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Abstract

A recent series of experiments has shown that the effects of near-threshold stimuli on perceptual and motor responses are highly
dependent on experimental conditions. In particular, motor influences of near-threshold distractors were observed when using
low-contrast unmasked stimuli and high-contrast masked stimuli although only the latter affected motor responses in the absence
of stimulus awareness. These results are compatible with neurophysiological models of visual masking, suggesting that early neu-
ral responses to a visual stimulus can be decomposed in feedforward activations to–and feedback activations from–higher visual
areas, correlating respectively with the actual presence of the stimulus and its conscious perception. We tested the compatibility
between these neurophysiological models and the behavioural data obtained in near-threshold experiments. We recorded fast
reaching movements directed to a highly visible target followed by a report of the presence of a near-threshold distractor pre-
sented either at low contrast without mask or at high contrast with a backward or forward mask. Analysis of hand trajectories
revealed that deviations toward the distractor were observed in the no-mask condition when the distractor was present and
reported, and when it was present but not reported in the backward and forward mask conditions, although the effect was weaker
in the latter condition. These data reveal that the presence or absence of perception–action dissociations in behavioural studies
are well accounted for by neurophysiological models of visual masking and that behavioural effects of near-threshold distractors
cannot result merely from on a dichotomic visual system for perception and action.

Introduction

Whether unconsciously perceived visual stimulation might affect
motor responses has been a central question in the literature on the
links between perception and action for the past 30 years. Based on
behavioural and neuropsychological observations (Bridgeman et al.,
1981; Goodale & Milner, 1992; Aglioti et al., 1995; Kroliczak
et al., 2006; Binsted et al., 2007; Ganel et al., 2008), as well as
neuroimaging data (Culham et al., 2003; Valyear et al., 2006), early
theories focused on the independence of visual processing streams
for perception and action (Milner & Goodale, 1995, 2008). How-
ever, this view has been recently challenged both theoretically and
methodologically (Reingold & Merikle, 1990; Smeets & Brenner,
1999, 2001, 2006; Franz et al., 2001; Holender & Duscherer, 2004;
Waszak et al., 2007; Franz & Gegenfurtner, 2008; Bruno & Franz,
2009; Bruno et al., 2010; Cardoso-Leite & Gorea, 2010), and alter-
native approaches to the observed behavioural or neural dissocia-
tions in visual processing have been considered.
Among these alternatives, neurophysiological models of visual

masking have been investigated using double-task paradigms to
account for the relationship between perceptual and motor responses.

Classically, the tasks consisted of a motor response to a highly visi-
ble visual target and a concurrent perceptual response, provided on
each trial, to a near-threshold distractor or prime (Waszak et al.,
2007; Cardoso-Leite & Gorea, 2009; Deplancke et al., 2010, 2013).
Motor responses were analysed according to the four categories of
perceptual responses provided by the signal detection theory (SDT;
Green & Swets, 1966), i.e. Hit: stimulus present and reported; Miss:
stimulus present but not reported; Correct Rejection: stimulus absent
and not reported; False Alarm: stimulus absent but reported. Overall,
the data were interpreted as revealing (i) a coupling between percep-
tion and action when motor responses were affected only by
reported distractors (Hit trials) and (ii) a dissociation between per-
ception and action when motor responses were also affected by
unreported distractors (Miss trials).
Interestingly, these differential effects on perceptual and motor

responses were found to depend on the selected experimental
parameters. For instance, a subliminal effect on motor responses
was observed when presenting a high-contrast masked distractor but
not when presenting a low-contrast or unmasked distractor,
although the distractor visibility was kept constant accross the con-
ditions. This pattern of results, first observed in reaction time exper-
iments (e.g. Waszak & Gorea, 2004; Waszak et al., 2007), was
later extended to hand-to-target reaching tasks (Deplancke et al.,
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2013), which are often regarded as more suited to the study of per-
ceptuo-motor processes (Bridgeman et al., 1979; Goodale, 2008;
Cardoso-Leite & Gorea, 2010). In particular, Deplancke et al.
(2013) found that when the contrast of a masked or unmasked dis-
tractor was low, trajectories deviated toward the distractor only
when it was both present and reported (Hit trials), corroborating the
lack of perception–action dissociation reported in previous near-
threshold experiments (Waszak & Gorea, 2004; Cardoso-Leite
et al., 2007, 2009; Waszak et al., 2007; Cardoso-Leite & Gorea,
2009; Deplancke et al., 2010). On the other hand, when the con-
trast of a masked distractor (of the same visibility) was high, trajec-
tories deviated toward the distractor regardless of the perceptual
state (Hits and Miss trials), replicating previously observed sublimi-
nal motor effects arguing in favour of a perception–action dissocia-
tion (Amundson & Bernstein, 1973; Bridgeman et al., 1981; Taylor
& McCloskey, 1990; Aglioti et al., 1995; Ogmen et al., 2003; Kro-
liczak et al., 2006; Binsted et al., 2007; Ganel et al., 2008). These
effects were interpreted as highlighting a context-dependent cou-
pling (or lack of coupling) of visual processes for perception and
action (Waszak & Gorea, 2004; Waszak et al., 2007; Deplancke
et al., 2013).
Importantly, current neurophysiological models of visual mask-

ing (Breitmeyer & Ganz, 1976; Lamme, 1995; Macknik & Living-
stone, 1998; Macknik & Martinez-Conde, 2007, 2009; Super &
Lamme, 2007) postulate that the neuronal response to a visual
stimulus can be decomposed into (i) a stimulus-dependent compo-
nent formed by a transient feedforward activation and (ii) a sus-
tained perceptual-dependent component mediated by feedback
projections from higher visual areas (Felleman & Van Essen,
1991; Breitmeyer, 2007; Fahrenfort et al., 2007; Macknik & Marti-
nez-Conde, 2007, 2009; Super & Lamme, 2007). Such feedback
connections have been suggested to play an integral role in a
range of processes, such as figure–ground segmentation, attention,
awareness, predictive coding and perception of visual details
(Lamme, 1995; Luck et al., 1997; Rao & Ballard, 1999; Kastner
& Ungerleider, 2000; Lamme & Roelfsema, 2000; Hochstein &
Ahissar, 2002; Spratling & Johnson, 2004). It was suggested that
the sustained perceptual-dependent part of the neuronal response
but not the transient feedforward activation related to the stimulus
presence is suppressed by backward visual masking, thus leaving
the possibility for an influence of the visual stimulation without
awareness (Macknik & Livingstone, 1998; Lamme et al., 2000;
Fahrenfort et al., 2007; see also Breitmeyer, 2007; for a review).
Interestingly, Macknik & Martinez-Conde (2007) argue that the
second component of the response reflects the transient activation
related to the stimulus offset instead of the sustained re-entrant
activation linked to the stimulus awareness (Breitmeyer, 2007;
Super & Lamme, 2007). These two positions are not exclusive in
that the second neural component of the response may correspond
to a transient activity triggered by the stimulus offset but empiri-
cally correlated to the subject awareness. One may therefore inter-
pret the pattern of results reported by Deplancke et al. (2013) as
reflecting a motor effect of the feedforward activation in the pres-
ence of a high-contrast masked distractor (perception–action disso-
ciation), and a lack of motor effect of a weak feedforward
activation in the presence of a low-contrast masked distractor (no
perception–action dissociation). The fact that trajectory deviations
were systematically observed in the presence of a reported distrac-
tor also supports the hypothesis of a distractor’s signal amplifica-
tion (gain) associated with the perception of the distractor (‘seen’
response). Accordingly, the feedback component of the neuronal
response (‘seen’ response) would modulate the distractor-related

feedforward component of the signal (De Lafuente & Romo, 2005;
Macknik & Martinez-Conde, 2007, 2009; Super & Lamme, 2007).
These models also postulate that the two neural components of

visual processing are differentially affected by backward and for-
ward masks: while backward masks are thought to leave intact the
transient stimulus-related activation, forward masks are thought to
decrease this activation (Macknik & Livingstone, 1998; Di Lollo
et al., 2000; Lamme et al., 2002; Breitmeyer, 2007; Railo & Koi-
visto, 2012). One may therefore expect a reduction of behavioural
effects entailed by near-threshold visual distractor when switching
from backward to forward masking, even while maintaining constant
the visibility and contrast of the distractor. Indeed, although the
feedforward activation related to the presence of a high-contrast dis-
tractor should interfere with the pointing target in the presence of a
backward mask, such interference should be reduced in the presence
of a forward mask as this latter is known to reduce the feedforward
activation related to the stimulus presence. In this context, the aim
of the present study was to test the compatibility between the pre-
dictions made by neurophysiological models of visual masking and
the data obtained in near-threshold experiments. We used concurrent
motor and perceptual tasks in which the participants first reached a
visual target with the right hand and then estimated whether a near-
threshold distractor presented at the vicinity of the visual target was
present or not. Three conditions were administred while maintaining
the visibility of the distractor unchanged: two masked conditions in
which a high-contrast distractor was either preceded by a forward
mask (FM) or followed by a backward mask (BM), and an
unmasked condition (NM) in which the contrast of the near-thresh-
old distractor was low.

Methods

Participants

Eight voluntary na€ıve participants with normal or corrected-to-nor-
mal visual acuity performed this experiment (three females and five
males, mean age 27 years). All experimental procedures were
reviewed and approved by the local institutional review board
(Comit�e �ethique local en sciences du comportement), and the
research was performed in agreement with the principles of the
Declaration of Helsinki. Additionally, the experiment was under-
taken with the full understanding and written consent of each partic-
ipant.

Apparatus

Stimuli were displayed on a 21-inch CRT [1024 9 768 pixels (px),
100 Hz] monitor placed upside-down on the top surface of a rectan-
gular box (60 cm high, 90 cm wide and 75 cm deep). The moni-
tor’s image was viewed on the horizontal workspace thanks to a
mirror separating the apparatus horizontally (mean background lumi-
nance on the mirror was 3.5 cd/m2). The planar coordinates of the
right hand position were recorded using an electromagnetic stylus
(Grip Pen Intuos 3 ZP-501E) on a digitizer tablet (Wacom Intuos 3
PTZ-1231W; A3 size; spatial resolution: 0.02 mm, sampling rate:
200 Hz) placed on the horizontal workspace. The mirror blocked
the vision of the hand. The participants rested on a chinrest and
forehead support tilted toward the mirror plane with a 30° angle.
The experimental room was dark during the whole experiment.
Stimuli display and responses recording were controlled using MAT-

LAB 7.6.0. software including the Psychophysics Toolbox (ptb-3,
Brainard, 1997; Pelli, 1997).
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Stimuli

Two reference points were displayed on the screen (see Fig. 1). The
starting point (black dot of 2 px diameter, 100% luminance contrast
with respect to the background) was displayed at the stylus’ physical
starting zone. The fixation point (4-px-diameter black dot; 100%
luminance contrast) was located 6.5 cm (7.72° of visual angle)
above the starting point and centred such that the right and left stim-
uli were at the same visual eccentricity. Stimuli were presented
inside two 1-cm 9 1-cm empty black square-frames (1 px thick-
ness), with the centre located 45° to the right and left of the hand
starting position and aligned with the fixation point at 7.16° of
visual angle, i.e. 6 cm to the right and left. The target
(1 cm 9 1 cm square, 100% luminance, red colour) was presented
within one of the two square-frames.
The distractor was a Gaussian luminance blob with a standard

deviation of 0.3°. The luminance contrast of the distractor was indi-
vidually adjusted in the NM and BM conditions so as to obtain a
visibility close to the perceptual threshold, whereas the noise level
of the mask was adjusted in the FM condition (see procedure). The
noise level within the masks was defined as the range of contrast

luminance within which the luminance of the masks pixels varied.
Accordingly, hereafter the contrast of the mask refers to the level of
mask noise. The luminance range for the mask was [�100%;
+100%] of the background luminance in BM, whereas it was
[�84.5%; +84.5%] (mean for all the participants after adjustment
procedure) in FM. The mean contrast luminance of the whole mask
was equal to the background luminance. The mask filled both
square-frames immediately before (FM) or after (BM) stimulus
presentation.

Procedure

The experiment was divided into three conditions: a No Mask con-
dition (NM) in which the stimuli were presented without any mask,
a Forward Mask condition (FM) in which a mask was presented
immediately before stimuli presentation and a Backward Mask con-
dition (BM) in which a mask was presented immediately after stim-
uli presentation. Participants performed 700 trials (100
familiarization, 300 contrast adjustements and 300 experimental tri-
als) in each of the three conditions. First, 100 familiarization trials
were performed to establish individual baseline reaction time (RT)

Fig. 1. Temporal sequence of a trial. A 100-ms forward mask and a 150-ms backward mask are respectively displayed before and after stimuli presentation in
FM and BM.
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distributions and to train participants to produce fast motor
responses (i.e. between 150 ms and the 95th percentile of the RT
distribution individually assessed during the familiarization trials).
Short RT motor responses were favoured to focus on the early
stages of visual processing (McSorley et al., 2006). Then 300 con-
trast adjustment trials were performed to assess, for each participant,
the distractor–mask contrast pairs required to achieve an equivalent
distractor visibility across the three conditions (as measured by a
similar d0). Threshold assessment blocks, used to achieve both con-
stant visibility and constant distractor contrast accross BM and FM,
consisted of: (i) adjusting the individual distractor’s contrast to the
perceptual threshold without mask in the NM condition; (ii) adjust-
ing the individual distractor’s contrast to the perceptual threshold
while keeping fixed at 100% the contrast of the backward mask in
the BM condition; and (iii) adjusting the individual contrast of the
forward mask in the FM condition while keeping the contrast of the
distractor fixed at the value obtained in threshold assessment in the
BM condition. Finally, 300 trials were recorded during the main
experimental block.
Participants held the stylus with their right hand. To initiate a trial

they were instructed to place the stylus at the tablet location match-
ing the location of the projected starting point, and then click on the
stylus button. The starting and fixation dots’ contrast then decreased
from 100 to 50%. After a random period (ranging from 600 to
1100 ms), the target only or both the target and the distractor
appeared for 10 ms (see Fig. 1). The target was located in either the
left or the right square-frames, randomly. When present (50% of the
trials), the distractor was located in the other square-frame. A back-
ward noise mask appeared in both square-frames for 150 ms imme-
diately after stimuli presentation in the BM condition. In the FM
condition a forward noise mask was displayed for 100 ms and
immediately followed by the stimuli presentation (the random period
droped to 600–1000 ms interval). To allow sufficient time to reach
the target the frames lasted 1150 ms after target offset. Provided that
the RT ranged between 150 ms and the 95th percentile of the partic-
ipant’s RT distribution measured in the familiarization block, partici-
pants reported the presence of the distractor. A feedback (‘yes’ or
‘no’ displayed below the participant’s response) indicating the actual
presence of the distractor was displayed. The feedback was sup-
posed to limit conservative strategies in which participants systemat-
ically answer ‘no’ when not fully aware of the presence of the
distractor, and also to reduce the response bias (c > 0) by decreas-
ing the Miss rate and increasing the rate of False Alarms.

Data recording and analysis

Perceptual sensitivity and response bias

In agreement with SDT (Green & Swets, 1966), perceptual
responses were classified as Hits, Misses, False Alarms (FAs) and
Correct Rejections (CRs). The overall sensitivity (d0) and response
criterion (c) were computed for each participant in each condition.

Spatial and temporal performances of motor responses

The hand movement trajectory was sampled at a frequency of
200 Hz with a spatial resolution of 0.1 mm (0.12° of visual angle).
The onset of hand movement was defined as the last point in time
before the hand’s instantaneous velocity exceeded 20 mm/s. The
end of hand movement was defined as the first point in time when
hand velocity dropped below the same velocity threshold within the
deceleration phase. Reaction time (RT) and movement time (MT)

were computed with respect to these two temporal landmarks. Point-
ing movement direction was computed and transformed into signed
angular error (AE) by subtracting baseline (CR trials) mean direction
from each movement direction in each Hit, Miss and FA trial and
for each participant. Movement direction corresponded to the angle
subtended by hand location and mid-body axis, computed from hand
starting location at three different points along hand trajectory pro-
gression: (i) 20% of the covered trajectory (initial Angle, iA); (ii)
peak hand velocity (peak velocity Angle, pA); and (iii) movement
endpoint (terminal Angle, tA; see Fig. 2).
Trials were classified according to the four perceptual response

categories specified by the SDT, i.e. Hits, Misses, FAs and CRs for
each participant. RTs, MTs and AEs were subtracted from the aver-
age CR values considering the same condition and target position
(e.g. in the BM condition RTs obtained for left target in Hit trials
were subtracted from the average RT obtained for left target in CR
trials). A total of 105 pointing movements (1.46% of the move-
ments) were discarded from the analysis as the iAE of these move-
ments were larger than 45° with respect to the baseline value (CR
iAE). Statistical comparisons of experimental conditions were per-
formed using repeated measures anslyses of variance (ANOVAs) and
post-hoc Scheff�e tests. Analysis of relative individual performances
with respect to CR performances was performed for each category
of response (Hit, Miss, FA) using standard Student t-tests with
respect to 0 (i.e. to a performance identical to the baseline CR trials)
with a Bonferroni correction.

Results

Discarded trials

Trials with a RT shorter than 150 ms or longer than the 95th per-
centile of the familiarization trials’ RT distribution (0–8.33% per
session) were repeated at the end of each session. In total, 95.24%
of these trials were discarded because of long latency and 4.76%
because of too short RT; 3.14% of all trials were discarded because
of a poor stylus manipulation.

Distractor contrasts, perceptual sensitivity (d0) and decision
criteria (c)

The number of Hit (nH) and FA (nFA) trials, the perceptual sensi-
tivity values (d0) and decision criteria (c) obtained in the main
experiment are reported in Table 1, together with the distractor’s
contrast (ct) used in the three conditions for each participant. As
described previously, the contrasts of the distractors were the same
in the BM and FM conditions (62.6% on average, SD: 7.18% across
the participants) but were significantly higher than in the NM condi-
tion (22.8%, SD: 2.19%; t7 = 14.02, P = 0.000002). However, d0

values did not vary significantly across the three conditions (average
d0: 1.485; F2,14 = 2.10, P = 0.16). Thus, the distractors were of
equal contrast and similar visibility across BM and FM. c values did
not vary significantly, revealing the use of a similar response strat-
egy across the conditions (average c: 0.03; F2,14 = 2.11, P = 0.16).
Finally, mean contrast of the forward mask was 84.5% (SD: 4.41%)
across the participants.

Angular errors (AEs)

Figure 3 plots the AEs as a function of contrast and perceptual
state.
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Baseline (correct rejections)

Across all recorded trials, mean absolute iA, pA and tA for CR tri-
als (baseline) were, respectively, 36.65° (SD: 4.76°), 37.40° (SD:
4.31°) and 39.49° (SD: 4.91°). A two-way repeated-measures
ANOVA revealed that the baseline for movement angles did not vary
with the masking condition (F2,14 = .41, P = 0.67), but evolved
with movement completion: tAs were greater than iAs and pAs
(F2,14 = 13.53, P = 0.0005; Scheff�e tests < 0.01) but iAs and pAs
did not differ (P = 0.43). This slight movement curvature, already
observed in several previous experiments (Wolpert et al., 1994;
Miall & Haggard, 1995; Osu et al., 1997; Boessenkool et al.,
1998; Deplancke et al., 2013), is viewed as the signature of opti-
mal motor control with minimal endpoint variability (Harris &
Wolpert, 1998).

Group analysis

As we did not observe any difference between CRs and FAs across
the masking conditions in a preliminary analysis (with 0.16°, 0.19°
and 0.14° in the NM, BM and FM conditions, respectively), we
excluded FA results from the statistical analysis to improve clarity
in the data presentation.
AE analysis relative to CR baseline performance was thus per-

formed using a three-way repeated-measures ANOVA: 3 mask condi-
tions (NM, BM, FM) 9 3 locations in the trajectory (iAE, pAE,
tAE) 9 2 response categories (Hit, Miss). Means and standard devi-
ations for the groups’ performances are reported in Table 2. ANOVA

revealed that AEs were larger in Hit than Miss trials (F1,7 = 470.77,
P < 0.000001; Scheff�e test < 0.01) and were larger in the BM con-
dition, decreased in the FM condition and decreased again in the

A

B

Fig. 2. (A) Example of a typically curved pointing movement with the points at which initial (iA), peak velocity (pA) and terminal (tA) angles were computed.
(B) Top panel: iA corresponds to the angle at 20% of the covered trajectory. Bottom panel: pA and tA are defined according to instantaneous velocity. Initial
(iAE), peak velocity (pAE) and terminal (tAE) angular errors in Hit, Miss and FA trials were calculated by subtracting from these angles the corresponding
(rightward or leftward trials) average angles measured in CR trials (baseline) [see fig. 2 in Deplancke et al. (2013), courtesy of Journal of Neurophysiology,
copyright the American Physiological Society].

Table 1. Perceptual sensitivity (d0), criterion (c), number of Hit (nH) and False Alarm (nFA) trials and distractor contrast (ct) for each participant in each
masking condition. Distractor contrast is expressed in additionnal luminance as a percentage with respect to the background luminance

Subject

No mask Backward mask Forward mask

d0 c nH nFA ct d0 c nH nFA ct d0 c nH nFA ct

1 1.60 0.20 109 24 24 1.53 �0.12 122 39 75 1.46 �0.07 118 38 75
2 1.40 �0.07 117 40 22 1.81 �0.18 129 35 63 1.39 �0.03 115 38 63
3 1.56 0.16 109 26 25 1.58 0.26 105 22 60 1.61 �0.03 120 33 60
4 1.36 0.12 107 32 20 1.42 0.02 114 35 66 1.40 0.1 109 32 66
5 1.59 0.05 116 30 20 1.37 0.11 115 30 68 1.51 0.09 112 30 68
6 1.35 0.07 109 34 26 1.73 0.02 120 28 64 1.39 0.05 111 34 64
7 1.36 0.12 107 32 22 1.52 �0.06 119 36 51 1.41 �0.02 115 37 51
8 1.46 0.04 113 33 23 1.48 �0.03 117 36 54 1.35 �0.01 113 38 54
All 1.46 0.08 111 31.38 22.8 1.6 0.0 117.6 32.6 62.6 1.4 0.0 114.1 35.0 62.6
SD 0.10 0.08 3.69 4.61 2.05 0.14 0.13 6.48 5.19 7.18 0.08 0.06 3.41 2.96 7.18
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NM condition (F2,14 = 4630.93, P < .000001; all Scheff�e
tests < 0.01). The significant interaction [response category 9 mask
condition] (F2,14 = 38.51, P = 0.000002) indicated that the devia-
tions were: (i) greater in the BM than NM and FM conditions (Sch-
eff�e tests < 0.01) but equivalent in the FM and NM conditions for
the Hit trials (Scheff�e test = 0.64); and (ii) greater in the BM than
FM condition and in the FM than NM condition for the Miss trials
(all Scheff�e tests < 0.01).
Not surprisingly, deviations progressively decreased during the

completion of the pointing movements (F2,14 = 59.50,
P < 0.000001; all Scheff�e tests < 0.01), which indicates that the dis-
tractor mainly influenced the initial phase of the reaching movement
and that fast mid-flight trajectory corrections occurred as the point-

ing movement unfolded, in agreement with previous studies (Song
& Nakayama, 2006, 2008; Fautrelle et al., 2010).

Individual analysis

Analysis of individual performances (t-tests with respect to the base-
line 0) confirmed group results at the individual level (see Fig. 3).
Importantly, analysis of individual AEs showed that the deviation
revealed by the group analysis in Miss trials in FM was not signifi-
cant at the individual level.

Reaction time (RT)

Baseline (CRs)

Across all trials, RTs averaged 254.9 ms (SD: 29.96 ms). Mean
RTs in the NM, BM and FM conditions were, respectively,
249.5 ms (SD: 25.39 ms), 263.4 ms (SD: 36.2 ms) and 251.70 ms
(SD: 29.47 ms). These RTs did not significantly vary across condi-
tions (F2,14 = 0.92, P = 0.42).

Hit, Miss and FA trials

RTs were analysed according to the category of perceptual
responses (Hit, Miss, FA) using a two-way repeated-measures ANOVA

[response category (Hit, Miss, FA) 9 mask condition (NM, BM,
FM)]. Means and standard deviations for the group analysis are
reported in Table 2. As for the AEs, individual analyses were also
conducted, leading to a total of nine tests (t-tests with respect to the

+22.7% +62.6% +62.6%

(84.5% noise)

Toward

Fig. 3. Initial (iAE), peak velocity (pAE) and terminal (tAE) angular deviations with respect to the correct rejection trials in the three masking conditions
(NM: no mask, BM: backward mask, FM: forward mask). Positive and negative values express, respectively, deviations toward and away from the distractor.
Each bar represents individual mean performances. Significant performances compared with the CR condition are indicated by a star.

Table 2. Mean (ms) and standard deviation (SD) of reaction times (RTs)
and initial (iAE), peak velocity (pAE) and terminal (tAE) angular errors (de-
grees) relative to the correct rejection (CR) baseline

Condition

Hits Misses

NM BM FM NM BM FM

Mean RT 0.29 0.05 0.65 �1.83 �0.93 0.18
SD 2.74 3.73 3.25 3.95 3.65 2.81
Mean iAE 1.56 2.83 1.52 �0.03 1.93 0.88
SD 0.12 0.31 0.12 0.28 0.31 0.2
Mean pAE 1.31 2.19 1.18 0.06 1.54 0.72
SD 0.18 0.17 0.14 0.2 0.13 0.13
Mean tAE 1.12 1.74 0.90 �0.04 1.30 0.47
SD 0.14 0.27 0.2 0.33 0.13 0.22
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baseline: 3 response categories (Hit, Miss, FA) 9 3 mask condi-
tions) per participant.
As shown in previous studies (Welsh et al., 1999; Cardoso-Leite

& Gorea, 2009; Deplancke et al., 2013), neither group nor individ-
ual analyses revealed any significant RT dependency on either the
masking condition (F2,14 = 0.68, P = 0.52) or the response category
(F2,14 = 0.71, P = 0.51).

Summary

When the contrast of the not masked distractor (NM) was low,
pointing movements deviated toward the distractor only when this
latter was reported (Hit trials). When the contrast of the distractor
was high, its effects on pointing trajectory depended on the type of
mask applied to reduce its visibility: (i) when followed by a back-
ward mask (BM), trajectory deviations were larger than in the NM
condition for both Hit (distractor reported) and Miss (distractor not
reported) trials, while the effect was smaller in Miss than Hit trials;
but (ii) when preceded by a forward mask (FM), the effect of the
distractor was smaller in Hit trials compared with the BM condition,
and no effect was found in Miss trials. When the distractor affected
the trajectory of pointing movements, this effect was larger at the
beginning of the movement and decreased through movement com-
pletion (iAE > pAE > tAE). No effect was observed on RTs.

Discussion

This series of experiments investigated whether current neurophysio-
logical models of visual masking can account for the relationship
between perceptual and motor responses at the early stages of visual
processing in experiments using near-threshold stimuli. To do so,
the present experiment aimed at directly comparing the effect of a
near-threshold distractor on perceptual detection and manual reach-
ing movements when presenting either a low-contrast distractor in a
not masked condition (NM) or a high-contrast masked distractor in
a backward (BM) or forward mask (FM) condition. Participants per-
formed first a hand movement directed to a highly visible target and
then reported the presence of a near-threshold distractor (present in
50% of the trials) symmetrically located with respect to the tar-
get along the horizontal meridian.
Trajectory deviations toward the distractor were used in this

experiment as an index of vision for action. Hand-to-target trajectory
deviations in the presence of a visual distractor have been widely
studied in light of models of target selection (Tipper et al., 1997,
2001; Quaia et al., 1998; Godijn & Theeuwes, 2002; Arai & Keller,
2005; Walton et al., 2005; Song & Nakayama, 2006, 2008). These
models and empirical findings are in agreement with the existence
of a retinotopic visuomotor map in the neurophysiological structures
involved in visual target selection (e.g. superior colliculus), each
stimulus of the visual scene (i.e. target and distractors) activating a
specific region of this map with the average of the activations deter-
mining the endpoint location of the reaching response (Robinson,
1972; Wurtz et al., 1980; McPeek & Keller, 2004). The sign of the
deviation then depends on the onset of the response: RTs below and
above 250 ms (for hand movements; see Deplancke et al., 2013)
respectively lead to a shift of movement endpoint toward (‘global
effect’, see Findlay, 1982; Sailer et al., 2002) and away from the
distractor as the expression of either early excitatory (deviations
toward) or reactive inhibition (deviations away) processes applied to
the distractor-triggered activity (Tipper et al., 2001; McSorley et al.,
2006). Our experimental design favoured fast motor RTs and, as
expected, movement endpoints shifted toward the distractor.

Neurophysiological models of visual masking (Macknik &
Livingstone, 1998; Lamme et al., 2000; Breitmeyer, 2007) consider
that the early neuronal response to a visual stimulus is composed of
two neural activations. Precisely, in the presence of a visual stimulus
a stimulus-dependent transient feedforward activation (transient
channel) is initially observed, followed by a perception-dependent
activation mediated by sustained re-entrant influence from higher
cortical areas (sustained channel, Breitmeyer, 2007; Macknik &
Martinez-Conde, 2007, 2009; Super & Lamme, 2007). Within this
framework, backward visual masking has been shown to selectively
suppress the second perceptual-dependent component of the neural
response whereas forward visual masking is thought to suppress
the first stimulus-dependent component of the neural response
along with partial suppression of its later component (Macknik &
Livingstone, 1998; Lamme et al., 2000; Breitmeyer, 2007; Macknik
& Martinez-Conde, 2009). Importantly, it was also suggested that
feedback projections mediating the sustained (perception-dependent)
component of the neuronal response had an enhancement role on
the initial feedforward sweep of activation associated with the pres-
ence of the stimulus (De Lafuente & Romo, 2005; Super & Lamme,
2007; Macknik & Martinez-Conde, 2009; Deplancke et al., 2013).
Such feedback gain would be applied to the feedforward signal
according to an ‘all-or-none’ (reported/non-reported) rule, as it has
been shown that while the neural activity associated with the
presence of the stimulus (feedforward) was proportional to the
stimulus’s physical intensity (e.g. contrast), the activity related to its
detection was used according to an ‘all-or-none’ criterion (Quiroga
et al., 2008; Deco & Romo, 2009).
As described in Fig. 4, trajectory deviations that we observed in

the present study are in accordance with these assumptions. First, in
the presence of a high-contrast distractor followed by a backward
mask (BM), hand-to-target trajectory deviations toward the distractor
were observed when this distractor was both reported (Hit trials)
and, although to a smaller extent, not reported (Miss trials). Accord-
ing to the neurophysiological models of visual masking, such sub-
liminal motor effect would be due to the influence of a broad
feedforward activation (related to the presence of the high-contrast
distractor) on target selection. This broad feedforward activation
would interfere with the target-directed motor responses in the
absence of conscious experience of the distractor as the perceptual-
dependent part of the neuronal response would be selectively dis-
rupted by the backward mask. Such distractor-related transient acti-
vation would, however, be too weak to unconsciouly modulate the
motor response in the presence of a not masked low-contrast distrac-
tor (NM), a condition in which, indeed, no subliminal motor effect
(Miss trials) was actually observed in the present study. Also, the
systematic deviation presently and previously observed in the pres-
ence of a reported distractor (perceptual Hits: Cardoso-Leite &
Gorea, 2009; Deplancke et al., 2013) is in accordance with the
enhancement of the distractor-related feedforward activation in con-
scious perception of this latter, even at low contrast, and thus by the
sustained activation related to it (Lamme & Roelfsema, 2000; De
Lafuente & Romo, 2005; Super & Lamme, 2007; Macknik & Marti-
nez-Conde, 2009; Deplancke et al., 2013). Interestingly, in the pres-
ence of the distractor the larger deviation of hand trajectories in the
backward mask condition, compared with the no mask condition
(Hit trials), is reminiscent of the reported effect of attention orienta-
tion on visual detection. Indeed, previous studies focusing on precu-
ing information have highlighted that detection visual sensitivity
was selectively enhanced for stimuli presented at attended locations
in the visual scene (Bashinski & Bacharach, 1980; Lu & Dosher,
1998; Van der Heijden & Brouwer, 1999; Smith & Ratcliff, 2009).
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However, this observation was made for backwardly masked but not
for unmasked stimuli, which were characterized by a much lower
visual contrast (Smith, 2000; Smith et al., 2004; Smith & Ratcliff,
2009).
However, the new outcome provided by the present study bears on

the results obtained when presenting a high-contrast distractor pre-
ceeded by a forward mask (FM condition). In this condition, devia-
tions of hand trajectories toward the distractor were drastically
reduced when compared with the effect observed in the presence of
the same distractor (equal visibility and contrast) but followed by a
backward mask (BM). This finding is in agreement with the expected
reduction of the first transient distractor-dependent component of the
neuronal response in the presence of a forward mask (Macknik &
Livingstone, 1998; Lamme et al., 2000; Breitmeyer, 2007; Macknik
& Martinez-Conde, 2009), this first component thus being too weak
to influence the motor response in Miss trials as much as in the back-
ward mask condition. In accordance with this interpretation, devia-
tions in Hit trials were also actually reduced in the presence of the
forward mask compared with the backward mask condition.
Also in line with the neurophysiological models of visual mask-

ing, the feedback activation associated with a ‘distractor reported’
perceptual state did not lead to any motor effect in the case of FAs.
Even if a feedback enhancement process were at work in such a
case, it would indeed lead to no significant motor interference when
potentializing the null feedforward activity related to the fictive (ab-
sent) distractor (for a similar suggestion, see also Deplancke et al.,
2013).
In conclusion, the present study showed that the effect of a not

consciously perceived visual stimulus on target selection for action
was highly dependent on the experimental conditions. Indeed, sub-
liminal motor effects were modulated by both the contrast of the
stimuli and the type of mask (forward or backward) used to reduce

their visibility. Such condition-dependent influence of unseen stimuli
on target selection, although discrediting models of vision propound-
ing a radical dissociation between visual processing for perception
and for action, is well accounted for by current neurophysiological
models of visual masking (Breitmeyer & Ganz, 1976; Lamme,
1995; Macknik & Livingstone, 1998; Macknik & Martinez-Conde,
2007, 2009; Super & Lamme, 2007). These models suggest a sepa-
ration of the early neuronal response to a visual stimulus into a fast
transient feedforward sweep of activation related to the stimulus
presence and a sustained re-entrant feedback activation linked to
stimulus awareness. The present study exhibits for the first time an
exhaustive compatibility between these neurophysiological models
and behavioural measurement of perceptual and motor responses in
the presence of near-threshold visual stimuli.
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