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Abstract
1)

.

The role of information-processing task analys1s 1n linking psychological
theory to instruct‘xonal practice isillustrated with reference to reading.
Two detailed informatxon-px:ocessing models of decoding skills are com-
pared to show how psychological considerations suggest the superiority of
one model over the other as a basis for instruction. Procedures for teach-
ing the superior model are examined and related to general principles of
instructiona! design, and examples of research questions generated by
instructional practice are discussed. A final section considers the role
of task analysis in bringing psychological theory to bear,on 1’nstructxon in
the complex skill of reading comprehensi?n., A gener‘al ;nap of the domazin
of reading comprehension 1s proposed and consideration given ;ts implica-

tions for both research and instruction.
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DESIGNING INSTRUCTION IN READING: ’
INTERACTION OF THEORY AND PRACTICE
¥

Lauren B, I.{esmck and Isabel L. Beck

Learning Research and Development Center
University of Pittsburgh ’

This paper 1s about reading. It 15 also, more generally, about
instructivnal design strategies and about the relationship between psycho-
‘1ogn.a1 theory and its applicatipns in education. A commo'fx conception con-
cerning this relationship betwe%&n theory and practice is that there exasts
a h’\near. one-way xommunn.aué\n. According to this view, scientists offer
thex?knowlegge and principles for others to apply, but they continue to
draw t;ﬁ\nr research’questions almost exclusively from within the "basic"
science x}mmumty. We take a different point of view herc. We consider
it ta be more fruxti“ul for both parties if application and science maintain an
interactive gomi'Qunu ation. a commumﬁ,at:on 1n which stientists di rect their
attention, in part, to questions Yvhuh are posed by social needs and 1t which
application experts--1n the prosqnt case, instructional designers--become
active partners n t\he g neration and testing of theory. (See Resnmick, 1975,
for a more general discusgion of the relationshup betweden basic science and

»

instructional design.)

As (olleagues, we reprdgent personally the kind of interaction aQOut.
which we are specaking. We are a psychologist (Resnmick) and a reading
specialist {(Beck) who work 1n a umq\e institutional environment (\the Learn-
ing Resear‘..h and Development Center at the Unive rsity of Pittsburgh) that
not only accepts, but ajse actively encourages <ollaboration across disci-
plinary boundaries., In thxs pape r, we will refer extensively to a primary

grade reading program &vhose dev’elopment, under Beck's direction,
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exemnplilies the hind of interaction between scientists and practitioners,
psychologists and instructional designers. Mat we would Like to see become
more \ndespr.ea.d.1 Durimg our discussion, we allude to certain segments
of the rrograd‘\ but make no atten.pt to describe,at tullhv. Rather, we des ribe
particular portions of the program that help to illustrate the points we are
making about the (ontent and torm ol early reading instruction and thesr
relation to an emerging theory ot instruction.

! g

The term instruction 1s used here in its most general sense. It

refers to any set of environmental conditions deliberately arranged to tuster
m; reases 1n competence. Thus, instruction 1ncludes demonstrating. tell-
ing, and explaiming. but 1t also inclulles physical arrangements, the struc-
ture of presented material, sequences of task demands, and responscs to
the learner's actions. A theory of instruction must concern itself with the
relationship between any modii1cations in the learning environment and the
resyltant changes in competence. When we are concerned with 1n£ellectia1
competence, c;evelupzng a theory of instruction requires a nmieans of descrlb—_
ing states of intellectual competence in psychological terms and, ultimately,

a means ot relating manmpulations of the learning environment to changes in

the s¢ state s.

Task analysl.s plays a central role in the development of a theory of

ihstruction for intellectual or ' cogmtive' domains such as reading. By
. ”

4 v
.
"

The_program 1s designed to teach reading in a primary school envi-
ronment that 1s commutted to adaptation to individual differences. The
early portions of the program have been used in trial versions ith several
hundred kindergarten and first-grade children. Tests of the more advanced
levels are now underway. The program 18 a complex one, using multiple
resources--teacher and cassette-led instruction, self-instructional mate-
rials, games, free reading activities, and the like. (See Beck & Mitroff,
1972, for a full rationale and description of thg system. )

. : & .
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task analysis we mean the translation ot subject-matter descriptions into
psychological desdriptions that take into account such basic psychologxca‘l
processes ag attention. perception, memorv, and lingupstic processing.
Such analysis links the complex tasks of education tu tne constructs devel-*

oped 1n the laboratory and provides psychologically sound descxzxptions of

.
—————

the content of instruction. With the content thus desd ribed, it becomés KA
possible to apply psyd;o'logu al principles of learning and performance to -
the design of interventions that will facilitate the acquisition of competence.

and the maintenance of desirable levels of performance. ‘

In this paper, we attem:t to 1llustrate the role of m‘format:on—
processing task analysis in hnkmg'psychologual theory to instructional
prachce‘._' We-begm by fo;uémg on a limitedgpart of the rcading domain--.
decoding. We' propose a pair ol detailed information-processing models
"ot word attack behaviur and shbw huw psychological considerations suggest
the super.ority of one model over the other as a basis for ingtruction. We |
then examine actual instructional prucedures for teaching the model selected,
and we relhate these procedures to certain general principles of instructional
design. ‘We also.dls«.uss research questions ‘that are stimulated by the '

existence of instructional programs, thus completing the communication

dycle between practice and science.

. In a later section, we consider the kinds' of analyses that will be
needed to bring psychological theory to bear on (nstruction in the complex
skills of readn;xg comprehension. We propose a general psyghongtcal "map"
of reading comprehcnsmr; and consider what it ymplies for reading instruc-
tion. Throughout this paper we draw attentiod to the problem-solving

nature of reading behavior, particularly its characteristic suctcssive'
reduction of uneertainty, and to the Amphcau;ns of this ana‘lysis for both

instruction and rescarch in reading. )
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Choosing A Basic Approach .

Over the years theTe s been substantral debate Loncerning appro-
priate strategies for initial reading 1;15trtxctf‘§>r).. « Without reviewang the
"great debate" (see 'Chall, 1967) over decoding approaches as opposed to.
"whole word" approaches to reading, it may be seful to point out a set of
hidden assumptions that underlies the differences of opinion. Proponents
of various whole mord ap_p—roaéﬁ's- -basal reading, lapguage experience,
and s’o on--usually assume that good init:al ‘readmg should match skilled
reading performance as closely as possible. In other w‘ords. slnccl skilled
rea&ers'pro‘.e‘ss units such as words and sentences, so should beginping
readers, even if they can manage only a few words and sentences. Simalarly,
since skilTed readers interpret and apply what they are readmg', so should
beginning readers. By contrast, a decodlné er;qphasis 1n early reading
assumes that the initial job is to tearn the most generatlv‘b form of the

reading process--a forin that 1s relatively easy to learn and that allows

" the learner to later approximate the performance of skilled readers.

—

We adopt here a code -breaking 2 approach to mm{al reading; In doing
so we agree with the large majonity of Scholars-—both psychologists and .
linguists - -who argue that a fundarmemtal task of imtial regfing 1s learning
the structurat relatlonshlps between written and spoken language, that 15,
the gr,a.pheme phoneme mapping that ..haractenzes the 1anguage (see Chall,
1967; Diederich, 197 3),. While virtually all scholars concerned with read-
«ing n.ow agree that early and regular instreetion in some type oi‘code break-
ing is needed, there still exist competing theories about how code breaking
~=rtself should be taught. .'I:herc are two ma.)ora}paches, the analytic
a{ld the synthetic. The analytic’approach attémpts to tcach.knaphemq-

phoneme (orrespondences to the child by having her examine dlspla‘ys of " *

) R ‘ ’

O
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words that share and contrast major spelling patterns. The :;rnthetxc
—appréagh teaches grapheme-phoneme correspbndences directly by havmg'f
the child assemble words from phonemes, The main point of difterence
between the tuo approaches concerns whethér learners should ever be
asked to pronvunie individual phonemes outside of the.audltory context of
the entire word. Proponents of the analytic approach argue that since )
1solated phorieme:do not oceur .m natural speech. the blending process of

the synthetic approach unnecessarily and unnaturally burdens the child and

magnifies the difficulties of the learning task,

The analyt‘u megthod of teax.hm.g 8ecoding may mﬁieed avo:id the prob-
‘lem of pronouncing isolated phonemes and of blending théem. However, 1t
introduces another problem_whxgh may be even more difficult for the child.
Analytic decoding methods do not eliminate the need to abstract phonemes
from the speech stream; in fact they require that the child 2 ndegendentl

‘extract the phonemes. This detection “of phonemes requi+e-s-quite extensive

~

skills in auditory analys:is and +n general ¢oncept attainmens strategy. For
at least some children these demands are top great. By contrast, the syn-
thetic approach prowde§ direct help by indicating the units with which the

child must deal. The child's attention 18 directéd to the grapheme, and the

phonemé 1s sb{\nded, she need noﬁmer the‘ relationship independently,

Furthermore, a natural feedback syM\em 1s inherent in the process. Singe
.
phonemes do indeed normally occur .n\the environment of other phonemes

rather than in 1solation, the child can test her own verbal production (the
result of blending) against what "sounds right. ’ Fonexample, hawing

L .
blended /k/ /a/ /t/ to produce cat, she_c"an test to see whether she has
L

pronounced a word that 18 in her aural vocabulary.

. -
. v

For these general reasons, we favor a synthetic approach to decod-
.

. A4
Ing 1nstruction. However, since one of the primary pedagogic objections to

this approach has been the difficulty of learning the process of biending, we

‘have sought a means of simplifying and making more explicit the procegs of

Y. -

5 . \\" .

Q .

R J

-
Al




o
~

putting sounds together. Fur thm purpu>c, we have analyzed two possible
strategies of blending, one uommunly used 1n Amtlal teaching, and ong we

developed whale working with children who were havmg‘f difficulty in learn-

ing to read. : . - . h !

’

+ « \
“
* .

Anaﬂsxs of the Decod)ng Process

-~ -

. Iwo blending Eroccdure,s/}?xburé\ I shows the general structure of

. the two bledding ruulines we examuned. In &xuh case, the roGtine 1s capable
of decoding single -syllable, regularly spelled wprds- -the typual vocabulary
ot a‘begmmng> phoRics program. At the leit (Figuxe la), the proiedure is !

N
one 1n which the sound of each grapheme 1s given an

stored; the synthesis
occurs only after the tmal phoneme men pronounced. We Lall this the
"final blendmg> procedure, since blending 1s postponed until the \«ery last
step. Figure lb, at the right, shows a procedure for successive blending.
As soon as twd sounds are producted, they are blended, and successive pho-

. - . - f
nemes are incorporated n the blend as they are g‘ronounced.
The final blending and successive blending routines can be thought
0
S of as different ""executive programs ' that call upon the same set of decisions
and Bctions. finding graphemes in sequence (Component A}, pronount.ing

ndentAfAed graphemes (Component B), sturing (remembering) pronounced .

sounds (Component C), deciding whether more graphemes remain to be
sounded (Components.,D and E), blending (Component F), and, {inally, n‘n
each tase, matching the produced word against one's linguistic knowledge

to determine whether t}\xe word generated s an acceptable flecoding. The
two rputines differ only in the organization of these compofents, a difference

that appears to have important Lc;nsequenues for the ea f learning and

perforpng the decoding act.
. - ‘

To 1llustrate the differences between the two blending routines, let.

us use the word cats us an example and analyze the exact respects in which

ERS . | I
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the two routines differ. The <hild who uses the final blending routlm'g would

proceed as follows: /k/ /fa/ [t/ [s/ cats. The child who uses the second’

system would proceed thus: /NS Jal [ka/ /tf /xat/ /s/ /kats} cats.

Consider the contrast between the two procedures. .In the final *
blendmg rouune, each grapheme's sound 1s gwen and the fyll set of pho-
nemes 1in the word must be held in memary untll the entire word has been
"sounded out'’; only then does blendlnwg ocour. But.m the successive blend-
ing routine, blending occurs sequentially, at ‘¢ach stage at which a new pr’lo-
neme 15 pronm'mced. At no time must more than two sounds be held in

memory {the sound immediately produced and the one that d ly precedes

it) and at no ‘time must more than two 7ound units be blended. "Ihus, the

‘routines dlffer in two respects: (a) th{ maximum number of sound units to

be held in memory during decdding and (b) the maximum number of units ta
be blepded. The standard routine at the left of Figure | requires remem-
&, -
bering each of the separate units that the reader i1dentifies as graphemes,
The routine on the right never requires remembering more than two units.
. ?
- It would seem, at first glance, that while the two routines maght

produce different levels of dxfflcultﬁy for the pronunciation of long or com-
plex words, they would be about eqfally difficult for the shorter words
{usually no m(;re than three of four graphemes) that compose the beginning
reading vocabulary of any phonically oriented instruction. After all, first-
grade children normally have a memory span th§.t can easily encompass
three eléments (as shown, for example, by the digit span test of the Stanford-

Binet, which expects memory of three digits at age 3; five at age 7).

'

Tests such as the digit span, however, require only that items be
held 1n memory, Items need not be generated, and no competing processing
interferes witlt retention. Thas, however, 1s not the case during decoding.
A substantial amount of other processing must occur s:multaneousl)" with
the retention of phoneme elements. Assuming a limited working space or

¢ .

-~ ’

O
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.
"working memory' (as i1s common 1n virtually all current information-

processing theories), this additional processing®s likely to interfere with
remembering the sounds, or réhearsal of the sounds may interfere with

other processing (see Baddeley & Hitch, 1974; Posner.& Rossman, 19565),

Im either case, decoding may not succeed.

The Find Next Grapheme subroutine. The complexity of the ‘com-

.

peting processing tasks can best be appreciated by considering some of the
subroutines in‘the two blending procedures. «Figure 2 shows an analysis for
the subroutine Find Next Grapheme (Subroutine A). This subroutine is '
required because of 2 small but significant number of cases in which gr;ph-
emes consiSt of pairs of letters that canrra single sound. Such graphemes
are digraphs (e.g., <«hs, <ea> or diphthongs (e.g., <py> ). 'If the reader
neglects to look ahead in order to detect the presence of a digraph or a’
diphthong. then she éanr.lot correctly decode the word. The reader must
lirst tind the leftmost letter not yet sounded (Al). If more letters remai.:\/
{A2); she fmds'the succeeding letter (A.’:). Embedded 1n these simple state -
mefts, but not é:fpllCltly shown as subroutines, i1s a complex set of require -
, ments whuh,mv‘olves maintaining left-to-right encoding during reading an&
keeping track spatially of one's position within a word and within a line of
text. This spatial m[orman\on must be maintained ('iesl:nte the interruptions
of sounding. Thus, these simple steps place considerable de?lands upon
a beginning reader, demands that compete for processing space with the

retention of the sounded-out phonemes. e !

'

. Hav;ng focused upon two successive letters, the reader must decide
whether they form a single digraph or a diphthong (A4). Thus decision
assun‘les that the individual has 11 long-term memory a list ofdigraphs an
diphthongs with which the current letter‘sequcnce 1s matched. Presumably,
this list.s gradually \.om‘giled during thetco@rsg of learning to read and
becomes longer and longer as the acqulsltio;l of reading ability progresses.
if two letters form a dngrap;x or dnp}xthong, the'y are classified jointly as a

ERIC .9 S
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grapheme (gﬁ%\:&d the ‘target grapheme’ in the analyses) at A6, and contr.ol

+ of behavior is now re}yrr{é'dfto the ex-ecutwe program (Figure 1). 4f the two .
letters do not 1orm'a single grapheme, attention 1s returned to the f_irst A
letter identrfied 1n the sub:-outme, and that letter is classified as the'target
grapheme {AS). 'C‘ontrol 15 then returned to the executive, The return of
control signities gompleu?n of*the subroutine, the executive will now move
to the next subroutine indicated. In both the final blending and the succes-

sive bfending executivesy the next subroutine 1s Pronounce Grapheme (Sub-

routine B of Figure 1).

v
.

The Pronounce Crapheme subroutine. Figure 3 shows the subroutine

for the pronunciation oigraphemes. This subroutine assumes that a target
grapheme has been i1dentified. The pronunciation routine depends upon
whether the target grapheme 1s a consonant or a vQwel unit (Bl). Ifitis a .
conso'na‘nt, the grapheme must be meatched against a stored list that classi- ‘
fies consonants as variant c;r.lnvana.nt in pronunciation (B2). If it 1s vari-
ant (e. g., thé letter <), the next letterr 1s scanned (B3) for lnformatipn
regarding the appropriate p;-onunmatipn of the target (e.g., hard sound .f
an‘g._ follows, soft sound if an L{ollows)'. On the basis of the next letter, ,

the target grapheme 1s pronounced (B4). Cont?ol then returns, as it does

'

after any pronunciation, to the executive program. If the t%rget graphemg
- . A

is classified as a vowel (B5), 1t can be either a single vowel (B6) or a vowel

IRV

d:graph‘ or diphthong. If it 1s a digraph or‘d1phthong, then that vowel com- -
_binatign xs'pronounced (B7) wathout further scanning, since fhe Succ\eegimg
context.wﬂl n?: }ypxcally determine pronun«:tanon .m regular words. If t‘he "
target 1s a single vowel, the decoder looks at the remaining letters (B§)
and decides whethér the remaining let‘ters‘are all consonants (B9%) (e. g.,
<nt> 1in ant, or’ tchs in stretch). If so, then the target.grapheme 15: pro-

.

L]
nounced yith the short vowel sound (B10Q). If the remaining letters are not

ﬂ by ERIC
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) all consonants, the decoder note s the final e (B11), wluch 18 the only non-

.

consonant ending possible 1n regular single syllable words, and the target

.

vowel 1s pronounced with the long-vowel sound (BlZ’)

- H

' The Pronounce Grapheme subroutine will succeed 1n a large, but
*

nevertheless limited, set of word envxronments_.. JIt'assumes single syllable
words, with regular grapheme—phoneme mapp:ngs. The routine would have
to be expanded substannally to cope with certain words with very unusual
grapheme-phoneme structures. Nevertheless, the basic patterns of deci-
sions and classifications, ba>ed upon scanmng the ,surrounding graphemic
context, would undoubtedly cha,ractenze such an expanéed routine. A fur-

).

ther point 1s important to keep in mind: The subroutjine for pronouncing
graphemes does not--cannot in Engl:sh--guarmtee .a correct pronunciation.
It provides only a workable rOut(ne foxf generating a candidate pronuncxanon,
a pronuriciation that, upon. retyrf to the executive routxne, must be tested

in order to determine if a recogmzable word has been generated. If the ”
candidate pronunclanon does not produce a recogmzable word, alternate

' pronunciations will be tned Thus, fhe total program, including executive

and subroutines, can be charactenzed as a generate and-test gro,gram, a

type of program that 1s heuristic in nature and that iteratively ga@:hers and

. -
’

organtzes information. ' v
R

. - .

"The Task Analyses as Routines for Instruction

The task analyses just presented can be thought of as detailed lmypoth- .
eses that wall be effective in mstruc'txon. Several criteria that are relevant
1n selecting such routines can be derived from a general consideration of
the relationship between the structure of a task as defined by.the= subject
mattex, the ease wath which parn(cular routines can be learned or taught,
and the performance of skilled indivaduals on a task (see Resnick, in press).

\ . .
To put the case 1n 1ts Aost general form, 1tfwould seem useful to think of

«
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Aruitoxt provided by Eic:
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a "tnangul_ation” relationship between task stru«.lure/ nitial a-gqu]s:nnon ot

a skill, an‘d \skxlled pé:rformance. This relationship 1s schematized in
Figure {. As suggested by thf:z figure, a good instructidnal routine must

t;e clearly re\,ated to the structure o: the su}:.cu matter {the A-B relation-
ship}. The mstrugnonal routine, once ac mred must alao put the learner *
1n 3 position to move to more skilled or ffuent performance such as char-
acterizes skilled individuals (the B-C refationship). Skilled performance,
in turn, will also refleci the structure ¢f the subject matter, but at a dif-

ferent level: 1t will include efficiencie$ based on the elimination of redun-

dant steps, the use of larger units of Anformation, and so.forth. This set
of relationships suggests the foll'oqug criteria for a good instructional

routine: . /

/
The routine must embbdy a good representation of the subject
matter structure.

ve

The routine must be teachable with relative ease,
The routine as taught must be transformable 1nto the more
efficient routines of the skilled individual.
Let us elaborate somewhat on each of these crxtena, suggesting how
the present analyses mcet them and describing how the analyses have 1influ-

/
enced 1nstructional detisions.

Representation of subject matter. The Decoding routmes discussed

earlier represent grapheme-phoneme coru’\sp?ndences {the subject matter)
3

in the form of an "idealized" performance, THe routines include a repre-

sentation of the grapheme structure, as opposea to single-letter structure,
of Enghsh (as in the Find Next Grapheme subrOuhne) They show how the,

surrnundxng graphemic sontext affe\.ts ,pronunciation of any single grapheme
(in the Pronounce Grapheme subrOutme) In fact, the explicitness of these
representations suggests quite strongly the order in which specific symbol/
sound {orrespondences should be introduced in instruction. This 18 a cen-
tral decision 1n the design of any decoding-oriented program. Two criteria

* ' » s
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Figure 4, Relations betwnn'mchmg routines, performance routines, and structure of
subject ma;ter ,
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are tradmonally‘ used. {a) the ease with which a gn-en symbol/sound cor-
respondence can be learned, and (b) the utility of a grapheme, in c>on_|unc-
tic;n with other graphemes, 1n generating meamngiul and possibly pictureable
words. The first (riterion in particular suggests-that.hllgh\ly “regular’ and
simple graphemes should dominate the early phases of instruction. This
would usually mean invariantly pronounced consonants and only a sx-ngle,
usually the short,,\«owel sound. It would also mean single letters as opposed
to dxgra})hs. The analyses of the Find Next Grapheme and Pronoulnce Graph-
eme subrounnés (Fxgure\s 2 'and 3) suggest, however, that this strategy may
hinder a (hild's subsequent reading progress by discouraging scanning ahead
to identify graphemes and their pronunciations, behavior that i1s character-
istic to both routines. In our curriculum, therefore, examples of consonant
anfi, v0\’vel digraphs are included (‘Iax‘ly 1n the graphemic sequence, as are
boih’ short and long single vowel pronunuanonBa{ter’ns. Thus, even when
‘e‘xposed to a relhtively limited and regularly patterned corpus of words, the
child learns that readi/ng involves a sqarch;ng ahead for information and that

1t cannot be performed as merely a chain of responses.

Teachability. O.ur comparison of the final and successive blending
procedures, we believe, sti’ongly .suggests the advantages of the latSei' pro-
cedure. The advantage of successive .blendmg lies essentially 1n the r;d‘uu
tion of memory load, whxc‘h for many chll(l‘h‘en may make the difference
botween\a learnable and an unlearnable word attack routine. For this reason

N N -
we systematically teach the successive blending routing in our program.

Transformabilit& Skilled readers do not often go through a decod-
ing process as.detailed as the one we have shown. They do not usually

read in l;ztter or graphemic umits, ;"In fact, the speed at which normal skilled
reading occurs suggests that for Much reading there may nlot be a full inter-
vening traaslatiun into an audlto;y fo;'m.: E;en when they encounter difficult
words, skilled readers are likely to al:xalyze the words in terms of syllabnc.\b_:‘

or morphemit units rather than graphemes.

16
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Although the units change, it seems reasonable to suggest that the

basic tlow of generating and combining sounds 1s probably the same for
advanced as for beginning readers. It would be simple, for example, to
rewrite Figure 1. su'bsutu-nng the more general tefm unit for grapheme
and’&t_e_r. Thus, subroutine A would Tead Find Next Unit, B would read
Pronounce Unit, D woull read Any Mare Units® Storing sounds, blending
them, and testyng them agamst aural vocabulary would progeed much a3
shown in Figure 1. The emergence of larger units need not be left wholly ’
to hance. Several instructional strategies can assist learners in early
expansuen of their units of analysis. One strategy is to use spelling pattern
and si«llable recognition exercises, A second 1s the gradual buildup of a
demand for faster reading, thus encouraging children to prOce ss in larger,
and therefore fewer, units. A thirdis an early focus upon readmg for com-
prehenswn, even of very mmgle, single line texts, so that the child's atten-

tion 18 focused on finding units that cue meaning. All of these technijues

.

are woven into the earhiest segments of our program.

4 Deve.lopment' of a large and easily accessed word x:ecogmtlon vocab-
ulary s crucial to the eventual evolution of reading fluency. To encourage
Ehxs development, explicit attention 1s paid in our program to moving \;JOl‘dS
that have been 1nitially learned through soundmg and blending into'a recog-
nition vocabulary. Immedlately after a new phonemxc element has been
learned, \';vords containiff®hat elément are used in the_ texts with speclalv
frequency. Thls’i'ngh frequency of occurrence leads most children to
recogmze the words without using any word attack rounnes. A few children
need special help in building recognmon vocabulary, and this is offered via

‘games and additional simple texts. L ’ -

. . .

Testing the Validity of Instructional Hypotheses . -

N We have said that the analyses presentéd here consmute hypotheses,

expressed as information-processing roatines, for effective 1nstrugnon.
K . .

-
.
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How would one go about testmg these hypotheses. thus \ahdatmg the rou-

- tines for mstrucnonal usé?

We have already tried to show that the routines presented embody a
reasonable representanon of the grapheme-phoneme eorrespondences that
constitute the subject matter of initial reading. Thus, the first criterion
for a good instructional routine (see p. I4) h;s been met;—atnleast to the
degree that ouf earlier dLscussio‘r‘l has been convincing. The next requxr‘e-
ment for validation would be to establish the teachability of);he reutmes =

(our second criterion) by teaching them to a variety of different kinds of

learners. The third criterion for an effective unstructional roltine requires-

that it be transformable into a more skilled and automatic performance.

This criterion demands a more complex approach to validation, combintng.
controlled instruction in decoding with systematic observation and simulation

~ -
of decoding behavior of individuals over time. The strategy we propose
e .

| includes the following steps: -

l. Teach the hypothesized routines in a highly controlled way to”
insure that the routines used by the child at the outset of instruction are
the ones shown in our ana'{yses. _As part of this instruction, we wox:ld
require overt performancéo?the decoding routines. Simultaneously,
write coméuter sin‘mlanoﬁ programs for the hypothesized instructional .
r.ou,t.iz\_e_s._ At this stage; we would expect a close match between computer
outputs in reading words and the performance of children 1n the instruc-
tional program, That is, they should make similar errors, and, to the
extent they are measurable, requ‘xret’similar latencies,

£y

2. Gradually loosen our demands on the child for overt decoding per-
formance in order to allow the transformation process to take p}ace, that .
ig, allow larger units and direct word recognition to emeige. As these
transformations occur, we would expect the match between the comi:utex:Ls

A . .
. .

e

: i T




and the child's performance to decline, since the computer would still be
! \ P e N

per_formmg the 1nitial instructional routine.

P

3. Ne-xt, atfempt to vary parameters of the sxrﬁulatton" br‘ggrams n
an attempt to regaln the match between human and progrgm performance,
preferdbly for individual chxldren. We mught, for example, introduce a
larger number of possxble pronuncxations for certain graphemes. . We ’
mxg.‘ht «.hgnge the ‘unit” of decoding fr;tﬁ*grapl{emes to spelling patterns
(e.g., -J, -ate, 2tc. J. We might put ilnto the model a 1arge’r aural recog-
nition vor.abufary or a 1arger sight recognition word hst 'I"he aim of this
model adJusa}nent would be to produce as detaxled a desr.nptwn of perform-

ance at dliferyé?t stages'of the learning process as p_ps‘s%ble.
‘ g % . : \
A research program of this kind wauld involve a series of tests of

reading models based on reading instruction of & particular kind. We

B

believe the s:mulatioxﬁ models.can be bu:lt', although v;e‘ do not yet have

- vy
them m running (i.e. ,% ‘sufficient") form. We do already have, however,

the controtled teachmg gtrateg:es required.
- v A}

¢ . . v .

"

Y The hInétructxon.al Strategies ».k

‘ We can describe briefly these instructiohal strategies, in order to
)

sonvey the.ir flavor and to suggest the likelihodd that children experiencing

them will indeed 1earn the routines taught. We will de3cnbe two of the‘
initial teaching strategxes included in our program. . Each 1s desxgned (Qr
teacher- 1ed small group instruction and uses a series of steps to guude the

chlld from 1m1tatxon of the teacher to independent performance.

. 2 g
Teachlng theirapheme]ghoneme correspondences. In this sequence,

teache(s give simple, direct statements to\chxldren and fade prompts
L ., N¢
. . w

. . -

\_‘“' \

h

ZThe material in this section is taken dx ectly, with minor stylistic ‘
changes, from Beck and Mltrofi (1972 PP- 44-4 )' .

19
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deliberately and systematiclly. Techplques for teaching symbol/sound

- correspondences are as follows:
]

. The tedeher models the 1solated sound. * BT
.
2. The children imitate the model.  “
3. The teacher models the sound again, this time pointing to the 5
symbol (the letter on a printed card). v

4. The chxldren 1m1tate the model sound; while looking at the sym~

bol. Concurrent with the children's imatation, the teacher .

—~  mouths the sound silently. In doing this, the tgacher consciously *
. s
establishes a cue ersprompt. N

R

: b 3

5. The children produce the ‘sound to match the symbotl, without
the spoken model, but with the silent mouthing cue.

6. The teacher fades the s:lent mouthing cue as the chxldren pro-
duce the sound. .

7. The children produce the symbol/sound correspondénce inde-

pendently. . . > .

Compare the directness of the above with the indirectness and mis-

i o~

cl;eing of the .following procedure), obséerd in a traditional glassroom of an
’expei'ienced teacher. The teacher held up a card with ..m_ér;vr‘xted on 1t and

said, "This is an m. The name of the letter is m bui the gound 1; /m/, as

in mmmmountam. I*want to hear evevyone say it. " One child said em,

two said /m/, another said "mmmmotntain."' The teacher sald "No, I

want you to say the soung. LlStCﬂ,. /m/ as in mmmmountam, mmmmother,
'mmmmonkey. '* Who can think of another /m/ word” " l-'l'ands went up, One
child said, ' 'Mmary' hke my name. " Teacher: ''Good, Mmary.. Any others” "
A second child said, "We went to the mountains or:ce. It was-our vacatxon

and we slept in a tent. "' With. so many concepts floatmg about, only the most «

sophnstxcated child. could extract the relevant miormatxon from the lessbn.

. .

Traxmng in the techniques of prégrammed teaching as described above can

_ enable a teacher td instruct children m the basic skms thh more precision,
. . LA T

.

Teaching bﬂlendu_g_g_.' Once five ’symbol/sound correspondences are

established, they are'immediately used to blend real words. A precise

. ~
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. program for teaching the blending routine has been prepared for this pu‘r-'L_
pose. You will perhaps have noted that our task analyses did not include
a detailed su'brOutlne for blending. This is because we know of no reason-
ably elaborated theory for how humans manage to recognize the equlzvalence
of the single sound (e. g., /ka/) and the separate phqnemes {e.g. ,' /k/ and
{al). We know only. that the equivalence 1s a difficult one ard that the
ability to recognize 1it, 'and therefore produce a blend, becomes greater
with greater experience. In the absence of a strong hypothesis concerning
the cogmtive processés'_mvolved, a visual/motor analZ)gue of the blending
oberatxon helps toorgamze the process for ti;g child, We have therefore

' deVeloped axfomewhat ritualized blending procedure in which m'otor acts
accompany thwe oral blending. ’fhese motor acts provide an external repre-

sentation of what goes on during the blending process.

For example, [or the word cat the ch1ld perfo,rmmg the blending

px‘ogedure independently would: .

Point to the ¢ and say /k/.
" Point to the a and say /a/. .
Slow{y slide her finger under the ca and say /ka/sl’owly. -
Quickly slide her finger umder‘he ca dnd say. /ka'./quickly.
Point to the t and say /t/, .
Slowly .;,lxde her finger under cat and say /kat/ slowly;.

' Circle the word with her finger and say, "The word is _c;a_t_. "

The techmques for teaching the blending procedure include steps
that lead t‘he <hild from imitating the procedure toward performing it inde-
pendently, Essentially, the teacher repeats the hnl;mg and blending of
sounds three times. At each repetition, the teacher performs less of.'the
procéss a‘nd gives greater responsibility to the child. At the er;d of the'
sequence, the child demonstrates the procedure by h_er_self. More §pecif:

ically:

mic L Voo

Aruitoxt provided by Eic:




l. The teacher models the blending procedure, He3 models the soundg
and the blends and uses finger- pointing procedures and mtermttent
verbal dn‘e‘chons

2. The children imitate the model while the teacher repeats béth the ver-
bal cues and the finger cues to assist them.

- . *
' 1]

3. The teagher repeats the procedure, but this time does not model the *
-sounds of the blends. He gives only the verBal cues and the tinger
cues to assist, .

+ 4. The procedure is repeated This time,. the teacher drops the verbal
cues. He gives only x‘xnger cues (i.e., the prompts are faded). o

. 5. The child performs the pownting, soundmg, and blendmg steps inde-
pendently. . . , R
oi
. A strong advantage of this blending procedure for the teacher 1s the

: precise information it provides in/Tocating an error. If a child makes an

error while pe‘rf\o,rming the proc dure,.the teacher kn-ow§ exactly where

the éXror 1s, that is, whic in the process 1s incorrect, With this J

kil:ld of precige ‘inx‘orma\'o y the teacher can give the '&.nld a direct prompt.
For example, if,the child's inability to prondunce a word was cause\d by a
substituted or omxtted phoneme, the teacher “would point to the letter and *
ask the child to say its sound If she hes:rated he would prompt her w1th
a silent mouthing cue. If necessary, he would model the? sound, If the

. er.rgr was 1n a blend {e.g., the ca in cat), he would run his finger under

o the ca am} ask the child t¢.say the blend he. would cue the blend if the child-
hesxtated and n’necessary he would model the blend. ’I‘hts kind of "pre -
cxse anformanon helps 'thc teacher adapt his behavior to the precise needs °
of the individual child, . ‘ -

A ’ ) '\ .

— v
- sp 3 K
Throughout'this paper,,'but partxculatly in thRs se@on, we refer to

the teacher as "he, ' to the child as "she." W& do this me rely to ensure

blant:y of exposition and intend no prejidice against female teachers and
male children,

¢

¢
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Context and Comprehension in Early Reading
Al . . kY .e
We will turn 1n a moment to a considerat of the gereral processes

of reading tomprehpnsxo.n. But it"is fmportant first tos consxder the role of
comprehension in early reading behavior. Learmng to read 18 ndt a matter
of learning to retogmze words and then learning tp comprehend. Rather, /it
1s a matter "of learning to recogmaze words in order to comprehend We have
already :,uu,ested thal, in initial de‘coding, wqr'a recogmtxon and some level
*of comprehension are closely .\nterdependent. The decoding process invalves
testing a blended word agamst,onels existing aural retogmt_ion vocabulary.

A simple extension, one we will discuss m"or'é fully in a thoment, 18 that
the‘cand1dae‘1te word 1s tested for suxtabxlity to the immediate context. This
testing in fact forms an integral part of the word attack process, él,though we
have not shown.it in our models %et. Many chxldren——pe;:haps most-- appear
to engage in 1hxs,-test1ng nal:urally, once they recognize that prmted 1anguage
i1s a schematic map of the spoken language they already know. The process

a1
owever, by xnstruction that at a very early“stage draws

'
.

to context--for example by requlrlng the chxld to choose

can be assisted,

attention exp11c1t1
.the ''best f1tt1ng of two we;rds for a given context, or by requ1r1ng her to
indicate whigh pecific segments of a text provide erues to 2 word's meamng.
A varxety of act1v1t1es of th1s kind are 1nc1uded 1h our program from the ‘
earlxest lessons. In addxtxon, as the lessons progress and as 1ncreasmg
v’otabulary and :fluenc.y are developed afew simple camprehens:on activities

.are 1ntroduted buch as selectmg the best fitting p1cture for a text of several

lines, or following directions of several sentenc.es length. These achvxt:es

'
~a

are not mtended to teach comprehensxon systematxcally Rather, they help’
the reader to keep alert to the details of the text'and to maintain a meaibag—

detection rather than a word r‘oeognmon orientation toward the process of

reading. -~ ~ . N ¢ R \ (
' . ~ ~ ‘
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. Reading Comprehension: Mapping the Domain

. )

g We turn now to the possibilities for creat.m'g models. of reading com-. .
prehEnswr\processes thamselves. Whil¢ we cannot yet offe'r, models as -
dctaxled as thdse we have proposed for degodmg, we can'point with some
optm:nsm to work elsewher\y:it may provide deeper understanding of
i'angu:age comprehension in geNeral and that may thus provide a basis for
modéls of text co'mprehensxon. Such work includes artificaal mtelhgem.e T~
efforts on sentence processing (e.g., .Wmograd, 1972) and story compre-
hensxon (Charmak 1972), sxmulauon models of the understandmg of verbal
mstrucnons (Hayes & Simon, 1973}, and mureasmg empirical work on )

natural lan.guage and text proce ssmg.

. -«
What we can offer here 15 not a formal model, but a general map of

the reading gomprehensxoéZomam, a de s‘.nptlon that c@n direct attention
to 1mpoxtaht psy\.hologual

syfilitional 1ssues that shg)uld be addressed.

Fxgux’e 5.s such a map. represents the hypothesuzed ﬂo»g of behavior for,
an effective rgader ’read' mode rately dufficult text. The mdw:xdu_al maght
be a third grader readi socxal studies text deahng with prehxstorn.

animals or a college®étudent reading this paper. ‘
\ . -

Although much less specific than the .models shown earlier, Figure
.5 retains t}:e flow diagram format, becausé c:f the usefulness of this format
in'displaying the decision-making gequences that we assume to be charac-
terigtic of cdmprehensi?n activity. Like the earlier analyses, Figure 5
‘.ontams two~kinds of statements. direction statements (rectangular boxes)

[ - v

and quenes (dAamonds) Usmg the computer program analogy, the dxrect:on
LY

\ statements can be \.Onsxdered as Subprograms that can be actxyated by the

‘by the more general "reading'’ program. The queries are decixsxon points

at which the program assesses its own state and /decides’ whether to con-.

t%rme or to er‘xter a"correction loop in which more information 1s. sought. '

These.decisions aﬁe uot necessapily conscious. Rather, they represent
- . .
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points at which the reader recognizes that de¢per processing is needed for
comprehenslon purposes. The top line of the figure describes the flow of «
processing and self- momtox;:ng fog a reader who encounters no dxfﬁcultles
a.§ alk 1n the course of-reading. This™is a rare occasion, of course. Most
!requently. readers will encounter occasional difficultied 1n recoghizing
WOx'ds or in mterpretlng n—;eamng. these difficulties require readers to
search for iurther :nformat:on. These searches are described, in quite
general terms, in the ﬂsequences s_bc;wn below Queéries 1 through 4.

An ongoing text processing activity is assumed (the Process Text
boxes in the top line). This processing actxvxty 15 interrupted-By occasxons
on which the reader decides she has madequate information and imtiates g,
search for just enough ;nforrnatxon to satisfy her demands for ah adequate

level of comprehehsxon The ﬁrst such. interruption 1s for an unrecognrzed

.

word (Query 1) It is 1mportant to note that a skilled reader will probably
“not 1nterrupt readlng for every unchogmzed word nor may she evenﬁattend ‘
Y to every separate word in the text (see Goodman, 1970). However, acer-
tain "adequate’ level of word recognition is, required, and even skilled
readers will occasionally encounter unrecognized words that are szghxﬁc.ant
to the general meaning of the text and that necessitate the use.of word attack

"skills. to decode the word. The word attack strand as shown here 1s a very .

N

condensed statement of the decoding routines discussed 1n the fu'st part of
“. the paper. . Boxes 1A and 1B are surnmaries of all of the materxal in F1gures

“ 1.3 ‘Decw.sxon 1C represents a check for the prOnounced word's semantic

.pnd synt-aetlc suitability for the context. if an acceptable word has been -

~ found, the reader return$ to the mam text processing flow, othermse, the

reader must decide whether to conhnue readmg with she word stxll’ unclear

(1D) or to seek :nformatxon from an outsidé source, The "out31de source"

for a decoding problem {s likely to be another person, although ﬁndmg the
¢

same word in another context sometimes solves the problem.

-
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prehension to warrant further information search (Query 2).

The second. 1hterruptlon mdxcated occurs when a word 1s sounded

é—
. wh:ch has an unclear meaning and which appea.m important enough for com-

-

We assume

¢ that-the most frequent first response under these conditions is to read ahead

a. little, searching for context that will suggest a meamng (2A).

The success

of this context search is tested at ‘.B Success sends the reader back into

[

the main processing strand, while [axlure gives her the same choices as
N

» before.
Al -

sourve.
as well as gther people, although ot
'least cffort"

thh wonds unelartfted‘ may

; . .
tu continue reading with the word unclear, or to utilize an outside

Dictionaries, glossarxes, and so on are available as outside sources,
M

soyree.

peo'ple may rerpain the preierred
We will ée in a QOent that the decision to continue

iect subsequent proo.essmg. Nevertheless, it

requ:red for a partu./u ar task and upon the degree of ififormation redundam.y

B [

- clause whose meaning 1s not completely clear.

At Query 3, processing'is interrupted by awareness of a sentence or

The reader’s first action is

V!

prtxbably to reread the sentem.e and to test for success in gammg meaning

(3A and 3B).

If simple rereadxng faxls, a next reasonable test would be to

determune whether individual words--perha.ps thdse deliberately left unelear

1n early decisions--are thesgource of difficulty (3C), if so, then the word

\

sente nc,e.

i meamng strand 18 entered.

If individual words are not the problem, atten-,

tion must next be {8cused upon the syntactm and semantxc struciure of the

The sentence must be parsed to reveal its bas;c structure (3D).

This is a t.omplex and still incompletely understood proeeas, although somge

current models for sentence parging (e.g., Winograd,

basis for understanding this aspect of reading behavior. .

1972) may offer a

-

If parsing is suc-

cessful in reveahng meaning {3E), then the reader reenters the main

pro:.essmg strand, if parsing fails, then a number of decisions similar to

those for individual erds probably occur.

.The reager may ‘decide to pro-

« ceed with the sentenc.c unclear (3H) or may turn to an outsde source (31).,

O
E
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We come finally, at Query 4, to’a sitwation in which an entire sec-

txon$(f<.>r example a paragraph or a chapter) s judged unclear. As for sen-
tences, the first likely act 1s rereading (44). Next, unclear words (4C) or
unclear sentences {4D) may be the source of difficulty. If so, the reader

returns to the word meaning or sentence meaning strands. If neither of

these Qeéms to be the cause of difficulty, a set of further tests may occur.

T}}freader may try to decide whether the present difficuity 1s due to her

'ovm unfamiliarity with the concepts discussed in the ttzxt (4E;. If this seems
a likelx cause, perhaps 1t 1s due {6 incomplete processxn?; of earlier parts
of the text (4F), 1n which case rereading the earlie r_part.s (4G) m'ay help.

’ If the difficulties do not appear to reside in the reader"s unfamliarity with *
the concepts (a '"no" a.nswer at 4E), the skilled reader may begx-n to wonder
whether the text itself is so poorly written that 1t is the cause of the problem'- -
(4J). She may then try to impose order on thsgtext $.4K). If all of these te's,t's,-
.and actions’ fz}il to produce gl’anﬁcation {a "no” answer: at 47 anci 4H), a
fundamental decision must finally be made--whether to strugglé ahea;i a:ny-
way. We suspect that many children in schoal do struggle through, vﬁth’
very little comprehénfion, sxmély because they have been told to read some-
thing. People reading independently will rarely do this, nor would we rea- .

.

sonably expect them to. N -7 8

’
’

The modeél we have presented here, as we -sta.ted at tlte outset,
represents only a general mapping of readmg prOces"és. It suggestsin ..
broad terms thé probable major components of the reading process and
how these components mlght mteract. xt does not attempt to describe the .

proce sses in detail. Some simplifying’ assumptxons have been made. For

a \/J

example, we assume a highly motxvated reader. We also assume the

avaxlabllxty of an outside source foﬁ help--an assumptxon that 1s not aIWays
flllflllcd Tn school reading 31tuahons. Further, we have depicted deliberate

"decxs:ons" for situatxons in whxch, choices are probably made much less

explicxtly Nevertheless. even in thxs sxmphfted outline state, we belhieve
[\A I A e ‘
Nees / .
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the model as presentcé helps to make evident certa.n 1mportant_j'eatl‘xres of
reading. Perhaps the most important feature 1s the mdetcrmma’cy of the
process, its trial and error character. Reading 1s not an atgor:thm‘xc
process in which straightforward application ol a set of rules or procédures
will invariably yield comprehension o% a text. Rather, it1s a kind of inter-
.ac./t,L\on with a. text, an interaction 1n which information 1s sought at various
levels of specificity and 1n which a gradual reduction in "unknowns' is

sought as more™and morg,of the text is processed.

One general suggéstion for readrhg instruction that emerges from
thys characterization 1s that readers be o ﬁhutly taught some of ihe self-
monitering strategies implied by the model\ Even i1f we are still unable to
specify the details for some of the processes utlined, 1t seems likely tha.t
alerting readers to the kmds of difficulty that m¥%y be encountered and to
some broad strategies for dealing with the difficulties may be very power-
ful. Recent work in mathematical problem solving Su'ggests that self-

consciousness about goals and overt planning can increase suce.ess (e.g.,

Greeno, 1973; Resnick & Glaser, in press) Some of the same pnnc:ples

ere probably applicable to reading. What the present mode! outhnes g.re 'i‘
" some of tHe strategies for conducting the interaction, and these strategAes(

are shown to be heun;nc--t)hat 18, to depend on the reader's judgment along

thexway concerning how well she is gathcnng(.and interpreting the ngcessa’ry

information. . - ' "

The model al,ao Suggests that read;ng 18 a very context- bOund activxty,

that 18, that the charactensucs of the text wall ha.ve a very grea.t gffect '

upon what c.onsntutes an effective reading strategy. Thus, there 18 no '}
smglc way to read well. Even the most skxllcd of rcaders will somehmes
cnc.mmtcr texts that are not Rrocessed mthout considerable search activity.
Furthcr, SuLLess in readmg 13 partly knowledge-bound. Much depends upon
the knowledge the rcadcr bnngs to the text. Unfamiliarity with the subject-

matter concepts is often a cause of dx[fu.ulty in comprehension, unless'the

» ¢ . , . ‘e
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text is explicitly designed to introduce the reader to a new substantive area.

The instructional implication is that reading comprehension may best be

taught in the context of a variety of subject matter rather than as a separate

discipline, 1n order to allow the acquisition of a broad range of knowledge

%
as the basis for effective reading. s

\

Next Steps

M

We ha.v&“é)ffered a genera.l proposal about the relationship between

psychologital theory--especially information-processing, descriptions of

complex tasks--and the design of instruction.

in which rational analyses of reading were developed in response to questions

We have described a process

rai.scd by p}oblc;ns of instruction, and we have shown some of the ways in

which these models have guided'the design of:a reading program. Our

models mu$ét be regarded as hypolhcscs for the moment, since we have not -

offcred firm evidence of thcu‘ validity as descriptions o h0w people read.

But we have suggested.a strategy for testing them.

The strategy proposed is an iterative one: modcl/bx‘nldlng and refine-

ment, based onfinstructional efforts.

- \
We believe that attention to modeling

the reading process will become \L\Ercasmgly important as instructional

effdrts in reading shift focus from decoding to the syntactic and semantic

processes involved in comprehcnsxon. In this _paper we have attempted to’

‘show that even tfxe relatively simple skills of word attack involve heuristics

of judgment and self-monitoring. Such is even more strongly the case for {,

comprehension skills, and for this reason careful theory generation and
AN . . v » N

. testing is especially required. Our current capaity to describe what 1s to-

‘be taught In the way of c.ompr'cincnsion abilities 18 éxtremely hn;ntcd. The

“\ /. +
best we now have are taxonotrues, lists of classes of stimuli and classes of

responses, sometimes ordered according to relativ atfflculty or complex-

ity. Until wé "look inside" to fird o\\t what processed
y . u p
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that now fill children's intermediate and middle school days but that segm

to fail so many children so badly.

At the risk of prediction made too soon, we would like to suggest
that instruction based on models of language comprehension,; such as are ’ ‘ -
now beginmng to emerge from both experimental cognitive work and rela&d
computer modéling, 1s likely to _§1ffer significantly from what we now know
in reading comprehension. First, we ard lLikely to focus hea'vily on helping
children build exténswe bodies of knowledge that will help them interpret
the new materials they ‘encounter n wnt.ten texts, this ’Qll mean less reliance
Qn collections of brief, unrelated. reading selections in favor of ;xtended read-
ing and related experiences in a few areas of interest. Sec‘?nd, we are lik;b/—,
to teach children general strategies of reasoning and thinking, sin¢e 1t —
appears unlikely that comprehension of written material will tnvolve totally

different processes than compreherisxon.oi,oral lanéuage. Third, we will

probably Lea‘gh Children mo.re explicit mediational strategies f ?rgnmz.mg
and remembering what they read (strategies such as visual rmaging, sel}-
questiomng, regrouping of information, etc.). Fourth, we ate l‘i ly to try
to help.chxldre; b¢come aware of their language processes and cal] deliber-
ately on their most effective strategies. We will seek, in otherx wo-t:c'is, to
establish what might be called a Sysiem of "meta-comprehensxé:n" b;l ‘which

children can monitor and organize their own comptehension processes.

N
, . . , an
- . o . §
Such are our predictions. Our, prescription for the next step 1s to \ \
p ¢\
begin testing these predictions, intensifying for complex comprehension N
skills the sterative process of model building, 1nstructional design, and ¢
5 f, y - . S = ¢
experimental testing that 18 now well begun for initial reading. _ 3
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