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A jolnt research p:cject in édufatlcnal technlguEE,
vhich was conducted ky the Bn;ve:e;ty cf Waterlco and the IEM .
Corporation, explored the use of color television with rardcm-access -~ '
videotape under computer control. At the end of the. three~year

project, papergE were solicited -from all CCrIT (Computerized

" Multi-Media Instructional Television) pafticipants, and 12 cf the 15
professors who had authcred courses sutpitted papers. A

,repfesentatlve sanple of sevaﬂf ers was presented at a one-day

' COMIT Symposium, some accompanied by videotdped demcnstraticns that - .
illustrated the teaching techniques vsed. In ¢crder to provide as
complete a record of the prcject as possible, alL,12 of the papers
from participants are included ih-'this volume (grauped where
possible, by subject), as well as ccmnents by the p;aject director
and the coordinator from IBM.,and a summary cf the FE@agcgical lessons
learned from CCMIT. Courses 3%5¢:1be§ include envircnmental
engineerinqg, survey ﬂesign. advanced calculus, crganig synthesis,
bioloqy, human movement, ice hockey practice, fcotkally leisure
experienceé, history cf ar%, and English. The appendix dontains the
schedule for the COMIT Symposium with the names of the Speakers.
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“In Sébtémbéf 1974, the IBM Eafpofﬁti@n appraaéhed the University L
of Waterloo with a proposal for a joint research project in educational

i‘tgchniﬁues which would explore, in patticular;lthe use of colour tele-

vision with random - accass:vidéé*tape-uﬁ&ef camputer control. 'Ihe pro-

fpnsglﬁwas referred by-Dr..T -A;sBESBStEWSki,hViCEWPIEEidEﬂE (écadamic),_xﬁnéq.;gwée”

to the Cnmputers in Education Committee: (CEC) for evaluatign and comments.

.After some negotiation between UW and IBH, the project began officially

in Janusry 1975 with the name CDHIT (far Computeri%gd Multiumedia iﬁst c-
tional Television), with Dr. J.B. Moore, Associate anfegsor of Hanagement

The Camputers “in Education Committee maintained an informal conmtact

i
- with COMIT during its three years of pperation and, as the termination

date (15 April 1978) approached, members of the Committee volunteered to
assist in disseminating the knowledge obtainéd'fram the project.  An
editorial

Sub—cammittee was appéinted and papers were soligited from all
COMIT partic ipants. Twelve of the fifteen professors who

1ad participated

in .COMIT as "ca”rse authors" submitted papers and a represéntative sample

of seven papers was selected for presentation at a one-day LOMIT Symposium

.held on Thursday, 6 April, 1978. Some of the Symposium presentations were

accompanied by video—zaped demonstrations that illust ated, effectively,
the teaching techniques used.
In reviewing the submitted papers for publication in this vclu&éi
the editors felt an obligation to produce as complete a record of the Xéeh% o

project as possible, while maintaining an acceptablg'staﬁdard of content
and format. Not all of the papers submitted conformed to the specifica-

tions in the Call for Papers and, in some cases where it was not fe;ﬁible

to return papers to theirl\authors for revision, the editors arranged for

re-typing and made some fihor modifications and condensations. The re-
sulting vnlum; is believed Eﬁ &é a fairly complete record of the COMIT
Project as described %v the participanta. This volume Shﬁuid not, how-
ever, be mistaken for the formal report of the project which will be pre-
pared by the COMIT Project Director and readsrs who want wmare informarion

should contact rhe Director.
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. Thé PEPEEE which" fallcw are ar anged in a athar afbitrary order. / &i'
’ The cgmments of the Diréctar aﬂd the IBM Caardinatﬂr a:e first@ fnllawed ;' '
° by the papers from twelve of the course authﬂrs Qgr@uéed #Eé#e passibleP S

- by subject), followed by a cangluding paper . B§.DI d&K. Knapp r, the fg
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University of Waterlaﬂ s Teaching Resaurce Person, summai g#ﬁ

fthEaPUI?
gogical lessons learned from COMIT. The appendix cont tHe :sched
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;Abstract.wﬁihis .comnunication;describe ‘he%primg/abjéctives ’5mhh¢;iw;¢hﬁ@%%;;
of the COMIT research pruject, highlights the' major R
accégilishments, and provides. a .subjective évaluatian of the

benéijts and costs of multi—medla camputérsaided-instrugtiun.

x,
1y

Introduction: - .
Thé,aarnn?m COHIT ,staﬂding for Camputerizéd Multi-media Instfuctianal

(- =

Televisiﬁn, was chosen to idantify a major research project in computer=
-assisted learning (CAL) which was unﬂertaken jointly by the University
" of Waterloo and IBM at the University of Waterloo. The ﬁfajeﬁt began
iﬁ=Jaﬂuary 1975 and the research was completed in March 1978.
The main goal of the research was to integrate the educational
_technologies of television and CAL into a single délivety system. The
QEjEétive was to determine whether the combined techmologies woyld result
in a learning vehicle which would have significant advantagés over
either educational television dr conventional CAL.
The responsibility of IBM?was to develop the unique hardware
nterfaces and software, that of the Universit% to provide the application
(courseware) to be used in the experiments.
It was §e¢ided at the outset to include és many audio-visual
functions in the experimental system as was reasonably possible, subject

. to the requirements that the audiqevisual hardware’ components should be

ing-CAL authcfiﬁg languages should

\m‘

commercially available and that e
be used. (The languages necessgrily were augmented with cammands : to

control the audio-visual devices )% Thejfallgwing functianal components

were selec:éd and synthesized into a H@rking terminalfsystem:




- a stsndard 3270 keyboard with upper/lower APLé
characfer set and ‘a 5th pfagrammab e :haraate SEﬁ

.- a sonic pen with a dismnuntable pickup® which prnvided
a 220 by 330 grid of addressable (detectable) points N
.on the screen Eurﬁace and. capability for ﬁff—streen
detegcts : -

IR facsinmile priiter £or
screen displays

- direct access to videé tape segments : ( ‘

' = direct ‘access to audie tape segments o ,

‘- direct access to a yidea &isk which caul VEthé‘55Dj

" 35mm slides ' _ ‘

- colour grgphi&s under pen, keybé§;d or pr gréﬁ'ceﬁtfol.

a i S « ‘ _:g

All video dutput appeared on the television screen amd auddo ai&puf

was presented through aarphones. = -/ .

—

The system consisted of four terminals with the above capabilitias
connected to a System 7 minicamputer:yhiab in turn was EhgﬁﬂﬂlsconnECEEd
to the University's System/370 Model 158. The courseware\was resident
%n the 158 and the System 7-158 pféfocal was similar to that used for
a 3270 control unit. The System 7 controlled all t%e audig~visual
library devices and generated and stored the colour graphics.

or\programming languages were uysed for authgfing: a modified

of IIS and an enhanced form of APL.

s riments:

,t;§11y§ thirty professors were contacted and given the opportunity

{lcipate voluntarily in the project. From this group fifteen authors

bafame involved and entered the process of tople selectien, ;anscructign
——0f Jearning objectives, detailéd presentation desigﬁ, and {mplemeritation.

ThEBFDﬂtEﬁt in most cases covered aépfﬁximstely three to four hours o
lectuye matrerial. The (ﬁéTér’*fiﬁﬁ af Fheipéﬁsgﬁgy (Ari11 apd vrar-ri;-,,s_@

tutorial, simulation, information retrirval, et. ) was l~fr te rhe
%

aurhor.. Each gutheovr (prvnfeasor’ worked eclosely with ne of the proj
\

ﬁﬂﬁlygtﬁ‘\ apd codierpg wae deonn bV tralve ot gde- o Mipe ! P 0% I R
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In fnur expe:iments,,thé ‘¢lass was di?ided into two gfaups - a tantrgl
group was taught Ehe material in the usual’iectufe fSShiOD" anﬂ'an axpéri— .
mental group ook the .same material usiﬂg ;he COMET system. -. In,ghe atﬁ&r

FEY

téaﬁ in the case of the vnlle§h511

experiments, either the whole alaSs(?z
football and hockey modules) or a selected

research system. Six of the‘experiments werg \run more than anceﬁ,f"

subset nf thé “class used the

Mw

Results: L
. ) . ¥ El B
The University‘ had three questionhs to whic

-y
(. d
£
jonl
o]

bel
m
(=¥

A
k-2
m

'1
I
i}
m
]
-
]
-

v would provide the answers!

First - Do studentsffiirn better with multi—media CAL? 1Ifn all four

experiments where direct comparispns were made, the students using the

system had(glightly higher average scores on post-tests than the students
Jré group. . The differences in each case were not statistically

behaﬁ%ﬂﬂi of the COMIT students. However, a questionnaire given to students

computer session showed generally positive attitudes
i .

\

after completing the
to this form of lea
Second - Can resources.be saved using a multi-media terminal? The
pre-project conjecture was that the richness of the terminal énviraﬁmsﬁt
would allow fealistic simulations of laboratory EKPEfimEﬁEE to be
conducted, thus providing potential savings in lab equipment. No flrm

conclusion was reached bscause no well -cantrellsd sxperiments were dopa.
- @

{

¢



'ihad a.high utili;y. iﬂ three iﬁstaﬂcgf (theary of inte:est histary of
1Ei5ura and statistics) significant amounts ‘of praféssor ﬁimé vere saved
fre Qpexatianal- Against the patential

and_the infcfmatiaﬂ retfiéval program used with the art hiSEﬂfY slidés-

‘ ;‘ : Ihird What is the—patential Df multi—media CAL for extramufal
;édueatién? It is in. tﬁis aréa that perhaps the greatesﬂ patential benefits
lie. With the advent of mictﬁcggputérg? low cost terminals, video disks
}End=éhe§ﬁ mass staragé, the use of multi-media CAL becémgéfdéfiﬂifély
feasiblg for home education, correspondence pfﬂgrams, remedial learning
and special educationi Such udes make it passiblé to spread the high
capital cost of courseware development over many independéﬁt ‘users
Without such uses the problem of justifying a multi-media CAL syagi

for in-house use only is muech more difficult.

Some IEESEEE Lgarned'

In terms Df ability tb enhance conventional CAL With multi-media $
attributed, the following list is arrsngad in order of decreasing priarityx‘
of fuﬂEEiﬂﬂ- graphics, colour, slides, tapes (ag@ig and‘videa). This .

ranking prrESEntS a consensus of the views of gﬁé_pf@jezt pergonnel. - S
Experiénce taught us also that good Eeépcnge time ?aséﬁital for modules ‘
in which all student input was done with the peni& Pen resolution and
cal;bratiau is extremely impartant when Ewokcr meE detagtable areas
are cl s%jtagét.her. Algg pmducticn af audip visual matefials was and
is a.very timEPcdﬂEuﬁiﬁg prﬂcesa TélaEiVE tc cnding In some inatances , .

"we chose to amit pateﬂti%ijy valuable Eape segment’ because of the

-

production factors inVﬁived

Conclusions: -

The COMIT project must be considered an overall success in that

almost without eiteptign, the original objectives of the research were

achlevgd. Aside from the observatione made previously, fhe trarh af
) o i

o .

Q ' 9 S




the following three statements %as»éﬁﬁsééntiaﬁed by the- experiences in the
- . : Ry . - :

project: .o co T e -
~1. CAL can use multi-media EffEf:tiVElY but it is hot
3 essential fgr gcod CAL.. . ST .
. ’ 2. Good CAL requires 2 ﬁeam effort. The author 1s the
' ) wost important team member.
B N iTec.hnalagyfis nat the*l:[miting facﬁﬂf";in ‘CAL develapment. I e
B i - The papers which fallaw pruvide the individual viewpoints of mgﬁt nf
: the fifteen participatiug pfafessars They are well worth reading,
’ - R
N ,
-
SRNVER
3" -
2 ~
/'_\
|
% aat
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-Abgtract: - This- paper wias-prepared-from-the activities-of-a - -
Joint Study undertaken.by IBM Canada. Limited and the Univer-—

~ sity of wateflao. - The studyiwas given the Acronym COMIT:

... (for Computerized Multi-media, Instructional Television) and- -
the objective of the study was to determine the value af an
interactive, .computer-driven multi-media teaching terminal
_based upon television technology. A few of the experiences

end observations are recorded in this peper.

Introduction:

COMIT was a teely unique.and leading-edge eyEtem beeed on TV
technology. lt.ﬁag the firgt kpown system with a eteﬁde d colour TV
set used as the basis of a terminal with the range of multi-media. |
that was eveileble to the teacher and student. The multi-media ineluﬁ‘
‘ded renﬁemiyieeeeeeible motion eequeeee§§'rendoml?*eeeeeeible‘eudie
segments, still images, a pen with tablet for pointing or aigitieing,‘
programmable colour and line grepﬁiee. .

vFifteen modules or course segments were implemented utilizing a

Eereeeéeeetiee of the media. They represented all six UW faculties and
employed e variety of teaching and learning teehni§ﬁée. The students'
eemmegzefebgﬁe their experieeeee and reactions, as Well ag their '
learning achievements, indicate that this type of terminal is a work-
eblg leefning tool. “The profes ere experiences indicate that this

type of syptem ie a valuable teaching resource. COMIT posed no con-

on sgbjeet matter, teathing style or learning mode. In fact,
"tutorial maderyea more readilv implementable than in traditional CAT.
f Dveffééd;;tudente used the system for over 1900 student hours
et;fyiﬁgzeﬁe_ef the fifteen modules. All eclasser that ran pre-tests

and post-testa found s alight preirive advantage in favour &1 the COMTT
gtudents. The increment {8 not statiastically signifirant, hut the trend
is encouraging and vewarding far unique rrgearch harduara nod fipes i

autherag of ﬁATi
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£lv be 1mpleméh d via CAI Scme of - the madulgs wquld never have

‘ia.‘ Nn signifigant inc:ease iﬁ camputer resaurce 7

been tried wichsut me
was féquiféd to accé;ﬂ_:ata the multi-media.

Mpre pgaple vis-ag- cﬂﬁﬁentinnal CAIl,are required to obtain
: effective utilization of t é audin and video functions: Assistance

rof dia/Visual, Graphic Services and the Language Laboratory wer

- Hh

require d and greatly appreciated

i

Authg;;ggﬁéﬁgrasch -

. A team approach was used. As professors' time was vaiuntafy, we

attempted to use them as Subject ﬁattéf‘expgrts anly; Co=op students
were given training in authafing, c@diﬂg,laﬁd making calls. Their
fﬁnétiaﬁ.was to interact with the professors in documenting the object=
ives and the flow of the presentation. From the professor's script or
lesson notes, they prepared a storyboard which showed the detailed con-
Vtént on the screen and on the audio tape. As well, it included pict=
ures and graphics. Once the level of docuﬁentatiaﬂ was satisfactory to
the team members, the student coded it. Only one prafessar did his own
coding. ‘By using the team approach, we feel we best utilized the time
and talent. of the subject matter expert. The co-op students were chall-
enged with new content and utilization of time. Their innovativeness
produced some ﬁgngfiﬁial by-products such as code and iméfaved:téchniq* i
ues, '

The ability to use still images under computer control and the
digitizing aspectiaf the pen were great time savers for the team. Still
images saved a large amount of verbalizing,and digitizing allowed thosé

blackboard kinds of sketches and diagrams to be easily included. g

Professors'’ Reactions

=

Quality of teaching was enhanced by allowing some of the course

material to be removed from the lecture load. Pre-requisite or supple-

mental material was put on the terminal system. Also, the COMIT module &R,
éould include more learning alternatives than could be used in a class.
An example is the Fconomica wmodule. The computer module weuld greatly
agglist ip detecting the problems of students in a par'{icular tepic, so

fhat they could gpend tha tuterial an g diacussion ~¢ - ere {fi rroblem H

[
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:Lnterested in the\results.of -the c,:mbined gample.

R cagear:dimg to aﬂe\stu«ﬂeﬁt, not difficult eﬂaugh)L They seemea to be quite

” _r
e L
B Y

The Pt:obabili.ty SamplirlgFEzercisei ' f,‘”
' The exercise called «S'IRATA, SAM:PLIHG {s ' more techni f:al in- natuerLHe_r .
the student is mot o "Lntet‘\?iev" acgupsnts of the households, but

Eeqﬂired ta “des gn a, p:u'babi],ity sample for gat ring hﬂusehald d{ﬁtaetere’

istics and to "gest"
The first thing t:ha.t the student 1= asked to do. is to “sttatify" the

the design .

blocks of the town into mon-overlapping 'strata". He or she may designate
the E\‘.ﬂﬁf as one large stratum, Ef may stratify the town into the four zones,
oT may assign blocks to strata dn amy other way. The sample of households
will then be the union of subsamples, ome from each stratum. The student is
asked to specify the mumber of households to be selected in each of the
subssmples. He or she must then specify the sampling design to be used
for the Eubsanples, “and has Four optlons (see [l] for definitions of the | -
terminology): ' R A
A: simple random aamépling of houwseholds ’ 7
. "~ B: systematic sampling of hc;usehnl’da
C: two stage sampling, in vhich ‘a Eiﬁple random sample of blgcks is
gelectied first, and the households to be sampled are selected from these
blocks” ]
D: further stratification by builddng type, followed by simple random
sampling within strata. et
I£f C or D 1is chosen, thér:‘e are nore dextailed sample sdze specifications to
he wmad e. '

Once the deaign is completely specified, the program implements the
design once, and displays est imates of quantities like the proportion of
households with head having a specified occupation, or the average number of
children sged 0-4 per household; together with these are shown egtimated

atamdard errors of estimaffon. It aleo printe out the € vua population valye
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..glven_to

i s s

. ) ;;J-.'Sg =
o v

_for:each quantity- and the thearetical standard error nf =

design. S L e o
In the ssseciated laboratory assignmént in the Winter of . 1978 the
studentg vere asked to try out the varinus apti@ns, witﬁ design paramatérs

h

axamina’:the Fgr

example, chearetically a dispersed Eamplé (systematic or stratified by zone
and allocated to the zﬁﬁee pfapaftinnal;y) should be felatively efficieut,
and téna to have lnwer thEeretical standard errorg than a clustered sample
(two atage w1thgévgral hﬂuEEthﬂErghDEEn from each.saﬂgled blﬂck) The
é%udents were asked _to compare the performance of these_samples with that of
the, quﬂta sample in estimatiﬂg'the distribution of occupation of household

head. Finally, they were asked to design a sample which would be more

Yefficient" than any of the prescribed ones for estimating the average

number of pres:heal children per hnusehald.

An unexpected feature of thls exercise was }he finding that as in real
life, there were results for some of the prescribéd degigns which did not
apparently agree vith theory! Apart from some confusion,the effects of this
wekre largely beneficial, since the author wvas forced to spend a good deal of
time and effort trying-to convince the students that the theory could be relied

upon in general.

génelusiggé: !

Because of the small size.of the class on which the module was tested,
and because of difficulties encountered with the operation and scheduling of
the second exergise, conclusions about the effectiveness of the module as a
teaching tool must bea tentative. Continued use of the module in future
terms is plamned, however, and more definite comclusions shaul? be available L_s
at a later date.

Happily 1t appeared by the end of the second exercise that the notiocus
(1), (111) and (iv) mentioned in the Introduction had been conveyed to most
of the gstudeantsa (more cowld hnave heen done with (11), in a classroom
Monte Carlo study. 1f more time had hee- svailabled. In adddition, the

'ifﬁﬁ?éﬁsfnﬂ g:’i'fﬂo" wae thoat thio acvp sf -~ 1oV oy §an € wii A slruntinngen
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S - A COMIT MODULE ONA TOPIC |
’ ’ FROM ADVANCED CALCULUS L .

. by
B sy Marshman

Department Applied Hathemat cs ) T

i

Abstract: This is a reparﬁ on an- expérimant,candugted with
three successive second year c ,lc lus classeé, in which part
w7 of each class was taught the concept of uniform convergence
of a sequence of functions by an interactive COMIT module, .
Awhile the remainder were given lectures in the traditional
‘manner. An outline of the ‘teaching techniques-used in the*
module is followed by a gampariscn of the performances of s
the two groups on a pre-test, post-test, mid-term, and final
exam. Finally, an attempt is made to evaluate the significance -~
of any differences in the above results, and to assess the
assets and liabilities of computer-aided teaching in general.

Introduction:

- This project was very much a iéggg‘effaft of myself and L. J Hakela,
then a graduate student in the Department of Computer Science.
Basically, I developed the course content, whiié he took charge of the
programming, although there was much interaction at all stages. 5Since
details of the software are included in his master s thesis [l],
would refer anyone interested in the computing aspects of the madu;e'S'
development to that source. 1In this report , I'll generally stick to

a discussion of the teaching techniques we utilized.

Our principal aims were threefold. First, we wanted to see if the

graphics zapabilities and interactive nature of the COMIT facilities

L]

could be used effectively to convey the concept of uniform convergence

of a sequence of functions to second year calc ul s students (irrespective

of the effort and costinvolved). Secondly, we wanted to compare the.
performance, both short-term and long-term, of the students who learned

the topic through the COMIT module (approximately one-third of gach group)
with thétzéi’fkéf}gmaindaf,.ta gee 1f there were any detectable .
diFfETEﬁE§5; F:fﬂallyg we wished to agéessg asg Faf’sﬁ poecible. the

advantages and dieadvantages of thie medivm {n gonecra’
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. ) ; 1!3 L Y. . ok .
The Modules . - - - : e

The équé:t:materialiaf the m@dufg, qnifggm“egﬂvgrgange—bfia o

' sequence of functionms, wasichasgn'fﬂt a variety of reasons: it is

. most easily interpreted géametricaily; and would thus utilize the graphics -
_capabilities nff;”:__;

it.ds a :uncept which fréquencly gives studEﬂts )

‘“*idifficulﬁy’f

o

nd waﬁld, ve haped, tfuly ‘test the system as a Eeaching
device; finéil}, it is ‘about the right length. The first Etage was
devélapméﬂt of a set of behavioural cbjectives, which, Bfeak the t @pii
down inta distinct steps, each buildiﬂg on the préviaus ones until the

'terminal objectives' are feﬂﬁhéd. These steps were then further

VqﬂiESECtéd éxamples selected, aﬁd a flow chart designed for each. Several

months of programming followed, and the module was ready for use early
in 1977. (For more details on all aEpéCtE ‘of the. structure of the

module, see [1].)

The main teaching technique used was a combination of alléwing
the students to display for Ehé%%;lves the graphizal behaviour - of the
functions involved while at the same time continuously scliciting
answers to pertinent quégtians. In the fcllnwiﬂg,'une of the '

principal ideas caﬁtained in the module is presented (alé;ﬁugh ﬁGE:

" verbatim), along with explanations of what the student might have done

and seen in that portion of the module; h@ﬁéfully, this will clarify- -,

how the above-mentioned technique was utilized. (Anyome not interested e

in the.actual content of the module can ignore the balance of this .

section, as it is not essential to the remainder of the report.)

A sequence of fgncﬁigns, denoted f (i) is just a set of
functions of a variable x , one for each value n-

n ,
x , several terms of which

"

For example, consider the SEquénce f (x)
are shown in Figure 1. Ngte that each term of the sequence is a

ingle function of x




In the COMIT module, the student.-
could choose tg"’seéfa*ny terms -
‘desired, but eacﬂ was"supérimpcsed
on the previous graphs, with the
latest displayed in bright white
and the former choices dimmed to
a pale green. Thus a student who
¥-had asked, in tuzin, for terms
n=1,2,3,4,7,10 and 13 on the
interval [-1.1,1.1] would, in

the ené, see Figure 2 displayéd

n the screen, with the graph of

=y (o]

13(3) displayed most brightlygf

(Note: To facilitate the fit,

the vertical scale in this figure

- has been compressed)

r]
This example was then re-used to illustrate the ‘notion of point-

wise convergence: the sequence ,fﬁ(x) converges pointwise at x = Xq

{f the sequenc real numbers f f, £.(x ), oe...
if the sequence of real numbgés fl(xg), 2(x@),;,j(xc), .
approaches a certain value as n gets larger. For example, if

RN Y ot tha a e L L2 1,3
fn(x) = ¥ , and X, = 5 . we get the sequence 2,(2) (2 or
i, 1 i, .~£ . which obvipu=sly apnroachee zer o~ - cet-
2' 4 g’ ,T



f"r-éxamp,é,, 1im
. i . T Zn = ‘:

" we get (-1), (<12, 3, ;,i, or. sl,l -1,1, -i
:fappfqach any partigular value as n géts 1arger.‘

will cnnviﬁae you that :ge-sgquence %"

*'go that x- EPPfﬂaﬂhES
the SEQuEnce 1,1

" has ;1m1;;fgg;;igﬁ

2

Figure 3 —

Once the concept of pointwise
'play’
using the gréphizs Eapabilities of

gtudent was allowed tn with

A'uhich values of x

funetion f(x).

=0, ) On th, ather hand ir Ve

]
‘0 as n: gets large, or x =,l

,..‘..‘Wé say, then ‘that the sequen%g f (x) L

0.. if

convergence had been presented,

several il

1imit and wrice, .

cﬁaase X = =1,

,;. which does ﬁat
kﬂ

A mament s thnught

will only have a limit for

aaaf:actiﬂn,j

’ whi:h gives
' ’ n

We again utilized graphics to
illustrate this 1n the COMIT

3 " - - -

moduley the canvergent
s and’

for x = 3‘,

for eXample, are
displayed as .the vertical
rows of dots in Figure 3. It

is Qléar that they approach

zero, while x = -1, say,

oscillates between 1 and ~-1. =

(Bere,

appfcach zero' means

the dots get arbitrarily close

to the x-axis as n + =,)

+

the

ther examples of sequences,

the system to assist in finding for
each sequence converged, and to what limit

The student's grasp of the material was csgsiaﬂtly

monitored by a variety of types of questions (including some multiple

cholee),

34

with {immediate feedback giving the proper reasoning when evvore



é%zgfaphicaliy, and ta give a hint of haw :his was. dnne. (GQEE;?:?J£l§?1,7=:

vere made. - . R -

It Ehauld be pointed out that the abava is a. simplificatian of the
actual mate:ial pregented (mathémazical rigour not being the object here);

the ain. was simply to dgmanstrate that the ideas could be. handled

charts of actual material are containad iﬁ [1! )

Structure of the Experiment: '~ ' .

From each of three différent glasses of students in Math 230B
(Advaneed Calculus), wé selected ;én students to use the module by first
ranking them a:gnrding to their Math 230A grades, théﬂ selecting every
 third student; the remainder of each group attended the usual two

1&&2@:@5‘33 this topic, all beiﬁg glven basically the same Ewa lectures
by the author. All the students were given, unannounced, a pré—ﬁest
Just prior to the experiment (to measure their background in the v
relevant §fea), and a post-test, iﬁmédiatély fﬁllaﬁiﬁgs to mé;EufE their
grasp of the topic at that point. In addition, grades on the relevant
questions on mid-term (except for group' 2, where no mid-term was given)
and final examination were recorded for each student, to serve as a
méasuré of long-term retention of the material, élthcugh it should be
neted;thég they are probably not very reliable indicators of any effect
-of éhé;madule or lectures encountered initially, since by that time

many other factors will have come into play.

Eﬁé students who used the module werer glven a set of notes which
roughly paralleled the material in the jiodule, excepc{the interactive
portions. These same notes wéré used as a basis for the lectures given
to the rémaigdér of each group, in hopes that all students would be

“exposed to more or less the' same materisl.”

Statistical Analysis:

I wish to thank G. W. Bennett of the Department of Statigrire ‘rv tha

T v 87

summary which comprises the balancs ~f this cectior: Ffu-thes
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.anaj sié;may:be thained from him. Data uséd afe the 8co; » n the abave—i
u

mentioned- tests and éxams, converted to percentages. Throughou
fallnwing, PRE 'and POST refer tapre=tést§nﬁipast?test gradesf

:espectively, COMIT and NON-COMIT refer.to the partiens of” each group -
using the mcdule and attending 1ecturés, fespegtivaly, and T1, T2, T3,

grades, respactively.

and 14 refer _to. pre—tést, past—test mid-term aniv

Eié 1 illug;rates the perfgrmances gf COMIT and NON-COMLT ﬂn the
st

pre-test and post-test fﬁr each of the thrae groups. The figures in

. brackets indicate the number expected in that cell under the hypothesis

that there is no relationship between COMIT and POST > PREi-:fn él;i;gggé
grcugs, the figures are ;nﬁsistEﬂt with this hypﬂthegis that is, any
differences are well within the allowable error. A

An analysis of variance on sln(gféde) was dﬁne as a nested
factorial with main factors COMIT, NDN—CDMIT T1, T2, T3, T4, and
students as a factor nested within the COMIT factor. This analysis

significant differences between COMIT and NON-COMIT insgfar_as their

atterns go. In Group 2, there were no significant effects, although

the error terms were large enough to make differences dif fficult to

detect.

Table 2 gives the means of grades on the various tests for each
group.

In summary: (1) there is no evidence that COMIT versus NON-COMIT
is related to the fraction of students with POST = PRE; (ii) there is
some evidence that over time, the students learn, in that T3 1is .
greater than Tl and T2, although again, there is no evidence that
COMIT students behave any differently from NON-COMIT students in this

regpect.

Tt is important to note that rhe various marks measurd performance

der different conditions in thar T1 oand T2 are Tncsl po the

36
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Table 1: .

e ——————

Three separate grgups of students vere: invelved

TRl

GROU? 3.

N

vl

Ty

BN R

’ ifsz 7'T3_

COMIT

719

[ 82‘1

821

;630

i538

W13 T8

NONECDMIT 607 | 655 | .869 |.663 | .632 .639 i;;.SEé : 479 .ESE J19 | .414

COMMENT

)

This difference s mostly T3 l
improvement over Tl and 12,

pattern,

Yo signifizant time ;f

 The bulk 15 due to tﬁéﬁﬁtEady
§ e TL+T2+ 1) and the
- || sudden fall T3 + T4,although

TEE

Table 1:

ERIC,
V|

_.!

Comparison af Mean CGrades for COMIT and NOH-COMIT Students on Pre-test (T1), Post-test (T2),
Mid-tern Test (73) and Final Exam (T4),
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matafial,,wharaaa T3 1is aﬁly as a _component of about haif the course, .
while T4 is: as-a campunant of tha whole course. Study preferences

may influanaa T3 and TA.

= . - c B . : i =

[t

. Caneluaiana:

Dur primary“aim, that of ‘tésting- tha*aapabilitiaa ﬂf CDHIT“aa g e

Eaaching daviea for™ mathematical naterial, was Enlly aahiavad arfid with, - L
), great auaaaaa. AEida fram snma complaints abagtgtha :aap%naa,tima of :
the" Eamputar,_avar which we had no control, aﬁudaat faaatiaﬁ to the
ia madule was, very favaurabla_ Tha folluwiag is a selection af mara or - V!.:,
less typical quotes from the written cammaata handed in on aumplatian -

of the-module: :

- "I feel that seeing the graphs and being able to experiment with -

— .
various n's and x's greatly helped me understand the concept of .
uniform cauvarganca..;... Another advantage of this teaching
method is that it faquifaa active participation of the atudaﬂt,

where in a class, full attention is not alw ys given.":

"... I was forced to respond to quaationa all the time and,thus

take part in vhat was going an...g" ) '
\

"The graphical aspect certainly added to the ccmpfahanaicnf..“

.
"Being able to go at your own pace and having things -repeated

when you didn't catch a concept was helpful. Tha use of examples
with immediate feedback and axplaﬁatiOna of how to do tha questions

wag good also.’ .

"The advaﬁgagé was that T had to be ~on the alert all the time
and thus T learnsd mare ahout the topie. In class T normally feel
g8leepy sometimes ..... The 1dea of asking questirnsg after each
section was a good ~ne. It tested the atudent "~ aktliry o

raetzin the work."
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'“ineluded- some would have preferred- two one=hour eeeeiﬁne rather ..

ten-minute quiz, and it could be questioned whether such a quiz could

:Ehe NON-COMIT student

.

Snme ef the etudente ehought even more examplee ehnuld heve been,"‘: L

then ene Ewe—huur, as their attentien flegged tewerde the eudgﬁ It

-should also- berpointed out that the navelty of the situation probably . .

contributed somewhat te their»enthueieEm feel”éuiée etroﬂély,

~howeve ;’that“the immedieey -of~the-feedback™is-a~ reelly‘velueble’eeeecf“*~>

of. computer-aided inettuetinn, ‘we don't ever ledrn much by lietening
to someone talk ebeut eamething, wve leern by trying things out, making
errors, eer:eeting fer themi and trylng again. 1t 1s im this aspect

that an interactive system excels. L . _ L

1
Regefding our secord aim, that of eomperin the perfefmeneee of
COMIT versus NQN-COMIT students, the statistical Tesults epeek for
themselves: “any differeﬁeee are vwell within allowable error.. The
peeteteetzgfedee, which are certainly the measures most closely

related to the material presented in the module, were ebteiﬁedzon a

s-E=s - - -

[

eeet- any thing in depth. Nevertheless, it was designed to test
whether their knowledge was at a level acceptable for that topic in
that particular course, and as such represents as eeteneive a
pergbrmenee test as would ever be required. Keeping this in mind, we
eeeelude that using COMIT did not produce perceptibly bettee
pefformenee (at least as we measure it) from the COMIT students over
Whether that means they did or did not under-

ts.
stand the concepts any better is quftée enethefﬁqueetienf ¢

Our third and final aim was to assess some of the advantaggs end
disadvantages of the medium in general. The obvious ones have already
been mentioned: the student sets che pace at which the material is
covered; the constant stimulus provided by rhe inreraction with the
terminal keeps interest up, and accelerates assimilation of the
concepts; the explanntions given after each error provide a degres nf

‘personal’ attention impossible in a lecture where there are more than

half a dozen stud-ntes. Tt {i- trve that ~tv'epre ue rp n Int Factive
averem 1ike COMYY o nns ger e tone oty
d1()
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I hﬁpe these fea axamples have cauvincéd you Df the" gréat 1mpartan¢!

¥<nf,visual aids to the Eéaching nf mycology. COMIT pramised to make’ “this

i;' " - material availablé in an autamated*;intéractive system,

After ‘some in;tial planning;sgssians, dufing which the aims gf my seg—

began‘tn build 'gwurk.

1

- i; .ment were Eﬂunaiated :
* diagrams I usually draw an the blackboard had to be prnducédﬁgs céiﬁut trans-

parencies fef GDHII. This was a plus, because T was subsequently ablé to

use some of these diagrams in a :arrespondén:e version af Bi@lcgy 232, But

ion. of Ehis Eegment was abviausly gaing to entail.. did nat keep a’ fecaf&

of the hours I spent on it, but I know their number was excessive. The

I soon bécame har:ifigd by the massive investmEﬁt of tima Which’thé pfnduca‘
® .

Q

ﬁarallel investment of time on the part of Ehe COMIT programmer was, 1 know,
larger by an order of magnitude than my qwn. After a pfettazﬁéd pe:ioé of
develnpméﬁt during which innumerable changea and corrections had to be made,
the.systenm became operational, at least in théory; Another problem surfaced

at this péint. The gamputérlhad to be progfaﬁiéd taizope with al17p§$sible
incorrect answers, as well as with gésentially‘cﬁztect'anSWETS which had
been misspelled. This called fotr additional hours of programming and con-
sultatiansiA After a further extended period af fine~tuning, it became pos-
sible to sit at the console and run through the module.

I had griginally requested that a éouﬁ&ﬁﬁraek*be incarpd” ated in the
module, I didﬂ t press the matter too hard, and in the event, the Sound
track did not materializa, ’

I regretted this amissiaﬂ beca I believe that the inigrmatioﬂ I
try to present 1is better accepted whaﬁ recelved by more than one of the
senses. The mycology module im its final form was entirely visual. The

tudents have to st:;e at a T/V Eﬁféén, at very Elésé range, for an hour
or more. This prab bly bothered them far 1355 than it did me, siﬁ;e they
; been eixposed to T/V frcm birth.
Because of certain unavoidable delays in putting the final touches to
EhE COMIT madgl the topic had already been covered in the regular lecture
format when the time came for 20 volunteers from among the one hundred sec-
ond year students to do the wodules. I announced that there would be a
class test on the topic the following week, This gave non-COMIT stndente

s chance to revize ths f'Dl:){f" from rheir regular raxt and athsr matavin? -

ENC . i

L.found. thatomady ..




HEIE ‘on. aversge, slightly higher than thasa cf the fest of the class, the

. difference was EDE signifigant. ’ ‘ iim o
-I asked fn: ritten ‘comments from the COMIT studégts. Since' the COMIT _
asunﬂtgquitaésu:%?hqwgthgsééEgmméntsﬁwﬂuldélé*“,:;:s*f'féi

entations. I need not have worried. Their general

as réassﬁring. : Many students i:laiméci! to have enjoyed the mﬁdule,_;;;;’
aﬂd to have found it a good method of revising material,-but t';:.g;t of them
. alsg insisted that it could not replace the narmaI‘lecturgs. ! 7 , .
B:n; perhaps I should 1ét the. students speak for themselves. Here are
some representative comments:
"... an excellent attempt at using sophisticated technology as a teaﬁhing
aid ...""™... it -was very well organized ..."'"I lﬂakjfarwafd to using
teaching aids of this sort (and this quality) in the future ..." "... you
were able to go at your own speed ..." ";:, served as an EKCE;%§££%f2§iEW ’
..." "... I intend to use the computer as a way to review for the exam ..."
"... it was very effective in reinforcing the b@sic characteristics of the
Ascomycetes due to the immediacy of interacting with the computer, and.the
thoughtful manner in which the segment was organized and illustrated..
"As a supplement to lectures it was worthwhile. It helped to clarify and
condense the lecture material.... It was a good idea to infélvé the students
.= inaanEWEEiﬂg questions: since I was receiving immediate feedback, I felt
- 1like I was gétging perstnal- atteption .. but {f there was something I didn't
understand, I couldn't ask the ccmgut%g%ta explaiﬁ. The slides were good,

although not as clear as when projected...’ "... You were unable to return

o

to a previous part of the module if you found you had not grasped the con-
cépt fully..." "Even with the questions the computer is much like reading

. a text-book..." "... Perhaps if a sound track had been provided, it éauld
have helped.. ,“ "... the lack of an-audiq stimulus made it perhaps a 1ittle'

i

boring..." "...Though the camﬁuter method was interasting enough, 1 EElt

I preferred the lectures and slidess.." '"... The programme was very impér-
gsonal ... the colours on the screen were thén\yééﬁ briéht; and after read-
iﬁg it for two hours your eyes became very ti%ég ... lectures are prefer-

able..." "... A good professor brings a lot more to a course than this pro
H
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HE brings intereszing anecdntes vitality; living’pfaﬁfeihat

Ehé camputer didn 't- havei...“'

My own feeliﬂgs after the experiment ean be expréssed as fnllaﬁs'

3t

even one pféféssﬂr for anexcﬂurée. :
(25 . Perhaps even more impartantly, theye 1s still no substitute far the
‘human element in teaching. A .good professor can communicate énthusi-
asm in a way that any ;nmputgr wnulé find difficult to emulate. In.
additipn the prqfessar can immediately handle all kinds of red herrings,
affbeat but interesting queatiaﬁs ‘and backt;ackings and he ean- %ESpﬁﬁd
.. to the mood of a class or individual in a more flexible way than is !

.. possible even for the most elaborately programmed machine. (This is not

::‘,té say that he always does!)

foed :My general canclusien is that computer assisted instruction can be a
useful additianal resource, but that it is not yet time for the professor °
to quit the classroom forever. ley internal motivation can make a student
learn and retain information and iﬁeasi I believe he is still most likely

to contract that mativaticn from aﬁothéf human being.

B
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. . bavii 3;“H1ﬂtéf

v:f}f‘ humaﬂ gait. The goals were .} display the outline of the leg

Department of Kinesiology

Abstract: Two undergraduate student projects were undertaken
. on,COMET aimed at. presenting many variables associated with
along with other diagnostic variablgs: -such™as ‘miscle activity

(EMG), kinematic, kinetic and Energy‘ﬂalsulatiaﬂs. The pro-
jects were partially successful in demonstrating possible S

potential of the COMIT systéﬂ’gé a teachlng and diagnastic
tool. ) !
Introduction: - ft S -

A cnmpléte analytical description of one stride of gait requires %=;;

tweﬂty ‘or’ mgfe time domain plots. These would include time histories of
segments, accelerations of joints, etg;)i kinetics (reaction forces at
the ground and between the joints, muscle moments, gravitational forces,
ete.), Ene:geticg (potential and{kinaﬁic energies of segments, energy
generatiau*aﬁd absdrption by.muscles, etc.) and muscle activity (as
indicated by its electromyogram). It is an ext remely difficult problem
to assess the interaction of a fraction of these varlables in normal
gait,?énd even more complex to irmtegrate them to assess pathological
locomotion. It therefore appéaréd that COMIT had the potential of pre-

their influence in time.

Student‘P:ﬁjEcts

Two senicr undergradugte research projects were directed to the
development of user programs for the assessment of human gair. Data
routinely obtained from the Gait Analysis Laboratory in the Department
of Kinesiology were used. The aim of the two projects waa the same: ro
present to the user a flexible display wirh which he could I~teract and
~oring

aee the "'cause snd effect” of the forces and muscle ~rrivi-e

galr,

60
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%ﬂﬁh“uﬁ*legdatpeach pﬂsitian-a,Theisecﬂndiappfaaghéwas ta.gen&rataJtheﬂla'

©oab

' their activity was presented two éifféré t wa

The difference in the projects was in theAmgéé of data entry. The

fifst was given the enardinatEa of each limb segment from which a "stick'

:af thé leg could Ee generated to rep”esent the body pcsitinn

everygBB ms., An algarithm ‘was then used tﬂ:EEnEfEtE the cnntﬂur of the .;,

ﬁusclé autlinea‘via a light pen tracing of" thg‘gine frame image as seen
?n Ehe GOHIT tefminal. Once the 1eg uutline}%as génerated by either : '
;ethniqué, the gutliné af5tﬁe majar musclg grgups was generatad’and ; o

-

a 32 intensity Tevel -

wa & — e B = R

colour code was used to gré&e activity fram 0 to 100%, or the % activity
could be wricten alangsida eath muacle.K The user cculd thén call up the
1ég outline far any point in the gait -3 cle, insert the muscle activity
and then exa@ing the position of -the 1imb at succéssive points in time
to see the effe&; of the muscle activity. A second aim was to display : :

quantitative measures such as reaction force vectors, energy levels, etc.

Success f Projects
The £

some 1imitations to the user. The turn around time between instructions

irst goal, as desc#ibed, was achieved successfully, but with

and diasplay was sometimes delayed so it was difficult to assess rapidly
changing events. The second aim was not attempted because of the time

and effort fequired to achieve the first gaal

the use of cine film as a data base. There was no regdy way-to convert

the cine data to TV so that it could be displayed on the COMIT terminals.

Conclu ions

The project was successful to the extent that it demonstrated a

P
potentially valuable area for the COMIT system. A considerable amount

H

of additionzl programwing was necegmary to realize a properly interactive

system that was ugseful for reaching and clinical diagnosis
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.-y . "Robert C. McKillop .. - - L

Varsity Hockey Coach

o sity of Waterlaa in nrder ta p:esent the caach systems to the ,
-, -’players in a much more ‘controlled aeaﬂemic settiﬂg than isfavailablé
. durin'ipractiae on the ice. The. obje:t ves ©
.. were: "to allow players time to think about the systems :
S ) - altérnatives with the cuach, to give the ‘coach a documented evalua- .
tion of how well the players knew the material; . and to enable new . -.*
material to be thafoughly taughz and understood before going on the -

L

ice. " . -

- The results of this" Erajeat were ﬁai§ éﬁccuraging to the' ;éw}h
University of Waterloo Hc:kgy team’plgyers and :Dach The idea is
definitely a valuable nne whiéh cou; be adopged in many other EPQEEE

as well. Wi

In recenf years, coaching the game of hockey has taken a very

ice
noticeable change téwards a much more structured géﬁég This attitude has

been given a great deal of credibility with the emergence of such people

as Fred Shero, Bob Pulford and Roger Neilson in the ranks of NHL coaches.
These men all believe very strongly in a disciplined "system" approach to
hockey where all players have hésicgzesponsibilizies in almost all situa-
tions that may arise. N _

Wheﬁgé coach attempts to implement EhEEEESFSEémS, he finds that he
requires much more ice time!nhan was used in the-traditional approach.
The availability of ice time is at a premium in almost all locatioms.
This has forced coaches into many alternative methods of presenting their
material to their teams and led to the development of the heckey cosching
‘module using COMIT at the University of Waterloo.

This COMIT modiule was capable of reproducing the various ice hockev
systems in a manper that allowed players of the Universitv ~f Warerlor
Varsity Hockey Team to view them and to respond to a series of questions
based on specific assignments designated by the coach. The program was
designed to allow each player maximum time to study the ay-reme {n nheerior

and also to provide the coach with a dernijed rrine *he plaver'-

regponges to the questirng he angwsrad
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E

Thi:e are many advantages of having a pfag‘,

f
R |
ghle to a hockey team. Valuable ice -time was no

r,wasﬁ%driﬁ a. time-consum-

'Wﬂg teaching process of the system. Players were taugé; usiﬁg;é blackﬁaard
; The pla :

stu&? th ;ptnbiem Ehurnughly at h his" ﬁwn spged befate having ta réspﬂn

positions of all of tha_players of bath teams were feadily vigiblé on the

en and he could see a complete system in one 1nok samething he can not o

gempfehend while—gﬁ—thefice.- The system allawed the '?“‘,;

¢ .his féplies basa&-nﬁrthe knowledge of the previaus wrong answer . .
. . Ihe author . waqu:gspénsible for putting-all. the - hockey ; Eechnical dat
‘-on the computer. Dr. Moore and his gcmpgter assaciates spent cguntless

hours developing the EGmPutEf prégtamtféquirédg so that ‘all the various g &{. -

. systems could be included. The player sat down at the terminal and intro-

The player was then asked what position he wanted to study. Upan replying,
the playef was then asked what area he wanted to study. He had the follow-
“ing: Qhﬂicés. ;

a) fﬁgéchetiiﬁg

woy”
"
"

D‘
« Mg
U"
ﬁ
i
-
= gl
m
E
=]
o
§

c) breakout patterns

d) power plays

e) penalty killing

f) miscellaneous - face-off

- gpecial plays

£) all of the above , .
wag then presented with 2 plan view of the rink on the srreen as shown 1in
the Figurea. The asetr-up on the acrreen showed the player the F;rmsrfﬁﬁ with
the of fense in one colour and thes defepnse in another. The pegitisn he wae

gtudyigg fhEﬁ bég’aﬂ trs Blimk (~n and ~§ff) an the sereern arn the 71-yer bn

exactly where he wns on the ice surface. The question would then appear
on the sereen at the elde af Fthe rink ~utline. The rlavar thep ha ' ¢
peint with 5 1ight pen +t+ the place on th- -~ coen Y1 o he thpgoohe O} a L

Q
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he wnuld be tald 80 and agk d,tn try again

. ’ ; % C A&
Ehe nthet players ;EfoEEE mnveménts 8o that the playér cculd see his. S
;s A

g in fe;atian to™ his téam—matés moves . If;ie was iﬂEDrrEEﬂﬁi'

5&3;

player'cauld study - the BCcreen fa: as 1ang as he wanted Whéﬁ hé was

‘EEEP wauld con-

ready to prpceed he siﬁply PféESEd “EﬂtEf' and the next

shawed his*tespnnses to each quéstiﬂn, whethé: right ﬁrong n: skipped

and then a percentage right and -wrong for all questions. . - -
This record was also availabié .to the coach 1n the fafm,gf print-’

out. The print-out told the coach who had taken’ pgg; ;n the ;program, and

how well he had done in Eaeh area. This turned out to be a ;ery véiuablE: -

asset to the coach. Aftar the-player had gampleted the tfest on his own
position, he was then enccutaged to try the tests for all the o££3t team
éagitiéns as well. .

The players could attend the program at any free period durf%g the
day and could make very constructive use of free*timei

The results of this project were very encouraging. All the basic
ﬂbﬂectivés*ﬁéréjmgt and then some. It was found that the ﬁlayers could
easily operate the pr@gfam and did not feel out of place with it. The
prngram initiated a great deal of discussion between the players and the
coach. Usﬁally this was prCipitaEEd by incorrect responses to various
questions. This type of dialogue is often very difficult to initiate in

normal practice or game setting and turned out to be a major positive

[

aspect of the entire program. The faet that players had to céme up with gﬁv
specific answers to each question thoroughly tested their knowledge of -
the varieus systems and supplied the coach with these regults. The resuleg-
ing discussion made the plavyers much more nware of 2ll the ayatsmg apd
thus made the hockey club a2 befter team.

When tha players wsi;?é intradured to rhia eytem, the team'g laague
record was O wines and 7 logses afrer competing rgainet tsams that were not
the rlagg nof the league. In the next 17 e~mea, the ter  wen 7 gameg and
risd 7 agsinar murh zupsrinr comprst{rinn T ot gl fo Ve apiadfen oF
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=

the coach and the;plavers,,was due in a lsrbe ‘part’ to the team baing ax-
pased to this cm@utgr haekey practice. ; o
1 The ﬁnly;najar négative comment that can be assnaiated with chis ;!E ..
- project was the‘tremendaus amount of time rg;uired to get the gystem @péfs

; tiana;.m»This%ﬁauld be#drasticaliy'reducéd in- anyhfutufeﬁpraj

the gteundwark laiﬂ in this endéavaur. ;i2 ) , ’i : :

£ L @,

ct~due-— ~to--=

. and his assaciates far their untiring wark in develnp;, the system so

that the University of Waterlﬂa Warri@r Hackey team could take part in
- ; L

Ca




. # QFCI1

Question

&

|
, Playlng RH

=4 thinks he should go, now”

{1f the playﬂr FEEpDndEﬁ

(RW Position Eo
Blinking) -

wheré shauld yau ga?

f e

ExEIanat|aﬁ
Seeing the qugstion witﬁ

the RW positiol bllnklng
on and QFF the Player
would now take the light
pen and indicate where he

that the puck has gone be-
hind, the pet to the other
defencemarﬁ.t ‘~, —y .-
iﬁcarreatly the Fnlfnﬁfﬁﬁ

would appear.




Hust always fonce -
v the Frant. T ’

- 1ﬁiﬁ ’gaiﬁ,*

o=
5 -

tEtSEl anation:
The player would now
repeat the original .
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question correctly he

would then bé shown what

is indicated on this

diadgram.
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1ndicatea that ﬁle pzﬁjeﬂ ir.self may be'a glimpae af leisure behaviat- ¥
the aot-tovdstaot a0 . B

. _Three other vesults ‘até imediacely appatent from the experience.
‘“The dep,,, tmt curricul : ﬂmittee hug decidea to ke use of ccmpan.euts

dmla ed for the pfaject 111 [ correspnndence cqu;se fy be nfferej this
fall Dri Inedo's chuete ﬂet" bt |
:ditioﬁ.,th’at he has § draft o
Finally, be Looks Forvatd to f
enhancm;te develope ar the COMIT pmject The prajea’t stimlated g

0 testhiny

7 mather of new rhoughte 3] bétter wags [ teaeh fhe matezialhsnd he }&ggaing

uﬁly vigh'the Uuiﬁrsity

Ba,

to try to {tlude sout of these nethods this fal

e gning 0 recain sone of the gof tvare fron the praj eob to provide a.ll
the students with tutorlal aud review capthility 1F not through the cémputerized

inﬁtruct {onal television then via ﬁandard W hgrdvate.
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B Klian
= dssistant Professor=s -

Departhentiof Eide Arts)

o 4 ot
This brsef paper revievs ur experience of Q01T for an
: %Ivey toutse o the History of Art and contlu@es that
glicition o the sgb _ect is relatively lmztgd

Abstract
Tntreductor
its usefu

Fme Arts 111 s a course in‘th‘é history of art which Introduces sty-
dents to the painting, seulpture and ard}tecture of the estem world from

ajlclsnt Greece to modemn tines, The Bourse‘ strasses the fact that warks of - 4

i,
4;;:’

Hens of raprodmh

Tanget vzewmgs for spprosinately 10 students *Sone prg

1medlately becase evidet, The terninals reproduce sculpture and architee
I

ture vith an fcceptable degree of aguracy colour can!‘émaln close to gﬁ
cheont and fine detai 1y svoinot essential. Reproductions of pai ﬂtmgs f)arF '

© tuth vorse, hoverer; he pmper(mlwr balante i aften imossible ta "

of the llﬁe suffers

[

dchivve aad the qua

{ ,,
pinals,

’l'hﬁ hief drasback 1 bedyne avare of vas thDugh

schedu]

n general the studen ts o it interesting md ove] 14 e tho 1ere
There %ere Lhevitable frustrations,of furse, sone of ther eipor,
he terminale hal heen

fl_'lr US@, 1T Pr;}g{wn# th ‘TP wen 4 ey ER A W]\Hf}\ »b‘,m‘ 1

v /] E i N

}

wite tot amilable  hee sBequipent by f?f‘%ﬁﬁ@dwﬂ‘ wngther e 1t
! '
WAt heng ovgrhaulid Flow i1 wph intery pte

N A
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:AhstraEE‘Enﬁﬁipase “Modu : eis-d
analytic method to:gecond year E‘;xglish studem:a 4n"a required cautse’

S - 'and it requiresi{dépending an student.'s ability) between foyr and ten
| Teo® hours of study-. "It permits’a more- t:hnrnﬁgh pregentation ‘an review,
‘- « , of the 1335(:11 than is prese:ptly avai.labla in ~any Dthét farm.

ol

3, - Criti:ism a:nd \rcﬂves f,
"o - Structure. S{udents may revigw within and across ﬁatégcties a d k )
additional inifcrmatian at_dny point in the lesson.~ Both voice récord- »

¥ " "ing and’ v;sual*‘dfspiay combine to teach Bequences of the lesson and
ety I:hE studelt is required to-Tespond to .points throughout; récgfds are
tgf 11 IESPEFRSES from keyboard and light pen. :
',Assessmént - Throughout the lesson, student responses gliclt
] thor tam&nés on the correctness and cahpleteness of each response.
dnce all respénses are recorded, the authatscan obtain a complete
“#edord of eadh student's performance. 'I'his data can be made available
‘vto the student’ fo¥¥Belf-eva] 4t {fon and provide cummulative data .base

s
s

;,f;" . for SQEEequan',auﬁmrs to p:edi.ct student perfos anc®é. 1In addition, o

) s = the COMIT modhle has some inique memory fedtures which permit “sthe S
- ) authoy to check, ¥for examplé, the time taken to fEEpénd or the segquence: )
= of answering quéstinns. : 7 L e -:*;7/ L. _
. . =7 Problems -. chnical, péda@,t&l and instructional Res;mnse -

s critical - it must nstantaneous, afgfast as the - a

P t:ims b;y:t;he unit
student can writey draw or -type. ?ailureg ere were my grex est ‘tri gt-
~ f&t,iDﬂE.: Next wete aifficultigs in synzhtcﬁizimg Audio and visual, “
Eignals to link tihe two respopses to astudent requests. BD 743 t:hese
_are resolvable- by changes: inaequipme;\t. Results of st’udent famance

gzave :been high in-comparisons” with comtrol’ groups in :unventi@nal o

: - ectuce/ té@al situ.aqigns.: PEfEEMESPQﬂSE% ave_ varled, be.:tweé‘!?h% #‘,ﬁ‘ﬁ

' 4dute frustration-over 'technical delays to strcn?feelings of accomplish- (
fnt and an, awareness of mat.s:ials -and mettods more canrpl’; ,t,aﬂ & 1y

\ praviaus learﬁing experienze in isalathﬁw Scudénts have not ‘been

"i{solated by the mai:bine . . The gue%éins they now ask are acafgﬁ:: re€=

ponses to the wonk at 'high level. % - s

The CC)H%ngl ish m@iul :
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an fhg student's interesat and abiiity, may i
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i;and chaifisFSE difagtian using the whole, raﬂge of_ the machine's abiiitj{tﬁ

[ have regarded the module - the. studeat 5 usg and develagm t

&

< af the material under the lesson's direztiaﬂ - as yet anathe:ﬁextansicn

; teaching methnd. Over the yaﬁ% ‘T have become im::easinfly aware uf

" the édvanta es to sﬁudeﬂts {ﬁ Eelectiaﬁ of lga ing time, thefabilityg
, g v i

, reuse lecture material for greater ctﬁprehensian and review éffd the peri
\ =3 L
f records which are p;esent in” the sﬁple expedleﬁt of recafdgd

of individg&L lessons snd csf

A

*Eieyeral ﬂeg kinds nf nrgarlizat,'
*patcefnpf a c:nurse I was,_ anxidus to E}Etend Ehis & _mcjre
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sctually does understand and- declines to answer becsuse the question

1is not of sufficient interest.

-At the outset my purposes - in COMIT were twofold I sought a teschin
- device which made no compromise with the best academic standards of my
subject and which involved the student at each stage of the lesson more
directly than the coniventional’ 1ecture method can. It is not- a question _
- of belief but rather a matter of fact that modules of this kind meet bo
conditions. Questions of their role vis a vis an instructor, how much of
this kind of instruction_is_optimsl, the demands on acsdemic_resources/in,h
their implementstion, matters of cost and the social and pedagogic resesrch
‘vie derive are all, in the long run, peripheral." The project's ‘value lies ’
‘in its thoroughness and the ability to have students take charge of their
own learning, Any module 8 flexibility, scross and within disciplines,
'depends only .on the imagination and skill of the authors and designers who
create it. Not only in COMIT, but in other systems already functioning

in higher“educstion, the only functioning adverb is not "how" or whether"

but "when."
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- "He was one who had an eye for such mysteries?”

- ~ “ . . . \ . - B . . S ‘:\. . 91. .
N | ’ | .

) .“‘iv Agééhdiii  TEe.paqsage used in the COMIT‘EdﬁliSh‘deU1é on

Analytic Criticism is shown below:

’

And the May month flaps its ‘ﬁl(ad- reen leaves like wings,
3

_Delicate-filmed as new-spun silk, will the neighbours say,

- “"He was a man who used to ‘notice such things?” P

If it be in the dusk Wlllen;'like' an e elid’s‘si_)un‘dfleﬁs;blink,
The evéning-hawk comes-crossing the shades to alight.
Upon the wind-warped upland thorn, a gazér may’ think,

""lpo him this must R_ave een a"famiija: sight.”

Y (] l'_pa§§ dufing some late night blackness, niothy, Qnd watni,’__‘* .

*When the hedgghog travel§ cautiously over the lawn, L
One may say, "He worked that s ch innocent creatures should come
But he. could do little for them; and now he is gone.” to no harm, '

Watching the full-starred heavens that winter sees, + - ’
‘Will this thought rise on those who will meet my face no more,

If when hearing that 1 have bee'n'st.illé'd‘ at last, they stand at',the_'*d(_)q:r,'

“And will any say when my bell of leaving is heard in the gloom,
And a crossing breeze cufs a pause in its outrollings, Lol
Till they rise again, as they were a new bell's boom, o
“He hears it not now, but used to notice such things?” :

h] . ) s .

] ~ . . ‘ ) L
o . . .
Ed

I ;Wheih‘ the Present has latched its back-gate behind my trembling stay,';'

-
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REFLECTIONS ON A COMPUTERIZED ‘MULTI-MEDIA | )
' ms'muc-uomr TELEVISION MODULE - —
.o : by . s | |
’ D',. K. Exb .~
Professor '

Department of Geognaphy .
6,

- Abstract: The development of .a'COMIT module has fnvolved a broad
gpectrum of experiences. Initially the concepts presented sparked .
‘visions of fascinating combinations of computer graphics, slides,
" tapes, films, student-computer. interaction and many other potential
. "gools" to be utilized-in geographical education. The selection of .
- ' a gubject however, Jlead to a rapid revision of initial concepts. In
: addition; the methodology of module development soon established the
c . npeceassity €or a much more detailed knowledge of the chosen subject.
«* . « The steps which had appeared relatively gimple and straightforward.
' . became complex and time consuming. Finally, the emergence of a _
reasonably complete .podule permitted testing to begin and the problem *
of testing to come to the fore. . Attempting to draw conclusions on

_the ‘basis of inadequate testing results . yielded recommendations’ for -
he future. :

»

Initial Concept .
o As originally Presented the objeétive of Computerized Multi-Media
Instructional - TgleViﬂibn was to /combine educational television with computer_
assisted inStr“Cti°“ and §6 evaluate, the educational capability of this
marriage. ; e C ' T v ‘
. To a geographer. With specializations in the fields of geomorphology .and
.'remote sensiﬂg, the Roteéntial was fascinating. .Imagine being able to incorpo—'
) rate ‘in one “nified m°dule ‘such diverse but interrelated teaching component's
" as colour mOVieS (video tapes), colour slides, sequential images with appro-
priate annota Oﬂ (1etters, arrows, dashed lines, ‘etc.)s dynamic: computer
graphics (iﬁ‘WhiCh lines could be made to move across the screen, letters

-

could be made to flaSh On and off to ‘emphasize ‘audio comments, and colours

could Be used to diStinguish the various segments being discussed), a sonic

pen/(which could be used by the student to indicate his or her . selection inv\
sponse to a visual or spoken query) and audio commentary overall (discussion,
explanatioﬂa ‘or query) Visions of colour movies showing waves breaking on
'; ~ a beach at- normal speed and then in super slow motion, followed by graphﬁcs

illustrating the way in which water particles moved in a normal" wave,/then

RERY

3

.
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in a wave breaking ‘on .a beach, the whole backed by the sounds of breaking :
4.wavea and a discuesion of wave dynamics, and followed by a series of ques-
tions to evaluite the students comprehension of the factors and concepts invv”ﬁ
_ volv.d and of an aimost infinite number of similar possibilities, were genef'
. A_. erated. Enthusiasm ran high. ' ' :

7 Module Development

Then the crucial question was posed{/givenvthe need to test this ap-
_parently_unlimited potential system, whaf small segment of  a -course current-‘
1y being given - should be devel ped into a COMIT module? _
v e o From the many possibilitie » a segment ‘which seemed ideally suited ‘to
’ : the technique (as discussed abov ), or a segment”’Which formed a small im-
portant, but difficult to grasp, part of the course, could be selected.
Based on numerous factors, but primarily the difficulty experienced.by
students in understanding the concept and the consequent length of time ;I
4,spent on explaining it the subject of parallax, as.used it remote sensing,
was chosen. cl 7/ .;-’ ' g{l-~. o
Parallax is defined as.‘ "The apparent displacement of the pOsition of
a. body with respect to a teference point or system, caused by a shift in the

N G

point’' of observation . . ; o ,
\ Initially, the approach taken in attempting to set up a module was,

in egsence, to translate the lecture format t%‘the COMIT. format. ‘A consid-

erable number of weeks later weeks which inv

ﬁ-lved pages and pages of writing |

‘,innumerable diagrams ‘and enlightening d ‘ _ K '
a significant factor became evidentf the hor" didn't know as much about. /,

.parallax as he thought he did! | ) :

This somewhat less than earth~shak ng discovery led to an intensive re-

. view of the literature on the subject. is in turn led to another discovery;

e
many other authors of -texts and reference works, were unable to explahn the

'yconcept of parallax clearly and conciSel , or in any event, had not.botHered

s do 80’ in their works! ‘ ﬁ
PR However an acceptable explanation was eventually formulated and the
problem of. developing the module was a ain attacked
The first approach involved a spot on' tife screen, ‘a student, and his or
~ her'thumb The student closed his left eye and held his thumb between his .

right eye and the screen such ‘that 1t obscured the,spot.(Figure 1 a); then,
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‘ . a. Right Eye view — Th'uﬁ\\b,NQ spot .,
' - b. Left Eve view - Spot, Thumb to the Right
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.maintaining the Same position (1e.- not mcving his head or his thumb) he
closed his right eye -ahd opened his left, At this point he could see the.
spot again and the thumb appeared to have shiftéd to the right of the spot
(Figure 1 b). This apparernt shift in the position of 'the thumb with respect
to the reference pbint eh the screen when viewed from two different points
1n space (the right eyeiview and the left eye view), is called: parallax dis—

. placement (Figure 1 ¢). L 5 e

Problems of relating this simple example to the geometry of a sequential

pair of air phOtOS led to a number of revisions, and eventually, after a con- .

siderable lengthqpf ti to'a somewhat different example involving a tree,

a pole, and‘a‘car moving along a highway. This produced a sequential set of

images which not only illustrated the apparent displacement of one-body with
- .regpect. to another and, in turn, both. with respect to a reference point but
- also permitted the utilization of a movie or wvideo tape sequence which re7
pllated the concept to a common every-day experi@nce (Figures 2 a,b,c ).

\V It was possible to display the geometry of this situation on the screen'
using 8lideﬁ' and also, using "the dynamic comp ter graphics capability,‘to'
illustrate in a sequential format, the relationship between the angle of
parallax (Figure 2) and the linear displacement\of the features off th ge;
ie. linear parallax (P). K S ¢ \, B {JIE? g

Throughout this developmental stage, it was\necessary to keep in mind
the necessity ﬁor interaction between the studenq and the - "message" being
- ~presented on the terminal screen._ A whole serfies)of questions had to be de~
. Vised (and ‘answers provided) to lead the- student &o an understanding of the
concept being presented A number of incovrect anbwers had to be devised as
'well (for each question) and a system of feed—back included such that, if.a_
'student selected the incorrect answer, he could request a review of the ma-
terial, or a: "hint" 4in order for him to satisfy the requiremepts before he
proceeded to the next step,. . _ o f _ ‘ _
Intermediate phases of the module involved measuring the apparent dis— L
placement (parallax) on the ‘screen using scales incorporated in the image
(Figure 3).and, in the final phases,the translation of%;his example to~the o
aerial photograph and the geometry of parallax measurement as a method ol

determining heights of objects (Figure 4) = . : ’ , : ‘

3 ‘- L .
' However, sinte this paper is not atCempting to explain parallax, but R
\rather to’ evaluate the COMlT approach to explaining parallax, no further .

1 N N

o N g
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~discussion Qf the actuel module steps will be gresented , '. . ‘ -

Having devgloped the module, the next step was tq st it on the members:

:of a class who were responsible for the concepts involv d At this point,

. one. of the major disadvantages became apparent. The Author who at this po nt

‘at leasb, ‘should . be assumed to know: the answers, ran through the. completed

:module on the terminal and determined that the time required was approximately

_'2% hours. This wasg”’ partly due to the fact that it was necessary to use a

i

Vloose—leaf binder containing all the illustrations and diagrams instead of
Z‘having them\on the screen as previously propqsed This discrepancy or problem

vas in part*the xeault of the author being ‘on. sabbatical during this- phase of

the prngramme. : .;‘ A o L
'The time’ required to complete the module when combined with a c}aSs of
120, obviously involved a major logistics problem' ‘not only in terms of.’ com-
puter time itself “but also 4in terms of scheduling access to-the limited
number of terminals available._ As a result* it was decided to use a smsll
volunteer class sample and have them arrange their . own sched ing. This

proved to be another error.< By the time the course had reached a stage in-.

'volving the use “of the concept: it was determined that only a few of the

students had actually made appointments.and worked through the module.; The

resulting comments were of mihimal assistanCe in evaluating the system 8

capabiliby._ . ‘;, ‘ . S . ‘; Cag

This leads to some conclusions with respect to Computerized Multi-Media
Instructional Television as a method of teaching a concept. -

Y

Conclusions" - L > -\L. T .

. First, it does not appear to be ‘a system which can be vtilized to teach

.;csmall components of a course, invoﬂ;ing large numbers of students. Even C

assuming a relatively large number of terminals and access to these terminals

over’ éxtensive periods of ‘time during a normal day, the computer time required

”'and the problems of scheduling the use of the terminals would be excessive.

Second 1t 1s a system which demands a great many hours of input on the

"_part of the author in’ order bo develop a relatively simple module. This C

assumes sn even greater number of hours of input on the part of an assistant

, l

handle the technical aspects, especially if

to programme the c

video tapes, slides, o tapes and many of the other elements 'which pro~*

vide §nch a fascinating potential, are utilized. ,V,: o TR

[N

-
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Third an. author, or would~be aughor, should have or acquire a gOod d, °..

%orking dnbwledge of computers and computer programming,. It is diff!cult to
foresﬂe problems involving question format, answer format, graphic developr

-

'f ment, video, audio, and slide inclusion etc., without any background know—
: ledge in. the field : Co- “:", - N 7 f: '

LA
»

Fourth ‘unless experienced in COMIT module development X would be ;'
advis}&ie for. an author to produce one or two trial mOdules before attempting

a final effort. Familiarization with the problems associated with module ol

deve10pment obtained in this trial period would permit the autho: to dBVe o

T'a great deal of time in selecting and planning segments of his course to be

presented in module: form.

r)

i Fifth the author should be fully familiar with the course segment or :
concept to be developed as a module. If.the author can combine this capa—
bility with- those discussed in three and four above, develbpment of COMIT '
modules should not be _too difficult.'

Sixth the nature of the subject matter has a gxeat bearing on the use,
development and effectiveness of ‘the module format. Very d&fficult don-"
cepts requiring active faculty-student dialogue wéﬁld ngt appear to’ be

_o.,

14 '

Seventh in order . to evaluate the effectiveness of a module, a statis—-

suitable in this context.

‘ tically valid class sample- should be selected, tbgether wiéh a control&group '

subject the standard method and the two groups upon completion of the
c0ursq 92:&

nt igvolved should write an 'identical test. In addition, time

expended by the students in the two methods should be- taken ihto consideration._

Finally, the. opportunity for: the one ‘group to re-run the module if details

7of the concept were not clear, should: be taken into account. ' . ﬁ‘,}m' ;.o '

Eighth if an author were ‘to plan on using some, or all, of th;/ﬁarious .

audio/visual capabilities JOf the system, knowledge of some of the basics of

[ o
-television programming such as story-board preparation, scenario writing,-‘

nfvideo'"tricks"* etc., ‘would: seem to be- advisable. '

. HN !
‘Future. ) :
zuture.

Most of the. potential, which fascinated this author when the programme
was first disoussed was not! realized in the development of the’ module dis—
cussed here. The capabilities are still there, ‘but it will :equire a dif-.

ferent programme to make effective use of them.' In this context, ‘a multi—

“

a
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'unit.aodule deéigped to present a complete sggment‘of_a_coursé would seem
not only feasible, but aléo desirable. 1In its initial implémentation, it
-wouid_npt héyé the one-to-one, student/terminal»inferaction,‘but wphid be
. ?desiénéd to éémp%ement‘tathe; than Quppléﬁent a faculty member, in a c1ass_
room sityation. éowever,'1ndividualtunité, making up the.lafger modu}Ql
could be utilized,, with appropriaté‘visupl or audio programmes, to provide
the students Qith a very effective review'faciliti (using a Cdmit—type
7 terminal). » .
| _The.aBOve.fOrmat could be developed for a full éourse, thhs removing thé
repetitive aspect of a profeqéor's programme and allowing him or herrmuch
more timé for preparation, discussion, and interéction with the class - re-
gardless 6fvsize. The.iength of each unit would be determiﬁed by the pro-
‘portion of the_leégure period assigned for discussion. | ‘
Yy B Finally, tﬁié type of module format could easily.be included in offj
‘campus (remote lecture theatre), in-home computer terminal, or conventional

television/telephone, educational programmes.

«.5"\
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"LEARNING FROM COMIT: “THE EDUCATIONAL IMPLICATIONS
: B by ) .
Christopher'K. Knapper
Teaching Resource Person
e " University of Waterloo

Abstract: Experiences with the COMIT System of Computer'Assisted
Learning are reviewed in relation to five evaluative criteria: effects
on student learning, effects on student. attitudes, effects on teachers,
institutional effects, and extra-institutional effects. Conclusions
are drawn concerning the possible future pedagogical role of computer
assisted learning systems.
The impact of the computerJon}contemporary soclety has been so great
during the past two decades that there are few individuals living in the
industrial nations whose daily lives%remain untouched by this aspect of
modern technologv. Education has - of course been markedly affected by
.computers, - especially with regard to administration and planning. Para-

doxically, hovyever, methods of teaching and' learning within the educational

'~ ‘system have been remarkably little influenced by the computer in any

.direct sense —- with the obvious exceptions. of the use of computers as
tools for numerical ‘computation and-as a means of teaching programming
skills. This state of affairs 1is perhaps not as qurprising as 1t may seem
‘if we examine. historically the - impact on learning of instructional
technology -- or indeed the impact of pedagogical innovations.in general,

On the whole, teaching techniques have been remarkably resistant to change,
and .1t might plausibly be argued that no innovation has ‘had any substantial
impact on the way students learn -- at leasp- in the formal education

system -- since the invention of the printing press.

COMIT is one of the most sophisticated systems of computer-assisted
instruction.q As John Moore s introduction to this volume describes, it
combines the facilities of a° powerful computer with a rich and versatile
presentation mode that is capable of supplying moving colour pictures,
complex graphics and sound. The student's me thod of responding is‘also
flexible, permitting communication by sonic pen or keyboard.. This is an
awesome facility, and it 1is consequently of immense interest to examine
in some detail the attempts that have beun made to use the COMIT system and,

_ 1in particular, to assess the success of the system from an cducational and

1i0



103. -

‘ pedagogical standpoint. In this respect the preceding reports from COMIT

v

course developers have great relevance.

Assessment Criteria

" In attempting to evaluate COMIT the question immediately arises of

what yardsticks ‘are to be used ‘to judge the effectiveness of such an_

" instructional system. I propose to use five criteria: ffects on student

learning, Effects on student attitudes, Effects on teachedrs, Aﬁstitu%ional
effects, and Extra—institutional effects

(a) Student Learning. There will be little disagreement amolg teachersv

that a principal aim‘of instruction is to facilitate student. earning.
Learning, hdwever, is not a unitary concept, and those resp nsible for the
design of instruction must give careful consideration to the particular
type and level of learning it is hoped to achieve. Bloom (1956)° in his

well-known Taxonomy of Educational Objectives [1] lists six types of ¢

:learning (see Table 1) and it is interesting to note that all 'six types are

represented in. the COMIT modules described in the preceding papers.'
e '
: Y v ‘
Table 1. Types of Learning (from B. S. Bloom, Taxonomy of Educational’
Objectives, 1956) : . ' : .

Knowledge : - of specifics :
' -= of ways and means of dealing with specifics
~- of the universals and abstractions in a field

&

Comprehension ’ . - translation
: - interpretation
) -~ extrapolation
Application ’ ' -~ use of rules, methods, concepts

Analysis -~ of elements ,
' -~ of relationships
-~ of organisational principles

Synthesis ~~ communication
; -~ planning
¢ o -— derivation of a set of abstract/rélationq

Evaluation. -~ internal evidence
~-- external criteria

0f considerable interest here are the ways used by the different modules
to achieve different learning ends. These range from drill-and-practice
techniques and remedial instruction, as deqcribed by Delahey to teach offen-

sive line play in football,.to fairly elaborate simulations of real-life



',arranging for its rezrieval in a variety of different formats) and which

. performs efficiently\e

'mUch like a dictionary or calculator, and indeed this is what Winter

'done in using the machine to display various properties of human gait

' '. EI ) N ’v . ig[.‘.

situations where students are required. to apply the knowledge they have
attained, achieve some synthesis, and evaluate ‘the efficacy of theo;etical
notions in relation to the simulated data. uA good’ example of the latter

approach is Thompson's programme to teach survey sampling, which exploits

' a capacity in which the computer excels (storing detailed information and

¢

would be Virtually impossible to achieve by any other' teaching technique

that can be" used in the classroom, as.opposed to the 'real world".

"It is often,’ erroneously, assuméd\that the computer should be used to

replicate as far as possible the function of the hhman teacher. (Indeed

it is.a common error in technological development to devise a machine that
ctly because 1t 1s made to ape human performance

and talks like

- for example the _common idea\of a robot that looks, walk

a human would be an incredibly inefficient use of machi ryifor most 'l

purposes ), Computer*Assisteh nstruction (as opposed to Computer‘Manage
Learning, for example) often te ds to start from the basis that the lea ning
material should.be presented by the computer and confinkd to this mode of

presentation. However, ‘there is nokreason why the computer need play-

a direct teaching role. It may for instance be used as a learning ale

computer 1is*also. a convenient testing device (it was used for this p rpose
in nearly all of the COMIT" modules) and a useful-fieans of diagnosing each

learner's knowledge and abilities so as to gulde students to material

-uniquely suited to their individual needs.

This ability at efficient diagnosis, angl the idea that ‘the computer

an cater to individual learning diffcrences in a way that 1s not’ posSib]e

'in the classroom, 1s a potential ddvantage 'of CAL that 1s frequently put

forward 'by the system's advocates. Unfortundtcly in practice CAL, in common
with previouq instructional technologies such as programmed instruction, has
a rather disappointing record of achievement In reality, fow.modules

employ very sophisticated dilagnosis of. student aptitudes (let alone,student

. learning styles) and most of the branching techniqueq used for 1omcdna1

urposcs are fairly primitive, even in ccomparison with whdt was poqq[hle on

.thetteaching machines of 15 years'ago.- There are good reasons why this

gotential strength of CAL has/ns yet gone largely unrealized: the deficiency
112 ST
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415 probably due largely to the immen%@ effort of time and commitment - - *
inVOIVed to write and programme mater%ﬁi for this purpose. Hence the modules
that in principle could cater to a wide“variety of individual differences, A

: and which are capable °f COntinual imPrOVemEnt,gn the basis of a detailed
examination of Stude“t responses, may remain in a crude and unmodified form .
indefiniteiy- Naturally, it is too early to say whether this will be so for

‘the programmes developed in COMIT, although the fact that the system in its
present form has been dismantled makes the question somewhat unfair or
irrelevant- R _

If it is accepted that some demonstration of student 1earning is
* important evidence of’ teaching success, then attentfon turns to the types

of evidence that might be ygeful for this pnrpdsei' Evaluation of any
q?aching 1ntenventi0n may pe carried.out in terms of a change in knowledge
ory(in. the case of the teaching of a skill) behaviour compared to the v

abilities demonstrated ‘immedidtely prior to the start of the teaching. Such
pretest - pOSt"teSt Comparisons, if' they are to be meaningful should be-

‘ related to. carefully Stated learning objeetives that can be, operationaliZed

in terms of SPeCifiC behayiour change. (Even then it is’ often’ difficult
to know whether the change was due to the teaching, to some extraneous

‘factor, or a combination of both.) Sometimes an attempt is made to supple-

ment evidence of SUCh changes on the part of learners by compa&ative

measurements for a group of people to whom the material was presented in some -
other way (or to whom ¥t yas not presented at all). 1A,fu11.discussion of \\

: the)desigﬂ and shortcomings of such evaluative strategies is beyond the ’
scope of the present paper, Suffice it to say that several of the contri- \
butions to the Present collection describe attempts at'evaluation that
incorporate pre-and P03t~tests as well as comparisons with other teaching
techniques, Some general comments about just what, conclusions ‘can be drawnf .
from such studies are made at the end of this paper.
(b).§£gﬂ£ﬂ£,§££l£2§9§¢. A mensurement of learners' attitudes to a system of“ﬁi
instruction, while 1%PS important than evidence of student learning, is of

;value, not least because favourable attitudes are 1ike1y to facilitate ' -
disadvantageous for learning). Neariy ‘all of the preceding papers report.
on student reactions to thefir expcrienoc with the COMIT system, gathered

either by means of a Structured questiomnaire or f{rom informal Interaction

4
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with the module author,.lAs is féen the case withfteaching innovations‘
.(indeed with any toaching techfique)‘both positive'and negative attitudes
_are reported. Nogativc.commen s.relate to the monotony arnd lack of flex-
ibility of the system: aspects that different authors attempted to\dcal‘with
by different means, such as humour or:the provision of ancillary notes.
Another feature of the syStel frequently mentioned in.a negative.vein was
it's impersonalitv compared t a real,‘live teacher, and one attempt tov "
combat this feature and add ja "human element" to the learning experience b
is described. by Avedon and ?tewart )

This brings -up the important question of’ the “"man-machine 1nterface
and the related ‘more general question of motivation in learning. Unfor-
tunately our knowledge of the process by which humans relate to machines
in both positive and negative ways, as well as our understanding of why
machines are exciting for some individuals and frightening for others,:is
disappointing to this point, notwithstanding increasing attention by
reSearchers to the duestion; It is interesting, for example, that most of
MCBean's students could spend no more than two or three hours at the COMIT
terminal, while we know that students of similar age and intelligence will
'spend much longer periods passively watching a somewhat similar machine
(television) or, interacting with machines that seem ond;he face of it‘far
less challenging (pinball machines, slot machines, and so on).

In terms of-positive attitudes’ to QOMIF, many students expressed
pleasure at the'idea of proceeding aKLtheir own pace :and being able}to

- but are greatly’ facilitated by su a system. In the case of favourable

review the material presented -- :ﬁgr butes that are not confided to CAL,
comments to the general notion of-learning via such a system (and tiere were
many such comments) it is important to recognize that therc may be a con-

. founding influence caused by the very novelty of the system and the fact
that learners were part of a special experiment (the "Hawthorne effect').

Om the other hand, some of the neg tive comments may come from conservative
students who are resistant to anvjzgw type of learning. Furthermore the
greatest area of'negative reaction ~- which concerned the technical problems
with the system -- relates to fonturos of COMIT that could almost certainly

,

be remedied in the future.

g | |
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(c) Mfects on TeacherS. Thggattitudes aof authors and instruetors to the R

experience of working With~COMIT reflect the’ same - divergence of Opinion as ¢
do those of the student learners, and. range from considerable ‘enthusiasm
- about - the. general potential of the system to a measure of. diSillUBlonmcnt, .
with positive attitudes Dredominating <PerhaPS not surprisingly in view of:
the need tO JUStifY the: great amounts Of time apd energy -expended on. pfe_
" -paring the modules) .  The pegative comments were clearly influenced by
nfrustrations with technical aspects of the System (frequent . bredkdowns and ¢
slow response time) and fthe immense amount of authoring time required. v
\ Of even more interest, however, are the comments by authors abqut the K
teaching/learning process itself that' have applicabilify far beyond the
COMIT system or computer ggsisted learning. For exahple, three of‘the. |
authors, as a result of working on the Preparation of. their modules, ‘soon
’realized that their knowledge of che material and their understanding of
‘the best ,way to. organize the material for efficient learning was far less_ N
' than they had assumed at the outsét, in spite of- Several years of 1ecturing
on basically the same tOpics, If this was Primarily a Self -insight, 'there\
were other insights into the. learning PTOCGSS itself . For. example, fourAdf o
the authors came to the"I'ealizat:ion that learning is essentially an active -
process that requires Students to respond ConStantly dand frequently, rather .
than passively receiving transmitted material, as happens ﬁrequently in so
mich’ traditional teaching, Authors also commented on another learning ‘ TY (
principle that is weIl ‘known to psychologists but frequently ignored in the
¢glassroom, the notion that effective learning requires frequent and
immediate information to students about how wel] they are progressing with
the learning task. At least one of the authorg raised the importanc issue
of social factors in learning, to what extent students benefit from working
alone at their own pace as opposed to learning with ard from other people.
Hence McBean felt that many of w students were able to benefit frpm‘being :
able to work in pairs whon reviewing ‘the materisl in the module. :
It is important to realize that these 1nbightq about the learning e
process are not restricted to learning bY compyter, buit are generally appli-
cable. At the same tiﬁe, it is instructive to‘gee how effec91ve1y they SR
were brought home by the experience of working with a new insttuctional ‘
.system, such as COMIT, that places new demands on the teacher, esbeCially

with regard to the way he or she analyZes, selects, and structures the
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| have now beén disbanded with little likelihood that the University-of
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material to be learned, Even for enperiéhced teachers it appears that
involvement with a new medium of instruction leads to a rethinking of .
principles ‘and techniques previously taken somewhat for granted. To this
extent experience with COMIT is of qndoubted benefit to those involved in
designing and administering the different modules. (

(d) Institutional Effects. Over the three year existence of .the COMIT

project there was a- considerable outlay of institutional funds and resources

* ;and an even greater dnvestment- of time on the part of the project staff and

. module authors, not to mention the effort and.involvement of»the many

hundreds of student learners.. Yet. @he essential components of the system

/ -

Waterloo -- at least in the short term -- will change its basic methods of

teaching. Why‘is this fhe .case, §and why has this been the %ate of so- )

‘many experiments in educational technology in'established educational

institutions? : .

"Part of the answer lies in the inherent conservatism of academics -
-and students —— when it comes to the implementation of new methods of.
teaching and learning. Additional reasons, relate to the basic complement

of $kills that most faculty bring to the teaching process (few faculty are

hftrained in pedagOgy.and most learn through the examples of their own

‘teachers),. to the considerable costs involved (to cite just one example,

the costs‘of providing and servicing an adequate number of terminals), and

. to the;general reorganization of the university system that would be

-required in terms~ofytimetabling, classroom arrangements, and so on.
Furthefmore, at a time when universities are threatened with severe fin-
ancial stringencies and the very 1ob security of university teachers is
challenged, the political climate is probably not conducive to the intro-
uction of a radical change in teaching methods, especially when the argu-
ments" for effectiveness are equivocal. 'Hence in the immediate future
innovations like COMIT will probably remain in the domain of experiments to
be tried and tested in forward-looking institutions, by faculty who are
willing to devote their time and enthusiasm largely for the reward Qf their
oWn.self—Satisfaction and personal insights into the lcarning process. ', .

(e) Extra-Institutional Effects.~ In hisg introduction to this collection

Moore states that one aim of the COMIT proiett was to sece what Implications

might result from the experiment for cxtramural_cducation. Hle points out

11
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,widespread basis

“principal feature of COMIT and CAL in general.

- have attempted to compare the system with other teaching methods. In

- .4: . , ) P i . o o A

Yy ) | R

e rather: premature r’ ", . . j L
KNS
In the first. place,. there’ appear to be formidable technical obstacles

- to the effigient operation of suah a system, even when it is used Min-

house" on a\fairly small scale. and with constantxtechnical assistance
avgilible to students ‘using each terminal Secondly, ‘the authoring time
required to prodube material is. vast, especially when it is borne in mind
that the segments represented by the modules described here comprise only

a fraction of the material normally presented in the one- term courses of
which they form part. Thirdly, it is prob;%le that the. outside clientele
for, such a system is probably considerably more conservative about pedagog—
ical matters than' the student body in established dAngtitutions of higher
education. In this regard the British Open University is an. interesting
case in point Although xhis is a remarkable social innovation, from a

technological and pedagogical point of view it is fairly orthodox, relying

~ on- the'traditional mainstays of. further education —- correspondence

courses personal tutors, textbooks (albeit extremely well\organized ones)

and traditional 1ectures during the compulsory periods in sidence

" The television component of the Open Universfty is just that -- good tele—

vision programming, involving none of ‘the interactive elelment that is a

COMIT and the Future Role of Computers in Education

A numbgr of the experiments with COMIT described in previous paperS

last analysis, hoWéver, such an approach is probably unproductive. Rather,

- we should try to analyze which media of instruction, including the human

tedCher.‘ﬂre most suited fot patrticular pedagosical ends and for particular

individual learners. This is a research question of great importance, °

" about mhich ery little is known as yet.

In the COMIT system the computer, it could.be argued, is begt seen

) " " :
.not as a teacher, but as a "super-coordinator of ingtruction --

potentially better than the "‘U,ﬂlan Lun:‘hur at this task, though wh(-.tl:x

acceptable in this role by the human lefirner 1g something that has yet to

t ~
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be determined. Certainly COMIT .is far from cheap a()a coordinating system,"

© even though it is far less sexpensive in this role than when iﬁ i) used as

‘a direct teaching device.' It must then be asked if it is-'worth thig cost,

or Whether we shall. continue to use our existing ‘systems, largelyﬂhuman, or

some alternative non-human, non-computerized system, such as written modules

that are cqpable of guiding learners to a variety of existing resources.
If we accept the computer as a useful coordinator of instructional

resources, then we must Seriéusi§ question.the\notion that ali the material
. involved ‘has to be presented directly on the computer itself. The system
.%}11 dePend ultimately,, 1 would suggest, not solely on dits efficiency, buf
‘8150 on its flexibility This is the future challenge of computers in =
keducation,-and an issue for which the COMIT experiment has proviﬁed B
,invaluable empirical daE . '

. ’ ) \ . .
/ e o . * ‘
- o .
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A SYMPOSIUM ON COMIT

Presented under. the auspices of the
" Computers in Education Committee and the

"+« Teaching Resource Person MC 5158 o a&

. ; . . Place:
*FINAL PROGRAMME , S e _ . ®
: ' : ) . : Datke: Thurs, 6 April, 7&
Time: 1:00 p.m.
Cali to Order S ) ‘ : 1:05 p.m.'
G.C. Andrews, Chairman, Computers in Education Committee L
K . . - . . ) ‘
Introductory Remarks - .- 7 1:10 p.m. )
' T.A. Brazustowski, Vice-President (Academic) .
A Brief Summary of the COMIT Projéct , e I IS pum, e
B \“‘-J‘.’B.. Mooré “COMIT PrOJect Director - . Dt R )
Some COMIT Highlights . : . - 1:35 p.m.
Eh EZkeer IBM, Project Coordinator Lo
N P .
J Representative Papers by COMIT Participants . : i_ © o
1. LOMIT The Leisure Experience . - 1:50 p.m.
E.M. Avedon and T.0. Stevart, Dep't of‘ Recreatwn ‘
T2, ,Armghair Survey Sampling An Aid in Teavhin5 Survey Design 2:10 ﬂfm.
' " M.E. Thompson, Dep't of Statistics. . .. O T e
3 Student Resporise to (ompuLLr -Alded lenching - ffﬂu j*i*f-i/ ~2:23 5-m-‘. '
E. A McBea-n, Dep't of Civil, Enqzne_emnj S o w7
Coffée  — . 02340 =.3:00 pom. L .e
4. COMIT and Of fensive line Pldy in FOOtbdll AT 3:00 p.m.
W. De Lahey, Dep't of Athletics
5. COMIT and Hockey" '3vstuma.' ’ "3:15 p.n)@
R. C Mclullop, l)ep’f. oj Athletios o
6. A COMIT Ingllsh Module 3:30 'p,m.
P.D, Beam, l)e'p’t of l'nq[z ih ; :
7. Computer—AsslstLd Ineruction in Organle Synthestis . 3:45 p.m.
V.4. Snieckus, I@p't.o] Chemistry . : ‘ Yo
General Discussion and Summary :30 pam.

: 4:00 p.m.—~ 4

. . (8 '
Moderator: C.K. Knapper, Teaching Reasouvee Poveon

RECEPTION: Fdllowlng the Sympos bum, there wilkl bu a. loeuﬁtlnn‘in the 4 30 pm
Faculty Club for all persons uttending tho \vmquium Wine and Cheese (approx.)
will be served.. ' o '

Note: All perqona wishing to attend the Sympogiummust contact

45 -~ O

Heather Baker (Ext. J132) togresuerve a place
- -l.l$1 .




