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Abstract Brain ~ damaged patients with selective impamment to specific semantic catogories of knowledge, like living
things and nonliving things, have been reported repeatedly in the literatare on varieus languages. These deficits have helped
reveal how semuntic knowledge is organized in the brain. lu this study we present a Chinese patient, WIX, who bas a se-
lective deficit to living things compared 1o non - living things, His non - laxical processes {e. g, digit memory spau, visual
and phonetic discrimination, bucco — facial apraxia) are spared to a greai extent. However, he often makes semantic errors
in lexical tasks, ncluding auditery/ visual picture recognition, and oral picture naming. Furthermore, WIX makes a signifi-
cantly larger percentage of erors on living things rather than mon — living things, These results add further evidence from
Chinese language to support the theery that hrain damage can selectively affect semantic knowledge in the brain. We inter-
pret these results as consistent with ihe proposal that the semantic system is arganized along catsgorical dimensions.
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1 Introduction

Patterns of semantic processing deficits in brain -
© damaged patients have provided us with an opportunity
to understand the organization of concepiual knowledge
" in the brain. There have been cases reported of selec-
ive deficits to specific semantic calegories. The most
*yell documented instance is that of the selective loss of
knowledge for living things compared to non - living
things, Brain — damaged patients have been reported
who have disproportionate difficulties with naming ani-
mals in the context of a relative spearing of their capac-
ity to name exemplars of other catogories”’ e

Although on the surface these cases suggest that
semantic category is one of the dimensions along which
semantic memory is organized, the interpretation of
these selective deficits to living things has been contro-
sersial. One of the schools of thought is that these se-
lective deficiis to living things do not reflect the actual

srzanization of semantic concepts, but are only byprod-

uets of some factors other than semantic categories,
such as familiarity, visual complexity, and name free
quency. [n other words, these patients are worse af na-
ming or recognizing living things hecause these are less
familiar, the picture is more complex visually, and/or
the words are less frequent, In fact, the disappearance
of such categorical selectivity has been reported when
these factors are controlled forl”* . However, this was
aet the case in other reports of selective deficits. For
some patients, even when the confounding factors are
controlled for, the differensce in the degree of the defi-
¢it for living and non - living things giill  re-

saal3 8.9
Mains

The most striking evidence supporling the
existence of a real categorical deficit comes from cases

with selective deficits to non — living things as opposed

to living things; Y 1o these cases, the account that
categorical deficits ave due to the inirinsic higher com-
plexity of living things cannat hald as this is the catego-
ry which is best preserved in these cases. This kind of

data, along with cases with much finer categorical defi-
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vits (. g, tools, body parts or musical mstruments)

b given us o way ool only o understand whether se-

mantic knowledge s organived along categorical dimen-
siem, bt alse bow i way be orgunized. Although the
Lierature on selective deficits with Hving things s rath-
er rich and has a long history, the majority of the stud-
ios are with Inde — European languaze speaking pa-
tients, especially BEoglish. 1t would add value to the
pnderstanding of the hwuan brain to look at other lan-
gusges . given thet the relationship between language -
specific charaeteristies and semantic knnwledge repre-
senlation has been of great debate in vurious contexis.

in this article we report the case of & Chinese

speaking patient, WIX, who peclorms significanily
worse in recognizing and naming lving things compared
to non — living things, even when factors like familiari-
ty or frequency of the fems in each category are con-
srotled. Om oa variety of tasks we obtained vesults con-
sistent with the reported Fnglish — or hialian - speaking

cases with similar selective defllels.
2 Wethods and Resulis

2.1 Case backgrouad

WX s oa 75 vear —old, vight = handed man. He
his a high — elementary education, Premorbidly, he
worked as o seerelary in @ polics bureau of Beiling, He
came o the Beijing Friendship Hospital for assessment
of memory deficits in 1997, His head C7 seun showed
a small low density region in the left posterior limb of
the internal capsule. In December 2000, a SPECT
sean SPEOT vevealed that amphicerchral cortex got
gracile, rarefaction of radicactive distribution in right
temporal Tobe. Screenage diagnosis showed atrophy of

amphicerchral cortex and Ischemia in lefl temporal

lohe, His MMSE score was 16 poinis oul of 30 and
sonsistent with a diasgnosis of Alsheimer 75 Thsease
(AD).

At evaluativn his speech was not fluent. His trea-
ting physician and his family members reported that he
hatd comprehension and expression problems. He was
initially administered a sereening tesi, which included
word eopving , auditory diserbuination | audiiory/visual
word matehing . picture drawing, vategory fluency, oral

eading . oral wnd written pleture naming, and oral sen-

tence generation. On this sereening battery he was able
e copy words ard pletures, was able o repeat words,
and was able to match an auditory presented word with
it written rendition. However, he had diffieult with
comprehension and  production ol words. I these
tasks, he often made semantic errors (e g, apple for
bunana, dog for eat}. On these tasks he seemed o
have more difficulty with comprehension and production
of names of living things relatively to nonliving things.
Difficuliv i ohjest recognitivn or naming catsed by
brain damage could be due to at least two different sets
of deficits. On the one hand, o patient may have a def-
ieit alfecting his semantic knowledge or his knowledge
of other propertios of the words he s trying to produce
or comprehend. On the other hand, & patient may have
a deficit affecting systems that are not directly related
to the semantic system, such as working memory, per-

coptual processing, motor control, ete. [n order o as-

sess the integrity of these latter mechanisms, we ad-
minisiered to our patient o series of non — lexical tasks,
These ineluded: 1) a digit memory span test 1o assess
his working memory; 2) visual diseriminalion, to test
fis visual perception; 3} bucce — facial apraxia and
ward repetition, revealing the integrity of the motor
functions necessary for oral production. He was then
asdministered a series of lests tapping into his semantic
system, These ineluded an auditory and visual picture
verificalion task o test his semantic comprehension,
and an oral pleture naming task Lo test the oral produe
tion route {rom the semantic system. Written produe-
tion could not be tested due to the patients disabiliyy
after the stroke,
2.2 WNon ~lexical processing
2.2.1 Tasks Digital memory span. [o this test, the
experimenter savs a series of numbers aloud and the
subject is asked to repeat the numbers in the right se-
quence. The test starts with a 3 — digit sequence {e. g
47 —F -~ 1Y and becomes progressively more comples
as with earch correct response fo bwo (rials ab each
length . sn additional dight 1s added to the sequence
{e.g. "3 -8-4-2", etc. j. The test ends when the
subjeat fails both trials of o certain length.

YVisusl discrimination. FEach trial includes 20

eraphics, among which the first is the target picture,
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and there are five pictures of lhe following 19 are ex-
actly the same with the target picture, the other 14 are
slightly different from the target in details. The subject
needs to tell one by one whether the picture is the same
with the 1arget.

Bucco ~ facial apraxia test; Ou this test the sub-
ject is instructed to execute a series of 15 specilic typed
of movement with his mouth, For example, he may be
asked to purse the lips, then relax”, or bite the lower
lip, then relax’ The subject has three chances to e
form the action. If he fails on all three, the experi-
menter will perform the movement and asks the subject
to imitate what he is doing.

Word repetition: The subject repeats aloud the
words spoken by the experimenter one by one, The
word list has 35 words, meluding nouns, verbs, adjec-
tives, and adverbs.

2.2.2

tasks are listed in fable one.

Results  Results for the four non - lexical

Tablel The correct performance (N,%) in non - lexical
tasks”
Task Hesnlts
Digital memory span &

Visnal diserimination 989 (S61/570)

1009 (15/15)

Bueco — facial apravia

Word repetition 98%: (39-40)

i The valne of digital memory span rask is the aorvect nomber,

These results indicate that WIX % digital menmaory
span is within the normal range (5 -9); His perform-
ance in visunal diserimination, bucco - faciul apraxia
and word repetition is also nearly perfect, which shows
that the visual perception and oral motor control mech-
anisms are preserved.

2,3  Lexieal processing
2.3.1 Tasks

pictures used in this task and the following two tasks

Auditory picture verification, All the

(visusl picture verification and oral picture naming )
are taken from a standardized Chinese picture fist ™"
which was adapted from the Snodgrass and Vanderwart
picture set by having them normed with Chinese n-
ative speakers. In the anditory verification task, the
subject is presented one picture a time, while a word is

spoken by the experimenter. The subject needs to tell

whether or not the word is the name of the ohject in the
picture by saying Yes or not There are 162 pletures in
this verification task, each pioture (e, g., apple, /
ping2egucd/ ] is presented on three different occasions
each time associaled with a different word. Fach pic-
ture is either matehed with ity correct name, a word
that is semantically related to the target (e. g, banan-
a, Sxiangliiaols) ., or a phonelogically refated word
{e. g, pan, /ping2guol/).

Visual pieture verification; The material and pro-
cedure of the task are identical as for the auditory pie-
ture verification task, except that the word is presented
in written format, ryped below the picture.

Oral pleture naming: There are 232 lie drawings
of common ohjects used in this task. Seventy - two -
tems are from living categories (animal, vegetablos,
fruits, insects, and birds) | and 160 items from nonliv-
ing categories { tool, clothes, furniture, vehicle, musi-
cal instrument, household items, and other things ).
Each picture is presented individually and the patient
is required to name aloud the ohject in the piedere,
There is no time constraint. The tester writes down
each response, For each stimulus, the first complate
response of the patient i regarded as the effective re-
sponse.
2.3.2

tasks is analyzed by percentage of correet YESPOnses

Results WX 5 performance on the Joxical

and proportion of semantic errors ( erroneous regponse
semantically related to the target, e. g, “cow * for

horse} out of all errors.

Table 2 Resnlis on three lexical tasks

& { semantic

Y { currecs
( ) errorss all errors )

46% {103,220 S8 (T6/131)

Orul picture naming

Anditory picture verification S69% (91/162) SLGE (55004

G167/ 020 A0 (321107

Visual picture verification

The results shew that our patient makes semantic

errors across afl these modalities, suggesting that the

processing shared by all these tasks, the semantic sys-
tem, is impaired. We further looked at his performance
on the three tasks for items in the living and non ~ liv-

ing categories. The resulis are listed in table 3.
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Table 3 Living thiogs vs. non - living things

{iving Nonliving

Ot plctiers saming U {2177 309 (S0160) =

Auditory pietnre veriticaiion ARG (29764 SR L BRSYR Y e

Vieual picture venfication 3R (247040 43% (43980

The difference between percentage of correct re-
sponses for living and nonliving things i significant for
the orul picturs naming fask (}(3 =8 767, p =0.003)
and in auditory pleture verification task (Xj = 5069,
p=0.0247%, but does not resch significance level in
visual picture verification task. The finding of the same
pattern in auditery input and outpui modality leads to
the hypothesis that the knowledge for living things is
damaged more severely than that for noniiving things.
The lack of such effect in visual picture verification

could be diue to the fuct that the task involves a recog-

nition process for the written word as well, which is al-
so impaired in this patient (as shown in the case back-
ground ). The double deficit muy overshadow the cate-
gorical pattern of semantic knowledge.

As discussed in the introduction familiarity, name
frequency or visual complexity may be confounding fac-
tors. To disambiguate this possibility we did the follow-
ing anulyses.

2.3.3

pietures named by WIK, we picked 45 living thing

Results for matched items  From the 216
and 45 nonliving things to make sure the two groups of
tems mateh on familiarity, name frequency, concephi-
al consistency, imaging consistency, and visual com-
plesity. The performance on these 90 items is listed

below in Table 4.

Table 4 Resulls for matched Hems

fi Familariy Word Frog. Conveprual Conslst. Tmaging Consist. Visual Complex. % ¢ correct)
Tivieg 45 kR 41 58 0.8 356 3.28 339 {15748
Manfiving 45 3.51 38,22 0.78 3,49 289 S8% (26/45)

it is shown that even whea the items are matched

aerpss sl these factors carefully, the difference be-

3

X =

This excludes the possibility that

swoen these two groups semains significunt;
5.421, p = 0. 020,
the disseciniion betwoen living and non-lving patierns
is an artifact. We hnterprel these findings as suggesiing

that the paticnt has & category-specilic deficit.

3

Biscussion

By administering a sel of tasks to a bra - dam-
aged patlent, WIX, we have probed inte different cog-
nitive processes in wuys that have revealed a clear pat-
tern, To summarize our findings, we {irstly demonstra-
ted that his difficulty in recognizing and naming pie-
tnres is sl due to impairment o low level processes
like visual perceplion or molor control of the organs of
phonation. After localizing his deficit 1o the lexical sys-
cerm . we administered tasks that tap inte different me-
dalities, inclading auditory picture verification (audi-
tory input) . visual piciure verification ( visnal input)
andl oral pieture naming (oral output) . This allowed us

to rench conclusions shout the loealization of the deficit

in this patient. A robust finding is that he makes u sig-
nificant proportion of semantic errors across all the mo-
dalities tested. This led us to conclude that the only
shared processing component for all these tasks - the
semantic system - musl be impaired to some degree
Furthermore , he consistently made more errors for lv
ing rather than non ~ living things in auditory compre-
hension und production tasks. We ruled out the poss-
bility of other confounding factors like frequency, in-
sgesbility, #te. , by comparising his performance on s
subset of living and non - living items matched for all
those variables. Even under these conditions his pat-
tern of performance persisted. He continued to show
more difficully with living rather than non - living
things. We interpreted these results as suggesting thal
the patient has a categorical selective deficit to the se-
mantic system.

What can we learn from these {indings sbout the
human brain? We hasten o acknowledge that our data
is far from enough to lead 10 the conclusion that kuowl-
edge of living and senliving things is represented and

processed separately in the brain, or that the semantic
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system is organized along categorical dimension . or that
it reveals how the semantic system is inlernally organ~
zed. There are at least three classes of theorfes that
tan account for our results, as well as for similar re.
sults from Indo ~ European language ~ speaking case.
Une such theory is the sensory/ functional  theory
(SFT), which suggests that semantic knowledge is or-
ganized into perceptual and nonperceptual information
vhich are differentially important for differens semantic
citegories. Selective impairment to a type of informa-
ton would results in a deficil to those c&tﬁg.uriase for
which such information is most salient. To apply the -
dea to our case, it is the type of information ( percepiu-
al for example ) shared by living things that is dam-
wed, which results into poorer performance on this
wiegory of objects!® . Correlational striucture theories
we similar to modality — specific theories in that they
b not suggest that categories are a dimension along
vhich the semantic system is organized. This class of
theories proposes that the semantic syslem is organized
by groups of features ( properties ). Damage to o cep-
uin property would lead to a deficii to the items pOBSes-
img it. Living things tend to share more properties
bence it is more common 1o see them being impaired

bgether as a group. A third class of theories, the do-

min — specific knowledge hypothesis, on the other
baed, sustains that some categories which are evaln-
fonarily important domaing of knowledge (e.g. , ani-
nels and plant life) may indeed exist as a nataral way
by which semantic knowledge is organized'””

As stated in the introduction » although there have
ken quite a few cuses with categorical selective defi-
s reported in the literature , we are pleased 1o discov-
# & Chinese patient with this classical and elegant pat-
an. OFf course the carrent issues under debate regard-
i the organization of semantic knowledge in the brain
wait further investigation, We hope that the present
udy is not simply a case report that adds further evi.
e to the existence of categorical selective deficits

utalso a case that introduces the logic and methodalo-

gy of neuropsychelogical invesligations to the Chinese
language and that will foster further investigations on
this topic.
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