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In the perceptual domain, it has been shown that the human brain is strongly shaped through experience, leading
to expertise in highly-skilled professionals. What has remained unclear is whether specialization also shapes
brain networks underlyingmental imagery. In our fMRI study,we aimed to uncovermodality-specificmental im-
agery specialization of film experts. Using multi-voxel pattern analysis we decoded from brain activity of profes-
sional cinematographers and sound designers whether they were imagining sounds or images of particular film
clips. In each expert group distinct multi-voxel patterns, specific for the modality of their expertise, were found
during classification of imagery modality. These patterns were mainly localized in the occipito-temporal and pa-
rietal cortex for cinematographers and in the auditory cortex for sound designers.We also found generalized pat-
terns across perception and imagery thatwere distinct for the two expert groups: they involved frontal cortex for
the cinematographers and temporal cortex for the sound designers. Notably, the mental representations of film
clips and sounds of cinematographers contained information that went beyond modality-specificity. We were
able to successfully decode the implicit presence of film genre from brain activity during mental imagery in cin-
ematographers. The results extend existing neuroimaging literature on expertise into the domain of mental im-
agery and show that experience in visual versus auditory imagery can alter the representation of information in
modality-specific association cortices.
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Introduction

With awe one canwatch breath-taking thrillers, or laugh out loud at
a silly comedy film. While an increasing body of functional MRI (fMRI)
studies have looked at neural responses of film viewers (Bartels and
Zeki, 2004; Hasson et al., 2004; Jaaskelainen et al., 2008; Lahnakoski
et al., 2012; Naselaris et al., 2009), no studies have focused on the neural
basis of how filmmakers create these images and sounds in their minds.
The process of constructing andmanipulatingmental representations in
the human brain is called mental imagery. Professional filmmakers,
such as cinematographers and sound designers, can be argued to
stand as experts in modality-specific mental imagery. On a daily basis
they need to imagine and mentally manipulate either visual (cinema-
tographers) or auditory (sound designers) information in order to
reach technical and artistic decisions. In this study we report neuroim-
aging findings suggesting that cinematographers and sound designers

use differentiated brain regions to construct visual and auditory mental
representations.

Neuroimaging studies onmental imagery have shown thatwhenwe
imagine something thatwe cannot directly see or hear, the brain utilizes
similar brain regions as during related sensory perception. The imagery
of objects, such as houses or faces, activates category-specific regions
in ventral temporal cortex (Ishai et al., 2000, 2002; O'Craven and
Kanwisher, 2000). Tasks involving spatial manipulation of imagined
content revealed activity in the dorsal stream, in particular in the poste-
rior parietal cortex (Bien and Sack, 2014; Cohen et al., 1996; Formisano
et al., 2002; Mellet et al., 1996; Sasaoka et al., 2014; Tagaris et al., 1996;
Trojano et al., 2000). In addition, a set of regions in the frontal cortex,
including medial superior frontal gyrus, premotor cortex and middle
frontal cortex, have shown to control construction and maintenance of
the mental image (D'Esposito et al., 1995; de Borst et al., 2012;
Marklund et al., 2007). Whether the similarities between imagery and
perception include the primary sensory cortices has been a matter of
discussion. While for visual imagery some studies reported early visual
cortex activation (Ganis et al., 2004; Ishai et al., 2002; Klein et al., 2000;
Kosslyn et al., 1993, 1999), others did not (Formisano et al., 2002; Ishai
et al., 2000; Knauff et al., 2000; Mellet et al., 1996, 2000b; Trojano et al.,
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2000). The involvement of early visual cortex seems to especially rely on
themental representation of fine-grained details rather than the spatial
properties of objects or scenes (Kosslyn and Thompson, 2003; Mellet
et al., 2000a). For auditory imagery, most studies find activation of
the auditory association regions, but not of primary auditory cortex
(Bunzeck et al., 2005; Daselaar et al., 2010; Halpern and Zatorre, 1999;
Halpern et al., 2004; Herholz et al., 2012; Kleber et al., 2007;
Zvyagintsev et al., 2013).

While these studies showed what regions in the brain are involved
in imagery, e.g. the localization, there is still a lot of information lacking
about how the brain represents these mental images. This is mainly
caused by the fact that predominantly univariate methods have been
used to analyze mental imagery data, which do not take into account
any information that might be conveyed by multiple voxels simulta-
neously (O'Toole et al., 2007). Several groundbreaking studies that
employed multi-voxel pattern analysis (MVPA) have been able to
show that fMRI data contain much more information than previously
thought (Formisano et al., 2008; Kamitani and Tong, 2005). Therefore,
when investigating specialization in imagery networks, multivariate
methods can give additional insight into the fine-grained representa-
tional information present in the brain that might otherwise go
unnoticed. While the feasibility to predict what type of stimuli experi-
mental participants perceive based on patterns of brain activity has
been firmly established now, this is less so for purely mental cognitive
states. Nevertheless, in recent years several fMRI studies usedmultivar-
iate analyses to test the representational similarities between visual
perception and visual mental imagery or between visual perception
and visual working memory (Albers et al., 2013; Harrison and Tong,
2009; Reddy et al., 2010; Stokes et al., 2011; Vetter et al., 2014; Xing
et al., 2013). In most of these studies a classifier was trained on the dif-
ference between activity patterns associated with two distinct objects
during a perceptual task and tested on the activity patterns during a
similar mental imagery or working memory task. The successful classi-
fication of visual imagery conditions, when having trained the classifier
on visual perception conditions, provides further support for the fact
that mental imagery involves primary sensory cortices during certain
tasks and moreover, that imagery and perception may rely on similar
neural representations (Albers et al., 2013).

Although many parallels can be drawn between imagery and per-
ception, it is unclear whether functional cortical specialization takes
place not only in sensory cortices during the acquirement of perceptual
expertise, but also in mental imagery networks during mental practice.
In the perceptual domain, it has been shown that the brain is strongly
shaped through experience, which by continuous training gradually de-
velops intowhatwemay call expertise. Expertise has often been report-
ed to go together with increased neuronal activity in regions specific to
the area of expertise and anatomical re-organization (Jancke et al.,
2009; Schneider et al., 2005a, 2005b). For example, professional orches-
tramembers show anatomical and functional specialization in the audi-
tory cortex, specific to their type of instrument (Schneider et al., 2005a,
2005b). However, while specialization through perception is well
established, it is less clear whether specialization can also take place in
the mental imagery domain (Buschkuehl et al., 2012). Although exper-
tise in working memory has been theoretically suggested to involve
functional reorganization (Guida et al., 2013), few studies have experi-
mentally investigated the effect of expertise level on mental imagery
processes (Herholz et al., 2008; Plailly et al., 2012). Therefore, it remains
to be understood whether the way in which mental imagery content is
represented changes based on experience, and if this is paralleled and
supported by fine-grained changes in neural activity patterns in specific
regions of the brain.

In this experiment, we studied professional cinematographers and
sound designers, whose practical working processes on film image and
film sound are to a great extent differentiated and highly modality-
specific. Collecting fMRI data from these two expert groups and a control
group, allowed us to address the following questions: (1) Doesmodality-

specific specialization take place in the mental imagery domain and if
so, what neural representations underlie imagery specialization?
(2) Do the neural representations that underlie mental imagery have
similarities with perceptual representations during bottom-up process-
ing? (3) Do these neural representations contain expertise-specific
information that goes beyond modality information? To tackle
these questions, we applied multivariate searchlight mapping (SLM;
Kriegeskorte et al., 2006) to whole-brain fMRI data of our three experi-
mental groups. In SLM, several neighboring voxels contained in a mov-
ing sphere are considered in a decoding analysis. By centering this
sphere on every voxel one obtains awhole-brainmap of decoding accu-
racies, similarly tomaps obtained running univariate statistics.We used
this technique to predict from brain activity patterns of the participants
inwhatmodality (auditory or visual) theywere imagining, orwhat film
genre (documentary or feature films) they were imagining. Our results
revealed that both cinematographers and sound designers showed
distinct multi-voxel patterns that are specific for the modality of their
expertise, and are differentiated from control subjects. Furthermore,
we showed that part of these modality-specific patterns shared a simi-
lar substrate with perception, by applying a pattern classifier trained
on perceptual trials to imagery data. Lastly, by decoding the implicit
presence of film genre, we showed that cinematographers but not
sound designers represented film genre during their mental imagery
of film clips.

Materials and methods

Participants

Three groups of healthy right-handed volunteers of Finnish nation-
ality were tested: cinematographers (CM), sound designers (SD) and
control subjects (CS). Cinematographers (N = 12, mean age = 43 ±
11 years, 12 males) and sound designers (N = 12, mean age = 38 ±
9 years, 8 males) had at least four years of professional experience
(of which five cinematographers and five sound designers had over
10 years of experience). The control subjects (N = 12, mean age =
41 ± 12 years, 6 males) did not have any hobbies related to music
or filmmaking, with exception of two participants (photography,
1–3 h/w). Originally one additional participant was tested in the control
group to replace another participant that had canceled (the control par-
ticipants were scanned first). However, this participant was non-naïve
(experimenter AB) and was therefore removed from the dataset in
order to have all naïve participants and equal group sizes. All the partic-
ipants had normal or corrected-to-normal vision, normal hearing and
gave their informed consent. Exclusion criteria were the institute's
MRI safety criteria, including several basic health checks such as
“fever” and “serious breathing difficulties under exercise”. Additionally,
people with hearing problems were excluded (tinnitus, impaired hear-
ing). The study was approved by the local ethical committee.

Stimuli

Twelve different nine second (s) film fragments were selected for
this experiment. Half of the video clips were extracted from feature
films [Zozo (2005), A Summer of Genoa (2008), It's All About Love
(2003), Lagaan: Once Upon a Time in India (2001), Kauwboy (2012)
and Monster (2003)] and the other half from documentary films [No
Man is an Island (2006), Stand van de Sterren (2010), Burden of my
Heart (2011), Latcho Drom (1993) and On Death Row (2012)]. For
these two film categories pairs of clips were matched on visual content
(type of action, number of people, type of shot [close-up/distance])
and general auditory content (human voices: speech, singing, crowd;
man-made objects: tools, motorized vehicles; natural sounds: water).
The clips had no cuts or transitions and no special effects, with excep-
tion of one set of clips, where both the documentary and feature film
clips had several cuts. Camera movement was present in half of the

429A.W. de Borst et al. / NeuroImage 129 (2016) 428–438



Download English Version:

https://daneshyari.com/en/article/6023983

Download Persian Version:

https://daneshyari.com/article/6023983

Daneshyari.com

https://daneshyari.com/en/article/6023983
https://daneshyari.com/article/6023983
https://daneshyari.com

