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reacn~:a the operational stage in varioul 
the United Although the major 

IlllHIl:tll'U,rotjll1lD' "' ....... \:.'.n:., is constant for most CAl installa.­
t.iis purpose varies from place to place, 

sPel~ific error .!n"';lll\li:lj~""\lI, 

the program. IllS Ii function 

to serve as a supplementary drill 
CO~it~!ter program presents each Itu .. 

materials, allows student 1:0 r ... 
the response is correct. The com-

addition tutorial curriculllll., tho 
rules for individualwq 

We are coDvinced offers a instruction ideally suited fer 
students from educationally deprived Me:as. Our cOllvictions are based on OW' 
knowledge of theory. anecdotal evidence from teachers and administra-
ton, intuitive feelings relative to compute! and the student's re-
sponse to it, results of evaluations of either completed or in 
progress at the hutitute. 

This paper is III follows. history It Stanford itt 
described, Next, the na.ture of student iDt.rldioo. with the computet termiDIl 

1 ThIll paper Is a somewhat expanded version of the pratII'I.tatioB iM8 by 1u.Pl* U part 
of die I)'mpOOum ".BarIy ~ ud Compagtory lWueatioft." 1'be ~ ~ Mft 
bu ben supported by tM Natic.D11 ~ Foumlatiorl IIInd the 'United ~ 0IlcI of Etta­
r.IlIdoD, 
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~ • b 
performing below 1p.lIllfl'lln," all)ormu:h that can compensate 
for ed'llicational! ... ~u .. " •• _ eXllmflies are given 
of amnm1etlc dn:!l~andQPrll1i.Ctil:e ~lrnmpAm as implemented 

St!'ltes, our latest arithml.lltic 
of individuali.zation by explicit use 

at "",.",,,,,,&U 
de'lJ'elolnmlent in computer-assisted 

inch screen; 
of the screen. 

'telephone lines, this 
and-practice lessons on a telf!hft'!e 

the 1965-66 
participated the aritlim,etic 
stu,c!efllU; shared a tel~:tVI:Ie 

gram, see ~1J1[)pe:l!I. 

line were used a 
logic continued with 

In addition to at construction 
Laooratory, a at Brentwood Elementary 
Alto, California, 'I1las completed the surwner of 
dents at Brentwood are from. some mlf!nr'j'tv 

compensatory education. 
fUDds provided to 
lisb a COr.llDulter-lt>8$f;Q UlStn.!ICUCiUa1 
tbe fl'''.." ........ 

wood Laboratory Wal eQUI\PPI::d 

by an IBM·1800 colr.lpuflsr. 
we offered reaaml 
material both au.mny 
iDa program for 
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mathematics progtam included 
students Grade 2 in 1967-68. 

results of this program are 
"'-'U."''''·'''., 1968; and Atkinson &, 

1 in 1966-67 

included the 

Washington, 
prclces,seO via tele--

innovations: 
cna,Hi"OfltU program and 

aucUotaPl~S for the Russian 
drill-and-practice 

to present a program 
the central computer at 

fll'l'Ilm'lIim~ were the PDP-l 

programs 
student's pete 

facilities necessary to 
sopltUsitica.ted computer sys­

curriculum (a) is", 
psycbological van­

( c ) is presented so that 
component in the student's 

Procedure ..,IlI.Ili\.IiUI'n Terminal 

classes involved in anRHI.nO'·'PraCtlCe mathematics progrnm~ 
(Model-33) is. either in an in the back of the classroom 

a separate room in the 1,) Most students look forward 
turn at the teletype and classroom at their schoouled time 

With01Jt disru.pting the class, When stU(lent initiates program by pressing 
key~" the teletype ~riDt8 the mes:s. PLEASE TYPB YOUR NUMBER 

~~.r. ... .,,,,",. Thelltudent 3 hi! tint Dam6p 
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Fig. 1. A student at the teletype. (Photograph supplied by RCA Instructional Systems, Palo 
Alto, California.) 

another space. The teletype thcn prints his last name. Typing anothcr space starts 
the presentation of problems. 

If a student makes an error, the message NO, TRY AGAIN is typed, the 
prohlem is retyped to the point where the error occurred, and the student is 
given a second chance to make a correct response. After a second error the 
message NO, THE ANSV·/ER JS __ , TRY AGAIN is typed, and the problem 
is retyped to the point where the error occurred. After a third error, the error 
message giving the correct response is typed and, if the incorrect character was 
not the iast character necessary to complete the probiem, the problem is rctyped 
with thc correct answer. If a student does not respond within a given time, the 
error routine is followed with the message TIME IS UP, TRY AGAIN substi­
tuted for the error message. A new problem is presented when the student re­
sponds correctly to the preceding problem or when the teletype, after thc third 
error, presenis the correci answer. 

When the problems for that day have been presentcd, the numbcr of prob­
lems eompletcd and the perccntage correct on the first response arc typed. The 
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student is then signed off with the message GOOD~BYE, JOHN. PLEASE TEAR 
OFF ON THE DOTTED LINE. 

Several chara~teristics of the procedure at the student terminal and of the 
drm~andQpractice curriculum that enhance learning may be listed briefly since 
their effects have been documented empirically IATld do not require extensive 
justification. These characteristics are (a) an active response mode, (b) immediate 
knowledge of whether the response is correct, (c) an opportunity to correct an 
incorrect response, (d) an opportunity to respond correctly after the correct re~ 
sponse has been supplied, (e) tctal time per problem controlled by the student, 
(I) provisien of a permanent cepy of the problems and a summary of the stu­
dent's performmce which he may take and use as he pleases, (g) difficulty of the 
problems related (within limits) to the capabilities of the student, and (h) review 
material based on the individual's performance history. (A more detailed descrip­
tion of the characteristics associated with the curriculum (g and h) may be found 
in Suppes & Morningstar, 1969, 1970), 

Anecdotal e'l!id~nce from tea~hefS and stude.nts indicates several positive 
aspects of the CAl learning environment. For example, many educators have 
expressed fears that CAl is non personal and mechanical and therefore cannot 
be "good" for childri:m. Although no adult would deny that the teletype is 
mechanical (and therefore impersonal), the behavior of the children indicates that 
they perceive the system as a "person." Listening to students one hears: "Slow 
down, I'm not finished." "Stupid machine!" "Good, I thought you would say 
tha.t [with an affectionate pat for the teletype]." "Don't use that one [teletype]; 
it's mad, gave me hard problems yesterday." 

Verbal attacks directed at the teletype are quite frequent when the student 
gives an incorrect response--a behavior that would be unacceptable in the class­
room. Few teachers are capable of continuing a lesson while ignoring the stu­
dent's negative verbalization and would punish the· student in some manner. 
Although the teacher must respond in a way that decreases such . outbursts in 
order to maintain a manageable class, disciplinary responses to the student may 
have a negative effect on his learning. The teletype, however, responds with neither 
positive nor negative effect. The frequency of verbal attacks towards the teletype 
and the fact that they do not appear to interfere with the student's completion 
of the lesson indicate the possibility that such venting of emotion can be a 
positive aspect ef the learning situation. 

An example of the positive motivatienal aspects of CAl is provided by""a 
teacher at Brentwood, a school in an underprivileged area. in California. One 
student was absent from school, without parental permission, for a complete 
week yet arrived at the computer laboratory on the school grounds to take his 
tum to do arithmetic at the teletype. His truancy was not discovered until his 
teacher received the weekly teacher's report on mathematics performance from 
the computer laboratory. 

EYaluation 

As one example of the positive effects of the drill-andapractice program in 
mathematics, we pme~t the evaluation of student performance in. McComb, 
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Mississippi. 
ferenees in ftp~i'ni'11"Ulnt· .. 
groups in both 
performance 
much as two 
an excellent "''''''''''!J"''' 
environment was 

To .,,,"",,"'""','" 
Stanford AciMe"emient 
February for: 
were given in 12 .. mf'iI".'I'pn' sc:hoc,ls 
experimental and \iUUUUl stU.del:lts. 
included owy "" ....... v ... .,~"""" .. ". 
tested !lit. each 
each grsde 

FlU.UUIIAKU we found !llg!lm(~ant 

were compared with 
Mis§issippi, the 

I'l"~'''''d",,",'''''(! in Mississippi was as 
students, ther.efore, provided 

siti.Ultilon in which the educational 

""' ... "" .... 2-6 as a pretest, 
1-6 as a postlest. 

these schools included 
experimental students, and 1 

eXJ~rjmel!lltal group, 1-10 classes were 

TAi.'iIIl.Il 

2-6 ciasS"'..s were at-
a listing of the 

1969.) 

on this measure 
each grade are shown 

for 

Gf~_,Pi®el',lmM,a I~@f:l!lfil m'I t~ SlAT: MliIlilill@fOilpp.! 1911"-

Pretest 

Grade Experi~ 
'menial N 

!liThe Stanford Acmevcmf::l'lt 
tion were written 

P08Hest--Pl'etest 

Control 

1.14 .26 
1.<,2 .84 
~tOO U16 
1:10 .1.\19 
1.37 .00 
1,12 1.13 

It':ntnnl»t~ltinlll section of the 
was significantly 

OOil4:ents sootion of the 

t 11' 

3.69~ 112 
I'U3~ 77 
4.&4" 76 
2.SS" 131 
3.43" 215 
6.18· 433 

3, 

and the instmctiou for adminilo, 
GlI~lIflt. IWd H. C, Rudmd. 
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t :::: dl == 16 • ., < .01. and 6. t ::::: df ::::: 433. II ( .Ot. and OIl 

application section for Grade 6, r::::: 4.09, ::::: 433" ( .01. in Grade 4. the 
control group improved more than the experimental group 00 the concepts section, 

=: -2.2.5, df ::::: 131~ p <: .OS. 
Althougb we have not presented in Cali. 

fornia, a comparison results for Mississippi 
cates, a logical than sta.tistical manner, that CAl is an advantageous 
tool for compensatory education. when were examined for 

lIix grades, in Mississippi 
it WStl1 in level for experi-

Mississippi. However, the 
small Mississippi com-

8ystem in 
arelS, the program was more ,..fi~ ... ti111'" 

although use of 
Il"liPr'fn'!""",,,,.,,'4'! in two geographical 

iffl!'<I'P"II'PJlt between experimental 
cootrol stude:l'!it~ grade level and were 

in need MissisiSippi tuea, when students were 
middle neighborhoods 

effects of is provided by the evaluation 
1968-69 of a mamem8nC!l program in the New City schools, More 

than 4,000 from participated in the New York 
dri!n~~m.d.-Dr·li!cl:ice curriculum modeled after the Stano 

an RCA 10/45 computer and 
largest project in any single school 

, Form were administered as 
as Ii June 1969. to eva.luate the pro-
'are shown in Table 2. the 2,940 experimental 

both the and the posttest. The 

TAfllLI2 

Ayerlale 11_ 8cores on the MATI Now York Cia, 19IWt 

Posltest·pretest 

iGlrade Control Control 

N Average .. N 

2 17.20 340 18.44 79 15.78 3,50 79" 
a 14.19 128 11Ue 98 12.68 9.31 980 

4 26.26 100 31.:36 93 8.34 8.10 93-
a 18.S6 711 2UJ1 8.13 2.89 49" 
8 22,79 361 38.3o\i 23 5.54 2.69 23 

o p < .en. 

I This IUUi!lY$li! Wall performed under the dit«ltion of M. Weiner of the City University of 
New York. For information about the project we ani indebted to S. Umans, Director of 
Title III iill New York 
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average positest mil1lJlS pretest score on the computation section of the Wal 
lignificantiy greater for the experimental students than the control in 
Grades 2-5, The superiority of the experimental students appears to be greatest 
in Grade 5. We feeJ the positive effect" of CAl in New York City, especially 
when measured over i period only ftve:and:a-hllf trlonths, add further support 
for the use of CAl in compensatory education. 

Itrand Proorem In M~mIQ&cI 
The most ~3I:t<l'!l'i!i!iva curriculum development It Instimte has been in the 

dri!t~and$practice in The curriculum apprOpd~ 
ate for Orades 1-6 and. was constantly'revised during 
the yean from 1964 to 1968. etlirriculum, although utilizing the computer to 
present Ii program individualized terms of of problems. immediate 
feedback. ,self-pacing, and away from the 
model of driU-andapractiee provided in the trluUth::,nru cllUlsroom. 

During the smnmer of 1968 •. de~!,el('Pmlent 

diverted a &.II UKUII!U 

for a given grade to a vwn·m-am 
individual from the start 

lions to determine 
"What is the 

grade level?" to "What concepts bas 
child learn 

Attention to the f.ban to classroom in a feorganl1.:i1e 

tion the drm~and-practice material etementary~school IltUlthematks into un~ 
graded strands. student~ working on strands begins at 
the bottom of a strand moves upward on each as a function of 
ability to perform correctly on that Since movement wong a den 

. pends on the student. the level ofperformamce on' one relative to the level 
of performance 00 other create., a ~et for one student different 
from problem set another traditional 
room, each student is solving a set of l/tOO each set problems 
oontains problem types from each strand appropriate to the of 
student involved. 

The strand system consists of three major elements: 
1. A curriculum structure classifies the problems !:t1l"l2';rnll'WiAltl!'. for an 

mentary-school mathematics prograrn; ..." 
2. A set of rules for determining the be p,:e;reltllteC to each sm~ 

dent; 
3. A set of rules to the a sw(lent th1l',nn."h 

CUfficulum Structure 
The curriculum structure containa 

aU problem types of a 
subtype of a concept 
in Grades 1-6. Table 3 shows 
riculum for which they Me ap'IllI'oll.nat:e. 

structure. 
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Cont.t IIIlI'lIili DMfllltion of ~il©h $~Il»nd 
---------

_~-=-==-;;Ol'itl)iJl'lt ~ ___ =--==~ ~===-:::::;=~~====~ r==e~ 
Counting and pllllc@ value 11 ,~·1.0 
Vert!cal addition I i .o-.e.O 
Horlzon~1Jl1 addition I i .1)..$.5 
Vertical subtraction I 1.5-6.0 
Horizontal subtwl'lction II '1.0-3.5 
EquaUons 1.5-7.0 
Horll1ont<ll m!dUpilc(\!l~i()n 2.5-5.5 
V@l1ica! !m!i~lp!lc&aUol'I :l5-1.0 
rfa()~h:mljl 3.5-1.1) 
Division I :U,,·7.0 
Large numbers and units of IfI~@lI}\JI'l:'J: tlml/!, mOMY. IIrloar 1'fl(1I1$U"",' 

dOl!en, liquid m®M,iI.lre, walght, Roman FII!men:li®, .'OOtrio messuy '1.5-7.0 
D~(llmi!ll£l ;;,0-1.0 
Commutatlvill, Ills!ociaUva, and d!l$trl!:H,il~h.ltl !~Wil I 3.0~1.0 
N9CU!lm!f!J rmmb<':lfS I 8.0-7.0 

solv!ng L 3,1)-1.0 
---'--.---.---~~---------"------"--------- ----

Within leach strand, problems of III homogeneolJs type all nOlri;rontal 
addition !l< sum between zero ::md five) are grouped into equivalence 
classes. Each strand contains either 5 or 10 classes pel" half year with each class 
labeled in ten'lls of Ii grade-placement A problem count of problem 
types occurring in three elementarymschool mathematics texts (Clark, Beatty, 
Payne, 8. Spooner, 1966; Eichob: &; 1966; Suppes, 1966) and data col­
lected during past three years of the dril1-and-prfllctice program at Stanford were 
used to arrange the equivalenc!:: classes in an increasing order of difficulty and to 

that new sldUs (e.g., regrouping in addition) were introduced at the appro-
priate pO~l1t in the curriculum.. example of the ~quivalen<.:e classes fot' the 
horizontal subtraction strand is Table 4. 

In addition to the ordering of the problems within a strand, we must know 
how much emphasis is needed on each !ltnmd at a given point in the ye.ar. To 
determine this, we divided the curriculum into 12 parts, each correspondin.g to 

a year. A probability distribution function was developed for the proportion 
of problems Oil each ~trand for each year. the problem count from the 
thre~ textbooks and the av!::rage latency lor problem types based on past data were 
used to develop the clu.ricuh!.m distribution, The final proportions in terms of time 
and problems for each half year for each !lltrand are shown in Table 5, with the 
exception of Strand 15 (problem solving) which. is handled separately. 

Ru6~1 fo, StII1mpling ProblemSil 

way account! for individual differences hl performance. a sampling function was 
defined to deterndne which problems a given $tudent would !,"eceivlil. sampling 
function, calculated weekly for each. student, is a weighted combination of the 
curriculum distribution a subjective distribution.4 A student's grade placement 
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TABU! 4 

httrma'~ MbU_ .... ci· 

Problem lIi-b-:If II-I> ... X I-b .... .r a-b-.r a-R-C 
Limit. O~." ~4 5<aS9 !is-Sf 8<0<9 0<0<4 

b ... OOf101l'. b ,...001'101'8 b-;t 00t1 on - -
Equivalence 

claa 1.(1 1.1 1.2 1.8 Vt 
Probltm JIiI .... b .... 1/lI m-Jlt!lll!ill\l ,v-b ... it , .... til "'"1/tY ,.,- til .... It 
Limits OS;x:S;4 5Si\lS~ 5~aS;1 a>b OS a·S 4 

IIiI and b can ..... I) a<b 
Equivalence 

claM 1.£1 UJ U' Ul 1,1) 
...... 

Problem 18 - b "" lit 11- If "'" @ 11C - b ... c aO-bO-:dJ ab-e ... xy 
1. - b .... 111 100 - bO - mJ 

Limits 5~aS;8 o SlA"S 8-- "0 S.-..<ca:v ,,"": b ~e 
a<x x<b' 

EqulYaienctll 
ciasl 2.0 2.1 2.2 2.3 2.4 -

Problem ali - cd - xy 110 - bO- 1Gb - cd .... 2b - (;\ ... 1x .b-c .... ~ 
11«) 1xy 

Limits b~d 1)::2: d.lII~C b<c b <c,a>:£ 
Equivalence 

class 2.5 2.EI 2.7 2.8 2.9 , 

Problem ab - cd ... 1C ab-ed ... XY a-x ... c+d aD-xv-cd :ty-ab .... cd 
Limits b<d b<:d b>y V>b 

&-0+1 8>0+1 
Equivalence 

:3.4 class 3.0 3.1 :U 3.3 

Note.-a,b,c,d '?' digits In problem as presented to student; X,V == digits in response; 
italicized characters do not appear In problem as presented to student. 

on each strand is defined as the grade~placement equivalent associated with the 
equivalence dass of problems he· is being presented. For eachstlldent the currlcu~ 
lum distribution is selected to correspond to the half year that includes the student's 
average grade-placement performance on the strand curriculum. For instance, if 
the student's average grade placement is 3.3, then the curriculum distribution for 
the half year (3.0-3.5) will be used to calculate the .sampling function, even if 
the student is enrolled in a fourth-grade class. The subjective function is a normaliu 
zation of the distribution determined at a given point in time by subtracting the 
student's grade placement on each strand kern his maximum grade placement at 
that time. 

Thus, if sampling were from just the curriculum distribution, the proportion 
of problems from each strand for fA given student would match the proportion of 
problems from each strand presented in an "averap" textbook, If sampling were 
from just the subjective distribution, the proportion of problems for a given iNa 

• The mathematical. formulation of the distribudooc can be cbtmnod by writing w the 
authoR. 
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TABLE 5 

Proportion of Time and Proportion of Problems for Each Strand In Each Half VHf 

Initial point of half-year interval 

Strand 1.0 1.5 2.0 2.5 3.0 :u 4.0 4.5 5.0 5.5 6.0 6.5 

PT t PiP PT I PP PT I PP fiT I PiP ! PT I PI' I PT I PP PT I PP PT i PP fiT 1 PP PT I PP PT iFP PT I PP 

1 
2 
3 
4 
£$ 

8 
'7 
8 
9 

10 
11 
12 
13 
14 

50 
10 
26 

14 

361' 24' 18 I 24 1
16 

" 11 
14 10 12· 9 12. 19 

32 I 21 28 I 21 I 26 I' 9 

18 
9 I 12 8 12 115 

16 16 9 
12 10 I 16 

10 
17 

14-
10 

1 

12 I 10 [110 I :5 I 4 I 7 
221 1'920

1
7 1 68 

10 I 8 I 8' I 
! 18 22 120 10 I 8 1 13 

I ~~ 1 1; 11: 114 I 12 \' 11 
10 :3 I 6 8 145 I 10 14 5 

I 9 

.1 

6 10 I 8 816 
, 6" 

15 1 18 

816111 IS 

" 22 
7 

I 
6 I 6 9 8 
3 456 

., 
5 

Nme.-PT = proportion of time; PP = proportion, of problems. 
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dent 
proportion 
came closer to the ..,,.?'.,, .. "" 
non of the tlr('\,)le~ms pre~Sel!kted 
and what ..... "' •• ''''''rt ...... 

" .. i't"!!'i;",,,, is stated in terms of 
WI Y, every Y problems on a strand the student's peI110IrmiIil,O(:e 
examined; if he did W 0(' correctly, he moves down one ii'-"nlnl!~~ 

lence if did more than W than Z problems he 
more than Z problems "''''.· .. IN''tlv 

";",",",,1.1<,""" to the criterion for movement is 
when a student is presented from a equivalence class 

In sl.u::h II. case, a check is made first three problems; if 
all three moves down one equivalence class, 

Automaton MCI'ae\i$ 

The conlPonents 
lum for the student also ,..",,,,,,,,,1,, 
specificity in terms the i':hl~I'l"I~~!iI'lri 

responses given as a hmcti()8 
involved in developing 

and Z each 
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sophisticated research on mathematical models and at same 
time to demand these models have relevance to design and organi-
zation of individualized Automaton ,¥in be used extensively 
in our attempts to the curriculum and to le:ll'D characteristics of arith-
metic problems are in the 

many 
possibly solve some 
chUd. 

a given stUOellt'!!! 
vidual. 8tlil)I'OllCh. 

students to the u",:uwn,,,, 

Student A 
"'.lJlu'lO,,,.B 
Stuctent C 
Student D 

126 

of internal states. 
an alphabet, as 

it moves to another 
deterministic 

de'lJ'elo'DOO we also be able to analy:r..e 
tlii."(lble,rns of the same type. The indi-

-"""I;.I""'li'''''' of diff~rent 

169 
- 93 

13 76 
215 
133 136 

3,859 41 

A comparison 
indicates that Student 

the responses of A the 
has chosen the correct automatol1, wh,PJr""~1il 

chosen automaton solves Student 
automaton although 
parently behaved as an automaton 

consistently; StudeJlt 
"1I'l\!1l1er~,Je~ random JI,Jl .. " ..... .,. 
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after Ii mllnbl~r 

ful than a 
A corr!parison 

-~'I' ......... an error 
(a) 

in 
srude~:at could receive. 

1m error mll'Jll!Ull' moreWlem 

e,uaml"ie~ if U i6 the auttlmatoo a .... '!,.~ .. "',"-

lion sign) 

126 
- 52 

_'"W, ... , .. ~. can an. automaton be ",,,,,,,,,,,,',,,,.,,., 
response to the "" ...... ,kl .. "'" 

lead to more "'"'T'T''' 
are operating 

II In a of 210 studentl1l f,mn1ii 
22 accounted for 55% of th~ ~rror rfIIIptJl'l!l\1J$, 

aa(!iti('!l nlPnhlp.M does 
differe!l'At location of the 
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structure is most directly relevant to compensatory education. Two aspects 
are to be stressed: .One is the individualization of instruction, and the other is the 
individualization of diagnosis. 

already commented at some on the individualization of in-
struction provided by the strand structure. It cannot bel too'strongly, 
however, in dealing with in rural area::; 01l' in the inner who fOf 

a variety of reasons have fallen behind in skins of mathemdtics 
reading, we must b~ providing additional instruction. It is 

a combon failing of most curriculum· to ass~gn grade placement of topics 
without detailed the . achievement level of the students. If 

anecdotal evidence on the 
two or even three grade levels 

severe learning difficulties. 
he can meaningfill progress and 

The strand strUcture is designed 
to the actual grade placement 

eX~tml)Je, operates at a first-grade level, then 
the strand. structure is ae!ugtlea to place bim and to move him upward only 
as he is to a minimum mastery of basic The problems of indi-
vidualization are too ignore.d; it is not for a teacher operating 
with a group students to an adequate of individualization 
for the studeilt D'eedinli!: strand structure is designed to 
do this of a dynamically organized 
curriculnm, 

The diagnostic aspect of structure has not been stressed as yet, 
plays an important many cases in inneN:ity schools or in 

rura.l areas, teachers be faced that are depressed in terms of their 
level of achievement strand· structure to the teacher in· the form of 
weekly a :sharp those skills in the class, as 
wen as the individuals, is The teacher report 
and sensitive to achievement class will be able to emphasize for 

class as a that skill which on the average is poorest~ and also as time 
effort permit to provide additional troubleshooting individual children who 

are especially deficient in particular The teacher as part of the 
reacher's report the grade of each student in each strand and the aver~ 
age grade placement of the as well as rate of change of placemeftt 
on the average for each student the class as a whole. This information can 
provide a continual basis for diagnosis of necessary in dif«)tion of teachM 
ing. especially in terms of casting the at a more level for students 
who are below grade level. 

Finally, we wish to that we no sense 
structure represents a universal panacea for the pC(J,ble:ms 
tory education. We want to stress as strongly as possible that we recogrilze 
many difficulties a cognitive affective nature that mu,! be solved we 
can claim to have mastered in a way the problems compensatory educa-

We do believe that the strand ItruCture provides one step toward solving 
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some of the problems, and is the -kind:.of ~ep . that wout5i ~ difficult to take with­
out the on-line use of Ii computer. 

The strand structure Of, more generally, computer-assisted instruction cer· 
tainly cannot solve in any simple fashion aU the problems of compensatory educa~ 
tioD. We do believe that educational techriolO$)' provides one rich resource that is 
just beginning to· be used to attack these problems. 
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