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A B S T R A C T

Forty-five participants performed a vigilance task during which they were required to respond to a critical signal
at a local feature level, while the global display was altered between groups (either a circle, a circle broken apart
and reversed, or a reconnected figure). The shape in two of the groups formed a configurative whole (the circle
and reconnected conditions), while the remaining shape had no complete global element (broken circle).
Performance matched the results found in the previous experiments using this stimulus set, where a configural
superiority effect was found to influence accuracy over time. Physiological data, measured using functional near-
infrared spectroscopy, revealed elevated activation in the right pre-frontal cortex compared to the left pre-
frontal cortex during the task. Additionally, bilateral activation was found in the conditions that formed
configurative wholes, while hemispheric differences over time were found in the condition that did not. These
findings suggest that configural aspects of stimuli may explain why non-typical laterality effects have been found
in similar research.

1. Introduction

The task of monitoring ones’ immediate environment for rarely
occurring or critical stimuli is a requirement for many people in
everyday life, particularly for those in workplaces where a large amount
of information is received. Psychologists refer to this process as
vigilance or sustained attention (Davies and Parasuraman, 1982;
Warm, 1984). A consistent finding in vigilance research is that
sustained attention evokes right-hemisphere lateralization in the brain
in right handed individuals. Specifically, blood flow and blood oxyge-
nation is elevated in the right hemisphere compared to the left
hemisphere during vigilance, an outcome which has been found using
functional magnetic resonance imaging (fMRI), positron emission
tomography (PET), transcranial Doppler sonography (TCD), and
functional near-infrared spectroscopy (fNIRS; Berman and
Weinberger, 1990; Buchsbaum et al., 1990; Cohen et al., 1988;
Helton et al., 2007; Hitchcock et al., 2003; Lewin et al., 1996;
Parasuraman, Warm and See, 1998; Shaw et al., 2009; Stroobant
and Vingerhoets, 2000; Warm et al., 2009; see Helton et al., 2010 and
Warm et al., 2012 for overview). Moreover, research with commissur-
otomized (split-brain) patients demonstrates improved performance
during vigilance tasks when signals are presented to the right hemi-

sphere as opposed to the left hemisphere (Diamond, 1979a, 1979b).
Although sustained attention often results in a right hemisphere

lateralization effect, it is also possible that stimuli characteristics, such
as object feature hierarchy, may influence hemispheric lateralization.
Visual objects are ordered in a hierarchical fashion, where larger
objects are composed of a number of smaller features or shapes, which
in turn could themselves also be composed from even smaller elements.
The small components of an object are commonly referred to as local
features, while the large components are commonly referred to as
global features. A common finding in local-global feature discrimina-
tion literature is that the right hemisphere shows elevated levels of
activity and blood oxygenation during global feature discrimination,
while the left hemisphere shows elevated levels of activity and blood
oxygenation during local feature discrimination (Flevaris et al., 2010;
Lux et al., 2004; Manjaly et al., 2007; Stone and Tesche, 2009; Van
Kleeck, 1989; Weissman and Woldorff, 2005; Yamaguchi et al., 2000).
These investigations tend to adopt more perception-based paradigms,
where prolonged temporal search is not a central component of the
task. Local-global feature discrimination during vigilance tasks has not
received as much investigation; however recent research has begun to
address this.

Those investigations which have been undertaken in this area yield
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patterns of hemodynamic response and performance which differ from
those from purely sustained attention or perception-based tasks. For
example, investigations using perception-based approaches to local-
global feature discrimination commonly reveal a global precedence;
where global objects are more easily discernible than local objects
(Kimchi, 1992; Lamb and Robertson, 1990; Navon, 1977). Under
sustained attention conditions however, tasks in which local feature
discrimination is required have been found to result in faster reaction
times compared to those that require global feature discrimination; a
local precedence effect (de Joux et al., 2013, in press; Helton et al.,
2009). These investigations also reveal differing trends over time, with
quadratic trends observed in local discrimination (performance initi-
ally decreases, but the later improves with time on task), compared
with a more traditional linear decrement observed in global feature
discrimination (performance consistently decreases with time on task).
These performance differences are theorized to be partially due to
corresponding differences in patterns of hemodynamic response found
during the tasks. Local feature discrimination is found to result in
higher levels of bilateral activation over time compared to global
feature discrimination, where more right hemisphere lateralization is
found. This may be the result of global feature processes (right
hemisphere dominant) and sustained attention processes (right hemi-
sphere dominant) combining to place higher demand on the right
hemisphere. In contrast, local feature discrimination processes (left
hemisphere dominant) combined with sustained attention processes
(right hemisphere dominant) do not produce the same demand
placement on one hemisphere; instead, demand is spread across both
hemispheres. This bilateral activation may allow more cognitive
resources to be recruited towards the task, resulting in the differing
performance trends observed over time.

While differences in performance and cerebral activation were
observed in the de Joux et al. (2013, in press) and Helton et al.
(2009) investigations; specifically that local feature discrimination
displayed greater bilateral activation over time which resulted in
superior performance compared to global feature discrimination; the
stimuli used in these investigations were of a relatively simple nature.
Nonetheless, they do raise questions as to how configural properties of
more complex stimuli may influence task performance and cerebral
activity by evoking local-global feature discrimination, and whether
investigations that deviate from traditional cerebral activation patterns
found during vigilance tasks may in some part be due to the require-
ment to engage local-global discrimination processes. Funke et al.
(2010, 2012) and Nelson et al. (2014), for example, employed a task
designed to simulate radar detection. In this task, participants were
required to monitor four arrows which were positioned on a back-
ground circle, and were orientated in the same clockwise or anti-
clockwise direction. Participants were required to respond when one of
those arrows was orientated in the opposite direction to the other three.
Using TCD (cerebral blood flow velocity) and fNIRS (blood oxygena-
tion) as measurements of cerebral hemodynamic activity, the usual
right hemisphere lateralized patterns associated with vigilance tasks
were not observed. While the right hemisphere did show an elevated
level of activity in comparison to the left hemisphere, increased
bilateral activation was found to occur during the tasks (left hemi-
sphere trends matched those of the right hemisphere). A possible
explanation for these non-typical laterality findings is that the task
requirements evoke, at least in part, local-feature processing, which
results in increased bilateral activation over time rather than a
unilateral right hemisphere bias. It should also be noted that while
increased bilateral activation was observed, oxygen saturation in-
creased linearly over time.

de Joux et al. (2015) explored this by extending the Funke et al.
(2010, 2012) investigations to examine performance differences be-
tween stimuli which had varying configurative properties. Three global
shapes were used: a circle, a reversed and broken apart circle, and a
reconnected shape (see Fig. 1 for examples). The circle shape provided

a similar configuration to that used by Funke and colleagues. The
reversed broken circle shape consisted of the same overall level of
visual information in terms of surface area; however by splitting and
reversing the circle, the overall global shape no longer formed a
complete and connected figure. The reconnected shape was the
reversed broken circle shape that had been extended at the break
points, which resulted in the object reconnecting with itself to form a
full global shape. This shape retained some aspects of the broken
shape, in that the reversed nature of the object remained the same;
however, it also shared some aspects with the circle shape, specifically
in that it formed a configurative whole. In terms of local-global
features, the circle and reconnected shapes were considered to be local
targets on a global object, while the broken shape was considered to be
targets on separate shapes. The results revealed that the broken group
showed impaired performance compared to the circle and reconnected
groups. Furthermore, the circle and reconnected groups had highly
similar performance trends throughout the task. These findings were
considered to be indicative of a configural superiority effect, in which
stimuli that are encoded in the brain as a full or complete global form
are processed more efficiently than those that do not (see also, Bennett
and Flach, 2011; Pomerantz and Kubovy, 1986; Pomerantz and
Pristach, 1989; Pomerantz et al., 1977). Proctor et al. (2004) also
noted that signals are more accurately detected when target objects
were presented on a meaningful background, for which it is suggested
an underlying mechanism is that different visual processing systems
are utilized in the processing of background and foreground visual
information (Julesz, 1978). This may provide an explanation for the
observed trends. Additionally, traditional vigilance decrement patterns
were not observed in this experiment. While this study did not employ
a measure of hemodynamic response, it was suggested that this may
have been partially due to an increase in bilateral activation, as
reported in the Funke et al. (2010, 2012) investigations.

In the current experiment, the investigation presented in de Joux
et al. (2015) is extended by employing a measure of cerebral hemody-
namic activity during the task. Cerebral hemodynamic response has
been closely linked to neural activity during sustained attention tasks
(Moore and Cao, 2008; Raichle, 1998). Studies have found that this
response occurs in a number of areas, most commonly the right inferior
parietal regions, basal ganglia, right intralaminar region of the
thalamus, reticular formation, and the inferior prefrontal cortex
(Kinomura et al., 1996; Langner et al., 2012; Langner and Eickhoff,
2013; Ogg et al., 2008; Parasuraman et al., 1998). The current research
focuses on activity in the inferior prefrontal cortex for two reasons.
First, this area has been the focus of similar research investigating
configural properties (de Joux et al., 2013, in press; Helton et al.,
2009). Second, investigations as to the neural underpinnings of the
configural superiority effect have found the ‘higher’ regions of the brain
(i.e. the prefrontal cortex) to be crucial in the formation of full Gestalt
figures (Biederman, 1987; Riesenhuber and Poggio, 1999).

The specific instrumentation used in the current investigation is
functional near-infrared spectroscopy (fNIRS). The fNIRS uses wave-
lengths of light to measure oxygenated and deoxygenated haemoglobin.
From this, a level of relative oxygen saturation is calculated. These
measurements have been found to correlate with the BOLD response
found in both fMRI (Kleinschmidt et al., 1996; Steinbrink et al., 2005;
Strangman et al., 2002) and EEG measures of cerebral activity (Meltzer
et al., 2007; Moosmann et al., 2003). It has been established by
previous research that tissue oxygenation increases with task demands
(Gratton and Fabiani, 2007), which raises the prospect of tissue
oxygenation being a result of resource demands. The fNIRS presents
a useful tool for researchers to investigate cerebral activity during tasks
by providing quieter, less restricting, and less costly imaging when
compared to fMRI and PET. It should be noted that fNIRS measures
cerebral activation through relative oxygen saturation. This should not
be confused with other measures of cerebral hemodynamic activity,
which use other metrics. TCD, as used in the Funke et al. (2010, 2012)
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