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Chapter 13
HOW DOES
ORTHOGRAPHIC
STRUCTURE FACILITATE
READING?

Dominic Massaro

It is well-known that the psychological processing of letter serings is facili-
tated o the extent the sirings approximate the natural orthography, the
rudes of spelling of the written language, This result implies that readers
ulHize in some form the struciural consiraints given by rules during one or
more processing stages in reading. The letters in a string conforming to the
arthography are parially predictable o redundant when the visual infor-
mation ks incomplete. The goal of this chapler is 1o evaluste how knowledge
about orihographic structure is represented and how 1l supplements visual
lever information, This assessment is carried oul within a general model of
the pracessing stages in reading.,

PROCESSING STAGES IN READING

A schemadic representation of processing stages In reading B shown in
Figure 1. At cach srage of processing, memory and process componcnis are
represenied. The memory component corresponds 1o the information avail-
gble 1o the syitem at a particular stage of processing. The process compo-
nent corresponds to the procedural operations on the information held by
the memory component. In addition to the lemporary memory WTeclures,
lxmg-term memsory contfibules an addithonal source of mformation ol somc
of the processing stages. The model will be elaborated simultaneously with
the evaluation of how orthographic gructure facilitates reading processes.

FEATURE BHETECTIONN

A prnnied patiern is firsi iransduced by the viswal recepror system and 1he
fedture detection process detects Eeatures which are then siored in preper-
cepiual visual storage. One of the simplest views of the contribution of or-
thographic structure is that experience with written language modifies the
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feature detection process. Given this view, it is possible that orthographic
Hruciure enhances the visual leature analysis of the letters in a siring.
Familiar or frequent orthographic contexts might facilitate feature analysis
ol the component letters, Orthography may also be exploited to guide
feature analysis; recognilion of some letters may guide the feature analysis
of other letters in the pattern. Accordingly, readers would resolve a greater
number of letter features or would obiain better resolution of the features
to the extent that the siring contains comman letler sequences. Another
possibility is that experience with ceriain leter patterns allows the establish-
ment of visual features that are defined across adjacent letters. These supra-
better Features would make available additional visual information (o the ex.
tent the letter string is redundant. The distinguishing characteristic of these
mechanisms ks that orthographic stoucture directly modifies the featural
processing of visual information that the reader has available in reading.

Enbanced Feature Deleciion

Although it may seem reasonable, there is no evidence that orthographic re-
dundancy enhances the detection of visun! features of [&ters. The mos
direct 1est of the idea was carried oul aboul 4 decade ago. Earhard {196H)
asked subjects 1o indicate whetler ar ned one of the lelters in o string was
thinnegr than the other letters, The letier strings were cither wonds or eandom
fenter sirings, The sirings were presenied ail Towr different durations suffi-
cient 1o cover the range from chance to perfect performance, There was ab-
solutely no difference in tachistoscopie recognition of a thin letter belween
the word and random Petter sirings a1t any of the Tour exposure durations,
These resulis argue that the vivual system ks se? mare finely tuned 1o visual
features in common rather than in uncommon, letler patierns.
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Earhard's resulis antedated iwo independent sfudies carried out by
Krueger and Shapivo (1978) and Massaro {in press). Inothe Krocger and Sha-
piro study, subjects monitored Hsts of Hems presenled ope item &l & time at
varying rates of presentation. One-half of the liss of lems were composed
of six-lenter words: the other one-hall were lists of sis-letter nonwords. In
one experiment, subjects indicated whether a mutilated A or mutilated £
appeared in a list, Performance was more accurate Tor word than for non-
word lists. This result might be interpreted 1o mean that the word context
enhanced the feature detection of the mutilmed letter; however, enhanced
pefformance with words may have resulied from the redundancy of the
wird context contribuiing to the imerpretation of whether o mutilated letier
wits an A or an £, {The role of redundancy and interpretation is developed
more fully in the section *"Primary Recopnition.")

To provide o more direct test of whether orthographic redundancy en-
hances feature detection, Kroeger and Shapiro replicated their study b
now eliminated any possible contribution of an interprermion advaniage for
words, In this experiment, subjects had ro detect simply wheiler or not a
munilated A occurred. This task, therefare, directly taps how well |he sub-
jeet deteets a mutilation and performance cannot be infuenced by what the
mutilated letter i interpreted (o be. Mo perlormance differences were found
s 4 function of word or nonword Rsts, This result indicates that detection
of o mutilation was nol modificd by orthegraphic context, in agreemen
with the idea that orthegraphic contest does oot modify feature analysis,

Alazsaro’s experiment involved the independent variation of 1he visual
information about a letder and its orihographic context in o femer perception
task. Consider the lbowercase letters ¢ and . As can be seen by reading down
a cofumn of six items in Figure 2, 1 is possible 1o gradually transform the ¢
inte an ¢ by extending the horizontal bar. To the extent the bar is long, the
letter resembles e and not . 18 the leter i now presented as the first letter in
the comtext =oim, the context would suppon ¢ but noa e, Only ¢ s ortho-
graphically legal in this context sinee three consecutive wowels would weally
violate English orthography. This condition is defined as e illegal and e legal
(eae). Only ¢ is valid in the context -afif singe the cluster o is an invalid
initial English pattern. In this case, ihe contexi -off Tavors @ (eAR). The
conmlexts =f5e and -asf can be considered 1o favor netther ¢ noe o The first
remains as illegal context whether ¢ or ¢ bs present (EALL and the second Is
of hographically legal for both ¢ and ¢ (eAc).

The experiment factorially combined six levels of bar length with these
four levels of onhographic context, giving 4 1otal of 24 expenimental condi-
tions. The test leter was also presented at each of the four letter positions in
each of the four contexts giving a total of 96 items. The test string was pire-
senied for A short duration followed after some shoet interval by a masking
stimulus composed of random letter features, In all cases, the subject indi-
ciated whether an ¢ of ¢ was presented i ihe test display,
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The experiment provides a direct 1631 of whether onthographlc comext
influences the fenture detection process. One direet measure of featwre reso-
lution in the present experiment is the degree to which the reader can dis-
criminate the bar length of the test letter. This discrimination can be in-
dexed in the present experiment by the degrees of differential responding (o
the suceessive levels of the bar length of the test letter. Better resolution of
the 1es better 15 assumed bo occur 1o the extent the subject responds ¢ 10 one
lengih and ¢ to anoiher. In the {ehc) context, both letters spell words
wherens neither letter spells o word in the (EAZ) context, IT the word contest
influences Teature deiecibon, then ihe diserimination of bar length should
dilfer in the word and nonword contexts.

The visual resclution of the test letter should be critically dependent on
the arthographic coniext if the latter modifies feamure defection. An index
of the discriminability of the bar kength of the test letter [ given by d" and
can be derived from the identification responses (Brajda & Durlach, 1972).
The probabilities of responding ¢ 1o each of the six levels af bar length dare
tramsformed 1o z:scores, The d* walue berween two adjacent levels of the
bar length b simply the difference between the respective fscores, Cumulai-
ing these successive d distances across the levels of bar length gives a cumu-
lative d* discrimination function. The subject shows good discrimination of
bar lengih 10 the extent tho cumulntive d° values are large,

As can be seen in Figure 3 there is no consistent effect ol onthographic
context on the cumulative d* values. These results indicate that the diserimi-
nation of bar length of the test ketter did not change with context. The ob-
served equivalence between the both legal and both Hlegal contexts s direct
evidence against the idea that contexi modifies feature detection. Subjects
should have performed differently in the both legal than in the both illegal
contexis since these models assume that the context modifies lower-level
feature analyses, and therefoee, the discriminability of bar length.

Ope might question whether the cumulative d° walues are sensitive
measures of the visunl resolutbon of the target letier. Evidenice on this qucs-
ticn can be derivesd from the effect of some mibier variable on the comulative
" walues. 1t is well known that visaal resolution improves with the process-
ing time available for a test stimulus. Processing time was varied in this ex-
periment by varying the blank interstimulus interval between the shori test
display presentation and the masking stimulus, The cumulative d” valies in
Figure 4 show a very consisient and Targe effect of processing time. Discrim-
inability as Alessurcd by cumilative 4" values increased with increases in the
aviilitble processing time, The fmcy thiat processing time enhanced resolution
of bar lengih shows lat the Tailore 10 find an effect of onhographic coniest
on discriminability cannot be due 1o an ineensitive est. This conclusion is
also supported by the good deseription of the data by a model based on the
assumption that discriminability of the bar length is independent of artho-
graphic contest {soe the section "Primary Recognition™ ).
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Supraletier Features

There appears 10 be sufficient empirical data to reject the idea thar ortho-
graphic siructure enhances feature analysks of leiier features, Another more
popular abiernntive b that onhographie structure allows the estoblishment
of suprafedier features that represent the overall shape and confliguration of
comimon letter patterns or words, However, there is no evidence for this
idea (Anderson & Dearborn, 1952; Gitson & Levin, 1975; Huey, 1908/
1968}, One of the strongest arguments against the idea of supraletier fea-
tures i the small potential contribution of supraletter feasures to reading.
Owerall word shape, for example, does rot sulficiently differentiate among
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the words of a language. Groll (1975) examincd the shapes of high-
(requency words taken from school book sources. The shape wis delined by
drawing a contowr around the leners so that elephant would be

Only 20% of the 283 words were represented by a unique shape. Groff
rightly concludes thar the small number of words that can be represented by
a unigue shape precludes the utilization of this cue for accurate word recog-
pition. It should be noted that although words may be recognized from just
partia] information about the letters, this does not necessarily imply thal
H;F'r:qltill:'j' fentupes were reapansible. Monviseal information about orthog-
raphy might supplement e partial information from the leiters.

How Doey Onbograghic Strucure Facilitase Boading? =20

There is also experimental evidence against the idea of word recogni-
tion based on supralerter feamures. Marchbanks and Levin (1963) and
Williams, Blumberg, and Williams (1970§ presented subjects a test pseuda-
word Tollowed afer a short delay by several other pseudowords. Subjects
were regquired 1o chome the flem that mest resembled the test word. Firsi-
grade readers tended (o choose the item that matched in first or fnal lewter;
they seldom matched on the basis of overall shape, Prereaders showed no
comsistent choices, These results show that beginning readers remember and
recognize words on the basis of letter identity rather than overall word
shape. Thompson and Massaro (1973) and Massaro {1973) found for aduli
readers that visual confusability between letters was equivalent in single lei-
ter and word presentations. Two letters likely 10 be confused for one
another were just as confusing in single fener and word presentations. ir
recognition of words involved the wtilization of different features than
those comiained in the component betters, different degrees of letrer confus-
ability in single letter and word preseniations would have been expected,

The role of supraleiter features has been evaluated in a number of
studies by determining whether mixing the type fonts of letters eliminates
vhe advantage of word over nonword letter strings. It should be pointed oul,
Bowever, that attenuating the contribution of orthography by mixing type
fonis does not necessarily implicate supraletier features o the cause of &
word advaniage, As will be discussed in the section “Primary Recogni-
thon,'" utilizing orthographic redundancy 1o nareow down (he number of
possible alternative interpretations of pantial featural information may pro-
duce a word advantage. It is not unreasonable (o assume that mixing type
fonts may also disrupt the contribution of this process since the partial fea-
tural mformation is moch more ambiguous when a variery of 1ype fonts are
represented in 3 letter siring.

Although reducing the pereeprual advantage of letter strings high in or-
thographic structure by mixing type fonts does not necessarily implicate
supraletter features, an equivaleni advaniage with mixed type fonts would
demonstrate that supraletier featuzes were not responsible. Adams (1979)
studied the tachistoscopic recognition of words, pseudowords very high in
onhographic struciure, and nonwords very low in structure, The ilems were
presented in a single type font or the items were constructed from a variety
of Tonts. Figure 5 presemts examples of the words, peeudowords, and non-
words in singhe snd mixed type fonts. Performance was more accurate for
words than pseudowords and poorest for nonwards, Most importantly. the
size of the dif ferences among the three types of itlems did nng change when
the letters of the items were presented in a varicty of 1ype foms. If supra-
feprer features or whole-word caes contritmte 10 the pereepiual advantage of
well-structured sirings, the advantage of the word and psewdoword sirings
should have been drastically aienuased in ihe mixed case presentation.
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PRIMARY RECOGRITION

Faced with the set of features in preperceplual visual storage, the primary
recognition process evaluntes and inegrates these features, produsing o syn-
thesteed visual percept in symhesized visual memory. The primary recogni-
tion process operates on 4 number of letters simullancously (in parablel),
The visual fentures evaluared at each spatinl location narpow down the set
of possible letters Tor that position. The recogmition process musl chogse
from this candidate se1 the most hkely letter aliesnative for each pasition.
Enowiedge in long-term memory con coniribuie 1o the primary recognition
process, The accomplished reader knows not only what visual feaiurcs
deline cach leter bul also soemething about the orthographic structure of
the language, The primary rccognition process, therelfore, wiilizes both the
visual information in preperceptual siorage and knowledge about the strue-
ture of legal lener stwings. In the present model, it is asiumed that the twa
soprces of information make independem contributions to ihe recognition
process (Massaro, 1973, 1975, in press; Thompson & Massaro, 1973
This wiew of primary recognitbon was developed on the basis of expen-
ments carried out wsing variants of the Reicher paradigm (Reicher, 1965
Wheeker, 19700, Subjects were presented with either o word or a single fetter
for a short duration followed immediately by a masking sttmulus and two
response aliernatives. The response aliernatives would both spell words in
the word condition; for example, given the test word word, the response al-
terpatives ———d and --—& would be presented. The corresponding better con-

How Does Onbographic Structure Fagliiae Roadisg? 21

dition would be the test letter J followed by the response alternatives o and
k, Performance was about 10%s better in the word than in the single-letter
condition.

Given the two-alternative forced-chaice control, it was argued that the
reader was able to utilize orihographic context (o eliminate possible alierna-
tives during the perceplion of ihe test display before the onser of the mask-
ing stimulus (Thompsan & Massaro, 1973, As an example, given recogni-
tion of the context wor and 8 curvilinear segment of the final lener, the
reader could narrow dewn the alternatives For the finnl letier 1o d, o, and q.
Criven thar o and o are orthographically illegal in the comtext waor, d repre-
sents an unambiguwous choice, The reader will therefore perceive the word
wirrd given just partial information abowdt the final letter, IF the reader has
recognized the same curvilinear segment in the corresponding letier condi-
tien, however, any of the three lefters (o, o, and g are still possible pnd the
percepiual synihests will pesull in @ ooly onc out of three Hmes, What is crit-
ical in this analysis is that 3 word advaniege is olained even 1hough the
visunl featural information available to the primary recogrition process is
eguivalent in the word and lenter conditions. The onographic context of
the word simply provides an additional but independent source of informa-
than. The featural informotion available to the recognition process docs not
change with changes in orthographic contest, In s view, although oriho-
graphic context Facilitates word perception, it does mot modily the feature
analysis of the printed paitern,

Cuznatitative Test

Adi experimedil was careled ot 1o lest o guantification of this view of pri-
minry recognition (Mossara, inpressh The logic of 1he experiment cendered
on the question ol wheiler onthographie context and Teamural processing
muake independent contributions to letler pevception. The experinient was
deseribed in the sectbon “'Feature Detectibon,'” Subjects viewed four-letter
sirings that differed in terms of the visual information about the eritical
letter and ihe orthographic context of surrounding letiers, In the ¢-¢ wenti-
fication task, the borizonial bar of the eohical letier was presentes an six dif-
ferend lengihs covering the range of a good ¢ 10 3 good ¢, Each test letter
was also presented at cach of the four letter positions in cach of four artha-
graphic contexts (see Figure 2).

Figure 6 presents the probability of an ¢ response at each of the experi-
mental conditions, The resabis showed large effects of stimaulus information
and arthographic context on the identification of the test better. The signifi-
cant imeraction of these two variables revealed thar the magnitude of the
context effect was large at the more ambiguous kevels of visual information,
Although the context effect decreased some with experience in the task, it
was still highly significant on the fourih day of the experiment,
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The medel provides a straightforward interpretation of the experimen-
1l situation. Two independent sources of information are available: the
visual information from the eritical Ietier and the orihographic context, The
first source of information can be represented by V. where the subserifal 1 in-
shicanes that ¥, changes only with bar lengih. For the e-¢ idendification, ¥,
specifies how much e-ness s given by the critical letter, This value Hes be-
tween zero and one and is expected 10 increase as the length of (e bar is in-
creased, With these two beeter alternatives that differ only in bar length, it i
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reasonable to assume the visueal information supporting c is simply one
minus the amouni of e-ness given by the same source. Therefore, if Y, speci-
figs the amount of ¢-ness given by the 1es1 letter, then {1 =V} specifies the
amount of c-ness given by thar same test letier.

The arthographic conext provides independent evidence for ¢ and .
The value C represents how much the context supports the letier ¢, The sub-
script j indicates that C, changes only with changes in orthographic context.
The value of C, lies beiween zero and one and should be large when 15 legal
and small when & i illegal, The degree 1o which the orthographic context
supparts the ketter ¢ is indexed by D, and is independent of the value of T,
The value of D, also lies between zero and one and should be large when o is
legal and small when ¢ i illegal.

Faced with two independent sources of information, the reader eval-
uates the amount of e-ness and c-ness from these two soarces. In order (o
arrive al a combined value of e-ness and of c-ness, it is pecessary 1o integrate
the two sources, The amount of e-ness and c-ness for a given test display can
therefore be represented by the conjunction of the two independent sources
of information:

e-ncas = (VAC) i
eness = {1 = VD (2

The e-ness and ¢-ness values given by both sources can be determined
once conjunction is definsd, Research in other domains has shown thm a
mulliplicative combination provides o muwch better deseription than an addi-
tive eombiantion (Masiara & Cohen, 1976; Oden, 1977: Oden & Massaro,
I978). Applying the multiplicntive combinatbon, Equationd (1) and (2) are
represenied as:

eneu=V xC, (k)
e-mevion (1 = V1= i) B

A response is based on the e-ness and e-ness values: a cholce of e s
assumed to be made by evaluating the degree of e-ness relative 1o the sum of
the ¢-ness and the c-ness values, This cholce rule is a direct application of
Luce's {1959} choice axiom. The probability of an ¢ response, Pic), is ex-
pressed as

Ple)= {5

To derive Ple) for the four orthographic contexts, & simplifying os-
sumption abowt contest s that a given aliernative is supporied 1o the degree
x by a legal contest and 1o the degree ¥ by an illegal context, where
lzxzyz The volues v and ¥ do not have subscripts since they depend
only on the legality of the context. Therelore, C, is equal 1o x when @ is legal
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in a particular context and equal to ¥ when ¢ is illegal, Analogously, D s
equal 10 x when ¢ is legal in @ particular context and equal o y when cis il-
legal.

Given the context with @ legal and ¢ illegal

W

Ak e sk i

A2k M) Yt (= Vi {6l

singe the e-ness is given by V.x and the c-ness by (1-V)y. Anologous ex-
pressions for the other three contests are

Wa
' E . =¥ T
feach: Pie) Vot L=V 1 i
AT P L v %)
P e e
iEAck Fied Ve (= Vy I
el Py = ——— 0 9
Eas W+l =V

Equations & and % predict an effect of context 1o the extent o legal coptexi
gives more evidence for a particular 1251 letter than does an illegal context,
i.e., 1o the extent x2= v, A secomd Teature of this model is that Ple)is entirely
dietermined by the viswnl information when the contexl supports either both
or neither of the test alternatives; Equations 7 and 8 both predict Plej=V,.
This foem of the independence model was tested against the observed
response probabilities. Figure 6 gives the observed and predicied values, In
order to fit the model to the data, it was necessary to cstimate & values of W,
for each level of bar kength of the eritical letier and an x value for o legal
context and a y value for an illegal context. The parameter values were esti-
mated wustng the iteragive routine STEPIT by minimizing the squared devia-
tions beiween predicted and observed probability values (Chandler, 1969},
The model provided a good description of the resulis, In addition, the
parameter estimates are psychologically meaningful. The value of ¥, in-
ereased with increnses in the lengih of the bar af the critical leiter, The
wilues were 0U10, 0,011, 009, 0.60, 0.85, and 0.86 for the six respective
levels. The value of & was 0,76 for legal context and the value of ¥ was 0.40
for the illegal context. The root mean squared deviation beiween the pre-
dicted and observed response probabilities wrs 0,02, 1t is clear that an acddi-
tive combination of the two sources would Fail since the curves would hove
to be parallel. Supporting this, the description was 1.5 nimes pooter for the
same model based on the additive combination of the independent sources.
Johnston (1978) offers what he considers a critical 1est of a general
form of this interpretation of the facilitating cffects of orthographic redun-
dancy. His goal was (o provide o direct test of the assumption that & word

Fhow Thoes Oethographic Sirudiuds Fasilitate Reading? oan

context Tacilitates letter identification becawse its identity is constrained by
the ientity of ihe surrounding leiters, Twao classes of words were chosen
and presented for tachistoscopic identification. Words were chosen 1o have
either a high or low constraining context on a particular letter position,
Consider the word palrs dete-gate and drip-prip when the initial leger posi-
tbon is tested, Mine four-letter words end in ate whereas only three end in
rip. IT the primary recognitbon process wilizes information from the orho-
graphic context to supplement featural informmion, Johnston reasoned
that performance should be better when tested on the first lener of either of
the first pair of words than the sccond, when the aliernatives are Bmited fo o
and g in the Reicher-Wheeler 1ask, Although the siandard word advaniage
was Tound, Johnston found no peflosmance difference belween thess two
closses of words.

Johnsron's experiment is limited in a number of ways and, therefore,
canmist be taken os evidence against the kea that orthographic redundancy
provides an additional source of information al primary recognition, With
respect 10 his structure manipulation, Johnston varied lexical constraints e
& given position, but there is no evidence that the psychological representa-
tion of arthopraphy is limited (o lexical constraints (Massaro, 197§, For ex-
ample, although three times a5 many words are possible given the context
~gte than given the context -rip, almost as many letiers are legal in the sec-
ond context as in the first, Our more recent studies have shown that the con-
wribution of orthographic redundancy can be captured by descriptions that
are Independent of whether the letter string is lexically represented
(Massaro, Toylor, Venezky, Jastrzembski, & Lucas, in preparation),
Johnston equated the position-sensitive bigram frequency of the high and
low constraind items nnd since we have shown that this variable captures
nearly all of the contribution of orthographic redundancy, it is not surpris-
ing that there were no dif ferences between the two classes of words.

SECONDARY RECCHNTTION

The secondary recognition process transforms the synthesized visual
percept into a higher-order code in generated abstract memory. Symhesized
visual memory holds a sequence of letters that are analyzed by the second-
ary recognition process with the goal of closing ofT the letier string into a
phonological, lexical, andior meaning code. The secondary recognition
process makes this transformation by finding the best mnl-;lh between the
fetter string and codes in long-ierm memory. Onhographic redundancy
might facilitate the transformation from a visoal 10 & higher-order code.
Mewhaort (1974) presented first-order or fourth-order pseudowords one
letier at a time hosizonially across a viswnl display. Each lefter was pre-
sented Tor 3 msee and the interletier imerval was varbed [rom O go B0 misec,
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Although increasing the interletter interval from 0 10 50 msec did not
change performance on the first-order sirings, it decreased performande on
the fourth-arder $irings. Because incrensing the rate ol presentation did no
lower performance on the firsi-order strings, Mewhorn argues that the dis-
ruption of performance on the fourth-order sirings cannot be dug (o simple
characier identification. These resulis are taken by Mewhori to suppori the
idea that orthographic siruciure aids transfer from o visuad store 10 a verbal
shart-lerm memary,

Although feature analvsis may not be infTuenced by increasing the
imerlener imerval from 0o 30 msee, the uiilization of onhographic siruc-
ture during perceptual recognition probably requires having featural
information rom adjacent letiers simulinneously dvailable. Therefore, the
utilization of onhographic structure i primary recognition can also ac-
count for Mewhort's finding that increasing the interletter interval
decreaves performance an fourth-order bui mot first-order letter sirings.
Although Mewhar"s fesulls are ambiguous, it is sl reasonable 1o expect
that arithographic siructure can Facilitare the wransfer of a visual percept
into & Mgher-order code since a well-structured string will require Fewer
codes than o poorly-structured string.

HEHEARSAL-HECOMNG

Recoding and rehearsal progesses baild and muintain semantbe and syatactic
siructures al the level of generated abstract memory, Generated absract
memery caorresponals 1o the shor-term of working memaory of most infor-
mation processing models. In our model, this memory is commaon (o both
specch pereeption and reading, I s also possible 1o go from meaning o o
visuel or auwditory percept in our model. The recoding operation can [rans-
forms the meaning of & concept into its surface structure and suditory or
visual [orm.

Baddeley [1964) questionsd the pereepiual contribution 1o 1he original
pavchological siudy of orthegraphy carried out by Miller, Bruner, and Posi-
iman {1954}, The authors had subjects reproduce letler sequences, sight let-
ters in length, corresponding to different approsimations 10 English based
of Shannon's (1948) algerithms, The displays were exposed Tor durations
of 10 1o 500 msec and the number af legters repoeted increased with display
durmiian. Also, perlformance was @ sysiemate lunelion of the order of 4p-
Prosimation to English. By correcting lor redundancy of the sieings, the
amguni of information transmitted was shown o be equivalent for the four
differean npproximations.

Baddeley (1964) observed that performance in the task was unlikely 10
be a direct index of how well the letter sequences were perceived, Observing
that performance improved a1 a negatively accelerated funciion of log expo-
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sure duration, i1 was possible 10 extrapolaie from the curves and observe
thiet an exposure duration of one of two hours would be required for correct
report ef all eight leiers, Baddeley argued that the results of Miller e1 al.
{1540 may have reflected differences in memary for the sequences rather
than visual perception, To test this idea, he presented the sighi-letier se-
quences of Miller el al, ai a duration that was sulficient For that subject 1o
name each of the eight letters, Presentation fimes ranged berween one and
two seconds, The contribution of erihographic redunsdancy to performance
was essentially ientical 1o that reporied by Miller et al. (1934}, Baddetey
coneluded that boih inmerletter redundancy nnd exposure time allow a more
effective coding and, therclore, better memary and recall of ihe letter se-
quence,

Krueger (1971 evaluaied the influence of orthographic redundancy on
shori-4erm fecogndlion memory. [o one stsdy, a siring of six letters was pre-
semied one letter af o time at o rate of Tour letters per second. The letters
wese presented either left to right or right 1o keft across the display screen.
Words produced oily 4 3% performance advantage over corresponding
nonwords whereas the lefi-to-right presentation gave aboul a 7% advantage
relative o the right-to-lell presentadion for both iypes of sirings. Slowing
the presentation rate to 2.5 betters fsec eliminated the lel-to-right advaniage
bot o the word advaniage, These resubis replicate Baddeley’s findings that
orthographic strecture can improve short-term memory and extend them 1o
a recognition memory silualion that eliminates outpat interferénce present
i free recall studies,

SUMMARY

There 15 now good evidenee (hat arthographic structure does not modily
Featural processing of the visual information in reading, although i contrib-
utes a significant source of information (o perceptoal recognition. Knowl-
gdae of the orihography allows the reader to constrain the set of admissable
letters in a letter string when only partial featural information is available.
Orihographic structure nod only facilinates percepiunl recognition, the phe.
nomensl experience of @ visual pattern, il enhances accessing higher-order
codes Tor the panern, and moknienance and elaboration of the codes in
MMy,



