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Abstract 

Blindsight has been primarily and extensively studied by Lawrence Weiskrantz. Residual visual 

abilities following a hemispheric lesion leading to homonymous hemianopia encompass a variety of 

visual-perceptual and visuo-motor functions. Attention blindsight produces the more salient 

subjective experiences, especially for motion (Riddoch phenomenon). Action blindsight illustrates 

visuo-motor abilities despite the patients’ feeling that they produce random movements. Perception 

blindsight seems to be the weakest residual function observed in blindsight, e.g. for wavelength 

sensitivity. Discriminating motion produced by isoluminant colours does not give rise to blindsight for 

motion but the outcome of the reciprocal test is not known. Here we tested whether moving stimuli 

could give rise to colour discrimination in a patient with homonymous hemianopia. It was found that 

even though the patient exhibited nearly perfect performances for motion direction discrimination 

his colour discrimination for the same moving stimulus remained at chance level. It is concluded that 

easily discriminated moving stimuli do not give rise to colour discrimination and implications for the 

3 levels of blindsight taxonomy are discussed. 
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1. Introduction 

Blindsight (Weiskrantz, 1986) has been initially described in humans in the early 70’ (Pöppel et al, 

1973; Weiskrantz et al, 1974; Perenin & Jeannerod, 1975) as a neurological condition whereby 

patients with hemianopia exhibit residual visuo-motor processing. The oxymoron “blindsight” 

emphasizes that patients experience a lack of visual information in at least one part of their visual 

field and yet show a peculiar ability to direct their eyes or their hand toward the unseen stimuli 

presented within this scotoma (Weiskrantz 1986, 1996, 2009; Danckert & Rossetti 2005). Typically, 

patients with cortical blindness exhibit homolateral hemianopia, with no visual experience coming 

from one hemifield.  In order to present visual stimuli within this blind portion of their visual field, 

visual fixation has to be controlled. Accuracy of saccades and hand reaches is poorer than in their 

healthy visual field and in healthy subjects, but it is significantly better than chance, i.e. the saccade 

or reach endpoints are correlated with target positions. It has been proposed that subcortical 

substrates such as the superior colliculus may be responsible for this residual visuo-motor ability 

(Weiskrantz et al., 1974; Zihl & Werth, 1984), which is directly supported by the observation of 

blindsight in patients with hemispherectomy (Perenin & Jeannerod, 1978), by functional brain 

imaging (Leh, Ptito, Schönwiesner, Chakravarty & Mullen, 2010) and correlation between blindsight 

occurrence and pupillary reactions (Sahraie, Trevethan, MacLeod, Urquhart & Weiskrantz, 2013). 

However the accuracy of pointing movements appears to be better than that of saccades performed 

by some blindsight patients (Danckert & Rossetti, 2005). Furthermore, this ability is not restricted to 

processing of the stimulus location, which is required for saccades and reaches, but may also concern 

stimulus orientation or size (Perenin & Rossetti 1996). This result implies that other brain structures 

are involved in blindsight. It has therefore been proposed that subcortical structures project visual 

information onto cortical areas involved in motor control, i.e. the parietal cortex (Rossetti, 1998; 

Danckert & Rossetti 2005). As the matter of anatomical facts, the reversible inhibition of monkey 

primary visual cortex (V1) is accompanied by the suppression of electrophysiological activity in the 

occipito-temporal pathway while some residual activity can be recorded in the occipito-parietal 

pathways (Girard, Salin & Bullier; 1991-1992).  

Blindsight has also been described to occur for other qualities of visual information than just 

localization. Some patients exhibit more or less vivid reactions to motion stimuli, for which they 

experience no visual phenomenology but a clear sense of motion, i.e. the Riddoch phenomenon 

(Morland, Jones, Finlay, Deyzac, Le & Kemp, 1999 ; Zeki & ffytche, 1998). Some of these patients may 

discriminate motion direction. In some cases, psychophysical experiments were able to report that 

patient exhibit some discrimination capacity for shape (Trevethan, Sahraie & Weiskrantz, 2007), 

wavelength (Stoerig & Cowey, 1989) or even emotions (Weiskrantz, 2000 ; Pegna, Khateb, Lazeyras, 

& Seghier, 2005). Altogether Danckert & Rossetti (2005) proposed to distinguish between three main 

categories of blindsight. Attention-blindsight is characterized by a vivid experience of the subjects, as 

if it corresponded to some sense of alertness. Action-blindsight corresponds to the initial observation 

of visuo-motor residual abilities. Agnosopia or Perception-blindsight correspond to cases where static 

visual qualia can be statistically discriminated over numerous trials. 

Functional connectivity from the colliculus onto cortical structures has been described in attention-

blindsight (Leh, Ptito, Schönwiesner, Chakravarty & Mullen, 2010). Building up on Schmid et al. 

(2010), Ajina et al. (2015) recently demonstrated that perception of grating in blindsight patients was 

correlated with the quality of visual projections from the lateral geniculate nucleus (LGN) to human 

MT complex (hMT+) confirming that at least some of the blindsight phenomenon can be associated 



to inputs to the dorsal stream that are distinct from the main V1 origin. If one considers MT as the 

main cortical input of visual signals responsible for blindsight, it is interesting to know that inhibiting 

this brain region with TMS leads to an impairment of both chromatic and achromatic motion 

perception (Kaderali et al. 2015). Therefore visual inputs to MT may contribute to colour vision, 

especially when V1 is damaged. One may therefore hypothesize that using moving stimuli may 

increase the quantity or the quality of visual information that is projected to colour processing areas. 

It has been shown that blindsight patients cannot discriminate motion produced in isoluminant 

conditions (Alexander & Cowey, 2013), but reciprocally it is not known whether the colour of moving 

stimuli would be better perceived than static hue. One may hypothesize that because moving stimuli 

are most readily processed by patients with blindsight their colour discrimination might be boosted. 

S.A. was reported to us following clinical examination because he exhibited a preservation of the 

opticofacial winking reflex within his hemianopic field. He could also discriminate the presence of 

motion or reach fairly accurately to objects presented within his hemianopic field, while being 

assertive about his lack of visual experience. We explored whether his visual discrimination was 

specific to motion or could expand to other qualia of moving stimuli, e.g. colour. 

 

2. Materials and methods 

2.1. Case History 

Following a stroke, SA was admitted to the neurology unit. He exhibited a complete somatosensory 

deficit on his left side including the face, a motor deficit of the left arm (3/5), a left hemianopia 

(automated perimetry) and a mild corticonuclear cataract. The proprioceptive deficit was responsible 

for a severe hand and foot ataxia precluding investigations for action-blindsight. His medical record 

included thyroidectomy and mild angor. His brain scan and MRI revealed an earlier ischemic lesion in 

the superficial sylvian territory on the left side and a recent right posterior lesion affecting the medial 

occipital lobe, the right thalamus and the right hippocampus. Figure 1 shows brain lesions on MRI 

and visual fields highlighting a left homonymous hemianopia. 

2.2. Experimental design 

Six healthy volunteers, (aged 22.5  4.0), without any visual deficit has been recruited to form a 

control group with respect to colour and movement discrimination. One age-matched control 

individual (77) without neurological history has also been included in this study. All participants have 

given consent in accordance to Helsinki's ethic rules. 



Figure 1 : patient lesions and visual field. 

Upper row shows SA's MRI scans revealing a right posterior lesion affecting the medial occipital lobe, right 

thalamus and right hippocampus. Lower row shows SA's 30° central visual fields (automated static system, 

Metrovision ®, Pérenchies, France) where white parts refer to blind parts of the visual fields. The homonymous 

hemianopia was more severe for the left eye and some sparing inferior quadrant of the right eye was observed. 

Green and Red arrows exhibit the 20° angular position of stimuli presentation in the left hemianopic fied, i.e. 

beyond the relatively preserved area of the left inferior quadrant. 

 

Healthy subjects and SA were seated in front of a uniform white wall, with their eyes 57 cm away 

from the wall surface.  They were tested for their ability to discriminate between upward and 

downward motion using different colour hand-held laser pointers. During each trial they were asked 

to fixate a dot presented in front of them at their eye level without any head deviation while one 

experimenter visually controlled that fixation was maintained during each trial. When eye movement 

occurred occasionally, the trial was cancelled. A total of 13 such trials was cancelled in healthy 

subjects while none had to be cancelled with SA. Stimuli were presented between 20° and 25° in the 

left visual-hemifield as shown by green and red arrows in Figure 1; all subjects provided an oral 

response at the end of each trial. Preliminary testing showed that SA performed this double task 

easily in his healthy (right) visual field. 

Two stimulus dimensions have then been taken into account: direction of movement (upward vs 

downward) and spot colour (green vs red). All combinations of a total of 48 experimental conditions 

(12 red-up, 12 red-down, 12 green-up and 12 green-down) were pseudo-randomly (latin square 

design) presented to subjects. Following Perenin and Rossetti (1996) preliminary trials were 

performed within the healthy visual field of SA in order to facilitate comprehension of the task. All 

subjects in this study had been made aware of all 4 possible stimuli. Red and green colours have 

been selected considering known wavelength sensibility in blindsight (Marzi, Mancini, Metitieri & 



Savazzi, 2009). Laser spot were used in order to maximize stimulus contrast (Alexander & Cowey, 

2012). Movement speed was chosen to be 40 cm.s-1 because residual visual sensibility is best shown 

with rather fast motion (Zeki & ffytche, 1998; Azzopardi & Cowey, 2001). Preliminary testing showed 

that SA performed this double task easily in his healthy (right) visual field. 

2.3. Statistical analysis 

This study consisted of pure Bernouilli experiments where subjects obtained success or defeat for 

each trial with unknown probability p. A total of 48 trials have been presented to subjects and results 

were analysed using a binomial test measuring the probability that p Bernouilli parameter well 

reproduced experimental data. For example, if a subject obtain 24 successes on 48 trials, the 

binomial test states that the probability of p=.5 is 1 whereas the probability of p=.8 is only 3.3x10-6. 

The response pattern of our patient concerning colour responses was unexpected because it varied 

among more than the two alternative responses expected from our forced-choice paradigm. 

Therefore, this specific issue was assessed by Pearson's 2 tests to determine the proportions' profile 

of his answers.  

3. Results 

Average number of successful answers for healthy control group are given in Table 1, together with 

SA's score and the age-matched control subject.  

Table 1 : Average values of successful answers for 48 presentations of colours and directions of motion 

 control group patient SA age-matched 

 mean st. dev   

Spot colour  47.0 0.89 12 48 

Motion direction 47.8 0.41 47 48 

 

In healthy subjects, the task was very easy and individuals reached nearly 100% correct. The binomial 

test on healthy subjects group exhibited more than 99.99% chances that all control subjects’s 

responses were correct (p parameter equals 1). The age-matched healthy control performed with 

100% in each task and the binomial test shows the same subject's success level confirming the 

easiness of the task. SA performed in the same range for motion discrimination with 47/48 correct, 

even though his responses were produced very spontaneously and immediately around the end of 

the stimulation. In only one trial he initially answered ‘down’ and then changed his answer into the 

correct one ‘up’. This response was therefore considered as correct. With only one true error, the 

binomial test stated more than 99.99% chances of p=1 successful answers and confirmed that he had 

a clear sense of motion even without proper visual experience. By contrast, for the colour 

discrimination task SA exhibited obvious difficulties. First, he assumed that he could not guess about 

the colour because of the lack of any phenomenological experience of it. Second, we tried to 

compensate for this difficulty by asking him to answer first about colour and second about motion, as 

during preliminary trials he would spontaneously reply about motion and then only about colour if at 

all. Despite reiterated instructions he overall answered about motion first in 45/48 trials. Out of the 

other three colour responses only one was correct. The other colour responses were delayed by 

several seconds due to hesitations. Even if the instruction to provide a response by chance was 

repeated, he could not utter a colour name in 8/48 trials (blank response). Altogether the correct 



colour answer was provided in 12/48 trials. In 18 trials, colours other than red and green were called 

(mostly white and blue) and regularly SA was reminded that only red and green were used. A 

response bias toward green colour was observed and the total number of red or green responses 

was 22, rendering the 12 correct responses close to the 50% random level of performance. In order 

to clarify this response pattern, patient's 5 answers (green, red, white, blue, and no answer at all) 

were compared between the 2 experimental conditions (green and red stimuli). We then found that 

1) answers produced for each stimulus colour were compatible with equally distributed proportions 

between 5 possibilities (2(4)=7.6, p=.11) and 2) patterns of answers were not different between 

green and red stimuli (2(4)=4.14, p=.38). This result corroborated the random response pattern of 

SA concerning the colour determination.  

 

Figure 2: participants’ responses. 
This figure shows the distribution of participants as a function of probability of success for colour stimuli (left 
panel) and motion stimuli (right panel). Nearly all healthy subjects achieved 100% correct, showing a total of 
two errors for colour and only one for motion. The age-matched control subject was 100% correct for the two 
visual qualia whereas SA was in the control range for motion and random for colour. 

 
 

Figure 2 presents the distance in number of successes between the individual cases and the control-

group distribution. Whereas movement responses of SA were at the same level as those of the 

control group, his colour responses did not differ from chance. The age-matched subject was 

following the same pattern of response than the control group; this allows to state that the huge 

difference observed in answers concerning colours should not be attributed to aging. Note that 

because of non-normally distributed data, no significant effect size may be given, only relative risk (or 

chance) is relevant: SA was 4 time less likely to discriminate colours than motion direction with 

respect to control group and age-matched subject. 

 

4. Discussion 

The present pattern of result indicates that SA was clearly able to sense and discriminate motion 

direction while being unable to sense and guess about the colour of this moving stimulus. First, this 

suggests that distinct processes or pathways may be at work in motion-blindsight and in colour-

blindsight (Danckert & Rossetti, 2005) and confirms that colour discrimination may result from a 



more complex and thus slower processing (Pisella, Arzi & Rossetti, 1998). Second, it expands the 

finding that motion could not be discriminated from hue in isoluminant conditions: reciprocally we 

find that hue cannot be discriminated for moving stimuli. As emphasized by Smits, Heywood, Seijdel, 

Kentridge & de Haan (2018), to validate the 3-level taxonomy of blindsight further explorations of 

correlation and interaction between each level is required. Our result support the idea that 

attention-blindsight and perception-blindsight correspond to different entities. Lesion of the LGN 

(lateral geniculate nucleus) abolishes visual responses found in the extra-striate cortex of chronic V1-

lesioned monkeys (Schmid et al. 2010). Transient lesions of V1 supress neuronal activity toward the 

ventral stream, where colour-coding neurons are found, while residual activity can still be recorded 

in the inputs of the dorsal stream, where neurons coding motion can be found (Girard et al. 1991, 

1992). Therefore, projections from the LGN to the extra-striate cortex that bypass V1 must account 

for the existence of perception-blindsight as confirmed by Schmid et al. (2010) in monkeys and Ajina 

et al. (2015) in humans. Even if monkey projections from LGN to extrastriate areas do not seem to be 

decisively different for areas such as V4 and V5 (Schmid et al. 2010), the current results confirm that 

in humans the strength of the residual activity responsible for blindsight may be different for motion 

and colour. This confirmation is also in agreement with Kaderali, Kim, Reynaud & Mullen (2015) who 

showed that TMS inhibition of the motion hMT+ area impaired significantly global motion detection 

of healthy subjects irrespective of the chromatic dimension of the stimuli. Thus, the wavelength 

sensitivity described in perception-blindsight by Marzi, Mancini, Metitieri & Savazzi (2009) remains 

difficult to account for in terms of neuronal pathways. One potential candidate is heralded by Leh, 

Ptito, Schönwiesner, Chakravarty & Mullen (2010) who have shown that S-cone projections seem to 

be absent in subcortical-to-cortical pathways involved in attention-blindsight. Further investigations 

are needed to improve our understanding of colour perception-blindsight. As far as action blindsight 

is concerned, the existence of LGN projections to MT (Ajina et al, 2015) appears to provide a 

plausible input to the dorsal stream involved in motor responses (Danckert et al, 2003). Other 

anatomical pathways may also play a role: several studies (Celeghin et al, 2017 ; Silvanto et al, 2007 ; 

Bridge et al, 2008 ; Celeghin et al, 2015) support a possible compensation by MT from the healthy 

hemisphere via information transfer through the corpus callosum. In the case of SA, such a transfer is 

indeed possible, but the current experiment is not informative on this point. In addition, recent work 

(Mikiellidou et al, 2017) has highlighted the possible intervention of the prostriata area in motion 

detection appearing in peripheral vision. However, the speed range involved in this motion detection 

(500°/s) is much higher than the speed involved in our experiment (around 40°/s) and it is likely that 

this cortical area plays a rather minor role in the case of SA. 

Additionally, our case study suggests that colour processing may not be boosted by moving stimuli, 

as if residual blindsight activity for motion would be much stronger than for colour even when these 

features are processed at the same time and belong to the same stimulus. Blindsight for motion has 

been repeatedly associated with type 1 blindsight, i.e. leading to a conscious experience, whereas 

blindsight for colour has not (Kentridge, 2015). On another line of thought, this result is also 

compatible with the view that blindsight may be viewed as the complementary condition to optic 

ataxia (Rossetti, Pisella, McIntosh, 2017). As a matter of facts it seems that several features of 

blindsight may be viewed as mirror images of optic ataxia: in blindsight preserved abilities are 

prominently representative of the dorsal stream functions, visuomotor performance preserved in 

blindsight seem to match those which are defective in optic ataxia (Pisella et al. 2000; Danckert & 

Rossetti 2003; Rossetti, Pisella & Vighetto, 2003), and delayed responses may impair blindsight 



motor responses (Rossetti, 1998; but see Carey, Trevethan, Weiskrantz & Sahraie, 2012) whereas 

they paradoxically improve optic ataxia patient’s performance (Milner et al. 2001; Revol et al. 2003; 

Rossetti et al. 2005). These dissociations suggest that optic ataxia is more likely to be dissociated 

from blindsight that from visual agnosia (Danckert & Rossetti 2005; Pisella, Binkofski, Lasek, Toni & 

Rossetti, 2006; Rossetti, Pisella, McIntosh, 2017). However, a crucial argument needs to be further 

investigated to support this proposal. The visual qualia that is most saliently processed by patients 

with blindsight is motion and there is by now only limited information available in the literature 

about motion processing deficits in optic ataxia. Low level motion perception (e.g. optic flow) was 

preserved but more complex motion processing (apparent motion (phi phenomenon), multiple dots 

tracking) were significantly altered in a patient with a bilateral optic ataxia patient (Michel & Henaff, 

2004) as well as in a group of patients with various parietal lesions (Battelli et al., 2001). Specific 

explorations of motion processing in unilateral optic ataxia should clarify whether it can be 

considered as a mirror image of blindsight. 
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Highlights: 

 A neurological patient with visual cortex lesion showed exhibited preserved ability to process 

motion direction (up vs down) but not the colour (red vs green) of a moving dot. 

 This case study shows that neural processing of the motion and the colour of a visual stimuli 

can be dissociated. 

 

 




