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Abstract

In the preceding paper (Lacey et al., 2009), we showed that the activations evoked by visual
imagery overlapped more extensively, and their magnitudes were more correlated, with those
evoked during haptic shape perception of familiar, compared to unfamiliar, objects. Here we used
task-specific analyses of functional and effective connectivity to provide convergent evidence.
These analyses showed that the visual imagery and familiar haptic shape tasks activated similar
networks, whereas the unfamiliar haptic shape task activated a different network. Multivariate
Granger causality analyses of effective connectivity, in both a conventional form and one purged
of zero-lag correlations, showed that the visual imagery and familiar haptic shape networks
involved top-down paths from prefrontal cortex into the lateral occipital complex (LOC), whereas
the unfamiliar haptic shape network was characterized by bottom-up, somatosensory inputs into
the LOC. We conclude that shape representations in the LOC are flexibly accessible, either top-
down or bottom-up, according to task demands, and that visual imagery is more involved in LOC
activation during haptic shape perception when objects are familiar, compared to unfamiliar.
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Introduction
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In the preceding paper (Lacey et al., 2009), we showed that the extent to which haptic shape
perception (HS) shares neural circuitry with visual imagery (V1) depends on familiarity of
the objects used during the haptic shape task: For unfamiliar, meaningless objects, the extent
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of overlap of shape-selective activation with activation during visual shape imagery is
limited, and most of the overlapping foci do not exhibit correlated activation magnitudes
across subjects between the HS and VI tasks. In contrast, the activity evoked during HS
perception using familiar objects overlaps much more extensively with that evoked during
VI, and activation magnitudes across subjects are significantly correlated between the HS
and VI tasks in a number of the overlap zones, including the lateral occipital complex (LOC)
bilaterally. These findings suggest that recruitment of the LOC during HS perception reflects
VI when the palpated objects are familiar, but not when they are unfamiliar.

In this paper, we present converging evidence on the role of VI during HS, using analysis of
connectivity during task performance. Since VI involves top-down paths from prefrontal and
posterior parietal cortex into visual cortex (Mechelli et al., 2004), imagery mediation of
LOC recruitment would imply analogous top-down paths into the LOC during both the VI
and HS tasks. An alternative hypothesis is that LOC recruitment during HS perception
reflects engagement of a multisensory representation of shape via bottom-up projections
from somatosensory cortex. This would be favored by the existence of bottom-up paths into
the LOC from somatosensory cortical areas. Earlier studies of effective connectivity (EC)
during HS were consistent with the idea that there are both bottom-up paths from
somatosensory cortex, and top-down paths from postero-supero-medial parietal cortex, into
the LOC (Peltier et al., 2007; Deshpande et al., 2008). These studies, however, were based
on the use of unfamiliar objects only, and also did not analyze EC by task. Here we analyzed
task-specific EC during VI, HS perception of unfamiliar objects and HS perception of
familiar objects using data presented in the preceding paper to test specific predictions about
paths into the LOC: that the LOC would be driven primarily top-down from prefrontal and
parietal cortex during VI and HS perception of familiar objects, but by bottom-up paths from
somatosensory cortex during HS perception of unfamiliar objects. Further, we tested the
more general predictions that connectivity patterns during VI would be similar to those
during HS for familiar, but not unfamiliar objects. A set of regions of interest (ROIs) was
chosen to test these predictions, as elaborated later.

EC was analyzed using Granger causality (GC), which infers causality between two time
series by means of cross-prediction: if future values of time series y(t) can be predicted from
past values of time series x(t), then x(t) can be inferred to have a causal influence on y(t)
(Granger, 1969). EC between a number of ROIs can be assessed by applying this approach,
in a multivariate manner, to the time series of blood oxygenation level-dependent (BOLD)
signal intensities from selected ROIs, as described in previous reports from our group (Stilla
et al., 2007, 2008; Deshpande et al., 2008). Unlike earlier, bivariate, implementations of GC
analysis which could only probe inputs to and outputs from one region at a time, the
multivariate approach allows simultaneous assessment of all potential interactions between
the selected ROIs while filtering out indirect effects mediated through intermediate nodes in
the network. While our previous studies examined EC using the entire time series data, here
we employed the same approach in a task-specific manner.

Recent work from our group (Deshpande et al., 2009) has examined the relation between
GC and the commonly used functional connectivity (FC), which is based on instantaneous
correlations between BOLD time series in various regions (Buchel and Friston, 2001).
Previous studies have likened instantaneous GC, obtained from the vector autoregressive
model (VAR) used to compute GC, to zero-lag correlation (Roebroeck et al, 2005).
However, since instantaneous GC and time-lagged GC are derived from a common
parameter — the variance of the VAR model error — the causality measures obtained are not
independent of zero-lag correlation effects. Using simulations and analyses of functional
magnetic resonance imaging (fMRI) data from a verbal working memory task, we showed
that zero-lag correlations can leak into time-lagged GC estimates based on the hemodynamic
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response, owing to temporal blurring of neuronal activity (Deshpande et al., 2009). We
therefore introduced a method to eliminate the effect of such zero-lag correlations from GC-
based networks by explicitly modeling the zero-lag influences in the VAR model and then
excluding their contribution to causal influences; we term this analysis correlation-purged
GC (CPGC). Here we apply this method to the task-specific GC analysis of VI and HS
outlined above. The resulting CPGC-based network can be considered to conservatively
estimate directional interactions (i.e., EC) as inferred from BOLD time series, while the
original GC-based network includes the true EC as well as the FC that leaked into the causal
domain and thus spuriously appeared as EC. We present the results of both GC and CPGC
analyses, and also report networks based on zero-lag correlation, corresponding to the
commonly computed FC. It should be noted that zero-lag correlation-based (FC-based)
networks in the present work as well as previous studies may include not only true
instantaneous neuronal correlations, but also, potentially, directional neuronal interactions
that occur too fast to be captured by the sluggish BOLD response. Examining all three types
of analysis affords a complete picture of the network interactions, as reflected in the
hemodynamic response.

Materials and Methods

Details regarding participants, tasks, image acquisition and image analysis are provided in
the preceding paper (Lacey et al., 2009). Briefly, we conducted two experiments, with eight
neurologically normal participants in each experiment (one person participated in both
experiments). In each experiment, there was a session comprising runs of a VI task that
required discrimination of the shape of visually imaged objects in response to hearing the
object names, with a control condition involving discrimination of words from non-words
(WnW task). Each experiment also included a separate session comprising runs of a
condition that required HS discrimination, the control for this being a condition requiring
haptic texture (HT) discrimination. In Experiment 1, the HS task used unfamiliar,
meaningless objects whereas in Experiment 2, the HS task used familiar objects. In other
respects, the two experiments were identical. In each experiment, activations in the VI and
HS condition were first identified relative to their respective control conditions, after which
conjunction analyses were used to reveal voxels active in both VI and HS conditions.

Connectivity analyses were performed on selected regions of interest (ROISs) constrained to
be no larger than 125mm3 (5x5x5mm cube), and centered on centers of gravity of particular
activations or overlap zones. A set of eighteen ROIs was chosen to test our a priori
hypotheses. We began with the overlap zones identified by the conjunction of voxels active
on both the VI task and the HS task (relative to their respective control conditions). There
were 11 such overlap zones from Experiment 2, i.e., zones of overlap between activations
evoked during VI and those evoked during familiar HS. These included the LOC foci which
were also overlap zones in Experiment 1, i.e., zones of overlap between activations evoked
during VI and those evoked during unfamiliar HS. Further, we also included the two
additional overlap zones that were found only in Experiment 1 but not Experiment 2. Thus,
altogether, there were 13 overlap zones that were present in at least one of the two
experiments (Table 3 of Lacey et al., 2009). Apart from the LOCs, this set of ROlIs included
a number of prefrontal and parietal cortical foci that could be sources of top-down drive into
the LOC:s.

Next, we added four ROIs: bilateral postcentral sulcus (PCS), left anterior intraparietal
sulcus (alPS) and left posterior intraparietal sulcus (pIPS), that were common to both HS
tasks (Table 8 of Lacey et al., 2009). The PCS corresponds to Brodmann's area 2 (Grefkes et
al., 2001), which is part of primary somatosensory cortex, and could be the source of
bottom-up somatosensory inputs into the LOC; while the two IPS areas could potentially
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funnel either bottom-up or top-down inputs into the LOC. Finally, the left frontal eye field
(FEF) was included as a region active during VI and both HS tasks, although there was no
significant overlap between activations due to VI and those due to HS (Tables 1, 2, 4, 5 of
Lacey et al., 2009). Non-human primate studies have shown that ventral visual areas such as
V4 are modulated by FEF activity during visual tasks (Moore and Armstrong, 2003);
inclusion of the FEF allowed us to test the possibility that LOC activity during haptic
perception is influenced by the FEF. Note that the LOC and PCS were the only paired ROIs,
all other ROIs being left-sided. In what follows, therefore, the side of the ROI will be
mentioned only for the LOC and the PCS.

The task-specific time series for these ROIs were extracted from the respective task blocks.
These data were averaged across voxels within each ROI, normalized across runs and
subjects, and concatenated across all runs and subjects to form a single vector per ROI.
Using methods described previously (Stilla et al., 2007; Deshpande et al., 2008), a
multivariate VAR model of the time series data was used to compute a directed transfer
function for each potential interaction among the selected ROIs, thus generating a GC-based
connectivity matrix for each task. As detailed elsewhere (Deshpande et al., 2009) and
summarized below, we also computed the FC network and the CPGC-based network for
each task by explicitly modeling the zero-lag term in the autoregressive model and using this
term to derive the FC-based networks, but omitting this term in computing the CPGC-based
networks.

Given n time series X(t) = [x1(t) xo(t) ... Xp(t)], the traditional VAR model of order p is
given by:

X(H=ADHX(t - D+AQ)X(t — 2)+- - - +A(p)X(t — p)+E() (1)

where A(1) ... A(p) are the coefficients of the model and E(t) is the model error. We
previously reported a multivariate GC measure derived based on the model coefficients A(1)
... A(p) (Stilla et al., 2007, 2008; Deshpande et al., 2008). In order to account for the zero-
lag correlation effects, we introduced the zero-lag term into Eq.1. Thus,

X()=A (0)X()+A (DX(t — D+A (2)X(t - 2)+ - --+A (p)X(t — p)+E (1) @)

where the diagonal elements of A’(0) are zero such that only the instantaneous cross-
correlation, and not the auto-correlation, between the time series are modeled. The inclusion
of the zero-lag term affects the value of other coefficients and hence A'(1) ... A’ (p) # A(1)
... A(p). Furthermore, GC obtained from A'(1) ... A’ (p) are cleansed of zero-lag correlation;
we term the result correlation-purged GC (CPGC). In addition, the value of A'(0) represents
the zero-lag correlation between the time series. It is to be noted that temporal dispersion
caused by hemodynamic blurring could cause interactions between zero-lag and time-lagged
correlations. CPGC estimated from the above procedure is likely to make it free from the
“leakage” of zero-lag correlation into the causal domain under the assumption of linearity.

For the GC and CPGC analyses, model order was taken as 1, i.e., Granger causality was
computed using the minimum time lag of one repetition time (TR, 2 s). The statistical
significance of the path weights in the task-specific connectivity matrices was determined
using surrogate data, as detailed previously (Stilla et al., 2007; Deshpande et al., 2008). To
assess the similarity between the networks (of each type) underlying each task, 2D
correlation coefficients were computed between the task-specific connectivity matrices for
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the task-pairs in each experiment (V1 and HS) and also between those for familiar and
unfamiliar HS, as well as for the VI task in the two experiments: it should be noted that
these latter two task-pairs used data from different experiments, with subject groups that
were different with the exception of a single common subject. Further, we computed inter-
task correlations between VI and HS in each experiment for the weights of significant paths
that were common to both tasks.

Figures 1 and 2 illustrate the significant connections, and their directions, that emerged from
multivariate connectivity analyses for the task-pairs in Experiments 1 and 2, respectively, in
the conventional GC analyses (left panels), FC analyses (middle panels) and CPGC analyses
(right panels). Tables 1-12 show the path weights for all interactions in the connectivity
matrices for each condition in each type of analysis, with the significant paths shown in bold
type. All significant path weights in the conventional GC analyses as well as the CPGC
analyses co-varied, i.e., the BOLD signal for the two ROIs connected by each of these paths
tended to rise or fall together, albeit with a phase difference (Stilla et al., 2007; Deshpande et
al., 2008). While this type of co-variation is analogous to a positive correlation, this does not
necessarily imply that the paths are excitatory, because the imaging data and connectivity
analyses are based on the hemodynamic response, whose relationship with synaptic
excitation and inhibition is still unclear. The three types of analysis are considered in turn
below.

VI—During VI, the connectivity matrices were very similar in both experiments (compare
top left panels in Figures 1 and 2, and path weights in Tables 1 and 2). In both experiments,
the LOCs were driven largely from prefrontal ROIs, with significant inputs to both LOCs
from the inferior frontal gyrus (IFG) and the orbitofrontal cortex (OFC). This fits with the
expected pattern of top-down drive into the LOCs. Further, these regions (the LOCs, IFG
and OFC) were reciprocally connected, and the largest number of paths overall emanated
from the IFG. Another set of reciprocal connections involved the dorsal premotor cortex
(PMd), ventral premotor cortex (PMv) and the pulvinar region of the thalamus (Pul).

Unfamiliar HS perception—During unfamiliar HS (Figure 1, bottom left panel; Table 3),
unlike during VI, the most prominent overall source was the right PCS, which was also the
only ROI to drive both LOCs, while both right and left PCS drove the right LOC. These
paths signify the presence of bottom-up inputs into the LOC, which were all reciprocated.
There were also reciprocal interactions between the left LOC and anterior-ventral IPS
(avIPS), and a path from the medial superior frontal gyrus (mSFG) to the left LOC. The
latter path may reflect some top-down drive into the LOC. Unlike VI (see above) or familiar
HS (see below), the PCS provided significant inputs to regions of the IPS: the left PCS
drove the anterior IPS (alPS) and superomedial IPS (smIPS) foci, and the right PCS drove
the avIPS and smIPS foci. All but the last of these paths were reciprocal. The FEF was
reciprocally connected with the alPS; it also drove the smIPS and received input from the
mSFG and PMd foci.

Familiar HS perception—Finally, during familiar HS (Figure 2, bottom left panel; Table
4), the IFG was a major source of outputs, as was the mSFG. The IFG drove both LOCs
while the OFC drove the left LOC, once again consistent with top-down inputs into the
LOCs, which were reciprocated — this pattern was similar to that found for VI. Strong
reciprocal connections were found between the mid-fusiform (MF) focus and both LOCs.
The posterior-ventral IPS (pvIPS) drove both LOCs with reciprocal drive from the left LOC,
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and there was another set of reciprocal connections involving the IFG, PMd and Pul region.
The FEF was reciprocally connected with the PCS and avlIPS.

Comparisons between tasks—Comparing these GC connectivity patterns between
tasks suggests that the V1 task was associated with similar connectivity patterns as the
familiar HS task, but not the unfamiliar HS task. Consistent with this impression, the 2D
correlation between connectivity matrices was highly significant for VI and familiar HS (r =
0.51, p < 1019, data from Expt. 2) but insignificant between VI and unfamiliar HS (r =
-0.01, p = 0.91, data from Expt. 1). There was, interestingly, no significant correlation (r =
0.04, p = 0.51) between the two HS conditions, although these nominally involved the same
task (the two HS conditions differed only with respect to object familiarity). This was not
simply due to different subject groups for the two tasks, since the 2D correlations between
the two experiments for the V1 task, which also involved different subject groups, was very
high (r = 0.97, p < 10'19),

VI—During VI (middle panels, top rows, Figures 1 and 2; Tables 5 and 6), the FC analyses
revealed two essentially segregated networks — zero-lag correlations were present between
areas within each of these networks but not between areas belonging to the different
networks. In both experiments, one of these networks involved the LOCs, the pulvinar and a
number of prefrontal regions: OFC, IFG, PMv, and PMd. The other network in Experiment
1 comprised the left PCS, and multiple parts of the IPS (alPS, smIPS, pIPS and avIPS); in
Experiment 2, this network included all these regions and also the right PCS, the FEF and
the posterior fusiform gyrus (PF). Consistent with the GC analysis of VI, this FC analysis
suggested that the LOCs interacted primarily with prefrontal cortical regions, including the
two (OFC, IFG) that were the source of drive to the LOCs in the GC analysis.

HS perception—During unfamiliar HS (Figure 1, bottom row, middle panel; Table 7), the
interactions were much more numerous than during VI, and there was no clear pattern of
segregation into networks. It is notable that the IPS foci played a prominent part in the
interactions, along with the PCS, LOC, FEF, PMv and OFC. During familiar HS (Figure 2,
bottom row, middle panel; Table 8), the FC analysis revealed networks that were very
similar to those in VI, with the same basic pattern of segregation. The network featuring the
LOCs included all the regions found during VI (pulvinar, OFC, IFG, PMv, and PMd) and
also the MF. That featuring the PCS regions included the same regions as during VI in
Experiment 2. Many of the same paths were significant both during VI and familiar HS,
although there were some differences. Whereas the two networks were strictly segregated
during VI, during familiar HS there was a single path, from FEF to PMv, that violated this
boundary.

Comparisons between tasks—The 2D correlation between connectivity matrices was
again highest for the VI — familiar HS pair (data from Experiment 2; r = 0.82, p = 5x1077),
and also quite high for the VI conditions in the two experiments (r = 0.63, p = 4x1076).
Substantially lower, but in this case significant 2D correlations were obtained between VI
and unfamiliar HS (data from Experiment 1; r = 0.36, p = 0.001), and between the HS
conditions in the two experiments (r = 0.32, p = 0.001).

CPGC analyses

VI—During VI, the CPGC analyses also gave similar results for both experiments (compare
top right panels in Figures 1 and 2, and path weights in Tables 9 and 10). They confirmed
findings from the GC analysis that the LOCs were driven from prefrontal ROIs, with
significant inputs to both LOCs from the OFC in Experiment 1 and both OFC and IFG in
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Experiment 2, further reinforcing the idea of top-down drive into the LOCs. The OFC was
an important source of drive in both experiments, additional sources of multiple outputs in
Experiment 1 being the IFG, PMd and Pul, while the IFG, PMd and PMv were additional
sources of multiple outputs in Experiment 2.

Unfamiliar HS perception—During unfamiliar HS (Figure 1, bottom right panel; Table
11), the CPGC analysis replicated the findings of the GC analysis that the right PCS was the
most prominent overall source and the only ROI to drive both LOCs. The right LOC was
driven additionally by the left LOC, and the left LOC also received input from avIPS. The
PCS regions also drove foci in the IPS, including a path from the right PCS to avIPS. Thus,
these findings strengthen the argument for bottom-up connections from somatosensory
cortex into the LOCs during HS perception of unfamiliar objects.

Familiar HS perception—Finally, during familiar HS (Figure 2, bottom right panel;
Table 12), once again the sources of paths were mainly in frontal cortex, including the OFC,
IFG and PMd, as well as a visual cortical area, the MF. The OFC drove the left LOC while
the IFG and PMd drove the right LOC; both LOCs received input from the MF. There were
additional interactions between these areas, with the MF driving the OFC and the PMd
driving the IFG. The LOCs were important as targets in the network. These findings buttress
the notion of top-down inputs into the LOCs during HS perception of familiar objects.

Comparisons between tasks—Interestingly, the CPGC analyses eliminated the
reciprocal connections seen on the GC analyses. As in the case of the GC analyses, for the
CPGC analyses too, the 2D correlation between connectivity matrices was significant for VI
and familiar HS (r = 0.2, p = 0.005, data from Experiment 2) but insignificant between VI
and unfamiliar HS (r =-0.03, p = 0.63, data from Experiment 1) and between the two HS
conditions (r = -0.02, p = 0.66). Again, this was not simply due to the different subject
groups for the two tasks, since the 2D correlations between the two experiments for the VI
task, which also involved different subject groups, was quite high (r = 0.76, p = 8x107).

Correlations between paths during VI and HS

We investigated which path weights were significantly positively correlated across subjects
between VI and HS. For the data from Experiment 2, comparing VI and familiar HS, in both
GC and CPGC analyses, only one path showed a significant correlation — that from the OFC
to the left LOC (GC: r = 0.89, p = 0.0006; CPGC: r = 0.96, p = 0.0002). Similarly, the FC
analyses from Experiment 2 revealed a number of paths where the inter-regional correlations
were significantly positively correlated between the VI and familiar HS tasks, as well as one
negatively correlated path (Table 13).

There were no significant inter-task correlations between VI and unfamiliar HS (data from
Expt. 1) for the FC-based inter-regional correlations, for the path weights computed by GC
analyses or for the path weights computed by CPGC analyses.

Discussion

The results of the task-specific connectivity analyses presented here are consistent with our
predictions, and converge with the evidence presented in the preceding paper (Lacey et al.,
2009) on the conclusion that object VI is strongly linked to HS for familiar, but not for
unfamiliar, objects. The underlying neural networks are quite similar during VI and HS
perception of familiar objects, with the network underlying HS perception of unfamiliar
objects being rather different from either. Further, the EC analyses indicate that haptically-
evoked activation in the LOC during HS perception of familiar objects is instantiated
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through prefrontal inputs as it is for VI, which is consistent with mediation of the LOC
activation by VI in this case. For HS perception of unfamiliar objects, in contrast, the EC
analyses favor the notion that haptically-evoked activation in the LOC depends on bottom-
up pathways directly from somatosensory cortex, and thus fit with the idea that a
multisensory representation is directly engaged in this case.

All three types of connectivity analysis: FC, GC and CPGC, were essentially consonant. The
FC analyses revealed that both VI and familiar HS perception were associated with two
segregated networks, one comprising the LOC, the pulvinar and prefrontal cortical areas,
and the other involving the PCS and various parts of the IPS. In contrast, the pattern during
unfamiliar HS was very different, with numerous interactions and a lack of clearly
segregated networks. As noted earlier, such FC-based networks here and in prior studies
may include, in addition to true instantaneous neuronal correlations, directional neuronal
interactions that are too fast to be reflected in the sluggish BOLD response. Conversely, the
GC analyses provide an estimate of directional interactions (EC), but these are potentially
contaminated by zero-lag correlations. The CPGC analyses filtered out such zero-lag
correlations and offer a conservative estimate of EC, to the extent that the BOLD response is
a reflection of the underlying neuronal interactions. In the present study, the CPGC analyses
eliminated the reciprocal interactions that were seen on the GC analyses. What is especially
interesting is the robustness of the interactions, during both VI and familiar HS, between
prefrontal cortical regions and the LOC. These interactions were observed as correlations on
the FC analyses and as inputs to the LOC on both the GC and CPGC analyses. In contrast,
the PCS, especially on the right, was the primary source of drive to the LOC on both types
of EC analysis. These concordant findings indicate that LOC activation during HS
perception is rather different depending on whether the palpated objects are familiar or
unfamiliar: for familiar objects, LOC activation is mediated by prefrontal cortical drive, in
keeping with the top-down generation of a visually imaged object representation. For
unfamiliar objects, in contrast, LOC activation is triggered more directly by bottom-up
somatosensory input, which accords with the notion of engagement of a modality-
independent object representation. Further, the numerous interactions shown by the FC
analysis of HS perception of unfamiliar objects, with especial involvement of parts of the
IPS along with the PCS, LOC and prefrontal cortical areas, may imply a role for spatial
imagery and shape reconstruction from component parts, as we proposed elsewhere (Lacey
etal., 2009).

As we previously suggested, vision and touch probably share a representation of shape that
is flexibly accessible via both top-down and bottom-up pathways (Lacey et al., 2007). Its
modality-independent engagement during shape perception (Amedi et al., 2001, 2002, 2007;
James et al., 2002; Zhang et al., 2004; Stilla and Sathian, 2008) makes the LOC a strong
candidate for the locus of this representation. Earlier studies of effective connectivity during
HS, using structural equation modeling (Peltier et al., 2007) or multivariate GC analysis
(Deshpande et al., 2008), were consistent with this idea. These studies, however, were based
on the use of unfamiliar objects only, and also did not analyze EC by task. The multivariate,
task-specific FC, GC and CPGC analyses of the present study not only confirm the idea of
bidirectional access to the LOC, but also allow us to refine it further, specifying that the
connectivity patterns are modulated by object familiarity. This is evidenced by the
substantially higher similarity between the connectivity matrices in the VI and familiar HS
tasks, compared to that between the connectivity matrices during VI and unfamiliar HS.
Further, the familiar HS and VI networks were both characterized by top-down paths from
prefrontal foci in the left OFC and IFG into the LOC, without significant bottom-up paths
from somatosensory areas into the LOC. Interestingly, many of these paths were reciprocal
in the GC analyses and also present in the FC analyses, which fits with the idea of ongoing
testing of analogies and hypotheses in the OFC (Bar, 2007). Our data are not entirely clear
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as to how the somatosensory inputs arrive in prefrontal areas, but it is probable that they do
so indirectly: the GC analysis of familiar HS perception suggests a route left PCS — FEF —
avIPS — mSFG and then onto other prefrontal areas. This requires further study. In contrast
to the familiar HS network, connectivity to the LOC in the unfamiliar HS network was
almost entirely bottom-up from the PCS (Brodmann's area 2 of primary somatosensory
cortex [Grefkes et al., 2001]). Thus, depending on the task, modality-independent
representations of object shape in the LOC may be accessed either top-down, to support VI,
as in the VI and familiar HS tasks, or bottom-up, directly from somatosensory input, as in
the unfamiliar HS task.

VI, and more specifically, visual object imagery, is functionally involved in HS perception
of familiar objects: both tasks activate similar networks involving top-down pathways into
the LOC from prefrontal areas. By contrast, HS perception of unfamiliar objects activates a
very different network involving bottom-up pathways from somatosensory areas into the
LOC. These findings from connectivity analyses converge with findings from the preceding
paper (Lacey et al., 2009) that VI-evoked activations overlap more, and show stronger
correlations, with HS-evoked activation when the felt objects are familiar, compared to
unfamiliar. Shape representations in the LOC can therefore be thought of as flexibly
accessible by both vision and touch via top-down connections mediating mental imagery, as
well as bottom-up paths from early sensory areas. The access route is modulated by object
familiarity.
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Figure 1.
Significant paths during V1 (top row) and unfamiliar HS perception (bottom row), based on

data from Experiment 1 of the preceding paper (Lacey et al., 2009). Color scales indicate
path weights (arbitrary units) for GC analyses (left column) and CPGC analyses (right
column), and correlation coefficients for FC analyses (middle column).
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Figure 2.
Significant paths during VI (top row) and familiar HS perception (bottom row), based on

data from Experiment 2 of the preceding paper (Lacey et al., 2009). Color scales indicate
path weights (arbitrary units) for GC analyses (left column) and CPGC analyses (right
column), and correlation coefficients for FC analyses (middle column).
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