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chasé/zs réady to move 6n. Sha's awate that a number of - 8tu-

»spend.much more. time.on this topie. 'She has tv cover capzZ-

‘Lary quzd flow before the semester is over. A number of . 4 .
studentg' hands dre up and Capt Stephens calls ‘on one 8ay- " ﬁﬁs
ing, "Ok, we only have time for one more quegtion.” | '
A "; still don't understand how you can gd%‘prabsure and - ’

come dut with a ‘negative presaure n ) . T '

A few hands go down, and 8tuden¢8 nod in shared bewil- ca = -
aerment - L - ‘

0K, Sgt. Jensen,™ Capt. Stephens asks, "what will hap- {

Den if we increase the ambient pressure in thig case to..."

" 4s she's talking Sgt. SZack i8 glad she dzdn't ask hzm
He doesn't rnow the answer Neither, as zt turns out does
Sa+ ‘Jensgen, but Jensen comes up with an, aZternatzvv SZack
vould never have thougﬁt of. Capt’ Stephena analyzes 2_1 zt’
-wrong, and in doing so clarifies the poznt for a number of
other studentd. ’ . : .

A Fter Jznzsnzmg‘her explaratzon, Capt. Stephens turrs

ana scans the students' faces Only a couple of those' who _
rosed the original question 8tzZZ look puzzZed - o ;

"Does that make more sense now’” . g
Enough students #od so that Capi‘.Stephena feeZs the

" dents are being left behind, but th%g'topzc has already taken ; PR

more time than she had antiéipated, and the end of the 8emeéter St
&8 nedring, ' - . .
.7 3 "0k, do the vemainder of the prqblems to be handed in . /

the next time we meet. Anyone who! '8 8tzZZ confysed can’talk
to me.bfter cZass. « How in the tzme that's Yeft I want to get
started on..." - S

N - . - 13
*In a small, tecture rpom—hundreds gf miles away .an <
instructor is deszerzng his 26th annuaZ lecture on the work- .
.ings of the fuel injection systeh. . OccaqzonaZZy he looks up -
for a cursory scrutiny of the students' Faces. ‘A coupZe of ) -

students are agleep in the back, but mdet are'diligentiy -
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* = " ,. INTRODUCTION

Yost "how-te” .guides start from the beginning and work
foraard This’ one ﬁprks baekward. It starts with a<number j‘ -
of common CAI author "myths" (misconceptions) and their-griz-
zly consequences, then works backward to how the matter might
better have been approached in the firss place. For this
reason; this gui?e is not so-much an attempt tosinstruct as

- to forewarn. : -t -
' -Part of the problem with being a beginner at anything is

eeptions;~§Qt'tb map out_esséntialaﬁegisipn paints—~in lesson
deVelopment. )We don't claim-that these are all/the decisions~
Zyou will ever need to make, but dealing at mi mum with these .
. decisions "alone should help you'write affect}ye lessons. We
. also don't claim (or intend) that this will provide all the
insfruction you need for coping with these decisioﬁs. Our
agin intent is to present ways to think about each of the
v topies presented. . " J .
As you go }hropgn each seétiqn, bear in mind that ‘
although individual topics pay fall under only one heading,
this is not 2 good reflection of the real-life development
process. Host,;opics spill over. into others.: One aspect of
writing this sort of gﬁfﬁe 1s a persistent feefing of always . °
overlapbing. Starting on oqe topic, we inevitably fomep our-
selves saying, "Hell, yes but you can't really. talk about X
without dlso talking about Yo And on it would. go. So if you

begin ;o get the feeliqg you ve heard this a re, you \‘

’ M4 -

probably have. - \

"One” fPhal, commen£ -as unbelieyable as may: sgem, all .

- " the *anecdotes reIated h'ere are tfué. They come frob- a vari~ . p

. ety‘of training and educational settings. *As well-intentiongg‘ A
as .a‘utp,orsiareh anyone can fall prey to these pitfalls.- ’

. . - . . . .
. . . .
- Q . - vt . . L — " .
) .. . - : N H
" . d . .
.- . ..
JArunr ’ ' - M ‘




£ WYTH: IF YOU KNOW HOW TO TEACH, YOU KNOW CAI.
iy B 1o EACH

¢

. . It i8 3:30 in the afternoon. For the last Half *hour or A -’
p A}
. 8o the instructor and the 32 students in cZasaroom B of. the 0
:
. Paramedical Training Centep havle been contunuzng a dzscyaszon H/

on capiliary ;Zuzd onw gﬂat begam at their last - 8esszon.
Congregated in the farthest ;ey azats of the fzrst aqd—second
rows are "‘he arazns” of the c%ass. ?hey undérstand capil- .o
lary fluid dynamzcs perfectly. Indeed, they understood it o >'
per,ectly whertvthey ‘came to- elass. As the discussion wears i
on, they become increasingly ‘bored and irritated at the . A
thought that they have to-8it through 8eem1ngly znterﬂznable
reveuztzors of the same ' points. They 8Zauch in thezr 8eat8”’ _
doodlana in thez? no;ebooks 3* .8taring daydreamzly out the .
~ wz?dows. ’ . I N
In the back of+ the Woom are the slowest students. .They .
are 8o thoroughly confuséd they don't even know what ques~ ; S
* tions to ‘ask. .The most they can manage is a disheartenea ng - ’
~don't get 1t." They are acuteZy aware that they are ‘the onlg .
L veopZe in the room who aren't following the discuggion. S
. Mainly they feel "8tupzd”—-80 much so that they won't take, R
the risk of asking wh&s they fear woyld be a "dumb" que&tzon.’
Tﬁey 8Zouch:én théir :Z;tse doodling in their notebooks, or ‘ .
staring digeouragediy out tﬁg,wiﬁdqu. ) ﬂf. -
" Host of the studemts have ‘been ’conc(nfrat‘ing and foZZo;r—. -
‘ zng the spirit if not the letter of the dzacusszon., Their . . , -

comprenenszon ebbs and "flows throughout. the 8688$0n like a* 3 -

£

. Mugi® box runnzng down and being rewound agazn. Each_feels \'=<7f'
8/he understands certain elementd, but how the componeiTts it . 2
together into a whole is still a little murky < ‘moet. of i A

S /;heir minds. Capt. Stephe?é: the znstructor,uzs going over . e
a problem on the board for{the thzrd tzme. She‘ﬂa rackzng L . >
her mind ta think of ye; another way to reataté the same con- . . o,

cept. She also knous, however, that she can't afford to, o g .,

M '~.Q'

o
4
.




% »spend,huch more. t%me‘on this topic. " She has tv cover capzZ-

-

EEN 1ary quzd Flow before the semester. is over. A number of . 4 ,
-8tudents' hands dre up and Capt. Stephena ecalls ‘on one say- o T
ing, ”Ok; ve onZy have time for one. more quegtion.” |

(“‘ ”; still don't understand how you can gd%_prébsure and
come dJut with a negatzve presaure. . . e
p A few hands go down, and students nod zn shared bewil- -, ~
. derment - . L - )
"0K, Sgt. Jensen,™ Capt. Stephens asks, "what will hap- {-
venazJ we inecrease the ambzent pregsure in this caae to...” .
' 48 she's talking Sgt. SZack 18 glad she dzdn’t ask hzm R . .
) He doesn't know the answver. Neither, as it turns out does
./;/ " Sgt. ‘Jensen, but Jensen eQmes up,with,an_aitgrnativv éldfk '
vould never have thouget of. Capt. Stephens analyzes why it{g
- .wrongy and in doing so clarifies the poznt for a numﬁer of f
other student?. ) . . .
A Ften ,znzsnzng‘her ezplaratzon, Caou. Stephens turrs
- and scans the students' faces Only a coupZe of those' who _
rosed the original question 8tzZZ look puzzZed . .- ;
. "Does that make mbre semrse now?™ : ) ’ ‘
¢ - Enough students Hod go that Cap%.-Stephena feeZa the
,cZasé/zs rdady to move bn. Sha's awame that a number of -8tu- b g
> dente are being left behind, but thié’topic hae already taken ; o
. more time than she had antzézpated and the end of the semeéter Lo

&

&8 nedring," - .

3,

.. ¢ "0k, do the wemainder of the prqblems to be handed in . /
the next time we meet. Anyone who! '8 8tzZZ confysed can talk

to me<bfter cZass. . How in tRe tzme that’s i@ft I want to get

gtarted on..." . s .

. = s . .
*In aq.small lecture rpom—hundreds @f miles away .an < C
instructor is deszerzng his 26th annuaZ lecture on the work- ;
zngs of the fuel injection 8y8tem.,‘0ccaqzonally he Zooks up -
for a cursory scrutiny of the students' faces. A couple of ~ -

students are agleep in the back, but mdst are dzZigqptZy - o
Q ‘- ) - - 4 )

ERIC - | g ~iE
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~scribbling down ﬁds every word. He wondérs whether he's

going too fast or too slow or.just right. He wonders whether -
-fhey understand the mysterzes he's laying forth. He wonders
. what's i the minds beﬁtnd ‘those expresstonless faces Zook-

ing back at. him. * - i

. .’> . . . _ ’ { -,:'” 2 . =z
If you're a former ipstructor, Qou've-probablx had”lobs;
of experience with students in a'classroom situation. 1If you -
haven't taught, you ve still had lots of experience as a stu- ’
- ,—7 dent yourself-. Either way you're well acquainted with vari-
: 4 ous, classroom situations (Hﬁen working with ething new

; and unYamiliar it's onlr natural to try to draw on whatéyer ‘ %
intuition or experience you do have. There's the —fub. . There :
are substantial and important differences between CAIX and any ~
other edueational medium. HMany CAI authors (both new and_ -
experienced!) feel most comfortable "translating"jtheir - ' _—

understanding of the conditions of one medium inmto another,
-especially if they're pressured by time constraints That
- . seems reasonable, but unfortunately most classroom bechnique

0

doesn't "translate" very well ‘onto a computer. Fbr example,

we have encountered a nﬂmber of former lecturers who, after

being enchanted Hy the potential of the computer, decided to
» 'convert much of{their material to CAI. Unfortunately, their

lessons turned put to be transcriptions of their 1e@tures. : v
‘ That was what they knew best, so that's what they ‘did. < f\\- .
‘ ,{ Letis look again at the preceding scenarios and enumer- i
4 'ate some of the characteristics of the classroom and lectyre . .
approaches. . . o :

The*most obvious- characteristic of classroom_ instruction
s that it's group paced.’ Instruction moves;along at the -
rate at which the majority of the students can'keep pace. ,‘:

- . - L]
e e ~ ..




o ¥

to what's g01ng on ~—— to catch any furrowed 1looks of perplexls

, .
-
.'.‘

o

-

_1gnorance » They need specific, individual help but are often *:u

>cover a predetermlned amount of material in a certain length

. song while others aze. f&rther behznd . . ’,

" Carol Fmshan ig working dn & lesson on verh conjugations, ' . e

P .

‘ " / . l’ ‘7 . ¢ . » . N
This}naturally/peans that a fair amount of the brighter stu-
dents' time is .Wwasted in. s1tting through repetitlons of 1oe .
thlngs they already understand It also means that slower
sgudents are often left behind, ‘not only becausé they ‘don't

catch, on to the- mater1al as ou1ckly, but also bepause they re
often inhibited about asking questions and . "revealing" thei? - -

embarassed, th ask for it. However, the instructor is able to e

a

look around the room and v1suaﬂly assess students! react{ons .

ity, or enthus1astic nods .of* necognltlon N . . -

In additlon the instructo¥ is often under pressure to-

of time, and is thus compelled to push the group harder than - .
may be, wike. . . . g v
An advantage of classroom instructlon is information. . '

from other studentsj mistakes. MNaturally, wrong ans&ers are..
wrong for a vaFiety of reasons DOne stddent may- give® a wrong- :
response anoﬁher would. never have thought of but the feed- .
back ‘on why-L s wrong can, be useful to both of them . ‘ .
Finally,™%n sa classroom situatlon, most of the flecessary -
practlce is done’ outs1de the classroom where the instructor: '

has ‘no lnput or control over .the direction the student's -
IK‘.

thinklng is taking : T 3 ¢

. - °~ ' - : - v
. . 4 .

An zntermbdzate Frenéh class is8 rapzdly szZzng class- -
room 106<-the- CAI cZaoaroom~ ‘Students enter, sit at separate
cansoZes {fermﬁﬂalé) and oegzn workzng on individual lessona.
Each 8tudent gBes through the required lessons at his/her own |,

8peed' Thus, gome 8tudent8 Thave nearly finished aZZ the Zes-

~
e
\




The uqtariqi'islir the jbrm\of.;‘game,'andrCaroZ”ts’éhjogihg
Bompeting against the computer. She has b%en through this
) game b\fore, but since .she's aheqd in her work, ghe's dectded
"to start. the day with a little recreatzon--"playzng" at ‘
conaugattng vérbs. Though 8he 's a fast learner and~¢onftdent »
about other grammattcal matters, "ghe feeZs she needa the .
.extra ppdcttce at verd congugattons ’ L
_Stephen Gardner is about halfway through the total num- ) ' :
ber of lessons each 8tudont has to coMpZete.' He's had trou-_ T
ble with translating and i8 working on a Zdbson on.readtng
aaﬁ%rehenston, He answers the first set.of questions aund the
computer applauds, "Good work, Stephen! That wqg°a‘trtcky g -
passage and you did-very well. 4 However,:he has a little
troubZe wtth the STt reading,-and .the compuferutakas him
through a* thorough anaZysts of the portions of text thut gave
him the most problem. . ‘ )
) Laura . Bowers ig pZoddtng along in a lesson on parttct- ‘ .. .
pZes Languages are not her forté and she' 3 dotng pratty ‘
poorZy "As_s8he works through the leséon, 8he requtres not .
only a gvod deal of on-line remeeiatzoﬂ, but also gonsider= T
able assistance from the instructor who handles any sfudent .
probiems or questtone that arise whzle they re worktng on the ) .
terminals., Laura i8 awvare that she gets much.more tndtvtdual
heip in thtsr;%tttng than-in a clasgroom situation, and is
glad of’it. .,She ftgureé'sha’d_uever pase this_ course without
it. a U ’ - , .
& v / S \ - 1
The most obvious characteriatic of CAI is that, it's: ‘ ‘ “4
self=-paced. Students are freed from having to keep up with L
qr, be .held back by other. students. If.a student is haviﬁg <N, g '
‘difficulty with some subject or concept his7ber’compreheﬁl e
siop doesn't have .to .be sacrificgd to “the group’s "moving . ~b T g

ahead " CAl is also individualized so tha; each stuﬂsnt'

. .
, - ~
‘
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P \ .t J . -

N / ~
A particular problems can be dealt with separately either by
I on-line’ remed1at10n or 1nstructor ass1.§tance, Slnce a11~§,t”"‘
\ dents won't reqhire the same amount ozf‘ help, the instructor -

X
is. freed to s~pe'nd more time with those who need }:he most .

. attentlon. : . A . he

- -

N

«- . ‘uUsing CAI, each’ stude’nt*has the chance to. an‘s‘wer (and.
- ged feedback on) ~£each ﬁuestion. However, students-can t -
T I@arn from each oth‘ers’ wrong .responses.‘ Lessons can also 'be,
structured so that students are ,able to "practicé" (again
with spec1fic feedback) until ‘they feel confident of whatever
. ' concept they're working on. -Of course-: the. computer ‘can only.
respond to actua)l student 1n~put ‘It can't see the student
© Nso it can t detect &ose bew11dered looks 1nstructdrs are so
familiar with. W : 7"{?' I - ¥ s
) ’91n‘ce CAI is d1fferent from other instructie}val media,
» ,' you will need to make; . somé decisio s BEFORE you begin to
. ‘write a lesson. Some of “these matters werestopics, you did

not even have to th1nle abouf’ 1n trad1t1ona‘l instruct1on‘ .

. )

[,

.
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L :‘DECJDE WHY CAI IS THE BEST HEﬂIUN FOR—?HlS LESSOH
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CAI is not a treatment It s a’medium i It has much to
offer that is not avallable v%a traditlonal 1nstructlona1
. ' vehicles._ If usedfaﬁbroprlately, 1t can be éxtremely -effecs
e tive, If used tnapproprlately, it may have 11ttle to off
- " After you®have chosén a ‘lesson to program, stop to ask yo
, ‘jl Self why you should use CAL ' You may want to generate a lot
f ‘ of exerﬂlses for a drill. Perhaps you want .to create a dia-
logue s1tuat10n in whieh the student has verbal exchanges
‘;é; with g s1mu1ated patient or. client. You way also want €0 -
. pngv1de the student with an exper1ence which is not ‘feasible.
through ancother med1Um. Your students may vary widely.zn '}
:-baokground and" abllity, SO you may want to indiyidualize
1nstructlon. For example, you may want to prog%%

-t

(o]

de extra
. practlce exercises, or more detailed. explanations only for -
those students who need the help . *

- . - »

'”Ek‘ How Would CAI Be A‘Disadvantage Eor-lou? e
o o - '

4¢‘ Perhaps it w1II'take too.long to produce a 1esson. Per--
‘o “hgps the material can be'taaght Just as readily by some other

& - <+« means, snch as a textbook‘or instruyctor. It may be that the-

student will need to use- a- reference page, and it's too hard

to go back and forth between digplays.'* vt
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An author at a remote azte ‘had ‘just returned home after -
i . a oneeweek coursge in codzng which alpo ‘ineluded a 8matterzng
of inatructzonal design. He~felt chaZZenged by and enthuez- < .
aatzc about the po?ewtzal of CAI. He was eager t begzn K '
writing his own Zeeaona. He. thaught wrztzng Zeaao 8 'was . - .
tremendously creative dnd he, regarded hzmanf ag8 a -ereative )
) peraon. “ - .": ' i ;
During "the ahovt training course, staff ingstructovs had
atreaaed .the- zmportance of prepZannzng ag the fzrat gtep in .-
Zeaaon writing, wzth»partzcular emphasis given to-a fa;rly " 2 -
r caneful construction of a list of the things.,the author act- -
- qa’manted the atudenf to be able to 'do dt the ~lesson's )
en During Eﬁe trgznzng course. the author had seen the -

e wmzmpontanc;/jn such prior analyaza, but once he- got home and -

—

actually began wrztzng~hza first lesson, he found przor.plan- j

ning rather tedtous-»aflzttLe 1ike having.to E;ectzce aca}ea
_ when ‘You want to play Beethoven. He tried tO‘ﬂeczde what ©
materzal should be ineluded; he tried to plot out the Zea~\-f

gon’'s organzzatzon. But Re ert etifled, anzious to really ‘ iiE

N

get down to "writing! the Zeaaon. He fznaZZy dnnaunced
“that he (being 8o highly creatzve) could not functtbn this ’
%§' vay. His "technzque” would be.to sit at tie terminal and T *
. < ’ " "gpeate” in a rather zmproptu faahzoniladDZzbbzng as he went
« along. Thza prockdure felt muchgmore comfantablep And after
all, he knew that other more\experzenced authors often , . 3 Tt
:ﬁimprovzafd n Beazdea, "hE 1 wda buratzng ‘with zdeaa--he_had / E:
- geen’ gome f&acznatzng gamesg d wanted™to, wr@te a+geme, he

had ‘geen’ some dazzlzng 1gplays and wanted tdfcreate some

- ,gtaghzcs. So he oi%,‘epzrzta hzgh, expeatatzona even

hzgher.- Ee‘ uggZed but feli‘znvzgorated by tﬁe etruggle. . S

He Ldbopred, but felt challeﬁged 5y'the labor. .He rhapao- . ;:;()

‘& -~ - <7

/x/ﬁﬁéaﬂ "Wrztznglézsaona is 8o STeaaeve and peraonal-—zt' - -

e L3
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. MYTH: A .NEyi;AUﬁ{éa; CAN. WRITE. A LESSON WITHOUT PLANNING. . °
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‘Iike giving Bertwrv T . . ST
Slightly over a year later; he bore a ramblzng, hop~
, 8cotchzng, patchwark af a legson, disjointed and dpacordant,
- a blend of mayhem and mediocrity. _Throughout the year most . .
‘ ‘r * of hza time had been ‘eaten awvay’ by reworkzny, reahufflzng ’
and rewrztzng what he'd aBregdy done. New material was
tacked on to the end of. the tegson praducang a ﬁather, "And-
) oh-yea(I-forgot to-mentzon...@ effect‘ He’d coﬂstructed a
, "game" but #hejgulea were 80 complzcated no one ecould plqy
it. He had znciuded hig ‘graphics, but they were “juvenile. and

‘l "~
eartoonisgh. The students for ‘whom the Zeaaon wae written

eame to refer to zt aa."Séaahe Stréet” e ad
s ‘ o q’\’*"'& s,
' % +> S:This author was well- intentioned har&hworking, and /.

edthuszaétzc, but he was ambusheq bz,a number of designing
"myths" Thé first Was that?planning and writing a lesson -
© are somehow ‘separate. That's like saying playing the flute
- and learning what finger positions produ otes are )
. two different ‘things. Haturally creativity plays an 1mpor- '
' tan role in quality.yp Just knowing finger positions is no b
gﬁarantee that a person will be able to make music (though ‘
they may make noise! However, not knowing/ﬁgsitions is a
_gt-th v“Won't make music. 2

-

virtual.guaranpee_th
Ro_one;'not evea/Experienced a&fﬁors can simply sft s
down _and write/a 1esson extemporaneously without some plan
. im mind (if ﬁot ‘on paper) for what they want to.do and what
- .they Want the studéent to do. Hhile it's true that experi-
enced authors often, "compose” at ‘the terminal, they are &ble -

to (successfully, at least!)- only ‘because they have a firm,:."

broad springboard of experieﬁce on which to rely.f Any’ craft

PPES 4 -t -
e 4'(%'* . .

. L2 b - ) .('
7 3

-
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is grounded in a%er%ainﬁ ;e’il: of skills &t which ﬂ're ’trafts- .
. man must be prgficipmt .They are the heart*of thé/craft. ]
» The auMouf scenari‘o’ ‘waJ;:i‘sled by ‘the outward behav- .

for .of othen more exper@?ﬁded duthors.  He .only saw (and’ ,

believed) the fact that - tkey were: able to rrad lib“'a lesson/
' on-line. K& didn't see, the dertal. oi‘ganization that * had .

goﬂe4Q8 of. the fect "that thej\qere able to "ad lib" orily. o

because,- having written a number of lessons, they had prac- . .

ticed and become prd/xcient at“the necessary skills. Just as .

one would- noﬁpect a jazz artist to improvise a piece of

musie wiﬁhout ving a sdlzd,musical £pundation of discipline’
" ard understend*ng, one could n\t reasonably expect that a '

novice" author could improvise a lesson without a solid

1nstructional f'(pundation of design and ‘Media experience.. As .

a result of his ektemporizzng withqut sufficient planning, . .

‘he aughor qpund up spending aﬁ.inordinate cmount.of bﬁme”
- redoing huge chunkssof hls‘lesson, dragging lessbn develop-

ment out mucy longer than was uarranted,_ _ yd

FinaITy, because he ha@wﬁ%en impressed by demonstrations .
of some interesting games and graphiCs he naturallx wanted ;”
to incorporate- similar tecbniQues into his lesson. ‘Gatheriné

¢ new ideasg from various sourceg is certainly a laudable )
approach, but he tried to appIy techniqges for their ewn. sake
r athér then\?s?\their educatio 1 -effect. The net effect was
that they were considered juyenile and inappropriate. -

Therefore, 'the best 'approach (especially if yoﬁ're’not-o‘
particularly experienced with, “CHI) . is to plan your lessons .
before you begin to: coﬁe theﬁ In order to do, that you will

-have tormake” 2 number of deeisions One of the first, con-

cerns- y!ur goals for the’ student, ) .. éki . ‘? '

»

[

»
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" stating gpecific expectations will help you figuré out how to -
measure whether the student Qas learned wilat you had hope61 .7

- L) . ”
- L 4 : ’ . .

» -
. .
!, N = -
» . .

.
- » Pl
- s - . ¢

Clearly and concisély stating whab you expect of the o t

student is one useful way of organlzzng the lesson naterial”

both in your own mind and .in the student's mind ‘This tech- -
"nique can help you, as the author, pare away irrelevancies
-and stucture the material in a less rambling, more cohesive

lesson. State expectations as precisely and ungmbiguously as
possible. Look at the following examples'x . o 1

-
-

. , - R - )
- .

. P
» -, .z

Bad examplg:'ﬁKnow the names of the parts df a truck =~ ~
engine."” : C .

— -
a - ‘e ~

> - . i

Good example' "Patch the names q{ the parts of a3 . truck
ené‘he fo the pvcper places iﬁ a d&agram, with 95%
accuracy. g - . 2ot

oy

- . - [}
-

~ <

The ferms in the first example-aée anclear and can be T
/jfly misundéfstood” ‘Hhét ddes the author mean by ARROWT?
B/he might mean "list" the gzrts of an engine, or s/he could '

mean that given a drauing of an engine, the student wiil name

each part., The second example, however, clearly conveys -7
exactlx what the student will havg td’do. Sometimes_ goals

can not be stated so precisely; or_in “exact b€havioral terms. ;
But .wherever it's possibbe, rather tﬁan asking, -"What do I 5

_«wWant the student t{ knew," ask ypuself "What' do I want the ':*'

student to be able- doon~

.

In‘addition to belp;ng yéutogganizé the lesson méteriai,,‘

Hithoht some reliable measurement of the student's post-

lesson ‘knowledge or' skills, you won't know whether you've !
ef?ectively gotten the material” ‘across.

. * .
PO

\s
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‘DECIDE .HOW YOU ARE GOING TO MEASORE. STUDENT PERFORMANCE. . N

-
~

"What Sorts‘b? Questions Should Yeu Uség 3 ) . Ly v

y - B . . { .-.? !f

L 4

'The questions you choose depend on' the goals you, have
set. For example, zf your goal 1is for-stuéents to memorize
‘ the multiplicaztion tables from one to nine, you may want to - = .,
*+ use sorme sort of drill to measure their performance. If your
goal is for students to be able to apply Boyle's Law,.you'll,
grotably want %o gonstruct Sonme new problems in which stu-
dents have to use Roylé s Law. The trick is to be sure your

L.

cuestions rezlly do testvtne skills ;oﬂ inrtend. For exaznple,’ .

9

suppcse the saudenu‘3n5$ered the following question qorrectly . .

-

! / (4

L4 . - » w
- -
* - G- ol

. ; “yno the ﬁumber of the correct answer -- ) -\

-

.o §]
The Pythagorean Thqirem gtates that- the:

7

w — -

\»
L]
1

y - . -

1. hypotenuse 2 = the sva of the sides.

-

2. (sum of the sjdes) Z ’/the hypotenuse.

r

o- ’ 3. hypotenuse 2 = the sum of 'the squares of the sides.
u, hypottnuse 2.= {sum of the ides) 2. L =,

. . v, » . -
, .
.
A . ¢ v -

The most you can infer is that the sggdent is able to %ick
. out the coprtct answer when givgn ac oige. You cannot, how-
;> . ever, extrapolate that the studéht is glso able to.state .the p

‘tbeorer or apply it in 2 new situation..., . : . - -
. ,F - ‘ A e sy

< By
- - ¢ r .
.

, .
: How Many Questions Should You Use? -

~ .

; .
P [
. R

-

‘. ' .

. 3 R
At one CAI .site, end-of-lesson tests consisted of one 2“
N test item per concept (much” to the horror of assorted CAI

"3, « ® »x

. . . A “e ‘
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consultants!), ‘i‘hough there rﬂ* S no good rule-of‘-thumb
> for deciding on the number of items, b\3ars in mind the diffi-
‘cultj of the material angd the tYPQNf questions you're. o
using. {Passing,or failing one item doesn't tell you a lot
. about the studerit’s proficiency. On the other hamd, too pany
. _ ] i ] ‘
) items can fm§trate the student. N
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MYTQ: :PHESENTING Ig;fEéQHIHG (A LESSON IS CONTENT)

s v, . -
Wt . ‘ {- —t

ét a untﬂere%ty CAI site, the director deaaﬂsd tha aZl <
3ec* lessons should be evaluated by outaade content .
ezverts. His deczszé>fwaa roundly- applauded by f?zend and
foe ‘alike as a giant .step toward quality control. .The revo-

iutzanary dtpecton constructed a list of guzdelznea fbr any

.consultant reviewing the lessons. ' The only problem .was that

the any sorts of revzewer comments the director 3ochzted€or

aZZowed for were content questﬁfns. In fact he went ao far

a8 to specifically requegt that no comments be made about
the workixgs or deszgn of .thé lesson itself. , <
h_rﬁfhzs emvhasvefon content &Ione resulted in the proaect
lessons evolving over a gerzod of time into "page-turners’--
heavily tertual, aookelzke Zeasona with little student ;n’%r-
.aciion, Because of the density of the tézt, .students were
gtrongly encouraged to 8if at their termznals and take notes.
¥ost did--so thoroughly, in faet, that they began, to seem Qfa%Q

Ztre modern day gocribes, conscientiously tranaerzbzng ipttlé

-~

aooks of ;hezr omn.
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. DECIDE WHAT APPROACH THE LESSON WILL TAKE.-

" sophisticated studeot/computer interaction to provide you

~

range from a specified percentage to total mastery.

d
%

,.«”

~
~

, The'beauty of a power?ul/iAl;system is that it enables
you to choose from among _many €eaching-styles. You can use
students with experiences that are not otherwise possibl of
course, the traditional text-laced- with-questions technique
“The
point is that many alternatives are available. You can use
morelthan one in & lesson, you don't have to stay’with A Sin-

)

“is also—e’possibility, and many neu.authors begin there.

gle'approacﬁ throughout. Herecare a few examplesgﬁf what you
) . .

’

<

can do.

*
-

Pri}ls -- cycle students throygh‘a series of.problems,. ques>
~tioms, definitions, etc Questions can be given in the same’
order to_ all students or randomly selected from a pool of

You .can also cycle ‘students. -back through those items .

they,missed for extra practice. This is a good technique for

itemyl.

reinforcing rote memory skills such as foreign language
vocabulary acquisition spelling, multiplication tables, spe-

R 4

cialized terminology, etc. Agceptable student perfofmance

can bg set at any levef/ depending on yOUr goals. They can

3

Tutorials -- lead students through a socratic sort of dia- )
logue. This is a good method for guiding students through

As the author, '

you can use'tutoriala to direct a student's. thinking.-ﬁn the
other hand, students usually have» ery
this sibuation, and can sometimes feel rustrEted. Authors
sometimes opf/for using tutorials mainly §h medial or help-
type situations (after the student has either Yailed some”
basic criterion~or fequeéted‘help. et

some process or problem-solving situation,

ittle autonomy in.’

- L
.

: -
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- gngg_ries -- bas{cally present studeﬁts with a 20, Questions"
situation in which the computer presents an unkﬁown of some
. sort (usually chosen at random from a pool of possibilities),‘
and students must ask questions; ‘run tests or) the unknown,
etc. to determine what it is.’AThis method has obvious‘apnlié
*cations to the hard sciences, but some imaginatﬁve authors "
can find applications for it in other disciplines.

Simulatiens ~- place students in a controlfed "real life"
1’situation in which they must bring the situation to some sprtr
of resslution. For example,. tbere are many clincial simula-

tions in which students play the role of "the® physician and
_must take a patient history, do a physical‘examination,
request Jdaboratory infosmation, then tie all the information
into a diagnosis'of the eatient's condition. There are other
simulations in which students play the role of a mediator or
other person in a position of authqrity who muSt settle a
labor dispute, negotiate a peace agreement between warring ﬁ
factions, etec. fhere are as mény‘possibilfties as there are
eal-life conflicts. This method allows the ‘student to make
mistakes which might be critical in real- life, but are-innoc-
uous in the controlled enVironment of the simulation. It can

also provide "the studen-;with a realistic situation or

dilemma s/he might o ise have only been able to learn
about on a theoretica . level. .This is also an excellent
technique to use when your goal is"to bring about attitudinal -
changes. - ( . a
There are also obher_forts ofesimulations, however. You3

can put students in a simulated 1laboratory situation in Hhich
they perforn some experiment or laboratory procedurey the
advantages being that the results are both-instantaneOus and
harmless! You can also put students in a predictive‘simula-
tién in.which theyhhplpg" data into a model, which then.pre-

- dicts likely outcomesg' An examole is a pop?lation dynamics

18




model in whith the student feeds in information on birthrate,
available resources, etec., Lnd the model- piots out the conse~-

A -~
N

quences i ’ SotTE

D)

. L — . .

" --, Games -- put students in a situation in which they are in
competition Qith'dther students, the‘computer,'the clock, or
anything else you can think of. Games may ‘be realistic or
fragéiful. "Games are useful in developirng numerous skills,

/and zan turn 1earning into entertainment.

© « > - ‘

L . — .

- . rs
€

Studehts-shSuld have the option_ofvjoingihack to reyiew
lessqn material that they have already covered. - The only
potential problem is that studepts’sonetimes spend so much -

"+ time reviewing, they don't finish a lesson in a reasonabie~
amount of time. . Your student data (or classroom observation)
¢ will tell you, whether a student is spending too much timé in’
. lessons or 1agging behind in the curriculium, At that point
f —* some direct 1ntervention may:%e the best course,
o , Going a step further, though, if the lesson material is-
| flexible enough so that order is unimportant, consider let-
ting students determine their own path through the lesson.’
‘Chances are that studénts who are unfamiliar with the subject
. matter will tend to go through the material in order rather
- than jump back and- forth.-,However, students may find it
. ] helpful to be able to skip around ;2/£ﬁey are already famil-
«,. lar with the"material or want €o reView previdus sections. -

lesson. They can then gSXthrough the material in sequence or
vary the order. If ‘you want a little more contnoI over the -
cours//students take, you tan give E/gm a series ofumore

P

, 19 _ : .
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How Much Control Should Stydents Have? - ) T e

.. This can be handled a number of wags. You can provﬁde a les-"
;- . son index to @hich students have access from any‘point in the




s

choices after each section such as:

- 4
P -

' Now what would you like to do? ,‘.
" (type. thé letter of -your choice)

- . -

ko to the next section

‘90 back to a previpus section
. go through this section’again- (‘§
take the quiz on this section. . ’

"Trackiné-the students? progress through-the lesson

. - " tpecomes even more important when"you allow. them some auton- -
= 4

omy. Students -have been known to skip parts that are unin-.

teresting or too difficult; so you will want to be_sure that

///Zhey have been throughcevery seetion before'theb complete the

/

lesson. . + .,
‘- . . . ’ s
DECIDE Hdﬂ YOU WILL QUESTZIOM THE.STUDENT. ] .
t. . \‘ ) iI
- 3 . )

It is -dntéractive
A pri-

CAI is similar to a private tutér.
and'it allows every student.to ansﬁer\every question.
“vate tutor agks questions periodically\to find out if the
" The totor, provides hints,
.as the need )

student understands each sectien.
explanation, and other forms of remediatio
arises. In the same way, the CAT lesson can ask questions to
monitor the student's understanding and to provide additional
help when the student needs it. A big difference between CAI
and tutoring 4§ that the tutor can make decisions about what
to ask and Howlto respond as. he worksfwith “the student. The
author of a CAI lesson- "has_ to make many of these dedisions

G ,
\"’///?6? students try the lesson. . ] . .

What . estion Formats Shouid You Use’

: N

£14 . P s £ -
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There are many.good sources wifh detal;ed analyses of,

)




. the pros and cons of each qUestion form over the others (see . T

h‘&referénce list) In our present context let. us, s1mply reit- ',~ .
erate the need ‘to match the\type of 1ntevaction—to,the level %
of student competence you re alming for o . ' ’;"' T
o Where Should You Insert Questions? - . ) ) 'H\ co :

but in realfty it is inefficient If theaquestions at the end’
sﬁ\y that the student has failed s/he may have to repeat the
entire 1e§sSh\1n erder to learn those parts that s/he missed.
L In fact, if later material depends ot understanding earlier ‘ﬁ;
) content, a st ent who dpoes not learn ‘the earlier part will oo
te unable to get anything out of later parts of the lesson. ~’:
' Questidns should be asked both within the Tesson'znd at - E
X the end. Nhere you put them within the lesSon depends on the - . B
: ~pature of the l2sgbn, and theAage and ability of the,stu- ’
<&?~ ‘dentsq CIf re pfesenting text,'and there is a lot bf
& reading,/there is an increased tendency for the student to’ o 2
«~  Jjust reéd the words.” Ask questions after major ideas or CoOns
« cepts gre ‘presented to ‘be’ sure the student is’ alert and ' )
. learning as s/he goes elong If you are teaching rules, give : o
the studeént some bractice to see if s/he can apply the rule. - e
It. .may. be a good idea to start out by: inserting ques-” .
tions or practiee ?igy after major ideas. After you try the ~d ‘ , .
‘lesson with stugents, you ‘will find out where they need more S
help- and you can add ‘more practice in thbse settions. "

- i ~ [

—a

‘
o "

Dgcmi;: HOW TO.DISPLAY THE 'MATEM,AL', S C :
‘9 1‘ ;', . s . . . <A ‘e A ) . i
3 t A : N 3 . . 3 j

How Huch Should You Put On A Single Display° ‘ P c s
P - . : - - ‘\.J‘ "\ fet . J
Don't_give students too much to Iook at at one time.- If TN
‘ : 21 | . O




the display is chock full of things, they may.miss the most
'1mportant thing, or théy gust may:- give up altegether. If you +
must present lots of‘text, do 1t:in small chinks.: Present a
" few lines,“then ask the student to press.a key tq get - few

. more 11nes when 5/he~is ready.-_ - .
How Should You Highlig"ht Material? - - -

9
i .
& . ¢

: The way in. which material is vksually presented can help
-or hinder the student Sorting text™ visually can heip the
student sort the mater1a1 in his/her mind, and may make it-

s easier for him/Her tJ ngeall it 1ater on. “For example, if -

~ you present a number of peints in- a seriese numbering them

AS

and presenting them smga rtical column may make it pasiern
ﬁQ\_Phe student to renember than if you had isted _them in
paragraph form. Underlining, capitalizing or writing in dif-
o ferent script can also highlight important words or ideas.

. : : ¢

. Pedﬁlg'read at different rates. .It is usually not wiseA:
to setra ecifig@@%ength of time for students to read or
180k at a display.- 'Iet the students themsélves control the
timing -For exampleh,suppose you want to present Some text
and ar i11ustrative animation. Students can'} read and watch '

* How Much Time Should Students Have;To Read A'Display? 1 S
Yo P . N

A

&

the animation at the same time. Have < them press a key or e

indicate 'in some ‘way when they are ready to look at the gra-
phies. Sometimes the ad%hor wants ‘to retain part of a dis=-
play, but also change part of it. Be sure to make 4¢
“obvious”to the sﬁﬁﬁents that . part of the display has been
changed "If* you rewrite a few iines-of. text.at the bottom of
the display, and. the student is- still looking at ' the top,
s/he will more than 1ike1y miss the - faet that a change took
plaee. . . . ,7 L g
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« THWMYTH: THE STUDENT WILL RESPOND THE WAX YOU~ ANTICIPATE .
P (“J . Q . %

“g ‘At a &Ai site oi'a large college oampﬂe, a‘clfnician?and‘ - .
a programmer were writing ‘a cZznzcaargaae 31mulatton. The -
case‘uab one zn a aeries of’szmulatzons for which the "8heZLJ . \/';
L hadfzzready been programmed The student's gan wds to dtag-‘ '
) . hnose and treat the "patient's" condition. The model ‘was

‘=~ " designed 8o that the student could gather a compZete patient

hﬁstary, do a physzcal examznatton and requesﬁ Zaboratvwr data.

. was an easgy'matter to pbug caae after case into
pr programmed 8trycture. The programmer had

. . idea of‘bhat sorts of queettons or

— _ A

ponges they were szeZy

tomake. P . ) ‘ e

While goini'through each section together, the progrgm-

- ffgfbusible student responges that .

. .needed.to be allo for. The clinicidn balked, however," ":}

.. saying, ”Why/wo/ld ‘they ask that’ With the data they shouZd - .ﬁ}
) aZready hd%e, they ‘should know it doesn't appZy to, this ; E

e e e B e e |

Py NSometimes students are befuddZed and don'b know what _to T
j;//f‘ ask next, 8o they ask a 8tandard'que8t;on hopzng i1t will turn
- - %p some clues Beszdea, at thie' point zn‘tha ezmuZatzon they b o

may not have asked aZE the pertinent queateons yet, and 8d .

. mer suggested a number
- v

o don't realize zt doesn‘t agyly,” the programmer repZied. \
L "Byt they ahouZd be told what a stupid queafzon that ‘ o
v iel" thé cZznzezan bellowed, beoomzng zncreaagngiy ;rrztated Co
-:at these faceZessy ezasperattng 8tudents. 5,,;§_1{ A f -
y : f “MThig 18, a azmulatzon, though; an atfempt to repit ate—
) , real the as much as posazbZe. In real sze no one Willl. be - S
there to monitoy or censor the, queetwona they Kk a pattent. -
Part of the paznt hefe is for them to Zearn an tﬁezr own in .
the safety of a 8zmu2aﬂed 8ztuatton what's reZevant and what b

. <
22
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i -'”But with tnzs d@%J'I'H never ask that questzon'” the T

.

everfreddenzna c;znzczan retorted.
"That's becauae gou 'pe -glready a physzczan~ You can't
expect students to Have that same 8torehou8e of kﬂawledge at

- this poznt. ¢ﬁey wouldn't Jhave. to go to 8chooZ if they dzd "

- -

the ggawrammer regozned . e -’\’ ﬁn‘
"They showld be told they 8houldn’t have ae?ed\qgch a
dumb question, that <t'g zrreZevant, and that theﬁyre buywout

‘ox.a limb. They should only, aak the queattona we've dlréady ?af%%

alloved for!" the blustering cZznzanan booned RN

~

B
Y
= -

. About a week later the. cZznzczan 8tood at the\pack of a .

‘ cZaasroom 8muggly surveying a group of tudents gozng #hrough

.

v

hie clinical cases. A number of 8tudent8 were stuck‘ﬂnd

. s

.tried various responses, alvays wzth the game maddenzng =

-

resuZt--”You ghouldn’t be, asking tﬁat'” With each slap on *.

the wrist, “the students’' reactions escalated from. puzzlement

»,

B #
to frustratzon to out~and-out anger. The normaZZy quied T

cZassroom begqn to reverberate, the ‘sound swelling. from<half- 4'.,
>

whispered curszng £o zrrztated muttering to a clamoring,roar ‘
of outraged 8tudent8 shoutzng to the termznals, to#%hemselves

-

and‘tq each other. . .o . L

. ""How in the $%*719 are you 8upposed to - Zeaﬁn.anythzng
arﬁﬁnd here wken all you get is these $@17%! 8n£de'remark8£?m

‘1 '*\
.

anyuzay’!"' ) “ Co T

» - E

[

-

I The cZ;nzczan qpted for a hasty, unheralded retreat

';gs-

- . LN - -
L d r'd ”’ &

) ‘:, S . : ee
Students “arén't mindreaders. Heithér are authors.

ynless you become an orthodoz devotee of theemgltiple-choice

-

uestion, you will sometimé Have €“confro‘t“the fact that ' .

when you ask people to respond iﬂ an open-ended manner, ,they

”Who was‘the #8%e17% turkey who came up with thts Zunacy o

o
ﬂﬁ

i

"Yeah!! HWho does he thznk he zs'anyway9!" . e T

L

&
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- may not respond'as you hoped or antlcipated (especialiy in /

"conversational" sett1ngi like open -ended clinical‘;imu&a- - ..

f’t1ons) Of course you will want. ‘to set a certain level of
acceptability, but w1th1n‘that range students will probably .
come up with varied and surg;ising responses ‘That's 3ust~ k
fine.. Part of the reason for putting material on-line at a11

- . &

is to individualize -- to ca;eqbto eaah student's needs as

" specifically as possible, ¥’ oo N
Y A big part of your/problem will be to unravel and assess : 5 %o
- fape student's thinking as s/he’s going through the lesson. '
"o %oth yoy and the student need to know haui s/he's doing,, ,
= @ whether s/he's grasping the material If s/he’ s/ﬁaving trou- . .

ble,Ks/he neé@s Help at that po1nt, not after s/he's botched

~, 1

w

‘some end of-lesson test. This is especially crucial if the ' P
B ~lesson material i% in somé& blerarohy in which concepts build , ?’a ;
uRon each other. If the student is lost at some link in the -'ékb}i

. ‘chain of concepts, your Job is to figure out where s/hé fs - .

and help %ﬁm/her get Starteﬂ again.ﬁ Ine student's’ responses
shouyld_ be”taken seriously In the previous anechte, the:
“*»clinlcian wou1d~have~53ne better to realize that‘if the stu-
N: dent vere asking seem%ﬁgly elevant’ questions s/he was .
d 1ike1y’£ldunder1ng~aﬁound aéigin need ofghelp. .
- - /,A big part of, your problem wil be to unravel and assess - _ : 'l«{
\ the ,studentfs _thinking as s/he'sigoing\through the lesson. '
‘Be&h Lyou and ethe studeqt need to know how s/he's dofng,
‘whether s/he's graSpihg the matérial . 1 ‘s/he's having trou-
T~ ble, s/he needs help at that poﬁﬁt, not after s/he's botched oo
. e some end- of-lesSon testi This is especially crucial . if ‘the * IR
lesson mateﬁial is in some hi%?archy in vwhich concepts build ’
upon Eachﬂether, If the student “is 1cst at some ‘1ink in the

g

r““&; ehain of goncepts, your job is to‘figure out where s/he is - ot v
“w  @nd help him/her get started again. The studentvs respon'ses . ,
— sbbuld be taken seriouély' In. the previous anecdute, the ~ A
= . oo & e ‘e L . * G . .. /J- . ' .
Coe. f,"?-_ “‘-° -;' ] s | ; S
«* 3'; ‘ ‘”' fh T ' .29 - .
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R (-clinician woulblgave don% better to ‘realize that if the stu- \;ivJ/,

. PR

‘dent were asking seemingly irreleyant questions s/he was'
1ikely floundering arobnd and in ne@d of help.

- . -“? - o
DECIDE HOW TO ALLOW FOR ALL SIUDENT RESPOHSES T
EA , . ~ . - . . . -
ngé/imes students say nhat you want them to, but in a‘ s -
different way,’ but sometimes they say something that you .
o ‘- didnft expect- " The ﬁollowing quest ion is an example of the, ’ i
‘ fgrmer., ; T E ) ?., T
,.Fill in ‘the blamk..% - :; ’ -
” - ) .1 ’ . - ’ -
- «f;'“' When teaching a concept” it is important to
- (; provide examples that draw. attention to its
’ attributes.
S fe PR .00 - =N . ‘
AN The‘lésson auther may* expect ‘the student to answer with the

same word that had been. used- in thg text ("critical™), and -
program the lesson to!accept only that answer as correct.
However, the student may reSpond” correctly, with such words

. ‘as "defining" or ”reIéVant o The lesson develop%r must be
. . prepared to accept all reasonable alternatives as correct -

A 'responses. However, rathen than trying‘to anticipate all
possible renditions, allow for a few obvious ones, _then try
the lesson out with a few trial stu
responses as they come up.’

) The preéeding scenario illustrates't e second point.
._Fven when the student‘s resporse 15 total y unexpected it
7needs some feedback ' The easiest solutio is a cateh-all
"‘phrase of “some sort. td»direct the student:back fo, your 1hne

of thinking (Hhile keeping a record of dtudent res nsgs. and’ .
inserting alternative rgSponses 1ater on). ‘/;E;BE.
b4

-
. ; - . B

L I ad -,

% ‘ . L . . ~ &

P - ‘ . ey,
. . v
. T ’
. .

ts, adding ‘resonable

by
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///T: * Make 1t simple for the student to “know what to do. For :
Fe
examﬁ?e‘=suppose the 1esson provides.a number* of, options such

‘as going” on to~the;next(@xercise, the next section, the : an ;
a index,-cr to a scdre. sheet., Suppose,_too, that the. student— - - .

must ‘press, a different key for each a1ternat1ve. Display the

1nformat10n where it's easy to see, S0’ that it ‘is available

when thewstudent needs it. Maybé y u‘can even provide it on = :

a handout, or have it posted on the terminal. {The objective ' -
. of the les¥on 1s to help the student 1earn some-particular

content, not to see if s/he. can find his/her way around.

Makg@;t clear Just whet form‘of\tke answer you expect ' -
the students to give For® example, consider the following '.

problen. )
-~ ’ . ( - - .

Evaluate 1/2'

\

@B 12 B2 e .5, a2 | . c

You may expect studentsito aneuer with'a 1etter,'like fem,

but it is not unreasonable f?r themeto simply type 7 .5¥, If

you expect them to respond with the letter ‘of their choice,
_tell them so. » IR

' Ptov;de .an adequate set of direﬁtions. Say it simply K : E,.
,and in plai_ English. Try to keep the reading level at, or . ",
below, the §¥ve1 of course content. Be sure te include all ‘ ‘
" of the information that a student at the target level. wiII - ‘ :

meed to have‘ Remember, s/he does not have all of the exper- f' . .
ience or knowledge that. YOu‘have,eand may need to be told ’

things that-you take: for granted

L

; .
g . h hd > . . , ;

. DECIDE HbW‘TO,REPLY TO’STUDEHT‘RE&D@RSES. - o e;
. - - " \ . B . . . . . i =
. .. : . )
e Every seriqus‘qbudent respdnse needs a meaning ful reply..
. - ) ’ ¢ Lo ., B '
~ = ’ :‘ B - *
27 . A\l » ,,_ - .l
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1° students answer corngctlv, tel} them so and do a little
teckypatiineg. Think of waysfto encourage students when they,
are Eoing well, but &on't be indiscririmate. Gett%pgﬂtbe ) . s
rickt answer after two or three tr;es is ok, bu not spectac-~
: ular;’i§o match the degree of enthusiasm with tZe particulfr _
*situation. - ) . ) e : 3
Responding. to’ 2 student's Wrong response is considerably . .
ﬂif?;r;ﬁf “hen the student“is correct your reply can s{m- .
plyrcenter on the quality of his/her response but *hen the
tudent iswwrong, your reply needs Eo-center on the content . —
of his/her ressonse. ¥hereas it's perfectly ‘all right to
say, "Ves, you're right," it's not ubually enough to 'simply
" say, "lo, you're. wronp." Let's f\‘kbat an exanmplé’ of ‘some of

the sorts of feedback you can give if “the student is Wrong .

Supppse you ask the following queStion: \ . i
- z - . . -
, . . . ' , \
=~ "Fill in the blank with the appropriate term. = V-
‘ -\ Organic conmpounds uhich/a[e”USed to build‘body.
tjssve are called. t oo . '

s

7 iu h?ve at least four choices of’ ways to respond if the stu-’ ’ .
nt answers incorrectly. First, <you can simply tell the

student_s/he is wrong. Since this would give the student .

—éﬁgolutel? no clqe as éo .why s/hé's wﬁong, it's not the best —_s y

--altern e. Second, yoy could give a syntactiesal hint such

’ LI

as, "pr__, \." This mi t be helpful if the student were- . '
working-an z, ssword pu zle, but ;sn't very meaningful in Lot ,
this sort ©of situation. ) thirdealternative is to provide &

general, all purpoqe response for all wrong answers such-as, T oo

"These conpounds are composed of many amino acids. - This . .

provides more elaboration and gives the student -a substantial -
7 o . ° ’ L’ » -:g N . 'f ¢ ‘ "‘-‘ a ’

. * -
" et ~ : - -

Nt




hint. 1If vou uant to be even more attehtive, however, you )
. can loo!' at t‘he stufient's! answer and respond specifi?.!y to -
that. for example, if the stgdeat had anggs(ﬂa "ea )
. drates", you might reply, "Carbohydrates provide enerﬁy—rather - _: -

ohy- -,

“then build body ‘tissue.” The compounds we'ré interested in . ¢
% .. are composed of many anmino acids.” This tells the student
O S why s/he s wronr and gives more informat*on about,the correct
answer. . : : e T . i
How much detail you‘ll want to go into will depend both
on the Wjfficulty of the material and on the questionning ~ ¢
technique you're ising. For example, in a2 nathematies drill-’
it' can he €nough to sim-ply tell the student the right '
answer, If the student made a comnon error (such as adding . -7
rather than nultiplying), yoé’could point that out. As '
interactions becone more complicated, the student who hag‘ "’ 3 4
responded ihcorrectly will need a Tuller explanation either )

~ of why his/her Ehswer is wrong or more elaboraye help to ! . 'f

(o)

. arnive at the conrect answver. ; |
‘ Ye've assuwed here that the/student has resoonded efore 4 %
. any feeﬁhack }s,piven. %ometimes, withaut thinkinp, authors |
rive the student the correct answer even before the student
yives an answer of" hi's/her ownz Feedback is most effectrve
when the student first’ gives a serious (rather thl nonsensi-

-

cal) response. ) ' . '

£

- ) . [y - l -
~ . - . o o ‘ T
. DECIRF nuoy t? LET STUDFUTS KNOV HOY THEY'RE}QOIHE. .o
- ) r . o’ v ; :

-

. the course. of normal classroon interaction,'students

« are ahle to fet a sense of how well they re’ doing conpared to
their classmates. "owever; working alone 4in CAI, they have

no way ‘of. getting this, information. Students working in FAI
have found it very useful 2nd desirable to have status data

available on request. ”%his can_ include a record of the stu-
dent's performdnce, E record of hom s/he stﬁnds nplative to
- the rest of the class, or simply infornation about Hhéth/he

.- hzs accomplished and what sfhe has left to do.
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MYTH: LESSQN DEVELOPMENY IS-A ONE-SHOT EFFORT. ’ ’f' .
v k‘ —

kt one fZedéi;ng CATI site, the 8taff (entzre%ﬁ aampoaed ot
4‘ ) of novice akfhors) dzsregarded consultants' uarnzngs ﬁha#?"

Zeason development was an iterative rdther. than a one-tzme- y
. around, process. Though the canaultants'streased—tke zmpor- ]
tance of numerous trial runs before actual student puns,” the
Kauthbrs felt that b ving a couple col¥eagues go through - ]
their lessons” they eould eliminate virt taally aZZ programming . cL
or design errors. Since the authors-were not yet familiar

.enough vith @he medium to recoqgize potential bitfalla, their?

commenis (usually rendered on the basis of only one trip £
* chrough the lesson) almost invania?ly'focuséd on ?ncoﬁgéquen-
-~ tial bugs suoh as spelling or punctuation errors.' Authors,
-hovever, interpreted this dearth of use:ul crztsczem a; an
>  indication that their lessons were largely.free of ﬁiaws ahd

that these cursory critiques were zndeed,qll that wasireally

necessary. Thus armed’with their comrades'blessings?éhe LN -

duthors sallied forth, confidently unlgashing thezr @essons ‘ _

on the unsuspecting students. - , - : -
T Hithin days at least one 8tudent vas Zabeledhgﬁt”attz- - ' |

. 28 problem” and threatened Bith dzsczplznary actzon (he had

eomplained Decause, after over an hour in a lesson, a pro-

A gramming error near the end kicked him out and ;umped him L s
back to the very beginning, requiring that 4? go ihrough the ‘ .
entire lesson ‘again). ‘Authors found themselves frontically ' ,

s fizing errdrs as fast gqe they were reported 80 that students
could either get out of or get into parious portions of’Zea;‘ )

. 80n8. Stuaeﬂta were magfenzn ymzed by questions which , J

left shem 8tuck in a Zeae?a with o zdea what to respond, no
c7ue8 or hélp, and no way ‘to ezthar move backvard ¢r forward .
- within the lesson. Hithin § mﬁﬁtha therg was*a vzrtua%ly ’

un zmdua student mutzny, with nearly all askzng to be reag-

s O e e, 3

.  signed t9 a non-CAZ clagg. '« . ° gy B LS =~ o
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tlearly al creétive work, invo’ves an iterative process.
“Yriters-.write flirst, seconi and ‘even third drafts before ) -
¢ their tooks are\published Architects draw-sketch a’ter -
s}fetch before seéttlins on a design for 2 building. fny time
there are choices to be made or more- than one way te go arout ) ’
/. soge;ning, the ﬂipal product is a resu{t of successive .
apnfoxinations, daing ang redoing, tryfrg out and scrapping, T
until the end result "wchs" A prime requisite In this pro-
;;:’.» gess is feedback from various sources. A writer can send a
bho8% to bis/ner edltor -or an architect can show Ris/her
;ketches to dolleakues. " A CAI author, though Has a peculiar .
problem. A book ori sketch can be criticized in’ its entirety,’
the critiquer’ havin

seen a11 the finished product. 4 1esson
however, can ‘he so i.gividualized*that each successive person
ee a slightly differeﬁz 1es§33 than the '

“- pgoing through it may
’ person will, therefore, have seen some .

) previous person. Fac
- (ngk all) of the- lesso
ently and this get dif
Some people need help a
~not. If the student is llowed to control his/her own path
’, through t‘e lesson, each may take a slightly different direc-
-tion, Znd all se variables ‘are fraught w{th ambushes.
,,’Feedback to stdﬁ?e

. People may answer questions differ-
‘rent feedback For their responsesf

certain junctures while others do %

L

ent re;bonses may be inadequaﬁe or unclearq
remediation may be’ incomplete or superfluous; certain <
séquencing may seém jumbled or disoﬁéanizéh A handful of-, .
colleapues going through a lesson can't possibly pin“ down all
the potential pitfTalls. The best solution is to try the les- )

- son out on lots of ‘students Yefore you give it to the stu-‘r )
dents it was Hri ten for--not because -you want -lots of “dif

. ferent opinions'™, but because the more peOple whdfgo through t

it, the more errors and oversights will be uncovqred

»
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.




DFCTDE BCYW TO EVALUATE YOu® LESSOY, T -
‘ f. - -~ ° é ’/ -
- o %ometlnes an idesz seems really aobd hut when you put it
N on a computer it doesn't seem to fuUlfill its pronise. If you
-try out parts of the lesson rather than trying to do the ©

: ' fwholé‘thin? at once, you can prevent having to overpaul or
scerep large rortlons of work because some fundamental defi-
. cieCcies "in the lesson weré not giscovered ‘until after the
lesson was "finished."® In the long run, the most efficient
way to write a lesson is to plan right from the beginning to‘#//

evaluate the 1esson and revise it as you %o alonr. This is
called ”fornative*evéiuation" -- evaluation'for the purpose

-

of improving or polishing the lesson as it(is beinp’written‘
trather than ‘as a whole after it's completely coded).
There are.z number of questions you-shpuld be seekiné to

answer -in evaluatinﬁxyour'lesson. For instance, .

- A 4 <
~~i® the comtent accurate? .
. --are there programring errors? -~ .
- '--arefthere places where .students cen get
p stuck with no availahle help? ) ]
_ . =-=-are_there guestions where st;geﬁti answer
- - . correctly ‘but are _.judged as Ancorrect?

o - - £

»

-

"t

R . There are at 1east threemajor sources “for ansuering .

these gquestions: Ppeer reviews, student trials, and on-line _'

- 7 . data’ collection. Fach serves a different pprpose and should %
- really not be used as .a substitut®é for any ‘bf the others.
’ o ) »o -
o . Peer reviews. Colleagues can help you by check§ng on content
« N } accuracy. . They can also give sugyestions BD a1€érnate Qr . '
/7 tetter nethods of presentation. - . ' - J
] . . & 6 f q;-s s L, ;
: . Student trials. One objective of student grials is to find

~ L. o

/
v
L

*
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N . out whether the student can_ set through he lessgn without c e

your standing over his/her head and telling sayine, n"That's
not what I meant. ‘lere! s the-way you're supposed to do that. "‘

Cther ob3ect1ves are to locate particular groblem spots’ or o

programming errors, and to identify addibqonal frerequisite
““skills that may be necessary in order for the student to suc-

L3

cessfully complete the lesson: ¢+ . . t-

while it's difficult to state 'a specific rule for how’
many students should go‘tbrough your lesson, one .clue is the
" number’ of*errors or- possible revisions you find with each '
student trial. As long as you continue to uncover important
flaws, you should continue to revise and)student-test the’ N
lesson agais and azain. Using just a few students at a time y
makes revision less awesome. . - .o~ .
- . . AlWways retest a lesson afier you've made revisioﬁs. «
Sometimes revisions don't solve the problem, or in trying to
fix one errér-an author inadvertantly creates another error.

- < -

. { ’
Pataccollection. The‘computer‘%an collect information for ¢

you on such matters as lesson completion times, incorrect )
» re/ponses, error rates, and general performance. These can
serve ‘as a basis’ for, intelligent decisions about the kinds of q
revisions that need to be made. ’ — . ~
Some measures of lesson quality that can be detected T
through on-line—data are: percentage of students who pass an )
end-of-lesson test after going through the lesson once,. per-zﬂ
centage of students who do not- complete the Iesson, and the -

number of times students'repeat the lesson..

~~

>

( How Po You Know The Lesson ii/feady,For General Use? - o
i Vhen .there are no prograumhing errbrs,tstudentsjéan com=
| plete the naterial‘with&n an allctted time, and students are
X able to get -through the' lesson without coming to a dead end,

L4 ’
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students. . L — - . ~
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-- Are performance goals Elearly/stated°— :
-- 1Is there an end- ofggessdn test? - —
- Are questions appropriate to desfred‘performance level?

[}

- Are there too few or too many questions? | -,

—

- Do “you have a lesson evaluation plan?' - B
<. - e —_— ™ . s . . -

Cantent  ° > L

- . * -~ What instructional approach(es) are you using’
' (- -'Drill? " 4 .0 )
.- Tutorial? .- AV
'-‘Ianiré?' -
. "* - Simulatien? - -
- Game? N .
-~ How much autonomy doés the student have? ’j;,/f// &x“

& 4

.—-=- Are there questions throughout the lesson? . . “

Is transition smooth between ideas°
"o . L4

[ 3

% - . ; -
“ Displaying Material . e SN
I"‘l.- i - : . * o . . .
< =% 1s there tos ﬁuch'héterﬁal ofi the screen? ° s
Are important words or ideas highlighted?

Does the screen ever write at two places at once?

-

-

¢ '--cis the student allowe to read at his/her own pace?
. ,Student Responses . . o
' -- Are directions.clear . Lo
‘¢ Have you allowed for .a vari@ty of responses? . {/Tr

-=- Does- feedback give added help or information? :
-- Do you let students know .how khey re doing? °

. 35 <, " A
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o

Evaluating Your Lesson « - WE e

"=~ Can students get "stuck with no. available help° e

.

N ) ;Lr . . . - i

. ) . . - * '_.‘,. / .
-- Are there content errors?- ' LY, d

-- Are there programming errors? * — ) =

-

--"Are students' answers ‘ever judged as wrong wheﬁ thﬁy re”

<
.

—»correct° - . SR S v 7

. -

. = . [4
-- Have colleagues been throdgh your lesson?

Has the lesson been pretested(by“%rial r'ns? — .
-~ Are you collecting student per formance data.} .
-- Do 'you review student data frequently°

t 2 N \d _
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