CHAPTER TWO

Lexical Processes In
Skilled Reading

A prominent feature of reading is that it involves encounters with words.
Accordingly, understanding how these encounters work in skilled read-
ing is a starting point for understanding reading ability. In what follows,
the lexical processes of skilled reading are discussed, always in the per-
spective of how they work in texts.

Lexical Processes and Text Processes

In many cases, reading a single word is a significant accomplishment.
An 8-year-old child who, upon seeing contestant can unflinchingly pro-
duce /kun TEST ant/ has performed an impressive reading achievement.
Why such an achievement has been so scorned by some (cf., Goodman,
1970; Smith, 1973) is a puzzle. In fact, the ability to decode words con-
sistently —not by chance—is the essential reading process.

However, reading single words, no matter how impressive because of
the novelty of the words (rogualion; pusilanimous) or the inexperience of
the reader is not what we really think of as reading. In a way, it is noth-
ing more than practice for real reading—something like hitting balls over
the fence in batting practice. The skill is there, but will it function in the
game? The “game” in reading is comprehending a text. Not merely pro-
nouncing the words, but understanding the text, especially when read-
ing silently. A text is any series of coherently arranged sentences. Some
texts tell stories, some explain how to assemble a kite, and others pre-
tend to explain complex phenomena such as reading.

Thus our discussion focuses on a person who is reading a text of some
sorl. We want to know what processes bring comprehension ol the text
in a reader skilled at this task.

In accounting for the ability to read a text, there are two general classes
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14 Basic Reading Processes

of processes to consider. Lexical processes identify a word, including its
constituent letters, and aclivale ils semantic properties. The semantic en-
coding that results is the link to the other class, comprehension pro-
cesses, which themselves include a number of different processes, some
of them not so different from lexical processes. The two systems, the lex-
ical and the comprehension, work together. Indeed they are linked by
semantic encoding, the “comprehension” of contextually appropriate word
meanings. '

LEXICAL PROCESSLES IN SKILLED READING OF TEXT

There is a general impression thal we read words in bunches, skipping
over many words. We read selectively, by this account. This impression
does not reflect reality. The fact is that when we read the eyes come to
rest on (fixate) most of the words of the text. Nol many words are skipped.

There have been many studies ol eye fixations and they reveal some
important facts, some counterintuitive, aboul what the eyes are doing.
The two most important may be these: (1) In normal reading, most words
are fixated. (2) During a fixation, only limited information can be ob-
tained from the visual periphery. Beyond five or six characler spaces lo
the right of the fixation, letlers are not perceived. There is a third fact
worth noting: (3) Little information concerning words or letters is ob-
tained during the eye's movement from one fixation to another (a sac-
cade). Fact number 1 seems to be to be determined by facts 2 and 3. It
information is obtained only during fixations, and then only within a few
character spaces right of the fixation, then successful reading depends on
fixaling many words, not just a few,

To illustrate some facts about eve fixations, Figure 2-1 shows the eve
fixations ol a college reader studied by Carpenter and Just (1981; also Just
& Carpenter, 1980). These are not actually individual fixations, but rather
“gaze duralions” that sum over individual fixations within a word. The
fixations are numbered in order in parentheses. The numbers above each
word are the durations (in milliseconds) for each fixation. It should be
noted that the procedure used by Carpenter and Just to measure fixations
is nol universally used in eye movement research and thal the measure-
ment issue is important for theories of reading based on eye fixations
(Kliegl, Olson, & Davidson, 1982). However, the conclusion thal most
words are fixated does not seem lo depend on this measurement issue.!

There is more of interest than the frequency of fixation. Carpenter and
Just (1981) estimaled that about 80% of the texts content words (nouns,
adjectives, verbs, adverbs) were lixated. However, the duration of a fixa-
tion is variable. Long words are fixated for a longer time than shorl words,
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Figure 2-1. Eve-fixation pattern of a college studuql 1'1-3%1ding, a technical passage.
The numbers 1,2,3 . . . indicate the sequence of fixations. Thus, num].)ur 4 is a
regressive fixation, i.e., the resull of the reader’s gaze going b-’.l(,'.]( Lo ’[he lll‘til Wc.)rd.
The numbers below each fixation number represent the duration o.l the hxathll.
For example, fixation number 7 was on tools for 268 msec. The subject z‘eu.d with
the expectation of a true-false text. Adapted from Carpenter and Just (1981).

and infrequent words are fixated longer than frequent words. Also, the
last word of a sentence receives a longer lixation than other words. In
Figure 2-1, research and produced, each the final word of its slt‘antu.m:t:
was lixated about hall a second, much longer than the average fixation.
Carpenter and Just (1981) refer (o this as “senlence wrap up’ time. 'l‘h'e
wrap-up time appears Lo capture extra processing in which lhﬂ‘i‘BEl(i(ﬂ' is
assembling sentence parts or adding interpretations to parts of the sen-
tence that were incompletely or incorrectly interpreted. In fact, the Car-
penter and Just model assumes that each word is scmanllc.ally eJ‘moded
as much as possible when it is initially encountered. There is no “buffer-
ing” for later interpretation.

Visual and lexical access factors ‘

The fact that linguistic variables such as word length and word lre-
quency have an effect on fixation times is important for a llzplal'y ol mau'l-
ing. It implicates specific properties of words that are parl of the 1.'0;5.(1(:[' s
memory representation for words. It also encourages the assumption that
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linguistically based lexical factors are critical in reading ability. On the
other hand, it is important to realize that these lexical processes are also
visual processes. For example, the fact that the eye spends more time
{makes more discrete fixations) on a long word than a short word is partly
due to the requirements of visual sampling. The longer a word is in let-
lers, the more sampling may be required. Kliegl el al. (1982) found that
the number of fixalions (hence the “gaze duration”) was at least as re-
lated to the number of letters in a word as to the number of syllables.
They point out that the number of fixations a word receives is partly a
tunction of whether an initial fixation was “inconveniently’ placed near
the beginning or end of the word. After an “inconveniently” placed [ix-
ation an additional fixation is more likely to occur. The study of eye fix-
ations during reading is providing a bit of information aboul the cogni-
tive, linguistic, and perceptual demands of the reading task. All things
considered, it seems clear that the number ol discrete lixations on a word,
and hence the tolal duration of fixations, reflects linguistic and cognitive
demands of lexical access. That is, some of the actual lixation time is
going to cognitive processing (Rayner & McConkie, 1976; Rayner, 1977).
On the other hand, the essentially visual demands ol the reading task
and their effect on directing the eye to its next fixation should not be
underestimated.

Lexical Processes in Rapid Reading

The purpose of the reader has an effect on these eye lixations. The fixa-
tions of Figure 2-1 are for a reader who expected a true-false test follow-
ing reading. When readers are “skimuming” the text without such an ex-
pectation, they show fewer and shorter fixations (Just, Carpenter, &
Masson, 1982). However, they show a similar sensitivily to word-level
variables such as length and frequency.

In fact, eve movement studies of speeded reading show little support
for the widespread belief that the skilled reader can process texts at very
high rates while maintaining acceptable levels of comprehension. Just et
al. (1982) report eve movement studies of readers who have been trained
in a speed-reading course. Thev had had about 50 hours of practice at
rapid reading. These trained speed readers were compared both with
normal readers and with readers instructed to read rapidly using their
own techniques (skimmers). Both the skimmers and the speed readers
read at 600-700 words per minute, compared with the normal readers’
250 words per minule. Note that the speed-reading and skimming rates
are rather modest when compared with anecdotal and even scientific re-
ports of very high rates of 5,000 words per minute and more. It appears
that to achieve such very high rates, readers are in facl skipping enor-
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mous chunks of text as they follow odd patterns down and up the page.
The fastest reader reported in the literature appears to be one described
by Thomas (1962) who read at a rate ol 10,000 words per minule. Ac-
cording lo Thomas’ report (described in Just et al., 1982) this re.udcs' made
an average of only six fixations per page, going down the left side and
up the right side and skipping the bottom one-third of the page alto-
gether! Studies by McLaughlin (1969) and Taylor (1962) on sonu:.-wlml
slower speed readers tell a similar story. For example, McLaughlin’s (1969)
3,500-word-per-minule reader averaged fourteen fixations per page.

Compared with such rates, the speed readers of the Just el al. (1982)
studies were plodders. Still, they read at two to three times the normal
rate. How did they read? There were two important departures from nor-
mal. The speed readers fixated fewer words, only about half the words
fixated by normal readers, and their average fixalion duration was aboul
lwu—tl]il‘(is as long as that of normal readers, about 230240 milliseconds
per fixation compared with aboul 330 milliscconds per fixation for nor-
mal readers.

There were some important similarities as well. Speed readers, like
normal readers, fixated content words more frequently than function
words—about 50% of the content words and about 25% of the function
words. Normal readers had corresponding figures ol 77% and 42%, re-
spectively. (All the data are based on averages of two very ditferent pas-
sages, one a Reader’s Digest story and the other a Scientific American
article. The differences in fixation data between the two passages were
very small.)

Thus the speed readers made fewer and shorter fixations but distrib-
uted them similarly with respect to content and function words. Are their
lexical and comprehension processes the same as those of normal read-
ers, excepl faster? Apparently so, with some qualification. We can sum-
marize the answer suggesled by Just et al.’s data by referring to lexical
difficulty, selectivity, adaptability, and comprehension.

Lexical Difficulty. As with normal readers, the lixation durations of speed
readers were affected by the length and frequency of a word. But speed
readers were less alfected by these factors. They may in fact, as Just et
al. suggest, have had a “processing deadline” for words so that the lexi-
cal factors of length and frequency would exert an effect, bul a limited

one.

Selectivity. Also like normal readers, speed readers were not selective
aboul fixaling “important’” words in the text. This, too, counters com-
mon conceptions. The eye is not directed to words thal will turn out to
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be more important in the text. It has to discover what is important, at
least at the word level.

Adaptability. There was an increase in the fixation rate in sections of
higher text difficulty for both normal and speed readers. However, speed
readers did not change much in a difficult section. They increased their
sampling rate on a difficult “‘page” (a screen, actually) but they did not
modily durations nor abandon their strategy of uniform sampling. (This
contrasts with the skimmers, who sometimes reverted to more normal
patterns. )

Comprehension. Speed readers did well enough at answering questions
on high-level information (they were better than skimmers at gelling gist).
However, they did less well at responding lo questions requiring detail.
Generally, they could not answer a question unless they had fixated within
three character spaces of the answer during reading, Since they fixated
less malerial in the text, their comprehension had to be less.

Summary. These eve movement studies should take much of the mys-
tery out of speed reading. Comprehension that depends upon explicit texl
information cannot be maintained without fixating on many text words.
Since reduction of fixation frequency is a major contributor to the faster
rates, it follows thal comprehension must undergo some reduction. On
the other hand, it is equally clear that speed readers can learn to control
fixation durations and frequency in such a way to sample enough infor-
mation to obtain the gist of a text.

The Perceptual Span

As we have seen, a normal reader fixates up to 80% of the conlent words
in a text. Furthermore, a reader who samples less of the text also com-
prehends less of il, as the studies ol speed reading demonstrate. Why is
so much text sampling necessary?

Part of the reason is that the span is relatively narrow. The perceptual
span is the spalial extent from the central fixation where some informa-
tion is obtained. The narrowness of the perceptual span comes as an-
other of those surprises to our intuitions, in this case our feeling that we
can read words at the far side of the page [the visual periphery) when we
are focusing on the center of the page. In fact, this span appears to be
only a few letters, perhaps as few as three (Rayner, 1975). This conclu-
sion comes from studies using visual displays that could be changed in
response to a subject’s fixation on any given location. Thus the percep-
tual span can be inferred by altering the text, e.g., changing a letter four
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character spaces away from the reader’s fixation. 1l the alleration affects
the reader by lengthening the duration of his present lixation, or if his
next lixation indicates an effect of the change in some way, then his per-
ceptual span is at least four character spaces long. Rayner (1975) found
that a letter alteration that changed one word into another had little ef-
fect when it was beyond three spaces to the right. However, Rayner (1975)
concluded that some information concerning word shape and specific
letters was obtained out to twelve spaces from the lixation. Word-length
information is also noticed at the distance (McConkie & Rayner, 1973).

As more evidence on perceptual spans has been obtained, only very
minor variations in the span estimations appear. It seems cerlain that
specitic letter and word information is obtained from only a relatively
narrow range bevond the fixalion poinl. Furthermore, comparison of
children with adults shows that this span does not change much with
increasing reading skill (McConkie, 1982). However, this does nol mean
that useful information is completely restricted to the word being lix-
ated. There is evidence that some information in the next word beyond
the fixation can be used. Rayner, McConkie, and Zola (1980), using the
text alteration procedure described above, found that the first three let-
ters of a word presented parafoveally facilitaled recognition of the word
on the next fixation. While the word in the paraloveal region could not
be identified, the reader was obtaining partial information from its initial
letters that could be used to identify it when it was actually fixated. Fur-
thermore, if the parafoveally presented word merely had letters visually
similar to the word presented when the eyes moved to its location, there
was also facilitation.

Thus, at the edge of the narrow foveal span where words can be iden-
tified, the reader is able to use partial information {from the next word.
In a sense, the reader may be processing more than one word on a fixa-
tion, although only the fixated word is “accessed.” We can think of this
as a preaclivation of the letters contained in a word that reduces the
amount ol processing needed to idenlify it (Rayner, Well, Pollatsek, &
Bertera, 1982). Al the same lime, il seems correct to say that reading, as
lexical access, is confined to the word being fixaled.

Summary

This section has demonstrated the importance of lexical processes in
reading. The eye movement research is perhaps uniquely able to inform
us about the significance of individual words for reading texts. (See Ray-
ner [1978] for a thorough review of eye movement research.) Normally,
most words are read and words beyond the one being read are not pro-
cessed sulficiently for their meanings to be encoded. Thus lexical access,



20 Basic Reading Processes
g

the process by which a word is recognized, is the central recurring part
of reading.

LEXICAL ACCESS

In this section, we consider the processes used to access a word in per-
manent memory. The starting point for lexical access in the case of read-
ing is a visually available input. Languages, of course, differ in how they
graphically represent the units of language. Some are logographic, rep-
resenting a word-concept with a single sign, and others are syllabic, as-
sioning a meaningless spoken unit o each written symbol. However, most
modern systems are, like English, alphabetic systems. In an alphabetic
system, the graphic signs correspond, however variably, to single, ab-
stract speech sound units, or phonemes. In discussing lexical access in
this section, we are referring to access in an alphabetic orthography.
However, because the level of description will not be highly detailed, much
of it will apply to lexical access in other syslems.

First, a definition of lexical access. Lexical access and word identifi-
cation will be used interchangeably. Or rather “lexical access” will be
taken to include word identification. These two processes ordinarily are
distinguished, but this distinction is largely a matter of the experimental
paradigms which give meaning to the terms. Thus word identification has
meant the recognition of a letter string as a particular word, while lexical
access has usually meant the recognition that some letter string is a real
word rather than not a word. It seems clear that it is word identification
that is relevant for reading. The reader has to identify, somehow, the words
he encounters, not merely register their occurrence. The reason tor using
the phrase “lexical access™ rather than “word identification™ is that it is
more theoretically neutral, once it is acknowledged that mere access
(dictionary registration) is not enough for reading. 50 here is the working
definition: lexical access is the process of finding a written word in long-
term memory. It initiates the critical processes of semantic encoding, i.e.,
attaching a contextually relevant meaning for the word to the ongoing
text processing. It initiates also the process of phonetic activation that
may also play a crilical role in reading.

The processes of lexical access and word identification have been very
widely investigated and a number of contested issues have developed.
These include especially the role of speech recoding prior to access and
whether there are whole-word processes independent of individual let-
ter recognition. For the most part, the discussion of lexical access will
ignore these issues, developing instead a perspective that makes them less
critical for the theory of reading ability. (For a review of some of the is-

sues of word recognition, see Baron, 1978). The perspective needed is to
consider lexical access the result ol inleractive processes.

Interactive Processes in Lexical Access

Interactive processing occurs when information at different levels is
uomhi[ied to jointly determine some oulcome. In the present case, the
outcome is access to a word’s location in permanent memory. An inter-
active model of lexical access can be of the strong type (strongly inter-
active) or the weak type (weakly interactive). Strong and weak, of course,
are not properties of the model’s power but rather of its processing as-
sumptions. A strongly interactive model assumes thal processes are mu-
tually influenced at all levels. Lower level processes alfect and are af-
fected by higher level processes. A weakly interactive model assumes only
that multiple sources of information affect a final outcome. These sources
either do not actually affect each other or, il they do, they do so only in
one direction, from lower level to higher level. These two types of weakly
interactive models are represented, respectively, by the logogen model of
Morton (1969) and the cascade model of MecClelland (1979). 1t is also the
kind of model described by Perfetti and Roth (1981) specifically to ac-
count for individual differences in reading ability.

The weakly interactive models will in fact do a rather good job of ac-
counting for the facts of word recognition. 5o too might some stage models,
such as thal of Massaro {1978), since despile their names, stage models
often seem to contain weakly interactive assumplions. The point here is
nol to assess which models account for most basic facts of lexical access
nor even to compare the models. However, it seems likely that the facts
of recognition and access are best handled by some model that assumes
that processes interact. The model described by Rumelhart and Mc-
Clelland (1981; 1982; McClelland & Rumelhart, 1981) serves this require-
ment very well. IUis a model of the strongly interactive type and perhaps
a more powerful model than is actually needed to account just for lexical
access.

Figure 2-2 shows the essential features of an interactive model, based
on the proposals of Rumelhart and McClelland. Its key assumptions are
(1) that each level of information—grapheme, phoneme, word—is sepa-
rately represented in memory and (2) that information passes from one
level to the other in both directions. (This is what makes it strongly in-
teractive.)

An interactive model of this type contrasts with a strictly “bottom-up”
model. In bottom-up processing, information goes only from the lower
levels to the higher levels and not the reverse. Thus, detection of lines
and angles leads to identification of letters, which in turn leads to iden-
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VISUAL INPUT

Figure 2-2. Levels of informalion of the interactive word-perceplion model of Ru-
melhart and McClelland [1981). Activation travels up to the word level from the
letter level and down to the letter level from the word level. (Inhibition also oc-
curs within a level—e.g., activation of H inhibits other letters—and between lel-
ters—e.g., activation of the word rest inhibils g and all other letters not linked to
the word.) A phoneme level, omitted here for simplification, may be necessary
for some lexical processes (See Chapter 4).

Lification of words. Such processes are, ol course, essenlial to reading be-
cause they allow the reader to identify whal is actually on the page—to
read instead of hallucinate.

The interactive model, of course, includes botlom-up processes. 1t dif-
fers, as can be seen in Figure 2-2, in allowing activation to travel from
words to letters, as well as from letters to words. The links between lev-
ols are both excitatory and inhibitory. Thus as the lines and angles (vi-
sual features) are detected, activation travels up to letters that are consis-
tent with these features. For example, very early in processing, the let-
ters H, E, F would all be activated if the feature level passed on the
information that there was a vertical line bisected by a rightward extend-
ing horizontal line (). Activation of other letters would be low. As the
feature level detected a second vertical line in a certain location, the ac-
tivation of H would greatly increase and the net level for E and I would
decrease.

The same activation principle results in the activation of candidate
words, i.e., words consislent with all information available at any pre-
cise point in the process, In the example given, all words having H, I,
or E would receive some activation that pushes them beyond their rest-
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ing level. One can assume, as Rumelhart and McClelland do, that a word’s
resting activation level will be a function of its familiarity, or frequency
of encounter. It will take more activalion to access martyr than martha
because its resting activation is lower for most readers. It is possible (hat
what is responsible for the resting activation level is the recency of an
encounter rather than its frequency. Of course, as more feature informa-
tion gets detecled, the activation of letter candidates and word candi-
dates changes. One word finally wins out. The operative principle seems
to be that many are activated, few are accessed.

This much is bottom-up processing. Whal makes the processing inter-
active is that activation travels down from words as well as up to words.
Suppose, to follow the earlier example, H, F, and E are all highly acti-
vated, and at the word level, THE, OFF, and DEN are among those with
some aclivation because of having a highly activated letter in the second
position. Of course the letter level contains T, H, E, O, I, P, N, the letters
found in the aclivated words. These letlers are increased in activation
even though none of them, except those consistent with p , have been
“gpen.” Because of this “lop-down” (word to letter) activation, less fea-
ture information is now needed Lo “see” a T or I or any of these letters.
And since this indirect activation of these letters is added to that being
initiated at the feature level, the final perception of the word has been
speeded up. It is faster than il each letter had to be completely identilied
before the words could be identilied.

Context Lffects

This interaction of letter level and word level is the part of an interactive
systemn that has been worked out in detail (Rumelhart & McClelland, 1981;
1982: McClelland & Rumelhart, 1981). However, there is another level to
consider that is at least as important for skilled reading. Suppose the word
level can also receive activation from context. IFor this, we can imagine
a text memory bulfer, perhaps working memory, that, as il processes the
lext, activates the words in permanent memory as they are encountered.
Activation spreads to semantically related words. This means that a given
word’s activation might well be above resting level prior to any infor-
mation whatsoever from the word itself. In fact, at least one other word-
recognition model makes this sort of assumption (Morton, 1969) and a
mechanism ol spreading semantic activation is a central processing as-
sumption for which there is much evidence (Collins & Loftus, 1975). This
kind of semantic influence was also a part of an earlier interactive model
of Rumelhart (1977), and its application to the Rumelhart and Mec-
Clelland model is consistent with the assumptions of the theory.

A semantic influence of this sort means that identification of words will
be facilitated in context. Such context effects are well documented (e.g.,
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Morton, 1964; Perfetti, Goldman, & Hogaboam, 1979; Schuberth & Eimas,

1977; Tulving & Gold, 1963; West & Stanovich, 1978). The application of

conlext can be only weakly interactive. It simply lowers the threshold
for perceiving a word. In the strongly interactive model it would operate
to affect activation levels of letters that are part of activated word can-
didates as well as the words themselves.

In short, whether by weakly or strongly interactive assumptions, this
top-down semantic effect makes a difference for lexical access in read-
ing. For example, the word saadewe, which appears here as a blur to rep-
resent a stage of feature processing that is incomplete, is hard to recog-
nize. Bul if it occurs in sentence (1) it is a bit easier to recognize:

(1) There were several repair jobs Lo be done.
The first was Lo [ix the window.

However, even Lhis context is less helpful than (2):

(2) The room was warm and stuffy, so they opened the

As the text increasingly constrains the choice of words—(2) is more con-
straining than (1)—the top-down activation is b])led(l less thin. In (1) se-
mantic activation is spread among many words—window, chair, bicycle,
hot water heater, etc.—that refer to repairable objects. In (2) semantic ac-
livation is more concentrated, and window receives most of the activa-
tion; door perhaps receives some also.

Thus, by this account, the access of a word in memory is the result of
semantic processes as well as processes that identify letters strictly on
the basis of feature information. Semantic information may in lact com-
pensate for impoverished feature information, as the window example
above demonstrales. I'or example, Perfetti and Roth (1981) reporl exper-
iments based on just this principle, in which children read words that
were visually degraded by randomly deleting features. (Since these were
computer-printed words, the fealures were essentially dots.) The degree
of stimulus degradation could be varied by the percentage of dots that
were deleted. Iigure 2-3 shows an example of three levels of degrading.
At the highest level of d2grading, words were very slowly identified and
often not identified correctly at all. When the word appeared in context,
it became more identifiable, both in accuracy and speed of identification.
The contexts were arranged to vary the constraint applied to the {inal word,
which was always the word to be identified. Figure 2-4 shows the result
that speed of identification rose with increases in the degree of con-
straint imposed by the context.

The interaction of contextual constraint and degrading suggests that high
semanlic activation can compensate for insufficient feature and letter ac-
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Fieure 2-3. Three levels of stimulus degrading used in word-identification exper-
i e . . P o s
iments of Perfetti and Roth (1981). Identification times increased with degrading.

tivation. It makes another important suggestion as well. The fact that there
was a statistical interaction of constraint and degrading can be laken to
demonstrate that the contribution of semantic a('li\-'zllinn increases as lower
level feature and letter activation decreases.” Theore stically, this is im-
porlant because it is consistent with an assumption that the interactive
system is asymmelric al. The asymmetry is that the lower level processes
in skilled reading are autonomous. That is, they can make a contribution
to word identification that is independent of context. To put it another
way, the asymmetry in the interactive system means that low level in-

Figure 2-4. Idenlification of words related to degree of contextual constraint—
high, medium, low, and words in isolation—and to degree of degradation.
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formation is sufficient for identification whereas semantic information is
not sufficient. Free associating is not the same as reading.

To summarize, an interactive model of lexical access will account for
semanlic aclivation eflects as well as the basic facts of isolated word rec-
ognition. The model of Rumelhart and McClelland has been worked out
in detail only for isolated word recognition. Semantic activation, in which
ongoing text processes affect lexical access, can be incorporated into such
a model, although its processing features have not been worked out.

Conlex! Mechanisms for Semantic Activalion

If semantic activation actually assists lexical access, there are several
questions to ask. The central question is how does semantic activation
“work? One possibility is that the reader actively anticipates possible word
candidales during reading (a pernicious version of the psycholinguistic
puessing game). This is possible in principle, bul we are talking here about
skilled reading. Skilled reading is, by definition, a very fluent process. If
a reader lixales three or four words per second, around the normal rate,
where is there time to guess? Moreover, if he is skilled at reading, why
bother?” Reading is much easier than guessing. The case may be different
in, for example, reading in a foreign language that is incompletely mas-
tered. There is plenty of time to guess in such cases and perhaps enough
pavoff for doing so. But for a skilled reader and a familiar language, there
must be a mechanism other than conscious anticipation.

The alternative, of course, is automalic (unconscious) activation. The
feature-detection and letter-activation processes that bring about lexical
access from the bottom are of this sort. Automatic semantic activation
could rise very rapidly in time to assist word identification. There are a
number of models that describe such automatic activation during read-
ing (Becker, 1976; Fischler & Bloom, 1979; Stanovich, 1981). These models
are different in how they handle facilitative and inhibitory effects of con-
lext, Inhibitory elfects refer to increases in processing lime associaled with
a misleading context.

An example of an activation model that can account for context effects
is the model of Posner and Snyder (1975), as applied to reading by Stan-
ovich (1981). This model assumes two separate processing mechanisms
that govern expectancy, one that is automatic, or attention-free, and one
that is conscious, or altention-controlling. The (wo processes are as-
sumed to have different time courses. The conscious allention process
works more slowly because it has to direct a limited-capacity process to
a new input. Or, in other words, il shilts the location of allention from
one point to another within semantic memory (in the case of reading).
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By contrast, the attention-free mechanism operates quickly and at no cosl
to the limited-capacity processor. The two-process theory accounts for
inhibition effects by the conscious attention process and for facilitation
alfects by the automatic attention process. The implication that lacilita-
tive effects are more rapid than inhibitory effects gets some support from
experiments by Stanovich (1981). Other research has been interpreted to
support alternative models (Becker, 1980; Fischler & Bloom. 1979). Un-
der what conditions inhibitory elfects occur seems to be the dividing is-
sue. However, it seems clear, al minimum, that there is some rapidly oc-
curring activation function that can facilitate lexical access under the right
conditions.

As an alternative to these concerns over inhibition, there is an as-
sumption perhaps more suitable for reading, namely, that inhibition pro-
cesses do not occur. (That is why the earlier discussion ol context ig-
nored inhibition.) Inhibition is a process that results from a really
unexpected occurrence. If a woman is reading a book as she begins to
cross the street, and a bus suddenly interrupts her reading, that is inhi-
bition. A new signal must be processed, and attention is clearly shifted
to a new location. But within the reading process itsell, inhibition should
be a rare event. Perhaps encountering a four-letter epithet in the middle
of a New York Times column would be such a case. But for run-of-the-
mill reading, this kind of attention-shifting inhibition should be rare.

By this alternative, conscious attention mechanisms are of very re-
duced significance.® What is significant is unconscious spreading seman-
tic activation. Activation would spread among concepts in memory as
the text meanings are encoded. The activation can be thought of as
spreading along the nodes of a semantic memory network (Collins & Lof-
tus, 1975). On such a system, we would want activation lo occur for words
other than simple associations. For example consider sentence (3):

(3) It was really hot, so we opened the window.

It would be nice if window received some prior semantic activation (or
“priming”) from the senlence. Opened could initiate activation to things
that are marked in a semanlic network as [can be opened]. Perhaps door,
window, shutter, bolile, puckage, and a number of other words gel some
aclivalion from open. But if window is to get more than its share of ac-
tivation, and the evidence suggests that is does, it must get an additional
jolt from somewhere else. A likely source is hot. However, hot would not
be directly linked to window in a semantic network. The spread of acti-
vation occurs along all links as the nodes are encountered, and window
will receive some activation from intermediate links between its node and
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hot. Another source of activation lies in the previous sentence. The prob-
lem with assuming such distant context effects based on spreading acti-
vation is that the time course is probably wrong. Activalion rises and falls
rapidly. Whether there would be much effect after several words have
intervened is doubtiul.

There are two more contextual mechanisms that will help out. One is
based on syntax. It is possible that at least some activation results from
the initial encoding of a syntactic pattern. Parts of the pattern not yet
encountered are activated. For example the would trigger a noun-phrase
pattern. Any noun in the system gets a piece of the activation and so would
any prenominal adjective. When an adjective is also encountered, e.g.,
the old, there continues to be activation for all nouns, supplemented by
semanlic activation from old. Words that cannot be nouns would receive
inhibition (in the interactive model sense of inhibitory links, not an ac-
tive inhibition). There is in fact some evidence for an automatic syntac-
tic priming mechanism for definite articles (Irwin, Bock, & Stanovich,
1982). There are also strong effects of syntactic expectation on how a
sentence is interpreted (Frazier & Rayner, 1982).

The third contextual mechanism is based on the assumption that the
reader builds a mental model of the text during reading. That is, he at-
tempts to comprehend the text by constructing a representation ol the
underlying text meaning. This mental model can be thought of as an ab-
stract conceptual schema but with specific verbal information. For ex-
ample, halfway through reading Little Red Riding Hood (for the first time)
the reader’s model includes information about a visit to a sick grand-
mother interrupted by an encounter with a wolf. This central thread has
connections to many lower level information structures—for example, the
mother-daughter episode at the beginning of the story—that recede as the
text model gets updated. The conlext mechanism is that activation is
available to elements in the text model. Activation rises and falls for par-
ticular elements as the story progresses. Thus the part of the model to
which the most recenl piece of information is attached is more active than
other parls of the model. However, all elements of the model are active
relative to the base level. Thus even though grandmother has not been
mentioned for a few sentences, grandmother-related concepts are at least
weakly activated. Lexical access for words linked to their concepts may
be slightly facilitated. Alternatively, and more likely, access may be rel-
atively unaffected but the semantic processes that assign contextually
appropriate meanings to words may be significantly atlected.

The force of this proposal is thal context effects may occur both be-
cause of what has just been read and because of what is in the mind of
the reader. The latter, in the right circumstances, will include a repre-
sentation of the text.

Lexical Processes in Skilled Reading 29

what do context mechanisms affect?

Do context mechanisms work on lexical access or do they work on some
process following lexical access? In conventional descriptions of the
reading process, this seems to be an important question. Mitchell and
Green (1978), for example, interpret the kind of evidence discussed in
this section as refllecting poslaccess processes (involved in saying the word,
for example). They suggest that in normal reading, context plays little
role in lexical access itself. To assess this issue. we can return to what
the eve tells us about reading. Zola (1979; reported in McConkie & Zola,
1981) studied the eve movements of subjects reading paragraphs with
highly predictable words. Some of the words were 85% predictable. What
would the eve do, for example, on the word popcorn when il was pre-
ceded by buttered compared with when it was preceded by adequate?
What it did not do is skip the word. The target word, e.g., popcorn, was
fixatod 96% regardless of how predictable it was. Conlextual constraint
did have some effect, however. When the word was highly predictable,
the fixalion was about 14 msec shorter. These context effects, however,
do increase when the target word is short enough so that nonfixations
are possible. Ehrlich and Rayner (1981) reported that targel words are
fixated less often when they are highly predictable. They also found a
larger effect of predictability on fixation durations (over 30 msec). Of course
it is possible that the savings of 14-30 milliseconds occur during some
postaccess process. In particular, the contextually appropriate semantic
encoding of the predictable word is made easier. But if this encoding is
what is meant by a “postaccess’ process, then it is cerlainly an impor-
tant early occurring part of reading. If we accept a basic distinction be-
tweern preaccess and postaccess then it may turn oul that most semantic
context effects are postaccess in ordinary reading.

As a malter of fact, the preaccess vs. postaccess distinction becomes
less meaningful in a fully interactive model. Since activation is passing
between multiple information sources there is no clearly defined stage
of lexical access. There is simply some lime alter which activation is high
enough to say that a word has been “identified.” Meanwhile semantic
activation, which has been going on during this time, may continue. So,
roughly speaking, the semantic encoding of a word is part of its lexical

aceess.

SUMMARY

This chapter has described some of the lexical processing in skilled
reading. Skilled reading, delined as a combination of speed and compre-
hension, was examined by considering some basic studies of eye move-
ments, Research indicates that most words are fixated during skilled
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reading, with content words fixated more than function words. Speed
readers read faster by making fewer and shorter lixations. However, their
comprehension ol details suffers because only words that are lixated pro-
vide information aboul meaning. The perceptual span for specilic word
identification is only a few characters, although some shape-length in-
formation has a large span. These studies demonstrate the central impor-
tance of lexical access in reading.

Lexical access, defined as access to a word’s location in memory, was
described as an interactive process. Although weakly interactive models
of access would serve well, the strongly interactive model of Rumelhart
and McClelland was taken as a powerful and plausible description of
lexical access during reading. Lower level and higher level information
travel through a network along activation links in both bottom-up and
top-down directions. Aclivation also is initiated by semantic processes.
Thus access to a word in context, the usual case in reading, is facilitated
compared with access in isolation. Experiments using trade-offs between
context and word-level information demonstrale this important effect.
Three possible aclivalion processes are proposed: semantic activation from
words in the sentence being read, activalion from incomplele syntactic
frames based on grammaltical categories represented in the memory net-
work, and a model of the text's meaning constructed by the reader. Evi-
dence for these mechanisms is needed. The question of whether the con-
text effects occur during “preaccess™ or “postaccess” processes is less
important in an inleractive model.

NOTES

I. The issue is what counts as a fixation. Carpenter and Just (1981; Just &
Carpenter, 1980) have used an aggregale measure (gaze duration) that sums
all fixations beyond some minimum. It is more typical in eve movement
research not to summate over fixations. According to Kliegl, Olson, and
Davidson (1982), the procedure of Just and Carpenter (1980) produces
misreadings of fixation time that cause problems for theoretical model-
ing. However, this controversy should not affect the conclusion that most
words are lixaled.

2. Interactions between contextual constraint and word-level factors are also
found for word factors other than degrading. For example, Perfetti,
Goldman, and Hogaboam (1979) found a word length > context inter-
action. Longer words were facilitated more by context than were shorter
words. Stanovich (1981) found a similar result with the same measure,
time to identify a word (word naming). Stanovich and West (1981) also
report an interaction of context with degrading. However, this interac-
tion involves an inhibitory effect (incongruent context) more than a fa-
cilitative effect. A reliable interaction for facilitation may be more de-
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tectable with multiple levels of degrading and context, as were used in
the Perfetti and Roth (1981) experiments but not the West and Stanovich
(1978) and Stanovich (1981) experiments.

3. It also follows that the best way to assess conlext effects in ways that
apply to normal reading is to compare different degrees of facilitative
context with weak or no context. Experiments which have inhibitory in-
stances mixed in with facilitative ones may not assess facilitation appro-
priately for reading.
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