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A Dissociation of Frequency and Regularity Effects in Pronunciation
Performance across Young Adults, Older Adults, and Individuals

with Senile Dementia of the Alzheimer Type

Davip A. BALOTA AND F. RICHARD FERRARO
Washington University

The regularity of a given spelling-to-sound sequence in English primarily influences the
ease of naming low-frequency words and produces little influence on the ease of naming
high-frequency words. This frequency X regularity interaction has been accommodated
within both a single-route connectionist model and dual-route models of pronunciation
performance. Recent evidence presented by dual-route theorists suggests that the sublexical
route in naming performance demands more attention than the lexical route. The present
study further explores this possibility by investigating the word-frequency by regularity
interaction across five different groups of subjects that have well-documented changes in
attentional capacities. The five groups were healthy young adults, older adults between 60
and 80 years of age, older adults greater than 80 years of age, very mildly demented indi-
viduals with senile dementia of the Alzheimers Type (SDAT), and mild/moderately de-
mented SDAT individuals. The response latency results from a simple word-naming exper-
iment indicated that there was a consistent increase in the word-frequency effect across the
five subject groups (from young to mildly demented individuals) without any corresponding
increase in either the regularity effect or the frequency X regularity interaction. However,
the results also indicated that there was an increased likelihood of regularization errors (e.g.,
pronouncing the word pint such that it rhymes with hinr) across the subject groups. These
results are viewed as most consistent with a model in which healthy young adults are
especially slow to name low-frequency irregular words because they must inhibit inconsis-
tent output from an assembled route and produce the correct output from the addressed
route. We argue that the increased likelihood of regularization errors in the healthy aged
individuals and to a greater extent in the SDAT individuals may be due to a breakdown in

the inhibitory control of partially activated (assembled route) information.

Press, Inc.

Within the past decade, there has been
considerable interest in the notion that
there are two distinct routes to pronouncing
a word aloud, an addressed route and an
assembled route (see Coltheart, 1978;
Humphreys & Evett, 1985, for reviews). In
the addressed (lexical) route, the reader
maps the orthographic string onto a lexical
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representation and then accesses the pro-
grams necessary for naming the word
aloud. In the assembled (sublexical) route,
the reader presumably relies on the regular-
ities in the spelling-to-sound correspon-
dences within a language to assemble the
pronunciation into consistent phonological
elements and then concatenates these ele-
ments to arrive at a pronunciation. One
piece of evidence that has been viewed as
consistent with this framework is the differ-
ence in pronunciation performance across
orthographies that differ with respect to the
regularity of the orthography-to-phonology
(O-P) correspondences. In cases where the
alphabetic system is relatively unequivocal
in mapping orthography to phonology, as in
Serbo-Croatian, one finds little or no in-
fluence of lexical variables (e.g., word-
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frequency and lexicality) in speeded nam-
ing performance (see Frost, Katz, & Ben-
tin, 1987). The notion here is that the reader
can rely totally on the assembled route, be-
cause it always produces the correct pro-
nunciation of the letter string. However, in
English, and to a greater extent in deeper
orthographies such as in Hebrew, the map-
ping between orthography and phonology is
far less transparent. For example, in En-
glish, the word pint involves an inconsis-
tent mapping of orthography to phonology
because all other int words (e.g., mint, lint,
tint) thyme with hint not pint. In addition,
there are other orthographic strings such as
colonel, tongue, and aisle that appear to be
relative hermits of O-P correspondences,
because there are virtually no other words
that have such correspondences. Because
of the inconsistencies of O-P correspon-
dences in English, it would appear that sub-
jects must map the whole orthographic
string onto a lexical representation to name
these words aloud. Thus, one should ex-
pect increasing influences of the lexical
route in speeded naming performance (as
reflected by word frequency and lexicality
effects) as one decreases the transparency
of the O-P correspondences across orthog-
raphies (also referred to as orthographic
depth). This is precisely the pattern re-
ported by Frost et al.

If the lexical route appears to be neces-
sary in relatively opaque orthographies,
such as in English, then one might ask what
evidence is there for a role for the assem-
bled route. Why would subjects ever use an
assembled route to name an English word
aloud? One piece of evidence that research-
ers originally identified as being consistent
with an assembled route is the relative ease
with which individuals can name nonwords
aloud. Because nonwords do not have a di-
rect lexical representation, it would appear
that a nonlexical route is used to name non-
words aloud. However, this piece of evi-
dence was soon disabled by evidence from
activation-synthesis approaches (e.g.,
Glushko, 1979; Kay & Marcel, 1981; Mar-
cel, 1980) in which the pronunciation of a
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nonword can be generated by the activation
of similarly spelled words.

A second, and more powerful, line of
support for the role of an assembled route
in English comes from case studies of ac-
quired dyslexics. These studies appear to
provide evidence for a double dissociation
between the two routes. Specifically, one
class of acquired dyslexics, surface dyslex-
ics, produce a selective breakdown in the
lexical route, but have an intact assembled
route. These individuals are likely to regu-
larize irregular words and exception words,
e.g., they might pronounce broad such that
it sounds like the regular pronunciation of
the nonword brode (e.g., Marshall & New-
combe, 1973; McCarthy & Warrington,
1986; Shallice, Warrington, & McCarthy,
1983). A second class of acquired dyslex-
ics, phonological (deep) dyslexics, appear
to have an intact lexical route but an im-
paired phonological route. These individu-
als can pronounce irregular words and
other familiar words that have lexical rep-
resentations; however, when presented a
nonword that does not have a lexical rep-
resentation then there is considerable
breakdown in performance (Patterson,
1982; Shallice & Warrington, 1980). The ar-
gument here is that the phonological dys-
lexics have a selective breakdown in the
assembled route. The double dissociation
between assembled and lexical routes has
been viewed as some of the most powerful
evidence supporting the dual-route model.

Although it would appear that the dual-
route model is well entrenched in the liter-
ature, there is an intriguing alternative sin-
gle-route connectionist model developed by
Seidenberg and McClelland (1989) that
does an excellent job of handling some of
the major findings in the word recognition
literature. The model is appealing because
of its relative simplicity and because of its
quantitative nature. The model involves a
set of input units that code the orthographic
input of the stimulus and a set of output
units that represent the phonology entailed
in the naming response. All the input units
are connected to a set of hidden units and
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all of the hidden units are connected to the
set of output units. The weights in the con-
nections across these three layers have no
organized mapping between orthography
and phonology before training. On each
trial during training, the model is presented
an orthographic string. The model then
computes some phonological output that at
first is likely to have very little similarity to
the correct output. However, across train-
ing trials, the weights in the connections are
adjusted via the back-propagation rule in
order to reduce the difference between the
correct pronunciation and the models out-
put on a subsequent trial. During training,
Seidenberg and McClelland presented the
model with 2897 English monosyllabic
words at a rate that was monotonically re-
lated to the estimated frequency of occur-
rence of the words in printed English,
based on the Kucera and Francis (1967)
norms. The exciting result of this endeavor
is that the model does a rather good job at
producing the phonology that corresponds
to regular words, high-frequency exception
words, and even nonwords that the model
was never trained on. Although there is
some controversy regarding the degree to
which the model actually captures some as-
pects of the data (e.g., see Besner, Twilley,
McCann, & Sergobin, 1990), the fact that it
provides a quantitative account of aspects
of simple word naming performance (with-
out either O-P ‘‘rules’’ or a lexicon) is quite
intriguing and presents a powerful chal-
lenge to available word-recognition models.
In fact, even if there are inadequacies in the
implemented model, it is at least possibie
that future instantiations of this model may
eliminate some of these problems.

The present study focuses on one of the
central empirical findings in recent discus-
sions of dual-route and single-route models
of naming performance; specifically, the
frequency by regularity interaction (e.g.,
Andrews, 1982; Monsell, Patterson, Gra-
ham, Hughes, & Milroy, 1992; Paap &
Noel, 1991; Seidenberg, Waters, Barnes, &
Tanenhaus, 1984). The finding here is that
for high-frequency words, there is very lit-
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tle influence of O-P correspondence,
whereas, for low-frequency words there is
a relatively large influence of O-P corre-
spondence. The dual-route model accom-
modates this finding by assuming that for
high-frequency words the lexical route is
faster than the assembled route, and hence,
any inconsistent information from the as-
sembled route for exception words does not
arrive in time to compete with the lexical
route and hence does not influence naming
latencies. However, if one slows up the lex-
ical route by presenting a low-frequency
word, then one finds that the assembled
output has time to interfere with the lexi-
cally mediated route and hence response la-
tency increases. The important point for
the dual-route model is that the output of a
low-frequency lexically mediated response
can be interfered with by the availability of
inconsistent phonological information that
is produced via the assembled route.

Interestingly, one of the most powerful
demonstrations of the Seidenberg and Mc-
Clelland single-route model is that it also
nicely produces the frequency by regularity
interaction by assuming only one route in
naming performance. The results of the
simulations indicate that the error scores
produced by the model for high-frequency
regular words and exception words are
quite comparable, however, for low-
frequency words, the error scores are
worse for exception words than for regular
words. (The assumption being that error
scores map onto response latencies.) Thus,
one does not have to assume separate
routes to accommodate the frequency by
regularity interaction, but rather, this effect
appears to fall quite naturally from the cor-
respondences between the frequency of
particular O-P correspondences in a given
orthography.

The present study will attempt to provide
further evidence regarding the mechanisms
underlying the frequency by regularity in-
teraction by investigating this interaction
across five groups of subjects that have par-
ticular characteristics that might modulate
this interaction in an intriguing fashion. The
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five groups include young adults, older
adults between the ages of 60 and 80 years
of age, older adults greater than 80 years of
age, very mildly demented individuals with
senile dementia of the Alzheimer Type
(SDAT), and mild/moderately demented in-
dividuals with SDAT. A comparison of the
word frequency by regularity interaction
across these five groups of subjects is of
interest for three reasons: First there is
clear evidence in the literature that there
are breakdowns in attention-demanding
tasks across young and older healthy adults
(Balota, Black, & Cheney, 1992; Hasher &
Zacks, 1979, 1988; Plude & Hoyer, 1985;
Salthouse, 1984, see review by Hartley,
1992) and also between healthy older adults
and SDAT individuals (Baddeley, Logie,
Bressi, Della Sala, & Spinnler, 1986; Graf,
Tuokko, & Gallie, 1990; Jorm, 1986;
Nestor, Parasuraman, Haxby, & Grady,
1991). The importance of investigating the
word-frequency by regularity interaction
across groups that have varying attentional
capacities is that there have been recent ar-
guments that the two routes demand differ-
ing amounts of attentional capacity. For ex-
ample, Paap and Noel (1991) have argued
that the assembled route may demand more
attentional resources than the lexical route
because the assembled route involves an at-
tention-demanding constructive process in
which subword units must be assembled
and organized into an acceptable output. In
support of this argument, Paap and Noel
found that modulating the demands of a
secondary task had an intriguing influence
on the naming performance of low-
frequency exception words: low-frequency
exception words were actually facilitated
by the presence of a high memory load
compared to the presence of a low memory
load (also see Bernstein & Carr, 1991). On
the other hand, high-frequency exception
and consistent words, along with low-
frequency consistent words all produced
slower response latencies under the pres-
ence of a high memory load compared to a
low memory load conditions. Paap and
Noel argued that because the assembled
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route is more attention demanding than the
lexical route, it is more influenced by the
presence of a high memory load. This
would have the influence of decreasing the
interference from the assembled route for
the low-frequency words. Hence, the speed
of naming these words is actually facilitated
under high memory load compared to low
memory load. This finding is quite intrigu-
ing because it suggests that under some,
predictable circumstances one can actually
facilitate performance via the presentation
of a secondary task. This finding is also im-
portant because it is unclear how a single-
route model might accommodate such a
pattern. The interesting issue with respect
to the present study is that if the assembled
route demands more attentional capacity
than the lexical route, then it is possible
that there will be a decreased influence of
the assembled route across groups of sub-
jects that have decreasing attentional ca-
pacities. More specifically, there should be
a decreasing deleterious effect of inconsis-
tent O-P correspondence, compared to
consistent O-P correspondence, across
groups of subjects that have decreased at-
tentional capacities.

The second reason that an investigation
of the word frequency by regularity inter-
action across these subject groups may be
quite informative is because of recent argu-
ments and evidence that there is an increas-
ing breakdown in the ability to inhibit par-
tially activated but inappropriate informa-
tion across these subject groups. For
example, there is now evidence from the
negative priming paradigm (e.g., Hasher,
Stoltzfus, Zacks, & Rympa, 1991; McDowd
& Osecas-Kreger, 1991; Tipper, 1991) that
healthy older adults do not appear to inhibit
irrelevant information as much as healthy
young adults. Moreover, Balota and
Duchek (1991) have recently reported evi-
dence that indicates that SDAT individuals
show a reduced ability to inhibit irrelevant
meanings of contextually biased homo-
graphs, compared to healthy older adults
(also see Duchek, Balota, Ferraro, Gerns-
bacher, Faust, & Conner, 1992). Thus,
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there i1s evidence that there are breakdowns
in inhibitory processes across these five
subject groups. If there is a decrease in in-
hibitory processes across these groups,
then there may be increased difficulty
across our subject groups in inhibiting the
output from the assembled route for items
that produce conflicting lexical and assem-
bled output, i.e., exception words. This
would predict an increase in regularization
errors (e.g., pronouncing pint such that it
rhymes with hint) across subject groups
that have increasing breakdowns in inhibi-
tory control processes.

The third motivation for investigating
changes in the frequency by regularity in-
teraction across these groups of subjects
deals with predictions from general slowing
models of cognition. A number of research-
ers have argued that data from reaction
time tasks across healthy young and older
adults can be accommodated by a general
slowing function (Birren, 1974; Cerella,
1985; Myerson, Hale, Wagstaff, Poon, &
Smith, 1990; Salthouse, 1985). According
to this approach, because all processes are
assumed to slow at a constant rate in older
adults, one should expect effect sizes in
older adults to be proportional to effect
sizes in younger adults. For example, My-
erson et al. have argued that response la-
tencies for older adults across conditions in
large part can be predicted by a relatively
simple linear function (older adults RT =
younger adults RT * 1.5). Based on such
general slowing arguments, one might ex-
pect that the word frequency effect, regu-
larity effect, and word frequency by regu-
larity interaction should all proportionally
increase in healthy older adults compared
to younger adults by a factor that is akin to
1.5. Furthermore, it is worth noting here
that Nebes and Brady (1992) have recently
extended the same general slowing argu-
ment to SDAT individuals, compared to
healthy age-matched controls. Thus, there
should be similar proportional increases in
these effects between the demented and
nondemented age-matched healthy older
adults. In general, overall response latency
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should increase across groups along with
proportional increases in the effect of fre-
quency, regularity, and the frequency by
regularity interaction.

In this light, it is also interesting to note
that the Seidenberg and McClelland (1989)
single-route connectionist model might also
predict larger effects of frequency, regular-
ity, and the frequency by regularity inter-
action across our subject groups. Of
course, this depends upon how one might
represent the aging and disease process
within their connectionist model. Seiden-
berg and McClelland do provide some in-
formation regarding the effect of at least
one type of network damage. That is, in
order to capture some of the characteristic
reading difficulties in developmental dys-
lexia, Seidenberg and McClelland de-
creased the number of hidden units from
200 to 100 in one of their simulations (see p.
547). The results indicated that, with this
type of damage, the frequency effect, reg-
ularity effect, and, at least to some extent,
the frequency by regularity interaction ap-
pear to increase (see Fig. 21, of the Seiden-
berg & McClelland paper). Although there
are clearly alternative ways to damage such
a model, the fact that frequency, regularity,
and the interaction of these two variables
reflect patterns of activation across the
same set of hidden units would appear to
suggest that the effect of these factors
would move together across our subject
groups.

Finally, in anticipation of the results, an
important aspect of the present study is the
extent to which frequency and regularity
produce parallel changes in effect size
across the groups of subjects. That is,
based on unembellished dual-route models
(i.e., models that do not predict differing
attentional demands of the addressed and
assembled routes) and single-route models,
one would expect increasing effects of O-P
correspondences as one finds increasing ef-
fects of word frequency. Because these two
effects are intimately tied, one should not
find a change in the effect size of one vari-
able across our subject groups without a
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corresponding change in the effect size of
the second variable. Thus, if there is an in-
creasing frequency effect across our sub-
ject groups one should also find an increas-
ing regularity effect and also an increasing
frequency by regularity interaction.

METHOD

Subjects

A total of 157 subjects participated in the
study. With the exception of the 25 young
adults, all subjects were recruited from the
Washington University Alzheimer’s Dis-
ease Research Center (ADRC). The partic-
ipants were originally screened for depres-
sion, severe hypertension, reversible de-
mentias, and any other potential disorders
that could affect cognitive performance. In-
clusionary and exclusionary criteria for
SDAT conform to those outlined in the
NINCDS-ADRDA criteria (McKhann,
Drachman, Folstein, Katzman, Price, &
Stadlan, 1984). Dementia severity was
staged in accordance with the Washington
University Clinical Dementia Rating (CDR)
scale (Berg, 1988; Hughes, Berg, Danziger,
Coben, & Martin, 1982). In this scale a
score of 0 indicates no dementia; a score of
.5 indicates very mild, or ‘‘Questionable,’’
dementia; a score of 1.0 indicates “‘Mild”’
dementia; and a score of 2.0 indicates
‘““Moderate’” dementia.

The CDR is based on a 90-min interview
that assesses cognitive ability in areas in-
cluding memory, orientation, judgement
and problem solving, community affairs,
hobbies, and personal care. Both the pa-
tient and his or her collateral source (e.g.,
spouse, child) participate in the interview.
One of eight board-certified physicians
(four neurologists, four psychiatrists) con-
ducted these interviews, which were video-
taped and subsequently reviewed by a sec-
ond physician for reliability. The diagnosis
of AD by this research team has been ex-
cellent, with 103 out of 107 (96%) individu-
als diagnosed as having SDAT having AD
confirmed at autopsy (Berg, Smith, Morris,
Miller, Rubin, Storandt, & Coben, 1990;
Burke, Miller, & Rubin, 1988; Morris, Mc-
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Keel, Fulling, Torack, & Berg, 1988, Mor-
ris, Mohs, Rogers, Fillenbaum, & Heyman,
1988).

Of the 132 participants obtained from the
ADRC, 70 participants did not present any
symptoms of dementia (CDR = 0). Within
this group of 70 participants, 35 individuals
were in the young-old group (mean age =
71, 8D = 6.7) and 35 individuals were in the
old—old group (mean age = 84, SD = 3.3).
There were 29 participants diagnosed as
CDR .5 which is a group that appears to be
in the very early stages of AD (mean age =
74, SD = 9.4). In fact, in a recent longitu-
dinal study, 11 of 16 subjects originally
classified as having very mild dementia
(CDR = .5) by this research team actually
progressed to a more severe stage of SDAT
over the course of 84 months or had AD
positively confirmed at autopsy (Rubin,
Morris, Grant, & Vendega, 1989). There
were 33 participants in the mild/moderate
group (mean age = 75, $D = 7.9). Within
this group there were 20 individuals diag-
nosed with a CDR = 1.0 (mild dementia)
and 13 diagnosed with a CDR = 2.0 (mod-
erate dementia). We collapsed across the
mild and moderate groups in order to better
equate the sample sizes across our subject
groups. Moreover, preliminary analyses in-
dicated that there were very little differ-
ences between the mildly and moderately
demented subjects. Finally, there were 25
young adults that were recruited from un-
dergraduate courses at Washington Univer-
Sity.

Apparatus

All testing was conducted with an Apple
Ile microcomputer that was interfaced with
a Mountain Hardware clock card that pro-
vided an estimate of response latency to the
nearest millisecond. A Gerbrands G1341T
Electronic Voicekey was interfaced with
the computer to detect the onset of vocal-
ization.

Materials

The critical stimuli were the same as
those used by Seidenberg et al. (1984, Ex-
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periment 4). These stimuli were selected
because (a) there is already evidence that
these stimuli produce the desired frequency
by O-P correspondence interaction in nam-
ing performance and (b) there are three lev-
els of O-P correspondence. There were 15
words in each of six conditions that were
produced by factorially crossing three lev-
els of O-P correspondence (regular vs in-
consistent vs unique) with two levels of
word frequency (high vs low). Regular and
inconsistent words include spelling patterns
that appear in many words, with the major
difference being whether the phonology
corresponding to a given spelling pattern is
consistent across words (regular) or incon-
sistent across words. The words listed in
the unique category are words such as col-
onel, which have very few, if any, similar
O-P correspondences. As reported in Sei-
denberg et al., the median frequencies for
the high-frequency regular, inconsistent,
and unique words were 638, 672, and 707,
respectively, whereas the corresponding
frequency values for the low-frequency reg-
ular, inconsistent, and unique words were
18, 24, and 17, respectively (Carroll, Dav-
ies, & Richman, 1971). Further details re-
garding this set of stimuli are available in
Seidenberg et al. Finally, in addition to the
critical target words, there were 38 me-
dium- to high-frequency regular words that
were selected for practice and buffer items.

Procedure

After subjects were familiarized with the
testing apparatus, they were given instruc-
tions about the task. Subjects were told that
on each trial a word would appear in the
center of the computer screen and they
were to name that word aloud as quickly
and as accurately as possible. After the in-
structions, subjects were given 30 practice
trials, which were followed by two test
blocks of 49 words. The first 4 trials of each
test block were buffer trials, which were
then followed by 45 critical target words.

The following sequence occurred on each
trial: (a) a row of three asterisks (***) was
presented in the center of the screen for 350
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ms; (b) a blank screen was presented for
275 ms; (c) a word was presented in the
center of the screen; (d) the subject’s pro-
nunciation of the word triggered the com-
puter to erase the screen; (e) the experi-
menter pressed a key on the keyboard in-
dicating the type of response that was
produced; specifically, the ‘0>’ key was
pressed when the subject produced the cor-
rect response, the ‘*1” key was pressed
when the subject produced an unrelated
word or some other extraneous sound (e.g.,
a cough) triggered the computer, and the
*‘5”" key was pressed when the subject pro-
duced (or attempted) a regularization of the
word, e.g., pronouncing pint such that it
rhymed with tint; (f) a 2-s intertrial interval.

Each subject was tested individually with
an experimenter present. The subject sat at
a comfortable distance from the CRT.

Design

The experiment is a group (young vs
young—old vs old-old vs very mildly de-
mented vs mild/moderately demented) x
frequency (high vs low) X O-P correspon-
dence (regular vs inconsistent vs unique
words) mixed-factor design. Group is the
only between-subjects factor. There are
three dependent measures: mean onset la-
tencies, mean percentage errors, and mean
percentage regularizations. A regulariza-
tion error here is defined as the mispronun-
ciation of a word that conforms to an O-P
correspondence for the whole word, e.g.,
pronouncing pint such that it rhymes with
hint, or, on rare occasions, an attempted
regularization, e.g., pronouncing weld,
such that it sounds like wheeled.

Psychometric Test Performance

Each participant enrolled in the ADRC
was also administered a 2-h battery of psy-
chometric tests designed to assess psycho-
logical functions including memory, lan-
guage, psychomotor performance, and in-
telligence. Memory performance was
assessed via the following: Wechsler Mem-
ory Scale (WMS; paired-associate learning;
Wechsler & Stone, 1973), Benton Visual
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TABLE 1
MEANS AND STANDARD DEVIATIONS (IN PARENTHESES) OF THE PSYCHOMETRIC TESTS AS A FUNCTION OF

SuBJECT GROUP

Subject group

Test Young-old Old—old Very mild SDAT Mild/moderate SDAT
Logical 10.24 8.14 S.17 1.60
Memory (2.84) (2.22) (2.93) (1.68)
Mental 7.47 7.40 6.17 3.28
Control (1.99) (1.68) (2.56) (3.06)
Associate 14.15 13.60 10.57 4.96
Recall (3.87) (3.55) (3.99) (3.52)
Benton Delay, number correct 6.32 5.54 4.62 1.46
(1.89) (1.70) (2.01) (1.50)
Benton Copy, number correct 9.79 9.26 9.17 5.75
(.59) (1.31) (L.3D) (3.99)
Benton Recall, errors 5.94 8.09 11.03 18.63
(3.15) (3.99) (5.55) (6.32)
Benton Copy, errors .24 a .86 8.63
(.70) (1.32) (1.38) (10.41)
Trails, Form A 41.79 56.22 58.45 69.72
(17.07) (29.14) (29.88) (64.21)
WALIS Information 21.65 20.74 16.97 8.12
(4.40) (4.31) (5.09) (4.93)
WAIS Block Design 33.21 28.29 23.24 9.40
(9.10) (7.79) (10.79) (10.78)
WALIS Digit Symbol 48.71 40.66 35.36 13.76
(13.62) (12.03) (12.57) (15.50)
Boston Naming Test 56.03 52.66 49.52 30.20
(4.18) (7.27) (9.07) (15.72)
Word Fluency (S + P) 33.00 29.91 25.28 12.32
(12.79) (10.21) (8.58) (9.78)
Digit Span (F + B) 12.03 11.71 10.62 7.68
(2.69) (2.15) (3.60)

Retention Test (picture memory; Benton,
1963), WMS Logical Memory (surface-
level story memory), and WMS forward
and backward digit span. Adult intelligence
was assessed using the following subtests
of the Wechsler Adult Intelligence Scale
(WAIS): Information, Comprehension,
Block Design, and Digit Symbol (Wechsler,
1955). Visual-Perceptual-Motor perfor-
mance was assessed by the Benton Copy
Test and Trail Making-Form A. In the Ben-
ton Copy Test, participants copied a geo-
metric figure; in Trail Making—-Form A, par-
ticipants connected numerically-ordered
dots that resulted in a specified pattern
(Armitage, 1946). In addition, participants
also received the WMS Mental Control test
which evaluates the ability to quickly pro-
duce a well-rehearsed letter or digit se-

(1.80)

quence, such as the alphabet, in a specified
amount of time. Participants also received
the Word Fluency test, which allows inves-
tigation of processes associated with lexical
retrieval (Thurstone & Thurstone, 1949). In
this task, subjects are required to quickly
generate as many words beginning with a
specified letter (P or S) in an allotted time
period (60 s per letter). All subjects pro-
vided data for all tasks, with the exception
of one moderately demented individual,
who did not complete any of the four Ben-
ton tasks, the Associate Recall task, or the
WAIS Digit Symbol task.

As shown in Table 1, across the four
groups that were obtained from the ADRC,
there are clear effects of group on each of
the psychometric tests. In separate analy-
ses of variance (ANOVAs) that tested the
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FiG. 1. Mean response latencies (ms) as a function
of group, word frequency, and O-P correspondence.

main effect of group on each test, there
were reliable main effects of group for each
of the psychometric tests with all ps <
.0001, with the exception of Trails Form A
which produced a main effect of group with
p < .0S5. Hence, our contention that there
are rather widespread cognitive break-
downs across these groups is substantiated.

RESULTS

In analyzing the data, we first catego-
rized each response as correct, incorrect,
or a regularization. For the correct re-
sponses, we then calculated the mean re-
sponse latency and SD for each subject
across items and also for each item across
subjects within a group. In order to de-
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crease the likelihood that these analyses
would be disproportionately influenced by
extreme response latencies, any observa-
tion that was greater than 2.5 SDs above or
less than 2.5 §Ds below the subject mean
(for the subject analyses) or the item mean
for a given group of subjects (for the item
analyses) was treated as an outlier. In ad-
dition, if an observation was less than 150
ms or greater than 2500 ms the observation
was also treated as an outlier. The percent-
ages of responses screened by this proce-
dure were 2.1 (young), 3.8 (young—-old), 3.6
(old—old), 3.8 (very mildly demented), and
5.2% (mild/moderately demented). For
each cell, we then calculated subject and
item mean response latencies (excluding
outliers), subject and item mean percentage
errors (including outliers, but excluding
regularizations, e.g., producing pint such
that it rhymes with hint), and subject and
item mean percent regularizations. For
each of these dependent variables a 5
(group) X 2 (frequency) x 3 (O-P corre-
spondence) mixed-factor ANOVA was
conducted. Unless otherwise specified, any
effects referred to as significant have p-val-
ues at least less than .05.

Mean Response Latencies

Figure 1 displays the mean response la-
tencies (based on subject means) as a func-
tion of group, frequency, and O-P corre-
spondence. There are seven points to note
in Fig. 1. First, response latency increases
systematically across subject groups,
F,(4,152) = 21.72, p < .001, F,(4,420) =
597.59, p < .001. Second, low-frequency
words produced slower onset latencies than
high-frequency words, F,(1,152) = 165.95,
p < .001, F5(1,420) = 159.90, p < .001, for
each of the subject groups. Third, again for
each subject group, unique words produced
slower response latencies than both incon-
sistent words and regular words, F,(2,304)
= 31.87, p < .001, F5(2,420) = 13.30,p <
.001. Fourth, and interestingly, one can see
that the frequency effect increases system-
atically across groups, going from the
young to the mild/moderately demented in-
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dividuals, F,(4,152) = 6.15, p < .001,
F»(4,420) = 3.18, p = .0l. Fifth, there is
relatively little evidence of an increase in
the O-P correspondence effect across
groups, F,(8,304) = .55, F»(8,420) = .62.
Sixth, the influence of O-P correspondence
is greater for low-frequency words than
high-frequency words, F(2,304) = 27.94, p
< .001, F(2,420) = 10.18, p < .001. Thus,
as predicted by both dual-route models and
single route models, O-P correspondence
has a much larger effect for low-frequency
words than for high-frequency words. Sev-
enth, and importantly, there is no evidence
of a group by frequency by O-P correspon-
dence interaction, F(8,304) = .83,
F,(8,420) = .43. Thus, the intriguing aspect
of these data is that there is both a group X
frequency interaction and a frequency X
O-P correspondence interaction; however,
there is no evidence of either a group X
O-P correspondence interaction or a group
X frequency X O-P correspondence inter-
action.

One of the points that should be high-
lighted in Fig. 1is that the frequency x O-P
correspondence interaction is primarily
produced by the presence of the unique
words. More specifically, even though
there are highly reliable frequency x O-P
correspondence interactions in the overall
analysis, if one only considers the influence
of consistency (regular vs inconsistent
words) the size of this effect is remarkably
similar across subject groups for high-
frequency (17 ms) and low-frequency (19
ms) words, both item and subject F's <
1.00 for the frequency X consistency inter-
action. Thus, there is no evidence that the
effect of consistency is being modulated by
frequency across a wide range of naming
performance across these five groups of
subjects.

In order to more clearly display the dif-
ferent effects of frequency and O-P corre-
spondence across our subject groups, we
display in Fig. 2 the mean frequency effects
(low-frequency minus high-frequency
words), mean consistency effects (inconsis-
tent minus regular words), and mean
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n
Young

uniqueness effects (unique minus regular
words) as a function of subject group. As
one can clearly see in Fig. 2, there is an
increasing frequency effect across subject
groups, whereas, both the consistency and
the uniqueness effects are relatively con-
stant acress subject groups.

Percentage Errors

Figure 3 displays the mean percentage er-
rors (including extraneous triggering of the
voicekey and outliers but excluding regu-
larizations) as a function of group, fre-
quency, and O-P correspondence. There
are five points to note in Fig. 3. First, errors
systematically increased from the healthy
young individuals to the mild/moderately
demented individuals, F,(4,152) = 12.49, p
< .001, Fy(4,420) = 34.41, p < .001. Sec-
ond, one can see that overall there were
more errors on low-frequency words than
high-frequency words, F,(1,152) = 141.20,
p < .001, F,(1,420) = 69.01, p < .001.
Third, there were more errors on unique
words than on either regular words or in-
consistent words, F;(2,304) = 57.26, p <
001, F5(2,420) = 21.23, p < .001. Fourth,
there is again evidence of an interaction be-
tween frequency and O-P consistency such
that there is a relatively high error rate pri-
marily for the unique low-frequency words,
F,(2,304) = 35.65, p < .001, F,(2,420) =
11.21, p < .001. Fifth, the influence of word
frequency again appears to increase across
groups but now it primarily increases for
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the regular and inconsistent words, with
relatively little increase for the unique
words. Although the group x frequency X
O-P correspondence reached significance
in the subjects analysis, F,(8,304) = 2.44, p
= .014, it did not approach significance in
the items analysis, F,(8,420) = .83. Al-
though the effects are smaller, the results
from the error analyses overall conform to
the analyses performed on the response la-
tency data, i.e., there is some evidence of
an increasing influence of word frequency
across groups, especially for the regular
and inconsistent words, but there is no ev-
idence of an increasing influence of O-P
correspondence across groups. Thus, there
is no evidence of a speed-accuracy trade-
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off. In fact, mean error rate and mean re-
sponse latencies were overall highly and
posiltively correlated across conditions, r =
.79.

It should also be noted here that the in-
teraction between frequency and O-P cor-
respondence is primarily produced by the
presence of the unique word condition. As
shown in Fig. 3, the influence of consis-
tency (regular vs inconsistent words)
across groups is virtually identical for high-
frequency (.8%) and low-frequency (— .6%)
words, both item and subject Fs < 1.00.
Thus, as with the response latency data, the
error data provide no evidence that the in-
fluence of consistency is being modulated
by frequency.

Percentage Regularizations

Figure 4 displays the mean percentage of
regularizations as a function of group, fre-
quency, and O-P correspondence. The ma-
Jjor point to note in Fig. 4 is the rather strik-
ing increase in the regularization errors
across subject groups especially for the
unique low-frequency words. This local-
ized increase in regularization errors con-

! Separate analyses were also conducted on only the
percentage of outliers to insure that the analyses on
the response latencies were not due to differential
trimming of observations from certain conditions for
specific groups. The results of these analyses indicated
that neither the group X frequency, F,(4,152) = .48,
F,(4,420) = .30, nor the group X consistency interac-
tions, F(8,304) = 1.93, F,(8,420) = 1.60, reached sig-
nificance. However, there was a reliable group x fre-
quency X O-P correspondence interaction, F,(8,304)
= 2.78, p < .01, F(8,420) = 1.96, p = .049. As in the
overall analyses of error rates (see Fig. 3), this inter-
action reflected the fact that there were more outliers
for the healthy young adults in the unique fow-
frequency condition than the remaining conditions,
whereas, for the remaining groups of subjects the out-
liers were more equally represented across conditions.
This pattern clearly indicates that the lack of an in-
creasing O-P correspondence effect or the lack of an
increasing frequency by O-P correspondence interac-
tion across our subject groups in the response latency
data is not simply due to relatively more trimming of
slow responses in the unique low-frequency condition
in our more severely impaired subjects. If anything,
there was some tendency for just the opposite to oc-
cur.
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dence.

tributed to a number of reliable effects in
the ANOVA. First, overall there was an
increasing number of regularizations across
groups of subjects, F,(4,152) = 12.71, p <
.001, F,(4,420) = 23.02, p < .001. Second,
low-frequency words overall produced
more regularizations than high-frequency
words, F;(1,152) = 92.24, p < .00},
F5(1,420) = 66.69, p < .001. Third, there
was a reliable effect of O-P correspondence
on regularization errors, F(2,304) = 77.46,
< .001, F,(2,420) = 34.63, p < .001.
Fourth, the influence of O-P correspon-
dence is greater for low-frequency words
than high-frequency words, F,(2,304) =
73.18, p < .001, F»(2,420) = 31.15, p <
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.001. Fifth, the influence of Frequency in-
creased across groups, F,(4,152) = 11.23,p
< .001, F,(4,420) = 8.28, p < .001. Sixth,
the influence of O-P correspondence in-
creased across groups, F,(8,304) = 9.58, p
< 001, F(8,420) = 4.45, < .001. Finally,
the relatively localized increase in the reg-
ularization errors for the low-frequency
unique words yielded reliable group X fre-
quency X O-P correspondence interac-
tions, F(8,304) = 6.14, p < .001, F,(8,420)
= 2.64, p = .008.

GENERAL DiISCUSSION

The results of the present study are
straightforward. First, the present study
replicated the frequency X O-P correspon-
dence interaction reported by Seidenberg et
al. (1984), among many others. Specifi-
cally, low-frequency words produced a
larger influence of O-P correspondence
than high-frequency words in each of five
groups of subjects that varied substantially
in overall naming latency. In fact, from the
young to the mild/moderately demented in-
dividuals there was a twofold increase in
overall response latency. Second, the
present results provided evidence that the
frequency effect systematically increased
across our subject groups. Specifically,
there was a threefold increase in the fre-
quency effect going from the young adults
to the mild/moderately demented individu-
als. Third, although there was a substantial
increase in the frequency effect, there was
no evidence of an increase in the O-P cor-
respondence effect across subject groups.
Finally, there was a systematic increase in
the regularization errors across the subject
groups that was primarily localized in the
low-frequency unique words. Before dis-
cussing the theoretical implications of these
results, we shall first discuss some possible
interpretive constraints regarding the
present data.

Possible Interpretive Constraints

There are three possible interpretive con-
straints that should be noted. First, when
one only considers the regular and incon-
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sistent items, there is no evidence in the
present data for a frequency by consistency
interaction. These results appear inconsis-
tent with the results of Seidenberg et al.
(1984) who reported that for the low-
frequency stimuli there was a large differ-
ence between regular and inconsistent
words (30 ms), whereas for high-frequency
words there was no difference (actually,
—5 ms). Interestingly, Jared, McRae, and
Seidenberg (1990) have recently reported
an attempted replication with the same ma-
terials and found considerably reduced con-
sistency effects (9 ms) for the low-
frequency words (the high-frequency words
were not included). Based on a comparison
of overall response latencies across the two
studies, and the fact that Seidenberg (1985)
has found larger consistency effects in less-
skilled readers, Jared et al. attributed this
failure to replicate to the notion that sub-
jects in the original Seidenberg et al. study
were less skilled than in the Jared et al.
replication. However, this does not appear
to account for the lack of interaction in the
present study because if one uses overall
response latency as an indicant of word rec-
ognition skill (as Jared et al. did), the
present results provide little evidence for a
frequency by consistency interaction
across five different levels of reading skill.
Because of the considerable power in the
present study (157 subjects), compared to
the Seidenberg et al. study (15 subjects),
along with the apparent failure to replicate
the original Seidenberg et al. pattern in the
Jared et al. study, we believe that it is likely
that this particular set of words will not
consistently produce the frequency by con-
sistency interaction. However, based on
Jared et al.’s review of the literature, we
also believe that the consistency by fre-
quency interaction can be reliably obtained
and that the presence of such interactions
are dependent upon the frequency of simi-
larly spelled friends (words with similar
O-P correspondences) and the frequency of
similarly spelled enemies (words with dif-
ferent O-P correspondences). As Jared et
al. point out, the low-frequency set of stim-
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uli in question includes words with both
high-frequency friends and high-frequency
encmies.

The second potential interpretive con-
straint involves the possibility that the in-
creasing frequency effect across the subject
groups could reflect a type of scaling prob-
lem. Specifically, one might argue that be-
cause the younger adults produce response
latencies that are considerably faster than
the mild/moderately demented individuals,
the smaller influence of frequency in the
younger adults is simply due to the fact that
younger adults are at a different point on
the response latency scale and hence all ef-
fect sizes will be diminished. Although this
is always a potential problem when one
compares effect sizes under conditions
where there are large group differences in
overall response latency, there is an impor-
tant aspect of the present data that diminish
the strength of this argument. Specifically,
if one considers the data in Fig. 2, one can
see that the sizes of the frequency effect
and the uniqueness effect are identical for
the young adults. However, across groups
the frequency effect increases threefold
whereas there is absolutely no increase in
the uniqueness effect. Hence, even if there
are potential scaling problems, these data
clearly indicate that the influence of
uniqueness and frequency can be dissoci-
ated across the subject groups.

The third potential interpretive con-
straint is that it is possible that the increase
in frequency effects across the subject
groups is not due to the influence of fre-
quency on lexical access processes, but
rather, may be due to the influence of fre-
quency on processes involved in pronounc-
ing the word aloud after it has been recog-
nized. For example, Balota and Chumbley
(1985) have provided evidence that part of
the frequency effect can occur in processes
that may be involved in pronouncing the
word aloud after it has been recognized. Al-
though there has been some controversy re-
garding the amount of contribution of
postiexical processes to the frequency ef-
fect in speeded naming performance (e.g.,
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Balota & Chumbley, 1989; Connine, Mul-
lennix, Shernoff, & Yelen, 1990; McRae,
Jared, & Seidenberg, 1990; Monsell, Doyle,
& Haggard, 1989; Savage, Bradley, & For-
ster, 1990), it is quite possible that some
component of the increasing frequency ef-
fect across our subject groups may be due
to an increasing postaccess influence of fre-
quency.

Recently, Balota and Ferraro (1993) at-
tempted to address the possibility that there
are age-related changes in the contribution
of postlexical influences of frequency in the
naming task. In this study, healthy young
and older adults participated in a delayed
naming task in which on critical trials a 150-
ms auditory tone was presented 1200 ms
after the onset of the to-be-pronounced tar-
get word. The notion is that after a 1200-ms
delay, it is unlikely that any remaining fre-
quency effect is unequivocally due to the
influence of frequency on processes in-
volved in recognition of the target. The re-
sults indicated that there were reliable and
virtually identical frequency effects for the
young (11 ms) and older adults (10 ms) in
this delayed naming condition. Thus, there
appears to be little change in the influence
of frequency on postlexical processes at
least between healthy young and older
adults. Unfortunately, we were unable to
run a similar study with SDAT individuals
because these individuals have difficulty
withholding (inhibiting) the response to
await the response cue, i.e., they are likely
to name the stimulus word before the re-
sponse cue. Thus, although it is still possi-
bly that there is a postlexical contribution
to the increasing frequency effect across
our subject groups, the available evidence
regarding such an influence does not pro-
vide strong support for this contention.

Theoretical Implications of the
Present Results

We shall now turn to the theoretical im-
plications of these results. As noted above,
the importance of the present results is that
we have identified a factor (subject group)
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that has different influences on the fre-
quency effect and the O-P correspondence
effect. This finding is of interest because
both unembellished dual-route models and
single-route models assume that both fac-
tors influence the same mechanism in the
processing system. By independently influ-
encing the frequency effect and not influ-
encing the O-P correspondence effect, we
have brought some of the fundamental as-
sumptions within these models into ques-
tion. We shall now turn to a discussion of
how such a pattern might be reconciled
within these models.

Single-Route Account

First, consider the single-route model of
Seidenberg and McClelland (1989). Be-
cause both frequency effects and O-P cor-
respondence effects in naming are a natural
consequence of the same set of connections
among orthographic units and hidden units
and among hidden units and phonological
output units, it is unclear how such a sys-
tem rnight produce different effects of these
factors across our subject groups. As noted
in the Introduction, Seidenberg and Mc-
Clelland attempted to model the break-
downs that are observed in developmental
dyslexics by changing the network, via de-
creasing the total number of hidden units.
As one might suspect, this had the effect of
increasing the effect size of frequency, O-P
correspondence, and apparently, the inter-
action between these two variables (see
Seidenberg & McClelland, 1989, Fig. 21, p.
548). Thus, a decrease in the number of hid-
den units does not appear to be an accept-
able account for the observed isolated
changes in the frequency effects across the
present subject groups.

Of course there are alternative ways to
damage such a connectionist model, and it
is possible that one of these may be able to
account for the present data. For example,
one might add random noise to the activa-
tion process. An interesting and potentially
important aspect of the present results is
that there are different effects across sub-
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ject groups depending upon the dependent
measure one is considering, e.g., response
latency versus probability of a regulariza-
tion. Possibly, instead of mapping error
scores primarily onto response latency data
as in the Seidenberg and McClelland
model, it would be useful to look at the pho-
nological error scores as these error scores
relate to other potentially related outputs.
For example, what is the error score for
pint such that it rhymes with hint? Interest-
ingly, once this step is taken the single-
route model begins to take on some of the
characteristics of a dual-route model. That
is, performance is dependent upon the re-
lation between the phonological error
scores for the correct lexical output (ad-
dressed route) and the phonological error
scores for potential regularizations (assem-
bled route). The fact that O-P correspon-
dence has different effects on response la-
tency and regularization errors across our
subject groups suggests that an analysis of
the phonological error scores of incorrect
potential regularizations may provide fur-
ther insight into how the model settles upon
an actual output. It appears that on some
trials the incorrect regularization is strong
enough to be selected without a cost in re-
sponse latency. As discussed below, it is
precisely this selection process that may
break down across the present subject
groups.

Dual-Route Account

Now, consider the dual-route model. As
noted in the Introduction, the dual-route
model accounts for the frequency by O-P
correspondence interaction by suggesting
that the addressed route for high-frequency
words operates too fast to be influenced by
the slower assembled route. However, the
addressed route for low-frequency words is
relatively slower than for high-frequency
words, and therefore, there is sufficient
time for output from the assembled route to
arrive at a common computational stage to
influence performance. The present study
indicates that one can strongly modulate
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the speed of the addressed route across
subjects, as reflected by the group by fre-
quency interaction, but this does not ap-
pear to influence the likelihood of the as-
sembled route influencing output. In fact,
one could argue that we have slowed the
addressed route three times more in our
mild/moderately demented individuals
compared to our healthy young individuals
(i.e., there was a threefold increase in the
frequency effect); however, there is no ev-
idence that there is an increase in the influ-
ence of the assembled route. This is incon-
sistent with the basic premise of dual-route
models that asserts the speed of the ad-
dressed route predicts the likelihood of
competition from the assembled route.

There are, at least, two major attacks a
dual-route theorist might take to account
for the present pattern of data. The first
attack is that there is simply a decreased
influence of the assembled route across our
subject groups that compensates for the ex-
pected increased O-P correspondence ef-
fect. If there were a decreased influence of
the assembled route across the subject
groups then it is possible that there would
be an increasing frequency effect, but not
an accompanying increasing O-P corre-
spondence effect. The second attack is that
there is a breakdown in inhibitory pro-
cesses across our subject groups. We will
now discuss each of these hypotheses in
turn.

Group-related decreased influence of the
assembled route. One reason why we may
not have observed an increased O-P corre-
spondence effect, in conjunction with the
observed increasing frequency effect, is be-
cause of the assumed increased attentional
demands of the assembled route. As noted
in the Introduction, there is recent evidence
suggesting that the assembled route de-
mands more attentional capacity than the
addressed route (Paap & Noel, 1991). If this
were the case and if there were increased
attentional capacity breakdowns across our
subject groups, as Graf, Tuokko, and Gallie
(1990), Hasher and Zacks (1979), Jorm
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(1986), and Plude and Hoyer (1985) have
argued, then one might expect a decreased
influence of the assembled route across
our subject groups. Of course, one must
then ask why one finds the increasing influ-
ence of word frequency across groups?
This could be explained by a breakdown in
the addressed lexically mediated route. In
fact, Balota and Duchek (1988) reported ev-
idence that supports the contention that
there is indeed some breakdown in lexical
access processes in healthy older adults
compared to healthy young adults. Such a
breakdown could account for the increased
word frequency effect, Of course, in order
for this approach to account for the present
data, one would also have to argue that the
breakdown in the assembled route is
greater than the breakdown in the ad-
dressed route.

“Thus, one way in which the dual-route
model could account for the present data
relies on the assumption that the direct ac-
cess route is degraded, thereby producing
larger frequency effects, and at the same
time the assembled route is also disrupted
but relatively more than the direct access
route. Although a decreased influence of
the assembled route along with a degraded
access process would appear to account for
the present data, there is a rather glaring
problem with this account. Specifically, it
is unclear why there is an increasing num-
ber of regularization errors across our sub-
ject groups. It appears that at the level of
regularization errors the assembled route is
actually having more of an influence on
naming performance across our subject
groups. Hence, even though there appears
to be a plausible reason (attentional
changes) to expect a decreased influence of
the assembled route across the subject
groups in the response latency data, this
argument is inconsistent with other impor-
tant aspects of the present data.

Failure to inhibit the incorrect assembled
route. As noted earlier, it is possible that
changes in the ability to inhibit partially ac-
tivated (assembled) but incorrect informa-
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tion for exception words may have lead to
the obtained pattern. Before turning to the
details of this account, it is necessary to
briefly review the evidence that there are
indeed age-related and SDAT-related
breakdowns in inhibitory processing.

First, regarding age-related changes in in-
hibitory processing, consider the results of
a recent study by Hasher et al. (1991). In
this study, subjects simply named which of
two letters flanking either side of fixation
was presented in a designated color, e.g.,
red. On trial n, subjects might be presented
with a green B and a red E, and required to
respond “‘E”’. On trial n + 1, the pair may
now be a red B and a green C. Note, that
the target letter B on trial n + 1 was actu-
ally the ignored letter on trial n. Hasher et
al. found that for young adults there was
reliable inhibition for such trials compared
to trials in which there were no such cross-
trial relationships (e.g., ontrial n + 1, a red
D and a green C might be presented). More
importantly, older adults failed to produce
such inhibition. Hasher et al. viewed these
data as suggesting that older adults have a
general breakdown in inhibitory process-
ing. Interestingly, this same pattern has
been recently reported by McDowd and
Oseas-Kreger (1991) and Tipper (1990). In
fact, Hasher and Zacks (1988) have re-
cently developed a theoretical framework
that emphasizes a breakdown in the inhibi-
tion of irrelevant information to account for
the rather widespread breakdowns in cog-
nitive performance in healthy aged individ-
uals compared to healthy young individu-
als.

Balota and Duchek (1991) have extended
the notion of a breakdown in inhibitory pro-
cesses to SDAT individuals. In the Balota
and Duchek study healthy older adults and
SDAT individuals were sequentially pre-
sented three words on each trial. For the
present purposes, we will focus on the con-
cordant condition (e.g., music-organ—
piano), the discordant condition (e.g.,
heart-organ—piano), and the unrelated con-
dition (e.g., heart—ceiling—piano). The ma-
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jor dependent variable was the speed to
name the third word (e.g., piano) in each
triad. The results indicated that healthy
aged individuals produced equivalent per-
formance on the discordant and the unre-
lated condition, both of which were reliably
slower than the concordant condition.
These data were viewed as suggesting that
for the healthy aged individuals, the con-
text word (e.g., heart) selected the meaning
of the ambiguous word (e.g., organ) and
inhibited the activation for the unrelated
meaning (referring to musical instrument)
such that it was no longer available to fa-
cilitate the naming of the related target
word (e.g., piano). More importantly, how-
ever, when one considers the SDAT indi-
viduals, they were reliably faster to name
the discordant target word (piano when
preceded by heart and organ) compared to
the unrelated target word (piano when pre-
ceded by heart and ceiling). Balota and
Duchek interpreted this pattern to indicate
that SDAT individuals failed to use the con-
text word to inhibit the irrelevant meaning
of the homograph in the discordant condi-
tion.

The results of these studies appear to
suggest that there is an increasing failure to
inhibit partially activated but incorrect in-
formation across young and older adults
and across older adults and SDAT individ-
uals. This is quite intriguing with respect to
the present results. It is possible that al-
though there is an increasing frequency ef-
fect across our subject groups in response
latency there is not an increasing influence
of O-P correspondence because there is a
general breakdown in the inhibition of the
output from the assembled route.

Consider the task facing the subject when
both routes are activated and there is incon-
sistent output from these routes. The sub-
ject must in some sense inhibit the output
from the assembled route for the exception
words. It is possible that the SDAT individ-
uals, and to a lesser degree the healthy aged
individuals have a breakdown in the inhibi-
tion of the output from the assembled
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route. If this were the case then one would
expect more regularization errors across
our subject groups, precisely as we found in
the present data. Specifically, instead of in-
hibiting the assembled route, and resolving
the conflict between the two activated
routes, which would produce a slowdown
in response latency, the healthy older
adults, and to a greater extent the SDAT
individuals, are more likely to simply out-
put the assembled route on some percent-
age of trials. Thus, we are suggesting that
across our subject groups there is an in-
creasing likelihood of accepting the assem-
bled route in conflicting situations, instead
of expending the energy needed to inhibit
the output from the assembled route. Of
course, one would still need to appeal to
some breakdown in the direct access route
to produce the increasing frequency effect
across subject groups. Moreover, one
would also need to argue that the break-
down in the inhibition of the assembled
route compensates for the breakdown in
the direct access route. However, given
these two assumptions, the present data
can be viewed as consistent with both a
dual route modei of naming performance
and also recent evidence to suggest that
there are breakdowns in inhibitory pro-
cesses in both healthy older adults and in
SDAT individuals.

A Few Remaining Issues

Finally, there are three remaining issues
that are noteworthy with respect to the
present data. First, these data do not sim-
ply follow the powerful general slowing
principle of information processing across
young, healthy aged individuals, and SDAT
individuals. That is, according to a general
slowing model (e.g., Birren, 1974; Cerella,
1985; Myerson, et al., 1990; Nebes &
Brady, 1992; Salthouse, 1985), all informa-
tion processing stages are slowed by a rate
that is proportional to overall response la-
tency. Thus, all effect sizes should be larger
as one finds increases in response latency
across groups in a given task. Although this
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model handles a considerable amount of the
data in the cognitive aging and Alzheimer’s
disease literature, this model does not ade-
quately account for data where one variable
(e.g., word frequency) produces an age-
related or dementia related increase across
subject groups, whereas, a second variable
(O-P correspondence) fails to produce such
an increase. In this light, the general slow-
ing approach is a good heuristic against
which to isolate cognitive operations that
change at a different rate across age and
dementia levels. Frequency effects appear
to conform to a general slowing approach
but clearly O-P correspondence effects do
not, at least in pronunciation latency.

A second issue that needs to be noted
here is that there is a reliable increase in the
frequency effect across our three groups of
healthy adults. Allen, Madden, and Crozier
(1991) have recently argued that at least in
lexical decision performance, word fre-
quency is additive with age in healthy
young and older adults. The present results
indicate that there is an increasing fre-
quency effect in naming performance
across healthy young, young—old, and old-
old subject groups. It is interesting to note
here that although Allen et al. argued that
age and frequency produced additive ef-
fects in their lexical decision task, there
was actually a 51-ms increase in the differ-
ence between the very low-frequency
words and the very high-frequency words
across their young and older adults. Thus,
although it is possible that differences be-
tween the naming task and the lexical deci-
sion task may have produced the difference
across the present study and the Allen et al.
study, it is also possible that the Allen et al.
study reflects a failure to reject the null hy-
potheses.

Finally, the increasing frequency effect
across our age groups is particularly impor-
tant in light of recent arguments regarding
increasing semantic priming effects across
young and older adults. Myerson, Ferraro,
Hale and Lima, (1992) and Laver and
Burke (1993) have both recently reported
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evidence from metaanalytic studies that in-
dicate that across studies of semantic prim-
ing, healthy aged individuals produce larger
semantic priming effects than healthy
young adults. It is possible that because
there is clear evidence that semantic prim-
ing effects are larger for low-frequency
words than for high-frequency words
(Becker, 1979), the increase in the semantic
priming effect may in part reflect the in-
creasing frequency effect across subject
groups.
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