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t ' 1 1 1 I t t t " w I I I riP t ire -,perr-e H oo n. --or r t

seq i p i -- r t tn. r t 11.;:i to a si ipgie it' p ii. c I

Its rea. t Ion to .1 de. I t, ion to ruled tin a 1('",p(111.-.A. qui
-111 11. it_ !Ili' . T11,1t. 1,, 1'0110V:111)Y, the --vst

I 'It tt_ lessori--or on I 11t r1.11 t ional t t

I ir-;t Fr t I or test 'ter'. !this t"ig,ht hI out F tu ti i

tr. I N -t i ter, int et-Act ive rodels int reduced over i 1t , talk. ;gt.
gr . inst rtt. t on rese irc ht. rs 'lie i tet-to-ft,

1 1114- I hit ii t rtirl',.);`,,lb 1 e: A) HAIL ,. t

11,..1. I te lH i tort ,;n.th I ii- tor i'vilii.tin, wntr,i-, 'r
Hit tor, th it t, he t that I s Wrini it the s lii t

-.1=-n. I I.', "Y i - wrong,. I t t.nr he .1, I itt le s lower g.,ing, h1tt lit
tr1 ,:v inc t hroti411 .wder--t roe nrogratt. sinply by thrto,ting s -it

rt s . to_ rn I t _ I t ip 1 ike playing a slot 1.1.1.1.1n._. that
n ,;t- 1, ith ,.igni loon and 1 signi lying 1iVTle.
...111ng r.rog rat: L.i hi; sket hid wi 11 ho interact Hi 11 A

ert , r itier thin an tet7-tn-itert,, will t haracteri 7f
IS )1 2-21) 1_ ter" length, wi th hrunt tern-it ion if tat'

g..nt ri Iii i l l t t. t.theney, r its it1.21-4., roc, tti ri i -t -i ti:- ii ...t

111,..:, t. t !not)) ird and on: -1 tilt' (_.\:,10-rnt ion ot pi r r.. int

I ri r--ti tH t u.'ent tett int erl t I ,1, inc .fl. ,1

I 11-1..t 1 n ot the te; I 1 rreset,tat ion rode,: \'1.1e.; Only (Vi)),
tinl V)) , \ 'di.; + '-Ito ( . `-;pel I iii; inst rut_ t inn flit ii lq tint iii
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1 r I Hononnl e words o t one-- o r tic.)--0.1 1 . 1 1 , l e I h . It_ \-11 I .e
. 1 1 t ift i 1 1 ti.,rt itt i'e I I ink; nut ter the' ".1 ; ,Irt II II -

t '--ti I !h& ru .. 1111,t r.tt tt I

'it .; 1 \' I tett, during in- tire t 11,11.11 grunt--. rind ',n it
nt hilt w t nu,p 1 1c it i nns to he r. ".a.,-11 4 H.) hi ii r

1', I r' t 1. 1111 ! ti-co 111 r. gut re I,. bonr.1 respoir,es. t

i-i- mu t II it. --. -. 1 I e"iittat el t -..t amine]. p1 of i1tpr'rnl It -to

H.'t r her 1.. eptr 1111, ,11 -1-

1.,111: I t ir.' 11 i I 1A Ili tii I I t

it .1 i.' 11 ri I ' 1 1 I '1 1 1 I 1 "1111i h .11 r ',-11
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it ttit It'\'t'I of .11.1d 10 0 ILTIV t . 1 von t hough the t Ilust rdt ive program
, nat trlviolly sh it, ie 1 1 trout' later that t he maximum number ,

-.UCH segment-, required sill I ho tar short of 1`00, thot audio storage in

handle t !lc 1 11 us t rot I to program's audio component, and t hot we t in

t "Ieroto t he rolot ivo ,low segment -occess i t '-.C) long os tlii
int riastatiment interi tem down times are of short durot ton. (Ily( n that
,egent of interest is in audio butter, we osk the system t cp
to I-0 Ios'ink item 1 second tollowing completion of the response to the
item thot comes hetorc it- And to initiate video frdme accessing hv the
end of that second. 1-dsuming, then, a rather Large intersegment
ow e,,inkt time, it ,till .could he true, it int rosegment and int eri t
down t int.-; were lot raged, that trial down time would average to less than

secon,k for 'oldie and I than 3 seconds eve 1 . Hence, t he
I I i,tnittve down interval tor iTietructional Item, is taken as 3 (set onds .

eptabi Iity interval el tills magn t ude depends on riogni t ude of
n t e t . al .

Audio , le up on earphone-, and video come up on t ne (71 it the
inninti o 4th et anti. 111dio wi 1 1 go oft at the end of the 1,th ond.

cnce!",iblv, there will he ounger di en who could perform a 1 or 1,

let ter 1:`1tit ion response through 'he kevboord during 5th and 6th so, ond.
t so, t hen these las te-,t (-1111 On rot let_ t a worst case 3-, PLAI above

t h, PY.111 . A radian- pater! chi 1 d more likely wi 1II use 4 second,
h through 8th) to t orlp1t to sun h response-,_ (under syst err encouragement

,t that ) . Hence, we might think of the presentation- response interval
he I II.; t second, under ,torst nst rut t tonal Conditions -Ind 5 se( end',

'11 the c'erage , worst -t me item t onsumpt ion rot e for \\,' i t

L 1 r minute (per terminal) . the average item t onsurapt ion tit
!dr h I t ems will he 7-`1 rr r, t nut e (it( I t rt, nd 11 .

o -,t ing It at ores 'd rode pro",ent t lient ti, V retrieval t 1:

uur ins to", t ng, rebut ing down t i"e to set ond, It tin
ent cornet t t l' it the '-pt 1 1 ing rti-sponse should requi re more t

t t hY I A tat .`11 T't ( I am not sure that 1 it is) , then the -,et ond
dOwn t li i in WIt be used during t,-,t i no, to aro long the ur

. chore little aoint in rely -ing .\ item retrieval time
dur unl e t he shown t not lit te rent subsyst g;1 t

1 emp1o"td, de'' ni!' ng on whether \17 or ,10 node opp

In [rat t ion 1'lot-1,0,1v will v, ra,iot, t Iltt It
,feet he . HI, 11 spec' hes -,h, d lnprovt the down-01) rot io; her t
.reu 1d d, an in ,t rlit t 1 1' p r,)(111, t I etl, e I, yrikr,AVII .

pm titre etched Above yields .1 worst en,e 1: I tat io for \v ,,nt!

2 r !t_ 1,, for 10; it rci olds in aye rage -ra-,ti 1 :1.6 ratio tot \V anti I 1

rat L4 or . (:-.1,0111d one t.' i -,I1 to oval note probable ti-t err nol troth
norranI di ,t ri i on, a l-sigrai below the rein , ase omit d he

as il.1 t t is much present :it q, wor t .)

1'At



.t' Into t ut urt,--t hat i t Pt ,1r14:',(1.;11 ,11 1"p 1

in,' ' is t , t t- 1 . t 1,,hini i n , on-n(1u, ,

ing 111fll S to t t c !1st, e uci--then i t t he ,vi.; reed that r
u, let's I ivo rah to nt_ t ll e might -silt I ice. or, Di'MS s the

t 1111'ent one WI 11 u n to ., \ a 1 uot e such mat tors. cannot test tow H
t up:n r IHita tor speeded ins I rut t ion 1t hardw ie is al lowed t It

tI'p ri t so as to pre, 1 title such t t'sta

hot egi re!' l;`,t ail11 -.II (IC rah i ty of wors t -cas. t

011,t1 'pl ton rate of 10 per minut , reterenced to one terminal . ,'de,
It t -storage reanii rt'r'ent underlying support of such st rate remains to

let rmi Pt d .

Iin(1011 Req.ui ren ent,. Mien one has a large tel loot ion of

t ifIV one of which one may wish to display at any t then t rut
iandom access-,ing to such items 1a requi red. I i items of the col lettloll
,ic not lass under a mnemonically-useful linear or hierarchical t-rion,,1-

hcme, then the sort of storage we see in Vi deo Master Disc bet cries
requitt 0. `Hen if mnemonically-useful classification is possible, it has

no ut,oful at ions for Video `lister Disc storage when this is l-sect
ocnne,. t ion WI th I DCMS tomni a I becau,- e mu 1 t iple use rsh ip of I D(

nrec 1 uthis a movable head 'staying in one place over item presentation-,
t e rem, I FR', to J. given thus, 1t would be no advantage to group vi k

t rant-, phys 1, ally on (list just because they are likely to he died in
t ,00mcnt ('f instruct ion or even in 1 fi \ett order in that -seers lit .

.hen we t rn-, oser to Audi,' Master Reprodui t ion (tile audi ,t
It teat tic comes I I t t,t see how a H. ass [fit at ion `-,111'111' tW.11d

t print response time per user under the c ondi t i on 01 t rue ruidor,
tc 0 1ng from a large number of ilternati yea. However, Hit audio t tii

it'd 10..0 -',111)-ay- to,- 111 toi in one important respect . radio but tot '

0 a si"p,t 1 1 ( I I e .Tlent a thAt 1'7 plivits n1 I v grouped lit
ii.,ter Iteprodu, t ion (al though i ,111 not sure that ails h a f

(see, tilt t hen be ide to run as the audio port ion
1'1 tins 'whose pat e i s font rol led by the syst el., at I, at

n 't unt 11 al fie rent ettw,lrt 1ss provided than app lrentIv t ur rent Iv
Milt, n 1 e(l , Mt.ract or) . Video tiufter con only re. ei ve

t w,, sort t i , at ion for the

; tt, if c h 'ren wi 1 l In at or nea t 1"« t

t t ona n roe ari but at dit t erent point s I

II',' f ',erotic 11, t r 'nit ring for wishing lit('r) the
t "IS rt of "' t isieprodn, Lion at the --trio t I! t t

it i in; apt till. 'Brat quitter" of till pros'
I it "'t ,t. r Rep roduct ion at the outset -that

'11 -;!H1-1' ,,ntain o t the t l rat r ot t hi, at in
! ' t r rt are sc.fi 1 Oil( . In con -so /pion, e, dicing th

.t 11, t t or ght he t led t 't-h t r t

riict lon,il in,ement for the ph Hueui

1 _5



1)1L''it i),11 t :11,1 ,1111' 101. el " it t H. 'iii t

'11 , 1 e))', ,) ' I:It i

teit it t,t p ott: . 1.),0 ter, t,'". ' ,1 I I. ttr
t Hri be . :le 11 or- win it in ti 1(t( t Ni. 1 oi-,t

ul 1 1 ii. r it rk in i Hiikiptint Hi. t her 1 )r 1 it .

t..tot-t,,i , 01,11:i to ,1 ..t Ii i) ))1-) 1H t, H

,tnett
) 11H, 1 k) t ,)))

\ 'it t ''' nd H it t t t)t 111'),t 1-11: L C in he ',led
ir t -1 I U. ,1 n-,t rikk t Ion 1,1 on, .),Ittenck HO Ii [ I)) it ,It

t. 01, )p,"L'Ilt i Ii. it nnu III it 1),, I t .)1 i ,t nt ()in he et-di r,,,1
t ',out rei-,pitet to pert ot" iiit e H it d rind, 11 nit ern it pie order', ire

, L. di)! t erent but 'i t

" it ein thout rett,ird to pert orn,mit, . nkiti,1

in tit it k i."r'.'nt Hiwt run i t The u. ,trient ett 1,1 1.
t rti n itecl it in,: point in i kgutincti ot S c. lk ii iih ni upper .'r le)

I I t ii Ion kiltiti,1 det int": L hroti),11 inplicit ion of s.qii.titiiI ail 11 vi-; 1, . ! ii

tinor t Ult uiiut innu t lien H. ()'0: ( 1 1 1 k I tld 'queine to Unit tell ...it,
it tu, voti 1,1 inhere in the 1,--troL",t pet t ion ot the

mr tiuit net (tc; to he ,-)t-tid on U wort-ft -cif-,r (do' I)) 1 Hie

- t o to )311c): -,t quint tu (when prontir 1 I ti. t rue tett on--1 ink)

1 it r c, ,lilt rite ions wkit-rdnt tit() tlidt 'Ii. if)

! I I), t `-.;t -C,1';(' i 1 Itic,t rat Pro in,-;t rut t ion. At Hi) ,nil
t ' t I jut e t child 1,11 I comp 1 et e the pro),:riiit, the iiver.we i ill
1 1,t 1 throu)-11, .-tn,' t t): 1 owei--,L cni 1 d perhdpi, 1,/1 t

ori"t 1 , ' 1 H t e pr.-Tr,v-- (11 tli,tuti'l it li'lit t,tlio I r in

it

,11111) t iud )) ,,q)11Clit t) deter^ int, . en)

ir t t opl t in() vit k."- If tie A.-H1_11)1e ienii.ni i I I run oki

tH.) )t )t 1111t in [lie ,e, t 1))1,lit well P. vill Itti
i it t i 1 nd t iw it t ,11 ,111," t r )n,,nort

t ri. h out L, ttit Ind ti t tir 1 in

,) t ; t ti r t t , ,r ut ,t I t ion. '0,111,tt rtinii

t ,i) 1),) dt t ern!, ),U, 'I -,c(111))1, 1 1 i' u Ur ii I ! k nit 1

t pi) I .

Het t ' it-,t tni t ion il pit), on t lie t Hi

it 1 I 1 nut 1 1 t t in-truct Joni 1 p,it
r-))) it t)0 1'1,4 1 `),. I t i i i i t h it t 1.1 i Ii i lii "),11 1 loop on. t ;,,i,

I . rut pr.) ir ti 1, :nut e u. 11111 nt I

.t , )) Hit (..,()71 7', i )1111U Int! 1 ,)`n`-, ,1)1') t t

t ii, ii tit t 1 . 1 et 11 int ernret t 12H rut LI,T1 I
, ttt 1 % itut ru t (I inniki-,t ii

I ") .t r ) 1 ) ) 1 ! T t ' e r t p r i i c r I p t :y, 'it', Id t t'

r tt, pt-i r i nt '' nt 11, It rriit test `.(TrIt'nt . I ))t

iii t 1) iii ),,er,),ye I )) I Iii I I ',11100, 1 1: 1 r it to hitt:rein] :lit 111 in
,1-1,1 I oop - nu), est-, it it in piPOI t tomtits., 80 Scent s to loops. Int I lit r, let

I 11 it ii
, , !,! 1 Hiow : 1 t t , ) n pl :ti,



1,11:11',' I "'
1,1 1 I ( '

( "0; -4- 'LH 11,1 It,,
' r t ..t- 1,, v.

h p '.1 I '

It t ') tht, 1(),-)p n' "c rc.guir, oedt
"re-,ent plir00--e let t , 1 o-

I 1, , pre:it riot ,t'e, Pfl lte rn.i 1 1 n t

Pt"'? '''"T"en t ti it t1'? t =-17t'

Inie-d. (I dnt ('(''" ii h 7 I it ht, t)% )tt_g tv.t t

'rot ,ure It L ',HI 1 ht. . .1, I. I t ',= r t

ti thdt =ire never tl., o.11,1 1,, ..= 1, t

1 - 1 . 1 , ner I onc e t!, it nn"' 4. P t "t r, t .

II 1 ,I-,t tio t',L Ls I H1 1-I 1`,
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fte 2 Presentition, = 4 tr1,11'

I+ 't i 0,1 Lit t 1. 1111,, it 1, !I)

+ :4(2) = 1 1 tic, ui = %(P)) "tH , t)t,

1'11111 1. 1) 1 t presentat ions 1.1

= a 1- /1 t,itt 1. (It Iii,tration)

) 4- 311(2) = h5 , up = 31)(1) 'Hi :44 tot 11 t 1;

Iriirt ' 2 presentations
= + /m/+/p/+/p/; imitate A. (Illustrition)

0()wn = 5 + '4(2) = 13 sec, up = 4(15) = 60 -,e( , total tl'e = In.

Irwin 5. 2 items x p-esentations = 4 trials.

= + "Say the word;" R = /m4p/. (Illustration)
= 5 + 4(2) = 13 sec, up = 4(15) = hO sec, total time = 1 .5 1".

\gain, we assume that CCVC and CVCC cycles will have the ,,,tme
'-.rdtninif characteristics for Frain-1 through Train-5 as does the CVC

, lc. Training materials will not he the same for letter-sound and
1,1pa,-tite patterns; the same items will he used but segmented and blended

dcf(erentiv in terms of units used. For the present we assume that the
different strategies will he consonant with training coverage illustrated
H-ve for the I tter-sound pattern strategy.

Posttests will test for the same skills as do entry shill," test,,
)etit that novel rule words will he used. Because the letter-sound rule

et will consist of only 6 items after Cycle 1 training, increasing to

12 item., after Cycle 2 and to 18 items after Cycle 3, possibilities for-

,,nerating novel rule words will he meager following Cycle 1 training

oil greater with completion of training on succeeding cycles. Hence, it

assumed here that there will need he fewer items in the CVC posttest-
t21111 in later ones. While this could he remedied by teaching the mo,,1

rule-, dining Cycle I
and the least rules during Cycle 3, there is no

t: to approach the experimental design problem that is entirely

ttl',factory. Here it is assumed that Cycle 1 posttests each will

onttin 4 items, Cycle 2 posttests 7 items, and Cycle 3 posttests In

ms. 11ic assumption is that po'- ttests will use the same amount of

t' 'e per item as do entry tests.

fixed segment view typically would not sit well with F,
titm_ol4r1- for testing segments but, to a lesser extent, also leer

ft-lining segments. hefore determining how many alternate random-ordered
o-,fons of a segment might he employed, let us inventory segments. Ihere

' e 3 1l, test segments and 3 posttest segments for each cwle, or
different test segments. There will he 5 training segments for eAc
-le for eah strategy, or 30 different training segments. Since

''onus will he of different lengths, it is necessary to cnl(uhte , 1)
t 'rage haled on segment lengths. We will assume that ma.:imum

1-en fhwte entail that amount of audio storage, which wsuallv r111 not
he i 1-segment CS tests will cost 8.5 minutes each, or .f').5
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it -toreH t oA.et. 1,f r (or it the s,im it-e) . ,1,1

t rt"lui re I 6, 9, ilk' I
in.it 0-, it -Jot Oil it t 1 !he 6 t r Ii HI tl,

nt it h wi I I req tit re ' rilutec, or /t8 minute, it st ore o 'it tIt

Ns-,timing 26 12 minutes of audio 6torAge, 0'
t hen t (nrly i inv,1 on of eak h heeded (T,Ineht In"( .

',for(d in the audio store throughout the stud-, t tt

't tot 11 storage would h( used. mli-tr the t ireUlnst in eH, 1,

ord version, of each -,egotent (or, it the tape transport ,apat 14'

"32 rnnutes Is used, h versions of each segment). Iht re(t,ar

robablv pre. lodes the degree of spre iding that the instructional

,Itu,,tration presented earlier invites. If the worst -.,'se div

t, tin(' 1/3 of the segments needed during the life of the study, thtn
fh-' mutes storage per tape transport is consonant with 9 randorlv-erdet

ci, 11,- of each segi'ent (and 52-minutes storage with 18 yercions),

' L'rego In; ret,ark,, -,In;gec,t that times for tnalvtit ,t1 ly t ,

!,11!)', (2 groups, eack = 12), by cycle, will he 19. 22, And 2i minnte.,
i f'n ' inutes in all. %laximum times for synthetically trained groups

aroup,, (t.ich = 12), by (_vLle, will be 20, 23, and 26 minete..,, or 6(4

milt 's in All. Yaximurt times for combined analvti(allv-synth gitAlly
groups (2 groups, each Ii = 12), by (vele, will be 22, 25, And "-

inutos, or 75 minutes in all. :~shining use of 20-minute periods onl%

inutes of which was usable, then under the conditions of 6-terminal
of IhC:1'3, one 1 per terminal, and good administrative support

rd1p5 stheduling of Sc, the ;;tudy as illustrated could he ac(omplm,ht-1

n, t t systei" /4 hours per day (9-12, 1-2) for 5 successive s(hool
appropriateneq,, of the character generator for al 1 vi,1, o

nt ,, the study materials could be constructed without recout--,e
11-ticts or other printshop personnel. If we made it a requirement that

,:.ter (and augmenting equipment) he used for purposes of construct ire
r1 11, only during normal down time (e.g., before 9 a.m., and after
., during lunch hour, on weekends), then perhaps a single technic min

'Alt' construct, organize, and load in everything needed to support a
of the sort outlined above in 8-16 hours without hindering system

-10itAtion for research purposes. Doubling that figure to provide
n ho, k i nit and editing and doubling it again to accommoddte -fudv-

t 111. red production of soItware (if that proves needed) , the syst(m might

otod to he used on the order of 48 hours during its down time for poi poses
-outs orting study execution and 20 hours for purposes of executing the

,indy And performing whatever analyses were required. The personnel bill--

lu.,iye of study formulation and write-up--would he 48 technician hour.,
'/) recear,h assistant hours, and perhaps 20 1DCMS supervisor hour,. Ioy

t-tdmtion is that this would represent at least a fivefold savings on
It the study actually will Lost when conducted using mobile laboratory

'A, ilities at the schools and pre-IDCMS capability for providing graphic
Ii 'Iniivsis support. We need to do better than that; I suspect that s.
"Id 'I" flPPT-°( iiblv better the second time around.

)
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ON-LINE IDCMS EVALUATION OF DIFFERENT CATEGORIES OF RESPONSE

Joseph F. Follettie

Whether on the basis of its own Version 1 capabilities or in

consequence of augmentation based on core-to-core interfacing and use

of supplemental terminals, we wish in time to transform the SWRL

Instructional Development Control and Monitoring System (IDCMS) into

one whose student-system interactive capability is not bounded by

the category of response employed. This paper presents a taxonomy

for response categories appropriate to primary education and pre-

liminarily assesses the degree to which we can expect such a system

soon to perform interactively as a function of response category.

If we can visualize a relatively straightforward way of arming the

system both to accept responses of a given category and to evaluate

them on-line against a criterion for response acceptability, a

preliminary view can be taken that the system has or can be made to

have an interactive capability referencing to that response category.

Otherwise, such capability will be realized only following extensive

and perhaps costly effort. Unsurprisingly, the general conclusion

is reached that those response categories whose responses cannot yet

be on-line machine evaluated pose a greater challenge to linguists

and semanticists than to those whose efforts reference to hardware

design.

For present purposes, the taxonomy of response categories can be

viewed as grounded upon three mutually-exclusive and, taken together,

exhaustive superordinate categories. These are: a) motor responses



using characters or codes (keyboard - referenced), b) voice responses

(microphone-referenced), and c) spatial motor responses. In this

system, motor and voice categories contrast. Hence, a visual tracking

response would class as a motor response, since it clearly is not a

voice response. Physiological responses below the molar motor level

are not of present interest.

Motor Responses Using Characters or Codes

IDCMS is most clearly applicable to student-system interactive

use when the response is formed on a keyboard containing alphanumeric

characters and supplementing commands and codes. Three subcategories

of such responses are distinguished.

Surface syntactic constructed response. Any phrase or sentence

or unordered, semiordered, or ordered set of phrases or sentences which

a test item invites and given instruction, if effective, constrains

will class here if made through an alphanumeric or similarly coded

keyboard. Sequential responses to complex arithmetic problems--e.g.,

response sequences which show steps enroute to problem solution--also

class here. On-line processing of a surface syntactic constructed

response presupposes existence of an effective parsing program (and

perhaps augmenting programs addressing semantic and set-relational

problems). Oversimply perhaps, the system will have to reduce the

response to a "base" form and to compare this base form with a cri-

terion base form response retrieved from an auxiliary store. While

on-line processing of responses of this type are hardly a "no sweat"

proposition, SWRL's Language Analysis Package effort currently is appre-

ciably addressing the problem. It appears not imprudent to assume that we

4
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will be able to impute to IDCMS an on-line evaluative capability

regarding an appreciable portion of such responses before too much

longer, whether on the basis of Version 1 configuration of the system

or in consequence of augmentation of the system's processing capability

using a suitable auxiliary processer.

Alphanumeric item construct,ed response. Responses to simpler

arithmetic problems, word-spelling ,:esponses, and item or concept

naming responses will class here. Whatever the criterion response

characteristics regarding accuracy or speed, on-line evaluation of

such responses appears to pose no insurmountable challenge to soft-

ware designers. Moreover, it should be possible to cause the system

to model or shape such response sequences by progressively unblocking

the next correct keypress in the sequence and, if desired, backlighting

it. The alphanumeric item constructed response is the type of con-

structed response that the system can be made to on-line evaluate most

easily.

Selected response. Constructed motor response options are

constrained only by instructional effectiveness and surface alternatives

inherent in syntax or mathematical structure. Selected response options

are more narrowly constrained by the test item. The response must be

selected from a sharply-constrained field--e.g., the alternatives of

a multiple-choice item. Typically, such responses will be made by

depressing a single key, whether alphanumerically coded er color or

picture coded. Typically also, a portion of the keyboard will he blocked

off for use in making such responses. The keyboard originally proposed

for IDCMS was such a reduced keyboard--one consonant with making selected

responses to multiple-choice items.



The selected response need not be restricted to a single keypress.

Some interactive systems compel S to use a sharply-reduced vocabulary

and syntax for purposes of interacting with the system. Often in such

situations, the effect is to restrict S's response to one of a few

alternatives--e.g., CORRECT, WRONG, DON'T KNOW. Even though S may have

to learn the perceptual-mechanical skills underlying loading such

responses into the keyboard, the responses themselves class as selected

rather than constructed in the present context because a constructed

response is constrained only by instructional effectiveness and struc-

ture of an interaction language of nontrivial complexity. That is,

we call responses constructed only if ineffective instruction makes

a large set of response alternatives entertainable. If the set of

entertainable response alternatives must be small even though instruc-

tion is ineffective, then the response classes as selected. On-line

evaluation of selected responses made through a keyboard appears well

within IDCMS capabilities.

Voice Responses

The speech and speech element responses classed under this heading

parallel motor responses using characters and codes excepting that

input into a "written-form" analyzer must be output from a speech

analyzer. This heading also subsumes trained voice responses--whether

in the sense of diction or of music.

Surface syntactic speech response. Evaluation of speech responses

at the syntactic level presumes everything that evaluation of motor

responses at this level presumes and, in addition, a front end analysis



performed by a speech analyzer that transform spoken into written form.

It is probable that on-line evaluation of speech responses at the

syntactic level will not be performed by IDCMS either in Version 1

configuration or in an augmented configuration that we can obtain

soon. The alternative is to have E rather than the system perform

real-time evaluation and to signal the result to the system. To the

extent that E can do this quickly and reliably, then the E-augmented

system gives us on-line evaluative capability regarding such responses.

Alphanumeric item speech response. Comments made immediately

above apply. Letter sounds form an important subclass of the responses

that class here. While on-line evaluation of responses of this sub-

category by IDCMS seems a less challenging requirement than system on-

line evaluation of speech responses at the syntactic level, here too

the prognosis for automatic on-line evaluation very soon is not an

optimistic one. Again, the E-augmented system can be used to achieve

on-line evaluation during earliest use of IDCMS.

Selected speech response. This mode of responding simply is

alternative to motor responding through a keyboard under the selected

response condition. Having such a capability might prove desirable

if it can be obtained cheaply. As an alternative to on-line evalua-

tion using the E-augmented system, SWRL engineering staff might seek

to design a sharply-constrained speech analyzer (if a cheap shelf

item does not exist) which would discriminate between the voiced

items of such series as 1, 2, 3, 4, 5 and white, black, red, green,

pink. Such a device really would be a speech pattern discriminator

rather than a speech analyzer.
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Trained voice respons. Whether this is a diction or music type

response, the essential freature of the response is that it should match

a standard. Perhaps thLs simply comes down to a comparison of two

frequency x amplitude plots, one provided by S and one contained in

system storage, with de?arture from standard guaged against allowable

departure from standard. It is probable that early capability for

on-line evaluation of such responses comes down to how finely differ-

ences between response and standard are to be discriminated. SIM.

engineering staff has invested preliminarily in the problem. It

appears tenable that on-line evaluation at least of certain types of

musical response could be obtained early in the life of the system.

Spatial Motor Responses

We distinguish between drawing and tracking spatially-referenced

responses and between "freeboarded" and "keyboarded" drawing responses.

Freeboard-referenced drawing responses. The RAND Tablet and

\\deviCes currently in prototype at the University of Illinois, University

of Pittsburgh, and elsewhere exemplify requires hardware. Functionally,

this is a terminal whose response area is a flat two-dimensional surface

such that stylus-writing on the surface will bring that portion of the

surface into contact with a sensing ,surface. Such devices permit copying

responses, free form drawing responses, and intermediate responses.

The mechanical analogue, for those unfamiliar with these devices, is the

"blackboard" toy wherein a child applies a wood stylus to waxed paper

over a black tarlike material. Following composition on such a device,

it is returned to the preresponse state.



If a pattern is placed on the writing surface (in proper alignment),

then a copying response can be evaluated on-line against a criterion

for absolute or average permissible departure from pattern. Such pat-

terns might include line drawings exemplarizing concepts, letters, or

words. Given such a terminal, then on-line evaluation of copying

responses should pose no insurmountable challenge to software designers.

However, if we allow the response to be free form, then on-line

evaluation becomes a problem in pattern recognition. On-line system

evalUation of free form drawing or printing responses should pose a

considerable challenge for software designers, assuming that hardware

in present or quickly-attainable form is up to the requirement. To

the extent that on-line evaluation of free form responses by the

system itself is not presently feasible, we can again fall back on

the E-augmented system, which will be able to function in the desired

way if E is sufficiently quick and reliable.

Intermediate to copying and free form responses are relational

responses that reference to a pattern but do not involve copying the

pattern. An illustration is the diagonal drawing response. A con-

straining square or rectangular outline is provided and S is required

to line a diagonal--with or without a constraint on orientation- -

through the pattern. Similarly, one might provide S with the out-

line of a human face in front view and require placement of eyes,

nose, and mouth. In this instance, we could avoid a pattern

recognition requirement by having responses judged on placement

rather than shape. Intermediate responses seem as capable of

on-line evaluation as copying responses.

(,)
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Keyboard-referenced drawing response. Imagine a terminal whose

response area is an x, y matrix of keys elevated above a flat two-

dimensional surface. Keys should be backlightable by the system or

by S responding under system-defined conditions and desirably alterna-

tively backlightable using different colors of light. Such a keyboard

could be used either to require S to provide matrix-constrained free

form exemplars of geometric concepts--probably with scale constraint

40
imposed--or to complete partially patterned exemplars of such concepts.

It is apparent that criteria for sequencing Oeypresses could be applied--

e.40, that the dia)onal be constructed progressively left to right.

Given such a terminal, on-line evaluation of responses appears to

pose no insurmountable challenge to software designers.

Tracking response. Tracking responses can be referenced to various

sorts of terminal displays and to various sensorimotor modalities. The

pursuit rotor tracking response is illustrative. Time on target is one

measure of pursuit rotor proficiency. On-line evaluation of such

responses appears to pose no insurmountable challenge to software

designers.

Recursive and combinatorial usages of the foregoing categories

will yield more involved responses. A child asked to order a set of

pictures or sentences to tell a story will select an order and perform

a response sequence that indicates the order selected. An identifica-

tion response may take either selected or constructed response form.

While a time-pressured identification response--e.g., at tachistoscopic

10
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levels--may necessitate finer resolution than a CRT provides and perhaps

shorter interval exposure times than the system finds convenient, the

required augmenting devices are shelf items and required software efforts

do not seem undue. Discrimination threshold studies similarly might

require special peripheral equipment but would turn up no new forms of

response as responses are defined above--which is in terms of manipu-

landa. Responses signifying "There it is" or "I see it now" lend

themselves readily to keypress expression. Where latency of such a

motor response adds undesirably to a duration of interest, S's mean

latency can be evaluated and the system can be required to take this

out of all such durations.

The test, then, of the taxonomy presented above is not whether one

can come up with responses whose names or sensorimotor involvements

are different than the names and molar forms used aS exemplars above

but rather whether one can come up with responses requiring different

sorts of manipulanda than those cited above. In this connection,

the tracking response category contemplates various sorts of unnamed

peripheral equipment--:for example, an eye movement camera if visual

tracking or information searching is to be studied.
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