t:plullhvoursc criterion reliability (r‘.‘. =.58_). the sam ple size at the low aptitude .
o Jeeture level was smiall (N =7) in contrast to the low aptitude CAl student (N =30) sample.

Additional interpretations of the non-significant CAl-lecture instructional effectiveness difference
findings in the Dental course may reasonably be attributed to the relative task diffienlty levelof the

aracteristies differences in the Dental course relative to the more
difficult Radiology and M edical Laboratory courses. Essentially. CAl as a compensatory tool mnay be

subject matter and to the learner.ch

more instructionally effective in difficult subjeet matter conrses which require task-related aptitudes,
and motivation levels sufficient for processing/analyzing abstract information-or learning com plex
procedares. Less difficult courses and/or insensitive criterion tests of lower reliability used to
measure achicvement differenees are therefore less likely to demonstrate CAl achievement effeets,
" In short. level of task difficulty confroating the learner. criterion reliability. and the learner’s
characteristics are factors of considerable importance when choosing among instructional delivery
alternatives. S .
Time savings differences between CALand lecture in the Dental course were found to be 20% at.
the high aptitude level and 15% at the mid-aptitude CAl levels. Thus. in the case of CAT vs. lecture
in the most difficult (Medical » 5
conclusions ui:pvuf-wurrunlvd: (a) to obtain significant time savings (29% to 33% ). assign CAl to ‘.

|.ulmrulnr_\') anid least difficnlt (Dental) courses. the-following T

high_aptitude students. (b) to increase achievement and r(‘(!u('(‘ failures, assign CAl 10 low uplilu(l('
students. and (¢) if CAI resonrces permit. assign CAl rather than lecture to high aptitude students in
difficult courses comparableto the Medical Laboratory course to obtain increased time savings and

instructional efféetiveness, : . _ '
2y . .

Decision Stute gies

Decisien strategies for optimizing the effectiveness of instructional alternatives require analysis of
(a} counrse-specific properties. (h) task-related learner characteristies, L) student flow. (d) ™7
instructional alternative cost comparisons, and (¢) tradv-offs regarding levels of instructional -
effectiveness and linn':ln-.g'mnpl«'lv instruction. 11 the l'_ruining svstein’is con fronted with an in('rifusc"
in personnel with low reading vocabulary aptitude. first attempt failures |ii;!_\'- nerease in
conventionally tanght ('nurs.(-s_.l attended by an inerease in iinu‘hn—«mnplvl'(‘ instruction. 1 CAL s
differentiall§ assigned 1o lower aptitide students to increase achicvementand minimize failure: the
cost is little or no time savings: Counversely. if the goal is to-maximize time savings. based upon data-
reported herein. CA T might -profitably he assigned 1o high reading aptitnde students. who aie |
—expeeted to complete instenetion in 33% less time. However. opting for-time savings is conducted at

the costolan inercase in t obability o Finord failnres and wore marginally effective achicvement

at the lower aptitnde level in the lecture mode. IF CAL were assigned to all students. regardlessTaf

K3 ) " . . . 9 .. . . . . ‘
aptitude level. average stndent achievement s increased. but-average time saving 1s redineed to
4 . . . . .

Capproximately 13% 0 . o

Leamer Chamictenstics P " o : o T

) : . . . v ’ g -

~ Foremost amoug the learner characteristies predictive of achicvement and time-tocomplete.
ansteuction suceessfully were the aptitude measures (Delta Reading Yocabulary. Conccaled Figures. ~ .

o and Memory Meas

res). Despite differences among thestourses on such factors as difficulty Iv\'(_-lt§
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‘ type.of'lea_r.nin_g., and mode of instruction, reading voeabulary emerged as the single best predictor of
* both  achievement and completion rate. Sueh information further undérscores the.importanee of
. reading voeabulary as one factor eontriuting to syeeessful performance. Whereas aptitude measures.

" were shown to be related signifieantly to subsequent learner performance in all three courses.

~ biographical measures added significantly to predietion. M easures of achievement aspiration, self- .

“coneept, field independence-dependence, 2nd learner strategy preferences for. processing
information varied in magnitude -among courses, and therefore, in the order of contribution to
achievement or.completion time predictions. It is important to recall these biographical self-report
pre-course measures maintained signifieant relationships to performance upon cross-validation.

" Depending on the course, one biographieal measure of motivation (achievement aspiration) yielded
significant performance relationships (r =.29 to .39) ‘and resulted- in main effeet achievement
‘differences ranging from 4 to 14 percent within the three courses. Hence, requiring students to set
personal achievement goals yielded sysiematie and beneficial effeets upon subsequent performance,

“Similarly; field independent learners were found (a) to exeeed the achievement of field dependent
learners in the more difficult MedicaI.Léb'oratfox_'y course by 6 pereentage points and (b) to require
25% less time to eomplete instruction than their more field dependent peers. Thus, in accordance .

. 'with theory and'previous research, field independenee has been shown to be related to performance _.
in eomplex tasks. Perhaps equally as important, field independent learners are more likely to
complete self-paced instruction faster (25% less tinie) than their.more ficld dependent peers:
Another learner characteristic, self-coneept, was also found éfg’hiﬁcantly rclated to eompletion
time. High self eonccpt learners completed instruction in less time (23% : to 32%) than learners with
alow selféconeep;,_.’_l‘hu's,\self-pereeption in addition to other learner characteristi¢s diseussed herein
would appear to be impeortant variables in deciding whether an individual should be assigned to-a’
—._ self-paced program.o'F!urthennore,?self—coneept may be used to_identify learners for -instruetional ae
sﬁ%te‘gies_;_\tlesign&t.o systematieally produee sueeess’, and thereby, ‘an inerease in a learner’s self- "
- worth: Nothing is likely to increase a person’s low self-coneept or subsequent effort more than the
reward of sueccess. . . v . ‘ . R
. R . .. o N . . . C
" Learner strategy preferencqéi’frOm the Delta Biographical gathered prior to the coursc(s) were also
found to be signiiicantly related to subsequent [')'errfof'm»an_ce.: Preferences for active learning (e.g.,
paraphrasing as opposed to.rote memorization or passive listening) resulted in greater'performance
for active learning strategies. Additionally, preferenee for interaetive learning (e.g., diseussion” or _
peer instruetion in“contrast to more-passive instruetion, such asaudiovisual or lecture) was found to » -
be related to subsequent performance differences. For example, leainers in the M edical Laboratory
course who preferred active/interaetive modes of learning tended to score 6 to 8 pereentage points
. more than learners who preferred the potentially more passive lecture and audioy‘is‘ual instruetional

' modes. Similar findings which Jhave been reported (Dansereau et al., 1975, 1978; .Deignan, 1974)

support and eonfirm the contribution of various learner strategies to subsequent performanece. More °
importantly; the development of learner strategy skills in learners who use less gffective methods of * -

learning (Dansereau et al., 1978) would seem to be.a promising cost-effective means of increasing

profieiency if not also’efficieney. " =~ - T N ST T

- . . ¢

f— -.Chaﬁc4w§§i¢i_giliigh Achie\rréniém_-Fa.st C.TIAI iJéz:lm,ers . . .

.- Charaeteristies of high: achievement-fast CAI ‘learners were .obtained through diseriminant
analysis of high and low achicvement seorers in the CAI eondition of e‘héh""eburse.-~M.ajor_i,y,a£iablgs _
- found to eorreetly classify 85%. (X210 =46.78, p = .001) of high and low CAI achievers in the"  ~ .. -
MediealLaboratory.»c,o‘y‘r.se ineluded: {(a) reading vocabulary, (b) learner st'rategy--preferen.ces for
 verbal paraphrasing as opposed o rote learning, (e) high as opposed to low self-coneept, (d) high as
.. eofitrasied with low level of achievément aspiration, and (e) preferences for reading as opposed to
~lectures. Majox;'charécteristics of CAl'learners who eompleted instruetion 25% faster (x 10 =42.18, o
p =.001) tha’h their slower CAI counterparts included: (a) learners with relativcly high reading -~

ST
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‘ vo’c_u\hulur)- scores. (b) higher” educational level. (¢) higher memory scores, (d) more field :
independence. (e) possessed l)ig'h,(zric_llicV(zméhi uspirulidn. and (f) '\'vere‘luugl;‘l by a family member,
as opposed to their teacher. to read. Within thé Radiology. course. CAl was instructionally more’ - -

o effective in 21% less time (le() =44.19. p =°001) for CAI learners who possessed high reading
vocabulary, high achicvement aspiration. were more ficld independent than dependent, and

. preferred verhal paraphrasing to rote memorizaticn as a-means of learning. Among these variables,

" CAl learners also reported on De¢lta Biographical pre-course measures they felt they had mastered
instruetion if they could teach a peer'the same subject matter: whereds the slower. lower scoring CAl '
.,!uu/{mrs reported a‘greater reliance on lectures or_uudioVisu?l lo;,lcurn.‘ T~ 4

_ % less time in the Dental course,
s opposed to lower GAl achieyement and slower time, to conipletion under CAl differ only slightly
- in characteristics from the “high-achieving. fast byrners™ in/the M edical Laboratory and Radiology .
" ¢Qurses. Variables which correctly-classified 88% (x2104=v,-1/().4(). p =.001) of the high and lowd:AL

performers included relatively high  ading vocabulary. preferenice for teaching a p2er asa means of .

Learner characteristies conducive to high CAl achievement in 20%

. . . . ., Sy e . . . . -~
¢onfirming their newly acquired knowledge. high achievement aspiration. pre-course preference for

. . : - T . - < A

((\l as opposed to lecture modes-high self-concept. and eldest ordinal rank in onc’s immediate .

" family, ¢ , :

. . . R . ¢

\“To summuf_izc the characteristics of high-fast CAl achievers in the three cou\f'ses.'i;. 1 concluded
that (a) relatively high reading vocabulary skills. (b) high achievement aspirations to. effect such -
skills. and (¢) skills and attitudes underlying learner strategy prefcrences are instrumental to - "
perlformum:e"o'ulcomcs. ‘ » T T - A

Thus. in addition to differentially assigning learners to altérnative instructional dqli»’éij modes
based upon aptitude! it is suggested that motivational factors. e.g.. attitude.‘achievement aspiration,

and learner strategies be considered. L : Ce e
High-Fast vs. Low-Slow PIT Students C o - _ . .-

- - Characteristics of learners for;_;whom PIT_ was. effective or ineffective wére obtained through .
.- discriminant analysis of high and low achievement scores in the PIT condition. Variables found to
correctly classify 82% (x28 =27.37,p=.001) of the high and low PIT achievers in the Radiology ™
course included. (a) level of achicvemcnt;asp'ir'alion, (b) self-determination lQ_lsuccecd. (¢) learner ;-
strategy preferences for rzading good examples as opposed.to preferences for 2udiovisual or lectures
when instruction was difficult. and (d) higher versus lower reading vocabulary.scores. Regarding
~ timeto completion, PIT learners who completed instruction in 23% less time than their slower PIT
" counterparts were identified correctly 72% (x“7 =14.66, p = .04) of the time by (a) level of
achievement aspiration, (b) higher s opposed to lower stlf-estimate of memory .capalbili't‘y. (¢) more™®
©field independent than dependent. and (d) prefer(;_‘nce‘ for working alone as opposed teworking with
others.- ™ ; - ' ' T . e

" Based upon the foregoing data, PIT is_.'-like'ly l'ol result in successful pcr;fq'i'm'ancé for students who
possess’ high levels of motivation in addition to preference-for. and high aptitude in. reading..In
: idc,nli'fyi'r-\g learners whe progress faster than their peers in self-paced PIT courses similar to lh(, =
. -~ Radiology- course, .ucllicvcmcnl aspiralidn,,z,»above"-av_(_:._ragc memory ca[;abi'lilics.' indepe_ndencé,,._, '
: preierence for working alone and, of course, adequate abilipy _t\'o'\reqd on one’s own have bcc}l found
~1o. constitute learner characteristics contributing to faster, as opposed-to-slower. progress. "’
High Vs, Low:Ac hievement Lecture Students. : . N\ T s

S - Y -

. M,‘avjno‘;' [éur-ﬁ)ler characlcrislibs ol')l!gi_ﬁ'_ed‘lhrou”g.h diécriminani aﬁglysis which cqrrecl_l,y cl:zi_..sjsificd
85% v(x21'0,=_=030.85, p = .001) of the high and low achievers in lecture included: (a) higher as-
) 0qu§ed to |(')'wcr~_a'chievemcnl.k aspiration, (b) higher in countrast to lower reading, vocabulary. (c)
‘employed_verbal paraphrasing as opposed_to rote memorization as a’learner strategy for acquiring”
knowledge; and (d) were more ficld independent than dependent.” ' Co e :
B TCIY-7 S
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Post Instructional Attitudes

Statistically significant data from the Delta Post-Instructional Attitudc Questionnaires were not
only importunt to determine the relative degree of acceptance or resistance toward CAI and non-CAl
(lecturc or PIT), but also provided some ancillary information of instructional interest.. For
example, concentration’to learn under the CAI condition appcar(}d to require no more effort than
‘concentration required to learn under non-CAl conditions. Indeed, the data indicated a greater
(74% ) percentage of non-CA! students reported they had to really concentrate to learn than did
counterpart CAI students (62% ). Familiarjzation with the instructional medium, whether CAl,

“lecture. or PIT, however, was important; 65% of the CAI students and 6_1% of the non-Cz_\I students
" indicated they really enjoyed their respective: medium once they had become familiarized with it.
" Both CAI and nen-CAl students also agreed (75% CAIL, 65% non-CAI) instructional presentitions
provided enough visual examples for learning. However, more CAI students (89% ) than non-CAI
students (77% ) agi'eed they learned best when a variety of visual examples was provided. In
“addition, the need for more opportunities to practice what was being acquired indicated that a
smaller percentage of the CAl students (44% ) as compa’rg:d to non-CAl students (57% ) agreed that
. more practice was needed. The interactive graphic capabilities of CAI for practice may account for
the magnitude of this difference. Similarly, more CA1 students (77% ) than non-CAl students (31% ) .-
agreed they did a lot more doing than passive listening during instruction. o

Considering the impact of lcarner boredom upon altitudes toward alternative instructional media,
67% of the CAI students in contrast to 11% of the controls, disagreed with the statement that CA1
“was boring compared to lectures.” Only 13% of the CAI students agreed CAI, compared to lectures,
was boring. Student perception of boredom under CAI versus PIT conditions revealed that 61% of
the CAI students and 19% of the controls agrecd CAI compered to PIT was not boring. A small
percentage (10% ) of the CAI students regarded CAl more boring than PIT. To compléte the |
comparative analyses among CAl, PIT, and legyyre, 57% of the CAI students in contrast to only
30% of the controls.regarded lectures more boring than PIT. However, 38% of the controls viewed
PIT as more boring than lectures. In summary, @Al in comparison to lectures'and PIT was less likely

- to be redcted to with feelings of boredom. The interactive, self-paced nature of C. | might reasonably

explain why CAI was more_resistant to feelings of boredom than PIT or lecture. .
Itis important to note that more CAI students (72% ) than non-CAl controls (51% ) agreed they
.~ were self-motivated by the opportunity to complete instruction as quickly as possible. In addition.
- ‘more than twice as many CAI students agréed (58% ) than disagreed (23% ) that they perceived
"themsélves to successfully finish lessons faster at their.owr pace with CAI than in the classroomn:.
. Achievement data indicated that the opportunity to complete instruction quickly did not adversely
inpact achievement' compared to. counterpart ‘controls. To the contrary, CAI achievement was
“markedly superior to controls in iwq of the three cotrses. Hence, the opportunity to progress at the |
- student’s own pace under CAI conditions might be argued to facilitate achievement rathcr than.
-retard it. : » S ' " o ' '

%

Leamer Media Preferences-

"Preference among instructional media subsequent to media exposure indicated only 33% of the
CAI students in contrast to' 50% of the 'coptrbls agreed that listening to a lecture was. in general. a
- better way to learn than_i’eéding self-paced (CAI) materials. In brief, twice as many CAl students
(50%) preferred self-paced materials to lectures than did controls (25% ).
- ‘&‘ - N . - &7 . . . :, ] T 3 . ]
To the extent learning tasks involved difficult material, CAI students differed markedly from
control students in preferences among lecture, audiovisual, PIT and CAL The majority (72% ) of
‘control students preferred lectures; whereas only 47% of the CAI students preferred lecturés when -

- m_a_t.eri_'al was difficult. Within the CAI condition solely, 31%__ o"f'_the'studems prefcrrcd..CA,I: 10% <

i
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audiovisual. 12% PIT. and 47% lccture when instructional material was difficult. S Similarly. 40% of

.the CAl studenits reported they performed better with CAl than with leeture: whereas 43% believed

lecture facilitated their performanee more so than CAl. Based upon these data. studcnts who had
experienced CAl were uppm\unatelv equally divided in terms of attitudinal reactions toward CAl
and leeture. Some indieation of why CAI students were divided on the question of whether CAl or

- lecture helped themn perform better is perhaps explained in part by student responses to the followmg
< attitude item: 78% of the CAl students agreed, whereas only 16% disagreed. CAT might be best used

in teaching basic knowledge and instructors subsequently used as discussion group leaders to ensure
student understanding of critical subject matter. Given this frame of reference, the majority (78% )
of students reflected a positive attitude toward CAL However. students indicated when material was
especially difficult or integration of eritical subject matter to ensure understanding was n(‘(‘ded the
seeurity of having a “real live™ discussion group instructor was needed.

Attitude Change
Cousidering that prior to assignment to CAl or non-CAl conditions. only 21% of the learners
(:\pt.cted CAI to be more interesting than |ccture it is mdced noteworthy that subscquent to CAl
experience. 56% of the CAI learners reported CAl was more interesting than lecture. Similar

" attitude- changc was found in the case of lecture: 56% of the learners to be later assigned to CAl

expected lecture to be more interesting than CAl: whereas. after CAl exposure, only 32% felt lecture
was more mtercstmg than CAl.Ifa |carner is1o obtain the most from an instructional experience. an
initial positive attitude is hkely to mcrease learner skills employment and energize perception of the
instrumentality of the situation for succcssful performance. Hence. it is recommended that all
students to be assigned to an unfamiliar method (e. g.. CAI) be provided with an orientation program
prior to formal instruction to assist in making the unfamiliar. familiar (Toblas. 1976). Additionally.

- the simple act of setting achievement goals (achievement as'plr.mon) was shown in the present

investigation to be rcldted sngmflc.mtly to subsequent performance. -/_,

In sunmary. the majority of CAl students perceived CAl to be 'more interesting, less boring. less
time~ onsuming, and more instructionally effective than was lecture or PIT. However. when
instructional material was éspecially difficult. CAJ stiudents were divided an preferences for lectures
and CAL Accordmgly the majority of CAl students agreed CAl should be employed to teach basir

knowledge and instructors should be used to lead discussion groups to ensure student understanding

" of eritical subject matter or methods. From- the standpoint of student testing. hcwever. more students .

agreed (74% ) than disagreed (11% ) “eomputer testing was impartial arid therefore equally fair to all
students.” Hence. though approximately half of the CAl students preferred human instruetors to
CAlin complex sub](-('t matter areas. nost of the students preferred the ob]cvuvlt) of the computer
in student evaluation. 'In addition. prior to familiarization with CAl. only 21% of the learners
“praferred CA1 to lecture in contrast to 56% who preferred leeturé to CAl. Given this initial. less than
-enthusiastic attitude toward CAL.CAI students on the av erage performed better than their coutrols,
As a classic ‘example of attitude change as a funetion of subsoquent‘e(penonve. 56% of the CAl
learners preferred CAl to lecture. post-instructionally. S

V. "CONCLUSKINS AND RECOMMENDATIONS |

From an overall standpoint. CAl was found to be more effeetive than lecture or PIT. CAl was

found to increase student achievement as mueh as 18 percentage points more than lecture controls.

.and 7 percentage points more than- pmgrammod text controls. Moreover. CAl student failure rates
were considerably less than” programmed. text controls. Though high aptitudé CAl students
completed instruction in 30% Ioss time than low aptitude CAl students. low aptitude CAl students

o
L 3 . . : . v
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achieved greater instructionai effectiveness in 17% less time than low aptitude programmed text -
controls. CAl time to completion was alsc 60% less variable than the self-paced programmed text
. completion time. .

" In the case of CAI vs. lecture, ‘he following conclusious appear warranted: (a) stgnificant time
savings {29% -to 33% ) were achieved by students assigned to CAI, (b) low aptitude CAl suidents
experienced greater achievement and less failur~ than their low aptitude lecture controls. and (¢)
student attitudes toward CAl became more favorable as a result of CAl experience.

Major characteristics of learners for whom CAl was more instructionally effective in less time
included level of reading vocabulary, achievement aspiration, field independence, and learner
~ strategy employed. Thus, performauce differences in achievement and time can be expected to vary
chiefly as a function of task-related: learner characteristics, difficulty level, instructional medium
assigned, and course-specific properties. ‘

Empirical evidence has substantiated the comparative instructicnal and time savings effectiveness
of CAI overall and at specific aptitude levels. Additionally, cross-validated learner charaéteristics
yielded profiles found to distinguish high-fast as opposed tc low-slow achievers in each course and
treatment condition. Hence; given a self-paced environment, it is possible to differentially assign -
CAI to students for whom it is miore effective. ‘ '

- For instructional situations similar to those in this study. it is recommended that CAI be used as a
primary medium of instruction. If CAI resources are limited, CAI should be assigned to high
aptitude students-and to those students identified as marginal performers as measured by-selected
preassessment measures. Such measures should include reading vocabulary, learner strategy .
preferences, ficid independence-dependence, and achievement motivation. -
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APPENDIX A: ACHIEVEMENT X AND SD BY APTITUDE, TREATMENT, AND COURSE

Course Aptitude ) CAl ) : Lec PIT
Medical Laboratory Low e X 86.98 69.37
-" SD 1248 12.21
- Mid X 88.71 . 75.69
. SD 14.55 12.02
High X 92.07 79.88
' -SD 11.93 . 14.87
Radiology - . Low X .83.67 - 76.67
- o SD 880 . 11.90
Mid X 84.05 ‘ 86.50
L - 8D 8.05 . 8.33
High X 8812 - ' 78.50
- SD 6.92 - : 8.02
: — N
Dental Low. -X 73.39 66.35-
: SD 12.60 C15.77
Mid X 76.59 79.32
SD - 11.82 : 13.64
High X 84.25 . 82.71
' SD 1287 10.50




APPENDIX B: TIME TO COMPLETION X AND SD BY APTITUDE. TREATMENT.
y ' AND COURSE . : .

-Course Aptitude . CAl Lec PIT .
M edical Laboratory Low - X 572.50 540
- - SD . 244.20 - 0
Mid X 489.25 540
- SD 205.05 -0
High X 347.69 S 540
SD 170.06° ' 0
Radiology " Low X .. 26233 T 31554
. : SD 52,01 . N 106.75
Mid: - X ® 5250.76 . 23724
. SD. 62,13 : ' 63.08
 High X 186.85 : ~.226.80-
. SD . 46.54 _—  80.89
Dental . Low X 1496.80 1)
o ' SD 108.00 ° S
i : ‘ . Mid X 456.43 540
: ‘ SD. 72.12 .0
High X 380.95 540
‘ SD 69.77 - 0
/
I

- 30.




 APPENDIX C: MEAN PERCENTAGE ACHIEVEMENT AND MEAN TIME
IN MINUTES TO COMPLETE INSTRUCTION IN THREE COURSES

% Comeet _ : Time to Complete
- ) Achievement Score . - __Instruction (Min)
. Group . N T SD - X . SD
M édical Labdrator)' : . -
CAl o 93 88:94 = 1351 . - 469 220
Lecture ) 98 - 7512 13.84 g 540 0
Radiology » .
CAl ‘ N 97 84.72 - 8.14 . 240 _ 65
. PIT _ ‘ . 89 81.95 10.62 271 106
;..\Den_tal ) - . - .
. .CAl T ‘ - 101 77.03 . . -13.58 453 95 .
-+ Lecture . 52 - 78.07 1401 . 540 0 -
- ;\ x
i
’
. r)‘3 : ) N
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