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The design, development, and evaluation of a

computer-assisted instruction (CAI) program in first-year college
chemistry is described in this report. The program was centered
around the concept of chemical equilibrium and used a systems
approach with explicitly stated guidelines. The purpose of this
experiment was not to measure the effectiveness of the course
content, but rather tc investigate the usefulness and effectiveness
of the particular developmental processes and design techniques that
were employed. The results of the program revealed basically that
students with low mathematical capabilities ugon entering the course
take longer to finish the prescribed sequences and that a student's
Criterion score is inversely related to his path length through the

course. (MC)
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> 31z } as an innovative
1] instruction and as a form of instrumentation for
rch is widely recognized. There have been, however, fow
uffcrtg ta dLvelap materials that have a course-rclated content and also
have explicit instructional guidelines and e=asily manipulated variables,
Tnis seems unfortunate, since findings obtained in the learning laboratory
under experimental conditions and with contrived or unrealistic content
may not be generalizable to the actual classroom or te an individualized
instructional situation. In the development of this program an attemp
has been made to include both of these potential cor utions of computer=
assisted instruction. The program itself is justified primarily in terms
of the instructional neads of specific students; at the same time, both
1f and various of the instructional features were influ-
arch utility.

-

tiie content its

e
enced by considerations of rese

cie ool oof Setence Fducation

The study of science should develop the student's ability to apyj
gencralizations to a variety of different situations. FEven for
whose primary interest lies in the liberal arts, such appli-

a > physical sciences at the college level should be,

leas quantit itive in order to reflect adequately this aspect o

For th@ student who is majoring in one of the sciences or in engineer

these gquantitative applications assume a much greater significance in

introductory college courses because both the remainder of his vreprofos=-
of them.

sional study and al:a his professional activities will require use

Within the field of chemistry, there are numerous principles and

and generalizations that form tie bases for guantitative applications. ¢

group of these concerns chemical equilibrium, a topic WHlCh is generally
& cours

included in first-year college chemistry and e specially in those
designed for students wiio will pursue further study in science. At The
University of Texas at Austin, Jynamic equiiioriwn is one of the areas
accorded major emphasis in Freshman chemistry, and approximately five to
5ix weeks of lecture time are usually allowed for it,

Two factors in addition to its felevan ¢ for students of flz
year college chemistry were CDnSldrréd in choosing the
particular program. In the fir t place, the ap}llc tio af equ;l;ﬂrlum
principles appears ta be typlcal of a variety of quantitative applications.
Also, the terminal -ives are clear-cut and readily definable, and the

task analysis is a relatively straightforward one.
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If studerits s21L1 in makin
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crentitic principles, 1t 1w desirascle Cor

Latioung of
suci applications for themselves. on the othor 3
tlonal instruction Snmulﬁ bﬁ avallable to the student whon they are nocdod,
n supe practice has ffﬂquﬁﬂﬁly beoen provided through

and addi-

g

In the past

small-group ular lectur any
institutions, includi Austin, have now dis-=
fqultlg cnocounterad

continued this
with large numbe
tional gpace and af gqualified personi I
applications and in the handling of numerical
been incorporated into the lecture Lo
enrclls two nundred or more students. hus, too much of the responsi-
bility for actual practice in these ] must be placed upon the stu-

dents themselves,

aultﬂhlg instruc-

—
—

each of wnich ordinarily

in colluge chemis

;:
P
:'1
r

Firat-year stu
lanning to major in one DE
present a rather wide varie
as well as a range of
pgruiculariy apparent
concepts but

thoso wio are

g, typically
backgrounds in scicnee an ;aLnlnafn
pL;tudw These di -

=]
the sciences or in engincerine

based up@n learneg

omputer-Assisted Instruction

o ingtruction is through the use of CAI. Such instructiaon
to advance at his own pace until a criterion level of
h ed and to do so, to a large extent, at the time of his
ffers a number of other advantages for the student, advantagoes
genﬁrally unavailable with alternative modes of instruction. In
place, the student proceeds througii the program along a pathway
ectly related to his own responses. This braneching can be made

One possible way of meeting the student's need for individual-
its t
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and extensive with computer-assisted instruction because the
can be programmed to make decisions based not only upon a particu-
nsc to a specific item but also ug n cumulative responses or
patterns to a series of guestions or problems. In addition, the
iven to the student can often be made guite exwlicit, since the
lso experienced as an instructor can anticipate many of the
nt is likely to make and can provide guidance that is di-
related to a particular incorrect response. This avoids, for the
frustration of knowing that an answer is wrong but having neo
ut the source of error. A further instructional advantage
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e the student can be encouraged, even forced, to proceed on

It

as he is able; thus, he is more likely to develop real ability
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Lo apply principlos ratier than smored RN

Thoe o same flexiollity tnat produces wl Laa
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ne of tnese filelds

o]

dunt wna is pla,”inq to entey
probably be called upon to make more diroct use

5 for the strudent,

In addition to itz advanta a
Have rotential

instructional program of this typ

computer-assi
usefulness in

educational rescarch. If this potential is to be realize o=
CeEs usced to produce the instructional maturials should 11ded

and the program itself should nave identifiable instructional variavles that
can be manipulated at a later time. an attempt bas been made to incorporat o
the tated program taal was developed for tiis

st features into the computer-g

study.

of students andg the
51 ction in mecting
4 program designed to -year college chemi ire

skill in applying tne
ing aqueous solutions
Systems approach was used in develop

equilibrium to gr@f v lv=
evaluated. An i '

The final program was written in Courscwritey
is with an IBM 360/50 computer system.
testing with individual learners and very snia ;
lsted instructional program was evaluated with a gr up of s
istry 302, the first- ycar r@llﬁgv chemistry coursc at The Univors
15 at AusLln. Particular attention was paid to cvaluating the inst
ional program in terms of its own objectives and expected cutcomes, the
ter being derived from the systems approach that was used in the dovalop-

The principal emphasis of the study was not on dem
computer-assisted instruction can be effective in the conter
chosen but rather on investigating tihe usgefulness and ef
particular development processes and design techniques that we
Thus, while the results are directly applicable ‘only to a sing s
program, they also illustrate in a more general way the feasibility of

s with ¢

bining instructional guidelines and explicit decision ru ules with c¢lassroom-
oriented content. It is felt that this approach provides the kind of
empirical evidence that is a necessary part of instructional research.
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FROGRAH DEVELOPMEWNT AND EVALUATILION

A systems approach (Eraut, 1lY67) was usoc oplng the mator-

n devel
ials for the instructional program. The implementation of this approach has
been described by several wri {(Briygs et al., 1967; Glaser, 1965; Bundor-
son, 1971), all of wnom include essentially the same procedures. The develop-
ment process that was carried out as a part of the present study has, for
clarity of presentation, been divided into the following steps:

]

g

I
]

M

]

[t}

(1) specification of tne terminal behavior and cf the entering
skills.

(2) Description of the intermcdiate objectives and arrangement
of th& various objectives into an appropriate learning
hierarchy.

=

(3) Development of an instructional seguunce.
(4) Dpesign and preparation of the instructional materials.

(5) Developmental evaluat
results obtained the

(6) Evaluation of the completed program.

he deve nt p 5 I several components does not,
t the activities were carried out independently of cach
a r

I na
On the contrary, there was considerable interaction among the varisu:
1 )

eparing

(i}
"'D

Intermediate design Ef@duﬁts developed in the process o
uct s ated and explicitly stated at appragriat—

: formul
p@iﬂts. These were ccncerned with seguencing, with individualizing mechanisms,
and with the structure of the materials themselves.

m

o

Terminal Behavior amd Entering Skills

The first step in developing thne instructional material ]
the specification of the terminal behavior and of the entering skills. The
terminal behavior, of course, describes wna: the student should b ble
do at the conclusion of the instructional program. It follows rathe
iy s

om the more inclusive goal of science education that students

||"1-u
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solutions of sligatly soluble strong ﬂl:LL*ul‘tLa
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RIS sglutl@ng ot
. Tawple 1 contailr v

scluble weak electralyt
and the minimum performance criterion tnat, taken t fcthgr, describo tho

v

terininal hehavior.

&

5. They alsa ser
to the learning hiera snould not be necess
student in those skills that he 1. presumed already tc
2ral target population for this program consgists of
chemistry students who arc planning to major in one of the sciences or in

engilneering; more specifically, it is made up of students who are enrolled
try 302 at The University of Texas at Austin. It was : unad
matical

[}
i Um
B n
b
u

in Chemis
cal member of this population would have nhad, as mathe
nign school algcbra and tnat he would also have

Ehe typid
ration, at least two years of

eilther successfully completed one semester of college chemistry or demon-
strated comparable achievement through advanced placement. It is readily
apparent that such students are 1 ly to possess a rather large number and
variety of skills. Fortunately, i5 not nocess

as entering skills but only. those that form an exn

ing nierarcny. It now becomes obvious that the learning hierarcny and the
list of entering skills closely related to each other. The two were
actually developed simultaneously, and they have been separated here meraly
for convenience in dis s1ng ther nte 11ls that were identified
as relevant to the other objectives of the in ac

in Table 2. The entering skills, like the terminal benavior, have been
described by means of behavioral objectives. It is scen that only two of

the entering skills are related to cnemistry, the otner three being mathe-
matical in nature.

ary to include all of thesac
licit part of the learn-

ional program are listed

w-‘ o

Intermediate Objectives and Learning Hierareny

In the second phase of the development process those ;ntgrmedlaté
objectives that need to be attained by the learner 'in order for him to
ills to the terminal behavior were identified

i
progress from the entering skill
and defined in operational terms. The identification was accomplished by
asking, in the manner first suggested by Gagné (1962a):

What learnings, concepts, and skills will the
student need in order to be able to perform
the calculations required by this part of the

terminal bpehavior?

\t——“
o
i

Tiie instructional designer, in attempting to answer this gquestion, ut
both logical analysis and prior experience in teaching these SPEﬁlf;
cations. Table 3 has statements of the intermediate objectives.

R
s

i o
-

!
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Table 3

INTERMEDIATE OBJECTIVES

I
[x%]

The student will be able to define the equilibrium constant mathematically.,

fie will demonstrate his ability by writing or identifying the oquilibrium
cuxpression for the general gascous react]

ahA + bB —= cC + dD

The student will have a functional understanding of the concepts and
111

principles associated with chemical egqullibrium and the equilibrium
constant. He will demonstrate his ability in one or more of the

ic equilibrium rea the studoent
whose concentrations appear in thoe

‘ﬂl
r
i
2
=

© & spoecific equilibrium reaction, the

1
student will write the expression for the egquilibrium constant.

Lha effect Lﬂdt a Lhdﬂﬁﬁ in Cﬁﬂjltlﬁna—

ation mperature, and so on, will have on the po. 1=
tlDD af the pqu1L }rlum. He ;11 also identify or state in writing

the principle that is being used together with its name.

The student will state in wrltlﬁg or identify the definition of pH.:

The student can use th concept of pH and will demonstrate his ability
in one or both of the following ways:

(1) Given the hydrogen-ion concentration of a solution, the student,

with the help of a table of common logarithms, will calculate
the pH of the solution.

(2) Given the pH of a solution, the student, with the help of a table
of common lo ga ithms, will calculate the hydrogen-ion concentration
of the solut .

The student will be able to write the expression for the ion-product for

water, to specify the numerical value of this constant at room tempera=

ture, and to calculate the hydrogen-ion concentration, the hydroxyl-ion

concentration, the pH,; and/or the pOH wien given any one of the preceding
uantities, ’

»_m\
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Trove ontoring skills, the Lntermediate oot ives, amnd U caover g
o jectives included in the terminal Dulavier were Lo jmlnwu Lonjertivey pnto

i

+ learning alerarchy.  The l“drﬁln; HLfrdLFﬂ Bnows cllagranatioal by
relationsiips between the various

i Lives and indicates waloh STINTEINS BER TS
uigite f\.;

‘I"v L_‘
d’"

RN here aieiln

thu m:ii;.Lt‘v"}F of ot

res
both logical analysis and mmpilrical obscrvations dorived from Leaching
erpericnce were relied upon.  Figure 1 presents the learning hicrareny.
The letters and numbers that are used refer to the : i
listed in Tables 1, Z, and 3.

be preor

and i

tional Sequer

The next step in developing the instructional materials reguired
of the learning hierarchy into an instructional SCqUONCD .
‘:t state of instructional desion theory not cifer any

Since thg presen
overall rationale for this opcration, common , lntuition, and the logic

rarchy itself plﬁVldPﬁ mn:t Df the directions. The fol-

I iie
lowing ganéfal;zatiﬁng guided the planning of the inscructional Sacue!

(1) Those terminal objectives, or component parts of the termingl
behavior, that are most closeLiy related to cach other snould
be placed in nearest proximity in the sequence.

(2)  Related termin: 5 should be presented in what
appears to the be the order of their increasing
complexity.

(3) The various intermediate objectives should be introduced
at the point where they will be most immediately useful
to the learner.

(4) Mat lated to either the intermediate or the terminal
ok d be placed in the instructional sequence at
£ here tne student first has need for tﬁsm. Such
m include, for example, information about the
P and about the conventional forms to be used
i responses as well as short reviews of sclected
a

(5) Opportunities should be provided for the student to practice
the terminal objectives not on v singly but also in related
groups (Gagne, 1970).

Unless the instructional pr gram 1i
nts using exactly the same materials

U
s

in prec y me order

,Ct ional sequence itself should be a variable one. 1In ividualizing

make it possible for students to have different pathways through
eri I bz entirely under

a set of instructional materials. These mechanisms may be
t f the learner; i.e., th u ] 1

n o e ent | t ] 2 h
own pathway through the instructional pr@gram@ They may, on the other hand,

10
O
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FIGURE 1l.--Learning Hierarchy.
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be wholly under program control, in which case the nrogram itself contains
rules and directions for defining the individual student's movement throuagh
the instructional materials. It is also possible, as was done in the present
program, to combine the two forms of control, leaving some decisions to the
student and reserving others to the program i1tszself.

o

For those individualizing mechan r

isms that wer
control of the program, the following decisi 11

etained undor the
on rules w used:

;. wWorao

w
[a]
(]

(L) A tutorial sequence that is related to an intermediate
objective is to be bypassed if the student can demonstrate
"adequate mastery of the principles and concepts invelved.
The demonstration of "adequate mastery" is defined as re-
sponding correctly to at least 85% of the criterion items
presented prior to the tutecrial sequence.

(2) A practice sequence that is related to a terminal objective
is to be bypassed if the student can demonstrate adeguate
attainment of the behavior involved. The demonstration of
"adequate attainment" is defined here as solving without
error a problem of the same type in the corresponding
tutorial sequence.

(3) A problem series within a practice sequence is to be terminated
when the student can demonstrate adequate attainment of the
behavior involved. Demonstrating "adequate attainment" is,
in this case, defined as solving without error the preceding
problem in the practice sequence.

(4) Where a practice sequence contains problems described by
several related terminal objectives, the student should be
presented only problems that are similar teo the items he
missed on the immediately preceding mastcry test.

- These decision rules served the dual purpose of insuring that the student
mastered one objective before moving to another one and of relieving him
of additional instruction in an objective that he had already mastered.
This emphasis upon mastery is in accordance with the theoretical position
of Gagné (1962b) and with the empirical evidence accumulated by Silberman
and Carter (19653).

For a computer-assisted instructional program, the learning
sequence is best summarized by a flowchart showing the orderly progression
through the major components of the program and identifying the principal
points at which the decisions governing this progression are made. Figure 2
is a highly simplified and abbreviated form of such a flowchart for the
present program. The central portion of this figure contains those parts

of the instructional sequence that are used by all students, including both
the tutorial materials related to the terminal objectives and also the
various diagnostic and mastery tests. The tutorial segments that provide
instruction in the intermediate objectives are located on the left side,

o 12
ERIC
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Finally, the

for some of th
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The program 1is
to go through any part of the instructi
Where normal operation of the decisi
of a seguence, the Stuﬂent iz tol

Instructional Materials

The actual writing of the instructional materials can be con-
sldered as the fourth step in the development of the program. This was .
actually begun as soon as the general outline for the learning sequenco .

had been decided upon, and the writing itself suggested changes in and
provided detailed structure for the learning sequence In addition, the
information gained through the developmental evaluatlan of the early
instructional segments gquided not only the revision of these segments

~but_also the initial construction of the later ones. There is, thus,

much interaction between the processes C arranc ng the learning sequence,
preparing the instructional materials, and observing student use of the
various parts of the program.

Several generalizations, some of which were suggested by Gagne
The Conditions @f Learning (1967), served as guidelines for writi ng the
instructional materials:

iple is to be learned, instruction should provide

(1) WwWhen a princ = ’
for recall of the relevant con cepts.

(2) The student should be encouraged through verbal cues to
organize and grasp the meaning of the principle for himself,

(3) When a principle is to be ipglied, instruction should provide
for the recall of the principle, if such recall is necessary.

(4) The student should be encouraged to apply the principle for
himself, and directions should indicate procedures without
Presenting solutions,

(5) Verbal cues, where po , should be directed toward a
specific learner diff

{6) The instruction should lncarparate both large and small steps.
ng as the student is able to demonstrate progress, cteps

o
hould e large; when the student encounters difficulty, steps
oul

ould become smalleyr, and resetition should increase.

14



Since this program has been designed to perform a real tcachina:
function with respect to the application of equilibrium principles, the
se pertaining to the terminal objectives are quite

instructional seguences
comprehensive. The student is expected not only to obtain the correct
answer tu the particular problem that has been presented to him, but also
to analyze the general aspects of the ¢quilibrium reaction under consider-
ation, and s0 on. On the other hand, because it was anticipated that the
student would receive additional instruction about the concepts and princi-
ples of chemical equilibrium from other sources, the materials selected

for the intermediatc objectives were severely limited in scope and only
those aspects of immediate usefulness to the student were included. Even
this restricted instruction, of course, was omitted for the student who
could show that he had already mastered the necessary principles.

5

The instructicnal materials consist of guestions to be answered
ard problems to be solved by the student, together with a minimum amount
of expository text to be read by him. After the student has responded,
he receives some kind of comment on his answer from the instructional preo-
gram. This might be nothing more than mere confirmation in the case of a
correct response. It was frequently possible to predict, on the basis
first-hand experience with real students, some of the incorrect resjunses
that were likely to be made; thus, feedback information for the students
could be made specifically relevant to these anticipated errors and the
responses they would lead to. For other incorrect responges, verbal cuns
and hints of a more general nature were presented to the student. 3§
the process of applying knowledge was regarded as primary importance
rather than the product of such application, the student was rarely simply
told the correct answer after a single incorrect response. For much the
same reason, sample problems and worked-out examples for the student to
follow were deliberately omitted from the instructional materials.

o]
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ey
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[
M

#

i

e
r¥m

In the tutorial and practice sequences of the instructional
program, the student was usually required to construct his own response
even when the question itself contained strong cueing. Because of this,
the identification and incorporation of equivalent expressions for the
correct answers and also for the anticipated incorrect ones became a
necessary part of writing the instructional materials and one to which
the developmental evaluation made important contributions. The items
for the diagnostic and mastery tests, on the other hand, were all framed
as multiple-cholce questions.

The instructional program was coded in Coursewriter III for use
with the IBM 360/50 system. The bulk of the material was displayed to the
student by means of an IBM 2740 typewriter terminal; the student also used
this typewriter keyboard for his responses. Those portions 'of the tutorial
Sequences that seemed awkward for typing, such as, for example, the mathe-
matical expressions for equilibrium constants, were put on a precoded 16mm
film strip. This technique was also used for the items making up the diag-
nostic and mastery tests. An IBM 1512 random access projecter displayed
individual frames from the filmstrip to the student as they were needed in
the program.

ERIC
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rmental Evalugtion

Developmental evaluation, although it is being treated here as g
Separate step, procecded concurrently with the vreparation of the instruc-
tional materials and consisted of two kinds of activities, The purpose of
the first of these was to examine the objectives and test items incorporated
in the program; that of the second was to observe students using various
parts of the instructional materials.

Examination of objectives and test items. The statements of
objectives contained in the entering skills, in the intermediate objec=
tives, and in the terminal behavior werc evaluated by groups of science
-and mathematics educators. These individuals assessed the appropriate-
ness of the varicus instructional objectives for the courses to which thoy
had been related and the sultability of the test items as measures of stu=
dent attainment of the objectives.

The test items for determining the student's mastery of the
entering skills were used with two groups of Chemistry 302 students while
the program was being written. Bascd on these preliminary observations,
the test was revised to remove or simplify the most difficult items (those
answered correctly by less than 40% of the students), and short reviews of
«ome of the mathematical skills were added to the instructional program

itself.

Individual ohservations of students. Diring the time that the
instructional materials were being prepared, a total of about 20 indivi-
duals tried out various portions of the program, ranging in length from
short sequences of tutorial guestions up to essentially the entire program.
Those who participated at this stage as students were not always members
of the defined target population, but this diversity and the critical
acumen of some of the advanced students are considered advantageous in
developmental evaluation. Graduate and undergraduate students in science
education and in chemistry were included, and the students were observed
closely by the author as they interacted with the instructional materials.

Several kinds of revision stemmed from these observations. The
simplest was the location and correction of errors that had been made in
coding the material into the Coursewriter IIT language. Additional ways
of expressing an acceptable answer wore also identified and incorperated
into the program. Similarly, new and previously unanticipated incorrect
responses were inserted, and appropriate feedback was provided for them.
Finally, those sequences that proved to be ineffective were completely
rewritten, usually in an expanded form. 1In those cases where consider-
able revision was made in the materials, the new program was tried out
again with another student or group of students.
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Testing and Evaluation of the Completed Prospan

In order tn obtain guantitative data with which to judge the
effectiveness of the completed program, a group of students from one sc
tion of Chemistry 302 was selected to use the computer-assisted instru
tional materials during the spring semester, 1970. These students were
also expected to attend the regular class meetings of the section. Con-
sequently, the CAI program, while it served to supplement and reinforce
the large-group instruction in the same problem-solving and application
skills, did not have an independent instructional role within the total
ffaméWQrk of the course.

g

Since it was felt that a meaningful evaluation of the program
itself depended upon the students ¢ ompleting it without extensive review-
ing, such as, for example, in preparation for an examinatioen, a time sche-
dule was arrived at in which the CAT program would be avallable for =
period of six weeks immediately preceding an hour test that would contain
similar kinds of problems. Because the program as developed forms a
single cohesive unit, rather than a group of semi-independent modules,
much of the needed data could not be obtained unless and until a student
completed all of the program. As an incentive for them to do this, the
cooperating professor responsible for this section granted credit for
homework assignments :o those students who finished instructional materials.

From a group of 145 students who volunteered to participate in
the study, 35 were randomly selected. The remaining volunteers were used,
where needed, as a comparison group. The following information was avail-
able for all of the students: :

{l) Level of entering skills in mathematics and in chemistry
as measured by the entering skills test prepared as part

the CAI program but given, in this case, separate from

£
the program itself.

(2) Pre-program attainment of the terminal behavior as measured
by test items prepared for the instruction program but used,
again, separate from the program 1tself

(3) Attitudes toward chemistry and toward CAI, both before and
after the period during which the experimental group was
using the CAI program, as measured with a semantic differ-

ential test developed by Castleberry (1969, p. 89) for a
similar CAI study.

(4) Hour-test scores on program-related and non-program-related
guestions. .

(5) Final examination scores on program-related and non-program-
related questions. '
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In addition, for thneose students who completed all of the instruc-
tional program, measurements of the program path length and of the post-
program terminal behavior were obtained. The program path length was defined,
as the total number of critical labels in the instructional program as used
by a particular student, the term "critical label” denoting those labels
that contain a substantial ammount of cognitive content to which the student
must respond in someé way. The post-program terminal behavior was measured
by a set of criterion items in the last part of the instructional program;
these items were parallel with but not identical to the ones used to deter-
mine the pre-program attainment of the terminal behavior. Finally, the
members of the experimental group responded to an informal, written ques-
tionnaire designed to elicit reactions to the total program.

=
o0
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RESULTSs OF THE EVALUATIORN

This study has involved an admittedly small and ultimately
sclf-selected student sample; consequently, it is subject to hazards
brith in interpretation and in kgeneralization, and these are mentioned
at appropriate points. These defects must not obscure the positive
aspects. Computer-assisted instruction, especially as applied to edu-
cational research, is still a relatively new field; it is also undeniably
an axpensive form of instrumentation. It can, nowever, be used to explore
otherwise inaccessible questions, and this exploration can lead to the
discovery of unexpected effects. Although such effects need to be vali-
dated by replication and by further study on a larger scale, the initial
cffort is not without significance. In these circumstances stringent
statistical tests may be less important than the mere Fact that pre-
viously unconsidered phenomena have beun given attention.

Progran bvaluation

The criteria for evaluating the instructional program were con-
tained in a set of statements of expected outcomes. It is felt that
these outcomes, or others similar to them, are implied whenever systems
analysis is used in the production of educational materials. In this
case, however, they have been explicitly stated.

(1) It is expected that students will be able to demonstrate
competence in the terminal behavior at the conclusion of the instructional
progran.

The mean pre-program and post-program attainment of the terminal
behavior for the 14 students who completed the instructicnal program are
shown in Table 4. The mean score on the program posttest is significantly
higher (¥ = 105, p = 0.0) than the mean score on the pretest, the latter
being adjusted to a basis of 12 items. In addition to the significant
change in the mean score, each individual student who completed the instruc-
tional program achieved a higher score on the post-program test than he had
on the parallel-item test given before the program.
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AEAN ATTAINMENT OF TERMINAL BEHAVIOR

Mean Maximum Possible Range Standard Deviation

]

Pre-program 1.1 ’ B =2 0.5

-

H—l
b
L
1
e
b
b
Lo

Post-program 9.4

Table 5 summarizes the mean scores for the experimental and the
comparison groups on the program-related and non-program=related portions
ef the third hour-test, which was given immediately after the period dur-
ing which the members of the experimental group were using the CAI program.
In aldition to that for the entire experimental group, data are also included
for thies subgroups within this group: (1) those who completed the instruc-
tional pu iram, (2) those who started the program but did not complete it,
and (3) chose who did not start the program. Table 6 contains the corre-
sponding inlormation for the final examination in the course.

]

]
W

The mean score on the program-related item is significantly higher
thar the mean score of the comparison group in the case of the hour examina-
tion; on the program-related part of the final examination the difference
between the two groups is smaller and of questionable significance. When
the - non=-program-related guestions on these two tests aré‘CDﬁSiﬂEfEd; the
differences between the two groups are small and not statistically signifi-
cant. This comparison of performance on program-related questions using
the total experimental group probably tends to dilute the effect of the
instructional program, since not all of those who were selected for the
experimental group made equal use of the materials.

i

The results for the various subgroups within the experimental
group indicate that those students who completed the instructional program
performed better on program~related Jquestions and problems, both on the
hour test and on the final examination, than did the members of the other
subgroups; on the other hand, their scores on the remaining items were not
significantly different from those made by members of the experimental
group who made less or no use of the instructional program. The extent
to which these three groups of students should be compared is questionable,
since they are obviously self-selected. It was not possible, however, to
detect any differencas among them with respect to mean scores on either
standardized aptitude tests (SAT) or the preliminary tests used with this
study (Lasater, 1971, pp. 148-149). The members of the three subgroups
might also be expected to differ in factors such as motivation, efficiency
of study habits, etc. While it was not possible to measure such traits
directly, significant variation in them among the groups woluld be expected
to vield differences in non-program-related course performance. Such dif-
ferences were not cbserved with either the hour test or the final examina-
tion scores used in this study.



Table 5

THIRD-HOUR EXAMINATION SCORES

Descriptive
Statistics — E— _—

Subgroups? Comparison

Total/Comp A/B B/C A/C
A B c /Comp / / /C

Program-Related Items (Maximum = 36)

Mean 28.2 ' - 21.5 9, 15%%%
Range 0-36 ' 0-36
SD 9.7 , 10.5
N 26 96

. Mean : 32.4 22.8 2
Range - 20-36 0-34 12
SD 4.9 12.5 11

N 14 9

Non-Program-Related Items (Maximum = 64)

"30.5 <1

2-64
X 15.3
N 26 + 96

E’E-I =1

o
o ST
8 o
o}
[
O
1
!

e e

Mean 31.9 34.3 28.6 <1 <1 <1
Range 9-60 6-59 22-36

A = Completed the instructional piagram.
B = Started the instructional program.
C = Did not start the instructiovnal program.

i}

aSubgzéupss

[}

> 20 (two-tailed test)
< .02 (two-tailed test)
< ,002 (one-tailed test)

*p
p

ﬁii‘p




- Table 6

FINAL EXAMINATION SCORES

Descriptive
Statistics

Description of Groups

Experimental

Total

Subgroups?

B

C

Comparison

Total/Comp

A/B  B/C

Program-Related Items (Maximum

1
Howd
o

Mean
Range
sD

Mean
Range

" 24.8

6-36
.9

[N
WA W

30.9
18-36

20.6

6-36
9.8

10

16.4
10=31
8.5

5

9.51%**% <]

L9FER

Non-Program-Related Ttems (Maximum =

139)

93.6
47-132
22.4

29

97.7
55~
129
14

93.2
47~
132
10

82.4
65=

113
5

91,0
24-139
26.5

106

1.66%*

aSubgraups:

*
L
o]
M

DOV v

]

Completed the instructional program.

= Started the instructional program.

.20 (two-tailed test)
-02 (two-tailed test)
.002 (one-tailed test)

* Did not start the instructional program.
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(&) It ig hoped that all
attain the minimuwn level of compet
/e

Of the 35 students who were originally selected to usc. the computer-
assisted instructional materials, 14 completed the entire program; this
rresponds to 40% of the total starting grougg If only those students who
were members of the experimental group and who were still active in the
ourse at the end of the semester, i.e., who took the final examinatien,
are considered, the 48% of the CAI group finished the instructional prograin.

1]

The minimum criterion specified in the terminal behavior states
that the student "should be able to obtain correct soclutions for 70% of
the problems representing a sampling of the above types." Since the post-
program criterion test contained 12 items, a score of 9 was considered
adequate. Of the 14 students who completed the program, 10 scored 9 oy
more on the criterion test; this represents 71.4%,

(3) It is expected that a program having many branching voints

2d on responce history will yield a substantial awnount of individuali-

sation when used by diverse students.

The mean path length for students completing the CAI program was
44 "critical labels" with a standard deviation of 5 labels. Figure 3
shows the distribution of observed path lengths. The program design itself
scts a lower limit of 11 labels for the path length and permits, within
the existing decision rules for branching, a theoretical maximum of about
85 labels although it was not anticipated that any student would actually
use a program of that length. The observed range of path lengths is from
36 to 53, the lower limit of this range being well above the minimum and
the upper limit being considerably below the theoretical maximum; thus,
the shortest program path length contained about two-thirds as many labels
as the longest, ’

(d) It is asscumed that an ability to demonstrate the possession
of cartain entering skills is a necessary prerequisite for completing the
instructional program and mas tering the terminal behavior.

The student's ability to demonstrate the possession of certain-
prerequisite skills was measured by & written test, and the minimum
criterion set for these entering skills was influenced more by the
realities of what members of the target population could actually do than

by any arguments about what they ought to be able to do. Since the mini-
mum criterion specified 70% ‘correct responses, a score of 7 or more on

the 9-item entering skills test was required as a demonstration of compe-
tency. Twenty=two of the 35 students in the experimental group obtained
such a score. Those falling below the minimum were allowed to take the
pProgram anyway because an assessment of the effect of the student's ability
to demonstrate these skills on his performance with the instructional pro-
gram was considered an important bart of the evaluation.
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FIGURE 3.--Path-Length Distribution for Students Completing
the Instructional Program.
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those students who could and those who could not demonstrate competency
in the entering skills are given in the upper part of Table 7. 1t is

Vel . e
cibe Bl SHOT M

apparcnt that, Jor those giudents who actuall, comp
tnstryetional program, the mean path length for those who demonst . ated
competency in the'entering skills is not significantly less than the
mean path length for those who did not demonstrate this competency. The
mean posttest score was only very slightly higher for the former group
than [or the latter.

S5ince observations made by the experimenter while the students
were using the instructional program had indicated that they cncountered
more difficulty with the mathematics than with the chemistry, it seemecd
worthwhile to investigate the mean path lengths and the mean post=program
test scores for those students who could and could not demonstrate compe-
tency in the mathematics section of the entering skills test. The same

c
as a score of 5 or more on the six mathematical items of the entering
skills tests. The lower part of Table 7 presents the results when stu-
dents are grouped according to mathematical competency. Tt should be

the same numbers of students tney do not contain the same students. Both
the diffurence in mean path length and the difference in mean posttest
score have become magnified by the change in grouping, and the former
has now become statistically significant.

In Figure 4 the observed program path lengths are plotted
against the measured level of entering skills for the 14 students who
completed the instructional program. The eguation for the least=-squares
straight line through the data points, which is graphed on the same
coordinates, is included; the quantity R, which is also shown, can be
interpreted as a measure of the "goodness of fit" of the linear equation
to the observed points. The graph of Figure 4 suggests that a relation-
ship does exist between the student's path length and the level of his
entering skills; however, th. probability of obtaining this set of points
in the absence of any dependency Letween the variables is large (p = 0.225
with a one-tailed test).

Because the path length appears to be more sensitive to the mathe=
matical portion of the entering skills test than to the total score on
this test, the observed program path lengths were plotted against the
scores on that part of the entering skills test that directly concerned
mathematical objectives. Figure 5 represents this graph. The supple=
mentary information with the curve corresponds to that of Figure 4. The
higher value of R, as compared with that of Figure 4, indicates a closer
agreement between the actual path lengths and the values that would be
predicted from the linear equation. The probability of obtaining the
observed data points with unrelated variables (p = 0.018) has become low
enough so that the result is considered significant, particularly in view
of the small number of cases involved. W
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Table 7

AN VALUES OF PROGRAM VARIABLES

TT;: — } T B ST
Path Lrngth !
With 11
Without" 3

<1

W
ol
L
(%]
[s)
I
L
e
ol
Pt
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Tt
3
b
wn
w‘
Ive
[

Program Posttest
With : 11
Without 3

(TRt

5
.0

Path Length
With 11 Fogas 36-51 | 4.1 8.51%*
Without 3 | 50.0 48-53 2.6

-

Program Posttest
With 1
Without

1.8 1.83%

*n > .20 (two=tailed test)
**p < .02 (one-tailed test)
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5 are plotted in Figure 6 against the

i

The post-program test scor
measured level of entering skills for the students completing the cntire
krogram. Here, also, the supplementary information is similar ta that of
Figures 4 and 5. Comparison of Figure & with Figure.d4 shows that thero
is apparently much less rclationship between the post-program tost score
and the level of entecring skills than between the path length and the
level of entering skills. ’

i

The results that have been presented and discussed up to this
point seem to indicate that the student's ability to demonstrate compe=
tency in the entering skills does not greatly influence his success with
the instructional program, particularly as estimated by his score on the
criterion test at the conclusion of the program. These results, however,
pertain only to those students who completed the materials, since it was
only for them that the necessary data could be obtained. If all of the
students who were selected to use the CAT program are considered, then
it 15 possible to examine whether competency in the entering skills scems
to affect the student's likelihood of completing the mater’ ..s. This in-
formation is compiled in Table 8. Although the differences betwecen the
two groups of students are not statistically significant, they do suggest
a trend. The student who demonstrates competency in the entering skills
seems somewhat more likely both to begin the instructional program and,
having begun it, to see it through to completion. At the same time, the
student who does not demonstrate competency in the entering skills, if
he succeeds in completing the materials, seems to have about an equally
good chance of mastering the terminal behavior.

tffects on Student Attitudes

Although the instructional program was not directly planned to
influence student attitudes toward either the content or the instructional
method, attitude measures were taken as a part of the evaluation. A seman-
tic differential test was used to assess attitudes toward chemistry and
toward the use of the computer as an instructional aid; the same test was
administered to the entire section before and after the period during which
the experimental group was using the instructional program. The results
that were obtaincd are summarized in Tables 9 and 10, the former containing
scores on that part of the test that was designed to measure attitudes
toward the computer and the latter the scores for attitudes toward chemistry.

It is seen from the data in Table 9 that the mean attitudes of
both the CAI group and the comparison group toward the use of the computer
as a study aid declined slightly during the experimental period, the decline
of the CAT group being somewhat less than that of the comparison group. The
attitudes of the two intact groups are not, however, significantly differ-—
ent for either administration of the test. The results for the three sub-
groups within the experimental group, as summarized in the lower part of
Table 9, show that the students who finished the program had somewhat more
positive attitudes than did those who started it but did not finish. Inter-
estingly enough, those students who made no use of the instructional materials
had significantly less positive attitudes about CAI at the end of the experi-
mental period than did those whe had actually used the program.
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ENTERING 5. _.LS TEST, TOTAL SCORE

FIGURE 6&.--Post-Program Score as a Function of the Level of
Entering Skills,
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Table 8

USE MADE OF CAI PROGRAM BY STUDENTS WITH AND WITHOUT
MINIMUM LEVEL OF ENTERING SKILLSE

With | Without

Use Made ) . o ;T f — — R

i N, %Total %Start %Complete ; N| %Total #%Start 3%Complete

Program !

Completed Program

~J

L8]

(%}
o}
-

Attained Criterion

=
[
Ha

Did Not Attain 3 27
Criterion |

Did Not Complete 71 32 39 4 il 57
Frogram :

Disi Not Start Instruc- 4 18 6 46
Ciwiial Prcgram :

TOTAL N 13
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The mean scores for the various groups and subgroups on the part
f the test designed to measure attitudes toward chemistry are given in
able 10. Again there is a slight decline in the average attitude of Ixsth
-he experimental group and the control group between the first and second
testing; however, as before, there is no evidence that the two groups dif-
-er significantly from each other. The results for the three subgroups
ithin the experimental group show no significant differences among them
although the attitudes of those who made maximum usc of the program aro
again the most positive and those who made no use of the program show the

least positive attitudes.

w3 O

rt
I

L
I

Relationship Between Frogram Variables

If all students were to demonstrate equal mastery of the terminal
behavior at the conclusion of instruction, there would obviously be no
relationship between the student's mastery and any other instructional
variable. Since the students who completed the present instructional pro-
gram did not all demonstrate the same degree of mastery, it seemed inter-
esting to ask whether attainment of the terminal behavior (as measured
by the post-program test) was related to the amount of instruction the
student received (as measured by his path length through the program).

In Figure 7 the post-program test scores for the students who completed
the instructional materials are plotted as the dependent variable against
the students' path lengths through the program; the least=sguares line
through the points has been graphed on the same coordinates. The equation
for this line and the valuc of K associated with it and the data points
arn also included. The probability of obtaining these results with vari-
ables that are actually unrelated is only 0.0436 with a two-tailed test.
This suggests the existence of an empirical relationship between the two

program variables.

Since the results have already indicated that the path length is
probably a function of the initial ability of the student to demonstrate
competency in the mathematical entering skills, a further reasonable quos-=
tion was whether the Fost-program test scores are related to the path
lengths for students wno have the same level of entering skills in mathc-
matics. This was approached by assuming that the criterion test score is
linearly related to both the path length and the level of entering skills
in mathematics. The prediction equation that is obtained from the measured
data under this assumption is:

§=25.7 = 0.3L - 0.7M

whe

[
T

s

post-program test score on terminal behavior.

L

path length.

M score on mathematical part of the entering skills test

and where the coeffici:nts nave been computel by the method of least
sgquares. If, for a given level of entering skills, the post-program
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unrelated, then the value of the coeffi-

test score and the path length are 2]
cient of [ would be expected to be zero. The probability of obtaining the
calculated value under these conditions if fairly small (p = 0.0339 with a
two-tailed test), indicating that the path length and the post-program
score continue to be inversely related when the lev vel of mathematical ent: -
ing skills remains constant.
32
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Table 9

ATTITUDES TOWARD THE COMPUTER AS A STuDY AID

Description of Groups
Descriptive Experimental - F Ratio for Group Differences
Statisgtics |— —
Subgroups® Comparison| ~ i
Total | _ ) _
Total/Com A/B B/C A/C
A B c /Comp /B / /
Pre-Program Scores (Maximum = 70)°
Mean 56.5 | o 57.7 | <L - i_’
Range 38-70 39-70
5D 7.6 7.4
N 35 114
Mean 55.2 56.1 54.6 <1 1,13+
Range 38-G9 45-70 49-70
sD 8.1 7.4 7.3
N 14 11 10
Fost-Program Scores (Maximum = 70)b
Mean T [ sa.2 | - 51.9 | <1 S
Rarge 35-67 10-70
sD 8.8 12.1
N 27 80
Mean 57.2 54.9 45.0 <1 5.10%* 8,76%%*
Range KO9-67 39-67 35=55
5D 5.3 10.0 9.1
N 13 9 5
aSubgr@u§s: A = Completed the 1n5trucL1anal program.
B = Started the instructienal program.
b C = Did not start the instructional program.
This score indicates a highly positive attitude.
*D > 420 (two-tailed test)
"*p < ,02 (two-tailed test)
**4p < ,002 (one-tailed test)
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Table 10

ATTITUDES TOWARD CHEMISTRY

Description of Groups
Descriptive Experimental ' F Ratio for Graup Differences
Statistics —— e '
Subgroups? Comparison o o
Total _ _ _
Total/Comp A/B B/C A/C
A B c /Comp A/B /
Pre-Program Scores (Maximum = 70)
Mean | 53.0 o — | 53.5 T )
Range 29=-70 31-70
sD 10.0 8.5 (No statistically
N 35 114 significant
differences were
Mean 51.3 52.9 55.4 ~ found)
Range _ 29-70 37-63 41-69
sD 11.4 9.6 8.8
N 14 11 10
Post-Program Scores (Maximum = 7{3)b
Mean | 49.4 T B " 48.6 - } ) )
Range 22-68 22-69 7
sSh 12.4 10,8 (No statistically
N 27 . 80 significant
differences were
Mean 51.6 48.8 44.8 found)
Range 30-68 22-~65 36-54
SD 11.7 15.8 6.5
N 13 9 5

n

Completed the instructional program.
= Started the instructional program.
) = Did not start the instructional pProgram.
brhis score indicates a highly positive attitude.
D> .20 (two-tailed test)
**p <..02 (two-tailed test)
***p < ,002 (one-tailed test)

aSubgrQupsz A

7 m
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CONCLUSIONS

Program Development

The procedures that were used for developing the program and for
designing the instructional materials appear to be relatively successful.
The evidence, both from the developmental evaluation and from the formal
testing, indicates that students do indeed acquire additional skill in
the terminal behavior; moreover, the explicit decision rules incorporated
in the program provide variables that can be changed in specifiable ways
for instructional research.

Program Evaluation

The principal emphasis of the testing phase was directed toward
assessing the effectiveness of the instructional program in terms of its
own expected outcomes. Consequently, several of the conclusions are
directly linked to these same expected outcomes. Some, however,; are
related to other aspects of program usage.

Conelusions relating to expected outcomes. These conclusions
are based on observations made with a student sample that was, in effect,
doubly self-selected. The students not only volunteered to participate
in the study but also chose to complete the instructional program. The
possible biases introduced by this are considered in the section on
Limitatiens.

'The expected outcomes that served as evaluative criteria are
listed in the Results of the Evaluation sectjon of this report. It was
concluded that the program satisfied two of the expected outcomes {num-
bers 1 and 3) but fell short of meeting a third one (number 2). In the
case of the final expected outceue (number 4), the results proved to be
only partially congruent.

(1) The results of the study indic: e that students who complete
the instructional program demonstrated increased competence in the termi-

nal behavior at the conclusion of it and that this increased competence
was maintained over at least a short period of time,

(2) Approximately 70% of the students who completed the instruc-
tional materials attained the minimum criterion of 70% correct responses
as measured by the program posttest.
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(3) It was concluded, on the basis of the variance in the path-
length distribution, that the program provided a considerable range of
individualization when used by a varicty of students.

il

(4) The results suggest that, at least under the conditions of
this study, the student wno is lacking in the entering skills is probably
less likely to complete the instructional program. On the other hand, for
those students who do finish the materials, the initial level of entering
skill does not seem to greatly affect either the post=program test score
or the likelihood of reaching the minimum criterion of performance. The
student whose deficiency is in the mathematical component of the entering
skills would, however, probably follow a longer path length and thus use

more of the instructional material.

Conclusions relating to student characteristics and pregram
variables. The program path length and the post-program test score are
considered to be the important program variables. It was not possible
to show any relationship between either of these variables and standardized
aptitude measures (Lasater, 1971, pp. 136-138.

(1) The student's expected path length through the instructional
materials is inversely related to his demonstrated competence in the mathe-
matical entering skills as measured prior to the start of the program.

(2) There appears to be an inverse relationship between the
student's path length through the program (trcated as the independent
variable) and his post-program test score (treated as the dependent vari-
able), and this relatidnship persists when allowance has been made for
different levels of entering skills in mathematics.

Conelusions relating to student attitudes. Although not a pri-
mary part of the study, the attitude measures did yield some interesting
results.

(1) It appears that the instructional program might have had a
positive effect on the attitudes toward CAI of those students whes made

maximum use of it.

. (2) For those who volunteered but did not make use of the pro-
gram, however, a "sour grapes" attitude was noted.
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Limitations on the Study

Several factors serve as possible limitations on the general-
Lzability of the conclusions based on the results of this study. In the
first place, the students who participated were all volunteers. Also,
since they were expected to attend lectures in which the same kinds of
applications were discussed, their motivation to complete the instruc-
tional program was largely intrinsic. Thus, any extension of the results
to a general population of students, especially when coupled with the
extrinsic motivation that would result from a definite instructional role
being assigned to the CAI program is valid only to the extent that one is
willing to assume that the behavior of these students is typical of the
larger group. It is the opinion in this report that those results reflect-
ing primarily cognitive aspects of the student's behavior, such as the
achievement of the terminal behavior, the effects of entering skills, etc.,
would probably remain at least qualitatively correct. Where attitudinal
or motivational effects are important, as, for example, in the fraction
of students completing the program, there would seem to be considerably
less certainty about any extrapolation.

A second limitation concerns the amount of influence the instruc-
tional program had in improving student performance with respect to - -the
terminal behavior. That such performance was better at the end of the pro-
gram than it had been before the program was started seems undoubtsdly true.
On the other hand, it cannot be assumed that all, or any identifiable part,
of this learning was the direct result of the program itself, since the stu-
dents were simultaneously exposed to instruction in the same skills during
the class lectures. Even if it is conceded, as is warranted by the evidence,
that the students who completed the CAI program performed at a higher level
than their classmates, it cannot be assumed that this "excess" skill could
not have been acquired by them in some other way, such as by working more
problems from the textbook on their own.

Implications of the Study

Instruction and learning. The results indicate that students with
less competency in the mathematical entering skills identified as specifically
necessary for the program content followed a longer path length than did stu-
dents with greater competency. This is in agreement with Gagné's generaliza-
tion: "The course of learning for any individual is importantly affected by
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the capabilities he brings to the instructional situation" (1965). That the
post-program performance on the criterion test was apparently not related to
the level of these entering skills even though the program itself provided
no specific instruction in them Suggests two possibilities. The student may
have been relearning through practice certain capabilities that he had pre-
viously possessed and thus, in effect, have been improving his proficiency
in the entering skills as he progressed through the program. It is also
possible that the items on the criterion test, being multiple choice rather
than of the constructed response form used in most of the instructional pro=
gram, placed less demand on the student's mathematical skills; the student
who had made a calculation error might well not find his answer among the
listed choices and in that case would be led to recheck his arithmetie. It
should be noted again that relatively few of the students with a low level
of entering skill completed the instructional program.

The results also suggest that a student's criterion score is related
inversely to his path length through the instructional program, and this depen-
dence seems to persist even when allowance is made for differing levels of
entering skills. This effect can be accounted for by assuming the existence
of one or more abilities that, when present to a larger degree, permit the
student to master the instructional material more rapidly and with better com-
prehension. It is tempting to speculate that in this case the relevant ability
might be one that facilitates the translation of verbal material into mathe-
matical statements. If this hypothesis that the relationship between path
length and post-program test score is due to the influence of differing stu-
dent abilities of some kind is correct, then the results of the present scudy
4re in agreement with the finding of Schurdak (1965) that "more able" students
achieved higher criterion scores with less exposure to the course material.

Of the 35 students originally selected to use computer-assisted
instruction, only about 40% completed the entire program. This observation
is comparable to Castleberry's results in a similar kind of testing experi-
ment with first-year chemistry students; he reports (1969, p. 87) that of a
CAI sample of 100 students chosen from among a larger group of volunteers,

38 were "fully participating" and 36 had "limited participation." There is
no real reason for assuming, however, that this same "drop-out" rate would
persist if an instructional program had any sort of "required" status within
a total course structure. There are a variety of possible explanations for
the observed completion rate. Students who lacked a satisfactory level of
entering skills may have simply found the material too difficult; the kind

of instruction, as described by the instructional guidelines, may have been
inappropriate for some of the students. There may have been a lack of suffi-
cient motivation, since failure to complete the program was not penalized in
any way. Finally, the students may have simply become discouraged by the
delays and frustrations associated with malfunctioning of the computer system,
The students themselves, when asked about this as a part of the evaluation,
mentioned most frequently the demands on their time made by other courses or
by other parts of the chemistry course.
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The results obtained with the attitude inventories would seem to
have some important implications, especially for any widespread or routine
use of CAI. Although it seems clear that experience can affect student atti-
tudes about CAI, it is not obviolds whether the influence comes from the in- -
struction itself, from the subject-matter content. from the computer used
to manage the instruction, or from some combination of these. The resul-s
seem to indicate that, at least in this study, more than one factor must
have been important. Among those students who used some portion of the
instructional program, the ones who completed all of it had slightly more
positive attitudes about CAI at the end of the semester than did those who
did not complete the materials; however, the differences were not large.
on the Gthéf haﬂd théSE members af the expériméﬁtal graup whg aia nct even

less p§51t1ve thaﬂ the ones exprES%ed by Students whc had used the materlals
The source of these negative feelings is not at all clear. These students
may have been influenced by the poor performance of the computer system if,
for example, they arrived for a scheduled appointment to find that CAI was
not operating; or they may have been affected indirectly by information about
the program from other students, but this seems unlikely in view of the gen-
erally more pcsitive attitudes expressed by'the chers, or their attltudé

pragram 1tself a EQESLE;l;ty suggested by the s;multaneaus Presenca Df
less positive attitudes toward the subject matter itself.

Instructional design. It is the opinion in this paper that this
program was, :Dﬂgléerlng the constraints within which it was used, reasonably
successful in meeting its instructional objectives. There remained, in spite
of several revisions, one tutorial sequence with which students still had con-
siderable difficulty, and this should be rewritten before further use is made
of the program. 1In addition, the results of the study provide an empirical
basis for revising and clarifying two of the expected ocutcomes,

The preceding comments do not, of course, imply that there is any
reason for regarding this as the "best" kind of instruction for these terminal
objectives or for this target population. It is possible that one or more
changes in the instructional guidelines or decision rules might improve the
efficiency of learning, as measured either by increased student competency
in the terminal behavior or by decreased program length, for students using
the program. Such changes, if they are to contribute useful information for
future instructional designers, must be explicit and must be validated by
empirical evidence.

Improvement in the student's ability to apply concepts and principles
to specific situations is an important goal of most science education. The
general structure of the program developed for this study, including the in-
structional guidelines and the decision rules for branching, would seem to
require only minor modifications in order to be suitable for many terminal
behaviors involving applications of congcepts and principles, not only in
chemistry but also in other areas of science.

W
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Computer-assisted instructior. The opirion expressed in this report,
based on the experience reported, is that computer-ussisted instruction pro-
vides very valuable instrumentation for instructional research. Both the
requirements for its effective use and the advantages it can offer have been
adequately described in the literature (Zinn, 1967; Gerard, 1967); however,
the large investments in time and money that are required will probably con-
tinue to limit its utilization in this area.

The various difficulties that were encountered with the computer
system and their possible effects on the student users and on the results of
this study emphasize again the importance of operational dependability. Al-
though this has, of course, been recognized by others (Gentile, 1967; Suppes,
1966), the unfortunate consequences with regard to the collection and inter-
pretation of research data are rarely mentioned.

Suggestions for Further Study

The results of this study suggest several questions that might be
worth investigating, and these are listed below. The first four topics
involve this particular CAI program; the other two are general areas under
which related problems have been grouped.

(1) What is the effect on post-program scores and on program path
lengths of changing the decision rules to allow students to decide for them-
selves whether and for how long they want to solve practice problems? Does
this change have any effect on the percentage of students completing the
program or on student attitudes toward CAI? A study of these questions has
been initiated, and the results will appear in a subseguent report.

(2) What are the use characteristics, particularly in terms of
student completion rates but also including program path lengths, post-program
test scores, and the relationships between these program variables and the
measured competencies of the students using the materials, of the program
when it is integrated into the total course structure for those students who
utilize it? How do these characteristics compare with the results of the
present study?

(3) What is the effect of providing remedial instruction for

- students who cannot demonstrate competency in the mathematical entering
skills? Where students do not receive remedial instruction, does their
ability to demonstrate competency in these skills change between the begin-
ning and the end of the instructioenal program?

(4) 1Is the inverse relationship between program path length and
post-program test score attributable to differences in innate ability among
the students? Can this ability be identified and measured?
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(5) Very little is known about student attitudes toward instruc-
tional methods. What factors are most influential in shaping student atti-
tudes upon initial exposure to an instructional method? What is the effect
of these initial attitudes on later experiences of the student with the same
or a highly similar instructional method? How can negative attitudes toward
an instructional method be altered?

(6) There seems to be a need within instructional research for
groups of studies in which instructional variables are changed one at a
time in specific and systematic ways. These are the kinds of studies that
should provide the empirical data needed to improve instructional theory.
With the present study as a starting point, various directions might be
taken. For what kinds of "application" objectives can these instructional
guidelines and decision rules be used? Are they appropriate for secondary
school students? Are they useful with even younger learners? If the
instructional guidelines and decision rules are not suitable for a variety
of objectives or for learners of different ages, can they be modified and
made more general? '
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