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1t the level ot the audio etement . Pyven though the 1llustrative provrar
1yonot travially ohort, we widl areue later that the saximum number o
~uch sepnents vequired will be far short of 1800, that audio storage cap
fandle the illustrative program's andio comporent, and that we ¢
tolerate the relatively stow segment—accessing times so long as the
intrasegment interitem down times are of short duration. Given that
ceament of interest i- 1n S's audio butter, we ask the svstem to step
tooa following 1ten 1 wecend tollowing completion of the response to the
pter that comes betore it and to initiate video frawme accessing by the
cnd of that second. Mssuring, then, a rather large intersegment
Weesstimy tire, it still would be true, if intrasegment and interitem
Jown tives were averaged, that trial down time would average to less than
D wecomds for wdie and less than 3 seconds overall, Hence, the
dtlastrative down interval for anetructional 1tems is taken as 3 seconmds,
Coeptabitity of an ointerval of this magnitude depends on magnitude of
the upointerval,

ot adio coe upoon earphones and video come up oon tne CRT ot rhe
Sovinantns, of 0 4th cecond., Audio will eo off at the end of the “th secopda,
(encervably, there will be rounger chitdren who could perform a 3oor 4
letter 1eitation response through the kevboard during Sth and 6th scoond.
It »o, then these fastest children retlect a worst case (a 3-sienma above
the rean case) . A median-paced child rore lHikelv will use 4 seconds
(Sth through 3th) to complete such responses, (under svstem encouragement
it that). Hence, we ripht think of the presentation-response interval
o herng 3 seconds under worst-case instructional conditions md 5 scconds
othe rrerace . Thus, werst-case [tew consurption rate for AV items
el e 10 per oanute fper terminal) o The average 1tter consunption rate

tor sich atems will he 7-% per nannte (por terninal),

le-tipe teatures A0 rode presentdtion,  Henoe, Vo oretrieval tise
Doow et during testing, teducing down tive to Iosecondes I t he
o1 correct that the spolling respense should require nore tiee
et oaatatien response (Iar notr cure that 1t o1s), then the Second
e tror down e might be used durying testine to prolong the up
it raal ., (There 1o Irttle peint in relacing A 1ten retrieval tire
Gurine testing unlese 1tocan be shown that ditferent subsvstems nigat
srotroanty b enploved, denondong on whether AW or A0 mode applies.)

In traction probably will on occasion he panctuated vith Tretle
greeche v Sl speeches sboutd amprove the down-up ratio; vhether the o
ceuld o 0 L an instruct,onally prodin tive cense s unknown,

Tae proture sketehed above vields a worst cave il oratio for SVoand
i ratro for A0 it vields an average=case Prl.A7 ratio o tor Woand 13
rat e tor 0, (should one vish to evaluate probhable b-terminal tratty,
rnder normal distribation, o 3=<ipma below the mean case could be viewed

A% usipe thyes tives - ruch presentation-response floe s wor oo bse )




-
‘ Wre o we fIve vers o 1nto toe future=-—that ia, 1t ecdavoatcal popli-
Lo Ponvcdne Coctory i heen protie el et oblrahed i consogque v

foontting IDCMS te o tennive use—-—then it might be agreed that vt
cuch less tavorable tooqp tire might suttice. However, IDe™Ms 1w the
tostrurent ene will oo to evaludate such rattera,  We cannot test towird
the upoer linits for speeded nstruction if hardware is allowed to dic it

tihve erpirical attack <o as to preciuae such tests,

Forewoine rerarks establish desirability ot g worst-case iten
consuocption rate of 10 per minuto, reterenced to one terminal. Maunitode,
»t the storage reguirerent underlving support of such o rate rerains to
he deterrandd,

)

ot \ccess Requirenents,  When one has a large collection o

tters any one of which one rav wish to displav at any tiwme, then trn
tandem aevessing to such items 1s required.  If items of the collection
do not class under o rnemponicallv-useful linear or hierarchical tasoneri.
~cheme, then the sort of storage we see in Video Master Dise becormes
requircd,  Vven if mnemonicallv-useful classification is possible, 1t has
no neetul 1rplications for Video Master Disc storage when this is need

in cennection with IDCYMS termi wal=, becauce pultiple usership of Ihete
nrecludes a movable head staving in one place over item presentations
referencinyg to o piven €. lhus, 1t would be no advantave to group videe

trames phvsically on 1 disce just because thev are likelv to be nsed in
. the =1 ¢ ~cenent of 1netruction or even in 1 fived order In that scgpment,

Jen we transter over to Audio Master Reproduction (the audi - otored,
1t waln becomes ditticult to see how a classification schete could ard
cjuiprent response time per user under the condition ot trae randon
Woeasang from g large number of alternatives.,  However, the audio tan
s Uideo subsvster Jditfer in oone important respect. Sudio Burter oo
Yeroite 4 osetanee of oidio elerents that oae phvercally grouped an
viadie Macter Reproduction (althoupl Toan not sare that samh oo fr-co-
coteno e osevoent then can be eide to o run as the audio portion of o -crves
PV gt aentations whose pace is o controlled by the sveter, at 1ot

not ot ifterent  oftware 1o previded than apparentiy current Iy oo
conteonlated bothe ceontractor) . Video Suffer can onlv recerve one
a1t oo tate, Duo o sorte ot o laseitication for the audie o stens ot

TN

oo trret that chy fren witl booat oor near Che Late pnastoat
e ooptaet ot the anetrie tonal oorogram but o at Jditterent pornts 1ty
oo, o e ditterent oy entering (or wishing te enter) the e
tooc tramanort ot Swdte Yt o Beprodastion at o the same tiee, thie racht

tate having =3 copres of the “first quarter’” ot the provrs

J
—

H
]

v iabdie o an Ao Mster Reproduction at the outset- Sthat 1., -k 1
Pron et it contarn coe copy of the tirst quarter ot the pros e |
(vinere 1 trinas, 1t oare atailable) . In consequence, duaring thy o b

(Lt tion o3 terninals taeht be tied to the A~h trmaports cont opare |

. e ottt anatractional cornments for the phoaes Queudoe to oo oo
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tom D otire i 3 for thee slowest child and 1 tine o 5 tor the taste t

b, v (8 the ststen vere operating on the basts oof chavoe ratiner
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i it I L ceende s enpertsnoed one tire dn tour Lo e
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e nornal-pla need s 3070, wrth bodorectional deioe over oty
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ore o teate Ivoone second, =top while video catehies np, then nass over

Lotranerit oty audio lerent in oevneihrony cith vrdeo, then wtop o oant ol
oapatractoon trom Uhe o< ster controller turn, o video, then start
Coroph tae ne t o itee, thon perhaps the sketobod pnctructional proyras

meen it with the sulio tape subsvstem,  TH o that 1s so, then the
Goble retorencine te mecher of stored audio "iters™ and accessine
¢ ov1te v o oother proeblems that rescarch sottuare desigqn omet
rrea, Jhile v nave anted ot the maenttude and ferms of such prob
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Me reoqeen thy 1T b lreve that TeYe will increase SWRL's interactive
oot md anetruction capihility frow tenfold to one hundredfold 1s
thit the State of the art pase is low, A studv now in formulation by
I hn roehter has tollew-on interactive research implications, although
thev «tady ptself il not regnire interaction in the sense of pre-
crintrone that lewn! € of f his treatnent-defined ~ainline. One purposve

borne foehter crndy 1L to deterrine whiat sorts of prescriptive departur s

v - caratine apctruction an the phonics domain should occur.  Such
farer e, to o he ehtarned during the second half of the current -choo!
SRR Boel ow the o toward follow—on research each of vliose

[}

Crcat ent- teitures tudent-svstem interaction in the sense of pertoerpances

st ent departur. s ror the mainline.

Vaobochter study will evalnate vach of three” entry skills underl o
v eotatron-blending level of phonics instruction, will assipn ST
t. one of three training treatrents consenant vith entrv proficiedies,
et L retest entry sii1ls (usieg novel rule words) following trainineg.
Nia owcquence will be reneated through three eveles-—-one each for €VC,
CoVe, md (VCC tvpe tters. lvo traiming strategies will be used:  one
. et o mibes the letter-sound rule the bisis tor segmentation and hlendingg,
cre ot eaplovs baipartite patterns.,

o6 ety Sstatle protestiar grll o be s follows:

. fo-tort - b 1tersy,

i

ol Tt rte fte 0 ARV /(i{/+«‘.1'Li, pmttate A (10 «ec )

Vo= /hed/+cat bad, imitate A (10 seo;
o= low sav this word” + bat in the
context cat had. o= [t/ (1 ey
T, ttawrow U+, tach item presentation vrll oanvolve pre-

entine three different AV pairs. {he 1t
o o these will regquire imitation responoe
1 ooral form, the third, a0 test Fesponse
tnooral fore. 1wl vvaluate these reapen oo,
I the response is made in less time than o

irovn above, T will »ale g kevhound recpen-.
that advances the T5=1 sepment, It no soen
response 1 omade o the time allowed, thn
wratem will gutomaticalle otep the bs o ot
foothe ne AV pair, Maormurm tie v e
(1S=1 serment retyicval + daplbuoatrony

B3N (2) oo (dovm trg 6035y fuy o
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te -roard pamy choara terieties e cuown abows for OV emtyr o i
Pe Le s f oy [ERLANU B N
v g il e pboaar o anl e, synthbesten,, or both, depending
tre il protest entcores. hoeiber oand s oassociates distinanrs
St e p o rrarnine W s 1T apropriate to nroticrent word attack of o
et b oon=hlen tine coartcto, Foontre skidls proficrencies indicat,
Lo tie Jetrorene s then Substallte 1-3 are permmane (or so it
Cenc ), 1t bretestin, andi ates synthetico deficiency, then Subsiall
Can cr e (or Lo o1t 1e aasumed) s it o deficiencies of both corts
or vl ottt a1l oot tne substille o may need be addressed during
St o, b e dler ot ate . that o all o chictdren ool oreccive tramnim
Tee e Tt Jd1 wnh w1 lte, Batothat the emphasts vl orars depending
oo et <14 re o hed in consequence of pretesting, Thus, for
UG LE DS e potteatsed to he deficrent in oomalvtico <Mills wontd bhoere
Wl T eophas i oed and Subst i1, 5=5 treated more pertunctorilv,
coan e 4l traniny treat ments teature Subskill o 3--which uses the most
“p ==1o1 alrustritioe purposes woe o stmply willoassume that those
Dpe ot b heenye o malrtroally deticient will receive essentially n
L A L =0 oand tho e o apected of berny ovathiet Loally det rorent
I cotr bl ot taime on Subaiills 1-200 Ihis pernits proad o
. St ot treat ents 10 sich oo wavo b to more=realostoeal e
' RS St .
Loty vy ottt oo hnaed o aber b at —onthet po b detre ot
I
! v ot Joprenentation. T4 trrab.
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present rtirons
VAo opag b iR iedtate AL 0T et
up o= L10) = A0 Soo, tot e o o

S

so Framm 3. b 1teos x5 opresentat ions = 30 trial.
VA= aor /5 initate A (THustration)
D= oo o+ 30(2Y = 6% e, up = 3003 = 90 sel, tot i otue o3

vo Iram 4. 7 atems 2 2 presentations = 4 otriale.
LA = om-a-p 4 /m/H/v/+/p/s imitate Ao (Illustration?
Down = 5+ 4(2Y = 13 sec, up = 4(15) = 60 sec, total tie = 105 .

S.odrain 5. 2 items w2 presentations = 4 trials,
I
YA = m-a-p + "Say the word;" R = /mep/. (Illustration)
Dovn = 5 + 4(2) = 13 sec, up = 4(15) = 60 <ec, total time = 1.3 10,

\wain, we assume that CCVC and CVCC cveles will have the same vty -
brdenine characteristics for [rain-1 through Train-5 as does the CVC
“le. Training materials will not be the same for letter-sound and
Sipartite patterns; the same items will be used but segmented and blended
JifTerentlv in terms of units used. For the present we assume that the
ditferent strategies will be consonant with training coverage [llustrated

hove Yor the 1 tter-scund pattern strategy.

Posttests will test for the same skills as do entrv shills tests
. - vept that novel rule words will be used. Recause the letter-sound rule

et will censist of onlv A items after Cvele 1 training, increasing to
12 items after Cvele 2 and to 18 items after Cvele 3, possibilities for
wnerating novel rule words will be meager following Cvcele 1 training
md greater with completion of training on succeeding cycles. Hence, 1t
1« a~sumed here that there will need he fewer items in the CVC posttrest-
i 1 later ones. While this could be remedied by teaching the most
rules during Cvele 1 and the least rules during Cvele 3, there i< no
‘1o to approach the experimental design problem that is entirely
itiafactory, Here it is assumed that Cvcle | posttests each will
cntiin 4 ftems, Cvele 2 posttests 7 items, and Cvele 3 posttests 10
vtems . The assumption is that posttests will use the same amount of
t e per 1tem oas do oentrv tests.

Ihe tixed seerent view tvpically would not sit well with |,

irtionlarle for testing sesments but, to a lesser extent, also for
trining ~epments.  before determining how manv alternate random-ordered
crsions of a segment might be emploved, let us inventorv segmenls. (here
vIT e 3 1Y test segments and 3 posttest segments for each evele, or

'3 ditterent test sepments.  There will be 5 training segments for cach

-~ le tor each strategv, or 30 different training segments. Since

ments will be of different lengths, it is necessarv to caloulate o bie

t rrace baced on segment lengths. We will assume that matimam times

1on above entail that amount of audio storage, which usuallv vill not

e

Seooon, The b d=sepment ES tests will cost 8.5 minutes each, or 5.0
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‘ Lo 1 stored topetner (or ot the same timed o dhe 7 d-aey ent

£ tLoc i, e e ot ey, requdre apnroxiratay A0 90 and Lo
! Tanettes it o stored at o the same time,  the 6 S-seveent triiniog
covnts cach will require 8 rirutes, or 48 minutes it stores ot tiy
Coeotine, Nesumany 26 0 1) miinutes of audio storaye, or 317ty r
i, then 1 only 1 vingle version of ecach needed cepment were oo 0wt
“erston- storcd in the audio store throughout the stude, bt om o
T3 ot total ostorave weuld be used.  I'nder the circumstan es, o ol
coerd b versions of ecach segment (or, it the tape transport capa. e
Clenre ot N2 minutes as usesd, 6 oversions of ecach segment) . The recear
*vr oot probably precludes the degree of spreading that the instructional
crtestration presented earlier anvites, If the worst-cose divonecess it st
torane 173 of the segnents needed during the life ot the studv, then
Jh-inntes storape per tape transport is consonant with 9 randoriv-ordero

[

cralone ot cach seogrent (and 52-minutes storage with 18 versions) .,

Toreporng verarhs suvgest that masimum tipes for malvtically traam
poeuns {2 proups, eacke o= 12), by ocvele, will be 19, 22, and 25 manutes,
1 6o inutes in all, Maximum times for syntheticallv trained yproups

Coeroups, each o= 12y, by cvele, will be 20, 23, and 76 minvtes, o HY
inutes tn oall,  Maximun times for combined analvticallv-synth-tically
T iined groups (2 groups, each N = 12), by (vele, will be 22, 25, and 7+

inutes, or 75 minutes in all. Assuming use of 20-minute periods onls
o imites of which was usablie, then under the conditions of A-terminal
wane of TBOMS) one b oper terminal, and good administrative support

. vewrdioy scheduling of Ss, the study as illustrated could be accomplinhed
1t tha avater 4 hours per dav (9-12, 1-2) for 5 successive s hool

CooaL Assuming appropriateness of the character generator for all vidio
¢ enta, the study materfials could be counstructed without recourse
t - oartists or other printshop perconnel. TIf we made 1t a requirement that
pe e oter (and augmenting equipment) be used for purposes of constructing
wterials onlv during normal down time (e.g., before 9 a.m., and atter

., during lunch hour, on weekends), then perhaps a single technician
i construct, organize, and load in evervthing needed to support o
tont ! the sort outlined above in 8-16 hours without hindering svsten
¢ ~ioftation toc research purposes. Doubling that figure o provide
“1 chedking and editing and doubling it again to accommodete - tudy-
tiilired production of cottware (if that proves needed), the svstem mivht
need to he used on the order of 48 hours during its down time for purposes
© oapperting studv execution and 20 hours for purposes of executing the
tudv oand performing whatever analyses were required.  The personnel bill--
¢ lusive of studvy formulatien and write-up--would be 48 technician houry,
V0 research assistant hours, and perhaps 20 IDCMS supervisor heurs, My
“o1otion is that this would represent at least a fivefold savings on
C it tne study actually will cost when conducted using mobile laboratory
a1lities at the schools and pre-IDCMS capability for providing graphi
! oanilvsis support, We need to do better than that; [ suspect that we
nld o appreciably better the second time around.

]

9

'S XA ]

Q P

ERIC

Aruitoxt provided by Eic:




At ent s, enperirental tasks almest alwavs require that dterniate ordo:

(AN

oty
e
T

e

poonant vith these ostensions.  Given high=apecd audio accessing, -oen

rot.

ed Lo insure that an crder bias is not operat ing.
1
i

SN e ter e e the case o s T
Qo A ahay sty when e el o e R AR

]

than wher 1t 1= =1 ply o trveat—evalaate instructron. woil
wshotor the s oot part can be accerpliched with tioed-order

There do ot "
erents 10 the Rheendor -t -
above-—a rough caileulation saggests that there are be twoen

i Jitterent short audio

i 250 such o lements . However, 1t would be quite casv teo nures ¢

P her v oto 8 tires 1moa sitghtly more ambitious studv of Casentiod
3

ST

o

S rt=—¢.y., bvoestending cveles to all possible one-—wilable
S, 1 pertinent letter-<sound rules, and all novel rule words

toatton ad randomdization could he placed on the senthesizing bast

v tades anpreciable investnents {p forming segrents apd alternat.

v

[N}

LIRS
S S

9

O

ERIC

Aruitoxt provided by Eic:

R

LY

can s1oply that the naterials construction savings went,

Y gag

Pl

1omeyments Gor o storine ther in soment form) o In the toor oy

' -
Mot
i
H

voentd coptrol sewsent tormation and randerisation, A

tor o like (or creater) diewsaivings in programrer tice snoal
1

1
‘\}I\‘rf S R S I




é/
DOCUMENT RESUME

ED 108 599 IR 002 110

AUTHOR Follettie, Joseph F.

TITLE On-Line IDCMS Zvaluation of Different Categories of
Responrse.

INSTITUTION Southwest Regional Laboratory for Educational
Research and Development, Los Alami*os, Calif.

REPORT NO SWRL-TN=-1-72-02

PUB DATE 7 Feb 72

NOTE 11p.

EDPS PRICE
DESCRIPTORS

|
.
|

IDENTIFIERS

ABSTRACT

MF-$0.76 HC-$1.58 FLUS POSTAGE

Computer Programs; Educational Development;
Educational Pesearch; Electronic Equipment;
Fvaluation; Information Processing; Input Output
Devi -~ Instructional Media; *Instructional
Tifﬂggfggy; *On Line Systems; Patterned Responses;
Priepary Education; *Pesponse Mode; *Taxonomy;

Tests
IDCMS; *Manipulandum Feferenced Taxonomy

A manipulandum-referenced taxonomy for response

categories appropriate to primary edvcation is presented. The

tenability of automatic on-line evaluation of the different types of
response when processing equipment of the sort that probably will be

available to Southwest Regional Laboratery is preliminarily

evaluated.

(Author/SK)

3 ok ok ok o ok o Ak ki oK ook ok ok ok o ok ot o ok ok ko ok ok Ak oK ok ok ok o ok ok ok oo ok sk ok ok oK ook o a e ko ook ok ok ok ok ok ok ok ok
Documents acquired by FRIC include many informal unpublished

* *
* materials not available from other sources. ERIC makes every effort *
* to obtain the best copy available. nevertheless, items of marginal *
* reproducibility are often encountered and this affects the quality *
* of the microfiche and hardcopy reproductions ERIC makes available *
* via the ERIC Document Reproduction Service (EDRS). EDRS is not *
* responsible for the quality of the original document. Reproductions *
* *
* *

supplied by EDRS are the best that can be made from the original.
ok oo ok o o oo oo ook ok ook ok o KK R K KKK R R KR KR K




O

)

SOUTHWEST REGIONAL LABORATORY
TECHNICAL NOTE

597 @

<D

-

v

o I\t February 7,'1972
L) N6 TN 1-72-02
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ABSTRACT

A manipulandum-referenced taxonomy for response categories
appropriate to primary education is presented. The tenability of '
automatic on-line evaluation of the different types or response when

/// processing equipment is of the sort that most probably will be
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‘ ON-LINE IDCMS EVALUATION OF DIFFERENT CATEGORIES OF RESPONSE

Joseph F, Follettie

Wwhether 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-
liminarilv assesses the degree to which we can expect such a systen
soon to perform interactively as a function of response category.
1f 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 foilowing extensive
and perhaps costly effort. Unsurprisingly, the general conclusion
is reached that those response categories whose responses cannot yet
be on-line machine cvaluated 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

L 2
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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

4
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 prcgrams 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

1




' 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 constructed response. Responses to simpler

arithmetic problems, word-spelling responses, 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 desigﬁers. 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 s;equence 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 alterqatives
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 cr color or
picture coded. Typically also, a portion of the keyhoard will be blocked
off for use in making such respon;es. The keyboard originally proposed
‘ for IDCMS was such a reduced keyboard--one consonant with making selected
responses to multiple-choice items.

—
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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 Etaugmented
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 3uéh a capability might prove desirable
if it can be obtaingd 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 responst. Whether this is a diction or music type
t

I

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

r
a standard. Perhaps th.s simply comes down to a comparison of two

frequency x amplitude plots, one provided by S and one contained in
system storage, with departure from standard guaged against allowable
departure fr;m 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. SWRL
engineering staff has invested preliminarily in the problem. It
appears tenable that on-line evaluation at least of certain types of

musical response zouid 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-refarenced drawing responses. The RAND TaPlet and

(

N,

\\gsviaes currently in prototype at the University of I1linois, University

of Pittsburgh, and elsewhere exemplify required 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 gurface. Such devices permit copying
responses, free form drawing ;esponsgs, and intermediate responses.

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

'
i

"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.

8
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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
response;>shou1d 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 relactional
responses that reference to a patternm 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 th2 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.




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
imposed--or to complete partially patterned exemplars of such concepts.
It is apparent that criteria for sequencing beypresses could be applied--
e.g, that the di;éonal be constructed progressivély left to right.

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

pose no ¥nsurmountable cﬁallenge to software designers.
l

Tracking response. !Tracking responses can be referenced to various
sorts of terminal displa#s and to various sensorimotor modalities. The
pursuit rotor tracking Eesponse 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.

* %k k Kk %

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
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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 periphefal 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 exprzssion. Where latency of such a
motor'response adds undesirably to a duration of interest, S's mean
latency can be evaluaﬁed 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 semsorimotor involvements
are different than the names and molar forms used a3 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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