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Abstract

The effect of typicality of category exem plars on nam Ing
performance was Investigated using a single subjct
experin ental design across participants and behaviors In
four patients w ith fluent aphasia. Participants received a
sem antic feature treatm ent t© in prove nam ng of either
typical or atypical examples, while genemlization was
tested on the untrained examples of the category. The
omer of typicalty and category tained was
counterbalanced  across  the participants. Results
Indicated that patents trained on nam Ing of atypical
examples demonstated genemlization to nam ing of
ntem ediate and typical examples. Patients trained on
typical examples demonstated no genemlization to
namng of htemediate or atypical examples.
In plications for m odels of typicality and rehabilitation
of aphasia are discussed.

Introduction

Aphasia is a lnguage disorder that results
from dam age (such as stooke orhead traum a) usually ©
the left hem isphere of the brain. Nam ng difficulty is
the most common form of language deficit noted In
ndividuals w ith aphasia. O ne w dely accepted m odelof
nam ng Dell, 1986; Stemberger, 1985) suggests that
activation of a word during nam ng nvolves two
closely interacting levels, activation of the semantic
representation as well as activation of the phonological
form of the arget word. N am ing deficits can therefore
arise from difficulty in activation at either of the two
levels. Patients with nam ing deficits arising fiom an
I pafm ent I activating sem antic representations often
present wih inpaiments In accessig appropriate
sem antic fields w ithin categories G oodglass & Baker,
1976).

Num erous studies on nom al ndividuals have
found typical examples of a category to be accessed
faser and mor accurately than atypical examples, an
effect labeled the typicality effect Rips, Shoben, &

Sm ith, 1973; Rosch, 1975) . Evidence for the typicality
effect exists through typicality ratings Rosch, 1975),
regponse tmes on  category verfication tasks
Larochelle & Pineu, 1994), and category production
frequency Rosch, 1975). Little evidence, how ever,
exists regarding rpresentation of typicaliy ¢
ndividuals w ith aphagia, although som e investigations
have noted deficits Gmber et al.,, 1980; Grosaman,
1981). The mtewpretation of these deficis with
reference t© theoretical m odels of typicality however
hasnotbeen addressed.

Ih a ocomnectionist account of wleaming I
neural netw orks, itwas found that a lesioned com puter
network rtained on atypical examples resuled in
Inprovem ents on typical items as well Plaut, 1996).
Tmining typical items, however, only inproved the
perfomance of those iems while performance of
atypical words deteriorated during treatment. W hile
Plaut's findings have not yet been tested n individuals
w ith aphasia, the progpect of such genemlization effects
is egpecially sionificant for teatment of nam g
deficits, sihoe m ost nam ing treatm ents have found little
generalization t© unttaned tems M Neiletal, 1997;
Pring etal., 1993).

The present experin ent ained to Investgate
the effects of exemplr typicaliy on naming
perform ance In individuals with aphasia. Specifically,
the purpose of the experim entwas to train nam ng of a
set of typical or atypical examples of a superordinate
category, and exam ne genemlization to untamned
exam ples of the category. The present experim ent was
motivated by prototypical/ fam ily resem blance m odels
of typicality Hampton, 1979; Rosch & M exvis, 1975).
Acoording to these models, on a mulbdin ensional
scaling of a category eg., bird) based on sin flarity of
iem s, typical examples eg., robin, sparow ) are found
t have more features sin flar am ongst them and w ith
the category prototype, and therefore are represented
closer o the center of the sem antic space. Th contrast,




atypical iems (eg. penguin, ostrich) have fewer
features that are smmilar amongst them and the
prototype, and are at the periphery of this semantic
gace. W e hypothesized that taning aphasic
ndividuals t© pmduce atypical examples from a
category would result n generalization to more typical
exam ples of the category. If indeed atypical exam ples
are at the periphery of the category, then stengthening
access o these exam ples by em phasizing the variation
of smmantic features across the category would
srengthen the overall semantic category. Conversely,
typical examples were hypothesized to represent little
or no variation w ithin the category. Therefore, taining
typical exam ples was predicted to Improve only iems
at the center of the category, wih no inprovem ents
expected foratypical exam ples.

M ethods

Participants

Four Individuals, ranging In age from 63-75 years, and
presenting  wih aphasia  resulting from a
cebrebrovascular accident to the left hem isphere were
selected for the experim ent. A 11 four patients presented
wih fluent aphasia, chamacterized by fluent
circum locutory speech, mild auditory com prehension
deficits and severr nam g difficulties. Based on
sandardized language testng, the locus of nam g
deficit was attributable t© in paim ents In accessing the
smantic representation of the tamet, andbr in
accessing its phonological form .

Stim uli

Noms for typicality of category exemplars were
developed prior to nnitbation of the experiment. One
goup of 20 nomal young and elderly subjcts
constructed as many examples as possble for ten
categories, w hile anothergroup of 20 nom al young and
elderly subjcts rated the typicality of these examples
on a 7-point scale. Examples for each category were
then divided Into three groups, typical, htem ediate and
atypical, based on their average z scores. Based on
several selection crteria, which mclided frequency,
distinctiveness, number of syllables, unambiguity
regarding category membership, two categories (ids
and vegetables) wih 24 examples each were selected
for treatm ent. Each setof 24 item s included a subsetof
eight typical and eight atypical iem s. The r=maning
eight in each setwere determ ned to be htem ediate n
tem s of typicality. For each of the selected exam ples,
corresponding color photos printed on 4 x 6 nch cards
were selected. Tn additon t© the experin ental photos,
sanuli from three different superordinate categories
(fruit, anin al and musical nstum ent) were selected t©
serve as distacters for treatm ent.

Once the two categories and their 24 examples
were selected, sam antic features foreach category were
developed. For each category, a mininum of 20
featires belonging t© the category that were either
physical, fimctional, chamcteristic or contextual
atirbutes w ere selected . A dditionally, a m Ininum of 20
distracter features to be used during the yesho question
tasks (see treatment), ushg the same four attrbute
types not belngig to the tawet category were
developed. At least 10 features that were gpplicable to
all examples in the category were sslected eg., bid:
has a besk, lays eggs), while cbscure features eg.,
asian food forvegetable), and features thatw ere salient
only for a sihgle example g., hoots for owl, drills
holes for wood pecker) were elin hated. Genemally,
features that were applicable to two ormormre iEms in
the category were slected. Distacter features
belonging to the categories sport, Lensporation,
anin al, Insect, flower and weapon were selected using
the sam e criteria as the target category features.

Design

A gingle subjct expermental design wih multple
baselines across behaviors and participants Connell &
Thompson, 1986) was empbyed. In such an
experin ental design, effects of treatm ent are assessed at
mgular Intervals for each patient sepamtely. In the
present study, as treatm ent was extended to atypical or
typical members of a superorinate category,
genemlization t the rmmaning examples was
exam ned. The emement nam g patems provided
nfomation megarding the m-omanizaton and
representation of sam antic categories.

Prior t© application of treatm ent, during the
baseline phase, nam ng of all 48 examples of two
categories N = 24) was tesed. Picture nam ing was
then tmhed ushg slkcted examples of one
superordnate category, w ith the order of categories and
exem plar typicality counterbalanced across participants.
During treatment, nam ing of all 24 examples In the
category w ere assessed every second treatm ent session.
These nam Ing probes consttuted the dependentvariable
n the sudy and nam Ing accuracy over tine was
assessed. See @ble 1 for order of treatm ent for the four
patients.

Crteria for aocquisition of nam ing of trained
items was 78 iems named conectly on two
consecutive nam g probes. G eneralization to nam g
of untrained exam ples w as considered to have occurred
when a 40% change over baseline levels was noted for
unttained examples. If genemlization t© nam ing of
untrained item s was observed, treatm ent was shiffed to
the second category. If genemlization t© nam ng of
untrained item s w as not cbserved, treatm entw as shifted
to the next gwoup ({e., htemedite) wihn the same
category .



Table 1:0 erof treatm ent for the fourparticipants

Pl P2 P3 P4

O erof treatm ent

1. B irds B irds V egetables V egetables
1 Typical 1Atypical  1.Typical 1.Atypical
2. Inter 2. Inter 2. Inter 2. Inter
3.Atypical 3.Typical 3.Atypical  3.Typical

2. Vegeebles Vegettbles Bids Bids
1.Typical  1.Atypical 1.Typical 1.Atypical
2. Inter 2. Inter 2. Inter 2. Inter
3.Atypical 3.Typical 3.Atypical  3.Typical

Treatm ent

For each participant, one subset of iems wihin a
category (typical, ntem ediate or atypical) was ttatned
at a tme. I each treament session, participants
practiced the Pollowing steps for each of the eight
exam ples of a subset: a) nam Ing the picture, 2) sorting
pictures of the tamet category NN=24) wih three
distracter categories (N=36), 3) dentifying 6 semantic
attributes applicable t© the target exam ple from a setof
35 features of the superordinate category, 4) answ ering
15 yesho questions regarding the presence or absence
of a set of sam antic features about the target example.
D istracters on this task inclided sem antic features from
the target category not applicable to the target, and
features from unrelated superordate categories.
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Figure 1.Nam Ing accuracy on typical, mtem ediate and
atypical item s for the category birds for Participant 1

Resuls

Particpant 1 Folbwing five baseline sessions,
treatm ent w as initiated on typical item s on the category
bids. W hile nam ng of typical iEms mproved t©
crterion (78 for two consecutive sessions),
generalization t© nam ng of ntemmediate or atypical
exam ples w as not observed . T reatm ent then w as shifted
o Dhtemedibte examples, llowihg which
Inprovement was cbserved on those iems wih no
changes noted for atypical examples. Once criterion
was achieved for interm ediate exam ples, treatm ent was
finally chiffed to atypical examples and In provem ent
was noted for the ttained atypical item s (see Figure 1).
A dm nistration of probes at phases denoting change of
treament st wvealed no changes I iems of
vegetables.
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Figure 2.Nam ing accuracy on typical, nterm ediate and
atypical item s for the category birds for Participant 2

Participant 2 Folbwing three baseline sessions,
treatm ent was nitated for atypical exam ples of birds.
Perform ance on nam Ing of atypical exam ples in proved
to crterion (78 for two consecutive sessions), while
generalization to nam ing of interm ediate and atypical
exampleswasnoted (e Figure 2). Treatm ent then was
shifted to vegetables. Follow Ing two baseline sessions,
treament was Inibated on atypical examples of
vegetables. A cquisition of atypical item s for vegetables



w as observed, and once again, generalization w as noted
for memedite and typical examples, denoting
eplication wihin the partcipant across categories.
Follow up probes adm nistered within six weeks of
compltion of treatm ent ndicated manntenance levels

com parable © treatm ent levels.
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Figure 3.Nam Ing accuracy on typical, mtem ediate and
atypical iems for the category vegetebles for
Participant 3

Participant 3 Folbwing three baseline sessions,
teatment was hidated on typical examples of
vegetables. W hile an acquisition curve fortypical tem s
was discemible, crterion of 78 accuracy for typical
exam ples w as not achieved after 20 treatm ent sessions.
Treatment was then shifted to htem ediate examples,
once again acquisition of tramned iem s was noted but
crterion was not achieved. Finally, treatment was
chifted t© atypical examples. Performance on those
item s reached criterion, while perform ance on typical
and Interm ediate item s was maintained (see Figure 3).
A dm inistrattion of probes at phase change revealed no
changes in iem s of bids. For both participant 1 and
participant 3, due © the extended duration, treatm ent
w as discontinued after com pletion of the first category .

Participant 4 Folbwing five baseline sessions,
teatment was Tnithted for atypical examples for
vegetables. Performance on namng of atypical

examples Improved t© crterion, wih genemlization
noted on htemediate and atypical examples (s=e
Figure 4) Treament then was chiffed t© bids.
Folowing two baselne sessions, teament was
Titated on atypical exam ples of bids. A cquisiton of
atypical item s forbirds w as cbserved, w hile once again,
generalization was noted for ntem ediate and typical
example, once again providing a replication wihin
partcipant across categories. Follow up probes
adm hisered wihin six weeks of completion of
treatm ent indicated m aintenance levels compamble t©
treatm ent levels.
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Figure 4 .N am Ing accuracy on typical, nterm ediate and
atypical iems for the category vegetables for
Participant4

D iscussion

The present experiment demonstates that trahing
atypical examples of a category and their semantic
featires results I genemlization t© naming of
Interm ediate and typical exam ples of the category. This
finding w as observed in Participants 2 and 4 across two
categories even when the order of categories was
counterbalanced across the two participants. Tmaining
typical exam ples and their sem antic features, how ever,
did not result n generalization t© the interm ediate and
atypicalexam ples, as observed In Participant1 and 3.

These findings suggest that because atypical
examples are dissinilar t© one another and t the
category prototype, these exam ples collectively convey



more Iformation In tem s of samantic features about
the variation that can occurw ithin the category than do
typical examples. Heghtening access to featural
nform ation elevant to sem antic categories, therefore
facilitate access to m ore typical item s w ithin a category.
W hile ithasbeen dem onstrated that greater coverage of
a category’s features can lead to stonger nductive
generalizations Sloman, 1993), cument models of
typicality do not explain the treatm ent effects observed
T the present experim ent. For nsance, findings of the
present experim ent cannot be explained by the two-
sage featre comparison model (Smih, Shoben, &

Rips, 1974), since this model only explains category
m em bership and notexem plaracoess.

Sinilarly, prootypefamily resemblance
models Hampton, 1979; Rosch & M ewis, 1975)
suggest that categories are represented by a set of
welghted sam antic features as a function of typicality,
but do not explicitly sate the relation between these
summ ary feature representations and the phonological
wpresentations of specific examples. M oreover,
prootype models do not specify how the various
exam ples In a category are connected to each other, an
element cmucial o the explnation of the present
experin ent.

Exemplar models €g. Hei & Barsabu,
1996) come closest o explhining the results of the
present experiment 1 that typical and atypical
examples are represented as gpecific nstances n the
category that have been prviously encountered.
Therefore, i can be assumed that these specific
Epresentations are associated with their phonological
rEpresentations. H ow evey, if exam ples of a category are
epresented as abstractions of specific nstances, the
exem plar m odels do not explain why traning sem antic
features of atypical examples would msult I
In provem ents In nam Ing of typical exam ples.

I summ ary, although all m odels of typicality
explain possble differences in the representation of
typical and atypical exam ples, they do not predict why
taining semantic features of atypical exam ples would
Inprove phonological access of not just atypical
exam ples but of mnterm ediate and typical examples as
well. M ore Inportantly, these models do not predict
why taining semantic features of typical examples
would result In no mprovement In the phonological
access of mtemediate and atypical examples. Even
Plaut's connectionist model (1996), which m otivates
the present experin ent, does not explan the m echanism
Twolved In accessing inproved phonological fom s.
This m odel describes a ading via meaning task w ith
four Jayers, orthographic input layer, nterm ediate layer,
a samantic layer and clean up lyer. To genemate
semantic features, the prottype represents a set of
smantic features (Or bmary values) wih a high
probability of becom ing active. Typical exam ples share

m ost of their features w ith the prototype, while atypical
examples share few features wih the prottype.
Therefore, whilke this model provides an explicit
account on the extent of difference between typical,
atypical exam ples and the prototype, the nature of these
featires  whether defining or characteristic), and the
natuire of the examples (hether smmary
representations or specific nstances) are also unclear.
Any explnation for the present experin ent
should therefore acoount for the follow ing: @) effects
of treament on mprovements I semantic feature
representation, ) influence of strengthened sem antic
rEpresentations on access t© phonological forms, (¢)
selective strengthening of connections betw een atypical
and typical phonological representations @nd not the
other way amund). A combiation of ntemactive
activation models QO ell, 1986; Stem berger, 1985) and
prottype models of typicality provide such an
explbnation. Two levels of rmpresentation are
hypothesized, semantic and phonological, and the
connections between the semantic and phonological
kvels ar Dbidirectonal and exciatory while
connections w ithin each level are mhibitory. W ihn the
sem antic level, each example of a category €g., bird)
is a smmary rEpresentation of weighted semantic
features, which Tterfaces wih the Ilexical
representation of the example. Ttem s that are typical
exert greater lateral nhibitbdon on other exam ples w ithin
the category, due to their sim flarity w ith the category
prototype. Less typical item s exert less lateral inhibition
on coresponding exam ples. This is because less typical
iem s are dissin ilar fiom the category prototype and
ustate the variation of samantic features that can
exist eg. camnot fly, lives near water). Tranhig
sem antic features of atypical exam ples strengthens their
conesponding lexical representation and by the nature
of the wezk lrml nhbibon, sgengthens the
representations of interm ediate and typical exam ples as
well. These strengthened sem antic representations exert
an exciatry nfluience on their conesponding
phonological representations, which are raised above a
resting threshold level. Tt is hypothesized that iems
directly ttained receive a greater unit of actvation to
cross the resting threshold than untraned item s.
Tranng typical examples on the other hand,
only stengthens the semantic representations of the
typical examples, and shce these features convey no
nfomation about the variation of semantic features
that can occur in the category, they have no mfluence
on the semantic representations of ntermmediate and
atypical examples. Therefore, the lateral nhibitbon
exerted by the samantic representations of typical
examples on ntem ediate and atypical exam ples does
not reduce ollow Ing treatm ent. Consequently, only the
strengthened typical representations can successfully
maise their coresponding phonological representations




above the restng threshold. The unchanged sem antic
representations for ntem ediate and atypical exam ples,
can exertno exciatory nfluence on their conresponding
phonological representations, and therefore have to be
trained directly I treatm ent t© be nam ed successfully.
These hypotheses are curently being tested using a
connectionistnetw ork sin ulation.

Finally, results of the present experin ent have
significant implications for rhabiliation in aphasia.
These results, although counter-ntuitive t© traditonal
treatm ent approaches, suggest that taining nam ing of
atypical examples is a mor efficient method of
In proving nam ing item s w thin a category than ttaining
typical iems. Interestingly, ttaining more complex
iem s which encompass variables wlevant to simpler
iems have been demonstated iIn other language
dom ains. Tainihg complex syntactic stuctures results
T genermlization to sin plerones in agram m atic aphasic
patents (Thompson, Ballbrd & Shapio, 1998;
Thompson et al, 1997) and tmining complex
phonological form s results In In provem ents t© sinpler
form s n children w ith phonological deficits G eimit et
al., 1996, 1999). These results also provide inportant
sights nto the m echanian s of rlkaming I patents
w ith brain damage. In these individuals, it is assimed
that language organization is fractionated follow ing
brain dam age. The goal of language treatm ent is then t©
com pensate and m axin ize the use of spared functions.
The raults of the present experiment suggest that
wrleaming of category stucture and corresponding
phonological representations can be re-es@blished 11 a
m ore efficientw ay than previously thought.
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