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ABSTRACT

This Qesearch project was designed to measure the
effect of comp@térxaided instruction (CAI) 1in the content
area of° pharmacology upon student academic performance and
to document the occurrence of significant c@rﬁ§1atians and
instructional interactions. The subjects for this study were

pharmacy students ?Diieﬂ in an uﬁder‘*éﬁaduate pharmaco logy

, - ) . om vee <
course at the University of Alberta during the 1979-1981.

academic years. The subjects were raﬁd@miy! divided into

three different treatment groups (CAl alone, CAl conclrrent '
' '

sWith leéture, lecture alone) and proceeded through a series

of CALl programs in a variety of tD@iG§ in pharmacology. Data
was cqllected on a variétg of demographic aﬁd psychological
variables and on academic performance in a selected
pharmago]ogyA tcpigg This datas analyzgd‘-by means of

i ’5 = x i = - = A
correlation and analysis of variance technigues, provided an

objective analysis of the effect of CAl on academic ,
; . »

*
i

performance in pharmacology and attitude toward CAl. In

addition, specific demographic and psychological varisbles

obtained from student records and the California 7

Psychological Iﬁventcry were correlated with CAI usage and
attitude = toward CAl. Variables which correlated
significantly with academic performance when using CAl in

¥'and discussed. -

pharmaco logy were ide,tifieéf Several ~ instructional
interactions were abserveg]

L
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CHAPTER ']
, INTRODUCTION

Computer aided instruction (CAI) - problem or panacea?
This question has plagued educators for the pést two
decades, yet the answer has continued to avoid elucidation.

It is often observed that individuals either fear or
worship that wh%chrthey do not understahd_ Educators are no
different 1n thig‘ regard and their fear of or worship for
CAl has often been c]earay visible in the hundreds of
articles which have been devoted to the initially posed
question. Some educators see CAI as a totally dehumanizing
force which has no place in the classroom, while other
educators bestow upon CAl the personification of saviour of
the educational system (Bork, 1977; Bozeman, 1979; Brittin,
1972; Hallworth & Brebner, 1980; Norris, 1978; Seidel, et
al, 1974; Suppes, 1966). Caught in this schizophrenic
dilemma, CAl would almost certainly have died an ignominious
death if its fate had relied solely upon educators. However,
rapid technological changes and advances in the last two
decades have sustained CAl's existence and have EQ!;ﬁ
catapulted this technology “into the limelight of  the
educational arena in the 1980's.

Deja vu? It would certainly appear so, as this cycle
occurred &t the beginning of the 1960's, repeated itself
first at the beginning of the 1970's and again at the
begimning of the 1980’'s; and seems likely to repeat itseT?”
again at the beginning of the 1990's unless it is somehow




broken. The dichotomous stereotype of "CAl as Archfiend' or
"CA]l as Archangel” must now be replac" with a realistic
view of CAI. Neither friend nor foe, 'CAI is a highly
sophisticated._yet‘essentially neut?al technology which has
the potential’ﬂfb interact within the educational milieu in
either a positive or a negative manner. The key word here is
"interact” and it is believed that in order to be properly
and impertially represented, CAl must be viewed in the
context of ins?ructional fnteraction§ (11) .

Before an attempt is maae to integrate the notions of
"CAI" and "instructional interactions” a brief review of the
literature of instructional interactions will be presented.

The concepi/@hat individuals differ in learning styles
and that each "learns” in’ highly specific and individual
ways is the basis for 'the occurrence of'instructional
interactions. This has probably been recognized for as long
as there have been teachers and students, as is evidenced in

the following quotations:

------------------

' Instructional interactions (II) (Pagliaro, 1979) is used
heré as a generic term for interactions which ‘occur in
actual and simulated instructional settings and which
account to a great extent for individual preferential
differences in learning. It is a general form of what has
been referred to on a somewhat more limited basis as )
"Aptitude Treatment Interactions (ATI)" (Cronbach & Snow,
1977), "Attribute Treatment Interactions (ATI)" (Tobias &
Abrameon, 1971), "Trait Treatment Interactions (TTI)"®
(Berliner & Cahen, 1873), and "Achievement Treatment
Interactions (ATI)" ATobias, 1976).

1
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Each particular activity can besf. be performed
" [learned] by methods which to an/;hpOPtaﬁt degree
are peculiar to that activity . . . to a deéree
varying with the individual. (Woodrow, 1946, p. 157).
.One thing we can all be quite certain of: Wherever
in the vast realm of humaﬁ’learnjng we wish to look
for individual differences, we surely will f{ndjghgm
{Jensen, 1967, p. 117). ‘ ’
No single instructional -pqocess/ provides optima’l
learning for all students (Bracht, 1970, p. 627).
The concept that learning could be related to specific
variablés has also been known for some time:
Evén' he grt factqr; involved in learning are not
unique to learning, bu} consist of abilities which
can be‘meésuted by tests given but once\ ( Woodrow ,
1946, p. 149).‘ . |
But we do find that a person learns more easil} from
one method than anether, that 'this: best method
differs from person to person, and that such
between-treatments differences are correlated with
tests of ability and personality (Cronbach, 1957, p.
§81). . .
It was in ;n address to - the American Psychological

Association in 1957°'that Cronbach first formally introduced

/J
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the concepf of instructional interactions’ (Cronbach, 1957).

Lubin (1961) quantified and named three typeé. of

" - interactions which occur: none, i.e. the inteéraction 1ines,

wﬁich relate academic achievement (learning) to some other

i ndependert variable, are parallgl; "ordinal, where the rank
order of a treatment is constant but the quantitative effect

may vary", i.e. the interaction lines are nonparallel but do

. not intersect; and "disordinal, where the rank order of ‘the

treatment changes with the value of another classifying
variable”, i.e. the interaction lines intersect. The concept

of disordinal in(;}acgjons was further refined by adding a
dimension of statistical significance to the definition

(Bracht & Glass,.1968).‘

4

i In spite of these developments, Cronbach noted ten
4 years after his address that educational adaptation to
individual differences had not yet integrated the concept of
1nstructional ~ interactions but still followed four
"traditional” models: (1) adaptation within a predetérmined
program, 1i.e. every child should go as far in school as his
or her abilities warrant: (2) adaptatfon by matching goals
to the individual,” i.e. “algebra” taught to college
preparatory stddéntg and “"general mathgmatics" for .othgrs;
(3) adaptation by efasing (ignoring) individual differenceé,
tqaching the same ‘unaltered course with the same

h (1957) used the term "aptitude - treatment

j raction” in his address, however, for the sake of
clarity and consistency this thesis uses the more )
comprehensive term "instructional interaction” which was
introduced by Pagliaro (1978) (See Figure 6).




demands for all students; and (4) adaptation by altering
course design, i.e. telling GﬁgzstudEﬁt to "look it up® in
order to promote independence and helping another étudent
“find  it" in order to minimize possible frustration

- . 4 i
(Cronbach, 1967). It is evident that none of these

“adaptive”® satisfactorily use instructional

iiﬁteractigns as bagis th adaptation of instruction to
individual differences. Even the fourth model, which used
the concept of instructional ‘interactions, falls far short
betcause, as noted b; Cronbach, it is an informal procedure
that requires the teacher to actias a clinician (Cronbach,

-

Divesta, several years later, echoed the same

frustration with the lack. of rational aﬂaﬁtaticﬁr to
individual differences: "A  major source of our
dissatisfaction has roots in a philosophy of education based
on objectives which imply 'that the child must adapt to
education” (DiVesta, 1974, p. 357). . | '
Divesta  further  gptimistically  stated  that:
“Inérévmnts in 1ﬁ5t?‘ut:.€fi§ﬁ during the 1970's will come
Fn@mAadapting education to the child" (Divesta, 1974, ,p.
358). However, as noted by Tobias this has not come to pass:
There are few systematic attemp§§ to adapt method of
instruction to fstudent characteristicsg existing
adaptations . generally consist of varying
instructional ratez to student needs r:t@ﬂr than
instructional method (Tobias, 1976, p. 61). |



The quéstfgﬁ mﬁst now be asked, "Why have.instructional
jnteractiéns not A made* a major impact on educational
practice?” The complete answer is complex and multifarious,
but a preliminary answer may be found in a stutemegt from
Cronbach and Snow's - (1977) comprehens ive text on
instructional interactions: “No aptitude X [by] treatment
interactions are so well confirmed that they can be used
directly as guides to instruction® (p.492).

This answer, however, gives rise to other more basic
questions. "Do instructiéﬁai interactions indeed exist? Why
have they not been better documented and confirmed?” As the
previous discussion implies, the answer. lies not in inherent
érrars in the cancepi or existence of instructional
interactions but in the inability of resea%chers-ta prageﬁly
study and 1nterpret 1n5truct1cnal 1nteract1cﬁs As Salomon
('1972) has noted, "ATI [aptitude treatment 1ﬁtéractian]

research still seems to work on the basis 'éf trial and

error”™ (p. 327). Several other researchers have noted this -

prgb1ém and have suggested the need ‘fcr a theory of
instructjon which would - accommodate the concept ag
instructional interactions (Berliner &  Cahen, 1973;
| Cronbach, 1967; DiVesta, 1974; Snow, 1977).

The Mega Interactive Model of Instruction ? (Fagiiara.
1979) has been designed to heip fi1l this need for a
_ comprehens ive ’theary of instruction by pravidinq a

o w = S mk o Mk o T S S o e o= =

3 A more complete description and discussion of this model
ts found in the "Materials” section of Chapter IV,

e



’ ,
conceptual framework in which instructignei intgfaetians can
be studied and interpreted. This fraﬁeygﬁk provides a model
for investigating and intgrpFefing the results of
instrﬁcti@nal interaction studies and may thus facilitate
tranngr of this information to the instructional setting.

The research project diséussed®in this thesis is one of
-the first to provide an in-depth.examination of CAI in the
context of instructional interactions:. As such, it hopes to
de&ﬂnstrate that the Snsuér to the question, "Computer aided
instruction--problem ar panagea?“.>?s found in the context
of CAl use. Thus, it would be expected that CAl will Be
effective, perhaps optimal, Fér some teachers, ieaﬁnersi and
content, but not for others. This idea will be developed in
this thesis by an examination of the effect of CAI in the
content a;ea of pharmacology. The specific questions to be
answered in this regard are found in the first part.of
Chapter 111. e
| The presentation of the remainder of this thesis is
divided 1ﬁt§ six additicﬁa] éhapteﬁs; Chapter_ll provides an
overview of the development of CAl from a historical

perspective. A statement of the specific problems addressed

in this study and a review of related CAI literature is.

presented in Chapt§F III. A comprehensive description of the

?

procedures and methodology used in this study is detailed in -

Chapter 1IV. Chapter V presents the results of the study.
Discussion of the results.is . found in Chepter VI. Finel

concluding remarks = and recommendations for fujure research
17 . ' _
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are addressed in Chapter VII. Appendices and bibliography
follow the last chapter. “«

- ~

|



i

b

% . 9
CHAPTER 11

DEVELOPMENT OF CAl

CAL: 1926 - 1981

- Early Teaching Machines
The history of computer aided instrﬁztiéﬁ (CAI) is
inextricably mixed with and related to the h1stgr1es of both
education and ccmputers Because Qf this and the fact that
these two histories developed fﬁdepéndently and at different
rates, the history of CAIl does not easily lend itself to a
straight forward didactic discourse. However, a brief

:hraneiégical Dverv1ew.'!.ﬁch focuses upon significant

" individuals and programs in this area, will be presented.

This overview begins in the mid 1920's with Pressey. As -
the title of his first article "A Simple Apparatus Hh%ch
Gives Tests and Scores - and Teaches" (Pressey, 1926)
suggests, Pressey was interested in designing mechanical
deQices which could automatically provide ééill and practice -
items to students in order fé: |

lift from her [the teacher’s] shoulders as fuch  as
possible  of  this  burden  [drill  .and
“iﬁfarmatiénﬁfixiﬁg“] and méke her freer for those
inspirational and thought-stimulating activities
wﬁich are, .presumably, the real function of the
teacher (Pressey, 1926, p. 373). :

Pressey did not only have an interest in saving time
for the teacher, but was also keenly 1nterested in

delivering "individualijzed" instruction as can be n@tgd in
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the instructional paradigm he "programmed” into his machine:
an apparatus for teaching drill material which
(a) should keep each quegticﬁ or problem before the
learner until he finds the correct answer, (b)
should inform him at once regarding the correctness
of each response he makes, (c) should continue to
put the subject through the series of questions
until the entire Jlesson has been learned, but (d)
should eliminate eaéh question from consideration as
the correct answer for -it has been masﬁered
(Pressey, 1927, p. 552). i
- It should be noted that some. may object to even
including Preésey’s teéching machines in the history of - CAl
because these machines were mech;hical in nature and
computers, by definition, are eIe:tra;ici However , the early
contribution Pressey mgde by integrating  the notions of
machines and learning, as well as his introduction of a
mastery learning paradigm into his "teaching machines”, are
the ma jor reasons for beginning the overview of the history
of CA]l with Pressey. f
Many individuals experimented with séveéai ‘types of

. teaching machines over the next two decades, but it was not

“until the 1950'"s that the next significant contribution to

#

the history of CAl occurred. Skinner’s éx@erimeﬁtal work iﬁr )

the agga of stimulus- respanse and reiﬁfcrcement was the next
"l

magolf develapmerit which fur ther contr’ibg.ted to an

: understanding of the usefulness and the application of
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teaching machines. In a paper presented at a péychciggy
conference in 1954 Skihﬁg} noted that the relationship and
importance of reinforcement to learning had been well
documented, yet the classroom environment was relatively
devoid of its use. He further noted that the teacher,
because of class sizes and the styles of teaching and
grading being uged, was not iikely to succeed in properly
implementing increased | reinforcement (Skinner, 1954),
Skinner then stated that:

If the teacher is to take advantage of recent
advances in the study of learning, she ﬁust have the
help of mechanical devices.

Thertechnical problem of providing the necessary
instrumental aid is not -particularly difficult,
There are many ways in which the necessary
contingencies may be arranged, either mechanically

or electrically. An inexpensive device which solves
most -of the principal problems has already been
éonstructed .+ . The important features of the
device are these: Reinforcement for the right answer

is immediate. The mere manipulation of the device
will probably be reinfarciﬁg’ enough to keep the
.average pupil at work for a_ suitable period each
day, prov\ded traces of earlier aversive control can

be wiped out. A teacher may supervisé "an entire
"class at work on such devices at the same time, yet

each child may progress at his own rate, completing
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as many problems as possible within the class

school, he may

period. If forced to be ay
return ta’pick up where he Tleft off. The gifted
child will advance rapidly, but can be kept from
getting too far ahead either by being excused from
arithmetic for a time or by being given special sets
of problems which take him into some .of the

interesting bypaths of mathematics. .
The device makes it possible to present carefully
designed material in which one ﬁrsﬁlem‘:ah depend
upon the answer to the preceding and where,
therefore, the most progress to an eventually
complex repertoire can be made (Skinner, 1954, p.
95). '

<:\?B conclusion, Skinner advocated that mechanized instruction
should be integrated into all schools, not as a replacement
fdr. but as an adjunct to the teacher.
| Rgséarch in the "Teaching Machine Prbject” at the IBM
research center during the late nineteen-fifties led to the
development and application of an [BM 650, a high-speed
digital computer, as a teaching machine. A typewriter was
interfaced to the IBM 650 and this configuration was Known
ﬁas the "1BM 650 Inquiry Station".
The IBM 650 Inquiry Station is a typewriter and a
console which is capable of transmitting typed
information to the computer and receiving

information from the computer. The student sits at
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the Inquiry Station. The program of instructions in
‘the conpufer presents the problem to the student by
way of the typewriter. The student, in turn, types

- his answer, which is transmitted to the computer for
checking (Rath, et al, 1959, p. 126).

The subject matter taught by this early CAl system was
binary arithmetic. It should be noted that this system
required “running one § [student] in real time with the
computer”, however, the authors noted that _the computer
spent most of its time waiting for the student to respond
and could probably be multiplexed in order to “present and
score problems for several students who sat at different
inqgiry stations.)"' (Rath, -et al, 1959. p. 129).

Needless to say, other educational technologies had

also been invented and developed during the twenties,
thirties, fourties and fifties. In addition, diverse and
physically differenf types of "teaching machines” had been
developed, but as different from one another as they may
’ have appeared physically; the teaching machines maintained
several unifying and identifying characteristics.
. In the review, "Teaching Machines and
Self-Instructional Materials”, Lumsdaine (1959) identified
three major properties which distinguished ithe teaching
machines from films, television, and other audio-visual
media: |

~
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First, ccntinyaus-'active student response is
required, pfav%ﬂing explicit practice and testing of
each step of what is to be learned.
Second, a basis is provided for informing the
student with minimal delay whether each response he
makes is correct, leading him directly or indirectly
to correction of his errors.

| Third, the student proceeds on an individual basis
at his own rate--faster students romping through an
instructional sequence very rapidly ® slower students .
being tutored as slowly as necessary, with
indefinite patience to meet théir special needs. (p.
164)

Thus by the begiﬁning of the 1960's, the Kknowledge,
understanding and potential application of CAI had been
fairly well identified #nd subjected to preliminary testing
by both engineers and psychologists. However, iﬁ spite of
the progress made by engineers and ‘Psgchglagists in
designing teaching machines and aﬁalyifng ~their effect on
‘learning, Pressey’'s "hope” and SKinner’'s "encouragement”
were not @enerally heeded by educators, and by 1960
“teaching machines” still had not found a niche in the
classroom. | |

Dick (1965) noted that "computer instruction offers an
almost unlimited area of research into individual
" differences” " (p. 44). He Further¥‘perhaps optimistically,
stated that "Skinner has said that cultural imnertia blocked
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the use of Pressey’'s teaching machines in the twenties. Our
culture is apparently ready for Skinner’'s machines in the

sixties" (p. 53).

‘Dedicated CAl Systems in the 1960’'s

CAl was attempted in a variety of subject matter on
virtually every type of computer in use in the 1950's and
1960’ s (for example: Lickider, 1962: Morrison & Adams, 1968:
Schurdak, 1867; Staluréy. 1967). However, two major systems
in particular, the IBM 1500 and PLATO, were develaped
specifically for CAl in the early 1960's and contributed
sigﬁifiéantiy to its use.

Early collaborative work between the Institute for

Hathamatica] Studies in the Social S:ieaﬂes (IMSSS) at

and Patrick Suppes, and the Iﬁternat1gnai Business Machine
(IBM) Corporation led to the development of the IBM-1500
Instructional System. The system consisted of: a sentral
process computer; a disc storage un-‘ité a magnetic tape unit

a card read-punch unit. a printer; an audio control uﬁit,
two proctor stations; and sixteen student stations. Each
student station consisted of: a cathode ray tube disglay
screen; a picture projector with rear image screen; a
modified typewriter keyboard with certain added function
Keys. a 1igh}‘pen; and an audio system.-ThezprgctaE stations
were similar to the stud%ﬁt stations except that they did

not contain the audio or film projector units (Atkinson,
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1968) . i

Initially, the IBM 1500 Instructional System was- used
to teach readiﬁﬁ (AtKinson & Hansen, 1955) and mathematics
(Suppes, 1966) to primary school students. Other programs
and ecurseF. however , . rapidly developed including college
and university level courses, i.e. Russian (Suppes ~ &
Morningstar, 1969). 7 ’

At about the same time that the IBM 1500 Instructional
System was being developed another coorperative research
group was at work on a different CAl system. This group,
consisting of members from the University of Il1linois, under
the direction of Donald Bitzer, the Control Data Corporation
(CDC), and the National Science Foundation, began work in
the early 1960'ss on the PLATO System. |

PLATO (Programmed Logic - for Automatic Teaching
Operations) was developed to deliver CAl via a - large
'mainframe or macro-computer system as opposed to a
mini=é@mpyt§r (i.e. the IBM 1500). By utilizing_this larger
computer system it was possible to: have a?much larger
library of programs impediately available for student use;
more easily utilize sophisticated programs to automatically
héep track of an individual student’s §rq§ress in a series
of CAI programs; and provide aceess' to many times more
stngﬁtsrthan'uas pcssible»with'a mini-computer system (i.e.
a» ten to 'fifty fold increase in the potential number of

simultaneous users).
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The early PLATO II System ran on the ILLIAC I computer

eléctrostatic memory of 1024 40-bit words and an auxiliary

ijzzhe University of [1linois. This sysfém had a "high speed -
magnetic drum storage of 10,240 words" (Bitzer, et al, 1962,
p. 206). Students GGEEUﬁiCEtEd*Hith the system by means of a
keyboard which contained alphanumeric characters and a
special set of function keys (i.e. continué, help, aha).
Feedback and new material or questions were presented to
each student via closed circuit television. Slides .and
alphanumeric characters could bessimultaﬁeéusly super imposed
ot the studénts’ screen. A major feature of this system .was
that it could instruct a number of students concurrent ly,
while the PLATO I originally had only one student terminal
corinected to it.

Ihe next PLATO System, also developed 1in the 1960's,

cdqsi(ted of a large CDC 1604 mainframe computer and a

number of remote student terminal statiaﬁs: Each station
consisted of: a plasma terminal display screen capable of
detecting areas which were touched (as in pointing to &n
answer on the screen); a modified typewriter Keyboard with !
certain added function keys; and a computer-controlled
electronic slide selector. Other peripheral devices (i.e.
film pl‘OjectL‘;!f‘S, audio units) could be interfaced to the

.stuant terminal station and placed under computer control
if necessary. An added feature of the system was the ability

to have communication between the various terminals

transmitted via the central computer.
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Despite the advances made by the IBM 1500 Instructional
éystem and iPLATD. as well as numerous other individual
achievemerits and dEVQ]ggﬁgnts in the area of CAl, : the role
of the computer in education, contrary to Dick’s (1965)
prediction, was minimal in the 1960's. Were then the 1970's
to become the “Age of CAI"? Certainly many leading’
authorities in the field of CAl (Bitzer & Bitzer, 1973;
Suppes, 1966) thought so: "Within the next decade teachers

Hunka, 1972, p. 20).
Application of Microcomputers in the 1970's

The majéF development during the 1970's which bode well
for CAI were the development of: the TICCIT System; and-
educationally oriented micr@camputeés! ’

During the early 1970's iﬁether co-operative research
effort between a University based group and a private
corporation yielded a significant contribution to the Fi3154
of CAl. The érauﬁs involved were a group from Brigham Young
University, under the direction'of Victor Bunderson, and a
group from the MITRE Corporation. The ;esu]t of this
;@*gpgfgtivé effprt was the Time-shared, lﬁiﬁractivg.
Computer-Controlled, Inférmatian Television (TICCiT5 System
of CAl '(Suppes & Macken, 1978).

TICCIT was originally a 32 terminal minicomputer based
© CAl syétem which used the television as the display device !
it delivered CAI programsm to student users. The

x |

by which
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original subject matter consisted of English and mathematics
programs intended for students at the junior or community
college level (Suppes &‘Macken, 1978) .

" A major contribution made by the TICCIT System to CAI
was not in the hardware or coursewa;e which it used per se,
but in its application of a theory for iﬁStFuctiDﬁ- as its
base. The hardware as well as the courseware which ran on
the system, was based on a theory for instruction 'develaped
by M. David Merrill (Merrill, 1980; Reigeluth, 1979). This
theory for instruction was pr{marily concerned with
strategies for teaching a single concept or principle.
According to this ‘theory:

Any particular instance of a complex cognitive
instructional p#eéentation must alwayé feature some
combination of presentation mode and content. The
qualitative values are expository (E), inquisitory
(1), generality (G), and instance (eg). Combining
them into a two-way table will produce the following
presentations: ' expository generality (EG),
expository instance (Eegf. inquisitgry generality
(1G), and inquisitory instance (leg). In an
expository-generality (EG) presentation, S [student]
is presented definitions or rules and directed to
study or re&d these genéralitiES- ‘ In an
expository-instance (Eeg) présentatiaﬁ. S is
presented exemplars or nonexemplars of a given

concept along with some indication af:iﬁprgpriatg
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class membership or a sample of the application of a

rule to a particular problem. This preséﬁtatiaﬁ fhay
-be in the form of questions, if the answer is given
at the'same time. In an inquisitory-generality (IG)
presentation, the student is asked to reproduce or
deduce tﬁe definition or rule . . . .In an
iﬁquisitary—iﬁStancer (leg) presentation, S s
presented an exempia; or nonexemplar of ar ccﬁcept}
and asked to indicate ‘glass membership, or he is
given a problem and asked Vttj apply the rule (Merrill
& Boutwell, 1973, pp. 106-107).
» TICCIT applied this theory to an instructional paradigm
with the assumption that ‘algivEﬁ idea concept, procedure,
: ar.principle - should be presented in each of three modes:
rule, example, and practice” (Merrill, 1980, p. 77). ,
This was the first time, since the application of |
Pfessey”s simple mastery paradigm and Skinner’'s immediate
reinforcement to the early teaching machines, that CAI
formally and rigorously attempted to base its operations .in
instructional theory. TICCIT thus became the first CAIl
system -ta be extensively based in instructional theory
(Reigeluth, 1979),
~ 'The other major CAl development during the 1970's was
the. 523élaament of microcomputers. _H%croecmputars are
basically 2 scaled down or unit version of large computers.
They are relatively small and pgsséés stand aiane computer

facilities with a minimum amount of hardware. Basically this



includes a 'microprocessor with a display screen and a
keyboard for data entry.

Micro-electronic and silicon chip technology, developed
in the early 1970's, resulted in the deve lopment of
mié%apracessors. which possessed the power of the older and
physically several hundred fold larger computer processors,
but at a cost several hundred fold less (Vacroux, 1975:
Wagner, 1976). This opened the door for the development of
microcomputers and by 197 the first commercially available
microcomputers, the Altair 8800, the Intéllec-8, and the
Motorola Micracomputer, were released in kit form ready for
the consumer to assemble. Others (i.e. Heathkit, SOL)
rapidly became available at lower and lower costs. However,
because of the expertise and time -necessary to praperiy
assemble one of these units few educators took advantage of
them to deliver CAI, ‘although use was made of these Kits in
vocational education, electronics, and computer science
courses. _

This changed in 1977 with the appearance of the PET
2001 m%crmmtgr by Commodore. This was a fully assembled .
and tested microcomputer which could appeal to the general
consumer or educator without the necessity of computer or
electronics knowledge. Others which appeared at about the
same time in ready to run ‘form included: Apple, Ccrmucaliar,
Datapoint, Exidy Sorcerer, IMSAI, SOL (by Processor
Technology), and TRS-80 (by Radio Shack).
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The microcomputer did much to promote CAi, both .
directly and indirectly. Because of t_he microcomputer’s
attractive features (i.e. portability, self-containment, low
cost)'. it produced a wider interest in the use of CAI among |
'educators than had any of th# previous types of éAl deélivery
systems. Thus, many schools bhad their first, and perhaps
only, confact with CAl bécause of and by means of tﬁhe
microcomputer. | {

Indirectly, the microcomputers contributed to CAIl both
within an;i outside of the educational community by making
CAl techhology available at an affordable price to lay
individuals -and educators alike. This in turn resulted in:
the desire of interested individuals to learn more about
microcomputers and their potential applications, including
CAI; and a néed for vehicles by which this information could
be cawwnicatéd.

In response to this need, numerous ﬁmlicatiaﬁé. clubs, .
and organizations devoted primarily to micrmtefs and/or .
CAI were developed in the 1970's. The jaﬁr:ﬁais inc luded
titles such as: Byte, Dr. Dobb’'s Journal, ;n;’gf:fgg' Age.
Kilobaud Microcomputing, and Personal Computing. The clubs,
primarily lay or hobbyist oriented, produced newstetters and
publications and sponsored "personal ic:c;ﬁéuier nférences"”
and ‘“computer fairs". Many professional organizations which
were started or expanded during the 1970's (i.e. Association
for the Development of Computer-Based Iﬁstructiacj Systéns“
[ADCIS], Association for Educational Data Systems [AEDS])
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owe a great deal ftc

interest in CAIl generate& by the
deve lopment of ﬁﬁEPDE :,utersi

A further, pertaps laigerand more important, “ripple”
effect, which ,thg miérccémputEFs have had on CAI, was thaf
of increasing public awareness of cbmputers in general. This
ultidately will probably be the most significant
contribution which the microcomputers will have in prémating
CAI, that is: to Eecﬁease.the "societal inertia* which had
hitherto hindered the growth of TAI.

Despite tﬁese advances CAl continued to be the
exception, rather than the rule, in the classroom during the
1970's. This situation. certainly was not expected, as
witnessed by earlier predictions, nor can it be easily
explained. The technology and instructional psychology of
CAI had developed sufficiently to warrant its wide spread
‘use and societal (especiaiiy student user) inertia seemed to
be minimal. Educational funding cutbacks during the 1970's
certainly may have contributed to th;?éituatiéhi A tempting
speculation is that educators themselves ugrei primarily
responsible for this situation (Norris, 1978). . q

4
Current Status

What of the 198@’5? It is still too early to predict
whether or not this decade will see CAI become: widely and
routinely integrated into the instructional system. The
first two years have seen both advaﬁcés and retreats for

- CAlL.
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The current state of affairs for CAl in the 1980's will
begin with a review of the progress and status of two major
dedicated CAIl systems, the IBM 1500 Instructional System and
Plato.

The 1BM 1500 Instructional Systems were extensively
used and te;ted by educators and ’researchers éram tne
mid-1960's through the 1970's. Major centers of applicatior
and development included: Stanford University, Florida State

University, Pennsylvania State Universityy® and the

University of Alberta. Despite the 1500's ability to deliver ™

highly sophisticated CAI, the IBM Corporation discontinued
support for the system and the last one was removed from
service at the University of Alberta in 1980. This system
was not replaced by IBM with another de&%caged CAl system.

The PLATO system, on the other hind has continued to
develop since its inceptiqn i% the early 1960’'s. Since that
time it has shown steady increases in the quality and
variety of CAl courses available on it. The 1981 catalog of
published PLATO courses contained over’seven hundred entries
in disciplines ranging from astbOnggy to veterinary science.
In addition, many times this number of programs exist in an
unpublished form, available on a restricted basis at the
various universities and qenters which utilize the‘PLATD
system. '

Various ‘central computers have been utilized byigpé
PLATO system including the CDC 1604, the CDC 6400, the CDC
CYBER 74, the CDC CYBHE 170, and the CDC CYBER 172. PLATO

L

g
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hardware and software changes, now entering their fifth
generation, have enabled the systdm to keep pace with
growing numbers of student users so that from an eaﬁly
capacity of 20 simultaneous student users, the maximum
syste;? canfigut;tigﬁ is now capable of supporting over
six-hundred terminals simuitaﬁeausly at an acceptable
per formance level, and can theoretically support over
one-thousand simultaneous uéers. Major centers which now
have PLATO computer or termiﬁai facilities include: the
Universities of Alberta, Arizona, Belgium, Colorado,
Delaware, Finland, Florida State, Illinois, Minnesota,
Quebec, and Western Cape (South Africa); learning centers in
over ‘one-hundred cities throughout North America; and
several North American secondary school districts. In total
15 central computers and over two thousand terminals are
currently/ dedicated to PLATO use. Currently  under
development is 31;5@.3 microcomputer version of PLATO. .
Microcomputers are by far. the most widely ujéd
“sy;tems“ for CAl. Some, su;hiés the SOL; have not survived
into the 1980's. However, most of the major original

microcomputers have survived into the 1980's and are now

into their second or third generation of machiﬁe‘

mgﬂificatiaﬁsi‘

Microcomputers have continued to decrease in cost ghiie
improving features, such as %ncrgasing memory space.
"Peripherals and micréelectréﬁic boards éPE.ﬁQW available for

most microcomputer systems which permit: data storage and
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retrieval on floppy disks; use of several computer and

authoring. languages; interfacing with a printer; sound

recognition and synthesis; use of color; generation of

dynamic (animated) graphics; and the ability to create
- special characters.

’ Th}s discussion of microcomputers and CAI would bé

incomplete and perhaps misleading, however, if mention at

least was. not made of microcomputer’'s significant
limitations. The application and use of microcomputers in
CAI currently has three major limitations: 1) lack of high
qua]ity. » manufacturer ‘produced, courseware: 2) general |
inability to readily transfer material from one system to
another:-‘and 3) general inability to centrally collect énd
record individual stﬁdent and bléss responses automatically
for data analys®s. These limita}ions have not been
.!ufficiently addressed by educators. ° |
there is a real danger that microcomputers wll
be purchased by schools and shortly, relegated to a
cupboard for .most of the time. The danger is
especially acute where CAl is concerned: unless
sufficientA'high duality programs are available,

" %there is no possibility that a microcomputer can be
used sbfficiently to justify its cost (Hallworth &
Brebner, 1980, p. 115). '

‘Perhaps the question for the 1880's is not whether CAI
will be used, but whether it will be used wisely. TFor as
Braun (1980) has noted: -"Computers will move into our homes



and our schools whether or not anyone does anything to

ensure their effective use” (p. 110).

CAl in Pharmacology and Related Fields

CAl in pharmacology began in the early 1970's pr1mar11y
under the impetus of the “Computer Assisted Teaching System
(CATS) at the University of Kansas (Norton, Doull &
Walaszek, 1972) and PLATO at the University of I111inois
(Bitzer & Bitzer, 1973). Since that time many departments of -
pharmacology have increasingly turned to CAl. This trend
toward CAl has been due to a combination of factors
including: rapid increase of both Knéwledge and complexity
in the area of pharmacology: progressive increase in *Ehe
number of students enrolled in pharmacology eaurseé:
increased emphasis on the rapid and continuously Gﬁaﬁging
area of clinical pharmacology: greater avaiiability and
apcessibility of pharmacology CA& programs; and the apparent
ability of CAl to make learning individualized and

- self-paced (Doull & Walaszek, 1978; Kreeft, 1977: Madsen &

Bell, 1977;.Ruedy, 1977; Vanselow, 1975).

A search of the literature revealed surprisingly féﬁ
publicatlons dealing with CAll in pharmacology. Most of the
published literature (i.e. Doull & Walaszek, 1978; Flaréﬁz.
et al, 1975; Madsen & Bell, 1977; Pagliaro, et al, 1979;
Ruedy, 1877; Vanselow, 1975) concerning CAl iﬁ. pharmaco logy
consisted of descriptions and reports of various CAI
applications and systems. Only four publications were found

’



which contained quantitative data concerning the effect of
CAl in pharmacology on e{ther academic performance or
attitude (Bitzer & Bitzer, 1973; Essex, et al, 1977:
Kornberg, 1979; Pagliaro & Burkhalter, 1979). None of these
stbdies.'hﬁﬁever. satisfactorily answer the, question of
whether or not CAl in pharmacology significantly affects
student learning and/or attitude. |

-.The -Eitzer and Bitzer »(1973) study examined CAl
administered to nursing students in the content areas of
maternity ﬁursing and pharmacology. It was stated that the
students who used CAl generally had favorable attitudes
toward CAI and evaluated it highly. It was also stated that
students could learn the same material and save one-third to.
one-half the time by using CAI. However, the data presented
was either for. the the subject matter of maierﬁity nursing
alohe or combined with phaﬁmacéiagyiiNa data was available
for the phaﬁ@acalagyilessaﬁs,algﬁei In addition, research
design flaws involving sampling and measurement of effect
(i.e. use of gain scores) made the results obtained tenuous
at best.

The study by Essex, Sorlie and Jones (1977) was
actually a comprehensive gvaiuatian- report of the PLATO
computer-based,edu§atiaﬁ project in basic medical sciences
at the Univgrsitf of I1linois from 1973 to 1976. Opinions
were collected from the medical student users on a variety
of 'coursé and CAl related items. In addition, comparison of

user and nan-user performance on selected éEQEEﬁtS of the
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medical students'year end clinical diagnostic examinations
were also performed and analyzed. The student users ueré
highly consistent in their opinion that 'mbre lessons should
be developedt and that'PLATO‘lessons serve primariiy "as a
resource which supplements textbooks and lectures”. Data was
collected from 72 medical students (users = 26, i.e. 36%;
nonuserg = 46, i.e. 64%) on their diagnostic examinations in
| relation to the content “pharmacology of respiratdry
diseaéé'. The‘resu]ts were analyzed, utilizing a t-test for
the difference between independent means, and found not to
be significantly different. Major problems with this s tudy
included: 'data based on only 72 of 97 medical students:at
Urbana because of lackldf written consent; low CAl use Trate
(i.e:T:BGX of available respondents); tenuous, at best,
equation of clinical Tapplied) pharmacology oriented
responses with CAI in basic (pure) pharmacology; lack of
description of typical examination queétions used; use of ﬁ
variety of nonstandardized opinion gathering questionnaires;
use of lessons, some of which had been specifically
developed for the medical students at Urbana and some of
which had been verbatim translations from the bniversity of
Kansas; and use of a post-test only design. A subsequent
paper (Sorlie & Essex, 1978) claimed that 3 of 19 similar
analyses berformed in 1876-1977 showed significant
diﬁferences favoring CAI- users (two_ of which involved
pharmaco logy cohtent) with the remaining analyses showing no'

statistically significant differences, however, no data was
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presented in this paper .

Kornberg’'s  (1979) study compared computer aasedr
education (CBE), a written booklet of programmed instruct ion
and lecture presentation (the control group) in the content
area of pharmacology with second year. medical -studentsi
Suﬁjective attitude measurements (i.e. evaluation forms)
were also obtained. The results indicated that although most
students (93%) like CéE. the diffePEﬁces in learning
observed were eitﬁér not practically significant or not ,
statistically significant. Kornberg concluded that CBE is
not an effeﬁtivevmethad of instruction in this content ares.
The major criticisms of this study included: wuse of a
posttest aﬁjy design; lack of qgantitétive data on student
use of the computers (i.e. number of hours of use); high
percentage of gubjgcts who dropped out or  for ' whom
incomplete data was available (greatersihanﬁSD percent’); and
no measurement of specific demographic or psychological
viriables. 7 v

The Pagliaro and Burkhalter study (1979) attempted to
~ determine whether or not CAl could affect pharmacy students’
athitudes when used in conjunction with traditional
modalities of pharmacology instruction (i.e. lecture and
laboratory). The results of this study indicated that
éithaugh studerits (93%) favored the development and use of
more CAl programs in ﬁﬁarmacciagy (as assessed by means of a
course evaiuatigﬁ“'farm). student attitudes (as'gséeééed by

an attitude questionnaire) were not .significantly influenced
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by CAl use in the content area of pharmacology. The major
criticisms of this study include: small sample size; low
participation rate (46 of 90 students - i.e. 51%);: and no
measurement of either demographic or psychological variables
with which to correlate the gﬁserved results. v
| Thus, the situation currently exists\\uhaﬁe an
increasing number of students are being taught with a
technique (CAl) which has yet to be carefully examined fﬁ an
objective manner and determined to be effective in the
content area of pharmacology.

From an examination of CAl use andg evaluation in a
variety of other basic medical science disciplines | aﬁatamy
YJones, et al, 197%); misrébialagy (Essex, et al, 1977); and
physiology (Myer & Beaton, 1974; Thies, et :al, 1969)] it is
obvious that mixed results have been obtained with CAl;
however, when compared to more tr-aditigfzal modes of
instruction (i.e. lecture, laboratory), CAl appears to be
equivalent to these other modes in. relation to student

achievement .



CHAPTER 111
THE PRQBLEM
Statement of the Problem

One of the basic mmtivaf{ﬁg factors in conducting this
-reseaégh was the opinion that the results ébseryed to date
in studies of CAI in the basic medical sciences , that of no
significant difference, should have been expected due to
individual learner preferences and the> notion of
instructional interactions. Past studies have focused upon
trying to find the one best form of instructional delivery
(i.e. CAl or lecture) instead of trying to determine
specific learner characteristics which would enable the
identification of those individuals who perform optimatly
with CAl and those who perform optimally with other modes of
instruction. . ‘ | ( |

With this in mind, the presemt study was designed and -
executed in order to objectively answer the following four .
series of questigﬁs: _

1. What effect does CAI have on studgnt academic
achievement in pharmacology? If CAl is used in addition to
lectures is student achievement increased in caméarisgﬁ to
either lectures or CAl alone? |

2. If CAl is used prior to lectures fs student
retention of learned material increased in comparison to CAI
used either dufing or following lectures? |
| 3. Does the use of CAI affect student attitude toward
CAI? If attitude toward CAI changes, is this change

- a '
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c@rreiateﬂ%uith ésademie aéhiev in relation to the use
of CAl in pharmacology?

4, Cén a significant cgrrglaficﬂ or instructional
interaction be found betneéﬁkspeéific student dém@graphic
and/or psychological variables anll academic performance in

relation to the use of CAl in pharmaco logy?

Review of Related Liig;gﬁgzg
CAI and Achievement

As noted in the last section of the previaus' chapter,
application of CAl in the basic medical sciences has yielded
mixed results. Can this observation be generalized to other
post-secondary applications of CAI? This section will
attempt to answer this question by: summarizing four review
articles which described the relationship between CAI and
achievement up to 1975; and then examining in detail
individual reports, from 1975 to date, which were performed
to measure th;- effect of CAI upon student achievement in
five different post-secondary contexts. *

Feldhusen and Szabo (1968), in an early review,
summar ized CAl studies and reports, mostly unpublished, from
1960 to 1968. In their summary, they noted that * . .-. the
evidence clearly indicates that CAI will teach at least as
well as live teachers or other media . . . students can
learn from CAl when taught didactically and inductively” (p.
C271). S | |
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Vinsonhaler and Bass (1972) summarized ten major
studies on CAl drill and practice in the content area of
language arts and mathematics. They concluded that CAIl is

eFFective and further that "the effectiveness of CAIl over

. traditional instruction seems to be a reasonably -

well-established fact . . . * (p. 31). However, they also
stated that: “there are. indications that the effects .
obtained with CAIl miﬁht be obtained through less expensive
means” (p. 31) (i.e. programmed instruction). Vinsonhaler
and Bass went on further in this regard: "Studies have shown

that CAlI may actually prove inferior to programmed

instruction under certain circumstap€es” (p. 31.). This last

statement supports the notion thaf CAI must be evaluated in
terms of instrﬁcticnai interactiqns.

In the report, "The effectiveness of alternative
,instructional media: a survey", Jamison and his col)eagues
(1974) examined the effectiveness of instructional radio,
instructional television, programmed instruction, and CA! in
camﬁarisaé to traditional classroom instructional (TI).
After analyzing several studies which related CAI and
achievement at the secondary and post-secondary levels they -
concluded that: "At the secondary school and college levels,
a conservative conclusion is that CAl is about as effective

as TI when it is used as a replacement” (Jamison, et al,

1974, p. 55).

The next major review of the effectiveness of CAI
(Edwards, et al, 1975) differentiated between CAI used alone

A
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and CAl wused as an adjunct to traditional teaching
modalities. In relation to the latter application of CAI,
they noted that "all studies have shown normal instruction

supp lement by CAI to 'be more effective normal

instruction alone" (p. 147). However, CA/ used alone

appeared to be less efficacious in refation to retention
than traditional teaching. "Even though students may learn
more! or may learn mﬁre quickly through CAI, there is some
evidence that they may not ret;in as much as traditionally
tadggifstudents“ (Eowards, et al, 1875, p. 151). Here again,
however , no clear cut statement could be made by the authors
and it is highly likely that the observed mixed results were
due to instructional interactions.

Thus, at Jeast UﬁEi1 1975, there appeared to be the
same pattern of mixed CAl results, as noted in the basic
medical sciences, occurring in other disciplines.

A search of the literature from 1975 to date, excluding
references to applications in the basic medical sciences,
revealed six published studies which were primarily
concerned with determining . the effect of CAl upon
achievement in post-secondary settings.

' In the first of these studies Chizmar ‘and colleagues
(1977) assessed the effect of CAI upon student a:hievemeﬁf
~in an economics course at I1linois State University. Using a
statistical proceduré to control for the ' contributory

f il

effects of the user characteristics (age, grade point

average, sex), they found ﬁgat "the effect of CAl is

g
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negative but small” (p. 45). Major limitations of this study
include: use of statistiga]. as opposed to experimental,
controls in the design and analysis; se]F=sele¢iiQﬁ of group
membership (i.e. CAI or non-CAl) by the students: and
incomplete rgparting'ef data (i.e. no presentation of raw
scores or means) .

- Dixon and dudd. (1977) reporied the results _of an
egper§mént dgsigﬁéd to compare computer managed instructiéﬁ
and lecture mode in a statistics course at the University of
Texas at Austin. No significant difference was found between
groups in either the posttest or retgﬁ€icﬁ test measures.
iThey state, however, that the results of their stody |
“support the contention thaj for some student populations
~and some topics CMI [c@mputer‘maﬁaged instruction] can be as
(p. 25). The

effective as an experienced instructor
qualifier "some", which "they used, again tends to support
‘the implication of instructiopal interactions in relation to
CAl. The major limitation of this stud? was the use of a
posttest only design which ignored the pcfenti;i for initial
achievement differences among the test groups.

Paden, et al (1977), assessed the effect of CAI in the
content area ®©f economics. After three years of s tudy th;y
noted that: . . . although conten} material was transmitted
as effectively by the computer as by more conventional
means, student performance waé not significantly improved by
doing so” (p. 18). They further concluded that “"expectations
of greatly improved student performance . . . seem to be

-
-
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(p. 18).
Tsai and Pohl (1978) studied the effect of three

unrealistic

different teaching techniques: lecture, CAI, and lecture
supplemented . with CAI, in a computer programming course at
the University of Santa CTara. Students were matched for: 1)
age, 2) sex, 3) student rank (i.e. freshman, etc.), and 4)
previous camputer pragriﬁﬁﬁﬁg experience;, and divided into
three groups of fifteen students each. In comparison of the
mean final examination scores Tsai and Pohl noted that: 1)
the lecture group and the CAl group were statistically
equivalent; and 2) the group which had lecture s%upplgmenteﬂ
with CAI had statistically higher scores thah either the
lecture or the CAl groups. -

Lavin (1980) repéﬁtedi the effect of CAl in an
introductory sociology course at Kent:State University. The
CAI programs in this ércject were self evaluation programs
which consisted of a series of qﬁizzes with corrective
feedback. Uséﬁs of CAIl consistently scored higher‘iﬁ tests
than nonusers, however, when the results were statistically
analyzed it became apﬁaréﬁt that “for- the most part,
students of high ability to begin with do not benefit from
the use of CAl in terms of a better test performance than
their nonuser counterparts® (p. 170). The major limitations

of this study included: use of an "ex post facto" destgn

" which allowed the student to choose whether or not to use

CAI (i.e. non-random assignment to treatment group); and use
of identical questions in both the CAI program quizzes . and
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the eva]uatiéﬁ tests.

The last study (Dgigman, et al, 1980) was actually a
comprehensive report form the technical training division of
the United States Air Force. This report compared the
effectiveness of CAI, programmed instruction, and lecture in
three medical training courses: medical laboratory,
radiology, and dental assistant. The subjecls were military
trainkes assigned to the Air Force School of Health Care
Sciences at éhepgarﬂ Air Fareé Base, Texas. Students were
assigned to either CAI or non-CAIl exposure within the
specific course (i.e. Medical Laboratory - CAL . or iecture:
Radiology - iCAI or programmed instruction; Dental - CAl or
lecture). The results of this study indicated that in
relation to achievement CAl was generally found to be
superior " to both lecture and programmed instruction*. In:
addfMion it was noted that the use of CAI resulted in &n
overall fime savings of apprgximateigyfi%teen percent. The
major limitations of this study iﬁéludgd: absence of
description of how subjects were assigned to treatment
groups (i.e. by random selection or biased); use of :qrcssly
Uﬂeqﬁal éample sizes . in the analysis; lack of adequater
explanation of the drop out or incompletion rate in the

Thesg six studies essentially presented six different

picturgs of CAl and achievement in post-secondery settings.



39

A- review of the unpublished research in this area yielded a
similarly mixed pictﬁre of achievemenf with CAI. The results
of both the published and unpublished works are summarized
ih Table 1. The results have ranged from slightly negative
to extreﬁely positive and may appear at first glance to be
contradictory. However, if viewed in the light of
_instructional interactions the seeming discrepancies appear
'to vanish and the observed results may begin to make seﬁse.
Most of these studies contained,méjor methodological
limitations and generally lacked information regarding
specific demographic and psychological variables for their
sub jects. Thus, the possibility of making valid
generalizations about CAl and achievement based upon these
studies is extremely remote. However, these studies do
clearly and affirmatively answer the question posed at the
beginning of this section by exemplifying the mixed results
.obtained with various post-secondary ﬁpplications of CAl in

relation to achievement. .

"CAl and.Retention ' .
Cémparatively few studies hage” been performed which
dealt with . CAI and retention of learned information. It
seems that most of the individuals who have studied CAl and
achievement have assumed that achievement and retentfon are
directly correlated so that demonstration of equal
achievemént with various instructional modalities implies

equal retention. This assumption, however, may be both
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Table 1. , 1 ) : 1
post-secondary, non-basic medical science,
courses

Author (s CAI Application

Proctor, 1968 Education —

Ibrahim, 1970 Mathematics +

Cartwright, et al, 1972 Education *

Ward & Ballew, 1972 Mathematics -

Castlieberry, et al, 1973 Chemistry +

Lee, 1973 ) Geology -~

Ozarowski, 1973 : Statistics +

Goodson, 1975 Mathematics -

Hamm, 1975 Communication -

SKills

Lee, 1975 Mathematics *

Bickerstaff, 1976 Mathematics -

Hughes, 1876 Business -

Chizmar, et al, 1977 Economics +2

Dixon & Judd, 1977 Statistics -

Johnson, 1977 , Accounting +

Paden, et al, 1977 Economics -

Tsai & Pohl, 1978 Computer -

Programming

Lavin, 1980 Sociology +3

Deigman, et al, 1980 Medical Laboratory t

Deigman, et al, 1880 Dental Assistant. +

,Deigman, et al, 1980 Radiology t4

! t+ signifies "increased"”
—_signifies 'decreased'
++ signifies "no change"
2 When user characteristics statistically cantralled for
3 ~—for high ability users ,
4 This study compared CAl and programmed instruction.

unwarranted and unwise. In real life sitﬁaticﬁs. retained
Know ledge or infarmat1§n is inF1ﬁ1te1y more practical and
useful than that which has beeﬁ learned, but which is soon
forgotten. Ferhaés educators would find it more useful to

measure retention gﬁdﬂgg imply achievement from measures cf |

retention.
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Only two :published studies and four unptb1ished
doctoral dissertations could be found which dealt with a
comparison of retention between CAl and traditional teaching
modalities (i.e. lecture, laboratory, progr ammed
instruction). The results of theseiétuﬂies are summarized in
Table 2.

Every one of these studies found retention from CAl to
be statistically equivalent to that from the traditional
teaching modalities. Thus, it appears that CAl is equivalent
to the traditional rmadalities in retention as well as in
achievement .

ft should be noted, however, that research in relation -
to CAI and retention has another major problem in addition
to. the paucity of studies. The problem is that all the
studies to date have focused upon short term retention. All
of the tests for retention have been administered from one
to seven weeks after the completion of instruction. This may
yield important and interesting academic results,
particularly in light of the exponential rate of decline in
the time dimension of the learning curve. However, from a
more practical and regiistic perspective, what a student
retains one week, Qé one month, after the completion of
instruction is not as important as what s/he retains after
six. months, one year, or longer. Thus.?there remains a néed
for more studies into short term retention of CAl taughi
material and an even greater need for studies to begin to

examine long term retention.



Table 2. Summary of "CAl and retention®" studies in
post-secondary, non-basic medical science,
courses

Aythor (s CAl | Result' 2 -CAl vs

. Lecture

Proctor, 1968 Education «+ (2 weeks)

Ibrahim, 1970 Mathematics : -

Ward & Ballew, 1972 Mathematics ++ (8 weeks)

Karon, 1975 Medicine . -~

Jackson, 1976 Social Studies «— (1 weeks)?

Dixon & Judd, 1977 Statistics +— (7 weeks)

' ,+* signifies "no change"

2 "Time period in parenthesis refers to when after the
completion of instruction that the retention test was
administered.

3 This study compared CAl and programmed instruction.

CAl and Attitudes
Does CAl affect student attitudes toward CAI or subject
matter? Are student attitudes toward CAl positive? The
ansﬁers to these anqd several related questions are important
in order to gﬁtéin a more complete understanding of the
overall effects of CAl. However, before proceeding, a bF ief

review of what attitudes are and why they may be of interest

There are many, oftentimes  seemingly dfversgi
definitions of attitude (Greenwald, 1968: Khan & Weiss,
1973; Lund, 1925). A definition, modified from Sarnoff
(1960), which seems to Ee most useful, however, as it is
both general and applicable to the educational environment
is: "An attitude is an ideavﬁchaFged wifh eﬁﬂticn which

areﬂiSpases a class of actions to a particular class of
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objects or situations”. 7

As such, = attitudes perform or facilitate many
psychological functions for the individual. Attitudes:

1. help in understanding the world by organizing and
simplifying complex enviromnment input;

2. protect self-esteem by enabling the avoidance of
unpleasant truths;

3. helpxédjust reactions in a complex world so as to
maximize rewards from the enviromnment; and |

4, a'llow the expression of fundamental values.

It has been noted that: "What learners believe or think
influences their behavior”; and "Students are more likely to
learn and remember matériai for which they have a p@sitive
feeling" (Krathwohl, et al, 1964). It would appear then that
attitudes may interact within the educational environment to
influence directly learning outcome (Khan & Weiss, 1973:
Halpaés.g1969); However, the effect of attitudes on behavior
is not that direct and simple because behavior is actually a
muitivarigté function the outcome of which depends upon: 1)
attitudes; 2) norms; 3/ <%§bits: 4) expectancies; and’5)
reinforcements. % _

Only- when all five of these factors are consistent is
there consistency between attitudes and behavior. This was
perhaps first noted, although not recognized per se, by La
. Piere (1934). La Piere_ had travelled extensively by car
throughout the Unitell States with a Chinese couple during
the early 1930's. During this time, he nateﬁ that "in only
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one out of 251 instances in which we purchased goods or
services necessitating intimate human relationships did the
fact that my companions were Chinese adversely effect us”
(p. 233). Six months following the conclusion of their trip,
.La Piere sent questionnaires asking, "Will yau' accept
ﬁgnﬁéfs of the Chinese race as guests in :yaur
establishment?” to each of the 251 establishments they had
used, together with "an accompanying letter purporting to be
a Spegiai!and personal plea for response”. Responses were
obtained from 128 of the establishments. Of these, over
‘ninety-percent responded ﬁegativeTQ. only one establishment
positively, and the remainder responded "uncertain®. These
results indicated to La Piere a complete absence of positive
correlation between gititude! as measured Dby a
questigﬁnaire, and actual observed behavior. Modern
;reseérchérs, realizing that behavior is multifactorially
determined, would probably have reached a more moderate
conclusion regarding the ability of questionnaires to
accurately measure attitude. -
.From this brief review, and even before any of the
.studies dealing with CAI and attitude are reviewed, it
should be expected that CAl may affect attitude and attitude
in turn may affect EGhiEVEmEnti However, the results may
appear inconsistent and the relationships unclear, on
and
| and

direct, simple observation. Indeed, as was noted for

achievement, CAl and attitudes may have to be vi

analyzed in the more complete context of a model of
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instructional interactions in order to determine any clear
under lying relationship between CAl and attitudes.

Much of the Jliterature concerning the relationship
between  CAI and  attitude consists of wuncontrolled,
suéjgctive reports of student "feelings” towards CAl. These
types of reports yield very little useful information and
have been excluded from the present analysis.

The attitude siudies which were examined fell into two
categories: 1) those which dealt with CAl's effect on
attitude toward the subject matter under study; and 2) those
which dealt with CAl's effect on attitude towards CAIl.

The results of these studies are sunmarized in Table 3.
As can be seen for both types of attitude measurement, the
overall effect, of CAl versus traditional teéching
modalities, upon attitude tavard GAIIQr subject matter is
neutral. This is ’gspeciaify interesting considering that
many of these studies merely compared the attitudes toward
CAI_ Qr‘subject matter of those subjeéts exposed only ié CAl
and those subjects who were exposed only té traditional
teaching modalities. Exposure itself may enhance attitude
toward any measure (Zajonc, 1968), including CAl and subject
matteriA conversely, it must also be noted that attitude
toward Feaching modalities may decrease with time and use by
students, i.e. “progressive disenchantment® (Neidt, 1964).
Therefore, these studies must be interpreted with the

proverbial grain of salt.
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Table 3. Summary of "CAl and Attitude" Studies in
Post-Secondary, Non-Basic Medical Science,
Courses.
Author CAl Application Result' 2 -CA] vs
, Lecture

A. CAl and Attitude Toward Subject Matter

on, 1975. Mathematics ++ {Mathematics)
Pavlick, 1975 Statistics +» (Statistics)
Dixon & Judd, 1977 - Statistics + (Statistics)
B. CAI and Attitude Toward CAl
Proctor, 1968 Education « (CAI)
Ibrahim, 1970 : Mathematics «+ (CAI)
Mathis, et al, 1970 Psychology +«+3 (CAI)
Lee, 1973 Geology 4 (CAI)
Bickerstaff, 1976 Mathematics « (CAIl)
Hughes, 1976 . Business « (CAI)
Deigman, et al, 1980 Medical Laboratory + (CAl)
Deigman, et al, 1980 Dental Assistant + (CAI)
Neigman, et al, 1980 Radiology 45 (CAI)

1 + signifies "increased"
+ signifies "no change” ,
2 Concept toward which attitude was measured is listed in
parentheses.
3 This study compared CAl and assigned readings.
‘4 This study compared CAl and laboratory instruction.
5 This study compared CAl and programmed instruction.

‘~Thus. on the basis.of these studies, it appears that
effects upon attitude, toward both CAl and subject matter,
must be considered equivalent for CAl and other more
traditional teaching modalities. However, as\noted‘ eariier.
these studies possessed several design flaws and for the
most part lacked study and analysis via an interactive

model. Use of an interactive model'might possibly elucidate



subtle characteristics of learners associated with a
predisposition to favérabie atti;uﬂes when using one
instructional mﬁdaiity as compared with another. As noted by
Neidt (1964), in his comparison of learner attitudes toward
lecture, laboratory, programmed instruction and educational
television: "extensive evidence was found to indica{e that
attitude§ toward method, expectation and content are related
to the personal charfacteristics of the learners” (p. 128). |
1}

CAl and Instructional Interactions _

Several foresighted individuals in the early 1960's
noted that optimal instructional use of CAl depended upon
the application sf‘infcrﬁatiaﬁ and techniques from the fiéld
of instructional interaction research. Rigney (1962), for
example, noted that: “investigators trying to use this new
tool [CAI] for instruction will have to develop their own
specific methodology and their own fund of research

experience within the broader context of traditiona) studies

of individual differences in learning” (p. 169). In a review

‘of "individual differences and CAI", from 1960 to 1968,
Feldhusen and Szabo (1968) concluded that:
What . will be needed in CAl research will' be
systematic analysis of basic instructional variables
and individual differences with Ss [subjects] who -
have transcended QAI’s newness and with hardware and

software which is fully dgbugéed; (p. 271)

F
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However, response to these and other requests for
studying and analyzing CAl in the context of _instructional
interactions has been negligible. Indeed, as noted by
Goodman (1978):

Currently, among the factors least likely fo be
given due conbkideration, especially in computer
assisted instruction, are the "learning styles”,

"cognitive maps", and “"sensory modality” or ‘“media

preferences” of students. In particular, their

prapéﬁsity or fotherwise, to make use of the newer

L]

integrated information systems and . instructional

mééia. eépecia]ly the electronic media, is almost

universally fﬁﬁéred and/or taken for granted. (p. 3)
Thus, despite the numerous published pleas, and the
grievous need vas demonstrated in the previous sections
concerning: CAl and aahievementg CAl and retention; and CAIl
and attitude; there remains an absolute deficiency of
studies concerning CAI in the context of instructional
interactions. Indeed, since the publication of the Feldhusen
and Szabo review .in iQSE gnfy twelve published studies
related to this issue could be found. This is approximately
equivalent to only one published study per year. |
The results of these studies, which examined variables
for correlation or instructional interactions in relation to
achievement with CAl, are summarized iﬁ Table 4. They will

now be reviewed in alphabetical order by variable.



Table 4.

Variable

Summary of “CAI and In

Studies.

Measure

AchievementAchievement via
Motivation Independence

Anxiety

Apti tude

Attitude

Dogmat ism

Dominance

Scale of the CPI2
Armed Services
tests?

Sarason* Scale
STAIS A- State
Scale .
‘STAI A- Trait
Scale

STAI A- State
Scale ,
Sarason Scale-
STAI A- State
Scale

Test of
Mathematics
anxiety

SAT - Ms
Armed Services
Tests’

CAl - Math
Attitude Survey

Rokeach®

Dogmatism Scale
Dominance Scale
of the CPI?
Dominance Scale
of the CPI

FlexibilityFlexibility Scale

Mental
Ability

of the CPI

Stanford ,
‘Achievament Tests

+
v
+

Author

Reid, et al, 1973..

Deigman, et al,
1980

Sutter & Reid, 1969
Spielberger, et al,
1972

Leherissey, et al,
1973 .

Tobias, 1973

Reid, et al, 1973
Rappaport, 1975
Downing & Lowe,
1981

Reid, et al, 1973
Deigman, et al,
1980

Reid, et al, 1973

Rappaport, 1975

Sutter & Reid, 1969

Reid, et al, 1973

Reid, et al, 1973

‘Suppes & o
'+ Morningstar, 1969
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Edwards, et al,

) 1975 ,
Grade on Lecture Lavin, 1980
. Test
Sex Male or Female Fletcher &
: Atkinson, 1972

Male or Female Reid, et al, 1973

Male or Female. , Wooley, 1978

Male or Female Downing & Lowe,

1981

SoctabilitySociability Scale ’ + Sutter & Reid, 1969

of the CPI
Sociability Scale -
of the CPI1'©

Reid, et al, 1973

' "+" signifies a significant correlation or instructional
1nteract10n.1n relation to achievement.

-"signifies lack of significant correlation or
instructional interaction in relation to achievement .

2 Achievement via Independence (Ai) scale aF the
California Psychological Inventory.

3 These tests specifically measured 'level of aspiration
to achieve”

4 Sarason, . G. Intellectgal and personality corralates of
test anx1ety gggrnal of Abnormal and Social Psychology,
1959, 59, 272-

5. State trait anxiety inventory.

¢ Mathematics section of the scholast1c aptitude test.

7 These tests consisted of the "Armed Services Vocational
Aptitude Battery and the "Delta Training Aptitude
Battery".

® Rokeach, M. Polr¢1cal and religious dogmatism: an
alternative to the author1tarian personality,

P logical s, 1956, 70, 1-43. ;

b elta-training aptitude battery ,

' In this CAl study students were assigned to work in
pairs. . .
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Achievement motivation. Reid and his colleagues (1973)

measured achieveinent motivation with the "Achievement via
Independence” scale of the Catifornia Psychological
Inventory and then correlated  this measure .with a CAI
posttest performance measure. The rgsults;;Efailgd to
determine any sigﬁificaﬁ§ relationship between the two
measures.

In another -study on achievement. motivation, Deigman, et
al (1980), using an armed servicés test of achievement
motivation (level of aséiratian to.. achieve), found a
significant :aréeiaii@ﬁ : betﬁegni CAl per formance and
achievement motivation. In addition, they noted an
instructional interaction with subjects low in a;hie#ément
motivation performing significantly better using CAl as
opposed to pragramd instruction; whereas, no significant
differences in performance were noted for subjects high in
achievement motivation. . | '

From an observation of these two studies it is apparent
that mixed results have been obtained to date for the
variable "achievemesnt ﬁﬁtivgtigﬁ‘ in relation to performance
with CAI. However. it has been noted by Domino (1971), that
subjects who - score highly on the Achievement . via
Independence scale of the C!]if@?ﬁiQJPsychﬂlﬂﬁieai Inveﬁtary 

perform best in courses arranged to encourage indef
fhusi'achigvgmsﬁt motivation needs to be re-evaluated in the
Qccntext of CAI ;tuﬂigs des igned té encourage independent
learning. |
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Anxiety. Sutter and Reid (1969), using Sarason’'s Test

Anxiety (TA) scale, found that: "A significant interaction
was obtained between TA and achievement for the two groups.
Students high in TA achieved better working alone, while
those low in TA achieved better working with a partner® (p.
185).
. Spé§1berger. 0'Neil;, and Hansen (1972) 1in their
comprehensive review of the drive chargctgristics;and the
interfering response properties Gf: anxiety, described in
detail the results af: four laboratory studies involving
anxiety and CAl. These studies had been performed at the
Florida State University CAI Center and utilized the
§tate-T;ait Anxiety Inventory (STAI) to measuré anxiety.
They determined a significant instructional interaction with
the variable “"anxiety” and CAl, as noted in their summary:
,. Per formance on CAl learning tasks was found to be an
interactive function of level of A-State [anxiety
state] and task difficulty. HA-State [high anxiety
state] subjects consistenMy performed more poorly
on difficult CAI materials than LA-State |[low
anxiety state] subjects. No consistent re!atiéﬁship,
was found between A-State and performance on easier

CAl materials. (p. 145)

Using the same STAI measure, Rappaport (1975) obtained
results of instructional interactions with CAI similar to

those found by Spielberger, et al (1972):
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A-State and mathematical ability were related to -
performance in a manner which 1is consistent with
t* predictions derived from Spence-Taylor drive theory.
According to drive theory, in complex learning tasks
where there are many competing response tendencies,
. high A-State (drive) will produce decrements in
- perfor;;ﬁce. When there are few competing response
tendencies, high A-State will facilitate‘performance
(Rappaport, 1975, p. 1063). R
Another study (Downing & Lowe, 198[)*using a different
test to measure mathematics anxiety in relation to
performance with CAl supported Rappaport’'s (1975) findings
and further noted the following additional instrucfional
interaction: “the performdance effects during CAI were
different for ﬁaJes and females at comparable levels of
anxiety" (p. 5). |

. | y
Leherissey, et al (1973), utilizing the STAl measure

'
also found a significant instructional interaction, but this
one involved the variable o;Tanxiety-trait (i.e. a measure
of predispésition to anixiety) as opposed to the previous
étudies which had measured anxiety-state (i.e. a measure of
the present actual level of anxiety).

Not all studies involving anxiety and CAI, houever7
have yielded positive results. For example: Reid. et al
(1873), wusing the Sa(ason ‘scale of anxiety, and Tobfas
(1973) using the STAI measure, failed to detect any

significant correlation or instructidnal interaction with



CAl performance.

That anxiety can interact to either facilitate or
interfere in the instructional process has been known for
. .some time (Mangller & Sarason, 1952) and has’ been well
?!‘Lestablis ed /in the research literature. The apparent
inconsistency posed by the last two studies may have been
due to confounding variables in the experimenial design of
the projec{L or to differential effects of anxiety caused by

differing modes of CAl design and delivery.

Aptitude. Aptitude as a variable is closely related to
mental ability and these two terms are often 'napproprfately
used interchangeably. The ma jor . Qistjnguishing
characteristic is that aptitude, as used in this'context, is -
a measure of current predisposition for more specific
skills; whereas, mental ability is a measure of potential.
This distinction can be compared to the distinction between
anxiety-state and anxiety-trait respectively, as previously
noted. .

Only two published studies could be found which
examined aptitude in relation to performance with CAl. In
the.ffirstg Reid and colleagues ({1973) measured intellectual
aptitu&e by administering the .mathematic‘s' section of the
ScholastiC'Aptitude Test and foundla significant correlation
between the aptitude measure and the CAl posttest.

‘Similar positive results were found by Deigman, et al
(1980). They determined the General Aptitude Index of their

sub jects from administration of the Armed Services
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1Eaticn31 Aptitude Battery. Correlating this measure with
petrformance they observed that "aptitude measures were shown
to related significantly to subsequent learner
performance in all three courses” (p.- 23) (medical
laboratory, dental, radiology) . They also noted the
following instructional interactions in relation to the
variable ‘“aptitude® and achievement with CAI: 1) that low
aptitude subjects had significantly greater percentage gains
in achievement than high aptitude subjects when using CAI as
compared to similar matched groups wusing traditional
teaching modalities (i.e. lecture, programmed instruction):
and 2) that middle aptitude groups appeared on average to
perform better with Jlecture or programmed instruction, as
opposed to CAJl. |

These studies strongly suggest the presence of an
instructional interaction for the variable ;aptitude' and
CAI.

Attitude. A review of both the relationship between
attitude and performance (behavior) as well as the effect of
CAI upon attitude can be found in the "CAl and Attitude"
section of this chapter. : |

The only published CAl study found which tried to
relate subjects’ attitude and achievement was the Reid,
Palmer, Witlock, and Jones (1973) study. Prior attitude
toward CAl, as determined by administration of .an attitude
survey, failed to correlate significantly wigh performance.

This may have been due to the fact that the other factors,
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in adaition to attitude, nefessary to produce behavior were
not correctly predisposed.

The significance of is study is not that it confirms
or denies the presenc of a reTatio&ship between the
variable “"attitude" and CAl performance - because it does
neither. The significance of this study is that it
highlights the glaring deficiency of proper controlled
studies in this area. -

Dogmatism. Rappaport (1975) utilized the Rokeach (1956)
Dogmatism Scale to measure general authoritarianism and
intolerance. He then had high and low dogmatic subj;cts
proceed through CAl programs in the content area of
mathematics. As might have been predicted, he noted that
"the procedure of computer-assisted instrqction per - se did
not produce signifiéant differences between high and low
dogmatic subjects” (p. 1065). . |

As previously noted, CAl is a relatively neutral
technology, so that one would not have expected an
interaction between dogmatism and CAI. However, had
Rappaport used content different and perhaps more
controversial than mathematics (i.e. social studies), an
instructional interaction may have been préduced. probably
still not with CAI, but with the variable "dogmatism" and
the subject matter used or its manner of presentation.

Domingnce. Dominanqe- was measured by Reid, et al
(1973), with the Dominance Scale of the California

Psychological Inventory. Correlation with CAl achievement
. .
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measures faiieﬂ to yield any significant results. This
confirmed the results of an earlier study (Sutter & Reid,
1969) which had found no significant correlation between the
variable "dominance” and CAI achievement. Thus, although
more studies need to be done, it appears that the variable
“nginance“ is not related to CAI performance.

Flexibility. Reid and his colleagues (1973) also
measured flexibility by means of the Flexibility Scale of
the California Psychological Inventory. As was noted with
the variable "dominance”, correlation of CAl achievement
measures with the,variable "flexibility" failed to produce
any significant results.

Mental ability. Suppes and Morningstar (1969) reported
the effect of CAl programs which were used to teach

mathematics drill - and practice to elementary schoo!l .

students. Stanford achievement tests were used as the

measures of mental ability. They found that CAI drill and

practice in arithmetic was relatively more effective for low

ability as opposed to average ability or. high ability
students. _ !

Edwards, et al '(1975), described the results of an
unpublished CAl study by G. R. Martin. This study was also
concerned with arithmetic driil and practice for elementary
school students. Martin, like Suppes ahd i@ﬁﬁinﬁétér (1969),
- found that- CAl drill and practice in arithmetic was more
effective for low ability as opposed to higher ability
students.
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Lavin (1980) reported the results obtained from a CAl
course in sociology for college students. The grade which
the students received on a  lecture test formed the basis for
their mental ability classification. When CAlI performance
was analyzed in relation to achievement classification, it
was noted that "CAl is of least value for high abflity
studenis“ (p. 175).

Thus, all three studies seem to indicate that the
Variable "mental ability"” significantly interacts with CAIl.
More specifically, these studies suggest that CAI, as a
teacﬁing modality, is preferentially effective for students
with low mental ability. There are, however, several
possible alternative explanations for the observed results.
The first is that the high mental ability group may have
been affected by a ceiling effect which would have made the
attainment of significantly higher achievement results
hniossible. Another alternative explanation is that another
contravening variable may be involved in the apparent
interiction. For example, tﬁe variable "aptitude”", which was
prev¥ously‘discussed, could be involved. It may well be
found upon further investigation that CAI works best for low
abilf;y students only if they possess high aptitude.

4 Sex. Several studies have examined the interaction of
‘the variable "sex" with CAI.'Fletcher and Atkinson (1872)
studied the effect of CAl in reading with first grade
students. They found that those students who used CAl had

significantly greater posttest achievement in reading skills

-~
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than those who did not. In comparing the relative pEEGEﬁtage
gain of CAl users and naﬁuser§: for boys and girls they
concluded that "the data suggested that computer instruction
benefits both girls and boys, but that it is relatively more
-effective for boys” (p. 597). An examination of Fletcher and
Atkinson’'s data, however, indicates that while their
conclusion regarding the relative superiority of CAl for
boys is not completely untrue, it is definitely misleading
and appears a bit far fetched. Suffice to say that Fletcher
and Atkiﬁsan’s‘“relative” superiority was not statistically
significant. |

The next study in this area also failed to detect a
significant interaction. “The hypothesis that males would do
better than females, both in terms of test scores and amount
of time to complete the CAl task was not confirmed
statistically® (Reid, et al, 1973, p. 70).

The next two studies, Wooley (1978) and Downing and
Lowe (1981), were performed with college students. These
studie; yielded apparently significant instructional
interactions of the variébie "sex" with CAI. However,
because of the presence of additional confounding variables,
as noted below, the results are not completely clear and
mus t therefore be. interpreted carefully. |

In the first of these studies, Wooley (1978) examined
the effect of thrée different methods (orders) of presenting
“information in an astronomy CAl program. The different

methods of presentation generally failed to produce
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sigﬁif%caﬁtly different results. However, when comparing
male and female subjects, Wooley found that "females scored
lower than males on all measures and significantly lower on
the posttest of math ability and the CAl attitude
instrument‘g(p. 177). The confounding variable in this study
was attitude, which may have interacted with mathematics
per formance.

Downing and Lowe (1981) in a report examining
mathematics anxiety and performance with CAI fguﬁd that:
"Overall math anxiety was not different for males and
females, but the performance effects during CAI were
different for males/and females at comparable levels of
anxiety” (p. 5).

It is not surprizing that several CAI studies have
attamptgg to ascertain whether or not the variable "sex"
. interacts with CAIl to p%aﬂuﬁe differing academic
performance. The issue of sex-related cgg;}tive differences
has received wide attention and has been -hetiy debated by
educators and psychologists. However, although available
evidence tends to support the existence of sex-related
cognitive differences (Loucks, et al, 1979; Poole, 1971;
Witkin, 1979), the issue has not been completely settled and
one can still find highly polarized opinions on the suhject
(1.e. Restak, 1979; Sherman, 1978). |
‘ In relation to CAIl the results as previously noted are
mixed and must await further study before any conclusions

may be drawn. However, if sex-related cognitive differentes



61

do exist, it is probabiy more likely that they interact with
the content (i.e. reading, mathematics) taught by CAIl rather
than with the teaching modality itself. Researchers s
be cognizant of fhis in order to make sense out o
contradictory results in futﬁre studies.
. Sociability. Sutter and Reid ¢1969) found a significant
in§tructional. interaction between - the  variable.
“sociability“,/as measured by the California Psychological
Inventory, and CAl achievement. They had divided the CAl
subjects into two groups: t) those who worked their CAI
alone; and 2) those who worked their CAIl in assigned pairs.
Accordingly, they found that: ”ng\higher achiever in the
paired group was characterized by high sociability, while
the achiever in the alone group was charactenjzed by low
sociability” (Sutter & Reid, 1969, p. 155).
Reid and_ﬁis colleagues (1973) found a significant
posifive correlation between the variable "sociability”, as
measured by the Sociability scale of the Califorgia

N
Psychological Inventory, and a posttest measurement of

~,
P alhe s

achievement in a CAI mathematics program. At first this may'
seem to contradict the results found in some other studies
which measured sociability in independent study situatons.
gor' example, Bigelow and Egbert (1968), who found that
subjects with the best attitude toward (satisfaction with)
independgnt study had 1low scores on the Sociability and
Socialization scales of the California Psychological

Inventory.
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Again, however , the answer to these seemingly
cantradictaﬁy results leads one back to a re-evaluation of
the potential instructional interaction. A closer
examination in this case suggests that, like the pgtéhtial
interaction for the variable "sex", the interaction of the
variable "sociability” is not with CAI pér se, but with the
- design of the CAl experience. Thus, in the case of Reid, et
al (1973), students were assigned to work at their CAI
experience in pairs and one would expect that in this CAI
context higher sociability scores may correlate with
achievement . However, working in pairs - although CAl and
perhaps even individualized CAl - is not indépendent study.
Therefore, if one were to repeat the experiment with
students working alone at the terminals, it would be
expected that lower sociability scores ﬁgng correlate with
achievement in this CAI context.

In summary of r}his section "CAl and Iﬁstrygtianal
Iﬁteractians'ilft should bé noted that several studiés have
begun zg analyze CAlI in the context of instructional
interactions. However, there Feﬁéins a great dearth of
information {ﬁ this area. In addition, it seems quite
prababié that, as more and more educators and ndministr;tcrs
become increasingly enchanted with CAI, the need for CAl
studies in the context of instructional interactions wil}
continue to become - more and more important, while st the
same time, becoming legs and less noticeable. Increasingly,
as computers and their applications, including CAl, become
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more -int8grated into our everyday lives, the danger grows

that educators will complapently accept as fact the

statement that “computers can teach all topics effectively

for all students in all contexts".

L Y
13
@
*
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CHAPTER 1V
PROCEDURES AND ME THODOLOGY /

The principal subjects were students enrolled in a
Feéuirad undergraduate ph;rﬁacaiaﬁy course at the University .
of Alberta during the 51979-1930 academic year. i“Niﬁﬁet'y
thiréfysar? pharmscy students enrolled in Pharmacology 431,
"General Pharmacology®, were informed sbout the project and
asked@ to participate on the first vﬂay of class.
Participation was voluntary and did not diéeatly affect the
student’'s course grade. ;

Some supplementary measurements were obtained from the
principal subjects in the following year (1980-1981). In
addition to the subjects involved in the major analyses,
ninety-eight third year pharmacy ‘students enrolled in
?hgrm:alggy 431 the following year (1980-1981) were asked
to complete on a \fﬁ‘lunt:ary basis the California
Psychological Inventory. ,

Pharmacy stg;t:ie;ts were chosen as the sub jects for this
study for four separate but equally important reasons.
First, both the students an:f! their .:ch;:nistutim were
willing to voluntarily particiégte in this project. The next
reason was that, from the author’s personal ;experiﬁa and
an examination of a number of dental, medical, nursing and
pharmacy celenders from various universities, 1t was obvious
that pharmacy students received more didactic pharmacology
lecture courses than any other single group of students,



Thuf,\the need for evaluation of CAl in pharmacology
a to be greatest for pharmacy students. Again from
the autgbr [ persanal experience, it was noted that pharmacy
students are extremely diver}e iﬁ their achievement in the
content area of pharmacology. Thus, the pharmacy students
should provide subjects from all areas of the spectrum of
high', medium and low achievers for analysis in this study.
This reason for the ¢hoice of pharmacy students was
confirmed by discussions with members of the departmerit of
pharmacology who. confirmed that, 1{n general, pharmacy
students could usually be found among the top ten percent
‘and gpttom ten percent of pharmacology students. Finally,
the l;st reason was that becauée of the author's position,
“in  the Facufty of Pharmacy, follow up measurements and
access'to-stud nt records could mgre'easily be obtained.

Steps '!!E:n to fulfill the obligations of ethical
research and to adequately protect student rights included
obtaining . approval for this project from: the Dean of the
faculty of Pharmacy,  the ﬁhairman of the Department ' of
Pharmacology, and the course ea-ar?iﬁatar In- addition,
every attampt was made, with the assistance of the éﬁurse
co-ordinator, to ensure that the “normal* tea;hingllearﬁingi

situation was not disrupted.



Materials
Caomputer Aided Instructional Programs

T Al programs, which were specifically designed and
writte or this project, were integrated as an adjunct'to
traditional teaching modalitiés in the pharmacology course,
Pharmacology 431. A variety of CAl programs using various
instructional strategies (self-evaluation, simulation,
tutorial) were written in the University of British Columbia
(UBC) "course-writer” computer language and placed in a
program librarys. This enabled delivery of the programs from

| the University of Alberta’s cental AMDAHL computer via any
terminal on campus. The programs were of 15 to 30 minutes
duration and utflized an interactive format which requ{red
the user to actively participate in order to proceed within
the program. The majority of programs followed a similar
instructional paradigm and contained three major sections:
1) review Questions with feedback; 2) a brief summary of the
pharmacology of the drug group being studied; and 3) a list
‘of key words and phrases. |

Sections 2 and 3 were primarily didactic textual
display reviews which were available to the students as aifds
in the programs. Section 1, the review gquestions with
feedback, comprised the major portionééapproximately 70 to

~f—Lpo percent) of each program. This seétion was interactively
péogrammed fo trave the user actively participate and used

..................

5 See Appendix I for a complete listing of the CAl programs
in pharmacology which were developed and/or modified for
-~ this project. *
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branching pathways to individually tailor feedback  in
response to user input. A flowchart of the logic and
branches used in a prototype program is shown in Figure 1.

From this figure it can be seen that the programs were
designed to maKe good use of the limited CAl facilities
available on the AMDAHL computer system. The CAI hardware
available on the AMDAHL provided no graphics or audiovisual

({.e. cassette tape, film projector, videocassette,
videodisc) support or interface. The software wutilized

allowed single character replies as well as word replies

2o

with key-letter answer judging to the the questions posed
within the programs. :In addition, the students were abje to
enter up to two lines of comments to the instructor anywhere
within the programs, without interrupting course flow, by
means of a "hey" command. Correct answer feedback consisted
of positive reinforcement aﬁd/cF positive reply with some
additional discussion in about fifty-percent of the cases.
Wrong answer feedback consisted Véf notification of wrong
response as well as individual explanatjon tailored to the
response and the same question was then presented again. If
another wrong answer was subsequently given to the same
question an individual explanation tailored to thé response
was again given and the student was automatically advanced:
to either additional discussion (this occurred in about
eighty-percent of the cases) or to the next question.
Studéﬂts were entirely free to chose which CAl programs, as
well as which ggéts of the sglgcted CAl programs, they



Figure 1. Flowchart of the logic and branches used in a

prototype CAI program
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(Figure 1 continued)




’
(Figure 1 continued) v

< Disblay men;

i

Enter aﬁd ]

Set counter
#1 j;t zero

["Add1to
| counter #2

‘ Set counter
#2 to zero

, selected
; % END| -



72

(Figure 1 continued)
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wished to see and complete.
Optimal (state of the art) use of CAl (i.e. entering
and advancing students through various pathways by
competency or mastery) ’was not attempted because: this is
nat. the current state éf the art for CAI in pharmacology;
this uml:,have negated any comparison between 'CAl and
_lecture, unless a similar format was integrated into the
lecturg-pFEEgntitiaﬁ; and it was decided to have the project
be as realistic and practical aé.aQSSib1e. In addition, it
should be noted that tﬁe use of specific methods of CAl has
not resulted in significantly greater influence on student
per f }ma ce (Hamm, 1975; Kulik, et al, 1980; Wooley,1978).
Thus.‘Zfzz particulars of the CAI presentation should not .
significantly affégt the observed results provided that

material presented was educationally sound and relevant:

Each of the CAI programs underwent an extensive revie
and revision process before being piaéed in the program
f?ibﬁary and released for student use (Figure 2). This
process of formative evaluation, which took place during the
1978-1979 academic year, pravideﬂ'a controlled period of CAl
program development and testing by project personnel,
phafma:glgqy content - specialists and selected student
reviewers. This in turn allowed adequate time and attention
for revisions to both subject matter and computer
programming in order to ensure quality CAI program
deve lepment prior to the start of the experimental portion
of this sjtudy. |
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Figure 2. Flowchart of CALprr;gr;m review and revision:
process
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The students had access seven days a week to any public
or teaching terminal on campus. In addition, an area
adjacent fe the pharmacy student study room in the
Deﬁtistryiphatmacy Camfer equipped with three "Data Media®

terminals, séecificaIIy Fcr}vthis project, was available

-

Monday through Friday from 7 a. m. to 7 p. m. as an attempt
to previde QﬁtimaTiEEGESSiﬁfiity for the students.

" The ' subject my r of the CAl programs paralleled the
lecture material inm:::£%acalagy 431. The program name and

,the ‘nuinber of hours 1‘\ use for each program were

o éutcmat1ca]ly r§§@rded and updated for each student as s/he

signed onto and GfF of the Gamputer. u .
" T .
‘ - N _ . .
Attitude Questionhaires \Eé_fxﬁ

- Six méjcfl types of verbalized sca]%s ‘have beer
devglgﬁéa and used' to measure attitudes. These are the:
faﬁtiéedEﬁts/caﬁSEQuenté ‘52313;. behavioral differential
scale; Likert scale; b=5art scale; semantic ﬂiFFEPEﬁtial
sca]é; éyij Thurston scale. The scale chosen for. use in th15‘
project was the semantic d1FFerent1al The semantic
differential type of séa]e was deve loped by'Dng%d (1952)
and provides a direct rating of attitudes with scales
anchored on the extremes by bipolar adje&tives,‘This scale
- uses face validity, that is the distinctions provided by the
instrument ccrresggné with thése!wﬁich would be made by most
observers without the instrument. A seven point scale tends
to provide optimal differentiation and approximately equal
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frequency of use among the seven alternatives (Nunnally,

- 1978; Osgood, 1958) and'was;thus used in the°preseﬁi study.

‘A specially designed questidnnaire (Figure 3) was used

to assess student attitude towards the concept of CAI. The
questionnaire consisted of a list of twenty bigﬁiar
adjective pairs (scales) which the students rated.Oﬁ\aVSEVEﬁ
point semantic differential scale. Three ma jor factars
(dimensions) were incogborated into this questionnaire: 1)
evaluation (bipolar adjective pairs #1, 2, 4, 6, 9, 11, 15,
16, 18, 18 ); 2) anxiety (bipolar pairs # 3, 7, 10, iB, 17},
and 3) .famHIiarity (bipolar adjective pairs #5, 8, 12, 14,
- 20): The factors were based on those ‘described in the
literature.

The evaluation factor (osgood. Suci & Tannebaum, 1957)
was considered.to be tHe most important factor as .t Félates
closer than any other factor to the definition of attitude
(Na;n;lly, <4973) .° Thus, ten of the twenty scales .in th{s

questionnaire were devo?éa-to the factor of evaluation.
. v‘_

The anxiety factor was created by ;modifying the

activity factor of 0Osgood, Suci and Tannebaum- (1957). This
was accomplished Sy careful selection of the bipolar
adjective pairs for the five related scales in order to
integrafe a component of anxiety into the activity factor .
This was done in order that it might be determined if
anxiety affected stqdent p;rformance in the CAI programs in
pharmacology and tq observe if a;wy changes occurred in these

scales during the course of the project.
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Figure 3.

B1

CAI Attitude Questionnaire L |

Computer Alded Instructfon Attitude Questiopnalire’

Student ID#
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9.
10.
11,
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13.
14.
15,
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19.
20.

Date

(Please Circle your desired response)

.Boring
.Valuable
.Disturbing
.Appropriate

for Teaching
Pharmacology
Simple
Bad '

7éCalm

Mysterious -
Unpleasant
Ténse
Fair
Usual
Restful
Confusing
Useful

*

.Negative

Apprehens f've

.Ineffective

Quick .,
Unfamiliar
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Interesting
Worthless -
Undisturbi

Not Appraﬂa%ate
for leaching
Pharmaco logy

‘Complex

Good
Anxious
Understandable
Pleasant

Relaxed

Unfair

Unusual

Ner vous

Clear

Useless

Positive
Non-apprehensive
Effective

Slow

Familiar

As o

The numbering of. the bipolar pairs of adjectives is for
identifieation purposes of this thesis and did not
he) forms which the students completed.

appear on {ﬁ)

S
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The final factor, familiarity, originally called
understandability (Nunnally, 1961), was chosen to help
measure the validity of the questionnaire. It was expec ted
that as 'the subjects proceeded through the project " they
should become more familiar with CAI and that this should be
reflected in the familiarity scalés (Nunnally, 1978) Q% the
attitude questionnaire if it was a valid &nd sensitive
measure aﬁ_attituﬂes! ;

It should be noted that some iﬁd%vidugls question the

ability of the semantic differential technique to measure
3

“meaning” in a linguistic sense, as it was originally
purported to do Ey Osgood, Suci and Tannébaum (1957).
Carroll (1969), “for example, ﬁgféa ihatﬁ' "the spmantic.
~differential might’ bétter be teFﬁeﬂi an- experiential
differentig!®. .Thus, rating the noun ’d@g‘ain relation to
bipolar adjective pairs (i.e. 'big/little, good/bad) might
actually result in the rater. interpreting that: the dog is
big (not little); etc. and would thus reflect the particular
individual's experience with "dogs" or a "particular dog®. -
.However , because this ﬁréjeci ig not directly interested in
‘the measurement of ‘mgaﬁiﬁg‘.'buE is concerned with applying
the semantic differential to measure attitude, it does not
matter whether one interprets the sémanti; differential as
measur ing ”mgaﬁiﬁg“ or "experience"” as it stil? remains a
widely tes‘!d' and highly satisfactory method of measuring
attitudes and thus meets the requirements of this project.

ﬁ\



The attitude questionnaire was administered at the
first lecture session. prior to the description of the
project and again at. the last session so that the effect of
the CAI program in pharmachagy on student attitude tcward
CAl cau]d be determined. The questionnaire was ' also
re-administered a third time during the 1980-1981 academic
year f‘ crder to evaluate the stab111ty of the measured
attitudes. - ' o

In order to identify the questionnaires so that paired
_ first. second, and third att1tQEEaK§uest1anna1re Pesultzif
could be analyzed, the students were ashed to _insert theif
amqugc pter ‘iéenhﬁcatn:n number on the questionnaires.
This same idEﬁEffiQatiDﬁ number was used throughout the
project wﬁenever dat§ was collected from the students.

California Psychological Inventory :é

Thé Ca]ifcrn%f_ Psychological Inventory (CPI) is a
specially designed aéf‘used to assess. various ﬁsychéiagical
variables. The test), anﬂ51sts of 480 true-false questions

measur ing 18 scales Idém1nance (Do), capacity for status

cial presence “@#Sp),

"well-being  (Wb),

(Cs), sociability (Sy),

self-acceptance (saii sense o
respgnéibility. (Re), socialization (So), self-control (Sc),
tolerance (To), good impression (Gi).‘ communality (Cm),
achievéméﬁt via  conformity (Ac), achievement via
fgind3§3ﬁdénce (Aif. rin{eilectgai efficiency (le),
E -psyehﬁlcgicalémindedﬁess (Py),. flexibility (Fx), femininity
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”(fe)] which H;ve been widely researched and found tg be
adeduate in té;hg of validity and reliability (Gough, 1975;
Megargee, 1972).3 | |

The purpose of each scale ‘is. to predict what an
inghvidual will do in a specified context and/or to identify
iné:ziduals who will be described in a certain manner.
G'ugh's criteria for scalé validity.were_that: 1) the scale
must be able to identify individuals who behave ,in a
specific manner ; and 2) individuals with %igh scores on a
particular scale must impress others as having the quality
which the scale describes. Appendix 11 and Appendix 111l
contain a list of adjec;'ives which describe yhigh and low
scoring men and women'respectﬁvely on the eighteen scales of
the CPI. Underlying these scales are four broad categories
which are 1isfed in Table 5. .

This 1nventory yielded spec1f1c psychologlcal variables
which .were analyzed for correlat1on with CAl performanee A
baseline for comparison of the psycholog1cal variables of
the pharmacy students in this study with that which was
reported in the literature for other pharmaQy/ sfudents was
also provided by this inventory. | | ’

In addition, this inventory was used to determine the
"psychological” representativeness of the phérmacy studEnis
'participati.ng in the study by comparing the mean scores
"obtained on the eighteen sdales in two successive third year

pharmacy classes at the University of Albérta.

r



Table 5. Categories and Scales of the California
Psychological Inventory.

~ {
*

Category 1. Measures of Poise,- Ascendancy, Self-Assurance,
and Interpersonal Adequacy

1. Do Dominance
2. Cs Capacity for status
3. Sy Sociability
~~— ~ 4_5p Social Presence
o¥ Sa Self-acceptance
6. Wb Sense of Well-being

-*

Category I1. Measures of Socialization, Regponsibility,
Intrapersonal Values, and Character

Re Responsibility s
So Socialization

Sc Self-control

To Tolerance

. Gi Good impression - ‘ . _ - f
. Cm Communality , : : o ‘%\\

-’
4—‘—‘—‘
N-OWDO

Category 111. Measures of Achievement Potential and g :
Intellectual Efficiency

. -
13. Ac Achievement via Conformance )
14. Ai Achievement via IndEPEﬁﬂﬁﬂGg ] 7
15. le Intellectual Efficiency \%!'

Category IV. Measures of Intellectual and Interest !cﬁeé

16. Py Psychological-mindedness/”
17. Fx Flexibility
18. Fe Femininity .
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The CPl was sefezted over other ’psy;h@ngicai' tests
because: 1) it is useful in normal individuals from many
cultures (i.e. university students?;}‘z) ‘it hé; been
extensively cross-validated and tested in high school and
college students (i.e. appropriate age group for the
subjects of this study); 3) .it measures various traits which
are of i?terest in ’Jhﬁs project (i.e. azhievemént via
independence, responsibility, socialization); 4) the
questions, although somet imes dated, are fess objectionable
to users than those found on some other forms (i.e. shou1d
thus increase compliance); 5) much comparative data is
avaijable ki,e} should thus fac&ﬂitate interpretaticﬁ;: 6)
ease of scoring (i.e. trye or false); 7) reading level is
.Quite easy (4th grade level):; 8) it has been designed for
group administration (i.e. booklets, answer sheets and |
é;@riﬁg guides are available); and Q)éthere is no time limit
(although moste students finish within one hour). This last
feature, completion within one hour, was especially
important because .if the inventory had taken s%gnificantiy
Tonger to complete (i.e. 4 hours) it would not have been
practical to use it in this project.

Previous studies (Domino, 1968; Bigelow & Egbert, 1968)
have shown that performance in independent study and
programmed instruction correlated with the following CPI
measures: high Ai, Re and Ie{ and low So and Sy. It wgé
therefore anticipated that similar correlations should be
noted for those students who performed well with the CAI



é programs in pharmacology .

=

L ’
1 CAl Evaluation Form

Specific questions regarding the use of and attitude
tau;rds'Cil‘in pharmacology were developed (Figure 4) and
administered at the end @F the 1979-1980 academic-ferm. This
allowed the cGIIEﬁtian of answers to open ‘endeﬂ duestions
and comments regardiﬁg the student attitudes tcuirds CAl
which were used to elaborate upon and help validate the data
collected via the closed ended attitude questionnaires.

It was,also anticipated that use of this 'Fcﬁm wou i1d
Fac111tate ganpar153n of the results é%?éiﬁéd from other CAI
stud1et which- used similar :Dursgg'evaiuatiang forms 6

measure student attitudes towards CAIl.
\ ,

Asademéé Per formance Tests f

In order to objectively measure academic achievement 1n
relat1an to the 1nstructicnal modality used (i.e. CAIl alone,
CAl' concurrent with lecture, lecture alone) pretests and
posttests on a selected pharmacology topit, “autonomic
nervous system pharmacology”, were constructed. Autonomic
nervous system pharmac31cgy was speaiffgaiiy chosen fqr
analysis in this project because af its difFicuityi It ﬁas
been noted by the author and confirmed by discussions with
various members of the department of pharmacology that most
_siudeﬁts find autgngﬁic nervous system pharmacglﬁ'” to be

relatively more difficult than other pharmacology topics. It



Figure 4. CAIl evaluation form

Computer Aided Instruction (CAI) Evaluation

L]
-

Overall how would you rate the computer programs in
pharmacology that you used_this term?

“Poor . - Average 7 . Excellent
) , é o

Were the programs of use in organizing your study or ‘
finding areas where you needed more work?
T o
Useless . ~ Extremely Helpful
1 2 3 4 . . 5 6 - 7

| 3
Given the "opportunity" to "repeat" this year (or take a
similar course in the future) would you like to have
more computer aided instructional programs like the ones
used this term integrated into your pharmacology course?

YES NO

Cammen%§q — — e —_— e
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(Figure 4 continued) ’
~4. Should computer programs foous on _____ ?
Review of Material Teaching New Material ~ Both

Comments : : S

- \‘ N B
5. Which topicsmould you like to_sée taggh‘ (or not
taught) by computer and why? .

Comments :- ‘ : , Y

6. Please make any other comments you wish regarding the
computer aided instructional programs usedghis term.
(i.e., were any programs particularly good ¢ bad? Did

the. programs compliement the lectures? etc.). ,
— _ 7
! , 7 - 77 /f——;f‘
N V, _ ] \ V
’ . R\ S
¥
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was, therefore, aﬁ;izipatgé that if CAl could be
demgﬁstréted to be effective in teéséing this difficult
pharmacology topic, then it probably would be as or more
effective wi%h eaéier pharmacology topics,

Each pretest and posttest consisted of fifteen multiple
choice questions on this topic (Figure 5); These tests were
randomty generated and printed for each student by the
AHDAHL computer fram a >pccled; data bank ;gﬁtQ{ning 150
questibns for the topic and were administered in paper and
penci | Fcrﬁat. The data bank of questions was created and
reviewed by the course 'zacﬁdinatar, the principal
investigator, .~and by a subject matter expert in the
depar tment QF pharmacology for content accuracy and in Drae:
to ehsure: that the haterial covered in the questions was
presented in both the:CAl and the lecture sessions; and that
tﬁe questions were not presented verfiatim in either the CAI
or the lecture sessions.

The academic achievement tests were also used as a

measure of long term retention of pharmacology Knowledge.

Mega Interactive Model of Iﬁstr&sticﬁ
The Mega Interactive Model of Instruﬁtian{ (MIMI)  has
| bee; proposed by Pagliaro (1979) as the ;basis for a
conceptual framework with which to study and interpret -
instructional interaction research.
The: model (figure B6) considers instructional

interactions as comprising unit coterie (UC) of the



Figure 5. Examplq of randomly selected questions and
format used to test academic performance in the
topic autonomic pharmaco logy .

f [

N -
For each of the following mu]tlp]e choice quest1gns choose
the most apptopriate answer.

1. Each of the following is a characteristic of the
1nd1re:tly acting sympathomimetic amines except:
a. tachyphylaxis
b. potentiation of actions by monamine ax1dase
inhibition -
c. absence of an alcoholic hydroxyl group
‘d. prominent central nervous system effects
“e.  potentiation of effects of cocaine

2. Adrenatlin:
a. is often combined with local anestheti:s to praiang ’
their action ‘
b. relaxes bronchial smooth muscle
c. stimulates the gastrointestinal tract
d a and b above ,
e b and C above st

A

3. Reduces noradrenaline in nerve term1ﬁals
morphine

cocaine.

reserpine

chlordiazepoxide

chloral hydrate

oQaOoow

*

-4, Gangl1gﬁic black1ng agents are known to potentiate the
rise in blood pressure produced by 8 variety of pressor
agents This is due to:
release of catecholamines by gang]iaﬂ1c blackiﬁg
agents
b. a cocaine*like action of ganglionic blocking agéﬁts
¢c. blockade of compensatory cardiovascular reflexes
which otherwise serve to attenuate the rise in blood
) pressure produced by the pressor agents
d. their muscarinic effect '
e. a direct effect on the sympathetic blood pressure
receptors
e



Figure 6. Mega Interactive Model of Instruction
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instructional process. Four major variable® dimensions are-

involved in this model: 1), the instructor variable
dimension; - Z)i the 1learner variable dimension; 3) the
instruction/content/context variable dimension; and 4) the
time vafiable dimension. In addition, the variables within
each dimension are capable of interacting so that ultimately
the wunit coterie is comprised of interacting subsets of the
four vari§b1e dimensions (i.e. Is, Ls, I1CCs and Ts).
Fundamentally and mechanistically this model can be

considered as a variant of the basic four-way analysis of

variance’ in which the four dimensions have been defined as

above. | s
The individual and distinct natures of the unit
coteries create an inherent amplitude of fiexib{]ity in tﬁe
‘mﬂdelgr This  allows for all possible permutations éf
combinations of the interacting subsets and for the notion
that the weightings (importance) as well as the members of
the interacting subsets can vary from unit coterie to unit
, coterie. As such, MIMI provides a much broader and more
general focus than does ATl (or TTI1) which focus primarily
gﬂ@n treatment. MIMI goes beyond treatmenf to describe and
suggest analysis of the underiyiﬁg‘ variables which are
responsible for or contribute to a particular observed I1.
Instructional interactions in the context of this model

are no longer considered in terms of a two dimensional

E R oEE R R R S e o S R A = s o= = o=

term for what has been labeled at various times in the
literature as: abilities, aptitudes, attributes or traits.
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ordinal versus disordinal a;alysis as cfiginalIy proposed by
Cronbach (1957). and Lubin (1961), but are analyzed in
relation to the unit coterie (Pagliaro, 1979). According to

this model (Figure 7}, the mean performance rating and the

for the subjects in the unit coteries under study. The 95
percent confidence interval lines are then extended from 0
to N unit séterigs. and if any portion of the 95 pgrcént
confidence interval intérsests another 95 percent cenfidence
interval, these unit c@teriesAare considered equivalent in
relétian - to per}cﬁmaﬁce and no iﬁteréstiaﬂ is said to have
occurred. If, however, the 95 percent confidence interval

interval of

. does not intersect a 95 percent confiden
another unit cotefie, then a£3§nteraétiaﬁ is saiy to have
occured. o

~MIMI also provides alusefufzframgucrk for instructional
desigﬁersi Iﬁstructicnai designers need not bé limited to
one dimension in which changes can be madé in order to
increase perfgrmaﬁéé. but may use all four of the model’s
dimensions. Thus, for example, a change in method of
instruction in order to a:ﬁigve a certain increase in
pérfaﬁm;ﬁcé may be more ‘“"economically” obtained by an
appropriate chaﬁge (or changes) in the instructor, learner,
and/or time dimensions. " This provides instructional
~designers with a plethora of potentially viabié options for
each instructional problem limited only | by their

resourcefulness and ingenuity.-
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Figure 7. Instructional interactions in the Mega Interactive

Model of Instruction



* QS

This mode! was developed with this project in mind in

and diagnositic aspects of MIMI; demonstrate how MIMI can be
applied to real data from an instructional interaction
study; and help explain the mixed results obtained from

previous CAl studies in pharmacology.

Descripéiaﬁ of the Design

This project was designed t@. obtain measurements of
several ' types oOf variables including:  achievement;
retehtion; various demographic vériaﬁles; and various
psychological variables. A‘ descriptive checklist of this
study’' s experimental features is found iﬁ:Tabie 6. ‘

At the first lecture session of the 1979-1980 academic
year, the studeﬁts completed the attitude questiomnaire
pretest and were oriented to the use of CAI. At this time
they were randomly assigned to one of three groups in order
to assess the effect of CAl alone (T1), CAl concurrent with
lecture (T2), and lecture alone (T3) (See Figure 8). A
unique stgdeﬁt computing services identification number and
password were given to each student at this session. They
were also igivén a timetable indicating at which times
‘(according to group) they had access to the CAl programs.

"In order to reduce noncompliance (i.e. a student
letting another student use his/her identification number or
not using the.computer programs during the specified times)
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Table 6. Descriptive list’ of this study’s experimental
features

Variables measured ¢

Achievement

Retention

Demographic variables
Personologic variables

+

Methodological features

Random assigmment of comparison groups .
~-Yes

Control for instructor effect
-Same instructor

Control ‘for historical effect
-Same semester

Control for scoring bias in criterion
-Objective test

Control for author bias in criterion
-Instructor developed test
-Commercial standardized test

Ecological conditions

Duration of treatment -
-Whole semester .«

-Course level '
-Introductory

Content emphasis on "hard” dlscip]iﬁe
-Hard (pharmaca]cgy)

Contegt emphasis on "pure” Knowledge
-Pure

University setting
*_ Doctorate-granting institution

' Modified from Kulik, et al (1980)

4



Figure 8.

Beginning
of

Term

Following

Year

Experimental design of this project

Randomly Assigned Groupe': 2
LA T2 13

Lecture Topic
CAl Tooic X
Posttest X

CAl Topic X

g'

Attitude Posttest #1 + CAIl Evaluation Form

Attitude Posttest #2 + Posttest X #2 + CP1 #2
(+ administration of CPI to following year's claas)

'T1 is CAl alone; T2 is CAl concurrent with lecture; and T3 is
lecture alone. ’

2Except for the information denoted within parentheses, all of
the information presanted in this figure refers to the principal
subjects of this study.

| denotes CAl in Topic X

- denotes Lecture in Topic X
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the course coordinator informed ﬁhe students during the
first session of: the ﬁahniiéf the project; benefits for
the students; and the aéntributians the students could make
by their participation ahd compliance. It was also pointed
out that although access to some programs would be delayed
for some students, all students would have an opportunity
for adequate exposure to all programs prior to their course
examinations.

A pretest (pretest X)7 to measure student academic
per formance in a ‘selected pharmacology topic, "autonomic
nervous system medications” (denoted by "Topic X" in the
experimental design), was also administered to all students
during the first lecture session. Posttests on this material
were aémiﬁistéred‘ as the students, accardiﬁg to treatment
group, completed the topic at the time listed in- the
experimental design (Figure 8). ODuring. thié term, the
subjects also completed a Califcrnia Psychological Inventory
(CPI #1) At the end af the f1rst term, the students
completed the attitude questionnaire posttest #1 and ;hé CAl
evaluation form.

During the following academic year (1980-1981), the
principal subjects, now fourth year pharmacy étudgﬁts. were
readministered the California Psychological Inventory (CPI
#2) in order to measure the test-retest reliability of the
CPI and to 1ﬁd1cate whether it measured state or trait

1 Th: x rcfnr; to the tapic "sutonomic phirniaalagy ‘and is -
used throughout this thesis to help distinguish the academic
performance tests from other measures.
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variables. The attitude questionnaire posttest #2 was
administered at this time in order to measure changes in
att}tude which may have occurred during the intervening
‘year. At this time the subjects were also adninistered
another academic achievement posttest (posttest X #2) in
order to measure long term retention of knowledge in the
selected pﬁarmaca]cgy topic, “automomic ‘nervous system
pharmacology”. The second academic achievement posttest ﬁas>
generated and administered in the same manner as the
previous posttest. At this time, the current third year

pharmacy clasg was administered the CPI.

Analysis of the Results
Data was derived from six-major sources: 1) academic
performance tests; 2) California Psychélagical Inventory; 3)
attitude questionnaires; 4) CAl evaluation forms: 5) student
university records; and 6) automatic computer data
collection records.
| The primary source of data was the academic per formance
tests (i.e. pretest X, posttest X #1, posttest X #2). For
the sake of clarity these tests are alsé referred to in the
next chapter as "occasion 0, 1 and 2" respectively.
- This data was analyzed using a é=w§y analysis of
variance (DERS computer programs ANCV25 and ANOV26 )® ana'\g

* "DERS computer programs" refer to computerized statistical
~ analysis packages prepared by and available from the
Division of Education Research Services, University of
Alberta.

L 4
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3-way analysis of variance (DERS computer program ANOV30)
Pearson correlations (DERS computer program DEST02) and
multiple correlation and regression analysis (DERS computer
programs MULROS and MULRO6) were also perFDrmédi This
enabled the determination of the degree of correlation
between specified predictor and criteribn variables as well
as the significance of contribution of éach predictor
varisble to the multiple correlation equation.

The second major source of data, the California
Psychological Inventory (CPl), yielded mean scores for ;iE
specific C;}ychglggica1 variables which were analyzed for
correlation with: academic achievement; retention: and
_attitude towards CAlI (DERS computer géﬂgrams DESTO02 and
MULROS) . 3‘ |

The next major sources of data Eere the paired attitude
questionnaires and the CAl evaluation forms. This data,
analyzed using Pearson and multiple correlations (DERS
computer programs DEST02 and MULROS5), was further analyzed
to determine which items drew together to form factors (DERS
computer programs SEMDO1 and FACT20). The SEMDO1 ‘program
also yielded information regarding the potential bias or
response set 'in the semantic differential attitude
: questionnaife. A two way analysis of variance (DERS computer
program ANOV26) was  performed with each scale of the
attitude questionnaire in order to verify for this study the
use of Snider and Osgood's (1969) criteria for  the

determination of significant ‘changes when using a semantic
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differential questionnaire. This aﬁélysis also determined if
the Fe&ardeﬂ attitude scores were sigﬁifjcantiy different
from zero.

The final sources of data were: the student university
records from which information regarding previous academic
achievement (i.e. grade point average) and demggraphieé
(i.e. age, racei. sex) was obtained: and the automatic
ésmputer data céiiéétiaﬁ records which -regérﬂed both the
name of the CAl pharmacology programs used and tpe amount of
time spent on each program by each individuél student .
Pearson and multiple carrelatiaﬁs were also performed with
these sets of data (DERS programs DEST02 and MULROS),

For the purpose of an;ly:ing. interpreting and
reporting the data related to this project an arbitrary
probability (p) Jlevel was chosen. The value used for this
study to determine statistical ‘significance was p<0.05,
which is a value commonly used in the literature. As this
level was chosen prior to the aﬁa{gsis of the da;a, and in
order to ﬂ?ESEﬁti the obtained results in an organized,
logical and consistent fashion,.:probabilities are always
reférred to in this report in relation to the 0.05 level. In
other words, regardliess of whether the prabability generated
by a particular test was 0.04 QF 0.00004 it is referred to
and ideﬁtifiéd in this thesis as ﬁﬁD!DSE Likewise, any
probability generated which was greater than or equal to--
0.05 (p>0.05), whether 0.05 or 0.95, was defﬁned as denoting

'
lack of statistical significance in- the associated test.’
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CHAPTER V
RESULTS

Participation

Ninety third year pharmacy students enrolled in
Pharmacology 431 (1979-1980) were asked to participate in
the reseatch project on the first day of class. Seventy-five
of these students (83%) agreed to participate and were
randomly assigned to one of three experimental groups. All
the volunteers remained in the study for its duration,
however, due to various reasons” the data collected from
fourteen of these volunteers was incomplete and these
individuals were tHEFEfare not used in the majér anai}geg?a
The results of the major analyses reported in this chaptgr.
unless otherwise aatéd, were thus based upon data cc[jected
from the sixty-one volunteers for whom complete sets sf'data
were available’ | |

Nihety=eight pharmacy students Fram the following third
year class (1980-1981) were asked to complete a California
Psychological Inventory (CPI). Eighty-six of these students

\ (88%) Bgregd‘té participate and completed the CPI.
er formance Tests
The first group of analyses were performed to s tudy

academic achievement. .Table 7 lists the obtained Pearson
product-moment correlation coefficients for all the
- variables measured at the start of this project and posttest

X #1 performance. Correlations are presented for the three
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Table 7. Pearson product-moment correlation coefficients
(r) for all variables measured at start of
project with posttest X #1 performance (academic
achievement)

) Observed

Variable 1 Variable 2 ‘Combined T1 T2 T3

: . (n=61) (n=20)(n=21)(n=20)

Posttest X #1 sex -.18 -.33 -.02 -.23

Posttest X ¥1 age -.17 -.69= 21 .31

Posttest X #1 race .01 -.03 -.02 .01

Posttest X #1 grade point average .27% .32 .24 .30

Posttest X #1 pretest X ) .18 .32 .06 .15

Posttest X #1 hours of CAl use in .28= .32 .39 .29

, topic X o 7

Posttest X #1 hours of CAl use .30= .37 .48« 22

total :

Posttest X #1 midterm grade .22 .23 .30 .24

Posttest X #1 CPl "dominance" -.04 -.24 -.04 .1

Posttest X #1 CPl "capacity for -.13 -.31 05 -.17

status” o )

Posttest X #1 CPl "sociability"” -.16 -.25 ~-.28 .00

Posttest X #1 CPl "social -.08 =17 -.17 -.01

presence” o
Posttest X #1 CPl "self- -.13 -.27 -.08 .13
: acceptance* '
Posttest X #1 CPl "sense of -.09 -.13 -.28 .06
' well-being” 7
Posttest X #1 CPI -.18 -.32 -.21 .06
"responsibility"” ' ’ ,

Posttest X #1 CPl "socialization” .01 -.06 .00 .07

Posttest X #1 CPl "self-control” -.05 .22 -.37 .07

Posttest X #1 CPl "tolerance" -.13 -.13 -.46= .25

Posttest X #1 CPI -"good -.14 .07 -.56+= 12

impression” e ,
Posttest X #1 CPI "communality"” .08 - -.39 .23 .51
Posttest X #t CPl "achievement .00 .27 -.37 .08
via conformity"” )
- Posttest X #1 CPl "achievement .12 o1 .06 .22
via independence” B ) , .
Posttest X #1 CPl "intellectual -.06 -.20 -.08. .03

104

efficiency”
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(Table 7 continued)

#1 CPl "psychological .08 .08 .03 .10
mindedness " , o )
#1 CPI "flexibility" .03 .33 .10 -.23
#1 CPl "femininity" .07 .04 .15 .11
#1 5D "boring- -.14 .18 -, 47« - 06
interest4ng” o
#1 SD "valuable- ' .04 -.24 .48+ - .07
wor thless” , -
#1 SD “disturbing- -.08 .22 -.35 -. 11
undisturbing” 7 -
#1 SD "appropriate-not .10 .01 .40 -.11
appropriate” v o
#1 SD "simple-complex” .01 .11 .03 .07
#1 SD "bad-good* -.16 - .24 .56= -.06
#1 SD "calm-anxious” -.06 -.15 * .22 -.28
#1 SD "mysterious- -.13 -.01 .-.68* -,13
.07

Posttest

Posttest
Posttest
Posttest

> b I >

Posttest

-

Posttest
Posttest

Posttest
Posttest
Posttest
Posttest

DD I D b

understandable”

#1 SD "unpleasant- -.09 .28 -.38
pleasant” . = B

#1 SD "tense-relaxed” =~ .13 .30 -.05 S12

#1 SD "fair-unfair” .07 .02 .18 .00

#1 SD "usual-unusual” .07 .32 .27 .21

#1 SD "restful- .09 .14 .27 -.16
nervous " ) , - B

#1 SD -.16 . - .04 -.42 .06
"confusing-clear” )

#1 SD "useful-useless” -.10 27 .45+ -.35

#1 SD "negative- -.04 .38 .00 .34 -
positive” - : '

#1 SD "apprehensive- .15 .34 -.25 .34
non-apprehensive"” ’ 7 7

#1 SD "ineffective- EED% 100 -, 21 .09
effective” - ,

#1 SD "quick-slow" .02 .23 .16 .05

.23~ .54=

>

Posttest

Posttest
Posttest
Posttest
Posttest

Posttest

Posttest
Posttest

Posttest

Posttest

Posttest
Posttest

> ¢ et g D

#1 SD "unfamiliar- .28x .61=
familiar"

T1 is CAl alone; T2 is CAl concurrent with lecture; and T3

is lecture alone. '

CPI - California Psychological Inventory #1

SD - Semantic differential attitude questionnaire pretest

*Correlations which are significantly different from zero.
; - i
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treatment groups Spth combined and seﬁarate]y, Significant
individual correlations are ﬁgtéd. Four variables (grade
point ‘average, hours of CAI use in topic X, hours of CAl use
total, - “unfamiliar-familiar®  attitude scale) had a
statistically signific%ﬁt correiatiéﬂ with posttest X #1 in
the cémbiﬁed'grgupi The largest single correlation (r=0.30)

with posttest X #1, for all three treatment groups combined,

¥
b

was obtained with the variable, hours of CAl use tdtal.

Table 8 lists the multiple correlation coefficient (R)
for predicting posttest X #1 with the listed dém@graphic
pre-dii;:tc:r Vﬂri&ﬁf: treatment group; sex; age; race;
grade point average; pretest X; and hours of CAl use in
topic X. The only variable not used was the variable of
"midterm grade”, which would not be available for predictive
purposes at the start of other exper%ments and was therefore
not of interest Fér general predictive purposes. The R
obtained for the full model! was 0.41. Thié R was
significantly different from zero (p<0.05).

The significance of contribution of each predictor
variable Tisted in Table 8 to the multiple correlation
coefficient in relation to the prediction of the criterion
variable, posttest X #1, is’presente& in Table 9.

Table 9 was obtained by: adding a single predictor,
variable to the equation; computing a new multiple
correlation coefficient; constructing an F Ratio from the
ratio of the difference between the old and new multiple

correlation coefficients; and then determining the
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Table 8. Criter1an and demographic ﬁred1ctar variables
for multiple correlation in relation to posttest
X #1
Type of Variable Descrlpt1an
Criterion Variable posttest X #1
Predictor Variables treatment group
sex
age
race
grade point average
pretest X

haurs of CAl use in taﬁ1c X

‘R for full m:.dev 0. 41 (p<0.05)

n =61
Tabte 9. ‘Contribution of each predictor variable
specified in Table 8 to the prediction of
posttest X #1 - .
Predictor Added R F p
hours of CAI use in t§p1c X 0.28 5.06 0.03+
pretest X 0.34 2.59 0.11
grade point average 0.38 1.77 0.19
sex 0.39 0.60 0.44
race 0.40 0.53 0.46
treatment group .0.41 0.20 0.65
age 0.41 0.08 0.77
n=61 ) 7 B ) .

*significant at p<0.05
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statistical significance of adding the single predictor
variable to the full model (i.e. byrmeaﬁs of a multiple
stepwise regression). From this table it can be seen that
the only predictor variable which byAitselF contributes
significantly (p<0.05), in the context of the other
predictors, to the multiple correlation coefficient of the
full model is: "hours pf CAI use in topic X".

Table 10 lists the results of an attemptx to
significantly increase the muitiple correlation coefficient
(R) for the criterion variable, posttest X #1, by adding
psyehological predictor variables to the demographic
predictor variables listed in Table 8. The’e'géy:hﬂiggical
predictéf variables were cbtainedvFramvar:§21eswhich. when
correlated with posttest X - #1 perfarmaﬁcei had a Pearson
product-moment correlation coefficient greater than 0.1 (see
- Table 7).

The significance of contribution of selected prediztcr
variables listed in Table 10 to the multiple correlation
coefficient in relation to the criterion variabie; posttest
X #1, 1is presented in Table 11. Table 11 was obtained by
means of a multiple stepwise regression. The variables were
selected automatically by the computer angram in order af‘ '
csntributign to the "optimal” multiple correlation and aré
listed in order of s;3ect1@n in Table 11, Only the first ten
varisbles selected are presented in Table 11 because
combined they account for ninety-six percent (i.e. 0.72) of

the muitiple correlation coefficient (i.e. 0.75) which was

T
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Table 10. Criterion variabletand predictor variables used o
N to increase thg muN iple correlation in relation
' to posttest x (#

s . —
Type of Variable Descritpion

Criterion Variable ~ posttest X #1

Predictor Variables treatment group
: sex

age
race
grade point average
pretest X
hours of CAI use in topic X
CPl "capacity for status”
CPIl "sociability”
CPl "self-acceptance”

. : CPI "responsibility“

- _ : CPI "tolerance”

S CPI good impression®
CPI "achievement via 1ndep5ﬁdence
SD "boring- interesting”
SD "bad-good”
SD myster1ous understandable”

“tense-relaxed”

SD "confusing-clear"” :
SO "apprehensive-non- apprehens1ve
SO "unfamiliar-familiar" .

CPI - California Psychologlcal Inventory
SD - Semantic Differential Questionnaire Pretest
n= 61

.....

S
#
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!Table*11i Ce&tr1but1@n of selected predictor variables
_ from Table 10 to the prediction of posttest X #1

Predictor Added R F p

SD “"unfamiliar-familiar"” 0.28 5.16 0.03*
S0 "confusing-clear” 0.40 5.73 0.02=
vgrade point average 0.51 7.38 0.01=
SD "bad-good” 0.55 3.21 0.08
SD "tense-relaxed” 0.59 4.486 0.04=
SD "apprehensive- nonapprehens ive” 0.62 2.54 0.12
hours of CAl use in topic X 0.64 2.80 0.10
CP1 “responsibility” 0.67 3.40 0.07
CPI "achievement via independence"” 0.69 2.80 0.10
CPI "tolerance” 0.72 3.93 0.05

1 — . -

CPI - California Psychological Inventory #1 | -
SD - Semantic Differential QuEStienn31rg Pretast
ne= 61

*significant at p<0.06

L]



obtained with all twenty-one predictors combined. From this
table it can be seen tﬁat. in the context of the tén
predictor variables selected, the predictor variables which
individually contributed in a. statistically significant
manner (p<0.05) to the multiple correlation coefficient of
fhe full model were: grade point average; and the
"unfamiliar-familiar®, “confusing-clear” and "tense-relaxed"
scales from the CAl atti{tude questioﬁna1re.

~Similar- analyses were performed to study academic
retention (i.e. posttest'x #2). Table 12 lists. the obtained
Pearson product-mqment correlation coefficients for all the
variables measured during this project and posttest X #2.
Correiations‘ are presented for the three treatment groups
both combined and separately. Significant individual
correlations are'noted. Four variables (grade point average,
"sense of well-heing”, "socialization”, "communality") had a
statistically significant correlation with posttest X #2 in
the combined group. .

Table 13 lists the multiple correlation coefficignt (R)
for predicting posttest X #2 with the demographic predictor
var'ables: treatment group: sex; age; race; grade point
average; posttest X #1; and hours of CAI use in topic X. The
R obtained for the full model was 0.55. This R was
significantly different from zero (p<0.05). The significance
of contrjbution of each predictor variable listed in Table
13. to the muitiple corretation coefficient in relatton to

the criterion variable, posttest X #2, is presented in Table



Table 12.
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Pearson product-moment correlation coefficients

(r)

for all variables measured at start of

project with posttest X #2 performance (academic
retention)

Variable 2

Observed (r)

Variable 1 Combined T1 T2 T3
(n=38) (n=13)(n=13)(n=12) .
Posttest X #2 sex -. 07 -.67« .23 .13
Posttest X #2 age ° -.27 -.72« .32 -.09
Posttest X #2 race .00 -.29 .25 -1
Posttest X #2 grade point average . 35= .73+ .33 -.,23
Posttest X #2 posttest X #1 .14 .62*% -.14 .08
Posttest X #2 hours of CAIl use in -.11 .14 -.51 -.34
topic X o .
Posttest X #2 hours of CAI use -.08 .24 -.57« - 23
total
Posttest X #2 midterm grade 17 .41 .13 -.35
Posttest X #2 CP] "dominance" -.02 -.089 -.03 A7
Posttest X #2 CPI "capacity for .05 .08 .01 .25
status” '
Posttest X #2 CPl "sociability" .00 -.13 .00 .33
Posttest X #2 CPIl "social .16 .05 .19 . 36
presence”
. Posttest X #2 CPl “self- 11 -.07 .29 .39
acceptance”
Posttest X #2 CPl] “sense of -, 34% -.17 -.34 - 55
well-being”
Posttest X #2 CPI -. 3N =.29 -.11 -.60=
. "responsibility”
Posttest X #2 CPI "socialization” ~-.37« -.50 -.25 -.40
Posttest X #2 CPl "self-control” =.21 .14 -.55 -.43
Posttest X #2 LP1 “tolerance" -.21 .00 -.35 -.22
Posttest X #2 CPI "go .03 -.01 .05 .00
~ impression” , - o
Posttest X #2 CP]l "communality" -.34# -.52 -.26 .15
-Posttest X #2 CPI “"achievement -.12 .00 .09 -.36
~ via conformity"” , 7
Posttest X #2 CPI "achievement - 11 -.24 -.29 -.23
' ~ via independence” , ) )
Posttest X #2 CPl "intellectual -.23 -.09 -.21 -.34
, efficiency” . 7 _
Posttest X #2 CPI "psychological 11 .07 .01 .22
. mindedness” , : ' ) .
Posttest X #2 CPl "flexibility" .06 .23 -.34 .44



(Table 12 continued)

Posttest
Posttest

Posttest
Posttest
Posttest

Posttest
Posttest
Posttest
Posttest
Posttest
Posttest
Posttest
Posttest
Posttest

Posttest
Posttest
Posttest
Posttest
Posttest

Posttest
Posttest

T e > D e D

D D e

> ><

o

’2
#2
#2
#2
2
#2
K2
#2
#2
#2
#2
’2
’2
#2
#2
#2
#2

#2

CPI "femininity"
SD "boring-
interesting”

SD "valuable-
worthless®

So “disturbiﬁgé

undistUFb1ng

sD apprgpr1ate not
apprapr1ate

SD "simple- complex”
SD "bad-good” ”
SD "calm-anxious”

SD "mysterious-
understandable”

SD "unpleasant-
pleasant”

5D "tense-relaxed”
SD "fair-unfair”

SD "usual-unusual”
SD "restful-
ﬁervgus“

SD "confusing-clear

SD "useful- useless )

SD ﬁegat1ve-
positive”

SD "apprehensive-
non-apprehensive”
SD "ineffective-
effective®

2 SD "quick-slow"

SD "unfamiliar-
familiar"

.03
.00 .
.18
.18
.07
.06
25
.22
.02
01
.07
.10
.16
.07
. 14
.04
.11
.23
.06

.19
.23

10

.58
67

113

.08

.07
.06 -.33
.01 -.05
.07 -.13
.26 .00
0 .32
47 -.12
02 -.13
.23 -.46
.20 -.33
.14 =.1B
.45 .10
01 -.22
02 -.12
.09 -.18
.00 .16
.66= .29
.34 (ifis
.28 .12
.84% - .18
.01 =-.18

T1 is CAIl alone; T2 is CAIl cancurrent with lecture. and T3
is lecture alaﬁe

CP1 - California Psycholc
-SD - Semantic differential

ical

Inventory #1
attitude questionnaire pretest
*Correlations which are significantly different from zero.
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Table 13. Criterion and demographic predictor variables
for multiple correlation in relation to posttest

X #2
Type of Variable Description
Criterion Variable ' posttest X #2 ]
Predictor Variables ‘treatment group
v T sex
age

race
grade point average
posttest X #1

hours of CAIl use in topic X

R for full model = 0.55 (p<0.05)
n = 38

" Table 14. Contribution of each predictor variable
specified in Table 13 to the prediction of

' posttest X #2
Predictor Added R F p
grade point average - 0.35  4.97 0.03=
hours of CAl use in topic X 0.43 2.75 0.11
age - 0.51  3.54  0.07
treatment group 0.54 1.36 0.25
sex 0.55 0.56 0.46
race 0.55 0.05 0.82
posttest X #1 0.55 0.00 0.95
n e 38 | 7 | -
*significant at p<0.05 R
L2
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1§i Table 14 was obtained by means of a stepwise multiple
regression. The predictor variables in Table 14 are listed
in order of their contribution to the full model. From this
table 1t can be seen that the only predictor variable which
contributed significantly (p<0.05), in the context of the
other predictors, to the multiple correlation coefficient
was "grade point average®.

" Table 15  lists 'tﬁe results of an attempt to
significantly increase the multiple correlation coefficient
(R) for the criterion variable, posttest X #2, by adding -
psychological predictarArvari:bles to the d:nggraﬁh%sf
predictor variables listed in Tabiéf!Tgf';Persgﬁciagic
" variables were selected for inclusion from Tablé\YE’;F their
"combined" Pearson product -moment cgrrgigtian coefficient
wés gregter than 0.1. ..

‘The significance of contribution of selected predictor
variables listed in Table 15 to the multiple correlation
coefficient in reiatiaﬁ.tc the criterion variable, posttest
X #2, is presented in Table 16. Table 16 was obtained bylly
‘means of a multiple stepwise regression. The predictor
variables are listed in order of their contribution to the
full model. From this table it tan bé}iben that the only
predictor variables which individually contributed in a
statistically significant manner (p<0.05) to the multiple
correlation coefficient of the full model in the context of
the other -variables were the “socialization” and the

"self-acceptance” measures ®™ from the CPI, and the

v
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Table 15. Criterion variable. and predictor variabIES used
to increase the multiple correlation in relation
to posttest X #2

Type of Variable

Description

Criterion Variable

Predictor Variables

posttest X #2

treatment group

sex

age

race

grade point average
posttest X #1 7
hours of CAl use in topic X
CPl "social presence”

CP1 "self-acceptance”
- CP1 "sense of well-being"”
CPl "responsibility”
. CPl “"socialization®
CPl "self-control”
CPI "tolerance”
CPl "communality”
CPl "achievement via conformity"”
CPI "achievement via independence”
CPl "intellectual efficiency"

CPI hological-mindedness”
SD "val worthless”

SD "distur -undisturbing”
SD "bad-good"

SD "calm-anxious”

SD "fair-unfair"

SD “usual-unusual”

SD “"confusing-clear”

SD "negative- pOsit1ve

SD "apprehensive-nonapprehensive”
SD "quick-slow" )

SD "unfamiliar-familiar®

CPI - California Psycholog

ical Inventory #1

SD - Semantic Differential Questionnaire Rretest

n = 38
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Table 16. Contribution of selected predictor variables

from Table 15 to the prediction of posttest X #2 «

R F p
CPI "socialization" 0.37 5.78 0.02=
SD "quick-slow" 0.48 4.00 0.05
grade point average 0.54 2.94 0.09
CPI "communality” 0.60 3.73 0.06
CPl "self-acceptance" 0.68 6.24 0.02=
hours of CAl use in topic X - 0.71 2.62 0.12
sex’ ’ 0.75 - 3.45 0.07
age 0.78 3.18 0.09
SD "usual-unusual” 0.81 4.39 0.04=
SD “unfamiliar-familiar"® 0.83 2,81 0.11

R for the listed predictor variables = 0.83 (p<0.05)
CP1 - California Psychological -Inventory #1

SD - Semantic Differential Questionnaire Pretest

n = 38

*significant at p<0.05
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"usual-unusual”® scale from the semantic differential
attitude questionnaire. |

Table 17 presents the mean scores and standard
deviations obtained from the three academic achievement
tests (pretest X, posttest X #1, posttest X #2) presented
acearding>t@ treatments. Two sets of mean scores are given
for posttest X #1. The second "set, based on ﬁ23§i is
’agiu311y a subset of the first. This was done in order that
. correlational analyses could be performed with both the
achievement and retention sets of data.

Table 18 is a summary Esniﬁay analysis of variance
table for academic achievement with experimental treatments.
The ’cécasiaﬁ (0,1)' main effects (i.e. pretest X to
posttest X #1) were statistically significant (p<0.05). The .
‘treatment’ main effects and the ’'treatment X occasion
(0,1} interaction were not statistically significant.

Table 19 is a summary two-way aﬁa;fysis of variance

table for academic retention with experimental treatments.
‘;The ’écéasicﬁ (1,2)’ main effects (i.e. posttest X !REta
posttest X #2) were statistically siéﬁifiﬂant '(pib.DSl:
However, the ’treatment’ main effects and the ' treatment X
occasion . (1,2)’ interaction - were not statistically
significant.

Mean scores and standard deviations obtained from the
academic achievement tests presented according to level of
achievement motivation by treatments are given in Table 20.

Table 21 contains the summary analysis of variance for



Table 17. Mean scores and standard deviations obtained
from the academic performance tests presented
according to treatments

Academic Performance Tests :}
-Pretest X Posttest X #1° Posttest X #2
(Occasion 0) (Occasion 1) (Occasion 2)
(n=61) (n=61) (n=38)" (n=38)
T =3 \
R T12 3.95 5.85 5.92 8.54
E £1.77 +1.68 +1.89 +£2.37
_¢- (n=20) " (n=20) (n=13) (n=13)
N oT2 4.33 6.38 6.23 7.15
E +1.58 +1.84 $2.00 $3.29
¥ (n=21) (n=21) (n=13) (n=13)
s 13 3:75 5.60 5.50 7.33
+1.89 $2.54 +2.51 $2.26
(n=20) (n=20) (n=12) (n=12)

! Two sets of mean scores are given for posttest X #1. The
second set, based on n=38, is actually a subset of the
first.

2 T1 is CAl alone; T2 is CAl concurrent with lecture: and
T3 is lecture alone.

Table 18. Summary two way analysis of variance table for
academic achievement with experimental
treatments

Summary Anéiysisia; Variiﬁce Table

Source of Variation DF - MS F P
Between Sub jects : - R o
Treatment main effects 2 2.27 0.55 0.58
Subjects within groups 58 4.14 . :

Within Subjects

Occasion (0,1) main effects 1 109.96 37.24 0.00=
Treatment X Occasion (0,1) 2 0.23° 0.08 0.93
interaction o
Occasion (0,1) X subjects 58 2.95
within groups

n = 61 ,
*significant at p<0.05
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Table 19. Summary two way analysis of variance table for
academic retention with experimental treatments

Summary Analysis of Variance Table

Source of Variation DF MS F p
Between Subjects 37 o o o
Treatment main effects 2 4,34 0.66 0.52
Subjects within groups 35 6.57

Within Subjects ¢ 38 :
Occdsion (1,2) ma1n effects 1 60.83 12.25 0.00=
Treatment X Occasion (1,2) 2 4.54 0.91 0.41

interaction 7 )
Occasion (1,2) X subjects within 35 4.97
groups '
- 38 o
significant at p<0.05

Table 20. Mean scores' ? and standard deviations obtained
from the academic achievement tests presented
according to level of achievement motivation by
treatments - S%%\

:7PG'tI t X #1

T1 %2 13

Low 3.74_)4.43 3.8y [ 3.94] 5.43 6.57 5.00 [5.67]
: 7 £1\ £1.27 $1.99 +2.83

(n=7) (n=7) (n=6)

Medium 5.00 4.29 4.30 [4.53) 6.00 6.00 6.30 [6.10]

~HZmMEM<<M~NIT O
ZONMADBDT~—NOX

$2.53 $1.60 £2.21 B +2.61 £1.53 +2.31
(n=6) (n=7)(n=10) (n=6) 1n=7)(n=10)

High 3.29 4.29 4.50 [4.02) 6.14 6.57 6.25 [6.32]
£1.25 22,14 $2.52 £1.35 $2.30 #0.50
(nz7) (n=7) (n=4) (n=7) (n=7) (n=4)
[A;GD] (4. 33][4 161 | [5 851 (6. 38][5 85]

! The values iﬁ brackets uh1ch are anderliﬁeﬂ. are the
mean scores for level @f ach1evement motivation summed
over treatments.

2 The values in brackets, which are not under!ihed, are
the mean scores for treatments summed over achievement
motivation levels.
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pretest X in relation to level of acﬁievement motivation and
treatment group. None of the effects noted in the analysis
presented in Table 21 were statistical]y significant.
Similar analysis, but in relation to posttest X #1, .is
presented in Table 22. None of the effects noted in the
analysis presented in Table 22 weré statistically
significant. | |

Table 23 contains the mean scores obtained ffom the
three way analysis of variance for aptitude (i.eéﬁGPA).
tfeatment;group (i.e. T1, T2, T3), and academic achievement
(i.e. Occasion 0,1). The summary analysis of vafiance is
found in Table 24. Both the '‘aptitude’ .and the 'occasion
(0,1)" main effects were statistically significant (p<0.05).
A1l other effects were not statistically significant.
_ Post-hoc contrasts of the ‘aptitude level’ and ' treatment
gro&ﬁ’ main effects are presented in Table 25. From Table 25
it is noted that a siéﬁ;g}cant pretest X to posttest X #1
change occurred for each level of ability and for each level
of treatment.

. Mean scoree and standard deviations obtained from the
academic achievement tests presented accordinc to
pharmacology knowledge entry levels byltreatments are given
in Table 26. Table 27 contains the summary analysis of
variance for pretest X .in relation to pharmacology Know ledge
entry level and treatment group. This was done in order to
verify the assignment of subjects to low, medium and high

groups respecti y on the basis of their pretest X scores.

-y
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Table 21. Summary two way analysis of variance table for
academic achievement pretest X in relation to
level of achievement motivation and treatment

group

Summary Analysis of Variance Table

. Source of Variation DF MS F P

Achievement motivation main 2 2.13 0.63 0.54

effects , ,
Treatment main effects 2 0.57 0.17 0.85
Achievement motivation X 4 2.07 0.61 . 0.66
7 Treatment interaction . ) )
Error . 52 .« 3.38
n = 61

\

.

Table 22. Summary tuﬁ way analysis of variance tabie for
" academic achievement posttest X #1 in relation
to level of achievement motivation and treatment

group

ES

Summary Analysis of Variance Table

0.51

. 0.46
0.40

0.64
0.81

Source of Variation ; DF . MS

Achievement motivation main 2 2.08
effects

Treatment main effects 2 1.87

Achievement motivation X 4 1.63
Treatment interactiﬂn 7

Error ) 52 4.09

n =61



Table 23.
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Mean scores obtained from the three way analysis
of variance for aptitude, treatment group, and
academic achievement

Treatment

T1 T2 T3
Low 4.75 4.67 5.08
4.33
5.92

L
Ry
Lo

Medium 4.25

Iy |
o0
Ly

High" 5.92

Achievement Tests

=

Pretest X Posttest X #1
Low 4.00 . 5.67
Medium 3.%1 5.67
High 4.89 6.89

MOT~~~ToX>

| “Achlevement Tests

Pretest X Posttest X #1
T 3.89 6.06
: 4.22 6.33
T3 4.39 5.83
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Table 24. Summary three way analysis of variance table for
aptitude, treatment group, and academic
achievement :

Summary Analysis of Variance Table

Source of Variation DF MS F o]
Between Subjects 53 o
Aptitude main effects 2 16.29 4,11 0.02=
Treatment main effects 2 0.84 0.21 0.81
Aptitude X Treatment interaction 4 2.06 0.52 0.72
Subjects within groups ‘ 45 3.96
~

Within Subjects , 54 ) 7
Occasion (0,1) main effects 1 898.23 34.07 0.00=
Aptitude X Occasion (0,1) 2 0.40 0.14 0.87

interaction ,
Treatment X Occasion (0, 1) 2 1.45 0.50 0.61

interaction -
Aptitude X Treatment X Occasion 4 1.70 0.59 0.67

(0,1) interaction
Occasion (0,1) X subjects within 45 2.88
groups .

n = 54 _
*significant at p<0.05

Table 25. Post-hoc contrasts for the three way analysis of
variance (Table 24) among levels of academic :
" achievement for giv levels of aptitude and
treatment group

Pretest X' Posttest X #1' DF1 DF2 F o]
Agtitg%g . ' '
Low G 4.00 5.67 1 45 5.78 0.02«
Medium GPA 3.61 5.87 1 45 B.79 0.01«
High GPA 4.89 6.89 1. 45 8.32 0.01«
Treatment
T1 , 3.89 6.01 1 45 Q.77 0.00=
T2 4.22 6.33 1 45 9.27 0.00=
T3 ' 4.39 5.83 1 45 4

.34 0.04=

'Mean scores
n = 54 .
*significant at p<0.05
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Table 26. Mean scores' 2 and standard deviations obtained
from the academic achievement tests presented
according to pharmacclcgy Know ledge entry levels
by treatments

Pretest X Posttest X £1
Tl T3 11T 12 T3

low 2.33 2.86 2.44 [2.54] 5.56 5.29 5,11 [5.32]
+0.71 20.38 20.73 £1.33 £1.70 2,57
é (n=9) (n=7) (n=9) (n=9) (n=7) (n=9)

V Medium 4.33 4.30 4.50 [4.38] 6.00 7.00 6.33 (6.44]
E '$20.52 $+0.48 £0.55 $1.26 +1.76 +£1.86
L3 (n=6) (n=10) (n=6) (n=6)(n=10) (n=6)

High 6.40 7.00 6.80 [6.73] 6.20 6.75 6.80 [6.58]
$0.89 £1.41 £1.10 +2.86 *2.06 %1.92
(n=5) (n=4) (n=5) ; (n=5) (n=4) (n=5)

Id 361[4 72][4 58] [5 92]16. 35] [5 DB] —t

! The values in brachets‘ wh1;h are underl1ﬁed. are the
mean scores for ability groups summed over treatments.

2 The values in brackets, which are not underlined, are
the mean scores for treatments summed over pharmacalagy

: knowledge entry level groups.

3 Level refers to pharmacology knowledge entry level as
determined by pretest X scores.

Table 27. Summary two way analysis of variance table for
academic achievement pretest X in relation to
_pharmacology knowledge entry level and treatment

group

Sunnary Ana]ysis cf Variancg Table

Source of Variation DF MS F p
Pharmacology Knowledge main 2 78.49 145.68 0.00=
effects :
Treatment main effects 2 0.83 1.16 0.32
Pharmacology knowledge X 4 0.29 0.54 0.71
Treatment interaction ) o

Error 52 0.54

: 81 T
*S1gnif1cant at p<0 05
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The ‘'pharmacology knowledge' main effects were statistically
significant (p<0.05). The ‘treatment’ main effects and the
‘pharmacology knowledge X treatment’ interaction were not
statistically significant. Similar analysis, but in relation
to posttest X #1, is presented in Table 28. None of the
effects noted in the analysis presented in Table 28 were
statistically significant.

Mean scores and standard deviations obtained from the
academic achievement tests (pretest X and posttest X #1)
presented according to treatments by sex are given in Table
29. Table 30 contains the summary analysis of variance for
pretest X in relation to treatment group and sex. The ' sex’
main effects were. statistically significant }p<D!05) with
females having significantly lower pretest X mean scores
than males. The 'treatment’ main effects and the ' treatment

X sex' interaction were not statistically significant.

Similar analysis, but in relation to posttest X #1, is
presented in Table 31. None of the effects noted in the
ah;lysis presented in Table 31 were statisticaiiy
significant (i.e. no sex differences were identified).

Mean scores and standard deviations obtained from the
academic achievement tests presented according to level of
sociability by treatments is given in Table 32. Table 33
contains the summarxﬁanalysis of variance for pretest X in
relation to level of sociability and treatment group. None
of the effects noted in the analysis bresentgd in Table 33

were statistically significant. Similar aﬁaiyéisi but in
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M ~n

mean scores for trn:tmint

Table 28. Summary two way analysis of variance table for
: academic achievement posttest X #1 in relation
to pharmacology Rncwlggge entry level and
treatment group
- Sunmary Aha1y515 of ﬁirianse Table o
Source of Variation : DF MS F
Pharmacology Knowledge main 2 10.45 2.74 0.07
effects o B
Treatment main effects 2 0.96 0.25 0.78
- Pharmacology knowledge X 4 1.05 0.28 0.89
Treatment interaction )
Error 52 3.81
n = 61 * o o *
Table 29 Mean scores' ? and standard deviations obtained»
from the academic achievement tests presented
according to treatments by sex
 Pretest X . Posttest X #1
Male Female Male Female
T .
R T 4.60 3.73 (4.17] 6.80 - 5.53 (6.17]
2.41 +1.62 $2.49 $1.36
: (n=5) (n=15) {n=5) (n=15)
T2 5.57 3.71 (4.64] 6.43 6.36 [6.39]
$2.15 1$0.83 -%1.90 $1.95
(n=7) (n=14) (n=7) (n=14)
T3 4,33 4.00 (4.17] 6.44 5.46 [5.95]
$2.18 +1.84 o $2.60 £1.92 -
(n=9) (n=11) (n=9) (n=11)
[4.83] [3.82] (6. 58] [5,781
L The values in brackets, ﬁhich are unﬂeriinad‘ are the

oups summad over saxes.

2 The values in brackets, which are not under lined, are

the mean scores for sexes summed over treatments.
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Table 30. Summary two way analysis of variance table for
academic achievement pretest X in relation to
treatment group and sex

Summary Analysis of Variance Table

Source of Variation DF MS F P
Treatment main effects 2 1.38 0.45 0.64
Sex main effects 1 13.68 4.46 0.04=
Treatment X Sex interaction 2 2.85 0.93 0.40
Error 55 3.07

n =z 61

*significant at p<0.05

Table 31. Summary tm:s way analysis of variance table for
' academic achievement posttest X #1 in relation
to treatment group and sex

Summary Analysis of Variénce Table

Source of Variation DF MS F o)
Treatment main effects 2 0.94 0.24 0.78
Sex main effects 1 7.94 2.05 0.16
Treatment X Sex interaction 2 1.72 0.44 0.64
Error . 55 3.86

n =61
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Table 32. Mean scores' 2 andvstandard deviations obtained

from the academic achievement tests presented
according to level of sociability (Sy) by
treatments

<N~ B~OOWV

Pretest X Posttest X #1
Tt T1g et < 3.

low 4.17 4.29 4.17 [4.21] 6.17 7.57 7.17 [6.97]

+2.56 £1.50 +1.47 $2.48 1,27 $2.04
(n=6) (n=7) (n=6) (n=6) (n=7) (n=6)

Medium 4.33 3.57 4.30 [4.07] 5.83 5.57 5.00 [5.5 )
£1.83 £0.79 £1.95 $£1.17 £2.30 $2.26
(n=6) (n=7)(n=10) " (n=6) (n=7) (n=10)

High 3.50 5.14 3.75 [4.13] 5.63 6.00 6.25 [5.96]
. *1.41 22,12 £2.99 #1.60 #1.57 =+1.89
(n=8) (n=7) (n=z4) (n=8) (n=7) (n=4)
[4.00](4.33]{4.07) _ [5.88][6.38] [6.14]

The values in brackets, which are underlined, are the
mean scores for level of socialization summed over
treatments.

The values in brackets, which are not underlined, ate
the mean scores for treatments summed over sociab111ty
levels.

Tt is CAl alone; T2 is CAl concurrent with lecture: and
T3 is lecture alone .

TablL\fB. Summary two way analysis of variance table for

academic achievement pretest X in relation to
level of sociability and treatment group

ol

Source of Variation DF MS F p
Sociability main effects | 2 0.10 0.03 0.97
Treatment main effects -2 0.62 0.18 0.83
Sociability X Treatment interaction 53 g.gg. 0.90 0.47

Error

Summary Analysis of Variance Table

n = 61
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Table 34. Summary two way analysis of variance table for’
academic achievement posttest X #1 in relation
to level of sociability and treatment group

Summary Analysis of Variance Table

Source of Variation DF MS F P

Sociability main effects 2 11.68 3.22 0.04=
Treatment main effects 2 1.30 0.36 0.70

Sociability X Treatment interaction 4 1.97 0.54 0.71

Error 52

n = 61
*significant at p<0.05

=
«
~
i i
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relation to posttest X #1, is presented in. Table 34. The
‘"sociability’ main .effects were statistically significant
(p<0.05). The 'treatment’ main effects and the "sociability

X treatment’ interaction were not statistically significant.

Attitude
Table 35 lists the results of the CAl attitude

questionnaires. Means are given for pretest, posttest if,
and posttest #2 administrations. According to Osgood, Suci
and Tannebaum (1957) and Snider and Osgood (1969) a change.
in ‘the seven point semantic differential scale must be
greater than or equal to 2.0 scale units to be significant
at p<0.05 for individuals and greater than or equal to 0.5
scale units to be significant at p(Diﬁé‘ for groups. Thus,
for this Qrsject any change greater than or equal to 0.5
scale units was considered to be significant. A test of ‘this
guideline is presented in Table 36. The test consisted of
- analyzing the mean changes from pretest to posttest #1 by
means of both Snider and Osgood’'s criteria and analysis of
variance. The results, presented in the combindd means:
column of Table 36, indicate that the two approaches gave
identical results for 19 of the 20 attitude scales used in
this project. The interpretation of only one scale, that of
boring-interesting, presented differing results which
depended upon the analysis used. f;b]e 36 also gives a
complete breakdown of pretest and posttest #1 mean scores

for each scale of the attitude questionnaire according to



Table 35. CAl attitude questionnaire results'

Biopolar Opposing Mean
Ad jectiveAdjective Pretest
Pair Anchor MarKs
(n=61)

Mean. Mean Opposing
PosttestPosttestAdjective
#1 Marksf#2 MarksAnchor
(n=61) (n=38)

1. Boring

2. Valuable

3. Disturbing -

4. Appropriate
for Teaching
Pharmacology

5 Simple

6. Bad

7. Calm

8. Mysterious

9 Unpleasant

10. Tense

11. Fair

12. Usual

13. Rest ful

14, Confusing
15. Useful

16. Negative
17. Apprehens i ved
18. Ineffective
19. Quick

20. Unfamiliar

\M‘ M O

[N Mwl O BTG B M U DU L R LD

00~ M wn

WM‘M‘hmwMt‘ﬂ\MMMWM

5.7 5.6 Interesting
2.6 2.5 Worthless
5.6 5.8 Undisturbing
2.4 2.9 Not Appropriate
for Teaching
o 7 -Pharmacology
3.2 3.2 Complex
6.0 5.7 Good
3.0 -7 2.6 Anxious
6.0 5.7 Understandable
.8 5.6 . Pleasant
.6 5.4 Relaxed
.6 2.3 Unfair
8 3.5 Unusual
6 2.8 Nervous
7 5.5 Clear
1 2.0 Useless
1 5.9 Positive
3 5.0 Nonapprehensive
9 5.7 Effective
2 3.7 Slow
4 5.2, Familiar

“y

'Marks are based on a 7 point semantic differential scale

(see Figure 3).

.
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able 36. Presentation of attitude questionnaire pretest

and posttest #1 mean results by treatment
groups' with analysis of combined mean scores

Bipolar , Pretest Means Posttest #1
Adjective T1 T% 73 (Combined) T ’Tg T3

Pair (n=20) (n=21)(n=20)(n=61) (n=61)(n=20) (n=21)(n=20)

-

P oo oy wow » .
PRI s e I DD CSOR MM~
o

L]

L

- wh ok b wh *
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15.

[X]

LI A O 2 O — LN A B — LN N A O L3 M O B O
MO — ~TUN ~3 O ~3 00 LN O D~ M & O O U
A AU 0 0D — B 03 B W3 LU O G0 U0 G RS UN D O
00 D D D — WD D G O~ B2~ R B D~ ~J ~d )
N U LD UM A LT GO B N CPTIUT B G L0 e G Y MO N
W~ D D £ A = GO — 0D B ~3 M B U LT D
(SESTUF -SRI AN AT E T AT PRI N, XY
[ RS I B e T M Fa Y. Yo TREN PR, BRT, . TR T PN
LD U B O WS N N L R LU O Lo O G N UMD U
B L U B O N LA GO N U OO0 L0 O LD N O MO LN
WU 00U GO M~ e (D B O D et L0 U s B LT O
LIRS O 3% OF B3 L AD 2 M U UN O B OF G B LN NI LN
DOOUDO O MW - D~ = 00 M D 00O DD

TG0 A B T DR N T M BT Y Lk I ) MDY T D K
T ONP O ONBRDNDOOO = NN~

T1 is CAl alone; T2 is CAl concurrent with lecture; and
T3 is lecture alone. 7 .
Pretest combined means which were not significantly

- difference from neutral, 4.0 ,
Significant pretest/posttest #1 change using Snider and
Osgood’s (1969) criteria of 0.5 or more scale units.
Significant (p<0.05) pretest/posttest #1 change as
determined bg an®lysis of variance (DERS computer
program ANOV26).. C
Significant pretest/posttest #1 change according to both
#3 and #4 above.
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treatment group.

It is noted, when comparing the means of the pretest
and posttesg #1 marks presented in Table 36, that
significant changes occurred in bjpo!ar adjectiyé pairs #1,
5, 8, 11, 12, 14, 19 and 20. Bipolar adjbctive pairs #5, 8,
12, 14 and 20 completely account for the factor of
familiarity and as predicted all showed a positive increase
from less to more familiar. Bipolar adjective pairs #1, 11
and 19 belonged to the factor of evaluation. These last
three adjective pairs had observed significant changes iﬁ:E
negative direction, that 1is 1n the \Birectign of poorer
evaluation.

An analysis of the re;ponses‘obtained from the semantic
differential attitude questionnair; is presented in Table
37. This approach was developed by Maguire (1973) to check
for bias or reéponse set in a sémantic differential aftitude
questionnaire. Maguire's approach ‘expresses and analyzes
'scores in terms .of the conventional analysis of variance
model. Here, the score fs expressed as (partitioned into)
the population mean plus variance effects -due to seven
sourcss. The seven sources are: people effect; ccncepf
effect; sgale effect; people by concepts interaction; people
by scales interaction; concept; Bj}scales inteéactjon; and
people by concepts-by scales interaction.

* The people (person) effect is the general 'dispcsitjan
of a person to rate toward either the 1 or fhe 7 end of all

scales. The concept effect is the tendency for a concept to

¢
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Table 37. Semantic differential questionnaire variance
estimates

Estimates of Vériaﬁse
Source - Variance Estimate

.01
.00
.06
.00
.38
.20
.38

People

Concepts

Scales

People X Concepts
Peocple X Scales
Concepts X Scales
People X Concepts X Scales

—_ DO MO D
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be rated systematically toward the 1 or 7 end of all scales.
The scale effect is 'tﬁe tendency for people to rate all
concepts toward the 1 or 7 Eﬁd- of a scale. The people
(person) by concept interaction is the general disposition
for a particulé} person to rate a particular concept toward
intéraction is the tendency for a person to use either the 17
or 7 end of a particular scale regérd]ess of thé ccncEﬁt'
‘being 'rated. The concept by scale interaction is the
tendency for all people to place a concept toward the 1 or 7
end of a particular scale. The final source of variance is
the people (person) by concepts by scales interaction. This
inkeraction is actually a measure of the residual variance
and represents'“gi%e differential effect of particular
persons, concepts and stales. _ :

According to Maguire's (1973) model the variance due to
people effect, concepts effect, and people by ¢oncept
interaction should be “small. The variance due to scales
effect, people byfseaieé interactigéz and cdncepts by scales
interaction should be larger and the Variance due to people.
by, c&EEepts by scales interaction should be largest of all.
From- Table 37 the respectively observed variance estimﬁtes
are: 0.01; 0.00; 2.06; 0.00; 0.38; 0.20; and 1.38.

CAl Evaluation Form y ,
Thdﬁi‘sults of the "CAl Evaluation Form* are presented
- in Figure 9. This questionnaire was meant to provide

;L
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Figure 9. CAl evaluation results
1. Overall how would you rate the computer programs in
. pharmacology that you used this term?
Poor Average Excellent
1 2 3 4 5 6 -7
(n) O 0 1 5 23 30 2
T1 (n=20) T2 -(n=21) T3 (n=20) Combined (n=61)
Mean 5.3 5.4 . 5.6 5.4
2. Were the prcéfams of use in organizing your study or
finding areas where you needed more work?
Poor Extremely Helpful
1 2 3 4 5 6 7
(n) O 1 3 11 19 24 3
T1 (n=20) T2 (n=21) T3 (n=20) .Combined (n=61)
Mean 5.2 5.2 5.1 5.2

3. Given the "opportunity” to "repeat” this year (or
take a similar course in the future) would you like
to have more computer aided instructional programs
like the ones used this term integrated into your
pharmacology course?

YES No
(n) 59 ! 2
4. Should computer programs focus on _ ?
Review of Material ° Teaching New Material Both
(n) 30 0o 3

V.
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students with an opportunity toc respond to open ended
Questions about CAl "and to provide the project with an
additional check on students attitude toward CAI in perhaps
a more realistic or practical coptext than that provided by
the "CAIl Attitude Questionnaires”.

A1l sixty-one volunteers filled out the CAI evaluation
forms. The great majority only ooupleted the first four
questions and left the open ended questions blank. However,
those who did complete the entire form responded with
comments such as: "Excellent!; "Keep up thef¥mod work” ;
"Best part of t?:e course”; and “More courses should use
computer instruction”. No negative comments were obtained.

The result of responses to the closed ended questions
indicate that: t) the students rated the computer programs
in pharmaéology highly (Mean 5.4 0on a scale from one to
seven); 2) the students found the pharmacology compuier
programs helpful in their studies (Mean 5.2 on a scale from
one tb seven); 3) the students overwhelmingly would like to
ugé additional similar CAl pfograms (59 out of 6f
affirmafivev responses, i.e. 87%); and 4) the students
preferred to use CAIl primarily to review old material and
only secondarily to teach (léarn) new material (30/61 review
of material, 0/61-teaching new material, 31/61 both review
of material and teaching new material).

The reSponsesdto-thevfirst two questions were analyzed
using a one-way analysis of variance procedure with DERS

computer program ANOV16. This was done in order to determine
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if there were any statistically significant differences in
the .evaluafional responses among the treatment groups.
Analysis of variance and Scheffe post-hoc pairwise contrasts
Tndicated that the means obtained from the three different
treatment groups (listed in Figure 9) were not statistically
different.

California Psychological Inventory

The California Psychological Inventory was used in this
project as a determinant of various psychological variables
which might correlate significantly with academic
performance in relation to CAl use. Several of its scales
were also used in analyses of instructional interactions.
The results of ‘these correlation and instructional
interaction analyses have been presented in the "Academic
PerfOrm&ncevTests” section of this chapter.

Table 38 lists the comparison of mean CPI scores which
were obtained from this project and from the literature. The
_ first group (n=61) was comprised qf the principal subjects
for this project. The CPl was administered to them at the
start of the project and the obtained results were used in
the analyses discussed in the first~section of this Chapter.
The second group (n=48) was actually a subset of the first,
This group was readministered the CPI one year Fc]ia&ing the
conclusion of the major gxperimEﬁtai portion of this
| broject. The neit group, the control group (n=86), was
comprised of students f;om the following third year pharmacy



140

Table 38. Comparison of mean CPl scores

Scale Test Group Test Group Control Literature
Pharmacy Pharmacy Students Group Pharmacy
Students (first (second Pharmacy Students
administration) administration) Students

(n=61) v (n=48) (n=86) (n=46)
Do 25.0 (r=0.83) 26.7 -25.9 26.8
Cs 16.7 (r=0.68) 18.9 18.3 19.2
Sy 23.0 (r=0.73) 25.3 24.8 23.5
Sp 33.4 (r=0.77) 35.7 34.0 35.7
Sa 20.0 (r=0.72) 21.0 21. 2.3
Wb 33.1  (r=0.59) 35.9 34.@1
Re 27.7 (r=0.60) 30.4 29.2 28.8
So 37.7 (r=0.50) 38.5 38.0 38.1
Sc 26.8 (r=0.68) 31.0 29.3 29.5
To 19.8 (r=0.67) 22.0 20.5 21.8
Gi 15.8 (r=0.70) 17.5 16.8 16.5
Cm 24.7 (r=0.29) 25.7 25.3 25.3
Ac 25.2 (r=0.53) 28. 1 26.5 26.8
Al 18.0 (r=0.64) 20.1 19.5 20.0
Ie 36.0 (r=0.69) 39.2 37.3 37.0
Py 10.1 {r=0.58) 10.5 10.5 12.0
Fx ' 8.6 (r=0.49) 8.8 9.3 9.7
Fe 20.5 (r=0.76) 21.4 21.2 22.5

-
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class. They were also administered the CPI one year
following the conclusiph of the major experimental portion
of this project. The last group (nz46) was that which Gough
(1975, p. 33) had reported in the CPI manual.

Table 38 also contains the correlations between the
first and second administrations of the CPI. THese were
obtained from an analysis of the 7a1red CPl responses from
forty-eight students utilizing DERS computer program .DESTO2
and are presented for each scale of the CPI. ‘

Student University Records
Table. 39 lists the mean GPA's for the principal
subjects according to treatment group. It also contains a

breakdown of the principal subjects by age, race and sex.

Computer Data Collection Records

Table 40 contains the means and standard deviations of
the CA]l usage statistics. Usage is presented in hours for.’
pharmacology topic X both alone and combined with other
pharmacology topics according to treatments. The mean number
of hours of'CAI use in topic X for T1 (CAl alone) was 5.65
hours. The mean number of hours of use in topic X for all
groups combined (n=61) was 4.36 hours. The overall mean
usage for topic X together with thé pthor pharmacology
topics for all three treatment groups ?fgzined was 6.32
hours (n=61). ‘
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Table 39. GPA, age, race and sex of the principal subjects
_ presented according to treatment group

GPA? Age? Race? Sex4

TT - 6.38 20.80 16 C 15 F
(n=z20) +1.06 +1.75 40 5 M
T2 6.07 21.19  15C 14 F
(n=21) +1.06 +2.68 65 0 M
13 6.27 21.05 16 C 11 F
(n=20) +1.15 +£1.50 4 0 9m

! Means and standard deviations of treatment groups’ GPA’s
based on a stanine rating of 1 to 9.

2 Presented in years as of the beginning of the
experimental phase of this project.

3 C = caucasian, 0 = oriental

4 F = females, M = males

a

Table 40. Means and standard deviations of the CAl usage.
statistics presented for pharmacology topic X
both alone and combined with other pharmacology

topics' 2
Topic X A1l Topics Combined
T13 -~ 5.85 ‘ 7.82
(nﬁ?O) . $3.22 | 14.87
12 3.76 5.72
(n=21) +2.21 $3.27
T3 3.69 5.46
(n=20) £3.21 $4.59

! Means and standard deviations for usage are presenfdd in
hours . .

!  The listed values are for the total number of hours of
CAl use during the experimental phase of this project.

3 71 is CAl alone; T2 is CAl concurrent with lecture: and
T3 is lecture alone.

ot
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The listed values were automatically collected from
each student during the experimental phase of this project.
It should be noted that treatment groups #2 and #3 did not
Have access to the CAl programs in topic X wuntil the time
specified fE,Figure 8.

For the sake of comparison it should be noted that ten
hours gfggicssragm lecture, devoted to covering the subject
matter of "topic X", were presented to T2 (lecture alone) as

well as to the other two treatment groups.

L
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CHAPTER VI
DISCUSSION

Expected Outcome

Thg results of this s tudy ‘uere expected to provide
answers to the following four series of questions presented
earlier in this thesis:

1. Wwhat effect g%gs CAI have on student academic
achievement in pharmacgiééy? When CAl is used in addition to
lectures, 1is student ac%ievgment increased in comparison to .
either lectures or CAl alone?

2. If CAl is useﬂgpriar to lectures in pharmacology, is
student retention of learned material ., increased in
-samparisgn to CEI used either during dr after lectures?

3. Does use of CAl affect student attiéﬁde toward CAl?
If attitude toward CAI changes, is this change correlated
with academic achievement in relation to the use of CAI in
@harmacclégy?

4. Can a significant correlation or instruetiénal
interaction be found between specific student demographic or
psychological variables iﬁd academic performance in relation
to thé use of CAl in pharmacélcgy? :

Since this is the first major objective study in this
‘area, it is anticipated that the answers praviﬂeﬂ shQu1d
have a signi?icant impact on the future use of CAI in

pharmacology.
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Possible Complicating

Factors

The conduction of experiments within the classroom
setting always presents the possibility of "unforeseen"
factors which can confound the experimental design,
execution, or analysis of results. The "foreseen" potential
confounding factors were identified as follows:

The first potential confounding factor was the
possibility that thE:QFDU§ of sixty-one volunteers used in
the major analyses were not representative of the entire
class of ninety pharmacy students. Since data on most of
th%s project’'s measures were not obtained from the
non-volunteers it is not possible to completely answer this
question. However, examination of demographic data (GPA,
race, and sex) which was available from the students’
university records .indicated that the subjects used in the
ma jor analyses were reérgsaﬁtative of the entire phnrﬁgcy
class. For the total pharmacy class (nz90): mean GPA=6.10:
percent Caucasianz0.78; percent Oriental=0.22: percent
female=0.61; and percent malez0.39. Likewise, for the
exggrimgﬁtai group (n=61) the following comparative data wgs‘
obtained: mean GPA=6.24; pe%cent Caucasian=0.77; percent
Oriental=0.23; percent female=0.66; and perceﬁt male=0.34,

A ceiling or floor effect reached on either the
academic performance pretest or the first attitude
questionnaire would have made 1t impossible to abtain
significantly higher or lower , respectively, academic
performance posttest or second attitude questionnaire

) 5
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results. If this had occurred, it would have happened on the
first day of class so that there would have been t{mg for
the construction and the administration of another
measurement tool. Fortunately, this did not @EEur. .

Non-use of the CAl programs and/or non-completion of
the pasttésts by the volunteer students would have negated
the entire “raison d'etre” of the project. This was:
monitored throughout the duration of the study via the
automatic computer usage records and students were reminded
to participate by means of periaﬁfc announcements at class
lectures and ]abﬂréterieg. Cémp{%ance of tﬁe s tudent
volunteers, although not ane%undﬁred ‘éercenti did not ﬁx::se a
major problem in this study. |

Another major potential complicating factor was that of
"test fatigue". In order to mihimizg this it was determined
prior to t;e start of the experimental portion of this study
that the principal subjects would be subjected to a maximum
of ‘three hours of testing (i.e. the equivalent time-wise of
one week of lectures) during the major experimental phase of
the project and an additional one and one-half hours during
the following year. As noted in Chapter IV one of the ma jor
reasons for selecting the CPl as the principal measure of
psychological variables was the ability to complete the
eighteen scales within one hour. Thus, although several
additional psychological variables, for example cognitive
styles (i.e. conceptual level, field independence), may have

been of interest to this research, they were not measured
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bec-ang of the established test-time constraint. It is
believed, however, that adherence to this test-time
constraint contributed to both the abser§36 campliance of
the student volunteers and the general *“good feeling® which
the wvolunteers had toward the project (i.e. the project did
not overtax or take advantage of the good nature of the
volunteers) .

Four laboratory periods in the course, Pharmaco logy
431, were allotted for demonstrating priciples of autonomic
pharmacology via amimal mode 1s . | Due to unavoidable
scheduling constraints the first two laboratory periods were
scheduled prior to the completion of posttest X #1 and the
remaining two laboratory periods were scheduled after the
emietigﬁ of Pesttest X #1. Since the laﬁaratmy sessiaﬁs_
were open to students in all three treatment groups it was
ianticipated that the confounding éausgﬁ by the laboratory
sessions would affect the ‘three treatments groups equallly.
"In fact T1 had only one laboratory session prior to postiest
X #1 whereas T2 and T3 had two laboratory sessions prior Er;x
posttest X #1. Therefore, if the laboratory sessions had any
effect T2 and T3 should have had an advantage over T1.

The final major ‘fnreseen potential confounding factor
was that of “"extracurricular activities" (i.e. any at';tivity
which the students performed on their own which could not be
controlled for or measured, but which may have affected
their academic performance in pharmacology topic X). A
primary example would be students studying from their
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pharma;@lg§y4textb@ak or from other sources available in the
library. As this confounding factor could neither be
controlled nor measured the only thing which could be done
was to randomly assign the students to treatment groups with
the expectation that the “extracurricular activiti;%* wou ld
thus be evenly proportioned between groups and would thus
contribute equally to modifying the academic performance

means in the three'!treatment groups.

WHAT EFFECT DOES CAI HAVE ON  STUDENT  ACADEMIC
PERFDRHANCE IN PHARMACOLOGY? !

Academic performance in pharmacalogy was measured bi
means of tests * cgnEA?ning multiple chcice guestions in a
specified pharmacology téiis! The means for these testsii
listed in Table 17, and the respective analysis of variance,
presented in Table 18, indicate that the t%eatment group
which used CAl alone had a sigﬁificant;iﬁcrease in academic
~ performance in ﬁharmﬁcaiggy in relation to occasion (0,1)
(i.e. pretest X to posttest X #1) mean differences (as did
the other two treatment graups) - .

Thus, it appears that CAI is at least as effective as
the other methods used in this project to teach pharmacology .
céatenti !

. F,f &

’ A more egmplete descriptian and further details of theség

tests can be found in the "Academic Aﬁhievamgnt Test”
section of Chapter IV.
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WHEN CAI IS USED/IN ADDITION TO LECTURES, 1S STUDENT
ACHIEVEMENT INCREASED IN COMPARISON TO EITHER LECTURES OR
CAI ALONE?

The main effects listed in Table 18 indicate that there
was a significant (p<6?05) occasion (0,1) (i.e. pretest X to
posttest- X #1) effect on academic achievement in relation to
treatment modalities.

No significant difference between treatment groups (T1,
T2, T3) in relation to occasion (0,1) academic acNievement
test results were noted. In addition, no instructional
interaction between academic achievement occasion (0,1)
results and treatment §rgup association was noted.

Taken together, these . results indicate that each
treatment (CAl alone, CAl concurrent with lecture,™ lecture
alone) was effective in creating a statistically significant
increase in mean academic achievement posttest X #1 scores
over the mean pretest X scores. The results further indicate
that the three treatments were equally efficacious and that
no single treatment was statistically superior to the
others. Thus, fhe use of CAl in addition to lecture did not
increase or decrease student achievement in comparison to
either lectures or CAl alone.

Howsver, it seems that for the first time, CAl has been
ocbjectively demonstrated to be both effective and equal to
lecture in teaching pharmacology content. This important
result should allay the fears of those pharmacology teachers
and administrators who héve been leary ﬁf‘adapting CAl as an
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adjunct or replacement for the traditional lecture mode of
-instruction.

Hopefully, a concomitant benefit of an increased use of
CAl in pharmacology would be the development of an increased
number of high quality CAIl programs. In this regard, the
paradigm outlined in Figure 1 might serve as a basis which
could be further refined and modified to meet local needs
and requirements.

In summary, although additional studies with different
learners (i.e. dental students, medical students, nursing
students) should be perfor‘mec;. the results of this study
clearly indicate that CAI in pharmacology can significantly
affect student achievement and that as a teaéhing modality
CAl appears to be equally as efficacious as the l‘ecture
mode . |

Time savings are secondary in importance in relation to
academic per formance. However , noting ,tf"uat academic
achievement was observed to be equivalent for‘both the CAI
and lecture modes of presentation'l it is of some practical
interest to measure and compare how much studen.ts’ time the
various modes required.

It has been often observed in past comparisons of CAl
and lecture that ‘CAI usage has rjesulted in time savings for
the learner: | |

laq

\
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Savings in learner time to complete -a. course of
study were shown in the great majority of the
studies, with as much as 50-percent savings in
training and testing time (Computer Technology in
Medical Education and Assessment, 1979, p. 24).

The present study also found a similar time savings. As
notfd in the "Computer Data Collectton Records” section of
the previous chapter, the mean number of hours of use in
"topic X" for T1 (CAI alone) was 5.65 hours. It was also
néted in that section, that 10 hours of formal cjassroom
lecture were devoted to the presentatfn of “"topic X". Thus,.
it is apparent that a savings of over forty-percent in
students’ time was demonstrated with CAl use in the content
area of pharmacology. This finding confirms the results of
an earlier CAl study (Bitzer & BitZer, 1973) which also
found signifibant time savings when CAl was used to teach

pharmacology.

’ C~

AL and Retention )
IF CAI 1S USED PRIOR TO LECTURES IN PHARMACOLOGY, 1S

STUDENT  RETENTION OF LEARNED  MATERIAL INCREASED IN
COMPARISON TO CAI USED EITHER DURING OR AFTER LECTURES?
Because CAl was integrated as an adjunct in a required
pharmacology course it was agreed prior to the start of the
project tﬁat~ each  student Qould have exposure to both CAl
and lecture coverage for all of the pharmacology topics by
the end of the academic term (See Figure 8). Accordingly, it
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was not possible to compare retention in relation to CAI or
lecture alone. However, it was possible to determine if the
sequence of exposure to CAI in relation to lecture (i.e.
prior to, concurrent wﬁth, after) had ény significant effect
upon retention. Retention in pharmacology was measured by a
test which utilized the same pool of multiple choice
questions which was used to measure academic achievement.
Posttest X #2 was administered to the —main study group
during the 198b§1981 academic vyear, éne year after the
conclusion of thé ma jor expefimenta] portion of the study.
Thirty-eight of the original sixty-one study volunteers
completed the retention measure.

The main effects listed in Table 19 indicate that there
was a significant (p<0.05) occasion (1,2) (i.e. posttest X
#1 to posttest X #2) effect on academic retention in
refation to treatment modalities. :

No significant difference between treatment groups in
relation to occasion (1,2) academic retention test results
was noted. In addition, no interaction between academic
occasion (1,2) results and treatment group association was
nc;t;gdi |
H These rgsulgi!izglgate tﬁat each treatment (CAl prior.
to lecture, CAl concurrent with lecture, CAl following
lecture) was effective in creating a statistically
significant increase in mean ﬁasttast X #2 (;Gidamic
retention) scores aver the mean posttest X #1 scores. Thei

results further indicate that the three different sequences



of presenting CAIl

to the others.

As noted abé;éi the Fetentiéh'measure (posttest X #2)
was significantly higher than the previous measure of
academic achievement (p;sttest X #1) (See Table 17). This
increase occurred for all three treatment groups and is not
readily explainable. The only study found.which involved CAl
and yielded a somewhat similar result in relation to
retention was the McEwen and Robinson (1978) report.

McEwen and Robinson (1978) studied the effect of
combined classroom instruction with CAl versus classroom’
instruction alone 1in relation to retention of French
language instruction. Four months following the conclusion
of their experiment they administered a retention test to
}he control and experimental groups of students. They found
that oral and written retention had decreased significantly
for the control group, while the written retention level did
not change for the experimental group and the oral level of
performance (retention) 1{increased significantly for the
experimental group.

In the preseni study, however, increased retention was
found with ,all three treatment groups. During the
iﬁtervéﬁing year (1980-1981), between the end of the
experimental treatmgnts and the admfﬁistraticﬁ of the
reténfién méasuré, the students took additional one term
courses in both pharmacology and therapeutics. These tu§

Y



courses did not specifically cover the pharmacology topic,
"adrenergic pharmacology", which was measured, but may have
indirectly contributed to the increased scores (i.e. perhaps
by increasing the studgnts’ problem solving (test taking)
ability in this content area). It should also be noted that
the loss of subjects in the present analysis of retention
({.e. from 61 to” 38) may have éﬂﬁfauﬁded the obtained
results, although an examination of the means and standard -
deviations listed in the posttest X #1 columns of Table 17
seem to indicate that the smaller group (n=38}—was quite
representatjve of the -largeg éarent grcupz(n=51)i It is
obvious that the final answer to this qﬁestian and others

related to retenticn can only be found by the ¢

more studies in this area.

However, although more stldies need to be per formed in
this area, the results of this study indicate that when CAl
is used as an adjunct to traditional teaching modalities
(i.e. lecture) the sequencing of CAl and lectures does not
appear to affect stﬁdent achievement, at least in relation
to long term retention. .

This finding, 1f supported by replication, could have a
significant impact on CAl use in schools. If the sequence of
student exposure to CAl does not affect student academic -
per formance, then schools could gseﬁféwe% CAl terminals to

educate more students without decrements {n  academic
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CAl and Attitude .
DOES USE OF CAl AFFECT STUDENT ATTITUDE TOWARD CAI?

w!

The attitude questionnaire developed for this project
was analyzed for response set, systematic orientation of
scales, and general bias with Maguire’'s (1973) model.

According to Maguire’'s (1973) model! for analyzing
semantic differential questionnaire responses, the variance
due to people effect (0.01), concepts effect (0.00), and
people by concept interaction (0.00) should be small. The
variance due to scales effect (2.06), people by scales
{nteractiaﬁ (0.38), and concepts by scales interaction
(0.20) should be larger; and the variance due to people by
concepts by scales interaction (1.38) should be largest of
all (See Table 37).

The observéd variance estimates, shown in parentheses
above, agree very well with the expected vgﬁiénces according
to Maguire except for the variance due to scales-effect
which appears to be higher than expected. However, recalling -
that the scales-effect represents the tendency far people to
rate all concepts toward either the 1 or the 7 end of
scales, it becomes clear that the observed gffeet should be
expected since in the current assessment the concepts (i.e.
CAl) did not change, but were merely repeated as pretest and
posttest. |

If abnormally large people or people by concepts
variances had been observed this would have indicatedijhat

some form of response set was affecting the data. Likewise,
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if a large concepts variance had been cbsgrvedi this wou Id
have indicated a probable systeﬁati: orientation of scales.
Since none of these variance deviations were observed it may
be generally concluded that .the semantic differential
attitude questionnaire used in this project did not have a
syste?atic orientation of scales and that the responses
obtained from the subjects of this study did not contain
response sets which may have affected the interpretation of
the observed measures, These analyses support the
reliability of the semantic differential attitude
questionnaire which was developed and used for this project.

The analysis presented in Table 36 under the combined
means columh compared determinations of significant changes
in the semantic differential questionnaire scales. Snider
and Osgood’'s (1969) criteria of 0.5 scale unit changes in
the mean for groups of individuals was compared with
significant mean changes as determined by an analysis of
variance with p<0.05. ‘Agreement was obtained on nineteen of
the twenty scales (95%) used in this project. This result
seems to validate the use of Snider and Osgood’s 0.5 scale
unit change for * the getermiﬁatian of statisticé]
significance. |

Results from the combined means column of Table 36
suggest that the subjects had definite attitudes toward CAl
prior to the initiation of this project. This was indicated
by the observation that only one of the twenty attitude

scales, that of "apprehensive-nonapprehensive”, was not
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significantly different from the neutral evaluation point of
4.0.

The changes noted in Table 36 from a comparison of the
bipolar adjective pretest and posttest #1 pairs indicated a
unaknirnous increase in all of the s::a”les‘ of the familiarity
factor (bipolar adjective pairs #5, 8, 12, 14 and 20) from
less to more positive. It was expected that as students used
the computer programs they would naturally become and feel
more familiar with them. Although this provides no
unexpected information it does tend to validate the ability
of the "CA]l Attitude Questionnaire” to measure attitudes, at
least in 're)lation to the factor of familiarity.
< The other changes noted in comparing results from the
attitude pretest and posttest #1 indicated three changes in
the evaluation factor (bipolar adjective pairs #1, 11 and
19) in a negative directive, that is poorer evaluation.
However, considering that twelve other scales in these two
factors did not show éignifigaﬁt change it is probably safe
to conclude that overall the factors of | evaluation and
activity did not change significantly from pretest to
posttest #1.

Table 35 gives some ind;ic:atic;n of the stability of the
attitude questionnaire responses. Attitude posttest #2 . wps
administered one year after the conalusion of the ﬁﬁjs:r
exper imental phase of the project. Yet only three of the
twenty attitude scales (#3, .17, 19) of posttest #2 c:hanéed
significantly from the means observed in attitude posttest
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The subjective student evaluétigns reported in Figure 9
confirm earlier work (Pagliaro & Burkhalter, 1979) which
found that students rate highly CAl programs in the content
area of pharmacology. It does not explain, however, the lack
of change noted in the CAl attitude questionnaire factor of
evaluation. The factor of evaluation :céardiﬁg to Numnally
(1978) is practically synonomous with attitude and “should
serve well as [a] measure of verbalized attitudes” (p. 609).
One would,” therefore, normally anticipate that both
questionnaires should change (or not change) in like

manners . -
&

S

In conclusion, it would appear that although initial
and subsequent student attitude toward CAl tended to be
positive it was not significantly affected by student use of
CAIl.
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IF  ATTITUDE TOWARD CAI CHANGES, IS THIS CHANGE
CORRELATED WITH ACADEMIC ACHIEVEMENT IN RELATION TO THE USE
OF CAI IN PHARMACOLOGY? :

Because no significant attitude changes occurred this
question cannot ° be answered. Correlation of academic
per formance with the responses made on individual scales of
the attitude instrument are however presented in the next

section, "CAl and Instructional Interactions”.

CAN A  SIGNIFICAN] ~ CORRELATION OR  INSTRUCTIONAL
INTERACTION BE FOUND BETWEEN SPECIFIC STUDENT DEﬁDGV,PHIC OR
PERSDNDLDGIC VARIABLES AND ACADE“IE PERFORMANCE IN RELATION
TO THE USE OF CAI IN PHARMACOLOGY?

Correlational Analysis

The first ﬁar% of this gquestion involves the use Df‘
~correlational analysis in order to determine variables which
cerreiatedﬁ significantly with academic perfarﬁancei These
variables could then be used to predict academic per formance
with CAl in other settings. ‘

Table 8 lists the results of an attempt to form a,
multiple correlation between the criterion variable of
academic achievement (posttest X #1) and a number of
demographic predictor variables. A significant multiple
correlation of 0.41 was obtained. When the contribution of

each variable to the prediction was assessed (Table 9) the



160
‘one variable which contributed sigﬁific;ntiy to the model
was “hours of CAl use in topic X".
Table 10 1lists the results of an attempt to increase
"the multiple correlation obtained in Table 8 by the use of
some psychological predictor variables. The obtained
multiple correlation of 0.72 (Table 11) was statistically
greater than the previously obtained R of 0.41. In addition, -
it should be noted that the amount of variance accounted for
(R2) increased from 0.17 to 0.52. Thus, use of the
psychological predictor variables increased the multiple
‘correlation significantly and increased "the amount of
variance accounted for" Py over three-hundred percent in
“tomparison to that obtained with the demographic predictor
variables alone. |
It should be noted, however, that although significant
unique ¢cntr%butiqns are made by some psychological
variables, the correlations of these variablesizith academic
achievement is generally very low when compared with such
demographic variables as grade point average and hours of
CAIrusg (See Table ’7)g In addition, those psychological
variables which ueﬁg‘signifigaﬁily correlated with posttest
X #1 were not significantly correlated with posttest X #2.
From Table .11 it is apparent that the predictor
variables which provide a unigque contribution to the
prediction of posttest X #1 in the context of the listed
ariables are: grade point average; and the

"unfamiliar-familiar", "confusing-clear”, and
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"tensed-relaxed" scales of the CAI attitude Questionnaire.
° Similar correlational analyses to those performed with
posttest X #1 were also performed with posttest X #2, the
retention measure. The multiple correlation for the full
model obtained with the demographic predictcr varjables w;;

-0.55 (Table 13). When the variables listed in Table 13 *“were
analyzed by means of a mu!tfple stepwise regression: (Table
14), one variaple, grade point average. saé demonstrated to
contribute significantly to the multtple correlation:

 However , &hen the number of variabies were increased by the.
use of psychological predictor variables, a significantly
higher multiple correlation coefficient (0.83) was cbtained
fTable 16), and the originally significant predictor
variable no longer made an unique individual contribution to
the prediction.

A comment must be made about the principal source of
psychological variables (i.e. the CPI). According to
Megargee (1972) the CPl was ‘“designed to asses; endur ing
personality characteri:tics as opposed to transient mood
states [and] should [therefore] have high coefficients of
stability" (p. 29). However, as noted in Table 38, the long
term (i.e. one year) coefficients of stgbiiity for  the
eighteen CPl scales were observed to be moderate and not
high. These test-retest eaeffieients, which ranged from 0.29
to 0.83, did occur in ;nprgxim-tely the same range as those
presented by Gough (1975, p. 19) for testiretgst of - highi
. school students (i.e. 0.38 to 0.77). However, the observed

g %g )
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correlations are not considered to be high Eﬁgugh, contrary
to Gough's (1975) opinion, to confirm that the CPI scales
measure trait as opposed to state variables. If the CPI
measures changeable states then its usefulness and

interpretation in correlational analysis will be 1imited.

Analysis of Variance :

N The second part of the question posed at the beginning
of this segticnsinvalved the use of analysis of variance
techniques to .determine if particular learner variables
interacted significantly with CAl to differentially produce

|\ academic achievement increments or decrements. Each of these
analyses examined performance on pretest X and p@stfgst X #1
of ‘stud3ﬁts possessing ‘pirticulari demographic or
psychological variables in relation to treatment group (i.e.
T1-C®1 alone, ,T2-CAl concurrent with lecture, T3-lecture
alone). The variables selected were those found in the
literature ~which had previously yielded a sigﬁifiéanf
correlation or instructional interaction in relation to
academic  achievement (See | Table 4). These variables
included: achievement motivation, aptitude, sex, aﬁé
sociability. The variables of anxiety and menta ability,
although .listed as possibly significant in Table 4, were not
used for the following rgasﬁnsdgﬂeasuremant of anxiety had
been integrated 'into  five scales of the attitude
questionnaire. However, when tﬁé attitude questionnaire was .
factor analyigd. the scales failed to load significantly
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upon any one factor. Thus, a valid measure of anxiety which
could be used to divide subjects into low, medium, and high
roups for analysis was not available. Normed tests, which -
could‘ measure mental ability in relation to the subject
matter of pharmacology, were also not readily available,
therefore, this variable was not measured. However, a
somewhat. related variable “pharmacology knowledge entry
level” was measured and analyzed for the presence of
instructional - interactions. ‘

Achievement motivation. Achievement motivation was the
first variable used to define a factor in a two-way analysis
of variance. Achievement motivation was measur;d by the
. Achievement via Independence (Ai) scale of the CPl. Subjects
were divided on the basis of their Ai scores on CPI #1 into
three groups: low, Ai=12-16; medium, Ai=17-19; and high,
Ai=20-25. '

Table 21 lists a sdﬁmﬁfy analysis of variance table for
academié achievement pretest X in relation to level of
" achievement motivation and treatment. vNeitheé the
‘achievement motivation’ nor 'treatment’ main effects were
significant. The ’ﬁchievqment motivation X [by] treatment’
interaction -was also not significant. Similar anaj&ses for
posttest X #1 are presented Jin Table 22. None of these
effects were statisticatly signifi;anti

Thus. it appears that the results of this study fail to
demonstrate an instructional interaction between academic

achievement and achievement motivation, as measured by the
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Ai scale of the CPl. This result is in agreement with that
which was reported by Reid, et al (1973).

L

¥

Aptitude. The summary three-way analysis of var%aﬁce
table for the next variable, aptitude, is found in Table 24.
Aptitude was measured by grade point average (GPA) and
divided inte three groups: low, GPA=4.38-5.50; medium,
GPA=5.61-6.84; and high, GPA=6.89-8.76. These GPA's were
based on cummulative performance through the first two years
in the pharmacy program at the University of Alberta. The
GPA’'s ‘are theoretically based on a stanine (marking on a
1-9) system, however, a minimum GPA of 4.0 is necessary to

remain and progress within the pharmacy program. Thus, no

GPA's less than 4.0 were found in this study's sample.

The 'aptitude’ main effects and the '‘occasion (0,1)’
(i.e. pretest X to posttest X #1) main effects were
statistically significant and post-hoc contrasts for these
effects are presented in Table 25. The remaining analyses
listed in Table 24 were not significant.

., From Table 25 it is apparent that aptitude,. as
determined by GPA, does not significantly interact in a

differential manner with academic achievement (i.e. all

groups benefited equally). This finding is contrary to the

two previously reported studies concerning aptitude and
academic achievement (Deigman, et al, 1980; Reid, et al,
1973) which found an interaction when CAl was used. However,
as noted above, a minimum GPA was required to stay in the
pharmacy program. Thus, the distribution of GPA’'s wused in
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this study wgre'higher than the true population of GPA's and
was skewed to the right. This feature may have affected the
analyses.and may account for the discrepancy 1in findings
from the previously reported studies.

Pharmacology knowledge ggg;xgiggg;, The next variable
analyzed . for in§tructioﬁal interactions was that of
pharmacology Knowledge entry level. The pretest X, which the
_students completed at the beginning of the experimetal phase
of this project, served as an entry level measure of
"pharmacologic” knowledge. Accordingly, the students were
divided into three groups on thefbasis of their performance:
low, number of correct responses on pretest X=1-3; medium,
number of correct responses on pretesf X=4-5; and high,
" number of correct responses on pretest X=6-8. ;

Table 27 contains the summary analysis of wvariance
table for academic achievement pretest X in relation to
pharmacology knowledge entry level and treatment group. ~The
' pharmaco logy Knowledge’ main effects were significant, but
the 'treatment’ main effects were not. The finding of
significant ‘pharmacology Knowledge' effects would be
expected bedbuse the analysis was deliberately set up to
have different levels of pretest achievement. Thus, this
analysis confirmed that the three groups, which had been
divi&ed according to . the number of correct responses on
pretest X, were statistically different. Table 28 presents
the same analysis as Table 27 only in relation to

performance on posttest X #1. No significant effects are
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nczi? in Table 28. However, in this jcase, one would. have
expected the 'pharmacology knowledge' main effects to have
remained significant. Since they did not, this indicates a
significant interaction has occurred between pharmacology
Knowledge entry level and academic achievement.
If one weﬁe to plot fhe-meaﬁ pretest X and posttest X
#1 scores presented in Table 26 and examine the resultant
graphs, one would find that those students in the low and
medium pretest X categories gained most from all three
treatments, while those in the high category gained the
least. In fact, those in the high category appeared to show
almost no gain from pretest X to posttest X #1. This effect
occurred across all three treatments. This was not a ceiling
tests was 15.

This finding is be?iev%ﬁ 1@ be the first such reported
effect in relation to CAl use in the content area of
pharmacology. However, if pharmacology knowledge entry level
is considered as a measure of mental ability in the content
area of pharmacology then this finding w?uld be in agreement
with the three previously published reports (Eduarés. et al,
1975; Lavin, 1980; Suppes & Morningstar, 1969) which %2l
found evidence of instructional interactions of mental
. ability with academic achievement when using CAI. In thié

regard Tobias (1976) has noted that:
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Level of prior achievement can, of course, be easily
defined By pretest scores . . . the higher the level
of prior achievement, the 1lower the instructional
support required to accomplish instructional
objectives. Conversely, as the level of prior
achievement decreases, the amount of instructional
support required increases. (p. 67) /

However, noting that the observed interaction persisted
across treatments, it is probably a more likely conclusion
that the interaction is with the design of both the CAl and
lecture teaching strategies and not with CAl per se. In
other words, the lectures and CAl programs were probably
desighed (consciously or subconsciousiy) in a norm
referenc€d manner which attempted to bring all students to a
certain desired m{nimal level of achievement.

Sex. The variable of sex was the next one analyzed for
instructionaf interactions. Subjects were divided into two
groups, male and female, for this analysis. '

The summary two-way analysis of variance table for
académic achievement pretest X in relation to treatment
group and sex is presentéd in Table 30. The_"treathent' main

effects were not significant, however, the 'sex main

effects were significant. This indicates that females had

P

significantly lower pretest X mean scores than did males.

-

Table 31 presents a similar analysis only »in_ relation to" .

. posttest X #1. Here we note that none of the effects were

significant (i.e. mean scores for females and males were now

»
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statistically equal).

This implies that the females had significantly greater
posttest X #1 performance increases in relation to their
pretest X scores, which had been significantly lower,than
the males. Thus, it appears that thisé study suggests the
presence of ‘an instructional iﬁtéﬁacticn with females
achieving relatively greater academic achievement than
males. It further appears tﬁat this finding is in conflict
with the previous two studieé.(Dawning & Lowe, 1981; Wooley,
1978) which also found an apparent instructionad interaction
with sex, but with males achieving preferentially higher
than females.

As noted in Chapter [II, an instructional interaction
probably has occurred, not between sex and CAl, but between
sex and the subject matter. In the previ@us?yr repor ted
studies, males did relatively better in the "mathematicalay“
ortented subjects. In this study females did relatively
better in the “verbally" oriented taﬁ?z of pharmacology.
This interpretation is borne out by the observation that the
observed instructional interaction with sex occurred across
all three experimental treatments (i.e. CAI alone, CAI
concurrent with lecture, lecture alone).

Sociability. The last variable analyzed for
instructional interactions Qas that of sociability.
Sociability was measured by thEKSDCiEbiTity (Sy) scale of
the CPI. Subjects were divided into three groups on the

basis of their Sy scores on CPl #1: low, Sy=15-20 (with one
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observation at 8); medium, Sy=21é25: and high, Sy=26-34.

Table 33 1ists the summary analysis of variance table
for academic achievement pretest X in relation to level of
sociability and treatment group. Norfé of the effects noted
in Table 33 were significant. Similar analyses for posttest
X #1 are found in Table 34. Here we note that the
‘treatment’ and the ‘sociability X treatment’ effects ;were
not significant, but that the 'sociability’ main effects
were significant. Tablé 32 indicates that the posttest X #1
scores for the low sociability group were higher than those
obtained by either the medium or high sociability groups
across . all treatments. Post hoc contrasts further indicate
that the low sociability group achﬁéved significantly higher
mean scores. than the medium scciabi1ityi group on the
posttest X #1 performance.

Thus, this study has demonstrated an instructional
interaction between level gf sociability and ‘a;ademic
achievement. All three experimental treatments noted the
same effect and all three were primarily oriented toward
iﬁégpendeﬁt study. This result was predicted in the section
on sociability in Chapter IIl and further demahstrates: that
the results observed Ey Reid, et al (1973), ‘were not with
CAl, but with the design of the CAI ‘experience. Thus, if
students had been assigned to work at their CAl experience
in pairs, instead of alone, the observed interaction would
be expected to have been the opposite, as noted by Suiter
and Reid (1969). T

E



170

Conclusion. A number of instruc%ianai interactions have
been’ demonstrated in this study. However, in each case, the
interact%cn has persisted across treatments. Thus, it
appears that instructional iﬁFEFaEtiDﬁS which in the past
had been tentatively associated with a specific treatment
(i.e. CAI) may have actually been related to more basic
variables such as the subject matter being taught or
elements of the instructional process Whiceiiﬁ the present

study were common to all three treatments.

=,
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CHAPTER VII1
CONCLUSION AND RECOMMENDATIONS

CAl use in pﬁarmacology has steadily increased since
its inception in the early 1970's. However, this increased
usage as reported in the literature has not been based upon,
nor accompanied by, objective analysis of the ?e1ative
effectiveness of this method of teaching' phé?méc@!agy. As
noted in Chapter II, most of:- the published literature
concerning CAI in pharmacology consists éf;aescriptigns and
reports of various CAl applicetions and sys~£m$. In over éﬁé
decade of use only four publications'cou d be found which
contained quantitative data concerning the effectiveness of
CAl in pharmacdqbgy and none of these stqgjes satisfactorily
answered the question of whether or not CAl in pharmacology
.signifidantfy affects student learning and/or attitude.

Thus, the situation existed where an increasing numbef
of students were being taught with a technique (CAI) which
had yet to be.carefully examined in an'objective manﬁei and
determined to be effective in. the content area of
pharmacology. |

This research project was designed to measure the
effect of CAI in the cdntent area of pharmacology upon
student acadentic perfppmanée and to document the occurrence
of significant corre1ati§h& and instructional intEPaGtiQﬁ;
in relation to CAl use apd academic per formance. |

The subjects for this study were pharmacy students
enrolled in an undergngduate pharmacology course at the

o
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University of Alberta during the 1979-1981 a§ademi¢ years.
..The subjects were randomly. divided into three different
treatment groups (CAl alone, CAI concurrent with lecture,
lecture alone) and proceeded through a series of CAI
programs in a variety of topics in pharmacology.

Data was collected on a variety of demographic and
psychological variables and on academic performance 1in a
selected pharmacology topic. This data, analyzed by means of
correlational and analysis of variance techniques, provided
an objective analysis of the effect of CAI on academic .
per formance in gharmacaiaqy and attitude toward CAI. In
addition, specific éemagrapﬁic and psychological variables
~ obtained from student records and the CPl were correlated
with CAl usage and attitude toward CAl. | |

The results of this project indicate that *CAI alone®
can be an effective maéé]ity ~for teaching pha%macalggy
content and further that CAl was equivalent to the ‘lecture
mode of presentation. Thu£: for the first time CAIl has been
formally and objectively demonstrated to be effective-in the
. content area of pharmaégicgyi J

The results also corroborate the findings of an earlier
study (Pagliaro & Burkhalter, 19795 which found that
although students evaluated CAI highly, CAI did not affect
studént attitudes ' toward CAl per se. This finding should
iliustrate-thg folly of subjective reports which have in the
past attempted to equate positive student and/br faculty

evaluations of CAl with positive performance or attitude.
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In addition tc‘these basic findings this project went
on to examine and attempt to confirm a number of
instruqticna] interactions involving CAl at a pﬂstiseeanﬁary
level which had previously been reported in the literature.

In this regard the variables of achievement motivation,
aptitude, pharmacology knowledge, sex, and sociability, were
examined. The variables aehievemént motivation and aptitude
failed to produce any significant instructional interaction
in relation to CAl use and academic achievement. The
remaining !variabigs pharmacology KkKnowledge, sex, and
sociability were, however, involved in instructional
interactions. - g

Students who at the start of the project had Ilower
levels of pharmacology knowledge, were able to achieve
significantly more on a percentage gain basis than those who
started with higher levels of pharmacology knowledge.
However, since this interaction was observed for all three
tre;tmEﬁt groups the interaction was probably not with CAI
per se, but with a more basic variable. For example, perhaps
the basic design of the entire pharmacology instruction may
have been norm referenced and oriented to having atl
students achieve the same basfc level of cgmpetgnce.x

Similar effects were noted with the variable, sex.
Femalés  demonstrated significantly “greater post-test
academic ;cﬁievemEﬁt in relation to their pretest scores,

- "f d
which hed been significantly lower than the males. However,
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leads one to suspect that the interaction may again have
been with a more basic variable. In this case the
interacting variable may have been the subject matter
itself, with females having a predilection for superior
performance in the content area of basic pharmacology.

The last variable examined was that of sociability.
Here an instructional iﬁt&F!CEiGﬂ was observed ;ith

" individuals p@ssessfﬁg low sociability  _achieving
signjficantly greater academic‘achiQVEWEﬁt scores than those
possessing either medium or high measures of sociability.

——Again, however, the effect persisted across treatments and
gain lesds one to conclude that the instructional
interaction is again not with CAl, but with a more basic
variable. - In this case a likely cand{éate is the method of
instructional presentafigﬁ which was related té independent
study and would thus tEﬁa to favor students with low
sociability ratings.

Thus, aTthcggH several instructional interactions were
observed in the context of CAl, none of these sppéar to be
unique to CAIl per se. The description given in Chapter 1 of
CAl as an essentially neutral techna]cg}i which has the
potential to interact within the educational milieu in
eithér a positive or negative manner, seems to havé been
supported by the findings of this study.

p Several quéstions, issues and observations raised by
this study should be considered in assessing the presented

results and in planning other research in this area:

4



1. Is CAl such a broad term that® its usefulness in
research becomes meaningless unless its components are fully
defined? o 7

2. Is simple CAl necessarily of poor instructional
quality? Perhaps §oftware for more complex CAlI strategies
(i.e. patient simulations, diagnosis, remediation, review,
consoltidation) should fol more closely var{aus learning
.and instructional princib s. o

3. Is the careful detailed monitoring of what éccurs in
the “traditional® teaching moda ity important for contro?
and explanatory purposes in iﬁstructicﬁil interaction
studies?

4.. How much learning is acceptabie on the part of fhe
teaching staff (and possibly students) regardless of metﬁad
of instruction? This issue is confounded with the problem of
difficulty of content matter and test item difficulty.

Perceived value and nglevance also confound this issue.

5. - T6 what extent should CAl or learner instruetional .

=

strategies be constrained by the experimenter in order to

provide a common basis of comparison?

6. (rom a practica] point ' of _yieﬁi must s value .

judgement be made as to whether “no statidtically
significant differences” are to be interpreted as equally
effective or equally ineffective frgatmaﬂt procedures? Thiy
issue 1s confounded by the previous two points.

L

7. How complete should the monitoring of ;tu:hnt)

'extracurricuiar activity”"- be?



In conclusion MIMI suggests man)} other factors (iig,
varying the amount of tim,e‘ spent. in the particular
»'in.s-tructiona'l str;ategy, level'of anxiety, cognitive st-ylei
use of less d1ff1cult pharmacology topics) to be considered
m further research. It is recoﬂmended‘ that further research
be conducted to ‘\(erify the instructional interactions n@ted
in this study. In éwition research.gimilar in nature to
+ that . presented in this study but with d1fferent groups C}'F
learners (i.e. dental, rnec}uca# and nufsmg students) still
\needs to be performed in order ;{3 verify for’ these different
groups of learners the efflcacy o?‘g;\/{ﬂm the content area

of pharmacology. o i -

e




Appendix I

. _ . [
CAl program library listing by category

Gqufa] Principles ' Pr ggram 1.D.

General Pharmacology I ‘ . GO1
//Pharmacokinetics 1 ’ G02
Pharmacokinetics 11 Co B - GO03
Fetal Pharmacology- ' : Go4
Review Questions , G05
Pediatric Pharmacology Quiz S - GO06
Autonomics and-Cardioyascular ‘ | .
Autonomic Pharmacology I AQ1=
Synthesis & Biotransformation of : AQ2=
Neurotransmitters o
, Cholinergic Mechanisms & Uses . . AQ3* -
. Adrenergic Mechanisms & Uses AO4»
- Autonomic Test Questions : : AQ5x*
Case History: Emergency Admission from -+ AQ6=
Unexpected Drug React1on t. '
ANS Review Questions ; + AQOB=
Arterial Blood Pressure in the Anaesthet ized Dag AQS=
Diuretics: Mechanisms of Action A21
Diuretics Quiz 7 A22
Ant1 Dysrhythmic Drugs o . A23
"reatment of Cardiac Dysrhythmias A30
Management of Hypertension : \ A31
*Poisoning from "Heart Preparations” in the Home A32
Cardiology Review Questions L A33
..Digitalis Glycosides A34
Treatment of Angia -, A35
Accelerated Hypertension Test ' A36 .
Propranolol in Cardiovascular Medicine A37
Pharmacology of Reversibte Obstruct1ve Lung A38
_Diseases Vo :
Asthma: Review and Case Study - . A39
Introduction to Autonomic Pharmacolégy ’ AUTO=
- Cholinergic Mechanisms’ CHOL =
Catecholamine Biosynthesis ' CATE=*
Cholinesterase 4‘\_% - . CHOL=
* ’ \
Central Nervous System Progr 1.D.
Neurophysiology Review Quiz : C%i )
20 Questions on CNS Pharmacology o ‘ coz2
CNS Review Questions ' ' co3
Local Anaesthetic Drugs . ' Cc12
Local Anaesthetic Review . C13
Sedatives and Hypnotics . - C20
CNS Stimulants. and Halluc1nogens Ccat
Tranquil1zers : c22

N\
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-

Overdose of Hypnotic-Sedatives, Minor o Cc23
Tranquilizers, etc - '

Review of Apnalgesics - - . €30
Short Analgesic Quiz ' C31
Case History: Convulsion Associated with Coma C40
Anticonvulsant Quiz Ca1
Antidepressant Quiz , €50
Opiate Receptors C51
Treatment of Parkinson’'s Disease C60
CNS Review Questions . C99

~

*Programs from which questions for data bank were based
({.e. autonomic nervous system medication programs)

4
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H L.
Adjectives characterdzing*high-scoring and
low-scoring men on the eighteen CPl scales“

7
1

‘HiGgh

‘Ambitious
domirant
forceful
optimistic
planful
resourceful
responsible
self-confident
stable
stern
. r
Discreet
forgiving
imaginative
independent
- mature
opportunistic
pleasant
praising
progressive -
reasonable

Clever {
confiden ..
intérest wide
logical

mature
outgoing
resourceful
reasonable
self-confident
sociable

Adventurous
interests wide
pleasure-seeking
relaxed
self-confident
sharp-witted
unconvent ional
uninhibited

. versatile

e Wittty »

' Low

Apathetic
indifferent
interests narrow
irresponsible
pessimistic

restless

rigid

reckless .~
suggestible
submissive

Bitter

g loomy

greedy

interests narrow
nagging

resentful

restless =~ k
tense -
touchy ~»

unkK ind

Awkward .
bitter

cold N
complaining
confused
hard-hearted
interests narrow

quitting

. shallow

unk ind o

Appreciative
cautious
cooperative
interests narfow
Kind.

manner ly

patient

prudish

serious

shy
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Vo

Re

' -
. . - ) N 4
Confident ¥ Bitter
enterprising _ commonp 1 ace
egotistical : interests narrow
imaginative quitting
opportunistic ) reckless
outgoing ’ submissive
polished . tense
self-confident unintelligent
self-seekipg withdrawn
wsaphisticated self-denying
Canservative . . Anxious \
dependable’ -, blustery
depentent distractible
ood-natured forgetful
ingdbited hurried
1:§1ca1 o impulsive »
pleasant \ ) . mischieveous .
' poised. . qu1tt1ﬁ§
praising . . shallow
relaxed ‘ restliess
sihcere LN
Capable ' Caréless
conscientious = * " disordefrly o
dependable " - forgetful I
teasonab [e ' irresponstbility
.reliable : © 7 laxy
responsible, m1sch1evau5
ser ious - -pleasure-seeking
stable . “reckless
steady . T show-off
thorough : spendthrift
Adaptable - Deceitfu)
efficient o defensive .
"honest if"‘ headstrong
inhibited logica™l. - - irresponsible
Kind _ L mischievous
organized v -7 outspoken
reasonable ’ o quarrelsgme
sincere ' g
thorough
who lesome
Considerate _ -
dependable : " fault-finding
‘hard-headed . hasty
“independent : headstrong ,
painstaking impulsive
precise individualistic
reasonable ’ self-seeking

reliable : . spunky

"
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Al

self-controlted

self-denying

Forgiving ,——

generous

good-natured

informal
pleasant
reasonable
soft-hearted
hought ful

nselfish

Adaptable
changeable
considerate
Kind
self-denying
soft-hearted/
tact ful
unselfish
warm

friendly

Cautious
conscientious
deliberate
efficient
formal
organized
practical
responsible
thorough
thrifty

Ambitious
capable
conscientious
considerate
intelligient
logical )
mature
reasonable
resourceful
responsible

Foresighted
independent
informal
intelligent
lazy =~
pleasant

L
)

e

tempermental
unrealfstic

Affected

cold
egotistical
fussy,
hard-hear ted
self-centered
shallow
thankless .
whiny
fault-finding

Complaining
dissatisfied
fault-finding

headstrong

“indifferent

nagging
pessimistic
tempermental
unkind '

Attractive
careless “
cour ageous
cool \
distractible.
forget ful
leisurely

pleasure-seeking

reckless
spendthrift

Apathetic
distrustful
hard-hear ted
hasty

pleasure-seeking

reck less
rude
shallow
shiftless
show-of f

Affected
bossy

caut fous
daring
egotistical
fear ful
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'From Gough,

- rational

sarcastic
touchy
versatile.

Capable
confident
efficient
foresighted
independent
intelligent
reasonable
self-controlled
sophisticated
unaffected

Aloof
evasive
foresighted
independent
individualistic
persevering
peroccupied
reserved
unfriendly

wary

*

Easy going
fickle
independent
lazy :
optimistic

.pleasure- seeking

quick
sharp-witted
spendthrift
spontaneous

Appreciative
complaining
feminine
formal

meek

nervous
self-denying
sensitive
weak
worrying

1975.

T

frivolous
manner ly
smug

stern ,c

Awkward

cold )
forgetful
hard-hear ted
interests narrow
qQueer
restless
sensitive
shallow
suggestible

Active

cheer ful
energetic
flirtatious
humorous

Kind

oppor tunistic
outgoing \
sociable
talkative
Determined '
efficient
hard-headed .
organized

"planful

practical
‘stern
s tubborn
stolid
thorofdgh

Adveﬁturoué
S aggressive

. clear-thinking .%/

daring

impulsive
masculine
outgo1ng
“pleasure- seeh1h§
show of

str

\
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Appendix 111

High

Aggressive
bossy.
conceited

. confident

demanding
dominant
forceful
quick
strong
tatkative

Jlert
clear-thinking
forceful

individualistic

ingenious
insight ful
intelligent
interests wide
logical
versatile

Aggressive
confident
dominant
energetic
flirtatious
intelligent
interest wide
outgotng .
sog¢iable
talkative

Adveénturous
daring -
flirtatious
mischievous
outgoing
pleasure-seeking
spontaneous
versatile
ingenious

witty’

Ad jectives characterizing high-scoring and .
low-scoring women on the eighteen CPl scales’

c——

Low

Cautious
gentle
inhibited
peaceable
quiet
reserved

submissive
- trusting

unassuming

Absent -minded
cautious '
meek

miid
retiring

shy
submissivg

. timid

weak

L Y

Cautious

inhibited \

meek
modes t

‘quiet

shy

timid
unassuming
wi thdrawn

Cautious
conventional
fearful
gentle
reserved
sensitive
submissive
timid
unassuming



W .

-Calm

Adventurous
argumentative
bossy -

"demanding

determined
dominant
outgoing
sarcastic

talkative 4

witty

Calm -

capable
glear-thinking
fair-minded
informal
mature .
obliging
poised
rationd .
wvise :
/A
Conscientious
cooperat fve
discreet
firesighted
insightful
planful
reagonable
relfable
tactful .
responsible \.
Cautious
clear-thinking
conservative

organized

practical
reasonable
reliable e
self-controlled
unassuming

wise

-

patient -
peaceable
quiet :
reserved

Cautious ,
conventional .,
gentle

mild

modes t
peaceable

shy

trusting

AwKkward
defensive
fault-finding
hard-headed
opinionated
sarcastic
self-pitying
tactless
unconventional
unstable

Arrogant .
awkward
bitter
careless *
hard-headed

lazy '
cbngxiaus.ﬁj
rebellious
restless
sarcastic

Defensive
careless

fickle

foolish
impulsive
outspoken
peculiar
pleasure-seeking
reckless
uninhibited

Adventurous
aggressive
arrogant
excitable
impulsive
rebe) lious
restless
sarcastic
temperamental

=
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Cm

" Al

-

. W

selJ-controJled

Calm . .
efficient
insightful
leisurely
logical

mature
responsible

self-controlled

tactful
understanding

Calm
conservative
mi1d

moderate
modes t
patient
peaceable
trusting
understanding

B \

Cjear-thinking
confident
enérgetic
humorous
practical
rational

rigid

" stern

strong"

onservative

fficient
idealistic
enterprising
obliging
planful
logical
reliable
reserved

Calm

capable

clear-thinking

discreet

intelligent
“logical

mature

uninhibited.

Arrogant
autocratic
bitter
defensive’'
distrustful
hard-headed
infantile
resentful
restless
sarcastic

Changeable
cynical
frank

moody
pessimistic
sarcastic
shrewd

s tubborn
temperamental
witty

Y

Appreciative
artistic -
awkward

feminine

forgetful,
forgiving’

indifferent

irresponsible
unconventional
undependable

Adventurous
careless
easy-going
lazy
irresponsible
rebellious
sarcastic
unconventional
uninhibited
zany

Awkward
excitable
foolish
immature
infantile
rattlebrained
restless
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Fx,

Fe

arigiﬁa!
rational

Capable .
clear-thinking
confident .
efficient
informal
intelligent
leisurely
Jogical
rational

- relaxed

Capable
cool .
independent -
ingenious
leisurely
mischievous .
self-confident
sharp-witted
undependable

Careless /
clever

daring
imaginative
individualistic
ingenious’
mischievous
original
pleasure-seeking
socfable

-

Conscientious
discreet ‘
generous

gentle

helpful

mature
self-controlled
sympathetic
tactful

warm

'From Gough, 1975.

simﬁigr 7
unrealistic
unstable

Absent -minded
awkward »
interests narrow
nervpus
pessimistic
simple

siow

s tubborn
tensé
withdrawn
Conventional '
generous

honest

Kind ' o
praising

tense - 8
trusting
unassuming f
warm- -« '
worrying

Cautious
conscient ious
conservative
defensive s
prudish .
rigid

s low

simple

sincere w
self-punishing "’ _

Coarse
dissatisfied
lazy
masculine
pleasure-seekKing
restless =
robust.
self-centered

tggchy "
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