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Sex differences in phonological processes:
Speeded matching and word reading

RAYMOND L. MAJERES
Western Illinois University, Macomb, IUinois

Sex differences in phonological processing were investigated in four experiments. Two experiments
required college students to decide whether two five-letter strings matched. Same-case (AA)pairs of
letter strings could be matched using physical features, whereas mixed-case (Aa) pairs of letter strings
required the mediation of a speech-based code (letter name) for the comparison. Women were signifi
cantly faster than men when the comparisons required the speech-based codes. In another experiment,
college students read lists of words and lists of pseudohomophones to determine whether there was a
sex difference in the computation of phonology for unfamiliar words (assembled phonology). In a final
experiment, students read lists of words with phonologically inconsistent spelling patterns to deter
mine whether there was a sex difference in accessing pronunciations of familiar words (addressed
phonology). Women were more proficient than men under both of these conditions. Results were in
terpreted in terms of a female advantage in both prelexical and lexical processing, an advantage that
may stem from a sex difference in the quality of the phonological representations.

Phonological processing refers to the use of abstract
phonological representations for processing oral and writ
ten language. According to Chomsky & Halle (1968),
phonological transformations of a language connect the
phonetic surface structures to underlying lexical and ab
stract phonological representations. These abstract rep
resentations are not "speech sounds" nor are they vocal
ized or subvocalized speech, though they mediate such
activities (Frost, 1998), and they share much in common
with the speech-based information that is stored and re
hearsed in Baddeley's (1992) phonological loop. These
speech-based representations of speech as well as the
related articulatory representations are both implicated
in cognitive differences between men and women (Me
Guinness, 1981).

Recent evidence of a sex difference in hemispheric
specialization may shed some light on the nature of the
sex difference in the use of speech-based codes (Pugh
et al., 1997; Shaywitz et al., 1995). During phonological
processing, judging whether pronounceable non words
rhymed, women on the average showed greater right
hemisphere activation (inferior frontal gyrus and extras
triate region) than did men. According to Pugh et al., these
regions are believed to be associated with the processing
ofletters in a serial and small-grained manner (phonemes
and phoneme clusters). Both men and women showed
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comparable levels of activation in analogous regions of
the left hemisphere, regions involved in the processing
of larger units (e.g., syllable rimes and morphemes) and
in a parallel mode. Hence, women were more likely than
men to activate those regions of both hemispheres that
are most strongly associated with phonological process
ing (Pugh et al., 1997).

Women have been found to be consistently faster and
more accurate than men in symbol matching (Fairweather,
1976; Guilford, 1967; Maccoby & Jacklin, 1974, Ta
ble 2.1O-see "perceptual" and "clerical speed" entries;
Majeres, 1977, 1988, 1990; Schneidler & Paterson, 1942).
Speeded symbol matching has been used as a reference
test for an important dimension of human cognitive abil
ity called perceptual speed (Carroll, 1993) and is a very
good predictor of early reading problems (Kerns &
Decker, 1985). From four standardizations of the Differ
ential Aptitude Test conducted between 1947 and 1980,
Feingold (1988) reported significant sex differences in
all four data sets, with females performing better than
males on the clerical speed and accuracy measure. There
was evidence ofa decline in the size ofthe difference over
the period, but the sex difference was still substantial and
there is reason to believe that the reported decrement may
have been due to shifts in the types of students in the sam
ples. According to Halperin (1989), (1) there was a shift
in the dropout rate from more girls to more boys in the
1970s, thus lowering the mean for high school girls and
raising it for boys, and (2) when low-ability students are
not included in standardized testing in high school, the
more numerous low-verbal-ability boys are excluded,
which raises the mean for the boys. This would result in
a net decrease in sex differences over the time period.

Prior to Guilford's (1967) survey, the female advantage
observed on speeded matching tests had been explained in
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tenus ofa sex difference in rapid recognition and shifts in
attention (see, e.g., Garai & Scheinfeld, 1968). Guilford
criticized this interpretation and proposed that the sex dif
ference on perceptual speed tests (1) is due to a sex dif
ference in comparison and decision processes rather than
perceptual encoding, recognition, or shifts ofattention, and
(2) is restricted to comparisons that involvesymbols (letters
and digits) but not figural stimuli. Later research has sup
ported both of these claims (Majeres, 1977, 1983, 1990).

For example, on a recognition task in which two strings
of digits were shown sequentially so that the second string
had to be compared with a memory representation, a sex
difference was not found. However, on an evaluation task
in which the two strings ofdigits were presented together,
a significant sex difference was found (Majeres, 1988).
This was interpreted as evidence that the sex difference
on speeded symbol matching was not the result of a sex
difference in recognition (matching a previously seen
string), but was due to a sex difference related to symbol
comparison and decision processes, as suggested by Guil
ford (1967).

The importance of the symbolic or verbal content was
demonstrated in an early study in which geometric shapes
(square, circle, and triangle) were matched by tapping ei
ther the name of the shape or shapes on response cards
(Majeres, 1977, Experiment 2). In all cases, only when
names appeared on the response cards were women faster
than men. Although content of the response card was re
lated to the sex variable, there was evidence that men and
women did not differ in terms of recognition processes.
That is, the type oflist (words, shapes, or lists with both
words and shapes) was unrelated to the sex variable, a
result that would be unexpected ifwomen had an advan
tage over men in word recognition.

The sex difference in speeded matching also has been
shown to be related to the encoding demands ofthe task.
For example, when strings of digits were presented in
close proximity, one above the other, a reliable sex dif
ference was not found. Yet, when the digit strings were
presented side by side and with a small displacement, a
significant sex difference was found (Majeres, 1990, Ex
periment 2). This finding was interpreted in terms of a
shift in the type of code used in the comparison. For ex
ample, in a vertical arrangement with one string directly
above the other, comparisons could be made readily us
ing physical appearance. However, in a horizontally dis
placed arrangement, judgments on the basis of physical
appearance may have been more difficult, resulting in
the use of digit names to make the matches. If compar
isons can be made readily (vertical arrangement of dig
its) at a figural level, participants will employ this strategy.
But, if the comparison process is delayed (the horizontal
arrangement), encoding will go beyond the figural level
and the comparisons will be made using name codes. It
is under the latter condition that a significant sex differ
ence was found.

In two ofthe present studies, Experiments I and 2, this
formulation was explicitly tested by using strings of let-
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ters for which the comparison could be made on the basis
of physical identity (all uppercase letters) and strings of
letters for which matching required using the names of
letters to make the comparisons (mixed-case letters, re
quiring Posner's (1978) Aa-type matches). It was pre
dicted that the sex difference would be larger under the
mixed-case than under the same-case condition.

Experiments 3 and 4 were investigations of the possi
bility that the sex difference in speech-based processing
believed to be involved in the speeded comparison ofsym
bols might also be found on a task that did not involve
comparison and decision processes, but that did require
substantial phonological processing. The tasks selected
required the reading of lists of pronounceable nonwords
or the reading of words under conditions that might lead
to phonological conflict.

EXPERIMENT 1

The purpose of this experiment was to determine
whether the distinction between physical versus name
matching and the implied coding differences would be
sex related. Because name codes are speech-based codes
and the involvement of such codes may underlie the sex
difference found on speeded matching ofsymbols, it was
predicted that a sex differencewould be found when match
ing was mediated by letter names, but not when match
ing involved the direct comparison for physical identity.

Method
Participants. Student volunteers (29 male and 26 female stu

dents with an average age of20.5 and 20.9 years, respectively) from
introductory psychology classes at a midwestern state university
participated for partial course credit. Data from 8 students (5 males
and 3 females) who failed to follow instructions or had many ex
tremely long response times (more than 2.5 SD) were not used. All
students reported normal or corrected-to-normal vision and were
native speakers of English.

Materials and Procedures. Fifteen letters of the alphabet were
selected, excluding the five vowels and the letters C, S, V, W, and
Z. Vowels were excluded to avoid familiar multi letter patterns, and
the other letters were excluded to avoid certain visual confusions.
From the IS selected letters, three random five-letter sets were
formed (BKGNR, DHLTQ, and FMJYP). Of the 120 possible let
ter orders per set, 30 strings were selected from each set for a total
of 90 five-letter strings. These strings were presented in pairs with
one string directly below the other. The letters were uppercase in 12
point Chicago font. There were 90 same pairs, where the two strings
were identical, and 90 different pairs. The different pairs were cre
ated by substituting one letter from outside the set into the lower
string. This substitution occurred approximately the same number
of times in each of the letter positions. Because the letters were all
uppercase, this set of letter-string pairs was called the same-case
condition. A mixed-case condition was created using the same letter
sets. The only difference was that the lower string of each pair ap
peared in lowercase. For these pairs, matching had to be based on the
letter name because the strings lacked physical identity. There also
were 90 pairs ofthis condition for a total of 180 experimental trials.

Stimuli were presented using an Apple SE computer and moni
tor with a viewing distance ofapproximately 25 in. Each pair oflet
ter strings was preceded by a l-sec fixation point. A response to the
pair terminated the display, and the fixation point for the next trial
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was presented. Participants used the index finger on their preferred
hand to press one oftwo adjacent keyboard keys indicating a "yes"
(match) or "no" (no match). They were instructed to respond as rap
idly as possible without making errors. Response times were re
corded from the onset of the pair to the response. The type ofpair on
any given trial was random. That is, participants did not know ahead
oftime whether they were to make a "physical" or a "name" match.

Results and Discussion
The mean response latencies and standard deviations

for the matching judgments for men and women are pre
sented in Table 1. A 2 X 2 X 2 analysis of variance
(ANaYA) with sex, type ofstring pair (same- and mixed
case conditions), and judgment (same and different) as
variables resulted in a significant main effect for the sex
variable [F(1,45) = 5.72,p < .05]. Women were signifi
cantly faster than men on same- and mixed-case matches,
and this was true for both same and different judgments.
There was a significant main effect for the type of string,
with mixed-case pairs requiring more time than same
case pairs [F(1,45) = 301.09,p < .001]. There was also
a significant judgment X type of string pair interaction
[F(1,45) = 149.91,p < .001], with the difference between
the two types of strings being larger for same than for
different judgments.

Although the sex X type of string pair X judgment
interaction was not significant [F(1,45) = 3.97,p < .06],
it was in the predicted direction. The sex difference was
significant for the mixed-case condition [t( 45) = 2.66,
p < .02] and was nearly 50% greater for this condition
(name-mediated matching) than the sex difference for
the same-case condition,which was also significant
[t(45) = 2.05, p < .05]. For the different judgments, the
interaction effect also was not significant, while the main
effect was significant [F(1,45) = 4.68, P < .05].

A sex X judgment X type ofstring pair ANaYA ofer
ror data indicated a significantjudgment effect [F( I,45) =
65.82, p < .001], with the error rates for same and dif
ferent judgments of2% and 7%, respectively. There was
also a significant sex X judgment X type of string pair
interaction [F(1,45) = 7.03,p < .05]. Independent sam
ple t tests ofsex differences with Bonferroni adjusted alpha
levels indicated one significant contrast (p < .01). Men
made more errors than women when making same judg
ments for the mixed-case pairs (men, M = 1.83, SD =

Table 1
Mean Response Latencies and Standard Deviations

(in MiUiseconds) for the Matching of Same-Case (AA)
or Mixed-Case (Aa) Letter Strings

Sex

Men Women

Type of Match Judgment M SD M SD
Same case Same 1,768 526 1,492 385

Different 1,674 374 1,439 374
Mixed case Same 2,560 625 2,148 413

Different 2,013 443 1,768 355

1.79; women, M = .74, SD = 1.01). Women tended to be
a bit faster and they made fewer errors in making the name
mediated matches. However, a marginal interaction and
a significant difference in errors in the predicted direction
are weak support for the hypothesis that the female ad
vantage in speeded matching stems from an advantage
in speech-based codes and their processing.

Contrary to prediction, there were sex differences in
matching letter strings across conditions. Whether the
string required name-mediated matching (mixed-case
condition) or could be based on physical features (same
case condition) had little effect on the size of the sex dif
ference. One possible reason for this outcome may have
been the presentation conditions. Since participants did
not know the type ofmatch ahead oftime, they may have
been using name-mediated matching throughout rather
than switching the basis for their matching.

EXPERIMENT 2

The purpose of this experiment was to determine
whether the results of Experiment 1 were due to the way
the letter strings were presented. In Experiment 2, pairs
ofletter strings were presented in blocks oflike trials and
participants knew ahead oftime the type ofmatching re
quired. Also, a block of matching trials that did not use
any alphanumeric characters was added. A sex difference
would be expected only for the mixed-case letter strings
because they require name-mediated matching. A sex
difference would not be expected for the same-case let
ter strings nor for the nonalphanumeric characters be
cause these matches could be made on the basis ofphys
ical features alone.

Method
Participants. Student volunteers (33 male and 34 female stu

dents with average ages of 2 1.1 and 21.0 years, respectively) from
introductory psychology classes at a midwestern state university
served as participants for course credit. Data from 3 participants
(I male and 2 females) with more than 15 errors or very long re
sponse times (greater than 2.5 SD) were not used. Analyses were
based on data from 64 participants, half men and half women. All
students reported normal or corrected-to-normal vision and were
native speakers of English.

Materials and Procedures. The letter-string pairs in Experi
ment 2 were the same as in Experiment 1, a third set of stimuli that
did not involve letters or digits was also added. This set of stimuli
was created from 15 nonalphanumeric keyboard characters: {, },
[,), 1,*, &,%, #, !, ?, <, >, +, and $. The 90 pairs were formed by re
placing each of the 15 letters with a keyboard character. Halfof the
pairs were the same and half were different. There were 90 pairs of
each of these three conditions (same-case, mixed case, and nonlet
ter pairs of strings) for a total of270 trials.

In this experiment, the trials were blocked in terms ofthe type of
match required-uppercase, mixed-case, and nonletter trial blocks
unlike Experiment 1, in which the order of presentation of the type
of string pair was random. The three blocks of trials were given to
participants in three counterbalanced orders using a Latin square
procedure. The same number of men and women were assigned to
each order. Also, there was a slight change in presentation conditions



in Experiment 2. After the l-sec fixation point, there was a 500
msec blank screen prior to the presentation of the next pair.

Results and Discussion
There were no sex-related differences in error rates,

nor any significant differences in error rates between the
three types ofsymbols, although there tended to be slightly
higher rates for the same- and mixed-case letter conditions
(7.8% and 8.1%, respectively) than for the nonletter con
dition (6.4%). Mean response latencies for men and
women for the three types ofstring pairs are presented in
Table 2. A sex X judgment (same or different) X type of
string pair (uppercase, mixed-case, and nonletters)
ANOVAyielded a significant main effect for type ofjudg
ment, with same judgments taking more time than dif
ferentjudgments [F(I,62) = 65.76,p < .001]. Also, there
was a significant main effect of type of string pair
[F(2,124) = 166.95, P < .001] as well as a significant
judgment X type of string pair interaction [F(2,124) =
17.38,p < .001]. Mixed-case letter matching was slower
(relative to same-case-letter and nonletter conditions) on
the "yes" trials than on the "no" trials, using Bonferroni
ts. The mixed-case matching time was over 600 msec
slower than the matching times for the same-case letters
and the nonletter characters. Hence, the name-mediated
matching (mixed-case matching) required more time
than did matching based on physical features (same-case
and nonletter matching).

There was a significant main effect of sex [F( 1, 62) =
7.97, P < .01], with women generally being faster than
men. However, the sex X type of string pair interaction
was also significant [F(2,124) = 7.96, P < .001]. Inde
pendent sample t tests with Bonferroni adjusted alpha
levels indicated that women were significantly faster than
men on the mixed-case strings and this was the case for
both same and different judgments (ps < .01). On the
same-case strings and on the nonalphanumeric string
pairs, there were no significant sex differences for either
same or different judgments. The prediction was that
those matches that were verbally mediated would yield
significant sex differences whereas the nonmediated con
ditions would not. For both the same and different judg
ments, the results supported this prediction.

The results confirm the hypothesis that when speeded
matching is mediated by names, women are faster than

Table 2
Mean Response Latencies and Standard Deviations
(in Milliseconds) for the Matching of Two Types of

Letter Strings and a Nonletter Control String

Sex
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men. Hence, the sex difference in favor of females in
speeded matching is most likely due to the greater facil
ity of women over men in the access and use of speech
based mediators in matching.

EXPERIMENT 3

Pugh et al. (1997) reported finding a sex difference in
cerebral activation when participants were engaged in
phonological processing. The right hemispheric region
involved is believed to be specialized for the serial pro
cessing of small-grained phonological units. According
to Frost (1998), reading words initially involves a very
fast computation or assembly ofan impoverished phono
logical representation (prelexical representation) that ac
cesses or activates a rich, abstract phonological repre
sentation and other lexical information. The reading of
pseudowords places strong demands on the computation
of the initial phonological representation.

The purpose of this experiment was to investigate sex
differences in the speed of reading lists ofpseudowords,
a task that requires substantially more phonological com
putation or assembly than the reading of familiar words.
Females were expected to read these lists faster than males
because of an advantage in the use of speech-based in
formation (Experiment 2), a proficiency that may be ap
parent in prelexical phonological assembly processes.

Method
Participants. Student volunteers (24 male and 28 female stu

dents with average ages of 20.1 and 20.7 years, respectively) from
introductory psychology classes at a midwestern state university
participated for partial course credit. All students reported normal
or corrected-to-normal vision and were native speakers ofEnglish.

Material and Procedures. In this experiment, participants read
lists of items as rapidly as possible. The lists were taken from Luka
tela and Turvey (1993). Four types oflists were used: high- and low
frequency words, and high- and low-frequency pseudohomophones.
Pseudohomophones sound like words, but they are not words. For
example, hoap, howse, urly, and roed sound like familiar words, but
the spelling is quite different. Since these nonwords are unfamiliar,
the pronunciation must be assembled. There were 20 items in each
list for a total of 80 items (40 words and 40 pseudohomophones).

The lists were presented using an Apple SE computer and mon
itor. The order of reading the four types of lists was varied so that
each list occurred twice in each ofthe four possible positions. Each
ofthe types oflist was read eight times. Participants were instructed
to read the list before them as rapidly and as accurately as possible
and to press an end-of-list key when finished. After an initial prac
tice list, participants pressed a key and immediately began to read
the lists. Time from list onset to the end-of-list keypress served as
the dependent variable. When ready for the next list, participants
pressed the key and continued. The experimenter sat off to the side,
monitoring reading and providing assistance when needed.

Typeof Match

Same case

Mixed case

Nonletter

Judgment

Same
Different
Same
Different
Same
Different

Men

M SD

1,625 597
1,502 440
2,492 573
2,103 454
1,669 526
1,325 300

Women

M SD

1,388 439
1,275 320
2,031 422
1,709 292
1,508 479
1,270 235

Results and Discussion
Reading times were analyzed with a 2 X 2 X 2 X 2

(sex X word frequency X word type X trial block) mixed
ANOVA. Mean reading times for the first and last four tri
als were analyzed as trial blocks. It was found that women
had faster reading times than men [F( I,54) = 8.99, P <
.01], that high-frequency words were read faster than low-
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frequency words [F(1,54) = 5.55,p < .05], and that read
ing times decreased with practice [F(1,54) = 82.38, p <
.001]. Also, words were read faster than pseudohomo
phones [F(1,54) = 159.46, p < .001], and the reading of
words showed less improvement with practice than the
reading ofpseudohomophones, which yielded a word type
X trial block interaction [F(1,54) = 74.89, p < .001].
There was a significant word list X frequency interaction
[F(1,54) = 89.58, p < .001], with high-frequency words
being read faster than low-frequency words, but the 10w
frequency pseudohomophones were read faster than the
high-frequency pseudohomophones. Pseudohomophones
that sound like very familiar words activate a highly ac
cessible meaning that is incongruent with the orthography,
thus producing some delay in processing. The effect is
weaker when the pseudohomophones sound like low-fre
quency words. This effect, which seems to involve seman
tic interference, was not related to the sex variable.

The finding that high-frequency words were read faster
than low-frequency words is consistent with the general
observation that frequency effects are an important de
terminant of speed of word recognition. The failure to
find a relationship between the sex variable and word
frequency suggests that the sex difference found on word
reading is not due to a sex difference in word recognition,
but may stem from sex differences later in processing. Be
cause these word list and frequency effects were unrelated
to the sex of the participants [word list X sex, F(1,54) =
2.87, n.s.; frequency X sex, F(1,54) = .05, n.s.], the
reading times from the word and pseudohomophone lists
were collapsed across the frequency variable and the
eight reading times were grouped into four trial blocks of
two trials each. The mean reading times and standard de
viations are given in Table 3.

A 2 X 2 X 4 (sex X type of list X trial block) mixed
ANOVAyielded significant main effects oftype ofword
[F(1,54) = 150.45,p < .001], trials [F(3,162) = 63.74,
p < .001], and their interaction [F(3,162) = 50.26, p <
.001]. Words were read faster than pseudohomophones,
and the practice effect was greater for the pseudohomo-

Table 3
Mean Reading Times and Standard Deviations (in Seconds)

for Word and Pseudohomophone Lists

Sex

Trial Men Women

Block M SD M SD

Words

I 10.00 1.66 9.00 1.23
2 9.84 1.83 8.42 1.06
3 9.57 1.82 8.45 .97
4 9.58 1.93 8.41 .97

Pseudo homophones

1 14.48 4.14 12.46 2.18
2 13.10 3.50 10.64 2.03
3 12.42 3.22 10.47 1.87
4 11.19 2.77 10.05 1.57

Note-There were 20 items per list.

phones than for the words. The main effect of the sex
variable was significant [F(1,54) = 9.27,p < .01], with
women having faster reading times than men. The sex X
type oflist interaction was not significant [F(1,54) = 2.62,
p = .11], but the sex X type of list X trial block inter
action was significant[F(1,54) = 5.30,p < .05]. To clar
ify this interaction, separate analyses were done for the
word and pseudohomophone reading data.

The analysis of word reading times indicated that the
main effect of sex was significant [F(1,54) = 10.35,p <
.005], with women having faster reading times than men
(means of8.57 and 9.75 sec, respectively). The main ef
fect of trial block was significant [F(3,162) = 9.96,p <
.001], and although word reading times improved with
practice, the improvement was small. Adjacent trial blocks
were not significantly different (Bonferroni ts). The ef
fect of practice was the same for men as for women.

The analysis ofpseudohomophone reading times indi
cated a significant main effect of sex [F( I ,54) = 198.17,
P < .01], with women faster than men (means of 10.00
and 12.80sec, respectively), and a significant effect of trial
block [F(3,162) = 79.19, p < .001]. Unlike the word
reading data, sex X trial block yielded a significant inter
action [F(3,162) = 3.81, p < .05]. Women were faster
than men on Trial Blocks 1, 2, and 3, but not on Trial
Block 4 (Bonferroni ts). This interaction indicated that
although both men and women experienced difficulty
reading pseudohomophones, men experienced more dif
ficulty than women on Trial Blocks 1,2, and 3.

When reading words, both men and women showed
only modest improvement across trial blocks. In contrast,
when reading pseudohomophones, the sex difference
was twice as large and men and women showed large de
creases in reading times from the first to the last trial
block. However, the size of the sex difference decreased,
so that by the fourth block of trials, the size of the sex
difference was similar to that found for word reading.

The results provide some support for the hypothesis
of a sex difference in phonological assembly processes.
Women were faster than men when reading pseudohomo
phones, a task that placed high demands on the phono
logical assembly process. However, this advantage dis
appeared by the fourth trial block. The nonsignificant
sex difference for the fourth trial block suggests that after
repeatedly reading the nonwords, there may have been a
decrease in the necessity for extensive computational or
assembly processes, resulting in the lack of a sex differ
ence after practice.

EXPERIMENT 4

The purpose of this experiment was to determine
whether the reading offamiliar words, for which the role
of phonological computation or assembly is minimal,
would still result in a reliable sex difference. That is, com
putation is minimal in the sense that abstract phonolog
ical representations can be readily activated when the
words are familiar (Frost, 1998).



This experiment involved the rapid reading of lists of
familiar words for which the pronunciation was potentially
confusing due to the priming ofan incompatible pronun
ciation by the prior word-for example, mint occurring
just prior to pint. This conflict would involve the activa
tion of incompatible phonological representations, thus
slowing reading time during the resolution process. Since
the processes are not prelexical, a sex difference under
these conditions might not be observed. Yet, using such
lists, Baron (1979) reported that boys experienced more
confusion than girls. This result was replicated, again with
children, by Treiman (1984).

A main effect of sex for word reading, as in Experi
ment 3, would be expected because of recognized differ
ences in verbal fluency and speech production (Halperin,
1992). Finding a significant sex X condition (conflict
vs. no conflict) interaction, with women reading much
faster than men on the phonological conflict lists, would
suggest that the sex difference in speech-based process
ing extends beyond pre lexical processing and includes
lexical processing as well.

Method
Participants. Student volunteers (26 male and 29 female stu

dents with average ages of 19.4 and 20.7 years, respectively) from
introductory psychology classes at a midwestern state university
participated for partial course credit. Data from 3 students (2 males
and I female) were not used because of a failure to follow instruc
tions. All participants reported normal or corrected-to-normal vi
sion and were native speakers of English.

Materials and Procedures. Twotypes ofword lists from Baron
(1979, Experiment 2) were used. In one type, designed to create
phonological coding confusion, the students had to read words com
posed of orthographically similar rimes but different phonology.
For example, the first word might be maid and the second word
might be said. These words have a similar spelling component, the
rime -aid, but a different pronunciation. The first word, maid, serves
to prime the more frequent phonetic and articulatory codes. The
second word, said, contains the common spelling component but a
different pronunciation, which leads to a slowing of reading time.
There were two such lists of 18 words (nine pairs) involving this type
of phonological conflict. Control lists consisted of pairs of words
for which the rimes and the pronunciations were both different. For
example, the words made and said involve different rimes and have
different pronunciations, whereas when made replaces maid in the
control list, the same utterance is still made. There were two such
control lists of 18 words. Baron had students read,the two conflict
lists first and then the two control lists. This was then repeated five
times. The same procedure was used in this experiment, except that
the lists were read six times.

The lists were presented as in Experiment 3. When participants
were ready, a keypress resulted in the presentation of a list and ac
tivated a timer. Students read the lists aloud with clear articulation
as fast as possible and pressed an end-of-list response key when
they finished. The experimenter sat to the side to monitor and en
sure compliance with instructions.

Results and Discussion
The mean reading times on the two alternate forms of

each list condition (the two conflict forms and two control
forms) were averaged. The mean reading times and stan-
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dard deviations for the men and women on conflict and no
conflict conditions across the six trials are given in Table4.

A 2 X 2 X 6 ANOYA with sex of participant as a
between-subjects variable and type of list (conflict vs.
no-conflict lists) and trials as within-subjects variables
yielded significant main effects of type oflist [F(1,50) =

41.17,p < .001] and oftrial [F(5,250) = 63.33,p < .001].
Students read the no-conflict lists faster than the conflict
lists, and reading times improved with practice. The main
effect of the sex variable was not significant [F(1,50) =
2.39, p > .10], but there was a significant type of list X

sex interaction [F(1,50) = 6.25,p < .05]. The significant
type of list X sex interaction means thatmen's reading
times (M = .77 sec) were significantly slower for the con
flict lists than were the women's (M = .27 sec); that is, men
experienced more phonological confusion than women,
and this was the case across trial blocks. This sex differ
ence decreased with practice, but remained reliable. Sep
arate analyses for men and women indicated that they
both experienced greater delays in reading the conflict
lists than in reading the no-conflict lists [men, F( 1,23) =

21.44,p < .001; women, F(1,27) = 21.55,p < .001], and
both showed significant improvement with practice [men,
F(5,115) = 20.86,p < .001; women, F(5,135) = 53.70,
p < .001].

The significant sex X type oflist interaction indicated
that the sex difference in phonological processing prob
ably extends beyond the pre lexical processes. The sex
difference in reading the phonological conflict lists indi
cates a sex difference in lexical processing. That is, the
reading times of women were less affected by the activa
tion of alternative lexical representations. This suggests
that the sex difference in phonological processing may not
be restricted to the prelexical processes involved in the
reading of pseudohomophones (Experiment 3).

Table 4
Mean Reading Times and Standard Deviations (in Seconds)

on Phonological-Conflict and No-Conflict Word Lists

Sex

Men Women

Trial M SD M SD

Conflict
1 9.89 2.13 9.11 1.98
2 9.08 1.83 8.32 1.82
3 8.84 2.57 7.87 1.81
4 8.04 1.73 7.61 1.59
5 8.03 2.17 7.61 1.68
6 7.78 1.92 7.40 1.60

No Conflict
1 9.11 1.98 8.70 1.40
2 8.32 1.82 7.89 1.28
3 7.87 1.81 7.52 1.17
4 7.61 1.59 7.25 1.08
5 7.61 1.68 7.06 1.16
6 7.40 1.60 6.99 1.17

Note-s-There were 18 words per list.
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GENERAL DISCUSSION

The present results provide support for the hypothesis
that the sex difference in the matching of symbols is the
result of a sex difference in speech-based processes. On
the speeded matching ofletters, similar to the type oftest
frequently used as a marker test for the perceptual speed
factor (Carroll, 1993), the sex difference in speed of
matching depended on the involvement of speech-based
codes. For example, when the matching was name medi
ated (mixed-case string pairs), women were significantly
faster than men. When the letters and nonletter characters
could be matched on the basis of physical characteristics,
sex differences were not found. This result is consistent
with other studies in which the sex difference in speeded
matching was found to depend on verbal or symbolic
content (Guilford, 1967; Majeres, 1977). The present re
sults are more explicit in that they clearly demonstrate
that the sex difference is directly related to the need to
use letter names when making the comparisons.

Since adult readers are very familiar with letters, letters
would require very minimal prelexical processing, sug
gesting that the role of prelexical processing in symbol
matching is quite limited. The sex difference in symbol
matching very likely involves the role of lexical processes
in the comparison and decision process. This interpreta
tion is consistent with previous work indicating that the fe
male advantage in symbol matching is strongly associated
with comparison and decision processes (Guilford, 1967;
Majeres, 1983, 1988, 1990). It is possible that the source of
the sex difference in lexical processing is actually the result
ofa sex difference in the phonological representation.

Pugh et aI. (1997) suggested that women were more
likely to evidence right-hemisphere activation during
phonological processing, and the region of activation is
believed to be specialized for the serial processing of
small-grained phonological units. This right-hemisphere
specialization may have a direct effect on the quality of
the abstract phonological representation. The "small
grained" processing may result in a "sharper" or a more
fully specified phonological representation, and these
representations may facilitate a variety of processes like
the matching of mixed-case letter strings or the reading
ofpronounceable nonwords.

Experiments 3 and 4 provided further evidence for sex
differences in speech-based processing by examining the
role of prelexical and lexical phonological processes in
reading words and nonwords. In Experiment 3, women
read pseudohomophones and words faster than men, but
the difference was significantly larger for the pseudo
homophones. In reading pseudohomophones, the role of
prelexical phonological assembly would be strong, since
the pronunciation of a nonword has to be computed or
assembled. Hence, the source of the sex difference in
phonological processing would seem to be in prelexical
processing. This result is consistent with the suspicion that
women may be specialized for the serial processing of
small-grained phonological units. This specialization in

women could explain the female advantage in prelexical
processing.

However, this advantage was negligible after about six
trials since both men and women were doing as well with
pseudohomophones as they were with familiar words by
that point. The repeated reading of the nonwords most
likely resulted in the rapid formation of the prelexical
phonological representation for each nonword, which
would reduce the involvement of the assembly process.
This reduction in the role of the sex-related assembly
process would explain the lack of a sex difference after
practice.

In Experiment 3, there were significant word fre
quency effects within the experiment, although none of
them was related to the sex variable. Since word frequency
is usually an important contributor to recognition time,
this finding suggests that the sex difference in reading
time is not the result of a sex difference in recognition pro
cesses (how quickly the word was seen). This means that
the sex difference in the speed of reading pseudohomo
phones in this experiment probably was not due to a sex
difference in the speed of perceiving the letters in the
string, but involves a sex difference in those processes in
volved in pronouncing the pseudohomophones.

In addition to the sex difference related to prelexical
processing in Experiment 3, women were significantly
faster readers than men on both nonwords and words. Al
though not significant, the same trend was apparent in
the data from Experiment 4. McGuinness (1981) sug
gested that women may have a greater degree of integra
tion of the perceptual systems involved in phonetic rec
ognition and the corresponding production systems.
Reading aloud requires fully specified phonological rep
resentations. So it may be that the quality of these repre
sentations in women may, in tum, explain their proficiency
in speech production.

Experiment 4 also provided evidence for a sex differ
ence in lexical processing. In this experiment, men were
slower at reading words with irregular pronunciations.
To make the pronunciation problem more demanding,
each of these words was preceded in the list by a regu
larly pronounced word (e.g., mint and then pint). The
reading of familiar words on lists with phonological con
flict can be viewed as a matter of trying to access pro
nunciations from among well-learned patterns. From this
point of view, the reading of an irregularly pronounced
word involved the suppression of the phonological rep
resentation related to the dominant pronunciation, and
the selection of the phonological representation related to
the less common pronunciation. These are obviously not
prelexical processes, yet a significant sex difference was
found. Women were more proficient in resolving the con
flict between the conflicting phonological representations,
and this proficiency persisted across trials. This result
seems to reflect a stable, sex-related processing difference
involving abstract phonological representations.

Sex differences in right hemispheric involvement dur
ing phonological processing (Pugh et aI., 1997; Shaywitz



et aI., 1995), along with the proposal that these areas
may be specialized for the serial processing of small
phonological entities (Pugh et aI., 1997), may account
for the sex differences in prelexical and lexical process
ing found in the present studies. These results are con
sistent with a right-hemisphere specialization in women
that results in a more fully specified representation. This
phonological representation may facilitate those cogni
tive processes that utilize these representations, such as
the comparison processes in symbol matching, the read
ing of words that produce a degree of phonological con
flict; it probably affects speech production as well.

Recent developments in the understanding of reading
disabilities have given a prominent role to phonological
processes rather than perceptual difficulties. There is
strong evidence that many of these reading problems are
related to deficiencies in phonological processing (see,
e.g., Rack, Snowling, & Olson, 1992; Stanovich & Sie
gel, 1994). Also, symbol-matching tests have been found
to be particularly sensitive predictors of the most com
mon forms ofreading disability (Kerns & Decker, 1985).
The reason for this is becoming more apparent. Speeded
symbol-matching tests probably share the same phono
logical processes that are important in learning to read. It
is quite likely that many of the early reading and reading
related problems observed more frequently in boys than
in girls (see Halperin, 1992) have as an important causal
component a sex difference in phonological processing.

The current impression is that there are few if any sex
differences in the verbal domain (e.g., Hyde & Linn,
1988). This conclusion is based on tests of reading com
prehension, vocabulary, and verbal reasoning. All are
complex verbal tasks that, in adult readers, may have little
to do with sex differences in phonological processing.
However, such sex differences may have a direct bearing
on the acquisition ofearly reading skills, on the methods
used in teaching those skills, and, especially, on the early
reading problems frequently found in boys.
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