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PERCEPTION OF LETTERS, WORDS, AND NONWORDS !
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University of Wisconsin

Letter vs. word and word vs. nonword identification were compared, with
redundancy adequately controlled. The processing time of the test stimulus

was varied to provide a number of levels of correct performance.

The first

experiment showed that letters were recognized better when presented alone

than when embedded in words.

In the second experiment, the identification

of letters in words did not differ from the identification of letters in nonwords.
These results conflict with earlier findings that have shown that a letter is

better identified in a word than in a nonword or presented alonc.

The differ-

ences in the experimental procedures indicate cither that redundancy may not
have been adequately controlled in the earlier studies or that some other
process besides a perceptual one might account for the results.

Recent experiments have demonstrated
that a letter is more easily identified when
it is presented in a word than when it is
presented alone or in a sequence of un-
related letters (Reicher, 1969; \Wheeler,
1970). These results were considered im-
portant because it was argued that re-
dundancy could not be responsible for the
effect. Redundancy or the knowledge of
the constraints which characterize letter
sequences in words can enhance identifica-
tion by simply delimiting the set of pos-
sible response alternatives. Since Reicher’s
experimental procedure supposedly elimi-
nates the contribution of redundancy, any
word advantage is, therefore, taken as a
pure perceptual, rather than decision,
effect.

In Reicher’'s (1969) paradigm, Ss are
presented with cither a letter, a word, or
a nonword. Immediately after the stim-
ulus flash, a visual noise mask is presented
which covers the former stimulus position,
Two letter alternatives, one of
appeared in the original stimulus and one
of which is incorrect, are presented either
1 or 2 sec. before or after the test stimulus.
To eliminate the operations of redundancy

which
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on word trials, Dboth letter alternatives
form a common word with the other letters
of the word. The results from this para-
digm indicate that Ss are more likely to
choose the correct alternative when the
stimulus is a word or spelling pattern than
when the stimulus is a letter or a nonword
(Aderman & Smith, 1971; Reicher, 1969;
Wheeler, 1970).

Thompson and Massaro (1973) repli-
cated these findings by showing that iden-
tification of letters embedded in words
was 99, superior to identification of single
letters. However, a second manipulation
in that experiment had no effect. The
incorrect test alternative could be visually
similar or dissimilar to the test letter.
In contrast to expectations, identification
given a distinctive incorrect test alter-
native did not. exceed performance with
a similar incorrect test alternative. From
these results, Thompson and Massaro
reasoned that Ss are not able to incor-
porate the knowledge of the test alter-
natives into their perception of the test
stimulus. That is to say, in the Reicher
(1969) paradigm, when the 2 test alter-
natives are presented immediately before
or after the test stimulus, .S appears to
arrive at a decision about the identity of
the test stimulus without considering the
2 test alternatives.

Given that .Ss arrive at a decision about
the test stimulus hefore the alternatives
are considered, redundancy is still awvail-
able and can facilitate performance when
letters are presented in words. During
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word presentations, redundancy would
serve to reduce the number of alternatives
and, therefore, .S would need less visual
information for correct letter identification
(see Thompson and Massaro, 1973, for a
complete description of how redundancy
operates in the Reicher, 1969, paradigm).
A second experiment was therefore de-
signed with a better control for redun-
dancy. In this study, .S was given a fixed
number of response alternatives (4) before
the experimental session. Given sufficient
practice with this fixed set of alternatives,
S should be able to incorporate the knowl-
edge of the alternatives into the perceptual
process eliminating the effects of redun-
dancy. The results eliminated the word
advantage effect: letters presented alone
were actually better recognized than letters
presented in words. A large effect of
visual confusability was also shown for
both letters in words and letters presented
alone. Since both of these results were
opposite those found in the Reicher para-
digm, Thompson and Massaro concluded
that it cannot be assumed that presenting
the response alternatives numediately be-
fore or after the stimulus trial eliminates
the operation of redundancy in word re-
cognition. Redundancy, therefore, can
account for previous findings that letters
are recognized better in words than when
presented alone or in nonwords (Aderman
& Smith, 1971; Reicher, 1969; Wheeler,
1970).

However, the results of Thompson and
Massaro (1973) conflict with the results
of Smith and Haviland (1972), In that
study, .Ss were presented with 3-letter
words or consonant trigrams that were ex-
perimentally equated for redundancy. The
Ss were completely informed about the
nature of the redundancy for both the
words and the consonant trigrams. The
Ss were then tested using Reicher's (1969)
forced-choice procedure. In 2 experi-
ments, the results indicated that a letter
was better identified when embedded in
words than in consonant trigrams. There-
fore, in contrast to Thompson and \las-
sara’s results, the word advantage occurred
even though Ss were practiced with the
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possible alternatives before the experi-
mental session,

The present study deals with 2 primary
methodological differences between Smith
and Haviland’s (1972) study and Thomp-
son and Massaro's (1973) experiment.
Smith and Haviland presented blocks of
trials under the word and trigram condi-
tions whereas Thompson and Mlassaro
presented letters or words randomly from
trial to trial. This difference could be a
critical one since Aderman and Smith
(1971) have shown that expectancy affects
the size of the word advantage effect.
Therefore, the first experiment replicates
the Thompson and Massaro study while
controlling for expectancy by presenting
the letter and word conditions on different
days. The second experiment provides a
word-nonword comparison, since Smith
and Haviland compared word vs. nonword
recognition whereas Thompson and \las-
saro compared word vs. letter recognition.
In both experiments, the amount of pro-
cessing time is varied to provide a more
complete test by mieasuring performance
at a number of levels of accuracy.

ExrErivext 1
Method

Subjects.  Two male and 2 female Ss from an
introductory psychology course at the University
of Wisconsin volunteered for the present study.

Procedure. The test stimuli in the present ex-
periment consisted of 4 letters or 4 words. The
test letters were P, R, ¢, and G; the test words
were APE, ARE, ACE, and AGE. The test stimulus
duration was 1 mscc. for all Ss. The test stimulus
was either presented alone or followed by a masking
stimulus after a variable blank interval. The dura-
tion of the blank interval was either 10, 20, 10,
70, 110, 160, or 240 mscc. All 8 processing con-
ditions were equally likely to occur on any trial.
The masking stimulus was presented over the 1
or 3 letters in the letter and word conditions, re-
spectively.  The masking stimulus consisted of 2
msec. each of the characters I, u, and # presented
twice in that order, totaling 12 msec. in duration.

TFour Ss could be tested simultaneously in scpa-
rate sound-attenuated rooms. Al experimental
events were controlled by a PDP 8/L computer.
The letters were presented over visual displays
made of light-emitting diodes (Mansanto MNodel
MDA 11I). These displays are described in Nealis,
Engelke, and Massaro (1973). The displays were
viewed from a distance of about 55 cm. The height
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Fre. 1. Percentage of correct identifications of
a letter presented alone or embedded in a word
as a function of the duration of the interstimulus
interval.

and width of the characters subtended visual angles
of 50’ and 3%, respectively. The horizontal visual
angle of the 3-letter displays was 3°20°. The S
made his response by pressing 1 of 4 push buttons
mounted on a panel in front of him,

Fach trial began with presentation of the test
stimulus. The S then had a 2-sec. response in-
terval followed by presentation of the correct
alternatives for 500 msec. The intertrial interval
was 1.5 sec. On the first day, s were given one
session of 300 trials under the letter condition
aud a session of 300 trials under the word condi-
tion. The letter and word conditions were then
alternated on the next 4 days. Two of the Ss
were given the letter condition on the sccond day;
2 were given the word condition. Two sessions
of 300 trials each were given per day. Within
a session, the 4 test alternatives and the 8 process-
ing conditions were presented in a completely
random order with equal probability.

Results

Table 1 presents the results of letter
and word identification for each of the
4 Ss. All Ss identified the letter more
often when it was presented alone than
when it was embedded in a word, F (1, 3)
= 16, p < .05. Figure 1 shows that iden-
tification performance improved signifi-
cantly with increases in the blank interval
between the test and masking stimulus,
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F(7,21) = 89, p < .001. This result oc-
curred for both the letter and word
conditions.

The size of the letter advantage varied
unsystematically across the 8 processing
intervals with a slight reversal at 40 msec.;
the interaction between test stimulus con-
dition and processing interval was signifi-
cant, F (7, 21) = 3.35, p < .025, This
interaction provides some measure of the
unreliability of the results in this para-
digm. Each of the 4 Ss contributed about
150 observations to each data point.
Apparently this is not enough. In con-
trast, the main effect of letter vs. word
has 1,200 observations per data point
from each .S, which provides a much more
reliable estimate of performance. Most of
the letter—word studies measure perfor-
mance at only one accuracy level with
20-2350 observations per data point per S.
These studies seem highly susceptible to
a Type I error, especially considering the
number of investigators who have failed
to find a word advantage and have not
reported it.

The results of the present experiment
replicate the results of Thompson and
Massaro (1973). A letter is better rec-
ognized when presented alone than when
embedded in a word, even though the
expectancy of the .S is confirmed on each
trial.  This result substantiates the argu-
ment of Thompson and Massaro that
word advantage effect in the Reicher
{1969) paradigm is a result of the opera-

TABLE 1

PRRCENTAGE OF CORRECT IDENTIFICATIONS FOR
Eaci S as & Funcriox OF THE LETTER AND
Worp Coxprtions IN EXPERIMENT I AND
1HE \WORD AND NONWORD CONDITIONS
IN EXPERIMENT 1]

Kxperiment | Experiment 11

i
| ? ! .
S Letter : YWord E S | Word :g:ld_
|
| i —
1 | 68 61 | 5 63 | 70
2 D58 | 40 | 6 boe2 | 73
3 K 67 | 7 7 67
475 ] 63 8 L6l 6D
i : i
Avcrewe} 69 | 61 | Average } 61 | 68
_ : i !
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function of the duration of the interstimufus
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tion of redundancy. When redundacy is
eliminated, as in the present experiment,
the word advantage is eliminated.
Thompson and Massaro (1973) hypo-
thesized that lateral masking was respon-
sible for the letter advantage over words.
That is, the presence of the outside letters
seemed to interfere with perception of the
middle letter in  the word condition.
Otherwise, since redundancy was con-
trolled, there should have heen no dif-
ference between the letter and word con-
ditions. Accordingly, identification of a
letter embedded in a word should not
differ from identification of a letter in a
nonword when the amount of lateral
masking is controlled. To test this pre-
diction, a word-nonword comparison was
provided in the second experiment,

ExpernreNt 11
Method

Subjects.  1our undergraduates volunteered for
the present study as a class requirement for in-
troductory psychology.

Procedure.  xperiment [ was replicated exactly
except that the alternatives vPH, VRH, VG, and
ver were employed instead ol the letter alternatives
1, R, G, and ¢. The letters v and # were chosen
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as outside letters since their inside features are
similar to the features of the letters A and £ used
in the word condition. All other procedural details
were exactly the same as in Experiment 1.

Results

Table 1 shows that recognition of words
did not differ significantly from nonwords,
F (1, 3) < 1. Figure 2 shows that rec-
ognition performance improved with in-
creases in the blank interval in both the
word and nonword conditions, ¥ (7, 21)
= 132, p < .001. This main effect of
processing time provided a test of the
word vs. nonword conditions at a wide
range of overall performance (35-809%).
The word-nonword conditions did not
differ significantly from each other at any
of the 8 processing intervals; the inter-
action of word vs. nonword and processing
time was nonsignificant, # (7, 21) = 1.72,
ns. Given the large effect of the pro-
cessing time variable, the failure to find
a difference between the word-nonword
conditions cannot be attributed to a weak
experimental test,

Discussion

The present results support the Andings ol
Thompson and Massaro (1973), which show
that the word advantage is eliminated when
redundancy is properly controlled. This hiypo-
thesis is consistent with all of the literature
except the study by Smith and Haviland
(1972). Tt is possible that another process
instead of a perceptual process accounts for
the Smith and Haviland finding. Although
Smith and Haviland’s Ss knew the possible
response alternatives before each session, they
were not cued with respect to the position of
the letter to be reported until after the test
presentation. Furthermore, their Ss had to
look at a choice card that was presented
outside of the tachistoscope. Accordingly, it
is possible that there was differential for-
getting during this time for the word and
consonant trigram presentations.  Azsume
that S recognizes the 3 test letters equally
on word and nonword trials. To remember
these, however, he must rehearse them until
he decodes the probe card outside the tachis-
toscope. In the word case the S can rehearse
a word during this interval, whereas he must
remember 3 separate letters in the nonword
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condition. The phonemic similarity of the
letters was also fairly high, which would
make rehearsal of the separate letters more
difficult. The smallest forgetting difference
between the 2 conditions could account for
all of the word advantage effect since it was
so small (49,-79).

The recogunition of a string of letters in-
volves a readout of the visual features of the
letters available in a given eye fixation. In
short tachistoscopic presentations, the num-
ber of visual features that are extracted is
limited and recognition is not completely ac-
curate. IHowever, redundancy or the rules of
English orthography can operate at the rec-
ognition stage of processing to improve per-
formance when the letter strings are spelling
patterns or words.

Consider a particular trial in which the
word wWORD is presented. Assume that the §
has some visual information about each letter.
The visual features that were extracted reduce
the letter alternatives to v or w, c or o,
R or P, and D or B in the 4 positions, respec-
tively, giving 16 possible letter sequences.
However, if the letters must spell a word,
woRrD is the only wvalid alternative and it is
recognized as such. If the letter p is presented
alone or in a nonword, the recognition process
cannot use the spelling rules of LEnglish to
reduce the number of alternatives for the
tested letter. \When the partial visual in-
formation limits the alternatives to D or B,
S's recognition will be correct only half the
time. On half the trials, he sees a p; on the
other half, he sees a B.

According to this model, redundancy oper-
ates at the recognition stage of information
processing, not at the response selection stage
as implicitly assumed in Reicher's (1969)
paradigm. Perception of the letters occurs
before the probe letters are considered at test.
This theoretical analysis poses a particular
problem for studies of word vs. nonword
identification that attempt to equate the
items for psychological redundancy. How
long must S practice with a set of new rules
to utilize them in perception? In this light,
the differences between the findings of Smith
and Haviland (1972) and the present study
(Experiment II) can be explained. Smith and
Haviland’s Ss alternated between the word
and nonword conditions every 16 or 64 trials.
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Since the word and nonword conditions con-
tained conflicting rules, it would not be sur-
prising if the redundancy rules in the word
condition were better utilized since they have
been employed for a lifetime of reading. In
the present study, the word and nonword
conditions were better equated for the utiliza-
tion of redundancy since the word and non-
word conditions were alternated from day to
day with 600 trials per day, allowing .S more
time with the redundancy rules in each con-
dition. This analysis predicts that the word
advantage found by Smith and Haviland
should be eliminated if a substantial number
of trials are given together in the nonword
condition so that Ss can effectively employ the
redundancy rules.

In summary, the present results support
the hypothesis that the letter is the basic
perceptual unit in letter, nonword, and word
identification. Each letter is uniquely rep-
resented by a property list of visual features
in long-term memory. Redundancy can
operate at the recognition stage of informa-
tion processing. A string of letters can be
correctly identified given partial visual in-
formation, if the letters conform to definite
spelling rules that are well learned and uti-
lized by the reader.
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