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a b s t r a c t

Recently, Vanden Bulcke, Crombez, Durnez, and Van Damme (2015) investigated whether
the attentional prioritization of a specific location due to the anticipation of pain is modal-
ity specific or multisensory. They used a temporal order judgment task in which partici-
pants judged the order of either two tactile or two visual stimuli, one presented on each
hand. Additionally, participants either expected the occurrence of a painful stimulus on
one hand or the absence of any pain. Results showed that participants’ judgments were
biased to the advantage of the stimuli, tactile or visual, presented at the location where
pain was expected. The authors concluded that the anticipation of pain leads to a multisen-
sory prioritization of information presented at the threatened spatial location. Here, we
would like to question their conclusion in terms of a genuine attentional modulation of
multisensory nature, based on methodological and theoretical grounds.

! 2016 Elsevier Inc. All rights reserved.

Pain has an adaptive value. Therefore characterizing how a nociceptive/painful stimulus directs attention toward its loca-
tion and prioritizes the processing of stimuli occurring in that location is of central interest in pain research (Legrain & Torta,
2015; Van Damme, Legrain, Vogt, & Crombez, 2010). In order to adapt behavior to physical threats, it is crucial to coordinate
the mapping systems that allow perceiving the location of somatosensory stimuli on the body and those that allow perceiv-
ing the location of these threatening objects in external space. Special interest has therefore been given to study the abilities
to remap nociceptive inputs from anatomical to spatial reference frames (Legrain & Torta, 2015). Temporal order judgment
tasks (TOJ) are one of the most effective and commonly used experimental approaches to investigate this topic (e.g. Moseley,
Gallace, & Spence, 2009; De Paepe, Crombez, & Legrain, 2015; De Paepe, Crombez, Spence, & Legrain, 2014; Sambo et al.,
2013). In TOJ tasks, pairs of stimuli separated by various and randomly introduced time intervals are presented. Participants
have to judge which of the two stimuli is perceived as presented first. This paradigm allows characterizing biases indexed by
a shift of the judgment to the advantage of one of the two stimuli (Spence & Parise, 2010). Using the TOJ paradigm, percep-
tual biases triggered by pain-related information were recently investigated by a study of Vanden Bulcke, Crombez, Durnez,
and Van Damme (2015). In that study, participants were asked to judge the temporal order of two consecutive tactile stimuli
applied to either hand, or of two visual stimuli presented in the space close to either hand. Each trial was preceded by one
out of two signals. One signal warned the participants that the forthcoming pair of tactile or visual stimuli could be
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occasionally (10%) replaced by a painful electrical shock on one hand (threat condition). The other signal informed them that
the pair would not be replaced by any painful stimulus (control condition). In other words, before each trial (i.e., 1.5 s before
the stimulation pair), participants knew whether a painful stimulus could eventually occur or would certainly not occur.
Results showed that participants judged more often as occurring first the stimuli, tactile or visual, presented at the location
where the painful shock could be delivered. Importantly, this was only the case when the potential occurrence of the threat
was actually cued (threat condition) and not in the control condition. On the basis of these findings, the authors concluded
that the anticipation of pain results in multisensory prioritization of information at the threatened body location, meaning that
participants biased positively the perception of stimuli, whatever their sensory modality, to the side of space where pain
was expected.

Although these results might be of potential interest, at the current stage, we feel that some methodological issues dam-
pen the interpretation of the findings, making them not compelling enough to fully support the authors’ conclusion. Indeed,
we believe that despite the fact that Vanden Bulcke et al. (2015) interpreted their results in terms of an attentional modu-
lation at the perceptual level, it is possible that the effects are explained by response and/or decisional biases, and that such a
potential decisional bias might have been influenced by the experimenters’ instruction.

Attentional effects on TOJ are based on prior-entry theories that propose that attended stimuli are perceived earlier than
unattended ones (see Spence & Parise, 2010 for a review). Typically, in prior-entry related TOJ tasks, the point of subjective
simultaneity (PSS) is measured, which corresponds to the amount of time by which one stimulus has to precede or follow the
other in order to be perceived as occurring simultaneously. One of the key issues of TOJ tasks is to characterize how the PSS is
influenced by changes in perceptual processing of the stimuli following an attentional modulation, and to minimize the con-
tribution of response and decisional-level biases. Indeed, the PSS is, of course, often found around the smallest time delays
between the two competing stimuli of the pair, that is, the time delays for which the participants are susceptible to be most
uncertain about which of the two stimuli is actually presented first. In versions of the task that are particularly devoted to
study spatial perception abilities, it is therefore possible that participants, when unsure about the exact temporal order,
decide to report the location they guess to be the most task-relevant, i.e., the side of space they were instructed to attend,
even though the stimulus presented in this location was actually not perceived as occurring first (the response bias account,
as discussed in e.g. Frey, 1990; Jaskowski, 1993; Scharlau, 2004; Shore, Spence, & Klein, 2001). This potentially confounding
effect of a decisional bias can be minimized by using a response organization that is orthogonal to the spatial dimension of
the stimuli, as well as by using blocks of stimulation during which participants have to judge which of the two stimuli is
perceived second, instead of first (e.g. Scharlau, 2004; Shore et al., 2001; Spence, Shore, & Klein, 2001; Yates & Nicholls,
2009). Under such control conditions, an attentional effect can be evidenced in case of reversed judgments in the ‘which
is second’ conditions relative to the ‘which is first’ conditions. On the contrary, in the case of a decisional bias, participants
would report more likely the same stimulus, irrespective of the fact that they have to respond to the questions ‘which is first?’
or ‘which is second?’. These potential confounds can be also minimized by using a simultaneity judgment rather than an
order judgment (e.g. Zampini, Shore, & Spence, 2005), or by combining both tasks (e.g. Zampini et al., 2007; but see
Spence & Parise, 2010, and Weib & Scharlau, 2011 for a discussion). Another interesting possibility could be the use of
TOJ models that explicitly consider response biases by including decisional parameters, with the aim to distinguish directly
attentional effects from response and/or decisional ones (e.g. García-Pérez & Alcalá-Quintana, 2012a, 2012b). However, none
of these strategies were used in the present study (nor in previous works of the authors, Vanden Bulcke, Crombez, Spence, &
Van Damme, 2014; Vanden Bulcke, Van Damme, Durnez, & Crombez, 2013).

Considering this potential decisional bias, the results of the study could be accounted for by the fact that participants
reported more often the side of space they had been instructed to attend, that is, the side of the threat, instead of a genuine
bias of temporality perception. Indeed, participants were told before the beginning of each block which of the two hands
could receive the painful shock. In other words, before each block, they knew in which location could appear the painful
stimulus, and that this location wouldn’t change during the entire block. Before each trial they were warned whether the
painful stimulus could be actually applied. It is therefore possible that participants’ judgments were shifted toward that loca-
tion because, in situations of uncertainty about the actual temporal order, participants might have simply reported the stim-
ulus occurring at the location they guessed to be the most relevant, that is, the side of the threat. For this reason, we believe
that a decisional bias might have been introduced by the fact that participants were explicitly instructed to attend one side of
space and to expect the potential occurrence of a painful stimulus on that side. In the absence of any of the control conditions
detailed in the previous paragraph, it appears therefore difficult to disentangle whether the anticipation of pain at one side of
space modified the perceptual processing of any stimuli occurring at that same location, or whether participants simply
resolved temporal uncertainty by choosing the side of space they expected to be the most task-relevant, i.e., the side of space
where the threatening stimulus was likely to appear. Unfortunately, this confounding effect could also be present in previous
studies by the authors (Vanden Bulcke et al., 2014), in which, based on the results from a similar paradigm, they suggested
that the prioritization of somatosensory inputs could not be limited to the exact location where pain was anticipated, but rather
generalized to any somatosensory stimuli presented on the same side of the body. This potential confound is not specific to these
particular studies, but could be applied to many earlier TOJ studies, where participants’ attention is manipulated along the
same spatial dimension that they use to respond.

As a consequence, the methodological issues raised here provide caveats to the interpretation of Vanden Bulcke et al.’s
data in terms of multisensory prioritization of sensory stimuli induced by the anticipation of pain. In addition, we would like
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to address some theoretical considerations that challenge definitively such a conclusion in terms of multisensory and specific
effects of attentional prioritization induced by pain.

Firstly, multisensory perception refers to the integration of information from physiologically segregated afferent modal-
ities to form one coherent representation of a single object (Stein et al., 2010). It may also refer to a simple interaction, that is,
when the response to a stimulus of one sensory modality is boosted by the co-occurrence of a stimulus from another modal-
ity (Eimer & Driver, 2001; Macaluso, 2006; McDonald, Teder-Sälejärvi, &Ward, 2001). One general rule underlying both mul-
tisensory integration and interaction is that the sensory inputs from the different modalities must occur close in time and/or
in space (Talsma, 2015). Because painful, tactile and visual stimuli were never presented together, the term multisensory
appears inappropriate to describe the effect of threat anticipation on TOJs of both tactile and visual stimuli. In addition to
this, it should be noted that the authors’ interpretation is not strongly supported by their statistical analyses. These are
mainly based on a general linear model that showed larger shifts of TOJ for threat than for control trials without any signif-
icant interaction of the modality of the target stimuli, suggesting similar biases for tactile and visual stimuli. However, values
for TOJ of the visual stimuli were smaller and not significantly different from 0, meaning that the effect observed in the
ANOVA was mainly driven by the effects of TOJ on tactile stimuli in the threat condition.

Finally we would like to object to any interpretation of such data in terms of specificity for pain, as if pain has a unique and
specific ability to attract attention (see Legrain, Iannetti, Plaghki, & Mouraux, 2011). Although the authors claimed explicitly
to avoid conclusions in terms of specificity of attentional prioritization for pain and threat-related information, the results are
still interpreted as such. First, they stated that pain is prioritized over competing information, whereas studies have shown
that this might not be the case under some circumstances (e.g. Legrain, Crombez, & Mouraux, 2011). Second, the authors
concluded that the current paradigm could be relevant to investigate over-attentive behaviors toward pain-related informa-
tion in chronic pain patients. We think that, without any adequate control conditions, it will be difficult to disentangle effects
resulting from specific bias about pain-related information from regular tendencies to focus attention toward any meaning-
ful information, threatening or not. This would especially be the case if patients are cued to use the behavior that seems the
most relevant relative to the actual task instructions. It is noteworthy that the experimental and the control conditions used
in these studies (Vanden Bulcke et al., 2015) as well as in previous ones (Vanden Bulcke et al., 2013, 2014) are fundamentally
different, as in the latter one no expectation was manipulated. A control condition should mimic as much as possible the
experimental condition, differing only in the aspect that wants to be tested. A better control condition would be, for instance,
to induce the anticipation of a salient but non-painful and non-nociceptive stimulus. Under this situation, attention to the
same spatial location and to any irrelevant stimulation is matched in the two conditions. Moreover, some preliminary works
using a similar TOJ task have shown that patients with a complex regional pain syndrome could direct their attention, not
toward, but well away from the side of space were pain is usually perceived (Moseley et al., 2009). These data seem appar-
ently contrary to the hypothesis of over-attentiveness to pain in chronic pain patients (see Legrain, Bultitude, De Paepe, &
Rossetti, 2012 for a discussion).

To summarize, TOJ tasks are commonly used to study the effects of attention on perception. There are, however, several
authors (see e.g. Scharlau, 2004; Shore et al., 2001) who raised a non-negligible doubt as to the genuine attentional origin of
the perceptual effects in TOJ studies, notably because attempts to minimize contributions of response and/or decisional
biases have not always been made. Experimenters should therefore always take into account the fact that their experimental
set-up and/or specific instructions could potentially induce biases in participants’ judgments. If the potential occurrence of
these biases is not systematically controlled for, existing perceptual biases could be exaggerated or even be confounded with
an artificially produced response bias.
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