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Viewing images of manipulable objects elicits differential blood oxygen level-dependent

(BOLD) contrast across parietal and dorsal occipital areas of the human brain that sup-

port object-directed reaching, grasping, and complex object manipulation. However, it is

unknown which object-selective regions of parietal cortex receive their principal inputs

from the ventral object-processing pathway and which receive their inputs from the dorsal

object-processing pathway. Parietal areas that receive their inputs from the ventral visual

pathway, rather than from the dorsal stream, will have inputs that are already filtered

through object categorization and identification processes. This predicts that parietal re-

gions that receive inputs from the ventral visual pathway should exhibit object-selective

responses that are resilient to contralateral visual field biases. To test this hypothesis,

adult participants viewed images of tools and animals that were presented to the left or

right visual fields during functional magnetic resonance imaging (fMRI). We found that the

left inferior parietal lobule showed robust tool preferences independently of the visual field

in which tool stimuli were presented. In contrast, a region in posterior parietal/dorsal

occipital cortex in the right hemisphere exhibited an interaction between visual field and

category: tool-preferences were strongest contralateral to the stimulus. These findings

suggest that action knowledge accessed in the left inferior parietal lobule operates over

inputs that are abstracted from the visual input and is contingent on analysis by the

ventral visual pathway, consistent with its putative role in supporting object manipulation

knowledge.
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1. Introduction

One overarching feature of the human visual system is the

contralateral representation of the visual fields across the two

hemispheres. Another feature is that subregions of high level

visual processing areas in the brain exhibit category prefer-

ences for a limited number of distinct categories (e.g., faces,

places, animals, body parts, tools; Allison, McCarthy, Nobre,

Puce, & Belger, 1994; Chao, Haxby, & Martin, 1999; Downing,

Jiang, Shuman, & Kanwisher, 2001; Epstein, Harris, Stanley,

& Kanwisher, 1999; Ishai, Ungerleider, Martin, Schouten, &

Haxby, 1999; Kanwisher, McDermott, & Chun, 1997; for

reviews, see Grill-Spector & Malach, 2004; Mahon &

Caramazza, 2009; Martin, 2007, 2009; Op de Beeck,

Haushofer, & Kanwisher, 2008; Peelen & Downing, 2007). A

third broad characteristic of high-level vision is the distinction

between a ventral and a dorsal visual object-processing

pathway: the ventral pathway supports object identification

while the dorsal pathway supports online control of object-

directed actions (Goodale & Milner, 1992; Goodale, Milner,

Jakobson, & Carey, 1991; Milner & Goodale, 2008; Ungerleider

& Mishkin, 1982). Here we study the confluence of these

three macroscopic properties of the visual system.

The ability to identify, grasp and then use objects correctly

according to their function requires coordinated processing

across the dorsal and ventral visual pathways, and in refer-

ence frames that are both invariant to the location of the

target object (identification) and highly dependent on the ob-

ject's location (grasping). A key issue is how and where in-

formation from the dorsal and ventral streams is integrated

(e.g., see Gallivan, Cant, Goodale, & Flanagan, 2014; Garcea,

Almeida, & Mahon, 2012; Garcea & Mahon, 2014). While such

integration likely occurs in multiple areas, one candidate

structure well suited to integrate information from the two

visual pathways is the left inferior parietal lobule. Prior work

has shown that the left parietal lobule exhibits neural speci-

ficity for manipulable objects (Chao & Martin, 2000; Mahon et

al., 2007; Mruczek, von Loga,& Kastner, 2013; Noppeney, Price,

Penny, & Friston, 2006; Peeters, Rizzolatti, & Orban, 2013; for

reviews, see Lewis, 2006; Martin, 2007), supports complex

object manipulation (Johnson-Frey, 2004; Liepmann, 1905;

Rumiati et al., 2004), and has the requisite functional and

anatomical connectivity that could, in principle, support the

integration of multiple streams of information (Garcea &

Mahon, 2014; Hutchison, Culham, Everling, Flanagan, &

Gallivan, 2014; Kravitz, Saleem, Baker, & Mishkin, 2011;

Rizzolatti & Matelli, 2003; Rushworth, Behrens, & Johansen-

Berg, 2006; Stevens, Tessler, Peng, & Martin, 2015; for discus-

sion, see Binkofski & Buxbaum, 2013).

Here we sought to test which regions of tool-selective pa-

rietal cortex receive functional inputs from the ventral visual

pathway, and which receive inputs from the dorsal object-

processing pathway. We reasoned that parietal regions that

receive inputs from the ventral visual pathway should exhibit

object-selectivity that largely abstracts away from the visual

field location in which the stimuli were presented. The moti-

vation for this prediction is that inputs that come via a ventral

visual analysis of the input will have already been filtered

through object categorization and identification processes. In
contrast, regions of parietal cortex or dorsal occipital cortex in

which stimulus processing is not mediated by analysis in the

ventral visual pathway, and which support volumetric anal-

ysis in the service of visuomotor actions, would be predicted

to show preferences for tools with a strong bias toward the

contralateral visual field (e.g., Handy, Grafton, Shroff, Ketay,&

Gazzaniga, 2003). To test these hypotheses, we designed a

functional magnetic resonance imaging (fMRI) experiment in

which tool and animal stimuli were presented in the right and

left visual fields while participants were required to maintain

fixation on a central fixation point. This design allows us to

determine brain regions that exhibit tool preferences regard-

less of whether the stimuli were presented in the left or right

visual fields, as well as regions that exhibit tool preferences

that are strongly modulated by the side of presentation.
2. Methods

2.1. Participants

Sixteen University of Rochester students (9 females; mean

age ¼ 22.4 years, SD ¼ 2.7 years) participated in the study in

exchange for payment. All participants were strongly right-

handed (as established with the Edinburgh Handedness

Questionnaire), had normal or corrected-to normal vision,

were native English speakers, and had no history of neuro-

logical disorders. All participants gave written informed con-

sent in accordance with the University of Rochester Research

Subjects Review Board.

2.2. General procedure

Stimulus presentation was controlled with ‘A Simple Frame-

work’ (ASF; Schwarzbach, 2011) using the Psychophysics

Toolbox (Pelli, 1997) in MATLAB running on a MacPro. All

participants viewed the stimuli binocularly through a mirror

attached to the head coil adjusted to allow foveal viewing of a

back-projected monitor (temporal resolution ¼ 120 Hz). Each

participant took part in two scanning sessions. The first

scanning session included a T1 anatomical scan (6 min), and 8

three-minute runs of a category localizer (91 volumes per run;

see below for materials and design). The second session

included 6 seven-minute runs of the lateralized picture

viewing experiment (204 volumes per run; see below for ma-

terials and design).

2.3. Experiment 1: tool, animal, face, place (TAFP)
localizer. Materials and design

Twelve grayscale photographs of tools, animals, famous faces,

and famousplaceswereused; each itemhad 8 exemplars (for a

total of 96 images per category; 384 images total). Phase-

scrambled versions of the stimuli were created to serve as a

baseline condition (for details on materials, see Fintzi &

Mahon, 2014). Participants passively viewed images of tools,

animals, faces, and places in a miniblock design. Within each

6-sec miniblock, 12 stimuli were presented for 500 msec each

(ISI ¼ 0 msec), and 6-sec fixation periods were presented be-

tween miniblocks; within each run, 8 miniblocks of intact
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images and 4 miniblocks of phase-scrambled versions of the

stimuli were presented. The order of stimulus presentation

was balanced such that upon completion of 8 runs the partic-

ipants had viewed all stimuli from the four categories (i.e., a

different exemplar was used in each run). All participants

completed 8 runs of theTAFP experiment (91 volumesper run).

2.4. Experiment 2: lateralized picture viewing materials
and design

Sixteen pictures of tools and 16 pictures of animals were used.

Scrambled versions of the items were created to serve as a

baseline condition (groups of pixelswere randomly displaced).

Participants maintained fixation on a centrally-presented

black dot while tool and animal stimuli were presented in a

miniblock design (the participants' gaze wasmonitored online

with a video feed inside the bore to ensure task compliance).

Within each 8-sec miniblock, 16 intact or scrambled tools or

animals were presented for 500 msec each (ISI ¼ 0 msec), in

either the left or right visual field (the center of the lateralized

stimuli subtended ~ 5 degrees of the visual angle). Miniblocks

were separated by 8 sec of fixation in which a black cross was

presented in the center of the screen.

There were 3 factors in the experiment e Visual Field (2

levels; right, left), Category (2 levels; animals, tools), and

Stimulus Identity (2 levels; intact, scrambled).Within a run, all

intact images were presented eight times (four times within

each visual field), and all scrambled images were presented

four times (two timeswithin each visual field); condition order

was random with the caveat that the same cell of the design

did not repeat across two successive miniblocks within a run.

Fifteen of the 16 participants completed 6 runs of the lateral-

ized picture viewing experiment; due to technical errors with

the experiment, 1 participant completed 4 runs of the later-

alized picture viewing experiment (always 204 volumes per

run). As part of a separate research question, the tool and

animal imageswere bathed in a red or green background color

during stimulus presentation; as this factor of the experiment

is not germane to the goals of the current report, it is not

analyzed.

2.5. MRI acquisition and preprocessing

Whole brain blood oxygen level-dependent (BOLD) imaging

was conducted on a 3-T Siemens MAGNETOM Trio scanner

with a 32-channel head coil located at the Rochester Center for

Brain Imaging. High-resolution structural T1 contrast images

were acquired using a magnetization prepared rapid gradient

echo (MP-RAGE) pulse sequence at the start of each session

(TR ¼ 2530, TE ¼ 3.44 msec, flip angle ¼ 7�, FOV ¼ 256 mm,

matrix ¼ 256 � 256, 1 � 1 � 1 mm sagittal left-to-right slices).

An echo-planar imaging pulse sequence was used for T2*

contrast (TR ¼ 2000 msec, TE ¼ 30 msec, flip angle ¼ 90�,
FOV ¼ 256 � 256 mm,matrix ¼ 64 � 64, 30 sagittal left-to-right

slices, voxel size ¼ 4 � 4 � 4 mm). The first two volumes of

each run were discarded to allow for signal equilibration.

MRI data were analyzed with the BrainVoyager software

package (Version 2.8) and in-house scripts drawing on the

BVQX toolbox written in MATLAB (http://support.

brainvoyager.com/available-tools/52-matlab-tools-bvxqtools.
html). Preprocessing of the functional data included, in the

following order, slice scan time correction (sinc interpolation),

motion correction with respect to the first volume of the first

functional run, and linear trend removal in the temporal

domain (cutoff: 2 cycles within the run). Functional data were

registered (after contrast inversion of the first volume) to high-

resolution deskulled anatomy on a participant-by-participant

basis in native space. For each participant, echo-planar and

anatomical volumes were transformed into standardized

space (Talairach & Tournoux, 1988). All functional data were

smoothed at 6 mm FWHM (1.5 voxels), and interpolated to

3 mm3 voxels.
3. Results

3.1. Independent definition of tool preferring regions

Tool preferring voxels were identified in a whole-brain anal-

ysis (random effects general linear model; p < .005, cluster

corrected) with the contrast of Tools > Animals using the in-

dependent category-localizer experiment (for details, see

Experiment 1 in Methods). Replicating previous studies (Chao

et al., 1999; Chao & Martin, 2000; Garcea & Mahon, 2014;

Mahon et al., 2007; Mahon, Kumar, & Almeida, 2013;

Noppeney et al., 2006), viewing images of tools led to

increased BOLD contrast in the left inferior and superior pa-

rietal lobule, the left posterior/inferior middle temporal gyrus,

the left posterior parietal/dorsal occipital cortex, and bilateral

medial fusiform gyrus. In addition, there was a significant

increase in BOLD contrast for tool stimuli in the right superior

parietal lobule, and the right posterior parietal/dorsal occipital

cortex. The effect in the right posterior parietal/dorsal occip-

ital tool preferring area was weaker than in the other areas,

and was definedwith amore lenient threshold, p < .01, cluster

corrected. We note however that the location of this tool-

preferring region is in very good agreement with prior work

from our lab (e.g., Garcea&Mahon, 2014) and others (e.g., Fang

& He, 2005). Fig. 1 shows all voxels in the brain that exhibited

increased BOLD contrast for tool compared to animal stimuli,

and Table 1 lists the coordinates and statistical values asso-

ciated with the peak voxels for each region of interest (ROI).

3.2. Tool preferences robust to lateralized presentation

We next evaluated in which regions tool preferences were

robust to the visual field in which the stimuli were presented.

Themost stringent test would be to run awhole brain analysis

identifying all voxels that survive the conjunction analysis of

[right tools]> [right animals]& [left tools] > [left animals]dany

voxel that survives this conjunction would exhibit tool pref-

erences regardless of whether the stimuli are presented in the

left or right visual field (see Nichols, Brett, Andersson, Wager,

& Poline, 2004). The resulting whole-brain contrast map is

plotted in Fig. 2. The results from that conjunction analysis

identify the left posterior/inferior middle temporal gyrus,

bilateral medial fusiform gyri, and critically the left inferior

parietal lobule. It is important to note the lack of significant

BOLD contrast in the left superior parietal lobule and in any of

the right hemisphere regions that expressed significant BOLD

http://support.brainvoyager.com/available-tools/52-matlab-tools-bvxqtools.html
http://support.brainvoyager.com/available-tools/52-matlab-tools-bvxqtools.html
http://support.brainvoyager.com/available-tools/52-matlab-tools-bvxqtools.html
http://dx.doi.org/10.1016/j.cortex.2016.04.006
http://dx.doi.org/10.1016/j.cortex.2016.04.006


Fig. 1 e Tool Preferences in the Right and Left Dorsal and Ventral Visual Pathways. Tool preferences were identified with the

contrast of ‘Tools > Animals’ (p < .005). The whole-brain contrast map was corrected using a Monte-Carlo style permutation

test that thresholds voxel cluster size to maintain a Type I error rate of 5% (AlphaSim, 1000 iterations). This contrast

identifies bilateral superior parietal lobules, bilateral medial fusiform gyri, bilateral posterior parietal/dorsal occipital

cortices (identified at a more lenient threshold of p < .01), the left inferior parietal lobule, and the left posterior/inferior

middle temporal gyrus.

Table 1e Talairach coordinates for peak voxels from regions showing differential BOLD contrast for Tool stimuli in the TAFP
Localizer.

Region Peak voxel coordinates (XYZ) Statistical value for peak voxel Volume (mm3)

Left parietal cortex �34 �50 51 t(15) ¼ 8.94, p < .001 15,328

Left medial fusiform gyrus �25 �35 �24 t(15) ¼ 7.43, p < .001 4803

Left posterior/inferior middle temporal gyrus �49 �56 �6 t(15) ¼ 5.49, p < .001 4196

Left posterior parietal/dorsal occipital cortex �25 �71 36 t(15) ¼ 4.82, p < .001 918

Right superior parietal lobule 17 �62 48 t(15) ¼ 4.42, p < .001 3499

Right medial fusiform gyrus 29 �56 �6 t(15) ¼ 8.39, p < .001 2884

Right posterior parietal/dorsal occipital cortex 35 �83 19 t(15) ¼ 4.45, p < .001 4978
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contrast for tool stimuli in the independent category localizer.

This can be seen in Fig. 2, as the borders of the independently

defined tool preferring regions from the functional localizer

experiment are outlined in yellow.

3.3. Tool preferences modulated by visual field of
presentation

We next sought positive evidence that more posterior parie-

tal or dorsal occipital regions would exhibit tool preferences

that are driven by contralateral stimulus presentation. To

that end, we carried out a whole-brain repeated measures

ANOVA over the data from Experiment 2, the experiment in
which participants maintained central fixation while images

of tools and animals were presented in the left and right

visual fields. The ANOVA modeled the main effects of cate-

gory (two levels; tool, animal), visual field location (two

levels; left visual field, right visual field), stimulus identity

(two levels; intact, scrambled), and the interaction among

the three factors. A second goal was to confirm that any

regions that exhibit a significant 3-way interaction were

showing modulation of category by location only for intact

stimuli: to that end, a separate whole-brain 2-way ANOVA

between category (tools, animals) and location (left, right)

was run over only the intact stimuli (i.e., excluding the

scrambled images).

http://dx.doi.org/10.1016/j.cortex.2016.04.006
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Fig. 2 e Whole-brain increase in BOLD contrast for the

conjunction of right [Right Tool e Right Animal] and left

[Left Tool e Left Animal] tool preferences in the lateralized

picture viewing experiment. The ROIs from the

independent functional category localizer (Fig. 1) are

outlined in yellow. All whole-brain maps were cluster-

corrected.
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Themost conservative test to identify regions inwhich tool

preferences are modulated by side of presentation is to take

the intersection of two maps: the 3-way interaction between

category*visual field location*stimulus identity and the 2-way

category*visual field location (only for intact stimuli). Any

voxel identified as overlapping those two interaction tests

would exhibit modulation of category-preferences by side of

presentation only for intact stimuli. The resulting intersection

map is plotted in Fig. 3A. The only region of the brain identified

in this interactionmap, thatwas also independently identified

as exhibiting tool preferences in the category localizer session,

was the right posterior parietal/dorsal occipital region (see

Fig. 3B). A visualization of BOLD contrast by condition for

those intersecting voxels confirmed that responses were

driven by contralaterally presented tool stimuli (see Fig. 3C).

3.4. ROI analysis

As a final test, we carried out an ROI analysis in which we

tested for interaction effects between ‘Category’ and ‘Visual

Field Location’ using data from the lateralized viewing

experiment (Experiment 2, only for intact stimuli). This was

carried out in ROIs that were independently defined with the

category-localizer experiment (Experiment 1). BOLD contrast

values were extracted from the lateralized viewing experi-

ment for all of the independently defined ROIs (see Fig. 4). As

expected, there was a significant interaction between Visual

Field Location and Category in only one ROI: the right poste-

rior parietal/dorsal occipital cortex [F (1, 15) ¼ 5.60, p < .05; see

Fig. 4G]. BOLD contrast in that region during the lateralized
viewing experiment was maximal for tools presented in the

left (i.e., contralateral) visual field. The planned contrast of

(Left Tool � Left Animal) > (Right Tool e Right Animal) was signifi-

cant [t (15) ¼ 2.37, p < .05]. There was no interaction between

Visual Field Location and Category in any of the other regions

identified by the independent functional localizer (all p > .17).
4. Discussion

The goal of the current investigation was to advance our un-

derstanding of how three fundamental properties of high level

vision interact: category preferences, contralateral visual pro-

cessing, and the distinction between the dorsal and ventral

visual pathways. We reasoned that tool-preferring regions of

parietal cortex whose inputs have been filtered through object

recognition processes in ventral temporal-occipital cortex

would exhibit a higher degree of tolerance to the visual field

location of the stimuli. In contrast, tool-preferring regions of

parietal cortex whose inputs come by way of the dorsal visual

pathway (i.e., independent of processing in ventral temporal-

occipital cortex) should exhibit a strong interaction between

the side of presentation of the visual stimulus and any

category-preferences. A conjunction analysis that identified

regions exhibiting tool preferences regardless of whether the

stimuliwere presented in the left or right visual fields identified

the left inferior parietal lobule, the left medial fusiform gyrus,

and the left posterior/inferiormiddle temporal gyrus (Fig. 2). By

comparison, a whole-brain repeated measures ANOVA that

identified regions in which category preferences were modu-

lated by the side of presentation only for intact stimuli identi-

fied the right dorsal occipital cortex bordering on posterior

parietal cortex. In a final test, we found that of all of the regions

identified as exhibiting tool preferences using an independent

functional localizer, the only region that showed a significant

interaction between category and side-of-presentationwas the

right posterior parietal/dorsal occipital cortex.

There is a long history of lesion work which shows that

limb apraxia, a neuropsychological deficit in using objects

correctly according to their function, is associated with le-

sions to the left inferior parietal lobule (see e.g., Buxbaum,

Veramonti, & Schwartz, 2000; Garcea, Dombovy, & Mahon,

2013; Garcea & Mahon, 2014; Ochipa, Rothi, & Heilman, 1989;

Mahon et al., 2007; Negri et al., 2007; for reviews, see

Binkofski & Buxbaum, 2013; Cubelli, Marchetti, Boscolo, &

Della Salla, 2000; Goldenberg, 2009; Johnson-Frey, 2004;

Mahon & Caramazza, 2005; Osiurak, 2014; Rothi, Ochipa, &

Heilman, 1991). On the basis of those patient data, and addi-

tional neuroimaging findings (Boronat et al., 2005; Canessa

et al., 2008; Chen, Garcea, & Mahon, 2016; Garcea & Mahon,

2014; Kellenbach, Brett, & Patterson, 2003; Mahon et al.,

2007; Rumiati et al., 2004), it has been suggested that com-

plex object associatedmanipulation knowledge is represented

in the left inferior parietal lobule. Our findings and interpre-

tation are entirely in line with that proposal, as complex ob-

ject manipulation knowledge could only be accessed

subsequent to accessing the identity of the object. In other

words, the knowledge that a hammer is manipulated with a

pounding motion presupposes that the object has been iden-

tified as a hammer, and possibly as well that the function of

http://dx.doi.org/10.1016/j.cortex.2016.04.006
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Fig. 3 e Whole-brain overlap between the Category*Visual Field Location*Stimulus Identity interaction and the

Category*Visual Field Location interaction for intact stimuli identifies the right posterior parietal/dorsal occipital cortex. The

whole-brain results are plotted as axial slices (panel A). A gray-matter mask was used to indicate which cortical voxels

showed robust category preferences that were modulated by the side of presentation for intact stimuli only. The ROIs from

the independent category localizer (Fig. 1) are outlined in yellow; the overlap between the 3-way interaction map and the 2-

way interaction map is marked in red. The only region that emerges in common to the two whole-brain ANOVAs and which

was also identified by the category-localizer experiment as exhibiting tool preferences was the right posterior parietal/

dorsal occipital cortex (panel B). Responses in the right posterior parietal/dorsal occipital region were driven by

contralaterally presented tool stimuli (panel C). T., tools; An., animals.
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the object has been accessed (for discussion, see Almeida,

Fintzi, & Mahon, 2013; Binkofski & Buxbaum, 2013;

Bruffaerts et al., 2014; Gallivan et al., 2014; Gallivan,

Johnsrude, & Flanagan, 2016; Garcea & Mahon, 2014; Mahon

et al., 2013). It is difficult to envision how those types of in-

formation could be extracted bottom up from the volumetric

properties of the object, which is the information that the

dorsal visual pathway has available.

The conclusion that tool preferences in the left inferior

parietal lobule are contingent on analysis of the visual input

by the ventral visual pathway is not incompatible with the

view that inferior parietal BOLD responses are likely an ag-

gregation of processing that occurs at varying time scales and

across multiple brain regions. For instance, Bar et al. (2006)

found that object recognition-associated responses in orbito-

frontal cortex preceded activity in ventral temporal cortex (see

also Fintzi & Mahon, 2014). On the basis of those and other

findings, Bar and colleagues argued that prefrontal processing

of object information provides an initial first pass analysis of

the visual input, that can then be used to bias slower, and

more detailed visual processing in the ventral stream. How-

ever, this does not change the conclusion that the retrieval of
object-associated manipulation knowledge is contingent upon

the retrieval of object identity via the ventral visual pathway.

That proposal could explain why responses in the left inferior

parietal lobule are robust to changes in the visual field location

of the stimuli. It is also consistent with observations that

psychophysical treatments of stimuli that bias processing

away from the dorsal visual pathway result in tool preferences

that are restricted to the left inferior parietal lobule (Almeida

et al., 2013; Mahon et al., 2013).

It is also important to note that our findings are not incom-

patiblewith the fact thathigherorder object responsive areas in

the ventral streamexhibit robustmodulation by the visual field

location of stimuli (Kravitz, Kriegeskorte, & Baker, 2010; Levy,

Hasson, Avidan, Hendler, & Malach, 2001; Orban, Zhu, &

Vanduffel, 2014). For instance, we observed a clear and strong

contralateral bias in the strength of neural activity induced by

lateralized stimuli throughout the ventral visual pathway (see

Fig. 4). However, there was no statistical interaction between

visual field and category in the medial fusiform gyri (Fig. 3),

indicating that tool preferences in the fusiform gyri are not

modulated by visual hemifield location (see also Fig. 2). The

proposal that representations of objects that result from

http://dx.doi.org/10.1016/j.cortex.2016.04.006
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Fig. 4 e Percent Signal Change (BOLD) for the functionally-defined ROIs as a function of stimulus category and visual field

location. BOLD contrast from the scrambled tool and animalminiblocks were averaged into one scrambled condition and are

included for reference.
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processing in ventral visual pathway would be tolerant to

changes in visual field location of the stimulus is not incom-

patible with the view that some representations in the ventral

stream may be category- and visual-field specific (e.g., see

Kravitz, Peng, and Baker, 2011; Kravitz, Vinson, & Baker, 2008).

A second aspect of our findings that is important to note is

that tool preferences in dorsal occipital/posterior parietal re-

gionswere significantlymodulated by visual field location only

in the right hemisphere. The lack of an interaction in the left

hemisphere is interesting considering there were robust re-

sponses for tools in dorsal occipital regions of that hemi-

sphere when contrasting the BOLD signal for contralaterally-

presented tools with all other conditions (see Supplemental

Figure 1). It remains an open issue for future research how

tool representations in posterior dorsal structures may be

influenced by handedness, language dominance, and the

interaction of those factors during visual object recognition of

tools (see e.g., Vingerhoets, 2014).

More generally, our results are consistent with the broader

theoretical framework that the left inferior parietal lobule (left

supramarginal gyrus, anterior intraparietal sulcus) integrates

volumetric information relevant for shaping the hand when

grasping objects, with complex object-associated manipula-

tion knowledge. While the retrieval of complex object-

associated manipulation knowledge is contingent on the

computation of object identity by the ventral visual pathway

(e.g., see Cant & Goodale, 2007; Gallivan et al., 2014), hand

shaping for grasping can plausibly be driven bottom-up by

volumetric information communicated by the dorsal stream.

For instance, Culham et al. (2003) found that reaching actions

maximally activate posterior/superior parietal regions, in the

vicinity of the dorsal occipital region we identified herein (i.e.,

in the vicinity of V6/V6a; see also Cavina-Pratesi, Goodale, &

Culham, 2007; Fang & He, 2005; Gallivan, Cavina-Pratesi, &

Culham, 2009; Konen, Mruczek, Montoya, & Kastner, 2013;

Pitzalis et al., 2006; Rossit, McAdam, Mclean, Goodale, & Cul-

ham, 2013); in contrast, reach-to-grasp actions maximally

activate the anterior intraparietal sulcus (for patient evidence,

see Binkofski et al., 1998). It is important to underline, how-

ever, that object grasping in the service of objectmanipulation

presupposes a functionally appropriate graspdthus, while

basic grasp points may be derivable bottom up on the basis of

information propagated through the dorsal stream (e.g.,

Goodale et al., 1991), functionally appropriate grasps likely

require inputs from computations that are supported by the

ventral visual pathway (Carey, Harvey,&Milner, 1996; Valyear

& Culham, 2010). Our findings suggest that the left inferior

parietal lobule may be at least one of the brain regions that

supports the integration of information communicated by the

ventral visual pathway with information communicated via

the dorsal visual pathway.
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