and state governments may properly
have an interest in cooperating with
the local authorities.

The best program in the world can
fail in the face of opposition or apathy
on the part of the public. The com-
mission report calls upon the public to
undertake three tasks: (i) to become
familiar with information about air con-
servation and air pollution, calling
upon the scientific community and the
government for assistance; (ii) to con-
sider the problems of all segments of
the community: industries, utilities, and
private citizens; (iii) to urge, permit,
and require the appropriate govern-
ments (federal, state, and local) to

take actions necessary to ensure that
the air of the areas within their respec-
tive jurisdictions is of the quality de-
sired by the people of those areas,
and that the quality is maintained.

A Challenge and an Opportunity

Man has been wasteful of the re-
sources of the world in which he lives.
He has ravaged its forests and soils
and has plundered its mineral wealth;
he has squandered and soiled its wa-
ters; he has contaminated its air. No
reasonable person would suggest that
man not use his environment, or that

Learning to Read

Experimental psychologists examine the process by
which a fundamental intellectual skill is acquired.

Educators and the public have ex-
hibited a keen interest in the teaching
of reading ever since free public educa-
tion became a fact (/). Either because
of or despite their interest, this most
important subject has been remarkably
~susceptible to the influence of fads and
fashions and curiously unaffected by
disciplined experimental and theoretical
psychology. The psychologists have tra-
ditionally pursued the study of verbal
fearning by means of experiments with
nonsense syllables and the like—that is,
materials carefully divested of useful
information. And the educators, who
found little in this work that seemed
relevant to the classroom, have stayed
with the classroom; when they per-
formed experiments, the method was
apt to be a gross comparison of classes

The author is senior research associate in psy-
chology at Cornell University. This article is
adapted from a paper read at a conference on
Perceptual and Linguistic Aspects of Reading,
sponsored by the Committee on Learning and the
Educational Process of the Social Science Re-
search Council and held at the Center for Ad-
vanced Study in the Behavioral Sciences, Palo
Alto, California, 31 October 1963.
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privileged and unprivileged with respect
to the latest fad. The result has been
two cultures: the pure scientists in the
laboratory, and the practical teachers
ignorant of the progress that has been
made in the theory of human learning
and in methods of studying it.

That this split was unfortunate is
clear enough. True, most children do
learn to read. But some learn to read
badly, so that school systems must pro-
vide remedial clinics; and a small pro-
portion (but still a large number of
future citizens) remain functional
illiterates. The fashions which have led
to classroom experiments, such as the
“whole word” method, emphasis on
context and pictures for “meaning,” the
“flash” method, “speed reading,” re-
vised alphabets, the “return” to “phon-
ics,” and so on, have done little to
change the situation.

Yet a systematic approach to the un-
derstanding of reading skill is possible.
The psychologist has only to treat read-
ing as a learning problem, to apply
ingenuity in theory construction and ex-

he revert to his primitive past. But no
reasonable person can condone  his
wasteful excesses.

The problem of air pollution very
probably will never be “solved.” But
if man is willing to recognize it as a
problem, if he is prepared to bring to
the problem his political wisdom, his
scientific knowledge, and his techno-
logical skills, if he is willing to work
with nature instead of against it, then
he can leave to his children and his
children’s children something more
valuable and more necessary to human
life than any of the manufactured
products of his civilization. He can be-
queath to them the blessing of clean air.

perimental design to this fundamental
activity on which the rest of man’s edu-
cation depends. A beginning has re-
cently been made in this direction, and
it can be expected that a number of
theoretical and experimental studies of
reading will be forthcoming (2).

Analysis of the Reading Process

A prerequisite to good research on
reading is a psychological analysis of
the reading process. What is it that a
skilled reader has learned? Knowing
this (or having a pretty good idea of
it), one may consider how the skill is
learned, and next how it could best be
taught. Hypotheses designed to answer
all three of these questions can then be
tested by experiment.

There are several ways of character-
izing the behavior we call reading. It is
receiving communication; it is making
discriminative responses to graphic
symbols; it is decoding graphic symbols
to speech; and it is getting meaning
from the printed page. A child in the
early stages of acquiring reading skill
may not be doing all these things, how-
ever. Some aspects of reading must be
mastered before others and have an
essential function in a sequence of de-
velopment of the final skill. The aver-
age child, when he begins learning to
read, has already mastered to a marvel-
ous extent the art of communication.
He can speak and understand his own
language in a fairly complex way, em-
ploying units of language organized in a
hierarchy and with a grammatical struc-
ture. Since a writing system must cor-
respond to the spoken one, and since
speech is prior to writing, the frame-
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work and unit structure of speech will
determine more or less the structure of
the writing system, though the rules of
correspondence vary for different lan-
guages and writing systems. Some alpha-
betic writing systems have nearly perfect
single-letter-to-sound correspondences,
but some, like English, have far more
complex correspondence between spell-
ing patterns and speech patterns. What-
ever the nature of the correspondences,
it is vital to a proper analysis of the
reading task that they be understood.
And it is vital to remember, as well,
that the first stage in the child’s mas-
tery of reading is learning to communi-
cate by means of spoken language.

Once a child begins his progression
from spoken language to written lan-
guage, there are, I think, three phases
of learning to be considered. They pre-
sent three different kinds of learning
tasks, and they are roughly sequential,
though there must be considerable over-
lapping. These three phases are: learn-
ing to differentiate graphic symbols;
learning to decode letters to sounds
(“map” the letters into sounds); and
using progressively higher-order units
of structure. I shall consider these
three stages in order and in some de-
tail and describe experiments exploring
each stage.

Differentiation of Written Symbols

Making any discriminative response
to printed characters is considered by
some a kind of reading. A very young
child, or even a monkey, can be taught
to point to a patch of yellow color,
rather than a patch of blue, when the
printed characters YELLOW are pre-
sented. Various people, in recent popu-
lar publications, have seriously sug-
gested teaching infants to respond
discriminatively in this way to letter
patterns, implying that this is teaching
them to “read.” Such responses are not
reading, however; reading entails de-
coding to speech. Letters are, essential-
ly, an instruction to produce a given
speech sound.

Nevertheless, differentiation of writ-
ten characters from one another is a
logically preliminary stage to decoding
them to speech. The learning problem
is one of discriminating and recognizing
a set of line figures, all very similar in
a number of ways (for example, all are
tracings on paper) and each differing
from all the others in one or more fea-
tures (as straight versus curved). The
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Standard Line to curve 180° Rotation Slant back Close
Standard Line to curve 45° Rotation Slant right Break
Fig. 1. Examples of letter-like figures illustrating different types of transformation.

differentiating features must remain in-
variant under certain transformations
(size, brightness, and perspective trans-
formations and less easily described
ones produced by different type faces
and handwriting). They must there-
fore be relational, so that these trans-
formations will not destroy them.

It might be questioned whether learn-
ing is necessary for these figures to be
discriminated from one another. This
question has been investigated by Gib-
son, Gibson, Pick, and Osser (3). In
order to trace the development of letter
differentiation as it is related to those
features of letters which are critical for
the task, we designed specified trans-
formations for each of a group of
standard, artificial letter-like forms
comparable to printed Roman capitals.
Variants were constructed from each
standard figure to yield the following 12
transformations for each one: three de-
grees of transformation from line to
curve; five transformations of rotation
or reversal; two perspective transforma-
tions; and two topological transforma-
tions (see Fig. 1 for examples). All of
these except the perspective transforma-
tions we considered critical for dis-
criminating letters. For example, con-
trast v and u; ¢ and u; o and c.

The discrimination task required the
subject to match a standard figure
against all of its transformations and
some copies of it and to select only
identical copies. An error score (the
number of times an item that was not
an identical copy was selected) was ob-
tained for each child, and the errors
were classified according to the type of
transformation. The subjects were chil-
dren aged 4 through 8 vyears. As
would be expected, the visual discrimi-

nation of these letter-like forms im-
proved from age 4 to age 8, but
the slopes of the error curves were
different, depending on the transforma-
tion to be discriminated (Fig. 2). In
other words, some transformations are
harder to discriminate than others, and
improvement occurs at different rates
for different transformations. Even the
youngest subjects made relatively few
errors involving changes of break or
close, and among the 8-year-olds these
errors dropped to zero. Errors for per-
spective transformations were very
numerous among 4-year-olds and still
numerous among S-year-olds. Errors
for rotations and reversals started high
but dropped to nearly zero by 8
years. Errors for changes from line to
curve were relatively numerous (de-
pending on the number of changes)
among the youngest children and
showed a rapid drop among the older—
almost to zero for the 8-year-olds.

The experiment was replicated with
the same transformations of real letters
on the 5-year-old group. The correla-
tion between confusions of the same
transformations for real letters and for
the letter-like forms was very high (r
= +.87), so the effect of a given trans-
formation has generality (is not specific
to a given form).

What happens, in the years from 4
to 8, to produce or hamper im-
provement in discrimination? QOur re-
sults suggest that the children have
learned the features or dimensions of
difference which are critical for differ-
entiating letters. Some differences are
critical, such as break versus close, line
versus curve, and rotations and re-
versals; but some, such as the perspec-
tive transformations, are not, and must
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Table 1. Number of errors made in transfer
stage by groups with three types of training.

Type of training

Group B Errors
Standards Transfor-
mations
El Same Different 69
E2 Different Same 39
Different 101

C Different

in fact be tolerated. The child of 4
does not start “cold” upon this task,
because some of his previous experience
with distinctive features of objects and
pictures will transfer to letter differen-
tiation. But the set of letters has a
unique feature pattern for each of its
members, so learning of the distinctive
features goes on during the period we
investigated.

If this interpretation is correct, it
would be useful to know just what the
distinctive features of letters are. What
dimensions of difference must a child
learn to detect in order to perceive each
letter as unique? Gibson, Osser, Schiff,
and Smith (4) investigated this ques-
tion. Our method was to draw up a
chart of the features of a given set of
letters (5), test to see which of these
letters were most frequently confused
by prereading children, and compare
the errors in the resulting ‘“confusion
matrix” with those predicted by the fea-
ture chart.

A set of distinctive features for
letters must be relational in the sense
that each feature presents a contrast
which is invariant under certain trans-
formations, and it must yield a unique
pattern for each letter. The set must

HO P
Perspective Transformations

Rotation and Reversal Transformations

Percentage of Errors

1
4 5 6 7 8
Age in Years

Fig. 2. Error curves showing rate of im-
provement in discriminating four types of
transformation.
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also be reasonably economical. Two
feature lists which satisfy these require-
ments for a specified type face were
tried out against the results of a con-
fusion matrix obtained with the same
type (simplified Roman capitals avail-
able on a sign-typewriter).

Each of the features in the list in
Fig. 3 is or is not a characteristic of
each of the 26 Jetters. Regarding each
letter one asks, for example, “Is there
a curved segment?” and gets a yes or
no answer. A filled-in feature chart
gives a unique pattern for each letter.
However, the number of potential fea-
tures for letter-shapes is very large, and
would vary from one alphabet and type
font to another. Whether or not we
have the right set can be tested with a

‘confusion matrix. Children should con-

fuse with greatest frequency the letters
having the smallest number of feature
differences, if the features have been
chosen correctly.

We obtained our confusion matrix
from 4-year-old children, who made
matching judgments of letters, pro-
grammed so that every letter had an
equal opportunity to be mistaken for
any other, without bias from order
effects. The “percent feature differ-
ence” for any two letters was deter-
mined by dividing the total number of
features possessed by either letter, but
not both, by the total number possessed
by both, whether shared or not. Corre-
lations were then calculated between
percent feature difference and number
of confusions, one for each letter. The
feature list of Fig. 3 yielded 12 out of
26 positive significant correlations.
Prediction from this feature list is
fairly good, in view of the fact that
features were not weighted. A multi-
dimensional analysis of the matrix
corroborated the choice of the curve-
straight and obliqueness variables, sug-
gesting that these features may have
priority in the discrimination process
and perhaps developmentally. Refine-
ment of the feature list will take these
facts into account, and other methods
of validation will be tried.

Detecting Distinctive Features

If we are correct in thinking that the
child comes to discriminate graphemes
by detecting their distinctive features,
what is the learning process like? That
it is perceptual learning and need not
be verbalized is probable (though teach-
ers do often call attention to contrasts
between letter shapes.) An experiment

by Anne D. Pick (6) was designed to
compare two hypotheses about how this
type of discrimination develops. One
might be called a “schema” or “proto-
type” hypothesis, and is based on the
supposition that the child builds up a
kind of model or memory image of
each letter by repeated experience of
visual presentations of the letter; per-
ceptual theories which propose that dis-
crimination occurs by matching sensory
experience to a previously stored con-
cept or categorical model are of this
kind. In the other hypothesis it is as-
sumed that the child learns by discover-
ing how the forms differ, and then
easily transfers this knowledge to new
letter-like figures.

Pick employed a transfer design in
which subjects were presented in stzp
I with initially confusable stimuli (let-
ter-like forms) and trained to discrimi-
nate between them. For step 2 (the
transfer stage) the subjects were di-
vided into three groups. One experi-
mental group was given sets of stimuli
to discriminate which varied in new
dimensions from the same standards
discriminated in stage 1. A second ex-
perimental group was given sets of
stimuli which deviated from new stand-
ards, but in the same dimensions of
difference discriminated in stage 1. A
control group was given both new
standards and new dimensions of differ-
ence to discriminate in stage 2. Better
performance by the first experimental
group would suggest that discrimination
learning proceeded by construction of
a model or memory image of the stand-
ards against which the variants could
be matched. Conversely, better per-
formance by the second experimental
group would suggest that dimensions of
difference had been detected.

The subjects were kindergarten chil-
dren. The stimuli were letter-like forms
of the type described earlier. There
were six standard forms and six trans-
formations of each of them, The trans-
formations consisted of two changes of
line to curve, a right-left reversal, a
45-degree rotation, a perspective trans-
formation, and a size transformation.
Table 1 gives the errors of discrimina-
tion for all three groups in stage 2.
Both experimental groups performed
significantly better than the control
group, but the group that had familiar
transformations of new standards per-
formed significantly better than the
group given new transformations of old
standards.

We infer from these results that,
while children probably do learn proto-
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types of letter shapes, the prototypes
themselves are not the original basis
for differentiation. The most relevant
kind of training for discrimination is
practice which provides experience with
the characteristic differences that dis-
tinguish the set of items. Features
which are actually distinctive for letters
could be emphasized by presenting let-
ters in contrast pairs.

Decoding Letters to Sounds

When the graphemes are reasonably
discriminable from one another, the
decoding process becomes possible.
This process, common sense and many
psychologists would tell us, is simply
a matter of associating a graphic stimu-
lus with the appropriate spoken re-
sponse—that is to say, it is the tradi-
tional stimulus-response paradigm, a
kind of paired-associate learning.

Obvious as this description seems,
problems arise when one takes a closer
look. Here are just a few. The graphic
code is related to the speech code by
rules of correspondence. If these rules
are known, decoding of new items is
predictable. Do we want to build up,
one by one, automatically cued re-
sponses, or do we want to teach with
transfer in mind? If we want to teach
for transfer, how do we do it? Should
the child be aware that this is a code
game with rules? Or will induction of
the rules be automatic? What units of
both codes should we start with?
Should we start with single letters, in
the hope that knowledge of single-letter-
to-sound relationships will yield the
most transfer? Or should we start with
whole words, in the hope that com-
ponent relationships will be induced?

Carol Bishop (7) investigated the
question of the significance of knowl-
edge of component letter-sound rela-
tionships in reading new words. In her
experiment, the child’s process of learn-
ing to read was simulated by teaching
adult subjects to read some Arabic
words. The purpose was to determine
the transfer value of training with in-
dividual letters as opposed to whole
words, and to investigate the role of
~ component letter-sound associations in
transfer to learning new words.

A three-stage transfer design was em-
ployed. The letters were 12 Arabic
characters, each with a one-to-one
letter-sound  correspondence.  There
were eight consonants and four vowels,
which were combined to form two sets
of eight Arabic words. The 12 letters
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Features A B C

Straight segment

Horizontal +
Vertical

Oblique /
Oblique \

Curve

Closed

Open vertically

Open horizontally
Intersection +

++
+

Redundancy

Cyclic change
Symmetry

++ + +

Discontinuity

Vertical
Horizontal

+ + -+
+ + + +
+ + +
5 + +
+
+ +
+
+ + + +
+ +
+ + + +

Fig. 3. Example of a “feature chart.” Whether the features chosen are actually effec-
tive for discriminating letters must be determined by experiment.

appeared at least once in both sets of
words. A native speaker of the lan-
guage recorded on tape the 12 letter-
sounds and the two sets of words, The
graphic form of each letter or word
was printed on a card.

The subjects were divided into three
groups—the letter training group (L),
the whole-word training group (W),
and a control group (C). Stage 1 of
the experiment was identical for all
groups. The subjects learned to pro-
nounce the set of words (transfer set)
which would appear in stage 3 by lis-
tening to the recording and repeating
the words. Stage 2 varied. Group L
listened to and repeated the 12 letter-
sounds and then learned to associate
the individual graphic shapes with their
correct sounds. Group W followed the
same procedure, except that eight words
were given them to learn, rather than
letters. Learning time was equal for the
two groups. Group C spent the same
time-interval on an unrelated task. Stage
3 was the same for the three groups.
All subjects learned to read the set of
words they had heard in stage 1, re-
sponding to the presentation of a word
on a card by pronouncing it. This was
the transfer stage on which the three
groups were compared.

At the close of stage 3, all subjects
were tested on their ability to give the
correct letter-sound following the pre-
sentation of each printed letter. They
were asked afterward to explain how
they tried to learn the transfer words.

Figure 4 shows that learning took
place in fewest trials for the letter group

and next fewest for the word group.
That is, letter training had more trans-
fer value than word training, but word
training did produce some transfer.
The subjects of group L also knew, on
the average, a greater number of com-
ponent letter-sound correspondences,
but some subjects in group W had
learned all 12. Most of the subjects
in group L reported that they had tried
to learn by using knowledge of com-
ponent correspondences. But so did 12
of the 20 subjects in group W, and the
scores of these 12 subjects on the trans-
fer task were similar to those of the
letter-trained group. The subjects who
had learned by whole words and had
not used individual correspondences
performed no better on the task than
the control subjects.

It is possible, then, to learn to read
words without learning the component
letter-sound correspondences. But trans-
fer to new words depends on use of
them, whatever the method of original
training. Word training was as good as
letter training if the subject had ana-
lyzed for himself the component rela-
tionships.

Learning Variable and Constant

Component Correspondences

In Bishop’s experiment, the com-
ponent letter-sound relationships were
regular and consistent. It has often
been pointed out, especially by advo-
cates of spelling reform and revised
alphabets (8), that in English this is
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Fig. 4. Learning curves on transfer task for group trained originally with whole words
(W), group trained with single letters (1.), and control group (C).

not the case. Bloomfield (9) suggested
that the beginning reader should, there-
fore, be presented with material care-
fully programmed for teaching those
orthographic-phonic regularities which
exist in English, and should be intro-
duced later and only gradually to the
complexities of English spelling and to
the fact that single-letter-to-sound re-
lationships are often variable. But
actually, there has been no hard evi-
dence to suggest that transfer, later, to
reading spelling-patterns with more
variable component correspondence will
be facilitated by beginning with only
constant ones. Although variable ones
may be harder to learn in the beginning,
the original difficulty may be compen-
sated for by facilitating later learning.

A series of experiments directed by
Harry Levin (/0) dealt with the effect
of learning variable as opposed to
constant letter-sound relationships, on
transfer to learning new letter-sound
relationships. In one experiment, the
learning material was short lists of
paired-associates, with a word written
in artificial characters as stimulus and a
triphoneme familiar English word as re-
sponse. Subjects (third-grade children)
in one group were given a list which
contained constant graph-to-sound rela-
tionships (one-to-one component cor-
respondence) followed by a list in
which this correspondence was variable
with respect to the medial vowel sound.
Another group started with a similarly
constructed variable list and followed
it with a second one. The group that
learned lists with a variable component
in both stages was superior to the other
group in the second stage. The results
suggest that initiating the task with a
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variable list created an expectation of
learning set for variability of corre-
spondence which was transferred to the
second list and facilitated learning it.

In a second experiment, the con-
stant or variable graph-sound relation
occurred on the first letter. Again, the
group with original variable training
performed better on the second, vari-
able list. In a third experiment adult
native speakers of English and Spanish
were compared. The artificial graphs
were paired with nonsense words.
Again there was more transfer from a
variable first list to a variable second
list than from a constant to a variable
one. Variable lists were more difficult,
on the whole, for the Spanish speakers,
perhaps because their native language
contains highly regular letter-sound re-
lationships.

A “set for diversity” may, therefore,
facilitate transfer to learning of new
letter-sound  correspondences  which
contain variable relationships. But
many questions about how the code
is learned remain to be solved, because
the true units of the graphic code are
not necessarily single letters. While
single-letter-sound relations in English
are indeed variable, at other levels of
structure regularity may be discovered.

Lower~ and Higher-Order Units

For many years, linguists have been
concerned with the question of units
in language. That language has a hier-
archical structure, with units of differ-
ent kinds and levels, is generally ac-
cepted, though the definition of the
units is not easily reached. One cri-

does.

terion of a unit is recodability—con-
sistent mapping or translation to
another code. If such a criterion be
granted, graphic units must parallel lin-
guistic units. The units of the writing
system should be defined, in other
words, by mapping rules which link
them to the speech code, at all levels
of structure.

What then are the true graphic units?
What levels of units are there? Exactly
how are they mapped to linguistic
units? In what “chunks” are they per-
ceived? We must first try to answer
these questions by a logical analysis of
properties of the writing and speech
systems and the correspondences be-
tween them. Then we can look at the
behavior of skilled readers and see how
units are processed during reading. If
the logical analysis of the correspond-
ence rules is correct, we should be able
to predict what kinds of units are actu-
ally processed and to check our predic-
tions experimentally.

Common sense suggests that the unit
for reading is the single grapheme, and
that the reader proceeds sequentially
from left to right, letter by letter, across
the page. But we can assert at once and
unequivocally that this picture is false.
For the English language, the single
graphemes map consistently into speech
only as morphemes—that is, the names
of the letters of the alphabet. It is pos-
sible, of course, to name letters se-
quentially across a line of print (“spell
out” a word), but that is not the goal
of a skilled reader, nor is it what he
Dodge (I1) showed, nearly 60
years ago, that perception occurs in
reading only during fixations, and not
at all during the saccadic jumps from
one fixation to the next. With a fast
tachistoscopic exposure, a skilled reader
can perceive four unconnected letters,
a very long word, and four or more
words if they form a sentence (/2).
Even first graders can read three-letter
words exposed for only 40 milliseconds,
too short a time for sequential eye-
movements to occur.

Broadbent (73) has pointed out that
speech, although it consists of a tem-
poral sequence of stimuli, is responded
to at the end of a sequence. That is, it
is normal for a whole sequence to be
delivered before a response is made.
For instance, the sentence “Would you
give me your ——— ?” might end with
any of a large number of words, such
as “name” or “wallet” or “wife.” The
response depends on the total message.
The fact that the component stimuli for
speech and reading are spread over time
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does not means that the phonemes or
letters or words are processed one at a
time, with each stimulus decoded to a
separate response. The fact that o is
pronounced differently in BOAT and
BOMB is not a hideous peculiarity of
English which must consequently be re-
formed. The o is read only in context
and is never responded to in isolation.
It is part of a sequence which contains
constraints of two kinds, one morpho-
logical and the other the spelling pat-
terns which are characteristic of Eng-
lish.

If any doubt remains as to the un-
likelihood of sequential processing letter
by letter, there is recent evidence of
Newman (/4) and of Kolers (/5) on
sequential exposure of letters. When
letters forming a familiar word are ex-
posed sequentially in the same place,
it is almost impossible to read the word.
With an exposure of 100 milliseconds
per letter, words of six letters are read
with only 20 percent probability of ac-
curacy; and with an exposure of 375
milliseconds per letter, the probability
is still well under 100 percent. But
that is more than 2 seconds to per-
ceive a short, well-known word! We
can conclude that, however graphemes
are processed perceptually in reading, it
is not a letter-by-letter sequence of acts.

If the single grapheme does not map
consistently to a phoneme, and further-
more, if perception normally takes in
bigger “chunks” of graphic stimuli in
a single fixation, what are the smallest
graphic units consistently coded into
phonemic patterns? Must they be whole
words? Are there different levels of
units? Are they achieved at different
stages of development?

Spelling Patterns

It is my belief that the smallest com-
ponent units in written English are
spelling patterns (/6). By a spelling
pattern, I mean a cluster of graphemes
in a given environment which has an
invariant pronunciation according to
the rules of English. These rules are the
regularities which appear when, for in-
stance, any vowel or consonant or
cluster is shown to correspond with a
given pronunciation in an initial, me-
dial, or final position in the spelling of
a word. This kind of regularity is not
merely “frequency” (bigram frequency,
trigram frequency, and so on), for
it implies that frequency counts are
relevant for establishing rules only if
the right units and the right relation-
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ships are counted. The relevant graphic
unit is a functional unit of one or more
letters, in a given position within the
word, which is in correspondence with
a specified pronunciation (/7).

If potential regularities exist within
words—the spelling patterns that occur
in regular correspondence with speech
patterns—one may hypothesize that
these correspondences have been as-
similated by the skilled reader of Eng-
lish (whether or not he can verbalize
the rules) and have the effect of or-
ganizing units for perception. It follows
that strings of letters which are gen-
erated by the rules will be perceived
more easily than ones which are not,
even when they are unfamiliar words
or not words at all.

Several experiments testing this pre-
diction were performed by Gibson,
Pick, Osser, and Hammond (78). The
basic design was to compare the per-
ceptibility (with a very short tachisto-
scopic exposure) of two sets of letter-
strings, all nonsense or pseudo words,
which differed in their spelling-to-sound
correlation. One list, called the “pro-
nounceable” list, contained words with
a high spelling-to-sound correlation.
Each of them had an initial consonant-
spelling with a single, regular pronun-
ciation; a final consonant-spelling hav-
ing a single regular pronunciation; and
a vowel-spelling, placed between them,
having a single regular pronunciation
when it follows and is followed by the
given initial and final consonant spell-
ings, respectively—for example, GL/ UR/
ck. The words in the second list, called
the “unpronounceable” list, had a low
spelling-to-sound correlation. They were
constructed from the words in the first
list by reversing the initial and final
consonant spellings. The medial vowel
spelling was not changed. For example,
GLURCK became CKURGL. There were
25 such pseudo words in each list, vary-
ing in length from four to eight letters.
The pronunciability of the resulting lists
was validated in two ways, first by rat-
ings, and second by obtaining the num-
ber of variations when the pseudo
words were actually pronounced.

The words were projected on a
screen in random order, in five succes-
sive presentations with an exposure time
beginning at 50 milliseconds and pro-
gressing up to 250 milliseconds. The
subjects (college students) were in-
structed to write each word as it was
projected. The mean percentage of pro-
nounceable words correctly perceived
was consistently and significantly great-
er at all exposure times.

The experiment was later repeated
with the same material but a different
judgment. After the pseudo word was
exposed, it was followed by a multiple-
choice list of four items, one of the
correct one and the other three the
most common errors produced in the
previous experiment. The subject chose
the word he thought he had seen from
the choice list and recorded a number
(its order in the list). Again the mean
of pronounceable pseudo words cor-
rectly perceived significantly exceeded
that of their unpronounceable counter-
parts. We conclude from these experi-
ments that skilled readers more easily
perceive as a unit pseudo words which
follow the rules of English spelling-to-
sound correspondence; that spelling pat-
terns which have invariant relations to
sound patterns function as a unit, thus
facilitating the decoding process.

In another experiment, Gibson,
Osser, and Pick (79) studied the de-
velopment of perception of grapheme-
phoneme correspondences. We wanted
to know how early, in learning to read,
children begin to respond to spelling-
patterns as units. The experiment was
designed to compare children at the end
of the first grade and at the end of the
third grade in ability to recognize fa-
miliar three-letter words, pronounceable
trigrams, and unpronounceable tri-
grams. The three-letter words were
taken from the first-grade reading list;
each word chosen could be rearranged
into a meaningless but pronounceable
trigram and a meaningless and unpro-
nounceable one (for example, RAN,
NAR, RNA). Some longer pseudo words
(four and five letters) taken from the
previous experiments were included as
well. The words and pseudo words
were exposed tachistoscopically to in-
dividual children, who were required to
spell them orally. The first-graders read
(spelled out) most accurately the famil-
iar three-letter words, but read the pro-
nounceable trigrams significantly better
than the unpronounceable ones. The
longer pseudo words were seldom read
accurately and were not differentiated
by pronunciability. The third-grade
girls read all three-letter combinations
with high and about equal accuracy,
but differentiated the longer pseudo
words; that is, the pronounceable four-
and five-letter pseudo words were more
often perceived correctly than their un-
pronounceable counterparts.

These results suggest that a child in
the first stages of reading skill typically
reads in short units, but has already
generalized certain regularities of spell-
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ing-to-sound correspondence, so that
three-letter pseudo words which fit the
rules are more easily read as units. As
skill develops, span increases, and a
simifar difference can be observed for
longer items. The longer items involve
more complex conditional rules and
longer clusters, so that the generaliza-
tions must increase in complexity. The
fact that a child can begin very early
to perceive regularities of correspond-
ence between the printed and spoken
patterns, and transfer them to the read-
ing of unfamiliar items as units, sug-
gests that the opportunities for dis-
covering the correspondences between
patterns might well be enhanced in pro-
gramming reading materials.

I have referred several times to levels
of units. The last experiment showed
that the size and complexity of the
spelling patterns which can be perceived
as units increase with development of
reading skill. That other levels of struc-
ture, both syntactic and semantic, con-
tain units as large as and larger than
the word, and that perception of skilled
readers will be found, in suitable experi-
ments, to be a function of these factors
is almost axiomatic. As yet we have
little direct evidence better than Cat-
tell’s original discovery (/2) that when
words are structured into a sentence,
more letters can be accurately per-
ceived “at a glance.” Developmental
studies of perceptual “chunking” in re-
lation to structural complexity may be
very instructive.

Where does meaning come in?
Within the immediate span of visual
perception, meaning is less effective in
structuring written material than good
spelling-to-sound  correspondence, as
Gibson, Bishop, Schiff, and Smith (20)
have shown. Real words which are
both meaningful and, as strings of
letters, structured in accordance with
English spelling patterns are more
casily perceived than nonword pro-
nounceable strings of letters; but the
latter are more easily perceived than
meaningful but unpronounceable Ietter-
strings (for example, BIM is perceived
accurately, with tachistoscopic expo-
sure, faster than iBM). The role of
meaning in the visual perception of
words probably increases as longer
strings of words (more than one) are
dealt with. A sentence has two kinds
of constraint, semantic and syntactic,
which make it intelligible (easily heard)
and memorable (27). It is important
that the child develop reading habits
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which utilize all the types of constraint
present in the stimulus, since they con-
stitute structure and are, therefore, unit-
formers. The skills which the child
should acquire in reading are habits of
utilizing the constraints in letter strings
(the spelling and morphemic patterns)
and in word strings (the syntactic and
semantic patterns). We could go on to
consider still superordinate ones, per-
haps, but the problem of the unit, of
levels of units, and mapping rules from
writing to speech has just begun to be
explored with- experimental techniques.
Further research on the definition and
processing of units should lead to new
insights about the nature of reading
skill and its attainment.

Summary

Reading begins with the child’s ac-
quisition of spoken language. Later he
learns to differentiate the graphic sym-
bols from one another and to decode
these to familiar speech sounds. As he
learns the code, he must progressively
utilize the structural constraints which
are built into it in order to attain the
skilled performance which is character-
ized by processing of higher-order units
—the spelling and morphological pat-
terns of the language.

Because of my firm conviction that
good pedagogy is based on a deep un-
derstanding of the discipline to be
taught and the nature of the learning
process involved, I have tried to show
that the psychology of reading can
benefit from a program of theoretical
analysis and experiment. An analysis
of the reading task—its discriminatory
and decoding aspects as well as the
semantic and syntactical aspects—tells
us what must be learned. An analysis
of the learning process tells us how.
The consideration of formal instruction
comes only after these steps, and its
precepts should follow from them.
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