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ARTICLE INFO ABSTRACT

Keywords: The visual pathways that bypass the primary visual cortex (V1) are often assumed to support visually guided

Blindsight behavior in humans in the absence of conscious vision. This conclusion is largely based on findings on patients:

Era'nscramal magnetic stimulation V1 lesions cause blindness but sometimes leave some visually guided behaviors intact—this is known as
esion

blindsight. With the aim of examining how well the findings on blindsight patients generalize to neurologically
healthy individuals, we review studies which have tried to uncover transcranial magnetic stimulation (TMS)
induced blindsight. In general, these studies have failed to demonstrate a completely unconscious blindsight-like
capacity in neurologically healthy individuals. A possible exception to this is TMS-induced blindsight of stimulus
presence or location. Because blindsight in patients is often associated with some form of introspective access to
the visual stimulus, and blindsight may be associated with neural reorganization, we suggest that rather than
revealing a dissociation between visually guided behavior and conscious seeing, blindsight may reflect preser-

Unconscious perception

vation or partial recovery of conscious visual perception after the lesion.

1. Introduction

Blindsight patients have visual field defects due to a visual cortical
lesion, but paradoxically, they can use stimuli in the blind visual field to
guide their behavior (Cowey, 2010; Poppel et al., 1973; Sanders et al.,
1974; Weiskrantz et al., 1974). Blindsight is interesting because, first, it
suggests that stimuli that are not consciously seen can be used to guide
behavior. Second, this ability to use unconscious visual information to
guide behavior may not depend on the primary visual cortex (V1),
whereas conscious vision does depend on it. However, although these
conclusions are currently widely accepted, little is known about how
well this phenomenon can be generalized to neurologically healthy in-
dividuals. Does a similar unconscious blindsight-like capacity influence
the behavior of neurologically healthy individuals? This is an interesting
question not only from the perspective of basic science and conscious-
ness research, but also because it may also offer insights into the re-
covery of vision after lesions (Das et al., 2014; Melnick et al., 2016).

The present article has three aims. First, after briefly introducing
blindsight, we will argue that to understand blindsight and its neural

basis, it needs to be compared to neurologically healthy control partic-
ipants. Second, we review studies that have examined whether a
blindsight-like capacity can be observed in neurologically healthy in-
dividuals when transcranial magnetic stimulation (TMS) is used to
interfere with the activity in the visual cortex. Third, after concluding
that there is little evidence for strictly unconscious blindsight-like
behavior in neurologically healthy participants, we propose that blind-
sight indicates either preservation or partial recovery of conscious vision
after the lesion. We also briefly discuss key topics such as the challenges
in measuring conscious perception, and basics of TMS—readers who are
familiar with these topics may want to skip these.

2. Blindsight in patients
2.1. What is blindsight?
We use the term blindsight to refer to the capacity of patients with

cortical blindness following damage to the visual cortex to use infor-
mation from visual stimuli presented to their clinically blind field to
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guide behavior (Danckert et al., 2019). More specifically, we assume
below that blindsight is always accompanied by a lesion to the V1
although the lesion does not have to be restricted to only the V1. We use
the term “conscious” vision to refer to visual perception that is accom-
panied by experiences that can be introspected by the subject. We use
“unconscious” visual perception to refer to situations where the stimuli
that the subject denies consciously seeing can nevertheless influence
their behavior in some way.

The phenomenon of blindsight has been widely documented (Stoerig
and Cowey, 1997). Indeed, patients who report not consciously seeing
stimuli because of the cortical lesion have been shown to detect (Ajina
et al., 2015b,c; Azzopardi and Cowey, 1997) and localize (de Gelder
et al., 2008; Weiskrantz et al., 1974; Zihl, 1980) objects, discriminate
motion direction (Ajina and Bridge, 2018; Azzopardi and Cowey, 2001;
Blythe et al., 1986; Pavan et al., 2011; Perenin, 1991), color (Stoerig,
1987; Stoerig and Cowey, 1992), and shape (Marcel, 1998), and process
the affective information (De Gelder et al., 1999; Striemer et al., 2019)
of stimuli presented to the blind visual field. Blindsight can also be
measured by examining how stimuli presented to the blind visual field
modulate manual reaction times (Marzi et al., 1986; Tamietto et al.,
2010) or eye movements (Rafal et al., 1990; Savina and Guitton, 2018)
to stimuli presented to the intact visual field.

2.2. Pathways to blindsight

To explain blindsight, researchers have tried to characterize the
pathways through which information from the eyes could be passed to
the cortex without the V1. These studies have typically relied on
nonhuman primate or rodent models. In addition to projecting to the V1
(Fig. 1A), neurons in the LGN project to other visual cortical areas
(called “‘extrastriate” areas) such as the V2 (Bullier and Kennedy, 1983;
Markov et al., 2011; Yukie and Iwai, 1981), V3 (Benevento and Yoshida,
1981), V4 (Benevento and Yoshida, 1981; Gattass et al., 2014; Lyon and
Rabideau, 2012), and MT+/V5/MT (Jayakumar et al., 2013; Lyon and
Rabideau, 2012; Sincich et al., 2004). These projections (Fig. 1B) are one
major class of candidate pathways that can explain blindsight. Schmid
et al. (2010) demonstrated in macaque monkeys with V1 lesions that
reversible inactivation of the LGN eliminated behavioral detection and
visual cortical responses to stimuli presented in the blind visual field,
suggesting that LGN causally mediates blindsight. Especially the pro-
jections from the LGN to the MT+/V5 are assumed as being crucial for
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blindsight (Bridge et al., 2010, 2008; Goebel et al., 2001).

One major visual pathway goes through the pulvinar (Baldwin et al.,
2017), which receives direct input from the eyes (Cowey et al., 1994;
Nakagawa and Tanaka, 1984; O’Brien et al., 2001). The retina also
projects to SC (Crook et al., 2008; Perry and Cowey, 1984; Schiller and
Malpeli, 1977), which then projects to cortical areas V3 and
MT+/V5/MT through the LGN and pulvinar (Lin and Kaas, 1979; Lyon
et al., 2010). This pathway is involved in relaying low-contrast, quickly
moving visual information to the cortex (Lyon and Rabideau, 2012).
According to one model, the SC relays affective information to the
amygdala, enabling rapid responses to threatening stimuli through what
is commonly referred to as the “low-road” visual system (LeDoux, 2012;
Ohman and Mineka, 2001; Tamietto and De Gelder, 2010; but for
critique, see Pessoa and Adolphs, 2010). Most direct evidence for the
involvement of the SC-pulvinar pathway in blindsight comes from
studies in monkeys (Kinoshita et al., 2019). Neuroimaging studies have
shown that SC is activated during blindsight in humans (Celeghin et al.,
2019; Tamietto et al., 2010). However, it is difficult to know whether
this activation in humans reflects bottom-up visual input from retina, or
feedback from subcortical or cortical areas.

2.3. Beyond feedforward pathways

The idea that feedforward pathways to cortex alone explain blind-
sight may be too simplistic because brain areas form complex, inter-
connected networks rather than simple serial signaling pathways
(Buzsaki, 2019; Pessoa, 2014). In addition to disrupting feedforward
pathways, lesions interrupt feedback processes. This may modify how e.
g., visually evoked activation spreads. For example, only approximately
5% of neurons in the V1 receive direct input from the LGN (Douglas and
Martin, 2007). Similarly, activity in the V1 is strongly influenced by
back-projections from cortical and subcortical areas (Muckli and Petro,
2013). The LGN receives only approximately 10 % of its input from the
retina, whereas about 30 % of the input comes from back-projections
from the V1 (Ghodrati et al., 2017; Sherman and Guillery, 2002).
Similarly, the majority of inputs to the pulvinar comes from the cortex
(Shipp, 2003), and SC receives massive input from the V1 and various
other cortical and subcortical areas (Basso and May, 2017). This means
that lesions to V1 may modulate the spread of visual information in a
complex manner (Muckli and Petro, 2013; Sillito et al., 2006). For
example, White et al. (2017) showed that although visual saliency

B

Fig. 1. Schematic of the pathways that relay visual information from the retina to the cortex. A) The geniculo-striate pathway is the major visual pathway that is
lesioned in blindsight patients. B) When the V1 is lesioned, other pathways may relay visual information to the cortex and support visually guided behavior. V1 =
primary visual cortex, LGN = lateral geniculate nucleus of the thalamus, Pul = Pulvinar, SC = superior colliculus. [Brain image credits: Patrick J. Lynch &

Carl Jaffe.].
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representation emerges earlier in SC than in the V1, visual activation
latencies were shorter in the V1, suggesting that the saliency represen-
tation in SC may depend on inputs from the V1. Consequently, lesions to
V1 may also strongly affect the processing of distant areas, possibly
changing their functional roles. Consistent with this, in blindsight pa-
tients, responses in V5/MT + to stimuli presented to the blind visual
field change (when compared to healthy controls), possibly because
dominant input from V1 is removed (Ajina et al., 2015b,c). Cortically
blind patients also show perceptual deficits in their “intact” visual field
(Bola et al., 2013), suggesting changes in modulatory activity. Alto-
gether these factors imply that blindsight, as observed in patients, may
not straightforwardly generalize to neurotypical individuals.

2.4. How blind is blindsight?

A major question is whether blindsight is degraded and partially
conscious vision rather than a separate unconscious capacity (Campion
et al., 1983; Phillips, 2020). To measure conscious perception, partici-
pants need to report what they perceive. The simplest approach is to use
a binary scale: the participant rates something as “seen” or “not seen”
(Fig. 2A). Problem with this approach is that it does not capture the
graded nature of conscious perception, which is why rating scales with
more alternatives should be used (Fig. 2B) (Overgaard et al., 2006;
Ramsgy and Overgaard, 2004; Sandberg et al., 2010). Furthermore, it is
important to realize that blindsight-like dissociation can be observed
simply because the means of measuring behavior may be more sensitive
than the method used to measure conscious perception (Campion et al.,
1983) (Fig. 2C-D).

Blindsight patients often deny that they see anything in their sco-
toma. For instance, a patient tested by Poppel et al. (1973) asked, “How
can I look at something that I haven’t seen?” (p. 295) when asked to try
to fixate a target presented in the scotoma. However, because many
studies on blindsight patients have not employed systematic,
trial-by-trial investigations of visual experiences during the visual task,
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Fig. 2. The signal detection theoretic (SDT) perspective into detecting and
discriminating stimuli. A) According to the SDT, perception is a noisy process
where the aim is to distinguish a signal (e.g., the visual stimulus; black line)
from noise in the system (gray line). The participant compares the strength of
internal response (x-axis) to some criterion (dashed line). If the internal
response exceeds the criterion, she or he reports that the stimulus was present.
When only one criterion is used, stimuli with a relatively high signal strength
may be classified as “not seen” (red area). B) Evidence can be reported with
more detail with more alternatives. The two lower panels compare visual
detection (C) and discrimination (D) tasks (e.g., left vs. right stimulus, here
represented as blue and red axes when viewed from above). The task of
discriminating two features (D) may be more sensitive than the task where
signals are labelled “seen” vs. “not seen”(C). For more details, see (King and
Dehaene, 2014; Ko and Lau, 2012).
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it is unclear how many instances of reported unconscious capacity are
merely severely degraded conscious vision (see also, Mazzi et al., 2019;
Overgaard, 2011). Studies by Overgaard et al. (2008) and Mazzi et al.
(2016) show that what may be initially interpreted as unconscious
perception may just be degraded conscious vision, when visibility is
measured with graded scales. It is also well known that cortically blind
patients report conscious perception especially when moving stimuli are
used (Ffytche and Zeki, 2011; Riddoch, 1917).

Blindsight is often divided into type-1 and type-2 forms. Type-1
blindsight refers to truly unconscious blindsight cases where the pa-
tients are not assumed to be able to consciously introspect any infor-
mation related to the stimulus presented to the scotoma. Type-2
blindsight refers to cases where the patients have some introspective
access to the information about stimuli in the scotoma. Type-2 experi-
ences are assumed to be “non-visual”. For example, when pressed, pa-
tient D.B. reported that he “had a ‘feeling’ that the stimulus was either
pointing this or that way, or was ‘smooth’ (the O) or ‘jagged’ (the X)” (p.
721) (Weiskrantz et al., 1974). Although some blindsight cases may be
better characterized as very degraded conscious vision, and accompa-
nied by type-2 “feelings” accessible to introspection, studies suggest that
blindsight is nevertheless different from normal conscious vision
(Azzopardi and Cowey, 1997; Trevethan et al., 2007; Weiskrantz, 2009;
Weiskrantz et al., 2002). This suggests that neural plasticity may play a
role in shaping blindsight.

3. Mimicking blindsight with TMS
3.1. The need for control participants

To what extent is blindsight-like capacity present in neurologically
healthy individuals? Researchers often assume that blindsight reveals a
hardwired capacity that is also functional in neurologically healthy in-
dividuals. This reasoning is based on the assumption that a cortical
lesion eliminates a specific functional capacity (e.g., conscious vision
mediated by V1), without affecting others (e.g., visually guided behavior
mediated by V1-bypassing pathways). However, as argued above, visual
cortical lesions could lead to complex changes in how networks of areas
process visual information, possibly enabling visual abilities that do not
exist in neurologically healthy individuals. Neural reorganization
following the lesion may further modify how cortically blind patients
process information. To understand to what extent blindsight-like
behavior is present in neurologically intact individuals, neurologically
healthy control participants are needed.

Some findings suggest that blindsight may not generalize to neuro-
logically healthy individuals. For instance, widely-studied patient G.Y.
explains in an interview how he gradually learned to use information
from the blind field to guide his behavior: “I'd walk into a lamp post or
into a bin. I just didn’t see it, I'd walk straight into it, and that doesn’t
happen anymore” (Heron, 2000). Importantly, the connectivity of cir-
cuits that survived the lesion clearly differs from neurological healthy
humans in G.Y. (Bridge et al., 2008; Silvanto et al., 2009; Tamietto et al.,
2012). Similarly, monkeys do not reveal blindsight immediately after a
visual cortical lesion (Humphrey, 1972; Humphrey and Weiskrantz,
1967). This suggests that blindsight may require neural reorganization
to develop, implying that neurologically healthy humans should not
reveal a similar capacity.

Alternatively, it could be argued that blindsight may not be present
right after the lesion during the acute period because it takes time for the
system to recover some of its normal functioning. Furthermore, blind-
sight may not be observed in cortically blind patients if the damage
extends to the V1-bypassing pathways and cortical areas that are
assumed to mediate blindsight. Consistent with this interpretation, those
cortically blind patients who display blindsight have comparable
anatomical (Ajina et al., 2015a) and functional (Ajina and Bridge, 2018)
connectivity between LGN and V5/MT + as healthy controls. According
to this interpretation, neurologically healthy humans should show a
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similar blindsight capacity as some patients. Arguably, neurologically
healthy humans could even display stronger forms of blindsight than
patients because patients often have lesions affecting other areas than
the V1.

Next, we discuss how TMS offers means to study if V1-bypassing
pathways enable blindsight-like behavior in neurologically healthy
individuals.

3.2. TMS basics

Cortical neurons can be stimulated by inducing an electric field (E-
field) into the cortex using TMS (Fig. 3). With neuronavigated TMS,
individual cortical areas can be targeted, but because the induced E-field
depends on multiple factors (including cortical folding, coil type, and
stimulation intensity, Thielscher et al., 2011; Weise et al., 2020), tar-
geting specific cortical areas is very difficult. For example, the visual
areas V2/V3 are often closer to the surface of the head than the V1,
making selective stimulation of the V1 difficult. Based on TMS-induced
E-fields that are estimated using a spherical volume conductor model,
selective stimulation of the V1 can be obtained in a subset of individuals
when retinotopically mapped visual areas are available (Salminen-Va-
paranta et al., 2012). When no retinotopic images of visual areas are
available, the location of the V1 can be accurately predicted from
cortical folding: it is in the calcarine sulcus (e.g., upper visual left field is
represented in the lower bank of the calcarine sulcus in right hemi-
sphere)(Henriksson et al., 2012; Hinds et al., 2008). This means that
TMS pulses can be directed at the V1 based on anatomical images
(although adjacent areas such as the V2 and V3 are also stimulated).
When no anatomical brain images are available, TMS is simply aimed at
locations that influence visual perception, but there is no guarantee that
the V1 will be stimulated.

Contralateral occipital stimulation disturbs conscious vision: the
participant’s vision becomes blurred in the stimulated visual field
location, and sometimes, the stimulus is not consciously seen at all
(Amassian et al., 1989). This finding is visualized in Fig. 3E. The sup-
pressive effect is strongest when the stimulus onset asynchrony (SOA)
between the visual stimulus and the TMS pulse onset is around
80-120 ms. Note that a demonstration that TMS to V1 eliminates un-
conscious visual processing at any SOA would be at odds with findings in
patients because a lesion prevents processing in V1 at all times.

Target:
left/right hemifield

TMS: left/right

fixation hemisphere

SOA
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Blindsight is therefore by definition V1-independent.
4. Review of TMS-induced blindsight studies

We will next review studies that have used TMS to try to induce
blindsight-like behavior in neurologically healthy participants. We
searched PubMed for articles using the following search term: “((TMS)
OR (transcranial magnetic stimulation)) AND ((blindsight) OR (uncon-
scious))”. The search yielded 155 articles. Only studies that used early
visual cortical TMS were considered as being directly relevant. Based on
reading the abstracts, 23 articles were included in the review. The
reviewed studies are listed in Table 1.

In the following chapters, we review the TMS studies by grouping
them according to the visual features that the participants based their
responses on. This was motivated by the fact that the processing of
different visual features is based on different pathways/areas. For
example, whereas the pathway through SC could be argued as sup-
porting the localization of luminance-defined stimuli, it is less likely that
such a pathway would support the discrimination of shapes or color
because of the large non-color opponent receptive fields of SC neurons.
Consequently, it is plausible to assume that in neurologically healthy
humans, only specific types of stimuli/tasks allow for blindsight-like
behavior. Similarly, different forms of blindsight in patients have been
suggested to rely on different neural substrates and come in different
forms (Celeghin et al., 2019; Danckert and Rossetti, 2005).

A strong demonstration of TMS-induced blindsight requires showing
that visual cortical activity has been disturbed by the TMS pulses to the
degree that the participant reports not seeing it (as in cortical blindness).
It is difficult to ascertain that TMS affected early visual cortical repre-
sentation to a sufficient degree in studies that have used low-contrast
stimuli or masking to reduce stimulus visibility. For this reason, we
discuss these studies in a separate section (titled “Studies employing
masked priming or low-contrast stimuli”).

Rather than performing a meta-analysis, our aim here is to draw the
reader’s attention to the fact that methodological factors such as the
means by which subjective perception has been measured, as well as the
task-relevant stimulus feature may explain why studies have reached
different conclusions.
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Fig. 3. Transcranial magnetic stimulation (TMS). A) A coil is used to magnetically induce an E-field into the cortex. B) TMS can be targeted to specific cortical
location based on brain images. C) The induced E-field is strongest right below the coil but also affects nearby areas (visualization done using SimNIBS (Saturnino
et al., 2019)). D) In TMS-blindsight experiments, TMS pulses are often triggered at specific temporal intervals relative to a visual stimulus (SOA = visual stimulus vs.
TMS pulse onset asynchrony). E) When TMS is applied to, for example, the left visual cortex, the contralateral (right) visual field is affected. Stimuli presented to the
ipsilateral visual field can serve as control stimuli (data from Railo and Koivisto (2012)).
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Table 1
Studies employing TMS to examine blindsight-like behavior.

Neuroscience and Biobehavioral Reviews 127 (2021) 353-364

Authors Year  Task Subjective TMS targeting NB Stimulus size Coil TMS-blindsight finding
report®
Ro et al. 2004  Saccade or manual-response to  Y/N Hunting 6 0.2° 90 mm blindsight in saccade task
target (speed-up of RTs) method round
Boyer et al. 2005  orientation/color Y/N and 1-9 Hunting 5 0.25° x 0.05° / 90 mm blindsight of orientation/color,
discrimination method 0.25° round correlates with confidence
Jolij & 2005  emotional face localization/ - 1.5 cm above 10 1° x 1° 140 mm possible affective blindsight
Lamme discrimination the inion round
Christensen 2008  reaching task 1-5 Above the inion 11 3 x 3LED 135 mm blindsight during reaching
et al. round
Ro 2008  Reaching task (speed-up of Y/N Hunting 6 0.2° 90 mm blindsight during reaching
RTs) method round
Sack et al. 2009  arrow orientation response - Phosphene 10 2.8° x 1.1° 70 mm no blindsight-like behavior
priming figure-of-8
Koivisto et al. 2010  motion discrimination 1-4 Phosphene 12 0.7° x 0.7° 70 mm blindsight of motion only
figure-of-8 during early TMS SOA
Koivisto et al. 2011  orientation/shape/location 1-4 Hunting 7+7 0.17° 70 mm blindsight of location
method figure-of-8
Koivisto et al. 2012  arrow orientation response 1-4 Phosphene 15 1.26° x 0.38° 70 mm no blindsight-like behavior
priming figure-of-8
Railo & 2012  speeded location 1-4 Hunting 10 0.2° 70 mm blindsight of location
Koivisto discrimination method figure-of-8
Railo et al. 2012  color discrimination/priming 1-4 Hunting 13 0.3° 70 mm no blindsight-like behavior
method/fMRI figure-of-8
Filmer & 2013  emotional stimulus - Phosphene 34 2° 70 mm affective information more
Monsell discrimination figure-of-8 resistant to suppression
Lloyd et al. 2013  2AFC orientation Y/N, and 1-4 Phosphene 10 1° x 2.5° 100 mm no blindsight-like behavior
confidence figure-of-8
Persuh & Ro 2013  shape response priming Y/N Hunting 16 0.44° 90 mm unconscious priming despite
method round TMS at specific SOAs
Allen et al 2014  chromatic vs. grayscale shape Y/N (shape + Phosphene 16 0.81° x 1.43° 90 mm shape discrimination not
discrimination presence) round affected by TMS
Koivisto et al. 2014  orientation/color 1-4 MRI calcarine 12 0.8° x 0.3° 70 mm no blindsight-like behavior
discrimination sulcus figure-of-8
Railo et al. 2014  RTE of color Y/N MRI calcarine 12 0.3° 70 mm no blindsight-like behavior
sulcus figure-of-8
Hurme et al. 2017  RTE* of stimulus presence 1-4 MRI calcarine 15 0.27° 70 mm blindsight only during 90 ms
sulcus figure-of-8 SOA
Peters et al. 2017  2AFC orientation "criterion free" Hunting 114 .25° x .05° 90 mm suboptimal introspection due to
report method round TMS
Koenig & Ro 2018  orientation discrimination Y/N Hunting 17 0.3° x 0.05° 90 mm blindsight of orientation
method round
Hurme et al. 2019  RTE of motion 1-4 MRI calcarine 18 0.17° 70 mm no blindsight-like behavior
sulcus figure-of-8
Allen et al. 2020  chromatic vs. grayscale shape Y/N (shape + Phosphene 41-48  0.8° x 1.4° 91 mm no blindsight-like dissociation
discrimination presence) round
Hurme et al. 2020  RTE of color 1-4 retinotopic 16 0.17° 70 mm no blindsight-like behavior
mapping figure-of-8

" RTE = redundant target effecft; A = Visibility or confidence report; B = in analyses.

4.1. Stimulus presence/location

Ro et al. (2004) was the first to report TMS-induced blindsight,
observing that distractor stimuli that the participants reported not
seeing influenced the speed of eye movements toward a lateralized
target. The authors did not observe a similar effect when the participants
reported the location of the target with a manual button-press, based on
which they argued that the effect was mediated by visual pathways
through the SC. Later, using a similar distractor paradigm, Ro (2008)
observed that it was possible to influence reaction times when a manual
reaching task was used. Both of these studies (Ro et al., 2004; Ro, 2008)
employed a binary yes/no visibility rating.

Christensen et al. (2008) reported that a TMS-suppressed distractor
stimulus influenced hand-reaching movements even though “uncon-
scious perception” was defined as the lowest alternative in a five-step
visibility scale. Koivisto et al. (2011) primarily studied orientation
versus shape processing, but the paradigm included a response pro-
cedure where the participants also reported the stimulus location (left
vs. right visual field) when answering the orientation/shape question.
Here, stimulus visibility was measured using a four-step scale. Location
detection was significantly above chance, even when only the lowest
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visibility rating was examined. Railo and Koivisto (2012) showed that
participants who reported not seeing a lateralized target stimulus at all
(the lowest rating on a four-step scale) because of early visual cortex
TMS could still correctly guess the side of the target with about 70 %
accuracy. Altogether, these studies indicate that participants can un-
consciously process the rough location of a stimulus, even when V1
activity is disturbed with TMS to the degree that there is suppression of
conscious vision (as measured by yes/no or graded visibility reports).
The above studies did not examine if the effect of TMS on blindsight-
like behavior varies when early visual cortical activity is interfered at
different delays (i.e., SOAs; Fig. 3D). Studies on blindsight patients rely
on anatomical “different pathway” explanatory models because in the
patients, the lesion is always present. In contrast, because TMS pulses
can be applied at different temporal intervals, they allow for the ex-
amination of physiological “same pathway” models, which attribute
different functions to visual areas at different time points. The early
bottom-up flow of visually evoked activity through the early visual
cortex is assumed to be unconscious, but may have the capacity to in-
fluence behavior (Lamme and Roelfsema, 2000; Vanrullen, 2007; Van-
Rullen and Koch, 2003). This feedforward stimulus-evoked activation in
the V1 in humans occurs around 60 ms after stimulus onset (Foxe and
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Simpson, 2002; Wilson et al., 1983).

Hurme et al. (2017) used the redundant target effect (RTE) to study
TMS-induced blindsight. The RTE is a phenomenon where an additional
stimulus speeds up reaction times, even though this “redundant” stim-
ulus is not necessary for performing the task. In Hurme et al.’s study,
“unconscious” was operationalized as follows: the participants reported
being confident (highest rating on three alternative scale) in seeing one
stimulus even though two were presented. The results showed that when
the visibility of the redundant stimulus was suppressed by early visual
cortex TMS at 60 ms SOA, RTE was eliminated. However, when
conscious vision was suppressed at 90 ms SOA, a statistically significant
RTE remained (Fig. 4A), showing that visually guided behavior was
influenced by the unconscious stimulus. These results provide causal
evidence for the idea that early feedforward responses are necessary for
both unconscious and conscious vision, whereas later time windows
contribute more to conscious vision. Of note is that this type of finding is
at odds with blindsight observed in patients: In patients, the lesion is
permanent, and hence both feedforward and feedback activity are
prevented.

We conclude that TMS studies provide evidence that information
about the location or presence of a stimulus can guide participants’
behavior, even when the participants report that they do not perceive
the stimulus due to V1 TMS. In contrast to blindsight patients, this effect
may be restricted to TMS suppression, where the initial feedforward
sweep is not inhibited. However, a stringent psychophysical demon-
stration of TMS-induced blindsight (e.g., similar to Azzopardi and
Cowey, 1997, in patients) of stimulus presence/location is still lacking.

4.2. Orientation

Boyer et al. (2005) reported that orientation can be processed even
when conscious vision is suppressed by early visual cortex TMS (see,
(Koenig and Ro, 2019) for a similar result). The target (a horizontal or
vertical bar) was presented next to fixation, and the participants were
asked whether they saw the orientation of the stimulus. If the participants
reported being unconscious of the object’s orientation, they were asked
to give their best guess of the orientation and then asked to rate how
confident they were about their response (on a scale of 1-9). Boyer et al.
(2005) reported that the participants could report the orientation of the
stimulus beyond the level of mere chance, even though they reported not
seeing the orientation of the bar (shown in Fig. 5A). However, the par-
ticipants’ confidence ratings correlated strongly with objective perfor-
mance, indicating that the participants did have introspective access to
the visual feature they were making judgments about. In fact, when the
participants selected the highest confidence level, the accuracy was 100
%, as shown in Fig. 5B. Moreover, it should be stressed that in the study
by Boyer et al. (2005), the participants were not asked whether they did
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Fig. 5. Effects of early visual cortex on orientation perception. A) Accuracy of
visual discrimination when the participants reported not seeing the orientation
of the stimulus in Boyer et al. (2005). B) The discrimination accuracy correlates
strongly with confidence ratings, suggesting that the results reported by Boyer
et al. are not unconscious vision but rather near-threshold vision. C) The ac-
curacy of correctly reporting orientation when either the occipital cortex or
control area (Cz) is stimulated (form Lloyd et al. (2013), Experiment 1): the
performance is above chance even when the occipital cortex is stimulated, thus
replicating Boyer et al. D) However, visual sensitivity in the Yes/No and
two-alternative forced-choice tasks in the two stimulation conditions shows no
sign of a blindsight-like dissociation. (The figures are reproduced from original
publications using WebPlotDigitizer (Rohatgi, 2015)).

not see the stimulus, but they merely reported (using a binary scale)
being not conscious of the specific visual feature they were asked to judge.
It is likely that Boyer et al. (2005) measured near-threshold vision, not
unconscious vision.

Lloyd et al. (2013) used signal detection theoretic analyses to test
whether a TMS-induced blindsight of orientation could be observed
when a criterion-free measure of visual sensitivity is used. While repli-
cating the original finding of Boyer et al. (2005); Lloyd et al. (2013)
found no evidence that TMS-induced blindsight (as measured indepen-
dently of a criterion) exits. This is shown in Fig. 5C-D.

Peters et al. (2017) used a two-interval forced-choice paradigm that

Fig. 4. Results of TMS-induced blindsight
studies employing the redundant target effect
(RTE). The black dots represent the effect of the
conscious redundant stimulus, and the blue
triangles represent the effect of an unconscious
(because of TMS to calcarine sulcus) redundant
target on reaction times. The error bars are 95
% confidence intervals. In all of these studies,
an unconscious RTE was observed when the
target was rendered unconscious by visual
masking (i.e., when the V1 activity was not
interfered with). A) RTE of stimulus presence:

o i T o B i Bl Wl P |

=

4 60 % 105 The participants were asked to make simple
responses to targets. Unconscious RTE was
TMS SOA (ms)

observed in the 90 ms SOA (Hurme et al.,
2017). RTEs produced by b) chromatic infor-
mation (Hurme et al., 2020) or C) motion
(Hurme et al., 2019) were not observed when
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minimized the participants’ need to specify a criterion for reporting
conscious perception. TMS was applied on one of the intervals (SOA
100-128 ms), and in addition to reporting the orientation of the stim-
ulus at each interval, the participants were asked to judge which of the
two intervals contained a more visible target. As expected, objective
sensitivity (d’) was decreased by TMS relative to the no-TMS intervals.
The authors also argued that they found evidence for TMS-induced
blindsight because even when the participants’ objective discrimina-
tion performance was at zero, they chose the TMS-interval as “more
visible” at a rate that was higher than predicted by chance. Yet because
TMS was only applied in one interval, the “more visible” reports could
be because of, for example, perception of phosphenes, even if no stim-
ulus was perceived.

We conclude that currently, there is little evidence for type-1 TMS-
induced blindsight when the task requires processing the orientation of
the stimulus.

4.3. Chromatic information

In addition to examining the unconscious processing of orientation,
Boyer et al. (2005) used the same paradigm to examine TMS-induced
blindsight of chromatic information. The results are very similar to
those observed with the orientation task: the participants could report
the color of the stimulus with a relatively high-level accuracy (about
70-95 % correct) when they reported not seeing the target (yes/no
rating). Furthermore, the participants’ performance correlates with
their confidence ratings, indicating that their responses were not based
on completely unconscious information. As with orientation processing,
the reported “unconscious” color processing is more likely degraded
conscious vision.

Railo et al. (2012) examined the possibility of TMS-induced blind-
sight of chromatic information by using forced-choice judgments when
stimulus visibility was measured using a four-step scale. The results
show that when the participants reported not seeing color but possibly
still seeing a glimpse of stimulus presence, they could still discriminate
color above guessing rate (66 % correct, SD = 17 %, n = 6); this is
consistent with the results by Boyer et al. (2005). The participants who
reported being unconscious of the whole visual stimulus could not
discriminate color above a typical guessing rate (49 %, range = 37-60
%, N = 3). Although the sample in the final comparison is very small, the
results suggest that the way “unconscious” vision is operationalized is
important for how strong unconscious visual processing is observed.

Railo et al. (2014) and Hurme et al. (2020) examined the
TMS-induced blindsight of chromatic information using the RTE para-
digm but observed that the suppression of conscious vision also elimi-
nated unconscious vision. The two studies were also specifically
designed to reveal the contribution of SC using S-cone isolating stimuli
and control L/M-cone stimuli, as has been reported in blindsight patients
(Leh et al., 2006a,b; Tamietto et al., 2010). However, no differences
were found between different wavelength stimuli in either study (Hurme
et al., 2020; Railo et al., 2014). The results of Hurme et al. (2020) are
shown in Fig. 4B.

Altogether, the data from these studies indicate that both the un-
conscious and conscious perception of color rely on the V1 in neuro-
logically healthy participants.

4.4. Motion

The processing of motion is assumed to be particularly well-
preserved in blindsight patients. As noted by Azzopardi and Cowey
(2001), “moving targets may be so salient that, in carefully controlled
conditions, it can be difficult to discern whether the patients are actually
‘blind’ to them” (p. 30). Thus, motion processing is assumed to be a
particularly strong visual capacity, possibly reflecting the fact that mo-
tion is processed by the pathways that project fast-acting magnocellular
neurons directly to cortical area MT+/V5 or the parietal cortex (Ajina
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et al., 2015a). This makes motion processing a very interesting feature to
study in TMS paradigms.

Koivisto et al. (2010) asked participants to report the direction of
motion (left/right) and conscious perception of motion direction of
random-dot displays. The conscious perception of motion direction was
impaired when TMS was applied to the early visual cortex at an early
(20 ms) or late (60 ms) delay after motion offset. Because TMS stimu-
lation of MT+/V5 impaired motion discrimination and subjective
perception at an intermediate (40 ms) TMS delay, the data support the
idea that motion perception relies on the initial feedforward flow of
activation to MT+/V5 through the V1. When the participants reported
not seeing the direction of the motion, the performance on the
forced-choice direction-task was above the level of chance (mean ac-
curacy about 65 %). This unconscious discrimination of motion direc-
tion was selectively impaired when TMS was applied to V1 at the later
TMS delay, suggesting that the discrimination of unconscious motion
direction may rely on feedback to V1 (again, this is at odds with findings
in blindsight patients).

In the study by Koivisto et al. (2010), visual suppression by TMS was
not complete, but only subjective perception of the task-relevant visual
feature (motion direction) was suppressed. Hence, as already noted, it is
likely that the reported “unconscious” visual perception was more likely
just degraded conscious vision. Hurme et al. (2019) used the RTE to
examine whether TMS-induced blindsight can be observed with moving
stimuli whose visibility was completely suppressed with V1 TMS. As
shown in Fig. 4C, when the visibility of the whole stimulus was sup-
pressed with TMS (four SOAs: 45-105 ms), no unconscious RTE was
observed. In contrast, robust unconscious RTE was observed when visual
(metacontrast) masking was used (i.e., when the V1 activity was not
interfered with TMS).

We conclude that there is currently no evidence for type-1 TMS-
induced blindsight of visual motion.

4.5. Affective information

Jolij and Lamme (2005) used a paradigm where the participants had
to indicate the emotion (happy vs. sad) and location (left vs. right) of an
emotional face icon presented together with three neutral stimuli. The
results showed that at 110 ms SOA, the participants could report the
emotion of the stimulus (accuracy at around 66 %), even though they
could not report its location. A similar effect was not observed at the
130 ms SOA. This result is not a strong demonstration of type-1
TMS-induced affective blindsight because the participants were not
unconscious of the whole stimulus but were merely not conscious of the
facial expression(s). Moreover, because the effect was only observed
during specific SOA, it is inconsistent with the idea that unconscious
affective processing completely bypasses V1. Finally, the results
revealed complex learning effects and dependencies on the duration of
the visual stimulation.

Filmer and Monsell (2013) showed that early visual cortical TMS
selectively disrupted the sensitivity to perceive neutral body postures
without influencing the perception of emotive body postures. Tshis is
consistent with the idea that affective or threatening information may
have processing priority and work through other pathways than the
geniculo-striate pathway. Yet, because in the study conscious visibility
of the (relatively large) body stimuli was not completely suppressed, this
finding does not count as an instance of TMS-induced blindsight.

In conclusion, it is too early to make conclusions about affective
TMS-induced blindsight based on these studies.

4.6. Studies employing masked priming or low-contrast stimuli

Here, we discuss studies that cannot be unequivocally categorized as
TMS-induced blindsight because (in addition to TMS) the visual stimulus
was masked with another visual stimulus, or was low-contrast to begin
with. This means that it is difficult to ascertain if TMS pulses have
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actually interfered with the visual processing in the V1 because stimuli
are frequently unconscious simply because of weak stimulus intensity
(or masking). These studies can still provide interesting information
about the contribution of the early visual cortex to unconscious and
conscious visual processing and, as discussed below, are generally
consistent with the studies reviewed above.

Koivisto et al. (2012) showed that unconscious response priming by
arrow-shaped stimuli depends on the early visual cortex, supporting the
conclusion that shape cannot be unconsciously processed without the
geniculo-striate projection (see also, Sack et al., 2009; Koivisto et al.,
2014). Using an unconscious shape priming paradigm, Persuh and Ro
(2013) showed that at 45 ms TMS-SOA, visually masked prime stimuli
that were unconscious could still produce a priming effect. Although the
use of a binary visibility rating means that the performance may not
have been strictly unconscious, the results suggest that early visual
cortex may contribute to blindsight-like behavior at specific time
windows.

Allen et al. (2014) asked participants to report the direction of an
arrow stimulus, in addition to reporting what they saw. In this study, the
intensity of the stimuli was calibrated to a level that resulted in
conscious perception of the stimulus in 50 % of the trials without TMS.
Because the task was to report the direction of an arrow, the task was
similar to orientation/shape recognition. Conscious detection of the
arrow stimulus was suppressed by paired TMS pulses delivered at 90 and
130 ms after visual stimulus. Because TMS did not reduce the frequency
of correct arrow recognition reports during the unconscious trials, the
authors concluded that TMS-induced blindsight was observed. However,
a more likely explanation is that the TMS pulses were not effectively
interfering with processing in the early visual cortex: the majority of
stimuli (about 50 %) were unconscious because of the low intensity of
the stimuli, and the TMS pulses increased the suppression rates by only
about 10 %. Similar design was employed by Allen et al. (2020) with the
exception that TMS pulses were applied to the early visual cortex in two
varied time-points (at 110 ms SOA, and an additional pulse before or
after). The results showed that TMS suppressed conscious and uncon-
scious perception to similar degree, revealing no blindsight-like
dissociation.

Railo et al. (2012) showed that TMS to the V1 decreases unconscious
color priming. Even though the unconscious color priming effect was not
completely eliminated, the results show that TMS pulses interfered with
both the unconscious and conscious processing of color, suggesting that
the two cannot be dissociated. Similarly, Koivisto et al. (2014) observed
that early visual cortex TMS interfered with both conscious and un-
conscious color and shape discrimination.

5. Discussion
5.1. Main conclusions

The TMS studies indicate that when the task is to roughly localize or
merely detect the presence of a stimulus, there is evidence of type-1
TMS-induced blindsight, but this effect may be restricted to situations
where the early, feedforward stimulus-driven activity in the V1 is not
interfered with (Hurme et al., 2017). There is no evidence for type-1
TMS-induced blindsight of orientation or chromatic information when
conscious perception is measured using a strict procedure. TMS studies
have, however, revealed a weaker form of dissociation between sub-
jective visual experiences and visually guided behavior: when partici-
pants have reported that they do not consciously see the task-relevant
feature (e.g., line orientation or color), but may see other features of the
stimulus, they can still use the task-relevant feature to guide their
behavior. Only a few studies have examined TMS-induced blindsight of
motion or affective information, and these studies have failed to provide
convincing evidence for such an effect (at least in a type-1 sense).

The lack of strong evidence for type-1 TMS-induced blindsight sug-
gests that geniculo-striate projection causally mediates both
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unconscious and conscious vision in neurologically healthy individuals
and that visual pathways that bypass the V1 cannot alone support
visually guided behavior in neurologically healthy individuals. As noted
above, a possible exception to this is unconscious registration of stim-
ulus presence or location. Altogether this suggests that type-1 blindsight,
as possibly observed in patients, does not straightforwardly generalize to
neurologically healthy participants.

5.2. Limitations of the TMS studies

TMS studies have used small stimuli (often <1°; Table 1) to effec-
tively suppress conscious vision, but studies on patients have typically
used large, high-intensity stimuli. It is possible that the pathways that
mediate blindsight-like behavior require large and high contrast stimuli
to be sufficiently activated (e.g., the LGN to V5/MT + pathway; Ajina
and Bridge, 2018, 2019; Ajina et al., 2015a). SC neurons are activated by
even very small and brief duration stimuli (Cynader and Berman, 1972;
Schiller et al., 1974; Wurtz et al., 1980), and blindsight in patients does
not seem to be limited to large stimuli. Savina and Guitton (2018)
showed that small (0.5°) stimuli presented in the blind visual field
influenced saccades towards the field with hemianopia in two hemi-
decorticate patients. The pattern of visuo-motor influence, as well as the
fact that this was observed in hemidecorticate patients, suggests that the
effect was mediated by the SC. Similarly, monkeys with V1 lesions
display blindsight-like behavior in response to small stimuli (Mohler and
Waurtz, 1977). These observations mean that at least the possible un-
conscious capacity of blindsight patients and monkeys to process small
stimuli unconsciously does not generalize to neurologically healthy
individuals.

Even if blindsight of small stimuli may not generalize to neurologi-
cally healthy participants, one could argue that TMS studies would
observe a type-1 blindsight, could they use sufficiently large stimuli (to
e.g., sufficiently activate the LGN to V5/MT + pathway). However,
recent psychophysical studies (without TMS) of the relationship be-
tween subliminal perception and conscious experience challenge this
claim. Peters and Lau (2015) observed (using a “criterion-free” psy-
chophysical paradigm) that when participants failed to consciously
evaluate a stimulus, they also performed at chance-level in the objective
orientation discrimination task (the stimuli in this task subtended 111°).
Railo et al. (2020) observed that above-chance unconscious location
discrimination accuracy (unconscious here means the lowest alternative
on a four-step scale) correlated with participants’ criterion level and
their sensitivity to consciously detect the stimuli (this study used 6.5°
stimuli). These results are at odds with the claim of type-1 blindsight
that visual pathways that function outside conscious perception guide
objective visual discrimination.

In addition to stimulus size and intensity, the content of the stimuli
could also matter. From an evolutionary perspective, affective stimuli (e.
g., fearful faces or threatening animals, (Le et al., 2013; Méndez-Bértolo
et al.,, 2016)) could be needed to reveal blindsight in neurologically
healthy individuals (Tamietto and De Gelder, 2010). However, other
evidence suggests that affective information cannot be unconsciously
processed by humans, even when visual cortical activity is not interfered
with TMS (Lahteenmaki et al., 2015; Rajananda et al., 2020). Similarly,
although evolutionarily relevant threatening animal stimuli may elicit
prioritized processing, this effect seems to rely on conscious perception
(Grassini et al., 2016). Although we argue that the ability of humans to
guide their behavior based on unconscious perceptual information is
very limited, we do not wish to imply that no type of unconscious
perception exists. For instance, many of the TMS studies reviewed above
are based on testing how unconscious perception is modulated by TMS
to V1 (e.g. unconscious RTE; (Hurme et al., 2017, 2019)).

The aim of the TMS-induced blindsight studies has been to concep-
tually replicate findings on patients, but it is important to keep in mind
that TMS pulses affect neural processing very differently than lesions.
Whereas lesions can effectively eliminate processing in the affected area,
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the effect of TMS pulses may be best characterized as adding noise to the
system (Koivisto et al., 2017; Rahnev et al., 2012; Ruzzoli et al., 2010;
Schwarzkopf et al., 2011). It could be argued that this noise not only
interferes with the processing in the stimulated area, but also affects the
functioning of the processes that would mediate the unconscious visual
capacity. For example, possibly because of the strong TMS-induced ac-
tivity in the early visual cortex, activity in smaller extrageniculate or
geniculate-extrastriate (e.g. LGN to V5/MT+) pathways may not be
strong enough to drive cortical neurons in extrastriate visual areas to
enable blindsight-like behavior.

Electrophysiological data on how TMS pulses produce the suppres-
sion of conscious vision are currently very limited. In humans, one study
observed that single occipital TMS pulses inhibit visually evoked activity
(Railo et al., 2015), whereas another study showed that TMS pulses may
enhance specific visual-evoked potentials (Reichenbach et al., 2011).
The reasoning that TMS pulses “interrupt” processing in the stimulated
cortical area at the specific time point of stimulation may be incorrect,
and what may matter is how TMS- and visual-evoked activation overlap
with each other (Reichenbach et al., 2011). In general, TMS pulses
produce complex responses in the brain (Li et al., 2017; Siebner et al.,
2009), and their effects depend on the state of the cortex (Silvanto and
Pascual-Leone, 2008).

Although a subset of the TMS-induced blindsight studies have tar-
geted the pulses to V1 based on anatomical images or retinotopic
mapping (see, Table 1), no study has yet targeted stimulation predom-
inantly at the V1 and not the nearby visual areas V2 and V3. If a
blindsight-like capacity is mediated by geniculo-extrastriate pathways
(e.g., LGN to the V2), then it is possible that TMS-induced blindsight can
only be observed when stimulation is targeted predominantly at the V1
(though blindsight in patients can be observed even when lesions extend
to extrastriate cortex (e.g. Baseler et al., 1999)). Another way to
approach the differences between visual cortical areas would be to
attempt to suppress conscious vision by aiming to target, for example,
the V3, without stimulating the V1. Although this type of study would
not be comparable to blindsight patients (who have, by definition, a V1
lesion), it could test whether the V1 specifically is necessary for un-
conscious vision: If, for instance, V3 stimulation suppresses conscious
vision while retaining unconscious, blindsight-like behavior, the result
would suggest that V1 is necessary for unconscious processing in
neurologically healthy individuals.

Because blindsight is only observed in a subset of patients with visual
cortical lesions and because different patients reveal different types of
blindsight, it is also worth asking how much individual variation exists
in TMS-induced blindsight. Perhaps the aim of finding group-level ef-
fects is misguided, and we should instead examine if a subset of in-
dividuals reveals consistent TMS-induced blindsight effects.

5.3. Implications for blindsight

The present results are generally at odd with the view that uncon-
scious blindsight-like capacity is present in neurologically healthy in-
dividuals. This suggests that blindsight may reflect, at least in some
individuals, reorganization of brain connectivity such as changes to
white matter pathways, synaptic rearrangement, or “network level”
changes due to the missing input from V1. Some cortically blind patients
who have blindsight show anatomical connections that are not observed
in patients without blindsight, or neurologically healthy controls
(Bridge et al., 2008; Leh et al., 2006a,b; Tamietto et al., 2012). There is
also evidence for altered functional connectivity in blindsight (Silvanto
et al., 2009). Furthermore, pathways that exist in neurologically healthy
brains may acquire a different functional role in blindsight after the
visual cortical lesion. Evidence for this is provided by the finding that
responses in V5/MT + in blindsight patients resembles that seen in V1 of
neurologically healthy individual (Ajina et al., 2015b,c). In sum, the
presence of a lesion in V1 and subsequent neural reorganization are
likely to change the way visually evoked activity spreads in the brain in
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patients with visual cortical lesions.

To what extent is type-1 blindsight enabled by the lesion and sub-
sequent neuroplastic changes? Lesions acquired during childhood are
likely to lead to more significant changes in connectivity (Warner et al.,
2015), and in these patients there is also significant sparing of vision
despite the lesion to early visual cortex (Guzzetta et al., 2010; Moore
et al.,, 1996; Mundinano et al., 2019). In many patients with occipital
stroke, some visual contrast sensitivity may be retained during the
subacute period (i.e. after the acute period, when e.g. swelling and
inflammation have resolved) (Saionz et al., 2020). This suggests that
early training of cortical blindness may allow to preserve conscious
vision.

Vision restitution therapies can lead to significant improvements
deep in the affected visual field locations even in chronic cortically blind
adult patients (Chokron et al., 2008; Das et al., 2014; Melnick et al.,
2016; Raninen et al., 2007; Sahraie et al., 2006). There is some evidence
that training may enable type-1 blindsight in some participants (Sahraie
et al.,, 2006, 2013). However, often training results in increased
awareness of the stimuli (Chokron et al., 2008; Sahraie et al., 2006,
2013). This suggests that the plasticity that possibly enables blindsight
may also allow the patients to introspect the stimuli presented in the
scotoma. That is, perhaps what has been traditionally interpreted as an
unconscious capacity that reveals a dissociation of the functional and
experiential aspects of vision in fact reflects partial recovery conscious
perception: the visual system adapts to the lesion, enabling not only
residual visual function, but also experience. The subjective experience
enabled by neural adaptation could manifest as type-2 blindsight where
the patient claims not “seeing”, but having “feelings” about what might
be the correct answer. Yet, type-2 blindsight resembles vision in the
sense that the experiences that the patients report are caused by the
visual stimuli (i.e., the type-2 feeling are “about” the visual stimulus).
This could reflect some initial stage of the recovery of vision. In sum, V1
lesions may not completely eliminate conscious vision (Ffytche and
Zeki, 2011; Mazzi et al., 2019; Riddoch, 1917), but by relying on
insensitive measures of conscious vision, previous research may have
erroneously concluded that blindsight reveals unconscious perception
(Campion et al., 1983; Overgaard et al., 2008; Mazzi et al., 2016; for a
review, see Phillips, 2020).

5.4. Summary

We have shown that there is currently little evidence for strictly
unconscious brain stimulation induced blindsight in neurologically
healthy observers. This means that there is discrepancy between visual
behavior observed in some patients with cortical lesions, and healthy
individuals when lesions are “mimicked” with non-invasive brain
stimulation. This difference could be explained by various methodo-
logical factors (e.g., small size of stimuli used in brain stimulation
studies). However, the results also suggest a possible reinterpretation of
blindsight: What has been taken as evidence for visually guided behavior
based on pathways that function outside consciousness may be a form of
partially recovered or preserved conscious vision.
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