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Both failures and .successes have been experienced in
the application of the computer to the teaching of introductory
chemistry at Simon Fraser University.. Chemistry teachers looked to

computer assisted instruction (CAI) to improve instruction because

CAI effectively dealt with chemical concepts and - their practical

~ application and with the wide range of students found in freshman

chemistry. Initial CAI short courses failed after the novelty wore
off, but an effective CAI problem tutorial--CHEMEX--was designed. .
Students used it because it _met their specific individual needs. .A
later program--ALCHEM--which consisted of interactive exercises on
various chemical principles was less well received by the students,
apparently because they did not perceive the usefulness of the
exercises,_ The newest program, a fully individualized CAI course with

. specific learning objectives for each unit, has been well received by

the students and -eliminated student failures during its initial
semester, . In summary, the success of CAI appears to be related as
much to the degree of individualization  and attention to their needs
as perceived by the students as to the quallty of the programs
themselves..(PB)
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MAKILG THE COMPUTER MAKE A DIFFERENCE lN_COLLEhE CHENISTRY

Stephen K. Lower
Department of Chemistry

e Simon Fraser University

Burnaby 2, B.C., Canada

pv

In this article, l_shoul& like to review both gﬁe failures

. and successes we have experienced during the five years that we

‘have been applying the computer to the teaching of introductory

" Chemistry. Most of this actlvity has taken the form of ﬁireéy,

Interactive computer-assisted Instruction, but I will not dwell

upon thé deta!!s of! the - !nstfucttonal programs themselves. i

wish to focus Instead on the much more genéra1 and s!gp!f!cant'

question qf how compdterimedfated learning can be most effect-
fvely employed in the éon;exx of the ovérall course. | believe

that the “viability of c¢.a.i. will ultimately depend on our

.ability to demonstrate its cost-effectiveness, and that a spe-

clal effort must be made by teacher-users to -help achieve that

end.

- Chemistry is typical of many sclence-orignted disciplines-in
that it encompasses. a large number of concepts that are useful
only insofar as they can-be applied to various éoncrete si tua-
tions. While passive reading and classroom experience can Belp
convey some of the Hecess;ry background matérial ;nd place
tﬁese concepts and priﬁciplés:ln “their proper_pe{spective, real

fagility in making practical use of them can only come through.

alin




5.K, Lower = 2

Apracttce qgg:gxercise in doing j%giithaf; This, together gith
the wide range of'background, interest, and aptitude character- .
ising—the clientele of a fypical _Freshman course, has made
cheﬁists as a gréup traditfonallilact!ve ihh;eeking out innova-

tive and more effective teaching methods.

. Thus shortly after Simon 'Ffasér University first opened Tts
doors in 1983, we had connenced exploring the use of aud!otapes,
lerturo-theatre response systems, and the Postlethwait concvpt
of booth-léboratories (1,2). Our enxry “into ‘c.a.l. focgurredstnr
1969, when 1Bi's Coursewriter ill system (3,4) was implemented
by our Computing Centre. At first, various faculgy,_membersh
tried their hand at authorlng short "courses" on subjects such
as the gas laws, balanc!ng equations, error analysis, and the
}ike. Later, more extpn;jve courses on expohential arithmetic,

logarithms, qnd organic nomenclature were added.

‘ Although these courses received considerable use initially,
" this usage soon dropped offr as the novelty effect disappeared
for both_the' students. and the faculty. After six months the
terminals were mostly deserted,” and served mainly as éhoﬂp!ecesg
for visitors. ‘n, retrospect, the-di;ect reason . for this fail-
ure of our éarly efforts Iis starkly obvious: we dldn't really h%;
know what we‘ﬁanted t$ do with c.a.i.; 1t was :regarded by the
faculty as:gnsg another teaching "aid", and thus by éhe students

=3
as JU$t more "extra_ work'",
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Wle then tried a somewhat different approach. For several

years | had been preparing tape-recorded commentaries on the

2l

‘ week!y problen sets that ’students’are given in most chenistry
courses. These tapes were well- recelved ‘and apparently had some
effect on student per‘ornance (5), lt seened reasonab!e thac

%

& ¢c.a.l. could serve the same need even more effectively, owing to

[T T

lts interactlve nature and branchlnr capabulnty. A.pl!ot "prob- . o
len-tutorial" program was wrltten, and achleved conslderab!e

. s;ccéss: ‘ students werc us:ng lt, and c.a. l was saved from a
nremaﬁure‘dea;h. VForaseveralayeprs now,  our CHEMEX nrogram, as -
lt is c;!!ed has been the most heavily used of all the programs—. . i
on our system. -1t is aeslfned so- that . students can renelde

%5

computer-nednated as.i1stance on any of some 60 problems coverang

i ‘"“~“‘“"J"*‘i; K AR LAY 1 T g PR O y A g R

the usual toplcs of !ntrodurtory Chemsstry. The prob!ems them-

se!ves, which are contained in a printed booklet, can either be-

A A o

Sasslgned as "homework™ exercises, or used as examples for simil-

ar problems that are assigned from other sources.

-~

The reasons for the nopU!ari;y of CHENEX are fairly obvious:

BT RE G R MU TR R U I S RO A A

a student comes to the program for help on a particular problem,

His readiness to understand and mastef whatever principles are ‘

iy e Gt e

involved is at a peak; he is motlvated, and has a reasonable

LI TR

expectation of receiving the help he needs, wtthln the time he
has allotted hinself, In short, the students apparently feel

f that CHENECX neets a real need.’
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- Two years ago, we began a somewhat different type of c.a.i.

.program, cohsistjng of highly Interactive- exercises on various

basic chenical principles, all arranged in a modular form to

permit maxinun flexibil}ty I'n their use.. WUhile many teachers
consider this progran ("ALCHEM!) _to be conéidefably: "better"

than CMEHEA, it receives comparatively little "spontaneous stu=

dént use, . cfeprly, s;ugents do hotﬁgenetaliy have a burning

desire to "do exercises", no matter how beneficial to the soul

. this may be. ) <

Do these prog?ams "work"? Are they successful? If we have

learned._ only one thiﬁg-!n our experience with c.a.i., It is that.

the effectiveness of the medium depends as much on the manner In

which It is used, as on the quality of the Instructional prOgram-

ming Itself. If the course IS given in the strictly "tradition=-

al" manner, with the Instructor's emphasis -being on ﬁi§;three

lectures per week, then c.a.i. is unlikely to make a significant

inpact on the course or on the success rate of the students.

If, onrthe. other hand, the Instrucior clearly defines the role
that c.a.i. 1is to play, and adjusts the other aspects of his
course to complement that role, then c.a.l. can become -extremely
effective. If this effect}veness is to .man!fest itself, a
certain "critical mass" of c.a.i. material must be available so
that a siznificant oortion of the total course can be ccvered,
only then will c.a.i. begin to make possible the radical changgs

In teaching and learning that It ultimately promises,

e

—y
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It was not until the summer of 1972 ”tﬁat I felt we wvere

beginning to reach the point where we could really do something

i [ - - di fferent. For that secmester, | deslgned a Freshman course

_based largeli on the "individual study" method. Each segment of

the course was defined in terms of’speclfic learning objectives

that the students were expected to achleve, and would be tested .

for. Each 1list of objectives vas accompan!ed by a 1list of

"sources" or alds that the studént could ~employ for, help in

achlev!ng these ob;ectlves. -~ These sources always i ncluded

speclflc reading and _problem assignments, and usually some audlo-
‘tape and c.a.l. material. Completion of the. ALCHEﬂ c.a. i.
sequences 'was made a "requlrement" of the course, slnce th:s, in.
I1tself, would demonstrate a certa!n level of mastery of specific

i course obhjectives.

[T DT
.

-

Since the bulk of student learning was effectively decoupled

frgh fornmal class mectings, the. number of these could be re-

duced. | gave only one, instead of the normal three Jectures

per week, and time to what | believe

AP 1 00 BN ARSI N R e
H o

| was able to devote ‘this

to be the proper function of lectures: to show why the various

]

il

topics of chemistry are Important; how they fit into the context

it

“to

o+ g

of chemistry and science in general, and

ROM A

tural and humanistic aspects of the subject.
_portion of the course, |’
convey my enthusiasm for the subject; |

do this through c.a.i. or any other medium,

Thus

hope to-stimulate and motivate,

Brlng in the cul-
in the lecture

. to

doubt that | could ever
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Did the students learn rore? Not really; our summer-
semester classes are too small for statistics to have much
meaning, .but there were no more A's or B's than | normally give.
On the other hand, there was not a single D or- F grade: for the
first time ever in my teaching of a Freshman qOurse; there was
rot a single éailure! Best of —all, the reaction of the students
ﬁas,ovgrwhelmlngly; favorable; they liked kpowiﬁg exactly wha;
they mﬁst learn, .and on Wwhat basis they would be evaluated. -
f | ;§lnce I no longer had to prepare three—lectures per week, | Qés
; able to devote more - time to students who‘néedéafgpec!al he[p,
and could also conduct my own .tutorial sessions, }nstéad of

_relegating this job to a graduate student.

In this case, | feel that c.a.l. bhas lndeed_ been a ?suc-

FHEY s 0 40 pon

" cess". But what has.really sqccegde& here is not c.a.!. Itself,

AN R TTI

but the concept of an Individual-study course, utilizing the

best features of a variety of learning alds in a comprehensive

b o U N Y

manner. The significance of c.a.i. and audio agé; is that they

makexthls teaciing app}oach feasible. It remains to be seen

H
=
H
<

whether other teachers can or will_ adapt this approach, or

" whether It coJld be made to work with much laner classes.

Where do we hope to go from here? For the moment, the task

of continually revising and updating existing .program material

L4

competes sgf!éﬁs}yfgwith getting more material written, but both

must be done; we still have much less than we really need.

gy
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Our Conputang Centre, which gives admirable support to
"CeBele inN the face of all the competung demands that a univer-

sity places on computing resources, is about to implement a

consolidated on-line system that will provide c.a {., remote jobr

'entry, conversationai conputlng (APL), and unformation retriev—
al, all though the same terminal system. Thas Will Increase the
posslble level of séphisticatloﬂi in our cca.i. programs by - a
7considerable degree, and open up a.number of new uses of the
computer’ fo;qboth students and teachers. Ve will also be aele
to make the povier and flexlb!llty of ’Interactivé graphics avail-
able to c.a.c.,' thus extending the scope of c.a.i. into a number
,8f,areas“ that we ggnpet adequately serve with typewriter ter-
minals. -
For a telazively smalt institution such as’ ours, which can
never expect to becone: self-sufficient, c.a.i.-wise, in more
than a few subject arecas, the matter of eichange» of program
materials is.an important one. It is e;pepted that our new
system will be able to simujateimost of - the pr;nchal= authoring
languages, since-it 1is being designed to meet the fenctidnal

: spec!flcetions recently set forth by the National ;Research
Council of Canad;%;or_c.a.I. authoring iangdages; these specifi-
cations exceed the capabilities -of all the princlpal existing
Ianguages, !ncluding Coursewriter, TUTdR, and PLAHIT. At the
(—wpresen. time, our ALCHEH and G!EHEnglograms are implemented at

t

twelve institutions. in lorth America; to facilitate further
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exchange. of this kind, we are considering the use of a machine-

independent c.a.i. docurentation language, such as the Primary

Author Language ("PAL") that has been developed by P. Ripota(7)

in West Gernranvy. x

It is only corparatively rerently that terms such as 'cost-

»
i S

effectivepess" and “productlv!ty" havo been applied to college

teaching (although practically never . by the teachers them=

selves!). Like it or not, we are bound to hear -much more abou

s

these éuﬁjects as universlty audgets shrink in relation to the

other escalatang denanda on the public purse. While c.a.l.'may
be allowed a reasonable incubation perhedumthose of us who are

naklng substantial demands on computer rESources in connection

with our teachnnp must soon be perared to demonstrate that this

use is—yielding equally substant!al returns In the form of
increases in the rate or extent of student learning, andalso in
teacher productivnty. In short, the computer must truly"make a

di fference" if It is to survive as a mainstream learning tool.
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