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Abstract

We report a study on a patient (DW) with integrative visual agnosia and a category-specific recognition impairment for living things. We assessed
DW’s local and global processing and tested if his integrative agnosia could have led directly to his category-specific impairment. The main findings
were: (i) DW was faster at identifying local compared to global letters. (ii) DW showed no local-to-global (or global-to-local) interference effects
in selective attention tasks. (iii) DW showed a congruency effect in a divided attention task, suggesting that, when his attention was cued to both
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evels, he could process information simultaneously and integrate local and global information. (iv) Controls were poorer at naming nonliving
ompared to living things when presented with silhouettes. These data suggest that local and global information are differentially weighted in the
isual recognition of living and nonliving things, and that an impairment in processing the overall shape of an object can lead to a category-specific
eficit for living things. Crucially, this implies that category-specific impairments do not necessarily reflect damage to the semantic system, and
odels of semantic memory based on this assumption need to be revised.
2005 Elsevier Ltd. All rights reserved.
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. Introduction

Category-specific recognition and naming impairments have
een widely reported in the neuropsychological literature over
he past 30 years. In almost all of this work, these impair-

ents have been interpreted in terms of deficits to stored
emantic knowledge for particular categories of objects and
ave been used to constrain theoretical accounts of seman-
ic memory (see Caramazza & Shelton, 1998; Warrington &
hallice, 1984). Indeed, McCarthy and Warrington (1988, p.
28) argued that “for a category-specific deficit to emerge
n the first place it is necessary that the information should
ave already been categorised along a semantic dimension”.
lthough many researchers have agreed that category-specific

ecognition impairments can inform us about semantic memory,
he theoretical models that have been developed on the basis of
hese patients are extremely diverse. For instance, Caramazza
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and Shelton (1998) argued that we have evolved three func-
tionally and anatomically separate systems for the recognition
of animals, plant life and tools, and category-specific impair-
ments reflect selective damage to one of these three systems.
In contrast, Warrington and Shallice (1984) argued that liv-
ing and nonliving things are represented primarily in terms of
sensory and functional features, respectively, and that we have
evolved separate semantic systems for stored sensory and func-
tional information. According to this account, category-specific
impairments for living things emerge following damage to the
sensory semantic system and category-specific impairments for
nonliving things emerge following damage to the functional
semantic system. However, the validity of both of these mod-
els rests on the assumption that category-specific impairments
reflect damage at the semantic level in object recognition.

Here, we present a follow-up study on patient DW, who was
characterised in our previous work (Thomas, Forde, Humphreys,
& Graham, 2002) as an integrative visual agnosic. When nam-
ing objects DW appeared to have difficulty accessing the overall
shape of objects and relied on local features for identification.
We suggested that DW’s integrative visual agnosia might have
028-3932/$ – see front matter © 2005 Elsevier Ltd. All rights reserved.
oi:10.1016/j.neuropsychologia.2005.09.005
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led to his category-specific impairment for living things because
recognition of these items may be more dependent on processing
the overall shape of the object rather than the constituent parts.
In contrast, nonliving things (e.g. tools, kitchen objects) have
more distinctive parts that have been designed for a specific use,
and the overall shape of the item is less important. Consistent
with this hypothesis, when healthy subjects are asked to list the
features of objects taken from living and nonliving categories,
they generate significantly more distinctive features for nonliv-
ing things (Garrard, Lambon-Ralph, & Hodges, 2001).

We tested DW’s local and global processing more systemat-
ically in selective (Experiment 1) and divided (Experiment 2)
attention tasks using hierarchical letters. In Experiment 3, we
tested our hypothesis that local and global information is dif-
ferentially weighted in the visual recognition of objects from
different categories by asking DW and controls to name living
and nonliving things when the constituent parts of an object were
obscured but overall shape retained in silhouettes.

2. Local and global processing

Navon (1977) presented subjects with hierarchical letters that
consisted of large (global) letters formed from small (local)
letters. Subjects were faster at identifying the global letters
compared to the local letters. In addition, he reported a global-
to-local interference effect, i.e. when required to identify the
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patient groups were unable to integrate local and global level
information. They proposed that, because the direction of the
interference effect did not depend on the efficiency with which
patients could process local and global information, there were
separate mechanisms for processing local information, global
information and for integrating local and global information.

3. Experimental investigations

We have previously described patient DW, in particular his visual percep-
tual abilities and his ability to recognise and name living and nonliving things
(Thomas et al., 2002). DW had a marked category-specific impairment and was
significantly worse at naming line drawings of living items compared to non-
living items. He had no impairment to basic visual/perceptual processing but
showed the defining features of integrative agnosia: (1) a piecemeal procedure
in copying, (2) poor performance on tests with overlapping figures, and (3)
difficulty recognising an object when the main feature is obscured.

4. Experiment 1: selective-attention

4.1. Method

DW and eight age-matched control subjects were tested. Sub-
jects were presented with compound letter stimuli constructed
of large (global) upper-case letters that in turn were constructed
of small (local) upper-case letters. There were 16 stimuli con-
structed from all combinations of letters A, E, S, and H. Global
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ocal letter, subjects’ reaction times (RTs) were slower if the
lobal letter was incongruent with the local letter. In contrast,
hen subjects were required to name the global letter, RTs were

quivalent when the local letters were congruent and incongru-
nt. These findings led Navon (1977) to propose that global
rocessing occurred before local processing in object recogni-
ion, a theory he named ‘global-precedence’.

Heinze, Hinrichs, and Scholz (1998) found no difference in
Ts when subjects were asked to selectively attend to either the

ocal or global level, but they did find local-to-global interfer-
nce to be significantly greater than global-to-local interference.
einze et al. argued that when attention is directed to the global

evel the attentional ‘spotlight’ is widened and encompasses
oth local and global elements. In contrast, when attention is
irected to the local level, the attentional spotlight is narrowed,
ating global form information. Therefore, local information
an interfere with processing of the global structure, but global
nformation does not interfere with local level processing.

Both these theories imply that the direction of the interfer-
nce effect in selective attention tasks will depend on the level
hat is processed preferentially. However, Lamb and Robertson
1989) found dissociations between local and global process-
ng in patients with left and right hemispheric damage. Patients
ith left temporal lesions were faster at detecting letters at the
lobal level compared to the local level, but this global RT
dvantage significantly decreased for patients with right tem-
oral lesions. Interestingly, both right and left hemisphere dam-
ged patients showed no interference effects, i.e. even though
atients with left-hemisphere lesions identified global letters
aster than local letters they showed no global-to-local interfer-
nce. Lamb, Robertson, and Knight (1990) suggested that these
etters subtended 2.5◦ vertically at a viewing distance of 50cm.
ach task consisted of a set of 16 blocks of the 16 stimuli. The
ubject was required to indicate whether a target letter (H, A, E,
r S) had appeared at a target level (local and global). Only one
etter was target per run. Stimuli were presented in a pseudoran-
om order with at least one non-target stimulus occurring after
target stimulus. Prior to a run each subject was instructed to
hich target level and letter they were required to respond ‘yes’

o. Both accuracy and speed of response were emphasised.

.2. Results

The data from DW and controls (see Fig. 1) were analysed
eparately using two 2-way between-items ANOVAs on RTs to
tems with target level (local and global) and congruency (con-
ruent and incongruent) the between-item factors. For DW, there
as a main effect of target level [F(1, 60) = 24.03, p < 0.01]. He

ig. 1. Mean RTs (ms) for DW and controls to target letters at local and global
evels both when the target letter is congruent and incongruent with the non-
arget level letter (Experiment 1, selective-attention).
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was faster at identifying local [819 ms] compared to global let-
ters [1116 ms]. No interaction between level and congruence
was found signifying that there was no significant interference
effect for DW in either direction. For control subjects, there was
a main effect of target level [F(1, 60) = 4.60, p < 0.05]. They
were faster at identifying local [607 ms] compared to global let-
ters [642 ms]. There was also a main effect of congruence [F(1,
60) = 4.82, p < 0.05]. They were faster at identifying congru-
ent [607 ms] compared to incongruent letter pairs [643 ms]. In
addition, a significant interaction between target level and con-
gruence was found [F(1, 60) = 5.61, p < 0.05]. Controls showed a
significant local-to-global interference effect (mean 74 ms faster
in congruent condition) but no global-to-local interference effect
(3 ms slower in the congruent condition).

4.3. Discussion

DW and controls were slower at accessing global shapes. The
difficulty for global processing was, however, more pronounced
for DW and the difference between local and global letters was
8.5 times greater for him compared to controls. The findings
from the control group are most consistent with the ‘attentional
spotlight’ theory of local and global processing: controls showed
a local RT advantage and a local-to-global interference effect.
DW was also significantly faster at identifying the local target
but he showed no local-to-global interference effect. Lamb et al.
(
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Fig. 2. Mean RTs (ms) for DW and controls to target letters at global-only,
local-only, and both levels in Experiment 2 (divided-attention).

gruent (623 ms) < global (750 ms) < local (767 ms)]. Post hoc
comparisons showed significant differences between congru-
ent stimuli pairs and local target stimuli, and congruent stimuli
pairs and global target stimuli (Tukey HSD, all p < 0.01), but not
between local and global target stimuli.

5.3. Discussion

When the target was only at one level DW was significantly
faster in the local compared to the global condition (replicat-
ing the local advantage found in Experiment 1). However, he
was also significantly faster in the congruent compared to the
local-only, and the global-only conditions, i.e. he showed sig-
nificant local-to-global and global-to-local interference effects
when an incongruent letter appeared at one level. These findings
suggest that DW was able to simultaneously process informa-
tion from both levels because if he was preferentially attending
to the local level (and only attending to global information when
the local information did not match the target) then his perfor-
mance should have been similar in the congruent and local-only
conditions. Control subjects showed no significant difference in
their ability to detect a target letter at the local or global level
and, as expected, they were significantly faster in the congruent
condition compared to local-only and global-only conditions.
Control subjects were, however, faster at detecting targets in the
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1990) outlined two possibilities to explain the lack of interfer-
nce in their patient studies. (1) Patients were abnormally good
t selectively attending to the target level and, consequently,
ere able to ignore information from the other level. (2) Patients

ttended to both levels simultaneously but were unable to suc-
essfully integrate local and global information. In Experiment
, we tested whether DW was able to simultaneously process
nformation from both levels in a divided attention task.

. Experiment 2: divided-attention

.1. Method

The stimuli and procedure were the same as Experiment 1
xcept that subjects were required to simultaneously attend to
ocal and global information and indicate whether a target letter
ad appeared at either level.

.2. Results

The RT data (see Fig. 2) were analysed using two sepa-
ate between-items ANOVAs for DW and controls on RTs to
tems with conditions (congruent, local only, global only) the
etween-item factor. A main effect was found for DW [F(1,
5) = 16.57, p < 0.01] and controls [F(1, 45) = 21.97, p < 0.01].
or DW, mean RTs were ordered: [congruent (861 ms) < local
1036 ms) < global (1241 ms)]. Post hoc comparisons showed
ignificant differences between congruent stimuli pairs and local
arget stimuli, and congruent stimuli pairs and global target stim-
li, and also between local and global target stimuli (Tukey HSD,
ll p < 0.01). For control subjects, mean RTs were ordered [con-
lobal-only compared to the local-only condition. This pattern
f performance suggests that DW had a genuine impairment
rocessing information at the global level and was not simply
lways slower in the most difficult condition.

. Experiment 3: naming silhouettes

Thomas et al. (2002) reported that DW was impaired at
aming line drawings of living things compared to nonliving
tems. DW’s impairment for living things is abnormally poor,
nd well outside the control range for these items. However, a
umber of studies have shown that control subjects also tend
o find living things more difficult to identify than nonliving
hings. For instance, Humphreys, Riddoch, and Quinlan (1988)
uggested that living things are inherently more difficult to
isually recognise and name because they belong to structurally
imilar categories. As a result, a picture of a living thing (or
he object itself) will activate a number of structurally similar
eighbours and create competition for selection within the
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object recognition and naming system. In contrast, nonliving
things tend to be structurally distinct from one another, and
consequently, activate fewer competitors in object recognition
tasks. In Experiment 3, we were particularly interested to
see if the normal advantage for nonliving things would be
reversed when local features were obscured in silhouettes. If
our hypothesis that the relative importance of global and local
processing differs for living and nonliving things is correct,
control subjects should find it more difficult to name silhouettes
of nonliving things compared to living things.

6.1. Method

DW and 10 control subjects were presented with 74 silhou-
ettes (36 living and 38 nonliving) presented one at a time and
subjects were asked to name them. No time constraints were set.

6.2. Results and discussion

DW’s ability to name nonliving things was poorer when he
was presented with silhouettes (13/38, 34%) compared to line
drawings (21/38, 55%), although this failed to reach statistical
significance [χ2(1) = 3.4, p = 0.06]. His naming of living things
remained close to floor levels in both tasks (5/36 and 2/36 for
silhouettes and line drawings, respectively). Importantly, con-
trol subjects were also worse at naming silhouettes of nonliving
(
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ence effect. This is difficult to explain in terms of an attentional
spotlight theory and, overall, our data are most consistent with
Lamb and Robertson’s suggestion that local processing, global
processing and the integration of this information are mediated
by separate mechanisms.

In a divided attention task, DW was required to attend to
local and global information simultaneously, and under these
conditions, he did show an interference effect. He was faster
when the target letter appeared at both local and global levels
compared to local-only or global-only conditions. To account
for the different pattern of results in the selective and divided
attention tasks, we suggest that DW is abnormally biased to local
features and does not automatically integrate local and global
information. However, when DW is cued to attend to both levels
and forced to divide his attention, he is able to simultaneously
process local and global information.

8. The role of local and global processing in the
recognition of living and nonliving things

Category-specific impairments for living and nonliving
things are almost always interpreted in terms of damage to stored
semantic information. Indeed, some authors have assumed
that because the impairments are category-specific in nature
this implies that the impairment must be at a semantic level
(McCarthy & Warrington, 1988). However, we propose that
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25.9/38, 68%) compared to living things (27.6/36, 73%), [F(1,
) = 14.2, p < 0.01]. These data provide more evidence for our
ypothesis that the relative importance of global versus local
nformation differs for living and nonliving things. In particu-
ar, they are consistent with the idea that overall shape is more
mportant in the recognition of living things, but local features
or nonliving things. When local features were obscured in sil-
ouettes this had a more detrimental effect for nonliving things,
nd reversed the normal advantage control subjects show when
aming these items.

. General discussion

In this study we described a study of an integrative visual
gnosic patient who showed a marked category-specific impair-
ent in recognising living compared to nonliving things (see

lso Thomas et al., 2002). The aim was to assess DW’s local
nd global processing in more detail (in Experiments 1 and 2)
nd to test whether the importance of local and global processing
iffered for living and nonliving things (Experiment 3).

In a selective attention task, we found that control subjects
ere significantly faster at processing local information and

howed a reliable local-to-global interference effect. The data
re consistent with Heinze et al.’s (1998) attentional spotlight
heory and challenge the idea that global information is neces-
arily processed before local features. DW was also significantly
aster at processing local information. We propose that he was
bnormally poor at accessing global information as the dif-
erence between his RTs for local and global targets was 8.5
imes greater than for controls. Despite his marked advantage
or local information, he did not show a local-to-global interfer-
W’s category-specific impairment for living things emerges
s a direct result of his difficulties in processing the global
hape of objects and his attentional bias towards local features.
e argue that because animals tend to have the same parts,

hey require more global processing than nonliving things to
etermine the rather subtle differences in the relative size and
caling of parts that differentiate one animal from another. Fur-
hermore, fruit and vegetables often have only one ‘part’ and,
onsequently, successful recognition of these items depends on
ccessing information about the overall shape of the object. In
ontrast, nonliving things tend to have salient and characteristic
arts (e.g. the dial of a telephone, the tines on a fork), and we
ropose that successful processing of constituent parts may be
ufficient to uniquely identify many of these objects. Consistent
ith this, we showed that when local information was removed,

n silhouettes, normal subjects found it more difficult to identify
onliving compared to living things. In other words, local infor-
ation was less important for the recognition of living things

nd many of these items were successfully recognised on the
asis of their overall shape alone.

Finally, we wish to challenge the assumption (sometimes
xplicit and sometimes implicit) that category-specific impair-
ents necessarily reflect damage at a semantic level. Indeed, we

ote that a number of the patients with category-specific impair-
ents apparently arising from damage to a semantic system

lso show impairments on tests of pre-semantic visual per-
eptual processing such as object decision (see Caramazza &
helton, 1998; Lambon-Ralph, Howard, Nightingale, & Ellis,
998; Samson, Pillon, & De Wilde, 1998). Object decision tasks
re used to assess access to pre-semantic structural descrip-
ions and do not necessarily require access to stored semantic
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knowledge. We propose that the patients’ poor performance on
object decision indicates that their access to presemantic struc-
tural descriptions was not fully intact and it is possible that this
impairment, rather than a semantic impairment, could account
for their difficulties recognising living things. We suggest that
future studies of patients with category-specific impairments
need to provide a more detailed analysis of perceptual, as well
as semantic, abilities and impairments.
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