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Using activation-likelihood estimation (ALE) meta-analysis, we identified brain areas
that are invoked when people name pictures of animals and pictures of tools. We
found that naming animals and naming tools invoked separate distributed networks in
the brain. Specifically, we found that naming animals invoked greater responses than
naming tools in frontal lobe structures that are typically modulated by emotional
content and task demands, and in a number of visual areas in the ventral stream. In
contrast, naming tools invoked greater responses in a different set of areas in the
ventral stream than those invoked by naming animals. Naming tools also invoked
greater responses than naming animals in motor areas in the frontal lobe as well as in
sensory areas in the parietal lobe. The only overlapping sites of activation that we
found for naming these two categories of objects were in the left pars triangularis, the
left inferior temporal gyrus, and the left parahippocampal gyrus. Taken together, our
meta-analysis reveals that animals and tools are categorically represented in visual
areas but show convergence in higher-order associative areas in the temporal and
frontal lobes in regions that are typically regarded as being involved in memory and /
or semantic processing. Our results also reveal that naming tools not only engages
visual areas in the ventral stream but also a fronto-parietal network associated with
tool use. Whether or not this network associated with tool use contributes directly to
recognition will require further investigation.
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Introduction

Evidence in favor of category-specific processing in the human brain originally came
from studies of neurological patients who had selective impairments in recognizing
particular classes of objects (for review, see Capitani et al., 2003). The most common
dissociation reported in these patients is an impairment in recognizing animate
relative to man-made objects (e.g. Nielsen, 1946; Warrington & Shallice, 1984; Hillis
& Caramazza, 1991; De Renzi & Lucchelli, 1994; Caramazza & Shelton, 1998). The
reverse dissociation, in which the greatest impairment is with man-made objects, has
also been reported (e.g. Nielsen, 1946; Warrington & McCarthy, 1987; Hillis &
Caramazza, 1991). Confounding factors, such as familiarity and name frequency,
cannot explain these results. Many studies have controlled for these factors (e.g. De
Renzi & Lucchelli, 1994; Caramazza & Shelton, 1998). Furthermore, Hillis &
Caramazza (1991) describe two patients with contrasting category-specific deficits
with the same stimuli on the same tasks: one patient showed a disproportionate deficit
recognizing animate relative to man-made objects and the other a disproportionate
deficit recognizing man-made relative to animate objects. This double dissociation
provides compelling evidence that the neural processes related to recognizing
different classes of objects might be organized categorically in the human brain.
A similar dissociation has emerged from brain imaging studies. In a review of
functional neuroimaging studies in neurologically-intact subjects, Martin &
colleagues (Martin & Chao, 2001; Martin & Caramazza, 2003) noted that animal
recognition tends to show peak activity in both the lateral portion of the fusiform
gyrus in the two hemispheres and the right superior temporal sulcus while tool
recognition tends to show peak activity in the medial portion of the fusiform gyrus,
the left middle temporal gyrus, and the ventral premotor and parietal cortex in the left
hemisphere. Similar conclusions have been made in other review papers (Josephs,
2001; Thompson-Schill, 2003; Lewis, 2006; but see Gerlach, 2007). In the present
study, we conducted a more quantitative form of meta-analysis using activation-

3

likelihood estimation (ALE), a technique that was developed concurrently but
independently by Turkeltaub et al. (2002) and Chein et al. (2002). In brief, this
approach consists of generating an ALE map of the brain by first modeling
localization probability of foci reported in different studies and then assessing the
significance of concordance between studies using permutation analysis (for a more
detailed description, see Laird et al., 2005). The advantages of this approach over
other forms of meta-analysis include the quantification of concordance of foci among
different studies and the use of statistical thresholding.
Our aim was to combine the results from studies that have examined brain
activation associated with naming visually-presented animals and visually-presented
tools, and then identify the network of brain regions associated with naming animals
and the network of brain regions associated with naming tools. In performing our
meta-analysis, we also identified brain regions activated in common for naming
animals and naming tools, as well as the brain regions activated more for naming
animals (as compared to naming tools) and the brain regions activated more for
naming tools (as compared to naming animals). We hypothesized that naming animals
and tools would show different patterns of activity in the brain – especially in the
ventral occipito-temporal cortex where neural processes related to the visual
processing of objects are known to take place (Martin & Chao, 2001; ThompsonSchill, 2003) and where damage is frequently observed in neurological patients who
show category-specific deficits in recognizing particular classes of objects (Damasio
et al., 1996; Gainotti, 2000).
Despite all the evidence in favor of category-specific processing, a review
paper by Gerlach (2007) failed to show differences in patterns of brain activity to
different categories of objects in a ‘qualitative’ meta-analysis of functional
neuroimaging studies that compared the visual presentation of natural versus manmade objects. One problem with Gerlach’s paper was the inclusion of studies that
used different tasks – such as naming, matching, or the passive viewing of objects.
This is highly problematic given that many functional neuroimaging studies have
shown that task requirements can alter patterns of neural activity to particular
4

categories of objects (e.g. Price & Friston, 2002; Devlin et al., 2002: Large et al.,
2007). In addition, it could be the case that Gerlach’s inclusion of studies that used
different sub-categories of natural and man-made objects may have contributed to not
finding category-specific effects in the brain. The patient literature suggests that
biological inanimate objects, such as fruits and vegetables, might be processed by
different parts of the brain from those that process animals (for review, Capitani et al.,
2003). Also, it is conceivable that fruits and vegetables, which can be manipulated,
might share some of the same neural substrates that process man-made objects that
can also be manipulated.
In light of these confounds, we did not include studies that used tasks other
than naming pictures of objects; nor did we include studies that incorporated (or
might have incorporated) either biological inanimate objects as “natural” objects or
non-manipulable man-made objects (e.g. vehicles, furniture, and household
appliances) as “artifacts”. Instead, we limited our analysis to studies that specifically
used stimuli of animals and / or stimuli of tools. After reviewing the literature, it
became apparent to us that there were simply not enough functional neuroimaging
studies that examined the naming of visually-presented biological inanimate or nonmanipulable objects to conduct a quantifiable meta-analysis for these two categories
of objects. We also did not include studies that presented words pertaining to objects
either alone or together with pictures of objects. The neuropsychological literature has
shown that patients who are impaired at recognizing visually-presented objects can
nevertheless exhibit intact word comprehension, and vice versa, suggesting that these
two abilities depend on different neural substrates (Davidoff & De Bleser, 1994;
Farah, 2004). For more information about category-specific cerebral activation related
to word comprehension, see Binder et al. (2009) for a similar ALE meta-analysis on
functional neuroimaging studies in which words (either spoken or written) were used
as stimuli.
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Methods

We performed a literature search in Pubmed using the Boolean term “[Object
Naming] AND [MRI] OR [Object Naming] AND [PET]” to find the published corpus
of literature on object naming prior to August 2008. References from all relevant
papers were also examined. From these search results, only papers that reported
activations as coordinates in stereotactic space (x, y, z) from contrasting the naming
of either visually-presented animals or visually-presented tools versus some kind of
baseline task, or that directly compared the naming of visually-presented animals with
the naming of visually-presented tools, and vice versa, were considered. Papers that
did not specify as to whether or not they included either only animals or only tools as
stimuli were excluded. Using these criteria for inclusion, results from 17 papers (6
fMRI and 11 PET; Table 1) were selected (143 foci). Although the studies that we
included in our meta-analysis used a range of different criteria to correct for multiple
comparisons, with some studies using more liberal criteria than others, we do not see
this as a problem for two reasons. First, ‘real’ category-specific effects can be subtle
and might not always survive more stringent forms of corrections. Second, an ALE
score represents a measure of concordance across different studies. It is highly
improbable, in our opinion, that multiple studies can consistently yield similar false
positives (i.e. Type I errors) often enough to reach significant concordance with an
ALE meta-analysis.
Seven ALE analyses were performed using the GingerALE (v1.1) software
(see Laird et al., 2005; available at: http://brainmap.org/ale). For the first and second
analyses, we analyzed the concordance of foci reported when people named animals
(7 papers; 48 foci) and tools (7 papers; 39 foci). For the third analysis, we conjoined
the resulting ALE maps obtained in the first and second analyses to identify brain
regions commonly activated during the naming of both animals and tools. For the
fourth and fifth analyses, we compared foci reported during animal naming with those
during tool naming (i.e. contrasts between studies). Finally, in the sixth and seventh
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analyses, we examined studies that directly compared the naming of animals with the
naming of tools (i.e. contrasts within studies) by analyzing the concordance of foci
that these studies reported to be greater when people named animals compared to
tools (5 papers; 25 foci) and the concordance of foci reported to be greater when
people named tools compared to animals (7 papers; 31 foci).
We also verified whether or not papers included in our meta-analysis that
examined the naming of animals and those that examined the naming of tools were
matched for stimulus complexity and task demands. We scored papers for whether or
not stimuli were in color, whether the complexity of the naming stimuli was high (real
objects or photographs of objects) or low (line drawings of objects), whether the
complexity of the naming task was high (overt naming) or low (covert naming),
whether the complexity of the baseline stimuli was high (abstract objects, faces, or
digits) or low (visual noise, fixation dot), and finally whether the complexity of the
baseline task was high (e.g. saying something, discriminating size or orientation, or
reading) or low (passive viewing). As it turns out, the selected papers that examined
the naming of animals and those that examined the naming of tools were matched for
all these parameters as assessed using X2 tests (see Results).
To perform ALE analysis, all coordinates reported in MNI space were
transformed to Talairach space using the icbm2tal transform (Lancaster et al., 2007),
which has been shown to provide an improvement in fit over the Brett transform
(Brett et al., 2001; 2002). ALE maps were created for each analysis by modeling each
focus as a three-dimensional Gaussian function with a full-width half-maximum of 10
mm (Turkeltaub et al., 2002). Statistical significance was assessed using a
permutation test with 5,000 permutations, corrected for multiple comparisons using
false-discovery rate (FDR) (Laird et al., 2005). All resultant ALE maps were
superimposed on a Talairach template brain (Kochunov et al., 2002; available at:
http://brainmap.org/ale) and were thresholded at Pcorr < 0.05 with a cluster extent of
greater than 100 mm3.
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Results

Matching of stimulus complexity and task demands

Information pertaining to stimulus complexity and task demands for each paper that
was selected for our meta-analysis is presented in Table 1. X2 tests revealed that
papers incorporated in our meta-analysis that examined the naming of visuallypresented animals and those that examined the naming of visually-presented tools
were matched for the color of the stimuli [X2 (1) = 1.93, P = 0.16], the visual
complexity of the naming stimuli [X2 (1) = 1.00, P = 0.32], the task complexity of the
naming condition [X2 (1) = 0.29, P = 0.59], the visual complexity of the baseline
stimuli [X2 (1) = 0.00, P = 1.00], and the task complexity of the baseline condition [X2
(1) = 1.40, P = 0.24]. Table 2 provides the frequency of papers that received a
particular score on each of these qualitative variables.

Naming animals and naming tools

We found greater activation for naming animals relative to baseline tasks in the left
pars triangularis, the left anterior cingulate cortex, the left anterior fusiform, the
primary visual area in the two hemispheres, the cuneus in the two hemispheres, the
left interior temporal gyrus, the left lateral occipital area, the left middle occipital
gyrus, the parahippocampal gyrus in the two hemispheres, the posterior fusiform in
the two hemispheres, the right cerebellum, the right rectus gyrus, and the right uncus
(Fig. 1a, Table 3).
In a separate analysis, we found greater activation for naming tools relative to
baseline tasks in the left pars triangularis, the left middle frontal gyrus, the left
anterior cingulate cortex, the left dorsal premotor area, left putamen, the left postcentral gyrus, the anterior fusiform in the two hemispheres, the left lingual gyrus, the
left medial fusiform, the left middle temporal gyrus, the left parahippocampal gyrus,
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the left superior temporal gyrus, the left thalamus, the right primary visual area, the
right cerebellum, the right uncus, the right ventral prefrontal cortex, and the right
ventral premotor area (Fig. 1b; Table 4).
Conjoining the resulting ALE maps obtained in these two analyses revealed
common activation for naming animals and tools in the left pars triangularis, the left
inferior temporal gyrus, and the left parahippocampal gyrus (Fig. 1c; Table 5).

ALE differences between naming animals and tools: between-studies contrast

When we compared foci reported in studies that examined animal naming with those
reported in studies that examined tool naming (i.e. contrasting animal and tool naming
between studies), we found greater activation for naming animals in the left anterior
cingulate cortex, the left ventral prefrontal cortex, the left cuneus, the lateral-occipital
area in the two hemispheres, the posterior fusiform in the two hemispheres, and the
right middle occipital gyrus (Fig. 2a; Table 6a). In the reverse comparison, in which
we compared foci reported for tool naming with those reported for animal naming, we
found greater activation for naming tools in the left pars triangularis, the left pars
opercularis the left middle frontal gyrus, and the left middle temporal gyrus (Fig. 2b;
Table 6b).

ALE differences between naming animals and tools: within-studies contrast

When we analyzed studies that directly compared the naming of animals with the
naming of tools (i.e. contrasting animal and tool naming within studies), we found
greater activation for naming animals in the cuneus in the two hemispheres, the left
posterior fusiform, the lateral occipital area in the two hemispheres, and the right
lingual gyrus (Fig. 3a; Table 7a). In the reverse comparison, we found greater
activation for tool naming compared to animal naming in the left inferior frontal
gyrus, the left pars opercularis, the left ventral premotor area, the left postcentral
gyrus, the left anterior superior parietal lobule, the left insula, the medial fusiform in
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the two hemispheres, the left middle temporal gyrus, and the right superior temporal
gyrus (Fig. 3b; Table 7b).

Discussion

Using ALE meta-analysis, we identified the network of brain regions associated with
naming animals and the network of brain regions associated with naming tools. In
performing our meta-analysis, we also identified brain regions activated in common
for naming animals and naming tools, as well as brain regions activated more for
naming animals compared to naming tools and brain regions activated more for
naming tools compared to naming animals. Given the evidence for category-specific
agnosia in neurological patients, we expected that naming animals and naming tools
would show different patterns of activity in the brain. We hypothesized that these
differences would be particularly evident in the ventral occipito-temporal cortex
where neural processes related to the visual processing of objects are known to take
place and where damage is frequently observed in the neurological patients who show
category-specific deficits in recognizing particular classes of objects.

Methodological issues

A major problem in any meta-analysis is that despite the similarities among the
studies that are included in the analysis, there will still be many differences. Often
times, not enough information is presented in these papers to assess how different
they are from one another and how well each controlled for different confounding
variables. Although we were able to verify that all papers included in our metaanalysis were matched for stimulus complexity and task demands (see next
paragraph), not enough information was presented in the papers to determine whether
or not other types of confounding variables, such as familiarity, were matched
between categories. It would be helpful if authors of functional neuroimaging studies
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provide in their papers a list of all the stimuli that they used as well as information
about where they obtained their stimuli.
Nevertheless, we were able to verify that all the papers included in our metaanalysis were matched for stimulus complexity and task demands. This was done to
ensure that any comparisons made between studies could not be explained by
differences in low-level visual features or by differences in the cognitive demands that
are required to complete a task. For example, it is conceivable that visual areas that
process color would be more activated in studies that used color stimuli as opposed to
black and white stimuli. Likewise, it is also conceivable that auditory areas and areas
that control orofacial musculature would be more activated in studies that had subjects
name objects overtly compared to those that had subjects name objects covertly. Also,
the importance for matching the complexity of baseline conditions has been
demonstrated in a previous ALE meta-analysis by Price and colleagues (2005). The
authors of this study showed drastic differences between object-naming studies that
used paradigms with high-level versus low-level baseline conditions. In our study, X2
tests revealed that papers that we included in our meta-analysis that examined the
naming of animals and those that examined the naming of tools were matched for
color, the visual complexity of the naming and baseline stimuli, and the task
complexity of the naming and baseline conditions. It is therefore unlikely that
differences in ALE that we report in our meta-analysis between animal and tool
naming could be explained by differences in either low-level visual features or task
demands.
Generating ALE maps that compared animal versus tool naming between
studies as well as within studies served as a form of cross-validation. Although one
can argue that ALE maps generated from within studies are less prone to various
confounding variables compared to those generated from between studies, roughly
half of the studies included for the within-studies analyses were published by the
same group of researchers, which reduces independence. Thus, it was important for us
to carry out these two approaches to provide converging evidence for (or against) the
functional attributions inferred by one approach. Also, it is hard to argue that possible
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differences in confounding variables between categories of objects, as well as a lack
of statistical power, could explain congruent results obtained in two separate analyses
that were performed on two different sets of studies. Although there were some foci
of activation that were revealed in one type of analysis but not the other, the two
approaches showed a good deal of convergence in several key brain areas (Figs 2 and
3; Tables 6 and 7). Both approaches yielded greater activation in the left cuneus, the
posterior portion of the left fusiform gyrus, and the lateral-occipital complex in the
two hemispheres when people named animals compared to when they named tools –
and greater activation in the left pars opercularis and the left middle temporal gyrus
when people named tools compared to when they named animals.
Last, despite all the evidence in favor of category-specific processing, a
review paper by Gerlach (2007) failed to show differences in patterns of brain activity
to different categories of objects. We have already discussed in the Introduction some
of the limitations of Gerlach’s study. In short, he included studies that used different
tasks (naming, matching, categorizing, and passive viewing), and he included studies
that used broadly defined categories of objects, such as natural objects (which could
include, in addition to animals, other natural objects such as fruits and vegetables) and
man-made objects (which could include, in addition to tools, other types of
manipulable objects as well as non-manipulable objects such as vehicles and houses).
However, if one carefully inspects Table 1 in Gerlach’ paper, one can observe some
degree of consistency in his reported results for those studies that were included in our
meta-analysis. Thus, we would contend that our meta-analysis was more successful at
dissociating category-specific processing in the brain because we focused our analysis
on more specific categories of objects (animals and tools) and on one task (naming).

Overlapping sites of activation

There is currently a debate about how objects are represented in the ventral stream of
visual processing. Using multi-voxel pattern analysis, Haxby et al. (2001)
demonstrated that different categories of objects are processed in a widely distributed
12

and overlapping network of areas in the ventral occipito-temporal cortex. Other
researchers have argued that although multiple areas in the ventral stream are
activated during the visual presentation of objects, much of this firing activity may
relate to non-specific responses to the presence of visual stimuli. These researchers
have gone on to suggest that only a very selective group of neurons fire strongly for
specific classes of objects and that these neurons are clustered together in specific
regions of cortex (Reddy & Kanwisher, 2006).
Our results do to not really fit well with either view. Instead, we have shown
that clusters of activation specific to either animals or tools occur in multiple areas in
the ventral stream – which is somewhat contrary to the view that would suggest that
animals and tools would be categorically represented in only a few areas (Reddy &
Kanwisher, 2006). But at the same time, overlap of activation for naming animals and
naming tools was present at only two sites in the temporal lobes: the left inferior
temporal gyrus and the left parahippocampal gyrus. This result appears to be
inconsistent with the view that animals and tools are processed in a widely distributed
and overlapping network in the ventral temporal cortex (Haxby et al., 2001). One
possibility for this minimal overlap is that objects are categorically represented in
visual areas but show increasing convergence in higher-order associative areas in the
temporal lobes that may be modulated by semantic information. Indeed, our results
suggest that there may not be a sharp division between visual areas and higher-order
areas typically regarded as being involved in memory and / or semantics. Neural
processing related to low-level visual features certainly also occurs in similar early
visual areas, such as the primary visual cortex, while people name either animals or
tools. Yet, this did not come out in our conjunction analysis. The reason for this null
finding could be related to the fact that most studies included in our meta-analysis
used baseline stimuli that would have subtracted out most effects related to low-level
visual processing.
The common activation that we found in the left pars triangularis for naming
animals and tools is easy to interpret. This brain area has often been implicated during
tasks that involve classifying objects into different categories (for review, see
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Bookheimer et al. 2002) and is thought by some to fulfill a critical role in retrieving
and manipulating semantic representations stored elsewhere in the brain (e.g. Gabrieli
et al., 1998; Wagner, 1999). Evidence supporting this view comes from fMRIadaptation studies that have shown repetition suppression to semantic processing in
the left inferior frontal gyrus during different types of classification tasks (for review,
see Schacter et al., 2007) and TMS studies that have shown that stimulating this area
can lead to deficits in semantic processing (Devlin et al., 2003; Köhler et al., 2004;
Gough et al., 2005; Chouinard et al., in press).

Why would naming animals invoke different brain areas?

Caramazza & Shelton (1998) argued that evolutionary pressures may have caused the
brain to evolve in such a way to identify animals differently from man-made objects.
According to their proposal, the ability to recognize animals quickly has great
survival value for avoiding predators and finding food. A separate neural system
dedicated for extracting visual information about animals would allow the brain to
more efficiently recognize one animal over another. This could explain why naming
animals might invoke visual areas in the ventral stream that differ from those invoked
from naming other categories of objects. Caramazza & Shelton (1998) also argued
that because of the clear emotional component associated with flight and feeding
responses to animals, a separate neural system dedicated for animal recognition would
have to be linked to the limbic system. This could explain why an area in the ventral
prefrontal cortex, corresponding to Brodmann area 47/12, was found in our metaanalysis to be more responsive to naming animals than it was to naming tools. This
area is known to be strongly connected with limbic structures: retrograde tracers
injected in this area in the monkey results in the heavy labeling of neurons in areas of
the limbic system (Petrides & Pandya, 2002).
There are other reasons why recognizing animals and recognizing tools would
involve different areas in the ventral stream. Recognizing animals can be more taxing
on visual areas than recognizing man-made objects because different animals tend to
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be structurally similar whereas different man-made objects tend to be more dissimilar
(Price & Humphreys, 1989; Vitkovitch et al., 1993; Gaffan & Heywood, 1993;
Humphreys & Forde, 2001). It then follows that recognizing an animal might place
greater demands on the visual system so that it can differentiate a particular animal
over other structurally similar animals. In other words, recognizing animals may
require greater scrutiny of their physical features. This could explain why our metaanalysis revealed a greater involvement of visual areas in the occipital lobe during
animal compared to tool naming. These areas include the cuneus, the lingual gyrus,
the middle occipital gyrus, and the lateral-occipital area (the latter being an area
known to analyze the form of objects; Kourtzi & Kanwisher, 2001; Cant & Goodale,
2007). In addition, our meta-analysis revealed that the left anterior cingulate cortex
also responds more during animal compared to tool naming. This finding also fits well
with the idea that animal recognition might be more demanding than tool recognition.
In an earlier fMRI study, we found greater activation in this area during conditions
that placed greater demands on response selection when subjects had to name
visually-presented objects (Chouinard et al., 2008). An alternative explanation for
why naming animals but not tools might invoke some of these brain structures is that
animals have body parts whereas tools do not. The coordinates that we report as being
more activated for naming animals compared to naming tools for the lateral-occipital
area and for the anterior fusiform area correspond closely to those that have
previously been reported for the extrastriate body area (Downing et al., 2001) and for
the fusiform body area (Peelen & Downing, 2005).
Semantic relevance, which is the amount of contribution that a given feature
has in defining the core meaning of an object, may also be a contributing factor for
explaining differences in patterns of neural activation between animal and tool
naming. Some features of an object are more salient than others for the purposes of
identification. For example, “a trunk” is a feature with high relevance for recognizing
an elephant because most people will use this feature to define an elephant. People
will not use this same feature to define other types of animals. In contrast, “has four
legs” is a feature with low relevance for recognizing an elephant because few people
15

will use this as a feature to primarily define an elephant. It has been observed that
non-living objects typically have features with higher semantic relevance than living
objects (Cree & McRae, 2003; Sartori & Lombardi, 2004). This raises the possibility
that the category-specific effects shown in functional neuroimaging studies could be
explained in part by differences in semantic relevance between different categories of
objects. Indeed, Mechelli et al. (2006) have shown that patterns of activation in the
fusiform gyrus to naming living versus man-made objects becomes more similar
when semantic relevance is matched. Although this finding illustrates that semantic
relevance can influence neural processing, tools, by their very nature, have features
with higher semantic relevance than animals. Unlike animals, tools have specific
functions. They are all manufactured items that are purposely used as implements to
accomplish a specific goal.

Why would naming tools invoke different brain areas?

Warrington & Shallice (1984) proposed that tool identification might depend on their
functional properties whereas animals, which do not really have any functional
significance, are identified instead by their perceptual properties (see also Warrington
& McCarthy, 1987; Farah & McClelland, 1991). After all, tools form a special
category of objects that are associated with specific functions and hand postures. It
could be the case that the retrieval of information related to their use might aid in their
recognition. Indeed, our meta-analysis reveals that naming tools not only engages
visual areas in the ventral stream but also the left ventral premotor area, the left
postcentral gyrus, and the left anterior superior parietal lobule. These latter areas are
known to contribute to the control of hand movements during grasping (Rizzolatti &
Luppino, 2001; Chouinard et al., 2009). The question then arises as to why these same
areas would also be activated during tool naming.
Rizzolatti et al. (1988) discovered a class of neurons in the ventral premotor
cortex, called canonical neurons, which discharge both when monkeys view and grasp
the same object. The interpretation given by Rizzolatti and his colleagues was that
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there might be a link between object recognition and the actions that are necessary to
interact with them (Rizzolatti & Arbib, 1998; Arbib, 2008). However, grasping
objects requires people to shape their hand to match the three-dimensional structure of
those objects. This behavior requires a transformation from the visual representation
of the object’s geometrical properties to the motor commands acting on the muscles
of the hand. It is thought that ventral premotor neurons provides a vocabulary of
programs for constructing motor grasps that operates by matching the affordances of
objects as analyzed by sensory areas in the parietal lobe (Rizzolatti & Luppino, 2001).
Thus, if premotor neurons are to fire during object presentation, irrespective of task, it
would need to receive input about visual affordances.
It should be noted that functional neuroimaging measures only correlations
between cerebral activity and behavior. Therefore, one cannot make any inferences as
to whether or not an ‘activated’ area is critical for completing a task. Thus, it is not
possible for us to know from our meta-analysis whether or not any area that we report
as being more activated to a particular class of objects fulfills a critical role in the
recognition of that class. Patients with different forms of agnosia typically have
damage to areas in the ventral stream and not to sensorimotor structures (for review,
see Farah, 2004). Thus, it seems somewhat unlikely that sensorimotor areas that are
normally important in tool manipulation would also fulfill a critical role in tool
recognition. One way to address this issue would be to carry out transcranial magnetic
stimulation to disrupt brain function in these areas and examine the consequences that
these disruptions have on naming tools.
Goodale & Milner (1992) have proposed a division of labor between how
visual information about objects is used by the ventral and dorsal streams of visual
processing in the brain. According to their account, the ventral stream uses this
information to construct perceptual representations of objects and the dorsal stream to
program and guide actions towards objects. Goodale & Milner (1992) have shown
that patient DF, who has a profound visual-form agnosia following bilateral lesions in
the ventral stream, has no difficulty performing ordinary visuomotor actions such as
grasping simple geometric forms that she cannot identify perceptually. Nevertheless,
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it is also clear that these two streams must work together in the use of tools. When DF
is required to grasp a tool, a task which requires its identification and the retrieval of
the functional hand postures associated with that tool, she often fails to generate the
correct hand posture even though her grasp is metrically accurate (Carey et al., 1996).
For example, DF will pick up scissors by the blades and not by the handles when the
handles are pointed away from her, whereas neurologically-intact subjects will pick
up scissors by the handles no matter how these scissors are placed in front of them.
Because tools form a special category of objects that are associated with specific hand
postures, a separate network of areas in the ventral stream dedicated to tool
recognition would allow the ventral and dorsal streams, in association with motor
areas, to interact more efficiently for selecting correct hand postures. This could
explain why our meta-analysis revealed discrete areas in the ventral stream that are
more activated when people name tools compared to when they name animals. These
areas included the left middle temporal gyrus, the right superior temporal gyrus, and
the medial fusiform in the two hemispheres. How these areas in the ventral stream
might interact with areas in the dorsal stream during tool use will require further
investigation.

Concluding remarks

As expected, we found that naming animals and naming tools invoked separate
distributed networks in the brain. We found that naming animals invoked greater
responses in the left ventral prefrontal cortex, the left anterior cingulate cortex, and a
number of visual areas in the occipital lobe. In contrast, naming tools invoked greater
responses in the left middle temporal gyrus, the medial portion of the fusiform in the
two hemispheres, motor areas in the left frontal lobe, and sensory areas in the anterior
portion of the left parietal lobe. The only overlapping sites of activation that we found
for these two categories of objects were in the left pars triangularis, the left inferior
temporal gyrus, and the left parahippocampal gyrus. Taken together, our metaanalysis reveals that object representations in the brain are distributed but at the same
18

time categorically organized. In addition, our results suggest that animals and tools
are categorically represented in visual areas but show increasing convergence in
higher-order associative areas in the temporal and frontal lobes in regions that are
associated with memory and / or semantic processing. Our results also suggest that
naming tools engages visual areas in the ventral stream as well as a fronto-parietal
network associated with tool use.
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Figure 1. ALE results for naming animals and for naming tools. The ALE maps shown in this figure were
merged with a Talairach template brain (Kochunov et al., 2002; available at: http://brainmap.org/ale) and were
thresholded at Pcorr < 0.05 using FDR. A) The left panel shows the ALE map for naming animals. B) The
middle panel shows the ALE map for naming tools. C) The right panel shows the conjoined ALE maps for
naming animals and naming tools. Abbreviations: ACC = anterior cingulate cortex, Cun = cuneus, LO = lateral
occipital area, MOG = middle occipital gyrus, parsTr = pars triangularis, PHG = parahippocampal gyrus, antFus = anterior fusiform, ITG = inferior temporal gyrus, post-Fus = posterior fusiform, PMd = dorsal premotor
area, MFG = middle frontal gyrus, Put = putamen, Th = thalamus, MTG = middle temporal gyrus, med-Fus =
medial fusiform, and STG = superior temporal gyrus.
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Figure 2. ALE results for differences between naming animals and naming tools: contrasts between studies. The
ALE maps shown in this figure were merged with a Talairach template brain (Kochunov et al., 2002; available
at: http://brainmap.org/ale) and were thresholded at Pcorr < 0.05 using FDR. A) The top part of the figure shows
the ALE map that we obtained from comparing foci found in studies that examined animal naming with those
from studies that examined tool naming; i.e. animal naming > tool naming. B) The bottom part of the figure
shows the ALE map that we obtained from comparing foci found for tool naming with those found for animal
naming; i.e. tool naming > animal naming. Abbreviations: ACC = anterior cingulate cortex, LO = lateral
occipital area, MFG = middle frontal gyrus, parsOp = pars opercularis, MOG = middle occipital gyrus, MFG =
middle frontal gyrus, vPFC = ventral prefrontal cortex, pos-Fus = posterior fusiform, and MTG = middle
temporal gyrus.
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Figure 3. ALE results for differences between naming animals and naming tools: contrasts within studies. The
ALE maps shown in this figure were merged with a Talairach template brain (Kochunov et al., 2002; available
at: http://brainmap.org/ale) and were thresholded at Pcorr < 0.05 using FDR. A) The top part of the figure shows
the ALE map that we obtained from analyzing the concordance of foci in studies that directly compared the
naming of animals with the naming of tools; i.e. animal naming > tool naming. B) The bottom part of the figure
shows the ALE map that we obtained from analyzing the concordance of foci in studies that directly compared
the naming of tools with the naming of animals; i.e. tool naming > animal naming. Abbreviations: LO = lateral
occipital area, Cun = cuneus, PostCG = post-central gyrus, ant-SPL = anterior superior parietal lobule, MTG =
middle temporal gyrus, IFG = inferior frontal gyrus, parsOp = pars opercularis, PMv = ventral premotor area,
MTG = middle temporal gyrus, med-Fus = medial fusiform, pos-Fus = posterior fusiform, ant = anterior
fusiform, and STG = superior temporal gyrus.
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Table 1. Published studies included in the meta-analysis.

Publication

Contrast

Animals >
Chao et al. (1999)

Tools
Tools >
Animals

Chao and Martin

Tools >

(2000)

Animals

Animals >
Chao et al. (2002)

Tools
Tools >
Animals

Animals >
Damasio et al.

Baseline

(1996)

Tools >
Baseline

Animals >
Graboswki et al.

Baseline

(1998)

Tools >
Baseline

Grafton et al.

Tools >

(1997)

Baseline

Grezes and Decety

Tools >

(2002)

Baseline

Joseph et al.

Animals >

(2006)

Baseline

Kawashima et al.

Animals >

(2001)

Baseline

Kiyosawa et al.

Tools >

(1996)

Baseline

Foci

Complexity of Naming Condition(s)

6

High-level stimuli (gray-scale photographs)

6

Low-level task (covert naming)

3

Complexity of Baseline Condition

High-level stimuli (gray-scale photographs)
Low-level task (covert naming)

7

High-level stimuli (gray-scale photographs)

5

Low-level task (covert naming)

3

3

1

2

6

5

3

5

14

Both high- and low-level stimuli (gray-scale

High-level stimuli (gray-scale photographs

photographs and line drawings)

of faces)

High-level task (overt naming)

High-level task (saying 'up' or 'down'
depending on the orientation of stimuli)

Both high- and low-level stimuli (gray-scale

High-level stimuli (gray-scale photographs

photographs and line drawings)

of faces)

High-level task (overt naming)

High-level task (saying 'up' or 'down'
depending on the orientation of stimuli)

High-level stimuli (real objects)

High-level stimuli (fractal objects)

Low-level task (covert naming)

Low-level task (passive viewing)

High-level stimuli (color photographs)

High-level stimuli (color illustration of
nonsense objects)

Low-level task (covert naming)

High-level task (size discrimination)

Low-level stimuli (line drawings)

Low-level stimuli (visual noise)

Low-level task (covert naming)

High-level task (saying 'blob')

High-level stimuli (color photographs)

High-level stimuli (series of digits)

Low-level task (covert naming)

High-level task (reading digits)

Level of stimuli not specified

Low-level stimuli (fixation dot)

High-level task (overt naming)

Low-level task (passive viewing)
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Animals >
Baseline
Tools >
Martin et al.

Baseline

(1996)

Animals >
Tools
Tools >
Animals

Murtha et al.

Animals >

(1999)

Baseline

Animals >
Okada et al. (2000)

Tools
Tools >
Animals

Tranel et al. (2005)

Tools >
Baseline

Valyear et al.

Tools >

(2007)

Animals

7
Low-level stimuli (line drawings)
7

Animals >

(1999)

Baseline

Animals >
Whatmough et al.

Tools

(2002)

Tools >
Animals

nonsense objects)

3
Low-level task (covert naming)

Low-level task (passive viewing)

6

20

Low-level stimuli (line drawings)
High-level task (overt naming)

4

5

nonsense patterns)
High-level task (saying 'yes')

'black and white images'
Low-level task (covert naming)

High-level stimuli (color photographs)
2
Low-level task (covert naming)

3

High-level stimuli (line drawings of

Level of stimuli not specified other than

High-level stimuli (color photographs of
faces)
High-level task (saying 'up' or 'down'
depending on the orientation of stimuli)

High-level stimuli (gray-scale photographs)
Low-level task (covert naming)

Level of stimuli not specified other than
Votaw et al.

High-level stimuli (line drawings of

9

'black and white pictures'
High-level task (overt naming)

5

Low-level stimuli (line drawings)

4

High-level task (overt naming)
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High-level stimuli (abstract figurines)
High-level task (saying 'small' or 'big'
depending on the szie of stimuli)

Table 2. Frequency of papers that received a particular score on each of thes qualitative
variables that we scored.
A. Color of the Stimuli
Color

Black & White

Not Specified

Animals

1

6

0

Tools

3

3

1

High

Low

Not Specified

Animals

3

5

1

Tools

5

3

1

High

Low

Not Specified

Animals

4

3

0

Tools

3

4

0

High

Low

Not Specified

Animals

6

1

0

Tools

6

1

0

High

Low

Not Specified

Animals

6

1

0

Tools

4

3

0

B. Visual Complexity of the Naming Stimuli

C. Task Complexity of the Naming Condition

D. Visual Complexity of the Baseline Stimuli

E. Task Complexity of the Baseline Condition
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Table 3. Naming animals > baseline tasks.

Brain Area

x

Y

Left Anterior Cingulate Cortex (ACC)

ALE-Statistic (x103)

z

-6

16

44

9.5

-38

-40

-16

6.8

-2

-82

8

6.9

Left Cuneus (Cun)

-14

-84

12

7.6

Left Inferior Temporal Gyrus (ITG)

-48

-46

-16

6.7

Left Lateral Occipital Area (LO)

-38

-76

-6

7.4

Left Middle Occipital Gyrus (MOG)

40

-72

10

9.3

Left Parahippocampal Gyrus (PHG)

-36

-30

-16

6.7

Left Pars Triangularis (parsTr)

-40

22

4

12.5

Left Posterior Fusiform (pos-Fus)

-40

-62

-18

9.2

8

-78

4

6.6

28

-70

-30

6.6

4

-78

20

6.3

Right Parahippocampal Gyrus (PHG)

24

-40

-8

6.5

Right Posterior Fusiform (pos-Fus)

40

-68

-18

12.4

2

8

-18

6.3

36

-18

-34

6.4

Left Anterior Fusiform (ant-Fus)
Left Calcarine Sulcus (V1)

Right Calcarine Sulcus (V1)
Right Cerebellum (Cereb)
Right Cuneus (Cun)

Right Rectus Gyrus (GR)
Right Uncus (Unc)

Coordinates are in Talairach space. The table lists foci obtained from ALE that reached Pcorr < 0.05 using FDR.
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Table 4. Naming tools > baseline tasks.

Brain Area
Left Anterior Cingulate Cortex (ACC)

X

Y

ALE-Statistic (x103)

z

-6

34

30

6.3

-40

-46

-12

6.7

-6

-62

-16

6.6

-36

-42

-24

6.3

Left Dorsal Premotor Area (PMd)

-40

-6

50

6.3

Left Lingual Gyrus (LG)

-20

-66

0

6.3

Left Medial Fusiform (med-Fus)

-28

-58

-16

6.6

Left Middle Frontal Gyrus (MFG)

-34

44

14

9.9

Left Middle Temporal Gyrus (MTG)

-50

-48

-12

10.3

Left Parahippocampal Gyrus (PHG)

-32

-28

-14

8.0

Left Pars Triangularis (parsTr)

-44

22

8

13.0

Left Post Central Gyrus (PostCG)

-54

-10

42

6.4

Left Putamen (Put)

-26

14

8

7.9

Left Superior Temporal Gyrus (STG)

-52

-30

2

6.4

Left Thalamus (Th)

-14

-12

8

6.6

42

-44

-12

6.6

Right Calcarine Sulcus (V1)

2

-84

8

6.6

Right Cerebellum (Cereb)

4

-66

-28

6.6

Right Uncus (Unc)

32

-6

-28

6.3

Right Ventral Prefrontal Cortex (vPFC)

38

26

0

6.3

Right Ventral Premotor Area (PMv)

28

0

32

6.3

Left Anterior Fusiform (ant-Fus)
Left Cerebellum (Cereb)

Right Anterior Fusiform (ant-Fus)

Coordinates are in Talairach space. The table lists foci obtained from ALE that reached Pcorr < 0.05 using FDR.
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Table 5. Naming animals ∩ naming tools.

Brain Area

x

y

ALE-Statistic (x103)

Z

Left Inferior Temporal Gyrus (ITG)

-48

-46

-16

6.6

Left Parahippcampal Gyrus (PHG)

-34

-30

-16

6.1

Left Pars Triangularis (parsTr)

-42

22

6

9.3

Coordinates are in Talairach space. The table lists foci obtained from ALE that reached Pcorr < 0.05 using FDR.
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Table 6. Contrasts between studies.

A

Naming Animals > Naming Tools
Brain Area

x

Left Anterior Cingulate Cortex (ACC)

y

ALE-Statistic (x103)

Z

-6

16

44

9.2

Left Cuneus (Cun)

-14

-84

12

7.6

Left Lateral-Occipital Area (LO)

-40

-74

-10

7.4

Left Posterior Fusiform (pos-Fus)

-40

-62

-18

9.1

Left Ventral Prefrontal Cortex (vPFC)

-40

22

2

10.1

Right Lateral-Occipital Area (LO)

48

-76

-4

6.5

Right Middle Occipital Gyrus (MOG)

40

-72

10

9.3

Right Posterior Fusiform (pos-Fus)

40

-68

-18

12.4

B

Naming Tools > Naming Animals
Brain Area

x

y

ALE-Statistic (x103)

Z

Left Middle Frontal Gyrus (MFG)

-34

44

14

9.9

Left Middle Temporal Gyrus (MTG)

-52

-50

-10

7.9

Left Pars Opercularis (parsOp)

-44

14

14

8.0

Left Pars Triangularis (parsTr)

-46

22

10

10.1

Coordinates are in Talairach space. The table lists foci obtained from ALE that reached Pcorr < 0.05 using FDR.
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Table 7. Contrasts within studies.

A

Naming Animals > Naming Tools
Brain Area

x

y

ALE-Statistic (x103)

z

Left Cuneus (Cun)

-12

-90

4

8.2

Left Posterior Fusiform (pos-Fus)

-38

-56

-20

6.6

Left Lateral Occipital Area (LO)

-38

-74

0

12.0

Right Anterior Fusiform (ant-Fus)

38

-46

-18

9.9

Right Cuneus (Cun)

16

-92

0

7.6

Right Lateral Occipital Area (LO)

42

-68

-6

7.8

Right Lingual (LG)

10

-64

2

6.6

B

Naming Tools > Naming Animals
Brain Area

x

y

ALE-Statistic (x103)

z

Left Anterior Superior Parietal Lobule (ant-SPL)

-30

-44

42

10.6

Left Inferior Frontal Gyrus (IFG)

-46

24

20

6.5

Left Insula

-28

14

14

6.3

Left Medial Fusiform (med-Fus)

-24

-58

-8

7.2

Left Middle Temporal Gyrus (MTG)

-44

-58

6

12.7

Left Pars Opercularis (ParsOp)

-50

10

18

7.8

Left Postcentral Gyrus (PostCG)

-44

-38

44

10.0

Left Ventral Premotor Area (PMv)

-48

0

22

10.4

Right Medial Fusiform (med-Fus)

26

-48

-16

6.5

Right Superior Temporal Gyrus (STG)

52

-58

14

7.0

Coordinates are in Talairach space. The table lists foci obtained from ALE that reached Pcorr < 0.05 using FDR.
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