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MODELS OF ERRORS OF OMISSION
IN APHASIC NAMING

Gary S. Dell
University of Illinois at Urbana-Champaign, USA

Elisa N. Lawler
Georgia Institute qf Tecbnology, Atlanta, USA

Harlan D. Harris
University of llinois at Urbana-Champaign, USA

Jean K. Gordon
University of Iowa, Iowa, USA

Five computational models of lexical access during production are tested for theirability to account for
the distribution of aphasic picture-naming errors. The naming profiles (/V = 14) were chosen from the
literature to represent patients who make a relatively large number of omission errors. The most
successful models combined the damage assumptions of the semantic-phonological model of lexical
access (Foygel & Dell, 2000) with a treatment of omission errors as largely independent from overt
errors (Ruml, Caramazza, Shelton, & Chialant, 2000). An explanation for the occurrence of omission
errors was provided by the addition of a lexical-threshold parameter (Laine, Tikkala, & Juhola, 1998)
to the model. Suggestions for further testing of these models are introduced, as is a new website that

allows other researchers to make use of the models.

INTRODUCTION

Impaired word retrieval in aphasia leads to a variety
of speech errors, all of which provide insight into
the mechanisms of lexical access during speaking.
Most research on aphasic errors focuses on parap-
hasias, errors of commission as opposed to errors of
omission. Often, paraphasic utterances bear a
semantic relation (e.g., “banana” instead of straw-
berry) or phonological relation (e.g., “treen” for
train) to the intended word. These errors are

studied, in part, because they provide specific
information about hypothesised components of
the lexical system (e.g., Buckingham, 1987; Cara-
mazza & Hillis, 1990; Gagnon, Schwartz, Martin,
Dell, & Saffran, 1997; Howard & Orchard-Lisle,
1984; Kay & Ellis, 1987; N. Martin & Saffran,
1997; Mitchum, Ritgert, Sandson, & Berndt,
1990; Nickels & Howard, 1995; Rapp & Goldrick,
2000).

In addition to overt errors, aphasic speakers also
make errors of omission. These errors, commonly
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referred to as word-finding blocks, occur in all pro-
duction tasks, and can be characterised by silence
or by evidence of an unsuccessful word search, such
as saying “I know what it is, but I can’t say it,”
producing aborted attempts, or describing seman-
tic features of the sought-after word, often called
circumlocution (e.g., “It’s some kind of animal”).
These retrieval blocks have rarely been studied, and
for good reason: Without an overt attempt to
produce the target, it is difficult to come to any
conclusions about the mental processes that are
occurring. Nevertheless, clinical observations of
word-searching behaviour have allowed some ten-
tative hypotheses to be put forth. For example,
comments such as “It’s a, no, that's not it...”
suggest that speakers sometimes inhibit incorrect
responses that come to mind. Descriptions indi-
cate that some of the target’s semantic information
is available, but not its phonological form. Unfor-
tunately, word-finding difficulties frequently occur
without such clues as to their origin.

In picture naming studies, trials on which sub-
jects do not produce a naming attempt are typically
excluded from analysis. Yet, such events are
common. For example, in Mitchum et al.’s (1990)
study of 28 unselected aphasic patients, no
response occurred on 11% of naming trials, and for
7 of the patients, no response was the most
common error. Mitchum et al.’s no-response cate-
gory included silence, statements of no response
(e.g., “I don’t know”), and empty comments (e.g.,
“I have one of those”). In the studies providing the
data for this article, the no-response category was
expanded into a general non-naming-response cate-
gory by including, in addition to silence, all
responses in which the individual spoke but was
not making an attempt to give the single-word
name of the pictured object. For example, semantic
descriptions were included.

This study seeks to understand errors of omis-
sion by developing computational models of
naming and relating those models to aphasic data.
Specifically, there are two goals. The first is to
expand the data to which existing models can be
applied. Current models make precise predictions
only for errors of commission. By extending their
application to non-naming responses, we can

better discriminate among the models. The second
goal is to begin to investigate the omission process
itself, by formalising specific hypotheses. To
realise these goals, we begin with two existing
models that attribute errors of commission to
pathological spreading activation within a lexical
network: the weight-decay model of Dell,
Schwartz, Martin, Saffran, and Gagnon (1997)
and the semantic-phonological model of Foygel and
Dell (2000). Both have been applied, with varying
success,. to aphasic naming and repetition errors
(Caramazza, Papagno, & Ruml, 2000; Croot,
Patterson, & Hodges, 1998; Cuetos, Aguado, &
Caramazza, 2000; Dell, Schwartz, Martin,
Saffran, & Gagnon, 2000; Gordon, 2002; Hanley,
Kay, & Edwards, 2002; Hillis, Boatman, Hart, &
Gordon, 1999; Ruml & Caramazza, 2000; Ruml,
Caramazza, Shelton, & Chialant, 2000; Schwartz
& Brecher, 2000; Schwartz & Hodgson, 2002).
However, both models lack an account of non-
naming responses, and have consequently only
been tested using data sets in which such errors are
uncommon.

To address this limitation, we consider three
accounts of omission errors gleaned from the
literature, the independence model (Ruml et al,,
2000), the lexical-editor model (Baars, Motley, &
MacKay, 1975), and the lexical-threshold model
(Laine, Tikkala, & Juhola, 1998). Each of these is
grafted onto the existing naming models to create
compound models that can, in principle, explain
both errors of commission and omission. The ade-
quacy of these compound models is assessed by
matching their performance to the naming profiles
of aphasic individuals who make many non-
naming responses.

The contrast between errors of commission and
errors of omission applies to nonaphasic as well as
aphasic speech. Overt speech errors in normal
speakers are studied in analyses of natural error
corpora (e.g., Garrett, 1975) and experimental
tasks that create slips (e.g., Ferreira & Humphreys,
2001). Errors of omission in normal speakers are
studied through “tip-of-the-tongue” states that
often accompany such word-finding blocks (e.g.,
Burke, MacKay, Worthley, & Wade, 1991; Harley
& Bown, 1998; Meyer & Bock, 1992; Miozzo &
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Caramazza, 1997; Vigliocco, Antonini, & Garrett,
1997). Theories of normal production provide
informal accounts of both omission and commis-
sion errors, but there has been no attempt to give a
unified computational account of both (see, how-
ever, Levelt, Roelofs, & Meyer, 1999; MacKay,
1987, for work in this direction).

Models of non-naming responses

Independence model. The simplest treatment of
errors of omission is to assume that they are
independent of the processes that generate other
responses (Ruml et al., 2000). The independence
model is statistical rather than mechanistic; it spec-
ifies how errors distribute when non-naming
responses occur, but does not attribute those
responses to any particular processing system. To
illustrate, consider a sample pattern without non-
naming responses: 50% correct responses, 10%
each of semantic, formally related, and unrelated
word errors, and 20% nonword errors. Next,
assume that an unspecified process converts a
fraction of the overt responses to non-naming
responses. If the independence model is correct,
this conversion would leave the relative propor-
tions of each of the overt response categories
unchanged. For example, assuming 40% non-
naming responses, the remaining categories would
each be reduced by that percentage, to 30% correct,
6% semantic, 6% formal, 6% unrelated, and 12%
nonwords. In essence, the independent non-
naming process “steals” from the overt categories
in proportion to their frequency.

Lexical-editor model. Speakers appear to monitor
their planned output, suppressing it if it is linguis-
tically deviant (Garnsey & Dell, 1984; Hartsuiker
& Kolk, 2001; Levelt, 1983; Postma, 2000). The
most commonly hypothesised process of this sort is
the lexical editor. Baars et al. (1975) demonstrated
that phonological exchange errors are less likely
when they create nonwords, suggesting that poten-
tial nonword slips are caught and either suppressed
or corrected before they are uttered (see also Dell,
1986; Dell & Reich, 1981; Humphreys & Swend-
son, 2002). This kind of editorial process may be

ERRORS OF OMISSION IN APHASIC NAMING

responsible for many of the non-naming responses
that aphasic patients produce (Mitchum et al,,
1990). For example, in Schwartz and Brecher’s
(2000) study of recovery in naming, patient AK
had a relatively low rate of nonword errors given
the patient’s low correctness, along with many no
responses, suggesting that potential nonlexical
output was converted to non-naming responses.
Instead of converting responses from all overt cat-
egories like the independence model, the lexical-
editor model converts only potential nonword
responses.

Lexical-threshold model. The alternative to the
claim that omission errors are caused by an editor
suppressing deviant responses is that omissions are
the consequence of a failure to retrieve any lexical
item. This idea is implicit in accounts of the tip-of-
the-tongue state (e.g., Burke et al., 1991) and was
made concrete in a connectionist production
model developed by Laine et al. (1998). The
crucial component of this model for our purposes
is the assumption that, to be spoken, words must
exceed a minimum level of activation. Word units
are retrieved by spreading activation, but if no
unit’s activation exceeds a specified threshold
value, the model generates no response.

Interactive two-step models of lexical access
in production

The weight-decay and semantic-phonological
models of aphasic naming are derived from the
interactive two-step model of lexical access (Dell
& O’Seaghdha, 1991; N. Martin, Dell, Saffran, &
Schwartz, 1994). Similar models in this domain
include the restricted interaction model of Rapp
and Goldrick (2000), the node-structure theory of
MacKay (1987), and interactive activation models
developed by Berg and Schade (1992; also Schade
& Eikmeyer, 1998), Harley (1984, 1993), and
Stemberger (1985). These are all associated with a
bidirectional or interactive flow of activation, dis-
tinguishing them from discrete-stage (e.g., Levelt
et al., 1999) and cascaded-stage theories (e.g.,
Caramazza, 1997, Cutting & Ferreira, 1999).

First, we present the interactive two-step model’s

COGNITIVE NEUROPSYCHOLOGY, 2004, 21 (2/3/4) 127
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treatment of unimpaired processing, followed by
the aphasia models derived from it.

Normal lexical access. Lexical access occurs through
spreading activation in a network such as that
shown in Figure 1. The network contains units for
semantic features, words, and phonemes. Top-
down excitatory connections link semantic features
to words, and words to phonemes. Bottom-up
excitatory connections do the reverse, thus provid-
ing interactive feedback from later to earlier levels.
There are no inhibitory connections.

The “two-step” aspect of the model refers to
distinct word-access and phonological access steps,
a feature of many production models (e.g., Bock &
Levelt, 1994; Griffin & Bock, 1998; Levelt et al.,
1999; Rapp & Goldrick, 2000). Word access
begins with a jolt of 10 units of activation to each
of the target’s semantic features. Activation then
spreads through the network for eight time steps,
according to a noisy linear activation rule:

A= Ay g (1-decay) + Z Wil + noise

where Aj,t is the activation of unit j at time step t,
decay is the decay rate, and w; is the connection
weight from the source unit i to the receiving
unit j. During each time step, each unit’s activation
level is perturbed by normally distributed noise,
specifically the sum of two components, intrinsic
noise (§D = .01) and activation noise (SD =
.16Aj,t). After eight time steps, the most highly
activated word unit of the appropriate syntactic
category is selected, completing the word access
stage.

During word access, the target (e.g., CAT) will
normally obtain the most activation. However, a
consequence of spreading activation is that other
words, their phonemes, and their semantic features
become active as well. Semantic neighbours (e.g.,
DOG) obtain activation from shared semantic
features. Furthermore, because activation spreads
from words to phonemes during word access, and
feeds back from phonemes to words, phonologi-
cally related (or formal) neighbours such as MAT
are also activated. Mixed semantic-phonological
neighbours such as RAT are especially activated,

Semantics

Lexical
Network

Frames

Figure 1. The two-step interactive activation approach to lexical access in spoken word production, adapted from Dell et al. (1997).
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gaining activation from both top-down and
bottom-up influences, leading to the “mixed-error
effect,” (e.g., N. Martin, Gagnon, Schwartz, Dell,
& Saffran, 1996). Due to noise, any of these
related words may be selected instead of the target.
In extreme cases, an unrelated (LOG) word could
also be incorrectly chosen.

Phonological access begins with a 100-unit jolt
of activation to the selected word unit, and activa-
tion again spreads throughout the network, both in
a top-down and bottom-up fashion, for eight more
time steps. Finally, the most activated phonemes
are selected and linked to slots in a phonological
frame. The implemented model encodes only
single-syllable CVC words. The possible
phonemes are organised into sets of onsets, vowels,
and codas, and the most active of each setis chosen
and linked to the appropriate slot ina CVC frame.
If one or more of these phonemes are not in the
selected word, a phonological error—either real-
word or nonword—occurs.

For the purposes of model evaluation, six cate-
gories were considered: correct responses (CAT);
semantic errors (DOGY); formal errors (MAT); mixed
errors (RAT); wunrelated word errors (LOG); and
nonword errors (LAT). The model was initially set
up to simulate the probability of these six catego-
ries in normal speakers’ picture naming, based on
the 175-item Philadelphia Naming Test (PNT;
Roach, Schwartz, Martin, Grewal, & Brecher,
1996). This required specifying the model’s lexical
neighbourhoods and its connection weight and
decay parameters (see Dell et al.,, 1997, for
details).1

Aphasic lexical access. Dell et al. (1997) hypothesised
that the error patterns produced by aphasic sub-
jects fall on a continuum between the normal error
pattern and a “random pattern.” The random
pattern is the proportion of each response category
that would be observed if there were no lexical

ERRORS OF OMISSION IN APHASIC NAMING

influence on word-form retrieval, but the retrieved
forms nonetheless respected the general phono-
logical characteristics of (English) words. Dell et
al. estimated the random pattern for English from
a number of sources in order to reflect the oppor-
tunities afforded by the lexicon, such as the relative
numbers of semantic and formal neighbours of
words, and the proportion of phonologically legal
strings that are words. The model’s neighbour-
hoods were then constructed to simulate this
estimate.

The continuum of possible response patterns
from normal to random, referred to as the continu-
ity thesis, constrains the error patterns that can
occur in aphasia. With six response categories in
the model, a particular pattern represents one point
in a six-dimensional space, with the normal pattern
at one end of the space and the random pattern at
the other. For the continuity thesis to hold, the set
of possible patterns should correspond to a simple
continuous region connecting these two points.
The weight-decay (Dell etal., 1997) and semantic-
phonological (Foygel & Dell, 2000) models are
methods of generating this region. Each model
specifies how the normal model can be “lesioned,”
and this lesioning defines the region between the
normal and random points. The semantic-phono-
logical model is lesioned by reducing one or both of
two parameters: s, the weight of the top-down and
bottom-up connections between semantic features
and words, and p, the weight of the corresponding
connections between words and phonemes. The
weight-decay model also has two lesionable
parameters, a single weight parameter, w, which
applies to both semantic and phonological connec-
tions, and decay.?

The two models were compared in a study of 21
patients (Dell et al., 1997; Foygel & Dell, 2000)
and in another with 9 patients (Ruml et al., 2000).
In these studies, both models performed fairly well
in fitting the variety of patterns across the patients.

! Since the model’s development, a small change has been made to the lexical neighbourhoods in response to observations that
mixed errors were being under-predicted (Foygel & Dell, 2000; Rapp & Goldrick, 2000). In the current version, the chance

opportunity for mixed errors has been increased from .004 to .008.

2 Decay is set to a constant 0.6 for the semantic-phonological model.
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The semantic-phonological model may be theoret-
ically more valid, however, because the ability to
create separate semantic and phonological lesions
can better explain reported case studies of subjects
demonstrating almost exclusively one or the other
type of error (Rapp & Goldrick, 2000; Ruml et al.,
2000). Moreover, this distinction allows the
semantic-phonological model to make more accu-
rate predictions about word repetition in aphasia.
Repetition is assumed to depend more on lexical-
phonological than lexical-semantic weights, since
retrieval from semantics is not required (Foygel &
Dell, 2000).

In the current study, we have an opportunity to
test the effectiveness of the weight-decay and
semantic-phonological models in explaining
patterns of errors that previously could not be
accounted for by either model; those of aphasic
subjects who make many non-naming responses.
In our study, we define naming models that
account for non-naming responses in different
ways, by combining the weight-decay and
semantic-phonological models with the independ-
ence, lexical-editor, and threshold accounts, and
assessing the fit of each to the error profiles of
selected aphasic patients from the literature (Dell
et al.,, 1997; Gordon, 2002; Ruml et al., 2000;
Schwartz & Brecher, 2000).

MODEL COMPARISON STUDY
Methods

Data sets. Fourteen profiles were chosen from pub-
lished studies of aphasic naming that used the
PNT and its scoring standards. A profile consists
of the proportions of correct, semantic, formal,
mixed, unrelated, nonword, and non-naming
responses to the 175 pictures of the PNT for a
single patient. Included in the present study were
all profiles from the four articles mentioned above
that contained at least 18% non-naming responses,

or in which the non-naming responses comprised
at least 80% of all erroneous responses.> The
profiles were those of subjects GB and VP from
Dell et al. (1997); IOC, JR1, EA, and JR2
from Ruml et al. (2000); S10, S16, S21, and S31
from Gordon (2002); and WR5, AS1, AK1, and
AK2 from Schwartz and Brecher (2000). (Note
that JR1 and JR2 are two different individuals, but
AK1 and AK2 are profiles collected from the same
person at two different times.) Information on
these subjects is given in Table 1 and their naming
profiles are presented in italic type in Table 2.
Other background information can be obtained
from the original publications.

The non-naming category comprises all
responses in which the subject fails to provide a
valid naming attempt. This includes null respon-
ses, in which the subject says nothing or otherwise
indicates that he or she cannot name the picture, as
well as overt responses that do not constitute a
single-word attempt to name the target, such as

Table 1. Characteristics of subjects contributing naming profiles

Age Months Education
Subject (yrs) post-onset (yrs)
GB® 83 41 12
vp? 64 60.0 12+
10CP 55 18.0 14
JR1P 50 36.0 12
EAb 65 216.0 15
JR2b 43 60.0 16
S10¢ 81 48.0 12
S16¢ 65 10.0 9
S21¢ 67 62.0 9
S31¢ 53 129.0 6
WRSd 62 14.5 12
AS1d 61 9.0 N/A
AK1d 77 14.0 N/A
AK2d 77 17.0 N/A

3 From Dell et al. (1997).

® From Ruml et al. (2000).

¢ From Gordon (2002).

d From Schwartz and Brecher (2000).

3 We originally required 20% non-naming responses, but then relaxed the criteria to include more subjects.
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Table 2. Comparison of five models

Patient Model Correct  Semantic ~ Formal Mixed  Unrelated Nonword  Non-naming Combined RMSD? 7 s/ w  p/ decay
GB .39 .07 .09 .01 .03 .08 .32 .40
WD-ind .39 .07 .07 .03 .03 .10 32 .011 231 .044 .695
SP-ind .40 .07 .06 .02 .04 .10 .32 .014 3.40 .017 .021
WD-editor .36 .08 11 .02 .08 .35 .032 8.53 .004 .502
SP-editor 41 .05 .09 .02 .03 39 .012 1.84 .021 .012
SP-thresh (z = .019) .40 .07 .07 .02 .06 .08 31 .015 4.37 .013 .023
VP .28 .07 11 .05 17 .04 .28 32
WD-ind 22 .08 .13 .04 .06 .19 .28 .073 56.55 .085 .870
SP-ind .28 A1 .14 .02 .14 .04 .28 .024 10.71 .008 .028
WD-editor .26 .10 .16 .04 .10 .34 .039 13.93 .055 764
SP-editor 27 .10 15 .02 .14 32 .026 9.61 .009 .015
SP-thresh (z = .014) 27 .10 .14 .02 .14 .04 .29 .022 9.25 .007 .029
10C 17 .03 .00 .01 .00 .00 .79 .79
WD-ind .16 .02 .00 .01 .00 .01 .79 .007 4.79 .096 .830
SP-ind .16 .02 .01 .01 .01 .00 .79 .008 6.36 .019 .035
WD-editor .10 .06 .10 .01 .09 .63 .091 50.41 .002 .533
SP-editor .16 .03 .08 .02 .03 .68 .059 24.36 .091 .001
SP-thresh (¢ =.030) .18 .02 .01 .01 .01 .00 .78 .012 7.23 .011 .041
JR1 45 .03 .01 .01 .00 .00 .50 .50
WD-ind 45 .03 .00 .01 .00 .01 .50 .004 1.50 .056 .688
SP-ind .46 .02 .01 .01 .00 .00 50 .005 1.93 .025 .044
WD-editor .36 .08 11 .02 .08 .35 .090 50.57 .004 .502
SP-editor 45 .03 .04 .03 .01 45 .025 9.09 .099 .002
SP-thresh (7 = .032) 45 .02 .02 .01 .01 .00 49 .007 3.78 .015 .055
EA 34 .22 .03 .08 11 .01 21 22
WD-ind 34 .10 12 .06 .05 .14 21 .078 74.23 .090 871
SP-ind .37 12 .14 .03 .14 .01 21 .062 52.89 .009 .036
WD-editor 35 12 .18 .07 .07 21 .073 38.54 .097 .904
SP-editor .36 13 .16 .03 .16 17 .075 53.43 .009 .021
SP-thresh (£ = .013) .35 12 .16 .03 15 .01 .19 .066 52.18 .008 .039
(continued overleaf)
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Table 2. Continued

Patient Model Correct  Semantic ~ Formal Mixed  Unrelated Nonword Non-naming  Combined RMSD? X s/ w p/ decay
JR2 .67 .07 .01 .03 .00 .03 19 22
WD-ind .67 .06 .01 .04 .00 .02 .19 .008 2.86 .075 .761
SP-ind .68 .05 .03 .01 .01 .02 .19 .014 8.86 .024 .029
WD-editor .63 .08 .07 .02 .04 17 .040 21.69 .005 .504
SP-editor .74 .03 .01 .02 .00 .20 .034 10.05 .100 .004
SP-thresh (£=.025) .68 .05 .03 .02 .02 .03 .19 .014 9.07 .020 .030
S31 04 .09 .05 .03 .07 .03 .68 71
WD-ind .08 .03 .06 .02 .03 .09 .68 .039 39.68 .095 914
SP-ind .06 .05 .08 .01 .09 .03 .68 .023 16.13 .001 .025
WD-editor .06 .05 .10 .02 .09 .69 .030 14.22 .071 .890
SP-editor .06 .05 .09 .01 .10 .69 .029 15.89 .003 .005
SP-thresh (¢ = .017) .06 .06 .09 .01 .10 .04 .64 .028 15.72 .001 .025
S10 .55 .07 .02 .02 .02 .02 30 32
WD-ind .54 .06 .03 .02 .01 .04 .30 .016 7.73 .040 .660
SP-ind .57 .06 .03 .02 .02 .01 .30 .010 2.68 .021 .032
WD-editor .51 .08 .09 .02 .06 .24 .048 18.75 .005 .506
SP-editor .55 .06 .07 .02 .03 27 .030 9.80 .022 .015
SP-thresh (¢ = .024) .57 .06 .03 .02 .02 .02 .28 014 2.89 .017 .032
S16 .66 .05 .02 .04 .02 .02 .19 21
WD-ind .63 .07 .03 .03 .01 .03 .19 .016 6.61 .056 711
SP-ind .66 .06 .03 .02 .02 .01 .19 .012 8.66 .021 .032
WD-editor .64 .07 .07 .02 .04 .16 .033 17.38 .006 .508
SP-editor .66 .05 .06 .02 .01 .19 .020 10.69 .025 .017
SP-thresh (7 = .024) .67 .06 .03 .02 .02 .02 .19 011 7.23 .019 .033
S21 .61 .05 .06 .02 .00 .08 18 .26
WD-ind .60 .06 .04 .02 .02 .07 .18 .012 5.19 .028 .624
SP-ind .61 .05 .04 .01 .01 .09 .18 .013 6.00 .024 .021
WD-editor .59 .08 .08 .02 .05 .20 .035 13.76 .005 .500
SP-editor .60 .04 .06 .02 .01 27 .007 2.29 .027 .014

SP-thresh (£=.022) .60 .06 .04 .02 .02 .08 17 .013 6.10 .019 .024
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Table 2. Continued

Patient Model Correct  Semantic ~ Formal =~ Mixed  Unrelated Nonword Non-naming Combined RMSD? X s/ w  p/ deay
AK1 42 .05 .02 .01 .01 .01 48 49
WD-ind A1 .04 .02 .01 .01 .03 A8 .010 3.99 041 662
SP-ind 43 .04 02 .01 .01 .00 .48 .003 0.30 .021 .035
WD-editor .35 .08 1 .02 .08 .36 .076 36.02 .003 .501
SP-editor 43 .03 04 .03 .01 47 .015 6.66 .099 .002
SP-thresh (£=.027) .43 .04 .03 .01 .02 .01 .47 006 0.79 .015 .037
AS1 15 .05 11 .02 21 .19 .27 46
WD-ind 13 .06 13 .03 .08 .29 27 .064 44.94 .086 .895
SP-ind 15 .09 .14 02 15 19 27 .031 8.76 .005 .018
WD-editor 14 .07 14 .03 A1 .50 049 20.34 .051 773
SP-editor 13 .10 .16 .02 .16 44 .035 9.35 003 .012
SP-thresh (#=.011) .13 .09 15 02 .16 .18 27 .030 8.33 .003 .018
WRS 52 .07 05 .03 .06 .05 23 28
WD-ind 49 .07 .06 02 .03 .10 23 026 11.98 035 656
SP-ind 49 .08 07 02 .06 .05 .23 .017 3.64 .016 .027
WD-editor .50 .08 .09 02 .06 .25 .024 5.78 004 .503
SP-editor .52 .07 .08 .02 .04 .26 .018 5.41 .020 .016
SP-thresh (#=.019) .52 .08 .06 .02 .05 .05 22 .010 2.22 .015 .027
AK2 .85 .01 .00 .01 .00 .00 13 13
WD-ind .85 .01 .00 .01 .00 .00 13 .001 0.05 .067 .583
SP-ind .84 .01 00 .01 .00 .00 13 .002 0.11 064 074
WD-editor .78 .06 .04 01 02 .09 .042 21.64 .007 .500
SP-editor .83 02 .01 .01 .00 12 .008 2.67 069 .009
SP-thresh (¢=.207) .87 .01 .00 01 .00 .00 12 .009 0.98 .059 .055

2 These are raw RMSDs, with the averaging based on the number of proportions being fit: 6 for editor models and 7 for the others.
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semantic descriptions and miscellaneous responses
reflecting visual confusions or naming part of the
picture.* Our rationale for lumping these together
is both practical and principled. On the practical
side, three of the experimental studies used an
“other” category that closely corresponds to our
definition (Dell et al., 1997, Ruml et al., 2000, and
Gordon, 2002). Schwartz and Brecher (2000) had
a non-naming category, defined as null responses
and descriptions, and a miscellaneous category
that, for consistency, were combined. The princi-
pled reason is that the non-naming responses are a
natural class, insofar as the subject fails to provide
a label, right or wrong, for the picture. Our treat-
ment of this category is not without drawbacks, of
course. There are important differences between
silence and semantic description, notably with
regard to the subjects’ knowledge of the target,
their awareness of their disability, and their strate-
gies for adapting to it. However, these issues are
beyond the scope of the current investigation.

Models. The weight-decay (WD) and semantic-
phonological (SP) models were combined with the
independence, lexical-editor, and threshold
approaches to create the WD-independence, SP-
independence, WD-editor, SP-editor, and SP-
threshold models. (For reasons described later in
footnote 5, we are not reporting a test of a WD-
threshold model.) Each of the five models was
fitted to the 14 profiles by finding parameter values
that make the model’s response proportions as
similar as possible to the profiles, specifically by
minimising the %2 goodness-of-fit value. Each
model uses, for each profile, three free parameters
to fit seven proportions constrained to add to 1.0.
The weight-decay and semantic-phonological
models each have two parameters, w and decay, and
sand p, respectively. Dealing with the non-naming
responses adds another free parameter. In the case
of the independence models, the additional param-
eter is the proportion of non-naming responses.

For the lexical-editor models, it specifies the pro-
portion of nonword responses that are converted to
non-naming responses. For the SP-threshold
model, the third parameter is the threshold, £ the
minimum level of activation that the selected word
unit must possess for the naming process to
continue.

Non-naming response parameters were incor-
porated into the compound models in different
ways depending on the approach taken to non-
naming responses. For the independence and
editor versions of the models, it was possible to
reduce the number of explicitly fitted parameters
from three to two, by adjusting the profiles. This
adjustment was easy to make in the independence
models. Because non-naming responses are
assumed to be independent of the processes that
generate overt responses, the non-naming propor-
tion is simply removed from the profile, and the
remaining proportions are normalised, that is,
recalculated as a proportion of the modified total
(Ruml et al., 2000). The normalised profile is fitted
to determine the remaining two parameters as
described below. The lexical-editor versions of the
models were also fitted by making a simple adjust-
ment. Because non-naming responses are assumed
to correspond to suppressed nonwords, the pro-
portion of non-naming responses is added to that
for nonwords, and the adjusted profile is then
fitted for the two remaining parameters. The SP-
threshold model required an explicit search for all
three parameters simultaneously.

Fitting routines for independence and editor models.
The goal of the fitting procedure is to find the two
parameters that generate the closest fits overall to
the adjusted profiles. Because we required each
model profile to be calculated over 10,000 runs, it
is very time-consuming to search for the best fit.
Consequently, we generated and stored model
profiles in advance. In some areas of the space
defined by the two parameters, small changes in

4 The vast majority of non-naming responses consisted of null responses and semantic descriptions. To illustrate, the breakdown
for the four profiles selected from Schwartz and Brecher (2000), the only study for which these numbers are available, is: 65% no

responses, 29% semantic descriptions, 6% miscellaneous.
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the parameters result in large changes in the model
profiles; in other areas, small parameter changes
result in insignificant profile changes. Rather than
generate a uniformly dense array of model profiles
to handle the areas in which small changes make a
difference, a variable-resolution map was used, as
in Foygel and Dell (2000).

We used a new method for determining which
model profiles were stored—that is, which points
on the variable-resolution map were occupied.
Briefly, quasi-random points were generated
iteratively, but the associated model profile was
only generated and stored if the point’s nearest
neighbours (in parameter space) were sufficiently
dissimilar (in model profile space). The result is a
map consisting of model profiles that have very
small differences from their neighbours, but that
together define the space of possible error patterns
as densely as necessary.

More specifically, points were generated using
a Sobel” sequence, which is a way of subrandomly
generating points that maximises coverage and
minimises  “lumpiness”  (Press, Teukolsky,
Vetterling, & Flannery, 1992). Five hundred initial
points were generated, and the following proce-
dure was then used to determine which subsequent
points to keep. The average model profile of the
eight nearest neighbours of a potential point was
compared to each of those neighbours. If a %2
comparison between the average value and all eight
of the neighbours was less than an arbitrary
threshold (here, 8, using NV = 175 for the PNT),
then the point was determined to be superfluous
and was skipped. Otherwise, the model profile for
that point was generated and stored, and the
process continued. The map was considered
complete once 500 points in a row were skipped,
giving 3782 stored model profiles for the semantic-
phonological model, and 7481 stored model
profiles for the weight-decay model. These fitting
routines and the underlying model can be used
at the following web address:
http://langprod.cogsci.uiuc.edu/cgi-bin/webfit.cgi

Fitting routine for SP-threshold model. A third free
parameter, representing the lexical threshold #, was
added to the lexical-semantic and lexical-
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phonological weight parameters, s and p, in the SP
model. If the activation of no word unit is greater
than # at the moment that the model chooses the
most activated word unit, the trial is assigned to
the non-naming-response category. Otherwise,
the selected word undergoes phonological access
and an overt response is generated.

Because three free parameters have to be speci-
fied in the SP-threshold model, it is not possible to
use the variable-resolution two-dimensional map
described above. Instead, we used a hill-climbing
technique. First, we started with values of s and p
generated from the SP-independence model, and
made an educated guess about the best value of 7,
based on our experience from exploring the param-
eter space of the SP-threshold model. Then we
evaluated the 26 locations adjacent to this starting
location that are generated by increasing or
decreasing at least one parameter by a step of .01.
The location that led to the smallest value of 2
was then selected. The procedure was then
repeated with the selected location replacing the
starting location. This exploration continued until
none of the adjacent locations led to a smaller %2
value than the current location. At this point, the
step size was decreased to .001, and the process
begun again. The final location was selected as the
fitted parameter values. Note that this procedure
does not guarantee finding the best fit for a profile,
or even that the best fit is near the final location.
We repeated the fitting process for each profile,
starting from a randomly determined region of the
parameter space (bounded by 0 and .1). In all cases,
the fits starting from the initial locations described
above were either better than or identical to those
obtained from the random starting locations.
Nonetheless, it must be recognised that the
addition of a third parameter whose value must be
discovered makes the fits of the SP-threshold
model more likely to be suboptimal than the fits
generated from the variable-resolution map.

Results and discussion

Table 2 presents the proportions of responses in
each of the seven categories for each of the 14 pro-
files, along with the proportions and parameters
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generated from each of the five models. Two
measures of goodness of fit are given for each
profile: %2, the statistic used to discover the fit, and
root mean squared deviation (RMSD). RMSD is the
more intuitive measure of fit as it summarises the
degree of deviation of the obtained proportions

* from the models’ predictions. (An RMSD of .030
means that the model and patient proportions are
on average .030 apart.) How close should these
proportions be? It is hard to say, because there are
no established benchmarks of quantitative model-
ling in this area. Until that is the case, measures of
fit are best interpreted comparatively, rather than
absolutely. Our discussion, therefore, focuses on
which models provide the best fit.

There were clear differences among the models
in overall quality of fit, with the most obvious
being the superiority of the semantic-phonological
models over the weight-decay models. The total
%2 values for the SP-independence (130.4), SP-
threshold (130.1), and SP-editor (171.1) models
were much smaller than those for the WD-
independence (262.4) and WD-editor (331.6)
models.’ The mean RMSD measures tell a similar
story: SP-independence (.017), SP-threshold
(.018), SP-editor (.028), WD-independence
(.026), and WD-editor (.050). As Table 2 shows,
there is no profile for which the two WD models
fit better on average than the three SP models, and
several where the SP models are much better
(e.g., AS1, VP). In particular, the WD models
have difficulty predicting the unrelated and
nonword categories. The difficulty stems from the
use of global parameters. Parameter settings that
promote unrelated word errors necessarily also

create many nonword errors. However, AS1’s and
VP’s nonword errors are not particularly numerous
relative to word errors. The ability of the SP
models to separate influences on word errors
(determined largely by the s parameter) from
nonword errors (determined largely by p) gives
them the edge in fitting these profiles.

A second result is that the independence and
threshold models provide better fits than the
lexical-editor models. Considering all five models,
the SP-independence and SP-threshold models
are the clear winners. The SP-independence
model has significantly smaller RMSD’s than both
the SP-editor model, £13) = 2.52,% and the WD-
independence model, #13) = 2.20. The SP-
threshold model is also clearly superior to the SP-
editor model, {13) = 2.73, and (marginally) better
than the WD-independence model #13) = 2.00.
The mean RMSD’s for the SP-independence
(.017) and SP-threshold (.018) models indicate a
close agreement between model and profile pro-
portions. Moreover, these two models account for
96.3% and 95.9% respectively of the variance in
profile proportions.” The 96.3% value for the SP-
independence model includes the variance within
the non-naming category, which this model fits
trivially by setting its third free parameter to the
proportion of non-naming responses. Even if the
non-naming category is left out, the model still
accounts for 93.0% of the variance in the remain-
ing categories.

Both the SP-independence and SP-threshold
models fit the individual profiles fairly well, with
one exception (EA, to be discussed later). There
are no profiles for which the SP-editor model

5 We explored the WD-threshold model as well, but were not able to find parameters that led to fits comparable to the WD-
independence model. Given that the SP-threshold and SP-independence models had similar fits, more stringent parameter
searches might lead to similar fits for the WD-threshold and WD-independence models. However, these would still be inferior to

those for the SP-threshold and SP-independence models.

6 The critical value for /13) is 2.16. The RMSDs for the two independence models used in these s-tests were adjusted upward
so that these models were not credited for matching the non-naming response proportion (which they do perfiectly because their
third parameter is just this proportion). Specifically, the adjustment averages the total squared deviations over six rather than seven
proportions for these models. The adjustment is conservative given our conclusion that the independence models are favoured over

the editor models.

7 This measure compares the squared deviations between the model and profile proportions to the squared deviations between
each profile proportion and the mean proportion for that category across all profiles.
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provides a close fit (say, RMSD < .020) and the
SP-independence and SP-threshold models do
not, while the reverse is clearly true. For example,
the SP-independence and SP-threshold models
are considerably better for IOC, JR1, JR2, S10,
and §16. IOC’s profile is a case in point. Under the
SP-editor model, the many non-naming responses
(.79) are assumed to be suppressed nonwords. To
generate such a large proportion of nonwords, the
model must set a very low value for p (.001). How-
ever, the processes that generate nonword errors
create formal errors as well. With the parameters
assigned to IOC by the SP-editor model, the

ERRORS OF OMISSION IN APHASIC NAMING

expected proportion of formals is .08, a significant
contrast to the obtained proportion of zero.

This over-prediction of formal errors is a
general problem with the SP-editor model when
compared to the other SP models. Figure 2 illus-
trates how the predicted proportions for each
model deviate from the obtained proportions in
each response category, separately for each profile.
(EA was left out because this profile was not fit
well by any model; possible reasons for this will be
discussed shortly.) A positive number indicates
that the profile proportions exceed the model
ones; a negative number means that the profile

0.15
0.1 L
0.05
[ i
2 1
S ]
8 0
> 4
(]
Q 5
-0.05
-0.1
Lexical editor Independence Threshold
-0.15
5LTTTT BT LTTTTDO 5 LTETTEO
SEEL8s SFEELLsE SEELL5E
E g 582 LEtae5ES 3E E 8 5% 8 3E
S e Q E9 ¢ SO e Q ET c @ S e EDcEa
© 5 £ © © 9 E o ¢ ©% £ O €
) s < n 5 £ ¢ * 5 £ ¢
(] []
= =

Figure 2. Deviations between obtained response proportions and model response proportiom, as a function of response category for the SP-editor
model (left), the SP-ind¢pendence model (middle), and the lexical threshold model (right). Each line represents a single profile (EA is not

included).
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proportions are too small. The deviations for the
SP-independence and SP-threshold models are
small, and do not tend to one side or the other of
zero. The SP-editor model not only has larger
deviations, but they appear to be systematic. For
example, the nonword category is almost always
over-predicted, while the proportion of formals is
underestimated. Although these deviations are
largest for IOC (the most deviant line in the
figure) they are present on most of the other pro-
files.

A third important finding is that none of the
models fits EA’s profile very well. The large
number of semantic (.22), mixed (.08), and
unrelated (.11) errors, along with a smaller propor-
tion of formal errors (.03), challenges all of the
models, even the SP models, which can assign
lexical-semantic lesions without creating errors
during phonological access. These models’ neigh-
bourhoods, however, do not support the genera-
tion of such high percentages of semantic and
mixed errors. Moreover, when the SP models
create many mixed and unrelated word errors, they
must also generate a fair number of formal errors.
Mixed errors suggest strong phonological feed-
back, which also activates formal neighbours of the
target; unrelated errors signal that the target’s
activation is sufficiently degraded that these formal
neighbours will often be selected instead of the
target. Thus, EA’s low proportion of formal errors
presents a problem.

A clue to EA’s naming pattern is the unusual
finding that many of his semantic and mixed errors
were verbs rather than nouns (Ruml et al., 2000).
The naming models, however, assume that the
processes ensuring selection of a noun operate
without error, even for patients. Perhaps EA’s
profile reflects a failure of the syntactic system to
constrain lexical access. Gordon and Dell (2003)
implemented a model of such failure. Lesioning
the weights from syntactic/sequential states to
word units led to “agrammatic” production, and

specifically to naming deficits in which words were
deleted or replaced by other words often not in the
target syntactic category. We note that EA’s
sentence production was described as nonfluent,
but lacking in articulatory problems (Ruml et al,,
2000), and “agrammatic” (Berndt, Mitchum,
Haendiges, & Sandson, 1997), which is consistent
with the hypothesised lesion in syntactic/
sequential states.

The dominance of semantic and mixed errors
along with the absence of phonological errors
make EA’s profile similar to three other cases in
the literature that have challenged the semantic-
phonological model: PW (Rapp & Caramazza,
1998; Rapp & Goldrick, 2000), JF (Foygel & Dell,
2000), and DP (Cuetos et al., 2000). Such cases
might be consistent with the model if the naming
difficulty occurs secondary to a problem with
semantic representations. Recall that the models
assume intact semantic input, and that semantic
and other word errors occur in the process of
mapping that input onto lexical units. The
assumption of intact semantic input is probably
false for EA, at least according to Shelton and
Weinrich (1997), whose test of EA’s single-word
comprehension indicated that he had a “mild
deficit to semantic knowledge” (p. 122). This
explanation, however, does not hold for PW and
DP, who are reported to have preserved semantic-
level representations (Cuetos et al., 2000; Rapp
& Goldrick, 2000). Instead, Rapp and Goldrick
were able to account for PW’s error pattern (which
is similar to DP’s) by positing that lexical-
phonological feedback is restricted. That is, the
bottom-up weights are weaker than the top-down
ones. This restriction allowed Rapp and Goldrick’s
model to generate semantic errors without leading
to formal errors at the word access stage, since the
latter are promoted by strong feedback.

Restricted feedback, though, cannot by itself
account for EA’s profile. Ruml et al. (2000)
explored restricted feedback versions of these

8 Berndt et al. (1997) found that most examples of the uncommon verb-for-noun substitution were made by agrammatic
aphasics. Those patients, however, were generally more impaired in accessing verbs, and more often replaced them with nouns

than the other way around.
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models and still were not able to generate high
enough proportions of semantic, mixed, and
unrelated errors. Consequently, we suggest that
the failure to fit EA stems from the model’s
assumptions of intact semantic and syntactic
inputs, either or both of which may have been vio-
lated in this case. In any event, this error pattern
points to a clear limitation in the model as a
general account of aphasic naming.

EA aside, the SP-independence and SP-
threshold models provide a good account of the
patient profiles in our sample, certainly better than
the other three models examined. Consequently,
the damage assumptions of the semantic-
phonological model and the treatment of non-
naming responses proposed in the independence
and threshold models are supported over the
weight-decay and lexical-editor models. This is
not to say that the independence or threshold
models apply universally or that the suppression of
nonword responses—as assumed by the lexical-

editor model—does not occur. Rather, the

evidence from our sample is that the independence
and threshold models are, on balance, more
patient performance.

powerful in describing
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Moreover, they allow us to extend the observations
that can be brought to bear on models of aphasic
lexical access.

Thus far, we have treated the SP-independence
and SP-threshold models together. On the basis of
fit quality, they are indistinguishable, though
clearly superior to the other models. This is true for
the individual profiles as well as overall measures of
fit. Only EA is poorly fit, both models having
trouble matching the proportions in the formal,
mixed, and semantic categories. For the remaining
profiles, the two models fit reasonably well and
offer similar characterisations. For example, for
S10 the predicted profiles for SP-threshold and
SP-independence differ only for the nonword (.02
and .01) and non-naming (.28 and .30) categories.
The models assign similar values of s (.021 and
.017) and p (.032 for both), characterising this
patient as having more of a lexical-semantic than
lexical-phonological deficit.

Clearly, the SP-threshold model behaves like
the SP-independence model. Figure 3 shows why.
The figure shows what types of responses a thresh-
old tends to inhibit using a sample model with
typical aphasic parameters. A model with s = .02

Percentage Preserved
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] formal
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E unrelated
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Figure 3. The effect of threshold (T) on t he proportions of each response category that are preserved. The
bold line represents the average percentage of responses, across categories, preserved at each threshold

value.
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and p = .02 and no threshold is compared to the
same model with a variety of threshold values. The
ordinate presents the percentage of responses
exceeding the threshold. With # equal to zero (i.e.,
no threshold), all responses will emerge as overt
responses. As the threshold increases, the propor-
tions of supra-threshold responses are reduced.
The narrow lines illustrate that the ability of the
threshold to inhibit responses varies somewhat
across response categories. Nevertheless, a// of the
categories decrease dramatically as # increases; the
threshold robs from all response types and turns
them into null responses. The single thick line
indicates the mean percentage of responses pre-
served across all categories. In essence, this
represents the independence model, in which non-
naming responses are stolen from each category in
proportion to its frequency of occurrence. The
proximity of the narrow lines to the thick one thus
demonstrates the degree of similarity between the
SP-threshold and SP-independence models.
Despite their similarity, however, the two
models are not identical. For example, the thresh-
old is more likely to suppress a potential unrelated-
word response than a correct response. A situation
in which the most activated word unit corresponds
to an unrelated word is most likely to be one in
which all of the activations are very low, and hence
subthreshold. Nevertheless, the differences between
the two models are subtle with respect to their
ability to account for the naming profiles. The
overt response categories that are most common in
the profiles are the correct and nonword categories.
Figure 3 shows that the threshold takes away from
these categories at about the same rate that it
would take away if independence held. Conse-
quently, the two models are difficult to distinguish.
Are there any reasons, then, to prefer either the
SP-independence or the SP-threshold model? The
SP-independence model has the advantage of
being easy to use and can, therefore, be taken as the
default assumption for treating non-naming
responses when the focus of the analysis is on the
overt error categories (e.g., Ruml et al., 2000). Its
main drawback is that it does not specify a
mechanism for non-naming responses. Although
it succeeds in characterising error distributions

statistically, it does not explain them. The SP-
threshold model may provide the missing explana-
tion. Thresholds are common in biological
systems, and particularly so in neural network
models of such systems. Thus, an activation-level
threshold governing whether or not a lexical unit
proceeds to phonological access is a plausible
mechanism. In the general discussion, we further
consider the contrast between these models as well
as other ramifications of our findings.

GENERAL DISCUSSION

The principal findings of the current model com-
parison were as follows:

1. The semantic-phonological model (Foygel
& Dell, 2000) is better suited to matching naming
profiles with a high percentage of non-naming
responses than is the weight-decay model (Dell et
al,, 1997).

2. The distribution of non-naming responses is
better accounted for by models incorporating an
independence assumption (Ruml et al., 2000) or
threshold mechanism (Laine et al., 1998) than a
lexical-editor mechanism (Baars et al,, 1975).

3. The SP-threshold model is largely indistin-
guishable from the SP-independence model in
terms of its predictive power, but offers a more the-
oretically motivated mechanism for explaining the
occurrence of non-naming responses.

4. The profile of EA, with its relatively high
percentage of semantic and mixed errors, and low
percentage of formal errors, is not fit well by any of
the models, a finding that may call into question
the models’ assumptions of intact syntactic and
semantic input.

It is important to put these conclusions in per-
spective. The superiority of the SP-independence
and SP-threshold models does not mean that the
suppression of deviant responses does not occur.
On the contrary, one can construe a threshold as
a strategically determined value that serves to
prevent potentially erroneous responses. More-
over, the relatively poor performance of the lexical-
editor models does not suggest that patients never
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preferentially suppress nonword errors. Rather, a
pure lexical-editor account is less favoured by the
current evidence. Given that any single account is
unlikely to apply to all patients, it is worth noting
that several of our profiles were well fit by the SP-
editor model, for example, WR5, AK1, and AK2.
Each of these profiles is associated with few
nonword errors and a surfeit of non-naming
responses. In one or more of these cases, the
lexical-editor model might be the correct explana-
tion. Nevertheless, we emphasise that the SP-
independence and SP-threshold models also
accounted for these profiles, as well as for other
profiles that the SP-editor model was less success-
ful in characterising.

Finally, we recognise that one can construct
alternative editor models that may give more
accurate results. For example, one can hypothesise
that all semantically unrelated responses (non-
words, formals, and unrelated errors) are subject to
suppression. Models based on these broader edi-
tors, however, will be difficult to distinguish from
the independence assumption because they, like
the independence model, convert potential
responses from multiple categories into non-
naming responses. We have focused on a Jexical
editor because not only is it supported in the liter-
ature, but also it is maximally distinct from models
that behave like the independence model. Model
testing is best served by examining motivated
models whose predictions stand in sharp contrast.

Ultimately, the decision about the best account
of non-naming responses, both in general and for
particular patients, cannot be made on the basis of
naming profiles alone. In addition, the competing
models should be used to generate and test predic-
tions. Here we give two examples of this strategy:
predicting word repetition performance from word
naming performance, and predicting variations in
naming profiles as a function of semantic neigh-
bourhood.

Predicting repetition from naming

The semantic-phonological and weight-decay
models assign parameters to profiles based on
naming performance. Dell et al. (1997) and Foygel
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and Dell (2000) used these parameters to predict
auditory word repetition by identifying repetition
performance with the phonological access stage of
the naming process. This assumes that repetition
entails access of the appropriate word unit through
an intact perceptual system, followed by the
mapping of that word unit onto its phonological
representation (see R. C. Martin, Lesch, & Bartha,
1999, for evidence of separate input and output
lexical-phonological mappings). Foygel and Dell
found that naming parameters from the SP model
predicted repetition performance better than did
parameters from the WD model. This is because
word repetition depends more on lexical-phono-
logical mappings than on lexical-semantic map-
pings, and the SP model is able to characterise
these differentially. The WD model’s parameters
do not isolate relatively impaired or preserved
lexical-phonological abilities; hence, its repetition
predictions are less accurate.

Predicting repetition can also discriminate
between the independence/threshold and editor
accounts of the non-naming responses. Note in
Table 2 that the independence and threshold
versions of the SP model assign higher values of p
than s for 13 of 14 profiles, associating these
patients with more severe lexical-semantic than
lexical-phonological lesions. In contrast, the SP-
editor model assigns a lower p than s in 10 of 14
cases, because treating non-naming responses as
suppressed nonwords increases the evidence for a
phonological deficit, by the model’s logic. Because
good repetition depends more on the lexical-
phonological weight, the SP-independence and
SP-threshold models predict that repetition
should be relatively good for these patients in
contrast to their naming, whereas the SP-editor
model predicts poorer repetition.

Ruml et al. (2000) reported word repetition
data for some of the subjects in their study, two of
whom (EA and JR2) are represented in this study.
Both EA and JR2 repeated the items of the PNT
without error. Which of the models, if any, can
account for this good performance? It turns out
that that both the SP-independence and SP-
threshold models can. Using the selected parame-
ters for these two patients to carry out the
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repetition task, the two models perform at 97%
and 98% correct respectively for EA, and 96% and
95% for JR2. The SP-editor model, on the other
hand, predicts accuracy levels of only 76% for EA
and 80% for JR2. The superiority of the SP-
independence and SP-threshold models in pre-
dicting the repetition of EA and JR2 arises because
they assigned larger values of p than did the SP-
editor model, such that repetition was better
preserved.

Semantic neighbourhood effects

In a study of naming errors by an aphasic individ-
ual (MW), Blanken, Dittmann, and Wallesch
(2002) found that items differed in their propen-
sity to create errors of either commission or
omission. Target items that had close semantic
competitors (as determined by independently
gathered ratings) tended to create semantic errors,
whereas those with few competitors often led,
instead, to failures to respond. These two error
types traded off such that the sum of the two
categories differed very little as a function of the
competitiveness of target’s semantic neighbour-
hood. As semantic errors and no responses were
the dominant error categories for MW, this trade-
off implies that the proportion of correct responses
was similar for competitive and less competitive
neighbourhoods. Blanken et al’s finding dem-
onstrates, not surprisingly, that semantic-error
probability increases with the opportunities for
semantic errors. More importantly, though, it
suggests that omissions are promoted more by the
failure to strongly activate any lexical items, than
by the activation of many competing items.

With respect to the currentarticle, the trade-off
between semantic errors and null responses is a
clear prediction of the lexical-threshold model,
provided that these are common error types for a
particular patient. Consider an example using the
SP-threshold model with s = .02, p = .03, and

t=.03. If the model neighbourhood with one
semantic neighbour of the target (e.g., DOG for
the target CAT) is tested, the model is correct 57%
of the time, fails to respond 35% of time, and
makes 3% semantic errors. If the neighbourhood is
made more competitive by including DOG and
RAT as semantic neighbours of CAT, these per-
centages become 60% correct, 28% no responses,
and 9% semantic errors.” The increase in competi-
tion creates more semantic errors az the expense of
null responses, just as was found by Blanken et al.
(2002). The model behaves this way because com-
petition increases the activation of both the target
and its competitors. Activation reverberates
between words and the shared properties of these
words. The more competitors there are, and the
more properties they share, the more reverberation
occurs. The end result is that the most activated
word unit, whether it is correct or not, has a greater
chance of being above threshold. Hence, an overt
response is more likely to occur. The presence of
more competition, of course, leads to more seman-
tic errors, but this is almost entirely compensated
for by the decreased likelihood of an omission.

The lexical-editor approach does not make the
same prediction. Consider a set of parameters (e.g.,
s and p both at .01) that creates a large number of
nonwords, the responses that the editor can
convert into omissions. Using the less competitive
neighbourhood, the model generates 18% correct
responses, 7% semantic errors, 52% nonwords, and
23% other errors (formals and unrelateds). When
the more competitive neighbourhood is tested, the
results are 18% correct, 15% semantic errors, 52%
nonwords, and 15% other errors. Greater com-
petition naturally leads to more semantic errors,
but not at the expense of the nonword category,
which remained at 52%. Rather it is at the expense
of other errors. Consequently, the increase in
semantic errors would not be associated with fewer
omissions, on the assumption that these are sup-
pressed nonwords.

% Note that RAT is also a phonological neighbour of CAT. This only tends to make it more of a competitor because of the
model’s interactive assumption, the point being to demonstrate that additional competition increases lexical substitution errors,

while decreasing failures to respond.
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It is difficult to say what the independence
model would predict about Blanken et al’s (2002)
trade-off. Because that model lacks a true mecha-
nism for generating no responses, it cannot create
different proportions of omissions as a function of
neighbourhood competitiveness without effec-
tively adding parameters. So, unlike the lexical
threshold model, which makes the correct predic-
tion, and the lexical-editor model, which makes
the wrong prediction, the independence model
makes no prediction at all.

The repetition and semantic-neighbourhood
predictions show how the models can be tested
using data outside of the naming profiles. Predic-
tions for repetition supported the SP-independ-
ence and SP-threshold models over the SP-editor
model, and the semantic-neighbourhood predic-
tion was consistent only with the SP-threshold
model. These tests, though, are more illustrative
than definitive, as they concerned only two cases
for the repetition prediction, and only one for the
semantic-neighbourhood prediction.

CONCLUSION

The current study demonstrates that it is possible
to develop and test models of aphasic naming using
errors of omission, as well as errors of commission.
Our analysis favoured two models that were largely
indistinguishable, the SP-independence model
and the SP-threshold model. For the most part,
these models provided close fits to the naming
profiles of individuals who tend to make many
non-naming responses. The analysis helps to
constrain the interactive two-step theory of lexical
access that is the basis of those models, and
specifically supports the semantic-phonological
approach to lesioning, as well as the independence
and lexical-threshold accounts of non-naming
responses. The weight-decay account of aphasic
lesions suffered from its assumption that patholog-
ical parameter values are global, that is, they cannot
differentially characterise lexical-semantic and
lexical-phonological abilities (see Rapp &
Goldrick, 2000; Ruml & Caramazza, 2000). The

lexical-editor account of non-naming responses

ERRORS OF OMISSION IN APHASIC NAMING

forced the profiles to treat too many responses as
nonwords. Although the lexical-editor account, in
combination with the semantic-phonological
model, fit several profiles quite well, the other
approaches also worked well with these profiles.
By providing a method of analysing non-
naming responses, we hope to expand the sources
of evidence that can inform models of normal and
aphasic speech production. Although the hypoth-
eses presented here were able to explain a number
of observations of aphasic behaviour in language
production tasks, they must be considered prelim-
inary. Further evidence from both normal and
aphasic subjects, and from a variety of tasks, is
needed to strengthen these findings and generate
new predictions. We encourage other researchers
interested in deficits in spoken word production to
explore the models presented here using the website
introduced in the Methods section of the study.
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I3Ic, HMIZUIELIMEAIER, Z0EECHAILT, HABBATIV-—HS B OTH S,

SEE-TREE Lexical-editor EFIL

EEEBSOFELEAZERL, SENICERL TVWSESRZNZINHUL TWS LK SICR X% (Garnsey & Dell, 1984; Hartsuiker & Kolk,
2001; Levelt, 1983; Postma, 2000), Z DEDMIBBERE U THRH —MRWICIREHIZL TSN TWB DI, EE-FRE lexical editor Té %, BaarsS
(1975) &, FEBEEEZ & ZICHEBRBROBOMNV R ARDIIEERIELTED, BEMNGRFEEFOR Yy THEEFEINDIHICHEES L, IFlS
N3MEESN3ZE%ERELTWS (Dell, 1986; Dell & Reich, 1981; Humphreys & Swendson, 2002 H28), D& S RIREMIBBIEN, KB
EBENFETZELDBVWREDEZ < ICESL TWBAHEMENSH S (Mitchum et al., 1990), I Z (&, Schwartz & Brecher (2000) D #n& D[EI1E B
TRARTIE, BEAKOERENMEWI LEEZ DL, FHBIS—DOIRREENEL, EBRIZELZH /IS, BENRIEFENEAN
MNIERERIGICEREINTVWBZENTREINTWVWS, BITETILOLSICTRNTOBEELIZAT IV - SOREETRTZDOTIERL, B
FEIREE lexical editor BTV IEBENRIERZOREDHELTHET 2,

ER-LEWMEETIL

BOELS—RBREEEMNEMR U ICRGENFIT 2RI 2 EVWSERORDDIC, BEZKFEDEZEEGMOEELRWC EDBERTHDE
WS ERNH D, DEZAIF, tip-ofthe-tongue IKEE (Burke et al. 1991 72 &) OFABICEFNTED, Laine 5 (1998) Ic k> THIFE I hizdxX
VY3 AMNEHETITEK LS. COETILOEELRERIE, BEIEINDHICE, RELNLOFEHEHECEBIARTNERSEVWE
WS IRETH D, HEIZY MIEFELDENDICE>TRREINZD, ED1=y FDOFERLELEEES N UEWVMEEZBIRWES, TFI/ILIE
MDORIBHET TR,

12 RBICBIBEBR7 IV EADHEE 2 BREETIV

REEDR A FE CTCDEH-FIE weight-decay EF /L & Ek-FHi8 semantic-phonological €T /LI, BEF7 I EADHEE 2 BEETILHSIREL
fcb DT 3 (Dell & O'Seaghdha, 1991; N. Martin, Dell, Saffran, & Schwartz, 1994), Z DFERDIELIET /L E L TIE, Rapp and Goldrick (2000)
OHIRAZHEERET )L, MacKay (1987) @/ — K& R, Berg and Schade (1992; Schade & Eikmeyer, 1998 ), Harley (1984, 1993),
Sternberger (1985) IC & > THEINIBEEE(LETILLH S, INSETIEEIART, B EONARAEIEIHENTNICEELTED, B
BUHIERBESE (B Z1E, Levelt et al. 1999) ¥ h A4 — NERBEIEESR (B Z1E, Caramazza, 1997; Cutting & Ferreira, 1999) & 38713, 9, HE 2R
BETFTIICEDEERLOLEORVERBNL, HWT, ZIDSREUVLKBEETILERBNT .

REEDER7IVER BET7 VAR, EH1IRRLELSBRY NT—UDFERENENEZZETRIS, TOXRY MNT—7ICid, BHREH,
BEE FROIZYMEIFNTWS, hy 7Y Ur0EERERIG, BWHBEZESEIC, ZTUTEEEZEZRICETDIFZ, RhLAT Y 7O
BMHERIEIZTOET, ROLANILHSHOLNILAOHEENT «— /Ny 7 2R #9 2, MHEEOEREEWV.

Semantics

Lexical
Network

i

1. BFEERICBITZEET V7 ERICT 2 2 BREHEEER(L7 7O0—F, Delletal. (1997) h55|H

COETILD ER, LiF, BBEANOFICAEBBANDTIECADRTY THERZIEEZEKRLTED, Z<OEHETILOFHHEGST
W3 (Bl Z1E, Bock & Levelt, 1994; Griffin & Bock, 1998; Levelt et al, 1999; Rapp & Goldrick, 2000), BEEADF VAL, F—4"v N DEREFH
DZENZNIC10 2=y FOFEECOERZE5Z 2 ENSHBED, EEEF, /1 XBREEECRAIICK-ST, 8RHRTYITRY hT—
JICHEERT %!
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Ajr = Ajs1(1 — decay) + Z wji Ait—1 + noise.

CZTA; BBRARTYy T tic®iT21=y b j OFML, decay BERE, w; BY—X1ZvhiMSREIZY Kk j AOBESHRETH 3,

ERZRATY 7O, &FIZvY NOEEELNIVFERD /X, BEEICIEATZERE/ X (SD=0.01) &EME(L/ 1 X (SD=0.16 Aj;) D 2D
DRDDEEHC L > TBEIE N, 8HIHRXTY 70%, BUGBXATIVORLECEE LS hiBEEIZ Y MRIREh, BEEFI/EAR
F—INETI %,

HEZI/EARKE, BE, Y—7vbk @ CAT) ARLEEILEIND, LML, FBELEHPENDE, HOBEBELPZOER EWRLOFHLE
HEENDLSICHD, BEKLOBHESE (Fl: DOG) ¥, HESNLEKLOFHEI SEELEZRSZ, S5, BEEANOTIVEARIICE, EEL
DEENSHHREANELND, BEHNSHEAET —RN\vIIN3kh, MAT DLSLBEBENICEET 2 (XLFERR) BHEESFEELSh
%, Ffc, RAT D& SHBEKERRN - FmNICRE U CBEERIIFICEERLLIN, My TV ERNLT Y TOMADHEIC K BIEELNE
5h, UEAXIZ—%ER: BIZIE N.Martin, Gagnon, Schwartz, Dell, & Saffran, 1996) &FEIENTWD, /A XADFEET, ¥—7v hTlR
{, TNSOEEFOVWTNIIBIRINZABENNH D, WHRIBEICIE, BEHEDORL (LOG) BENR>TEIRINZZEHH 5,

BBEAOT IR, BIRSINLBEIZYMTI100 1=y MOFEEEIRIZZENSHED, S5IC8DOORERTYTT, SEHEELS LY
TV ERNLT Y ZTOMADHTETERY NT—V2FICEN D, BRI, REFEACSNLCERNEREIN, FEI7L—LOZOY MIERE
Iz, COETFILTI}R, BEBHOCVC BEOHZNSIT S, HREAREREATZ7EY N, B8 I1—Yoty cEEzh, fFtybhos
TRLFBEELEINEEONEIEN, CVC 7L —LDBEYIHRAOY MYV TIN5, INSDERDSE 1 DU EINBRIRSNEEICEENT
WaARWESR, BBIT— (REQBEEFIFIEREE) IRET S,

EFIOFHETIE, IEfE (CAT), BEWKIS— (DOG), FERWIS— (MAT), BEAIS— (RAT), HEBREZELS— (LOG), FEHEEIS— (LAT)
D6 D2DHTIV—%ERUce TDETIVIE, 175 EHD Philadelphia Naming Test (PNT; Roach, Schwartz, Martin, Grewal, & Brecher, 1996)
ICEDOWT, BEEEOKREGAICHITZIINS6HWTIV—DEEEZYI2L—MI2LSICHBRES N, ZDORHICIE, EFIOBEN
EBERE, BEROBHEFRO/INTA—YZIBET D2HENH -1z (FEillidDell et al. 1997 S8), (BIiE 1)

BEEA. COETIVERREL TLLEE, EBAIZ—MNE/NHESNh TWREWSEREREZITT, BEOAEEMEICINIBEEEZMN
Z 1= (Foygel & Dell, 2000; Rapp & Goldrick, 2000), RED/N—I 3> T, BETT—OHEF 0.004 A5 0.008 ([THHIL TL
60

KEEEBEDEE7 V7 EA Dell 5 (1997) &, KREEBEDIS—/INY—ViF, BEEODIS—/INI—2E"SUTLIY—" OREOERETSH
BEVWSREFIZEILTClce TVF LI -2 ElE, BERAORRICEZROZEN R, BRESNLEAD (K) BEO—BRNLRSEFEZEEL
TWEBBIRBRINS, KIGEHTIVDEEDIETH S, Dell 5id, BEOEMRBHESE & HEBZEOANNAEY, FBNICEERX
FINEETHZEERE, BRICL>TEShZEEERMRTZHIC, W ODODBERENSEED T VI LN —VE#ELI, FUT,
COHEMBEYI2L—rT 2RI, ETFILOEERBEREEL:,

EfRERGFEEEND, EEHISTVYLAEXTOARERGE/INY —> O&ERMEF, RBETEIDSDZII—/NY—rZHNT5, EFILICIE6
DOREATIVLHD, FED/NY—VIE6 RTEMED 1 2DRERL, ZOEMEO—ADKICIFERER/INY—VHHD, &5—HDIHICIF
ST LRI =D B, EHEERFANKIITDIHICIE, TEER/IY—2Dty MDY, Ihb 2 DOREF I EMAERERICHRT 2HE
NH 3, EH-HilE weight-decay (Dell et al., 1997) & EIk-EEE semantic phonological (Foygel & Dell, 2000) €7 /)Lid, ZDBEHREERT BHET
H2. TNFNODETILCTI, BEETINEEDLSIC TRE) SEZIMDRESINTED, ZOREILL->T, BERETVILROEDE
BAE&RIND, ER-BFEETIVE, BEREBEHZBOEONY 7YV VEIPRNLAT Y TOBEROEATHS s &, BELEROEONE
TREGDEHATHD p D2 D2D/NTA—ID—FFXLIFAAZFEPIEILICL>TRESI RS, Ff, EA-BHEETILTIR, KEARER
NSA=FELT, BEHIERESRNEROWAICERSINSE—DEH/NTX—F w & decay D 2 DHH S, (BE 2)

iE 2. Decay I&, semantic-phonological €7 /L TIE—E®D 0.6 ICRESNTW 3,

ZD2272DETIIF, 21 ADEBEEZNRE UIIAE (Dell 5 1997; Foygel & Dell, 2000) &, 9 ADEBEETRE UAFE (Ruml 5, 2000) TLEE
SNnfce TNSOMARTIE, EES5DETILE, BEOZKRQR/NY—VIEh @D LIEELTW, LHAL, BEFRMICEK, P - SHNET
LWDOADRELDEHTHZEEZSND. EWS0H, BRN - FENRZEZRRICED ZENTENE, BEAEEESH—HADIITDEDL
DNREBWEEBREDT — AR I TAHMEINTVWR 2 EE LD LLKFHBETESH5THS (Rapp & Goldrick, 2000; Ruml et al., 2000), & 51,
COXBlCKD, B - FEWETILIE, KBECESTIEEOBRDIELICOVWT, LDEBBFAZITZIENTES, BEHERGHSOR
RHODERW, BREIEE-ERABNELLDHEE-BENEHICKET 2 EBEINS (Foygel & Dell, 2000),

AARTIR, CNETESSOETITEHHATERN >, BIERIGEZ TIRBEBEDRDONY—VEFHATZ LT, EH-HEET
& ER-SEETIOBWEERIITEZIENTE . AAETIR, ERERISERRZITECHBEIIBRETILEEEL, EH-BEET
e BER-SEREETIVERIETIL, BERETTI, BE-LEWETTILOZHBELE+EDE, XEHrSBIENLELBEREOIS—707
FAIICRTZEETILOBESHEZE AL /= (Dell et al., 1997; Gordon, 2002; Ruml et al., 2000; Schwartz & Brecher, 2000),

2. EFILILEERZE

2.1 A&

F—IE Yk PNT L ZOREBEEEZAVWCKREBEOHAICHTIRERINCARIS 14 BOTOT7 7 I ERAE, 1207077, 1
ADEED PNT O 175 MOIRICH T ZDIERE, B, KX, BE, SEE. FEHE SERIGOFAENSHZ. AARTE, LRO 4 DO/
5, DK EB 18 UDIMBIGBTESVINTOTOT7 7ML ERRE Ulce PNT EZORAE#EEFWVCABEOMRICET 2MEOHNS
14O TOAT 7 A IERATE, 1 DOTOT7 71L&, 1 ADEED PNT D 175 MOBICH T ZIER, B, TR, RBS EFE JE#EE &
BEDEIEI 54D, RARTIE, LD 4D0F/IHS, BEHBIHEN 18 WULEEFNTWD, HDWIIFEGELEHRIGESED 80 B
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LEEDHTVWBTOT 7ML EIRNTHRE Ule (iE3)e A7 7 ILIE, Dell 5 (1997) D#ERE GB & VP, Ruml 5 (2000) @ 10C, JR1, EA,

2004Dell_omission_ja.md

JR2, Gordon (2002) @ S10, S16, S21, S31, Schwartz and Brecher (2000) ® WRS5, AS1, AK1, AK2 DEDTH S, (JR1 & JR2 [E2 ADEXRBA
MTHBD, AKI & AK2 BRI—AMID'S 2 DOERAZRHAIICEKINEI N 7O7 7ML TH B T EITER).

DHRATAT 7 ER2ICAT VY IIETRT,

BliE 3 H#0Id 20 % DEHAMEZ KD T W,

10C

JR1

EA

JR2

S31

S10

S16

S21

AK1

AS1

WR5

AK2

ERERIGATIV—IE, HREVEVWRBEEHASNED >LIRTOLEENSH D,
BHRNARHAPEENELZ KRB U 2 5 RIG,
EVWKRT ZENTERVHAGRIEHSENS (HIE 4), RAETIE, 3 DORERNHAEN,
W7z (Dell et al., 1997, Ruml et al., 2000, and Gordon, 2002), Schwartz and Brecher (2000) &, #EIHZED

AZEZXBWVWT 2RI ENEP,

IERRIGE
0.39
0.28
0.17
0.45
0.34
0.67
0.04
0.55
0.66
0.61
0.42
0.15
0.52

0.85

BKI>—
0.07
0.07
0.03
0.03
0.22
0.07
0.09
0.07
0.05
0.05
0.05
0.05
0.07

0.01

Table 1. Characteristics of subjects contributing naming profiles

Age Months Education

Subject (yrs) post-onset (yrs)

GB2 83 4.1 12

\e 64 60.0 12+

10Ch 55 18.0 14

JR1b 50 36.0 12

EAP 65 216.0 15

JR2b 43 60.0 16

S10¢ 81 48.0 12

S16° 65 10.0 9

S21¢ 67 62.0 9

S31¢ 53 129.0 6

WRS5d 62 14.5 12

AS1d 61 9.0 N/A

AK1d 77 14.0 N/A

AK2d 77 17.0 N/A

2 From Dell et al. (1997).

b From Ruml et al. (2000).

¢ From Gordon (2002).

d From Schwartz and Brecher (2000).

=2
EEI>— RBSIS— H®EEIS— JEHEIS—

0.09 0.01 0.03 0.08
0.11 0.05 0.17 0.04
0.00 0.01 0.00 0.00
0.01 0.01 0.00 0.00
0.03 0.08 0.1 0.01
0.01 0.03 0.00 0.03
0.05 0.03 0.07 0.03
0.02 0.02 0.02 0.02
0.02 0.04 0.02 0.02
0.06 0.02 0.00 0.08
0.02 0.01 0.01 0.01
0.11 0.02 0.21 0.19
0.05 0.03 0.06 0.05
0.00 0.01 0.00 0.00

COATIV—ITR}, HREVFAGEDTICIEEDH
HBWHeD—FEafFF2RE, F—TY R NE%E—ET
HADERIDEW 20 A7 TV—%FRALT
EREERSNZIEGELATIV—L,

INSDFHEBEOBERZR1IC, KD

ZOMOERERIE, AV IFILHRYNSBZEHTES,

EDEL DEREENRET B HICELEZREMU o

‘WHELS—
0.32
0.28
0.79
0.50
0.21
0.19
0.68
0.30
0.19
0.18
0.48
0.27
0.23

0.13

2 EGH
0.40
0.32
0.79
0.50
0.22
0.22
0.71
0.32
0.21
0.26
0.49
0.46
0.28

0.13

—BUERDOICHEBATIV—2RE L. RUNGEREG, BITEEER HBEREDGICEEINTEEIDOINILERFSNBVERD,
BABIETHZH5THD. bEBA
=7y NCET2M#, BIOBRFICHY 2RH, BEICHEINT 2OOEIRALICDOVNWT, EELKEVWNH D, LML,

DOREOHFEZBI TWS,

)
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EFIV EH-H51E weight-decay (WD) ET /L & ERk-H#E semantic-phonological (SP) €7 /L%, JH3I independence, (58-fREE lexical-editor, L&
LME threshold D& 7 7O—F £HEDLET, WD-MIZETIL, SP-HIIETIL, WD-RE, SP-RE, SP-UEWME, ORETILEER LTc, (R
DOELE 5 DEHICKD, WD-UZEWMEBETILORIEFIHREL TVWAW), 5 DDETFILIEENEN, ETFILORIGODEIEN AT 7 ILICTESLE
PEL BB ESBINSA—FEERDF, Bic x? DBEAEDELZB/MCTZIET, 14D7A7 7 IICEAS R, REFILR, 7O7741
WS EIL3DOBERINTA—FZFEALT, 1.0 ILRDLSICHBISNE 7 DOEEICHEESIETWD, EAREWD EFILEBKEESP 7
iTlE, ZFhZFh wanddecay & sandp EWS 2 DDINTA—IDHoTc, BWLEERS &, SSHICEBBR/NFX—FNEMEIND, HMIET
LDBE, BMO/ISX—5iF, FEMORIEDEETH D, BERE lexical-editor ETILDOHBER, FEFBOLOSHELMOLZICERIN
2EEZEET D, SP-ULEWMEETFIODEBEE, SEED/NFX—FYEEEL T, BRSNLEEIZY MHETOCRERITET ZHICRE
LARIFNIEESBWEELOR/INLNILTH B,

EILERBOINTA—5(F, BRERIGICHTZZIO-FIKLUT, EHRDIAETESETIICHARAENT., MIETFTIEREN-Y 300
EFILTIR, FOT77AILEREIZIET, BARNICT Y hTR/NSXA—F0OH%E 3 D2H5 2 DICHST I ENTE . ZDOFREIF, T
ETFILTRBEBICITS 2D TER,. BIHERGIE, RERIBZERTDLEERENSHMILTWDERESINDLYD, BLBSONEFHEMICT
O7 71 ILhSEBREN, EDOESRERLELINDG, DFDEBEShEHOESE ULTHEFESINS (Rumletal, 2000), ERbSIhiz70O
T77AIIE, BRIZEDD2 DDNFGA—FERETIHDICT1vT1VIEIND, BERETTID, BELAEZTSCLTHEESE
feo BEMRBIEIMESNIFEREBICHBT 2 ERESND S, BEEOIESEZIFEEOESICMZ, HESNLFOT7IILZEDDO2DO0
IRSA—IDfehITEES B, SP-LEWMEETILTIK, 32D/ A -5 ZRAKBICHATNICERT 2RENH > T,

MIETFNEREETIND7 4TI N—FY 74y T« VI FIEOENIE, REEZOTOT77AILICHUTEENICRLEVESEEEH
HI2DODIFGA—9ERBDII2Z2ETHZ, FETILDOTOT774)% 10,000 BIDETTHET 2RENH B8, RERESEZHFEIT DIEIE
BICKENMDID D, Z0Df®, BRICETIL/OT7 7ML ZEBUTRELU R, 2 DDINTAXA—F TERSINDIEHEOFICIE, /INTX—=5%EDL0
ZEZEWTETILOTOT7 74 IHKRES BT 2HEBE, NFA—FEDUEZEFTTIOT7AILDNEEAEEBLURWEENH S, I
IREMDKRELEMZELSTEBICHIET 2HIC, —RKICREBEERETILO7 71 ILOBEINZERT 2D TIE%R<, Foygel and Dell
(2000) D& ST, AIERRENY Y TZ2FEA LT,

2T, EOETINIOAT7FAINERET DL, DEDAEHRETY TLOEDEANPEEINTVWIHERET DHIC, FHULUWHEZRWL
feo BBICESE, ESVFLBANEDRUVARINED, BEIZIETILIOT77AIIE, FOERD (NS XA—FERHTO) BEEL (EF
L7077 IERTO) +HHCRB > TWBESICOAERSN, REIND, ZOHR, BACOENFEINIWETILIO77CILTE
BEnfey 7HMER I3, IhSOETILIO77AID—HEICHR->T, ARLBIS—/N\Y—YOEBERERIEITEEEICEEY %o

BRRICIE, Sobel RIIZRAWTHEZER U, Sobel RIlEE, ESVHLICREERTDHET, NWNLyIERKICL, TLZD) ZRINC
935D THS (Press, Teukolsky, Vetterling, & Flannery, 1992), 500 EOMERMNMER TN, UTOFIEBTEROEDREZRI N ERE L, 1&
BERDZEAD 8 DDRMEDETIN AT 7 A ILOFHEE, ZNOSDEEDENZTNELR U, FIIEE 8 DDIREDINTED x? LLEA
EEDRE (2 ZTIE 8, PNT @ N=175 Z{EMA) LD H/NSWES, ZORA Y MNEIREBEDEHEEIN, RF*vFInf. ZhlNoss

&, ZOROETFINIOT7F7AIEER - FFL, WEBEHITS, 500 BORA Y MHEHUTRFY TEINEEBAT Yy TRERULICEH
REN, SPETIL TIE 37821, WD EFTILTIE 7481 BDQETILZO7 7 ILHMRESNfce TNSDBERIL—F Y EERERDIETIVE, R
D web 7 KL A THEART %I &EMNTES: http//langprod.cogsci.uiuc.edu/cgi-bin/webfit.cgi

SP-UEWMEETFINDT 1 v T4 I I—F 2 SPETIIDOBE-BHK, BE-ZSEOEHNFA—FY s&plc, BEOREZRTE I DHH/NS
A—5ZEBMUIce ETUMDRLEMACSNIEEIZ Y hBRUCKRT, EOBEEIZY hOFERED t LOKREFNIE, ZOLSIFIL
RFIBEBRBATIV—ICEIDYETEND, Z5TRIFNIE, BRENCEERIFEZ I ERERT, BELECULEREDERENS,

SP-UZEWMEETILTIE 3 DDBER/INTA—F ZIEET D2RENH D6, LROFIEMREED 2 RV Y S2FERAIT I LFTERN, 20K
bhic, EEDDEEREEBW, XY, SP-MIEFILHSEShIcs & p DENSZAY—KL, SP-ULEWNMEETILD/INS A —YEREEFERL
BRERICEDWT, t ORBEREEMRALZ, ZUT, TOXY—MRICEHEETS, DHREDH1DD/IFA—F% 001 ATy I TERI
26 MEEFH LI, ZULT, X2 DENIRENS K BRBMBEERULE, 20T, BRENLBFEHAMBICBESHZI T, ZOFIEERDEL
fo. CTOEZRE, REDBFELND X2 OENNS K BRBBIELLBFANEBBIETHEITL, TOKAT RTv 7Y X% 0.001 L FIFT,

ZO7OEREHURABELE, Z2ULT, BENICEBSKEMED, NIXA—FEOTsvTFs VI IKAVWShE, BE, ZOFIEE ZO77
TIICRER T4y hE2RBDII22LZRATIHDTIEERL, £, REBT7 v MIRENABMBEDEICHZ I EEZRIATZHDTHR

Wo E7O77AINIEDWVWT, INGRA—FEEDT VY LATRESNIHER (0 & 0.1 THENER) HhSHHT, BEMEBEEZEDRL, T
RTDBHICHEWT, LEROEAMBISHROTZT v NS, FVFLIBOIUBISESNIE74 vy EEDERVWS, HDWIRAULTH>

fco UDL, EZERBULRIINIERSTBVWEIDNTA—FEZBMLIZZET, SP-UEWMEETILD 7 1y M, TEBEREYY THSERS
Nic7 4y FEDHRBTHVAREENBC B> TVWB I EZRH LR IFNIEBRS AL,

3. IEREEE

£2F 14070774V DZFNZFNICDOVT, 720AT7IY—DOZFNEFNICKBITZEZDEIEG L, 5 DDETIOENEFNOSERSINIE
BENTA=IZRLTWS, &, FE7AT7AIIEOWVWT, BEEZRT2DOOREZRL. BEEZERIIHICFERAINLRKEHE
TH3 x &, FHFAHIR (RMSD) THB. RMSD 1F, BSNEHEAETILOFIENS EORERELTVWIAEENLLEDDT, LDER
HBESEDIEIZETH S, (RMSD 11 0.030 EWSZ &, ETFTIEBEOLERNFHL T 0.030 BENTWDIZ L EEKT D) ThSDOLEEFED
BEEXTEDIIZRELZSN? CORHTE, TENRETVYIORYFI—IDNEIINTWRWS, —BIc@EXIRL. Z0L5%
RiRICHRZETR, BEEOHNERIESHNAEOTIIEL, HBNICHBRIZ2OIVRETH D, TDH, TITREDETILIEETrv ML
TWBHhZERDICERT %,

2HENRESEICIFETIVETHREGREVWSH D, BRHBEELOIE, BR-BFBETIN EA-BRETILLIDEENTVWEZETH D, SP-MIL
E7)L(130.4), SP-U Z WMEETIL(130.1), SPHREETIL(171.1) D x? DAEHEIR, WD-HHIETIL(262.4), WD-IREETIL(331.6) D x2 DEEt
BEDBIEBIMNTINEH >, (BIE 5) F9 RMSD BIEEHEHKD Z & EZWE > TWB, SP-JHIZ(0.017), SP-U Z LME(0.018), SP-#RE(0.028),
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WD-JH37(0.026), WD-#REE(.050) TH Do T2HRITELSIC, 2 DD WD EFILMN3 DD SP EFILLDHFEMICTsv hLTWETAT 7410
WiE%E<, SPETFILOANEZNICENRTWESZO7 71 ILHAAW DNH S (AST, VP 2 E), . $IC, WD EF/LIE, ERRGEEEIEHEZED
NFIVEFHTZ2ONHEL L. ZORER, XBNSA—FEFERALTVWRILICREBET S, ERREEIS—2{RETI/NTA—FRTEIL,
WARMICE DFBEIS—HEHHT. LML, AST1 & VP OFFEEEDIEDF, HEOBRDICHANTHEICZERW, SPEFILIF, BEEIZ

—(EIR s INGRA—HI THREIND) LFBBEIS— (I p /NTAXA—F TREIND) \OFEEHFHEIT D ENTEDRLYD, chs5o7O7 74
N EBEIEZ LETERAICIDOIENTES,

BE 5. WD-UEWMEETILICDOWTHRETUIeH, WD-IRMIETILERAFEDHESEEDILSTINTGAXA—FERDIFZ I LIETE
Bhofce SP-UZFWMEETILE SPRIETIABIELSBBERETH > EEZDE, LDBEMRINTA—IRRET

ZIiE, WD-UEWEETILE WD-RMZEFILBULLSBRBEEICARZHE LGV, LML, EFNTH SP-UEWMEETILY
SP-HBMETFILEDIEE>TWEERDN S,

H5—DODHRIE, MIETILEREETILL, BE-FETTINSIDEENLEEUEEZRIIETHD. 5 2DETILIRTEERTSE, SP-
independence €7 /L & SP-threshold EFILARHEBNTWS Z EHb MDD, SPHRIZETILD RMSD 1&, SP-REETILO ¢(13) = 2.52 (Bl
6)® WD-MIZEFILD t(13) = 2.20 £ D HFRICNES B> TWB, Ffz, SP-threshold EF/LIF, SP-editor EFIL& D HHSHCENTSE
D, t(13)=2.73, WD-independence ET/LL D H (b THIC) BN TWS, SP-MIZETILOD Fi§ RMSD (0.017) & SP-UEWMEET LD
RMSD (0.018) i, EF/INETOT7 7 ILOEENIFEF-HLTWBIEERLTWS, 5L, INS5220FEFILE, F7O7 71 ILELROH
BOZFNZEN 96.3 % & 959 %ZEEHHTWD (BIE 7)o SP-HMETILD 96.3% DfEIE, FMBEHTIU—HROAHESATED, ZOETI

&, 3BBOBER/NFA—7% FEHEOOEDESICRETZIILET, BRI LENERT D, FRHENTIV—EBRALTH, COETILIEF
BHBDODOATIV—DHED 93.0 %= HHTWS,

BIiE 6. 1(13) DERFMEIL 2.16 TH Do INSD tIRETHERAINC 2 DOMIIETILD RMSD &, Zh5DETILHIERAE
BOEEE—BUIIENTFHMEINBVLSICEABESIN (ChEDETILDEI/INFGA—FIEE LS ETDEERKRDT, =
2IL—BLTW3B), BEEMICIE, COFARTIE, hSOETFTILDO7 DOEETIRARL, 6 DDEETOZRRE=DE%F
BELTWEY, COREE, BIETIHIREETILLIDEEATH D EVWSHELOERNISTDE, RFNRHDTH D,

BEE7. ORI, ETFNETOT77MIILORERO_FREEZ, &§7O77ILOKERELTOT7AIICbicdZ0ATIY
—DFHHRO _FRE BT %,

SP-HHIMIETIL & SP-UEWMEETILIE, 1 DDHI4 (EA Eil) ZERWT,

&L (BZE RMSD <0.020), SP-MIIEFI/ILE SP-UEWMEETILA 74y RUABWTOTZ7 7A1ILIEEHEWS, ZOHEEFHESHTHD. HIX

&, 10C, JR1, JR2, SIO, S16 Tl&, SP-independence €7 )L & SP-threshold EFILAIDVERD BRWERERLTWS, 10CD7O7 4 —ILHZFD

—BITHB. SP-REETI T}, Z<OEISEEE (0.79) &, WHISNIHEBTHDERESIND, INEITOREDIBEERT Blcddic

&, ETI IE p ICIEBICEWE (0.001) ZRELRIFNIEERSHEV, ULHML, FHEBEIS—EZERTIUERETIE, BXIS—H4EmEIhd,

SP-REETILAIOC ICEID HTI/NNFXA—F T}, HFEINZHAIS—0EAIZ008 THH, BONLEEGH 0 THZI & EIFHENTH
50

BL2D7O77AIICHED L KBEE U, SP-REETILANELEIIC

COESBHEIS—OBREFAL MO SPEFIEERUILES, SPHREEETIO—MULBETHZ, K2k, |&FOT771ITEl,
BETILOFHSNEEEH, KEEEZENTIUTESNLEAEGHSEDELSIKTNTVEINERLTWS, EARBEDETILTESELL 74w b+
Liah > fcDTHRAUfce TOEBHICDOWTIEREBIIRT 3), EOHKIE, 7O77AILOEENAETFIOLESR LE>TWSZEERL, BOHIL,
FOA7 7 ILDERNNSFTEZZEERT, SP-HITETFILE SP-UEWMEETILORERNS L, EOOKRAICEHFRICBENRV. SP-iRE
EFTNRREENKEWEFT TR, FRUTHZILSICRZ D, FIZIE, FEFBOHTIU—FEFEAEBIBREICTFAEIN, T7+—TILOZE
BlBNHEE N, ThSDRELIOC (ROFTREERULR) TRALD, MOEFEAEDTOT7AILICHELET %,

0.15

0.1

0.05

Deviation
o
1

-0.05
-0.1
Lexical editor Independence Threshold
-0.15
Y O ® T ° S O ® T T D QO @ TV vV T O
8Sf88F s:EgdsE 8EE2E5E
S5 S5ES2 5 SS65ESZE 5 S5ES2E
oE"' E: OE"' 9':“ QE“' 9‘:“’
L c 8 [ c 25 o c 2 ¢
» S € ) 5 £ ¢ ] S £ ¢
[} [}
c c

2. SP-IRETETIL(E), SPHRIIETIL(F), BE-LEWMEETILA) K&, BS5NERELREETFTIVEEHELE DR
%, IBZEHTIVOBEKELTRLEHD, BRIE1D2OF7OT771ILERLTWVWS (EA EFEEFNTULERWL),
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3DOBHDEELAERIF, EOETFIHEADTOT7FAINKHEDHEALTVWREVWEWVWS ZETHD, EHIIEED(0.22), JRBAHIERD (0.08), FEMEMFK
RERD (0.11) %L, FERWEREED (0.03) ARV ENS, SPETFIEEHIRTODETILHREEEL>TVWD, LML, hS5OETFIL
DOEBEE TR, COLSBBEVEEOBRRIS—VYEEITI—Z4EMTZI LI TERWN, 5L, SPETINZLDREIS—PEBFRG
BEODIS—%Z45RT D58, MERDOBOERXIS—LERTINENDH D, i, BBERBEIZ—EF, -7 v NOFEEEI+HHTETL
THD, =7y hORODICINSORERNBHEEIBIRINZEMNZENTEEZRLTVWD, ZDLSIC, EADHEIS—DOEEDESIE
METH %,

EA D@RBZ/NI—VZHZFHNDNDELT, BRIT—PREIT—DEZELABHATIBLKEBATHZIEVWSIEULWEELNH S (Ruml et al.
2000)0 LML, MBETIE, BETH> CHAADRIREZFIAT UEBEN TS —HREBTZ L ERREE LTV, $FS5EADY
O774)iE, BEANDFZIEAZFIRTZIEXIRATLORKERBRLTWESDESZ S5, Gordon and Dell (2003) i, ZD & SHREBDETIL
EREU, HEN/EFNGIRED SBEBEMADEAZBLIED L, ISCENRESE, i, HEFEHIHRINZD, BIESTIHENS
TAV—ICBIRVWIIOBEEICBERASNILD I ZIMEEENECT, EADXERIE, FERBTIEH DD, FAHFEOHEIE L (Rumletal,
2000), FESTER (Berndt, Mitchum, Haendiges, & Sandson, 1997) ERBEINTHD, ZhIFHREN/TEFNREOREDRGFE—HLTWE I &
ISEE LW (BIE 8).

ERNIS—EEAEII—1%LK, BEIZ—HRVZENS, EADTOT7 7L, BHRHEBEETIVICEMZER T ZXRICH 24D 3
DD —RITHETWS: PW (Rapp & Caramazza, 1998; Rapp & Goldrick, 2000), JF (Foygel & Dell, 2000), DP (Cuetos et al., 2000) » D &k S7%E
HiZ, DEEHHLIERRBOBEHISZRMNICEELTVWDZOTHNIE, ETILEFHELBLWLEUNEL., INS5OETIVE, BERNGAS

MEADNTWAWZ EZFHRELTHED, ERNIS—PZOMOEEIS—IF, ZFOANZEBEEAMICYYEYIIIBETRISIEICE
2t &, Shelton and Weinrich (1997) I&, EA QEEEEN%ZTANUIER, EAICIE TERANBOBREORIE, i'H2LERHLTVS (p.122)
h, BHERAADBELBDNTOLERLWEWSIRER, 2PHRCEDHEAIRBYTEFESRVWESS, LHML, BRLRNILOREMRESINTWS EHRE
ENTWB PW & DPICiE, ZDHBIFHETIESA (Cuetos et al., 2000; Rapp & Goldrick, 2000), ZMD{X1 D Ic, Rapp & Goldrick (&, E&EMH
BREBEO 74— RNy IBEHRINTWBERETZIET, PWDIS—/NF—> (ZNIEDP EBITWS) ZHBAT I ENTE, DFD,

RELATZ Y TOEADRNY TIIVDEDEDHBFNEWVNSZETHD, ZDFIRICKD, Rapp & Goldrick DETIVIE, HEF7 I EZADEKT
RN REIRDZS| SR T IR, BRNBEDERESIEBZIENTEL (BERBVW I — RN\ V7L >TRESINDIHS5TH D)

LML, Z4—RNRvI%HBLTH, ZFNEWTREADTOT7 7 IILERBATZIEIFTERL, Ruml 5 (2000) i&, ZhSDETFTILDT
A= RNV IZEFRLIN—YavaRH LD, TRTHEEKRIS—, BEIZ— EEEIS—0I&SE+TAICE<ITIIEETERD D

oo ZOER, EAIREEULAVDE, BHREADERBHUAADEZDNLTOAVNWEWSEFILOREICEBETZEEZISND, WInlcLT
b, TDIZ—NNFY—2iF, KEBEODRE—MNICHAITZIETILE UTEASHCRENHZZEERLTWS,

SPHMIIETILESP-UEWMEETILE, BAOYYIILOBEIOT7 712 L<HBLTED, DI DDEFTILLDEBNLTWSZ LIFHEDL
THb, FORE BER-SEETIOBEDREE, BMIEFTILELEMEETIL TRESNICEGRARIGOEWE, EH-FHEETILEEE-
REETILLDEHEZFINTWS, Zhid, WMIETFT/ILVPLEWVMEETIHEENICERINZ D, BERETTICEEINTWSIEEE
RISOIMEIIRI SBVWENS ZETEREW, LB, BADYYTILHSESNIELE HMIETFTILE LEWVMEETILA, BEOREZSHA
92LT, NSURELKEIDBATHZIEWSZETHD. S5, INSDETIIE, KEBEDOEETFIVELADETIVICERTE 2BREH
ZIKFRDZENTES,

INET, SP-MMETINESP-BBEETILE—HICK>TE, BAEDAETIE, MOEFILLDBESHICEBNLTVWS, RilTdZLldTs
Bholce ZhiE, BADTO77AILIEDOVWTH, 2EOBSEIRCDOVWTHRAKTH S, EALFIEEEY, METILEHER, EE =
BROZEATITY—DLEN—RLTWEL, BDOTO77CILIEDVWTE, 2 DOETFIIGEEICESGL, ML58HMEF>TWS, flx
(¥, S10 Tld, SP-UEWMEE SP-HIOFRTOT 70)bid, FEEEE (0.02 &£ 0.01) & FEHZ (0.28 £ 0.30) DATITY—TOHERD, F
fo, $(0.021 £0.017) & p(MHEH 0.032) DELIPUTVNER ZEMNS, ZDEHIEE BEEELDLEE EREZTOANKEVWEEZISH
%,

S, SP-UEBWMEETILIZ SPZETILDOLSICIRDZES., K3 FRZOEHZRLTWS, ZOKTIE, HENRKEBED/NTAXA—F%
FOUYZILETILZRWVWT, LEWENED L SBRIGZEIHIT 2EANH Z20ZERLTWVWD, $=0.02,p=0.02 TLEWMEZRELHEWETIL
&, BRBEEZREVEACETIVLZERLTWS, #tild, USWMEZBIEZEDOIEEZRLTWS, tH0IKELW (DXD, EMENG
W) BE, IRTOEIEHIBELLGSELTERERS, LEWMENASLLARZICONT, LEWVMEEZBZIZEEOESIERELT D, MLRIE, ULE
WENRGEMHIT Z8EHD, RIEHATIVICE->TELVEBZIEERLTWVWS, ZFhicHEhhb5ST, tHEIMTIICONT, IRTDOHT
JY—DBIMICRALTWD, —ROKWRIE, IRTOATIV—TREINLEZOIESOFIIEEZRLTWS, FEMICIE, Ihidmiz
EFLERLTED, EHAFIV—OHBREEICEFILT, BEELNEHATIV-—HSEDNED, TOLSIC, MULMRERWRINEELTW
32&D5, SP-UEWEETILESPIRIIETIILOEMEDES VI DI D,

100

semantic

Percentage Preserved
8
i

unrelated

0 T T T T T
T=0 T=.015 T=.02 T=.025 T=.03 T=.035
Lexical Threshold
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3. BfE (T) AEEEAT IV OREFSNZEQICREFETHE, KiRlE, BEETCRESNCEZOFENGESGEATIY—
SEIRRLTWS,

ULHL, BlTwd&idnWwz, 02 20FETFIVRAUCTREWV, FIXE, UEWER ELLWKRIEEDS, BENGERERREEDREZE I
IRHEENRE V. REFECINCEEI- Y NOERRAEEBICREL TSR, IRTOFEEEHIERICELS, L >TULEWMER
TTHEUHEEIREE V. LML, Th52D00FTFTILOEBWE, SHE7O77CIIEHHATIEANICEAL TREIMYTHSZ, 7O771LT
BHL—MNLGBHALRRKRIEATIVIE, ERATIYEHBEBEHTIVTHS, M3lckdE, BIUMRLNTWRBALIFERUEET <
NSOAFIV—D5 ULEWMENRDBRINTWD, ZORER, 2 D20FEFINEXHNT S &IZEETH 2,

Tl&, SP-HMETILE SP-UEWMEETILDEESHEREIRT ZEBRIEHZDIEZ5H? SP-HMLETIVIFEVWPTVEWSHIEAHD, LiH
T, AMOEAIBEEMLEIZS—HTIVICHZ5E, BRBERSILOOTIAINNDREETZZENTES BIZIE, Rumletal,
2000), ZFDERBRKRAIE, BEHEERBOAAZZLEHRELTWERVWIETH D, ZDETFIE, IZ7—DHEMANICEBIT R EICIERD
LTWBH, ZnEHBETZEIFTERL, SP-USWMEETILIE, ZOHBAELTINZhELNAEWL, ULEWMEREYENY X T ATIE—
RINTHD, FICEDESIBIYRATLADZ2—FINEFY NT—IETITIR—BRNTH S, Lih>T, BEIZY MNDEEFI/ERICEDHE
SHEXERTIFEELNILOULEWMER, H2EE5UWXAZXLTHD, REERTI, INSOETILOXLLEY, BAOERROMORE
ZIIOWTHBREFLTWS,

4. BEEE

SEOEF LB TES N IBARRUTOED T5 5.

1. BK-ZEETT /L (Foygel & Dell, 2000) |&, EH-BEEETIL (Delletal., 1997) £ Db, EHEBFOEENEVWGRZTO771ILOIYF VI

BLTW3,

2 B|ILNBEDRMIE, EBE-REHE (Baars etal., 1975) & D BT (Ruml et al. , 2000) ¥ U = W EEE (Laine et al., 1998) ZHEARAATEE
TILDAME K HHATE 2,

3. SP-UZEWEETILIE, FRAHDOETIESP-HIETILEIFEALEZDLSHKRWY, ERERICOREZHATIHOOLDERNEEEZIR
#HLTW3,

4. EADZO774)biF, EBEHN - BENIZ—0EEHEERNEL, EERIZ—0EENMBEVNZEDLS, EDETFILTESFLYUTEFESH
wz Ehbh ot

INSDORERERBICAND ZEFEETH D, S-PHIETILY SPLUEWMEETILAMENTWEINSEWST, @B LZRBOMEINET S
BUbIF TRV, BiC, ULEWMERE, BENIICE-SIERIGEBCLOICBENICRESINIETHZLBRTEZIEEHTEDS, 351, BE-
REETINOHEEIEBRNENC &F, BEINFEEORDZEENICHH LW EEZREBTZIHOTRAN,. TULD, MBLEE-REDS
BHid, MEDITEMTIIHEDFELLRWV, —DOHANITRTORBEICYUTIFEDZ LRFEZICCWVD, WRS, AK1, AK2 i1 E, W< 2hD 7O
T77AID SP-oREETINICE KU TEF LT EIFTFEICET 2, oD 7O7 70T}, FEEBOBRINDEL, JIGEOEELZ
Wo INSOEETIE, BEHRETTIDNEULVWRHATEZAEENH S, LML, SP-HIIETILP SP-LEWMEETILbChs0/O7 74
IWESBLTED, SPMREETILNGEDSELLHBETERL 2/t TOT7 7 IILEFHALTVWR I EEZRALTH L,

BRI, BAR, LDERBERZBICENTEZIFNORETTINEZBEIZIENTEDZILEZRHALTWVWS, FIZIE, BEHRNICEBRER
E1% JEEEE, R, JEBEEIS—) BINTHHORRICHRD EVWSRFAZILITZIENTES, LML, COLSBEERFEECEICETIV
&, BIETFIERKIC, EBOHTIIVISOBENRLEEESEICTIRT 3, BIETINEDORFHIE UL BD, BRAHNBERET
FTIVSGEE UcDIE, XEWICZIFINTWBRREIF TR, BIETILDOLSHRIRZEVWET DI ETILEDRFINRKRICDOK NS TH B, T
JVREE T, TR BNREEN TS NEETIVERIET 200PREMNENTH .

BIRMICIE, —MNICHEREDREICOVWTS, ELBZRIGOBRERHRBZRET DHICIF, ME7AT7AIEFTIEKTERW, &5
I, BEIZETIEZRAVWTTFALZTY, RIETINENHZ, TR, ZOHEKRO2 DDOFEBNT S, Thbb, HEGREENSHE
BEREEZFATIEE, ERMNBEEOEEE L THa 707 7LD ZE#%FATZI & TH D,

4.1 B HSERZFA

BR-EBBETIEEHFRETIVE NSA—9Z27O770)LICEIDYE TS, Dell (2000) iF, 5D/ A—FZANT, EEREZGA
BROFEFIVEABRE XTI T EENBEEEEREEZTIL. Ini, BRI FEONERENL CEUAGEEIZY T
FIEAL, 0%, ZFOHEI-YNEBERBICYYEVIITZIENDETHIERELTVWDS (ANEHADEE-SEYYEYIHEIL
[ETONTWBEHLIZDWTIE, R. C. Martin, Lesch, & Bartha, 1999 Z£8), Foygel & Dell &, EH-BIBRETID/INTX—5 &b H EK-HiE
EFILORENFGA—FOANEEREETANTZIEERRB UL, Thid, BEEORDERULIG, BE-EKRIYYEYIELDDL, BE-SEIVE
VIIKELTED, BER-BFEETINIR NS ZRAILTEHBIF 2 ENTEZINSTH D, EAF-FEETILD/INTX—7(E, BERNICER
PNTWIEE-BBORAZNET I ENTERWZSY, EEFAORENMECE>TWVS,

e, EBEFUIZCET ERERBOMIL/LEMEETFILEBEETIOHBEERANT 2 ENTES, R2lcLdE, BEWR-FHRETN
DM ETIVRE UEWMEETILERTIE, 1461FR1361Ts EDhHEEVp DENEIDHTSNTED, Ih50BHIF, BE-IBLIDHEER
ROADEEDRETHDEEZS5NS, MRNIC, SPREETILTRE, 14FF 106 Ts&DHp DAMESEDYTESNTWS, Zhid,
COETIORETIE, BOBEIWHSNAFEBEL RS LT ZJEEEOIUMEZ NS THD. RIFRERE, BR-ZEOEHIC
EDKRELKTFT D, DD, SPMIUETILE SP-LEWMEETILTIE, ChS5OBEDERIE, BEEIETRNICHKBRNRIFTHSEFH
INBDICKHL, SPREETITREBMNLDEZ LTINS,

Ruml5 (2000) &, K5 OAFICSMULEREDO—BICOVWT, BEEET—IZHELTED, FHARTIEZOSED 2 A (EA & JR2) ZE
D Eiffce EAHJR2H, PNTEHEZBEWERCERL, COFRBEEZHRATEDRIETILNSZETNIE, ZNEEDETILESSH. SP-
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MM ETILE SP-UEWMEETILOEADAIEETH D bbb ofce D2 ADBHRICERSNI/INTA—F %F > THRIEFBEZRTI &,

EA TIRENZN 97% & 98%, JR2 TIF96% & 95% DIEEE LR >Tce —H, SPRETETILTIE, EA T76%, JR2 T80% DIEMREELMFAI
TERBM oo SP-HILETILE SP-UEWMEETILA EA & JR2 DEIBZFAITZDICENTVWEDIE, SPREEFILDHKREL p DEZ
EDYUTlecET BORULNIED LK REESNIIcHTH S,

4.2 EFRRIREIESIER (Semantic neighbourhood effect)

Blanken, Dittmann, and Wallesch (2002) I, KEEEEZE (MW) OMBALT—ORRICEWVWT, HEIKE-T, FBEBFLREREIS>—EZRIT
EANERZCEZRER Ufce ML TNESNEFMEICL T, BENIGEVWHEFEFNAWEY—T Y NP1 TLIE, EBERNIS—%5|ERT
FTEALB 12D, BEEFEHNDBVNI—TY RFATAIE, KRDODICEREESIERITIEN SN >fce TD2DDIF—FATIEML—NR
AT7DBERICHD, T—5Y NOBKRNBHEZEORSOEKELT, 220AFTU—DEHRIEFEAEEN BRI e MW T, BKRIS—&
BERIGNEERIS—HTIU—THofl®d, TOML—KRATIF, BRETIBEBEHRFUBRVEEHEETIE, EROIGHRLCTHZIEZE
BERLTW3, Blanken SOHERIL, RO ERHS, BRIT—OEEE, BERIZ—OESICHUTENTEZZEERLTWSYT, LL

L, KDEELRILEF, ELRBENMBEINDIOE, HETIZOEENEEEINDLDE, COFBREBHAEEELINBEWEETHES

CEETRBLTWDS,

ABY TR, BRIS—EELBZOEOML—RATE, HEOBREICHBEITZIIS—F17ThNE, BE-LEWVMEETILOBEBEGRFHE A
%, s=0.02,p=0.03,t =0.03 D SP-ULENMEETINZAWHIZEZTHLS. =Y D1 DOBKLOBESE BIZIE, 5—7v b
CAT It LT DOG) ZHDETILDOBHEEE T A M UIBA, ETILIE57% OBEERTIEMRL, 35% OBETRIGET, 3% OBEERTEKRIS—
I T, CAT DEELOBHEZE L L TDOG & RAT 2892 E THIEEOHRENBLCARD L, T5DEEIF 60% DEMR, 28% OEX
B, 9% OEMKIS—&k3 (BE 9) BRENBMUCARDZE, Blanken 5 (2002) AR UL S, F|ISEZEBEHICUTERIS—HIIEZ %,
COEFINCOLSBEESETRIOR, BENY—T Y NEZOBREGEFOMADFEALEZEMEIEIHETH D, EHLIFEERTREL
INSDBEEOHEINIHBRICHEEZSEZ 2, RABEIZTIIEZWELE, ZUTENSHEEIZIHFENZIINIEZVEE, REEFIKELLK
%, ZOHRRE, BREUEMHEINALHBEEBEIZv ML ZRAELLHESHICEDLSY, BEEZBIZIEERINIEL KD, BRI, BENGRRIEH
BIOPI<HD, REEEIEWVNE, BEIABRKLOBRDHEHREN, ChRERBOTREENES C ETRIERLICHDNS,

B9 RATIZCATO BB EOBATEH B LITER. Thld, ETFIHINENRREZ L TWSRYD, LDHEFEFICHRBIE
MABHBEFT, KAV, BREEFNMEZZEEEBRIS—MMEXDZ—AT ENENRDIIEERIAETZIETH D,

BEREE7IO—F T, BUFHEETERN, NTX—=F—tv s BIZIE s&pldHiC0.01) T BENERICERTEIOETHDIEE
BERBIERUIBEEZEZTHELDS, HFEODNSVWBHEEESREEALLIBEE, TF/ILIE18% OES, 7% OEKIS—, 52% OIFHEE,

23% DZDMO LS — (ELS—PEBRIS—) 2ERT D, —A, HEOBULWERTIE, 18% OIER, 15% OBKIS—, 52% OIEE
BIS—, 15%DZFOMIT—EWSHERICK T BANRUCADE, YURLBHASERIS—HIZADH, FEFATIU—HIEHEICRK

3Z&lEmL, 52% DEFTHofco TULB, FOMODIZT—IEEICHE->TWVWD, ZOHER, EBERI>—0ENE chSHIPFEEhizIEs
BTHDEWSREDS ETIE, EIGBFORBAEIFEELLRVWESS,

M ETILIE, Blanken 5 (2002) D b L—RAZICOWTAZFATIMNEEHLL. ZDETIVE, EBRZEERTZIEDAHZILERWVWT
W37z, FREMIC/NTA—FZBMULREFNE, BHEBORFHOEHLE U CELRIEROEESZEDET I ENTERWN, ZDRSH, EL
WFAZTZEBREUESWMEETILY, BE-SCFHETIBERETTINERERD, HIEFILEEFHZE LAV,

BB EERBEEOFAIR, SE7O0777IMAOT—92AVWTETIILERIETEZ ZEERLTWS, BEEBOFHIE, SPMREETFILLDS
SP-HHMETILE SP-UEWMEETILZXIFL, BRNBEEICLZ TR SP-LEWVMEETILEDH—EK UL, LHAL, ZhSO®RIEE, KRE
FHlTE 2 A0EE, EKRKEBERTATE 1 ADEEULMBRLTVWARVDT, REMNRDOTIEERL, FIEENRHDTH S,

5. &R

SEDAETE, BISELITTRL, ERSERVCABEDHBETIVEREL, RITEZIEHAERTHZIEERLI, KRFETIE, SP-
MM ETILE SP-UEWMEETILD 2 DOETFTIVERITLIED, EEAERFD OGN T TNEDETILE, FELAEDEER, J|IEEZ
EL<TRMEANDHZBEETOT 4 —ILIEVWEDTH>fco ZDRIE, IHSDETIOEREL> TVWBEET 7 EADHEEN 2 REER%
FNT20IC/RIE, i, BICERGOMIMEEEELEMEOHALRAKIC, REORKSBN - FHRNT7 7O—F2XHT 2, KEBERE
D BEH-FRIESICLDHAR, RTRR/NTA—FEHNKZNTHD, Thbs, BE-BEEANENCEE-SERNENZXAILTREDOISZ
EMNTERVEWVWSIREICE LA TWE (Rapp & Goldrick, 2000; Ruml & Caramazza, 200028), HEIHE O BE-RETTIICEZ5HBATE, 7
O774IHBEDICHELE OEBZEFBEEE LTRSS CLEREBR SN, BE-RETTILOHBPL ER-FEETI/ILOBAHEDEIF, W<
DHOTOT77AIVICHEREICLSHB LD, fO77O0—-FHhs07O7 71IICL <EBE LT

BOERIGEDNT 2HEZRMITZ LT, EESLCRBEOTFERDETIICEREZRETEZMENOY —XZEPLEVWEEZ S, §
EIREKRUICREE, SEELZREICETIRBEDCTHOEL ZHBATZIENTERLD, IhSREFENREDOEEZIRFNIERSHKV., Ch
SORRBZEIL, FBRFUAZEHETROICIE, BEBLRBEEEOMADLDS, FLIXITELRFEHNSB/BSNIISARZIHMNLETH
%, HUEEOELEEICEIDOHZ2MOMREDALRICIE, AHMED ThHEK OETHBENLEYIIHA MEFALT, SERXRULCETILE
BREFLTWERERW,
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