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Is ocular dominance plasticity a special case of contrast adaptation? 
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A B S T R A C T   

The visual system can regulate its sensitivity depending on the prevailing contrast conditions. This is known as contrast adaptation and reflects contrast gain changes 
at different stages along the visual pathway. Recently, it has been shown that depriving an eye of visual stimulation for a short period of time can lead to neuroplastic 
changes in ocular dominance as the result of homeostatic changes in contrast gain. Here we examine, on the basis of previously published results, whether the 
neuroplastic ocular dominance changes are just manifestation of the mechanism responsible for contrast adaptation. The evidence suggests that these two visual 
processes are separate and do not have a common neural substrate.   

1. Introduction 

Ocular dominance plasticity (termed OD plasticity) is a phenomenon 
that results from the short-term deprivation of one eye’s input in adults 
(Lunghi et al., 2011). It results in sensitivity changes related to contrast 
in both eyes (Zhou et al., 2013, 2014; Zhou et al., 2017) as well as timing 
alternations (Novozhilova et al., 2021) to the input from the previously 
deprived eye. These changes are short-lived, lasting for only 30–60 min 
after the cessation of deprivation (Zhou et al., 2013; Novozhilova et al., 
2021; Lunghi et al., 2013). They result in a temporary change in the 
interocular balance (or ocular dominance) that are thought to have a 
locus in early visual cortex (Zhou et al., 2014; Binda, 2018; Lunghi et al., 
2015; Zhou, 2015). This phenomenon is thought of as a unique example 
of residual brain plasticity limited to ocular dominance in cortical area 
V1 (Binda, 2018). However, whether this neuroplastic change could just 
be a special case of contrast adaptation, which is a homeostatic regu-
lation of contrast gain that occurs in V1 (Movshon & Lennie, 1979) and 
enables the visual system to be optimally sensitive to changes in contrast 
in an ever-changing environment, remains elusive (Andrews, 1976). 

It has been widely known that neurons in both the retina (Shapley & 
Victor, 1978) and visual cortex (Albrecht et al., 1984) can adapt to the 
prevailing levels of mean contrast in an image. For instance, after an 
exposure to a high-contrast environment, the sensitivity of the adapted 
eye can be diminished (Blakemore & Campbell, 1969; Pantle & Sekular, 
1968). Conversely, exposure to low-contrast stimuli can increase the 
sensitivity of the adapted eye (Zhang et al., 2009). This mechanism 
ensures that the perceptual contrast of our visual world remains rela-
tively constant even though the mean contrast changes over space and 
time. The effect of short-term monocular deprivation could be thought 

of as a special form of contrast adaptation where the prevailing mean 
contrast falls to zero (opaque patch) or close to zero (translucent patch) 
in the affected eye. After the contrast conditions of one eye changes, its 
contribution will be automatically adjusted and, hence its contribution 
to binocular vision may change. There is certainly a case to be made that 
the so-called ocular dominance plasticity changes that have been 
described (Lunghi et al., 2011; Zhou et al., 2013, 2014, 2017; Lunghi 
et al., 2013; Binda, 2018; Chadnova et al., 2017) may follow as a simple 
consequence of what we already know about the visual system’s contrast 
adaptation capacity. In this review, we explore whether this is in fact 
likely to be the case. We examine the properties of OD plasticity (sum-
marized in Fig. 1) against a number of predictions based on our un-
derstanding of contrast adaptation. A closer look at the literature 
suggests that the differences between contrast adaptation and OD plas-
ticity are too numerous to expect a common explanation/site of action 
for these two phenomena. 

1.1. Measurement conditions 

A typical experiment from an adaptation study ensures that either 
both eyes are adapted or one eye is adapted while the other is occluded. 
After adaptation, the visual effect is tested either under binocular 
viewing (if adaptation was binocular) or monocular viewing (if adap-
tation was monocular). However, in studies of changes in ocular domi-
nance plasticity resulting from short-term monocular deprivation, the 
eye that is not deprived (equivalent to nonadapted eye in contrast 
adaptation) remains open and the measurement pertains to the balance 
between the eyes, which is an interocular measurement. Therefore, 
there is a fundamental difference in the way contrast adaptation and 
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ocular dominance plasticity effects are induced and measured. Contrast 
adaptation can be measured both monocularly (one eye adapted) and 
binocularly (both eyes adapted), whereas ocular dominance plasticity 
has to be measured in an interocular fashion that compares the mea-
surement value of the deprived eye to that of the non-deprived eye. 

2. Other methodological issues 

Induction. Short-term monocular deprivation has been achieved by 
either occlusion (Lunghi et al., 2011; Zhou et al., 2013) or spatial 
filtering (Zhou et al., 2014, 2017). In the occlusion case, this could be 
with an opaque or a translucent patch, the former involving a depriva-
tion of both pattern and mean luminance while the latter attenuates the 

Fig. 1. Contrast adaptation and ocular dominance (OD) plasticity. A cross indicates no agreement between contrast adaptation and OD plasticity. A combination of a 
cross and a check indicates that there are both agreement and disagreement between contrast adaptation and OD plasticity (ex. Phase). 
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mean luminance by about 20% and only allows through only very low 
spatial frequencies at much reduced contrasts. Contrast adaptation in-
volves viewing either high or low contrast spatially narrowband 
adapting stimuli or involves the spatial filtering of contrast in broadband 
images (Bao & Engel, 2012; Bao, 2013). In the general sense these two 
procedures (short term monocular deprivation and contrast adaptation) 
are similar in that they both involve viewing stimuli of reduced contrast. 
It could be argued that unlike short term monocular deprivation, 
contrast adaptation never involves the case where the contrast is zero (as 
it does with opaque occlusion). The importance of this mitigated by the 
fact that short-term monocular deprivation studies have found quite 
similar deprivation effects for opaque occluders, translucent occluders 
(Zhou et al., 2013) and spatial filtering (Zhou et al., 2014). This issue of 
zero contrast is discussed later. 

Quantification of induced effects. A number of different method-
ologies have been used to quantify the effects of short-term monocular 
deprivation. The main ones being binocular rivalry (Lunghi et al., 2011), 
binocular phase combination (Zhou et al., 2013), contrast thresholds 
(Zhou et al., 2013) and contrast discrimination (Wang et al., 2020). 
Notwithstanding the fact that binocular rivalry was used in the first 
report of short-term monocular deprivation (Lunghi et al., 2011), 
binocular phase combination is the method of choice (Min et al., 2021). 
This involves measurement of the relative contribution that each eye’s 
input makes to the binocularly fused percept. Stimuli of equal but 
opposite phase are seen by each eye and the input weights are deter-
mined by the extent to which one eye’s input has to be reduced to 
equalize the contribution from each eye. Interocular contrast is varied to 
achieve this. A more detailed account can be found elsewhere (Min 
et al., 2021). Contrast adaptation effects have been quantified in terms 
of contrast thresholds (Blakemore & Campbell, 1969) and contrast 
discrimination measurements (Greenlee & Heitger, 1988). 

3. Spatial frequency 

Fig. 1 summarizes the main parameters that have been investigated 
for both phenomena. The tuning for stimulus spatial frequency was one 
of the initial most striking features of contrast adaptation (Movshon & 
Lennie, 1979; Blakemore & Campbell, 1969) and provided a strong link 
to the known spatial tuning of cells in the visual cortex, particularly 
simple cells in striate cortex (Movshon & Lennie, 1979). A bandwidth of 
approximately one octave was found and it was shown to be indepen-
dent of spatial frequency in as far as similar tuning in octaves was found 
at a wide range of stimulus spatial frequencies (Movshon & Lennie, 
1979; Blakemore & Campbell, 1969), suggesting a self-similar array of 
underlying spatial detectors exhibiting contrast adaptation. The contrast 
adaptation prediction would be that monocular deprivation within a 
restricted spatial passband should only alter ocular dominance for stimuli 
within the deprived passband. The spatial dependence of OD plasticity 
does not follow this prediction. It is not spatially-tuned in the same way. 
For instance, deprivation of high spatial frequencies (lowpass filtering) 
appears to be particularly important, whereas the deprivation of low 
spatial frequencies is relatively unimportant (i.e. high-pass filtering) in 
inducing a shift in changes in OD plasticity (Zhou et al., 2014). No shift 
in OD plasticity was observed after the removal of low spatial frequency 
components even when it was measured with visual stimuli at a low 
spatial frequency. This represents an important difference between the 
two phenomena. Contrast adaptation is spatial frequency bandpass in its 
tuning, whereas OD plasticity from monocular deprivation is not. 

4. Orientation 

Another equally important property of contrast adaptation that was 
initially outlined by psychophysicists (Pantle & Sekuler, 1968; Blake-
more & Campbell, 1969) was the dependence of contrast adaptation on 
the stimulus orientation; contrast adaptation exhibited orientational 
tuning which was independent of stimulus spatial frequency. The half- 

width, half height bandwidth was approximately 10◦ (Movshon & Bla-
kemore, 1973). This too provided a strong link with the underlying 
cortical physiology where it had been shown that neurons in the lower 
reaches of the cortical pathway were tuned for orientation (Campbell & 
Maffei, 1970). The inverse of contrast adaptation is contrast deprivation 
(binocularly applied) which is effective in altering the gain over a wide 
range of deprivation durations (Bao & Engel, 2012). This type of 
deprivation also exhibits orientational selectivity, changes in contrast 
gain occur that are orientationally tuned (i.e. corresponding to the 
orientationally specific deprivation) (Zhang et al., 2009). The prediction 
on the basis of what we know about contrast adaptation, whether it be to an 
exposure of abnormally high contrast (i.e., adaptation) or abnormally low 
contrast (i.e., deprivation) is that OD plasticity changes from monocular 
deprivation should exhibit comparable orientational tuning if they are gov-
erned by common underlying processes. However, OD plasticity does not 
appear to exhibit a dependence on orientation. An orientationally- 
dependent monocular deprivation (e.g., of just vertical contours) re-
sults in an OD change for stimuli of orthogonal orientation (i.e., hori-
zontally oriented stimuli) (Zhou et al., 2014; Wang et al., 2017). The 
implication is that OD plasticity, unlike contrast adaptation/binocular 
deprivation, is not tuned for orientation, suggesting possibly an early 
cortical site (e.g., layer 4CB in V1) where there are untuned striate cells 
(Snodderly & Gur, 1995; Blakemore et al., 1978). 

5. Phase 

The relative spatial phase of the adapting and test stimuli is not 
important for contrast adaptation. In fact, subjects are usually directed 
to move their fixation about on the stationary adapting stimuli so that 
retinal afterimages are not produced (Blakemore & Campbell, 1969). 
Also, comparable adaptation can be demonstrated for adapting and test 
stimuli that are in motion so long as this motion is not too fast (Zaidi & 
Sachtler, 1991). For images composed on multiple spatial frequency 
components such as natural images or synthetic textures, it’s the 
amplitude not the phase structure that is important for contrast adap-
tation (Webster & Miyahara, 1997). The prediction from the contrast 
adaptation literature would be that OD post-deprivation changes should also 
depend on the amplitude and not the phase changes that occur during 
deprivation. In terms of OD changes to phase-based deprivation (i.e., 
phase scrambling of natural images), the results depend on what 
methodology is used to quantify the change in interocular balance. For 
binocular combination (i.e., phase combination) (Zhou et al., 2014), OD 
plasticity is not altered after spatial phase information (i.e., phase 
scrambling) is monocularly deprived. However, for binocular rivalry 
(Bai et al., 2017), phase scrambling of one eye’s image for a period of 
time does produce a change in the rivalry balance. Thus, the effect of 
spatial phase disruptions in producing ocular dominance changes is 
task-dependent, which might suggest that combination tasks reflect 
mainly bottom-up influences and binocular rivalry, top-down influences 
(Tong et al., 2006). 

6. Interocular transfer 

Suppose that one eye is monocularly adapted with a high contrast 
stimulus during visual adaptation while the other eye remains occluded 
as is typically done in adaptation experiments (see section Measurement 
protocols). The adapted eye will experience an increase in its threshold. 
Surprisingly, the nonadapted eye will also experience a change in its 
sensitivity in the same direction (Bjorklund & Magnussen, 1981). This 
phenomenon is known as interocular transfer. The transferred change in 
the nonadapted eye is known to be less than the direct change experi-
enced by the adapted eye. Also, interocular transfer is also observed after 
one eye has been deprived of contrast for a period of time while the non- 
adapted eye remains occluded (Kwon et al., 2009). In this setting, the 
adapted eye gains sensitivity from the direct effect of adaptation, and the 
non-adapted eye also gains albeit reduced in magnitude from the 
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transfer) (Kwon et al., 2009). This is thought to reflect the fact that at the 
site of the adaptation/deprivation in the striate cortex the vast majority of 
cells are binocular (Dougherty et al., 2019). The prediction from these 
monocular contrast adaptation/deprivation effects is that if the same under-
lying mechanism is also responsible for OD plasticity, then there should be 
binocular transfer resulting in a similar but reduced effect for vision through the 
previously nonadapted/nondeprived eye. However, monocular deprivation 
of one eye produces a change in the ocular dominance for a short time 
afterwards that involves not only strengthening the effectiveness of the 
previously deprived eye but also reducing the effectiveness of the previ-
ously nondeprived eye. Both psychophysical (Zhou et al., 2013; Reynaud 
et al., 2020) and electrophysiological studies (Chadnova et al., 2017) that 
monitor monocular sensitivity changes, show that OD plasticity involves 
a reciprocal change of sensitivity to the inputs of each eye in the cortex. The 
deprived eye’s inputs are strengthened and the non-deprived eye’s inputs 
are weakened. For instance, as one eye’s input is deprived over the course 
of one hour, the non-deprived eye’s contrast sensitivity deteriorates over 
the same time period (Reynaud et al., 2020). This is a striking difference 
between OD plasticity changes and contrast adaptation; the sign of the 
interocular transfer is different for the former. 

7. Duration 

The effect of the duration of adaptation seems to be uniquely 
different between contrast adaptation and OD plasticity. Studies have 
shown that the duration of contrast adaptation linearly increases the 
magnitude of contrast adaptation (Zhang et al., 2009; Bao & Engel, 
2012; Magnussen et al., 1991; Greenlee et al., 1991). It is interesting that 
both short (seconds) and long (hours) durations of contrast adaptation 
affect the degree of adaptation. This also seems to be the case for both 
high- (Greenlee et al., 1991) and low-contrast (i.e., contrast deprivation) 
adaptations (Zhang, 2009; Bao, 2013). On the other hand, Min et al. 
(2018) has shown that there is at best only a very weak dependence of 
OD plasticity on the duration of monocular deprivation; a 20-fold in-
crease in the duration of the deprivation results in less than a 2-fold 
change in OD plasticity (Min et al., 2018). The duration dependencies 
of these two effects are strikingly different. In a more recent study (Min 
et al., 2022) using a more sensitive psychophysical task we found that a 
10-fold increase in the deprivation period result in only a 3-fold differ-
ence in the OD change. In sum, the duration dependence of contrast 
adaptation is much stronger than the duration dependence of OD 
plasticity. 

8. Storage 

Contrast adaptation exhibits a degree of “storage” of the after-effect. 
For instance, Thompson and Movshon (Thompson & Movshon, 1978) 
measured the contrast threshold for the detection of orientation before 
and after contrast adaptation. They observed an increase in the 
threshold immediately after the adaptation which decays over time. 
However, they noted that the adaptation effect maintained itself after a 
period in the dark following adaptation. Their study shows that the in-
crease in contrast threshold after adaptation exhibits a degree of “stor-
age” in the dark and the expected decay can be revealed later upon 
testing in the light. The prediction, on the basis of there being a common 
basis for contrast adaptation and OD plasticity, would be that OD plasticity 
should also exhibit a “storage” effect if a period of darkness follows the initial 
deprivation. Our data (Min et al., unpublished; data plotted in Fig. 2A) 
shows that changes in eye dominance after short term monocular 
deprivation are not maintained in the dark and so do not exhibit “stor-
age” in the way the contrast adaptation after-effect does. 

In our preliminary study, six subjects were tested in two conditions. 
In the first condition, the dominant eye of the subjects was patched for 2 
h and tested when the patch was removed. In the second condition, the 
subjects were also patched for 2 hrs and then put in a dark room for 1 hr 
after which they were tested. We used a binocular phase combination 
task and measured eye balance before patching (i.e., baseline) and at 0, 
3, 6, 12, 24, 48 and 96 min after patching. We determined changes in 
sensory eye balance by computing the difference in eye balance between 
before and after patching. The data shown in Fig. 2A is the area under 
curve (changes in eye balance over 96 min); the higher the value, the 
larger the change in eye balance over time. We used a paired t-test to 
compare the areal measure between the two conditions and found a 
significant difference: t(5) = -3.74, p = 0.014, suggesting that the after- 
effect had significantly dissipated in the dark. Therefore, our results 
show that the patching effect does not demonstrate storage in darkness 
in the way that contrast adaptation does (Thompson & Movshon, 1978). 
Instead, it decays in the darkness over time as it does in the light. 
Therefore, it seems that the sensitivity changes from contrast adaptation 
and monocular deprivation also differ in how they interact with subse-
quent testing. 

9. The spacing effect 

Previous studies (Magnussen & Johnsen, 1986; Magnussen & 

Fig. 2. Unpublished data on OD plasticity. 
(A) Storage effect for OD plasticity. Com-
parison between 2 h Patching and 2 h 
Patching followed by 1 h in the dark. There is 
a significant difference (t(5) = − 3.74, p =
0.014) between the two groups, suggesting 
that the changes in eye dominance over time 
significantly dissipated in the dark (i.e., no 
storage effect in the dark). (B) The spacing 
effect for OD plasticity. Crimson block rep-
resents 1 h patching. Blue represents 2 h 
patching. Purple represents 1 h patching +
30 min binocular deprivation in the dark (i. 
e., space) + 1 h patching. Orange represents 
1 h patching + 30 min binocular occlusion 
from contrast (i.e., space) + 1 h patching. 
Green represents 1 h patching + 30 min in 
normal viewing (i.e., space) + 1 h patching. 
According to a Kruskal-Wallis test, there is no 
statistical significance between groups 
(χ2(4) = 5.65, p = 0.23). If there was a 
spacing effect, orange, green and purple bars 
(conditions with ‘space’) would have 

induced a larger patching effect than 2 h patching. Thus, there is no evidence for a spacing effect.   
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Greenlee, 1986) have shown that short-term contrast adaptation exhibit 
what is called, “a spacing effect”. For example, five sessions of adapta-
tion (each 2 min), separated by 1-min recovery (i.e., interrupted adap-
tation), induce a larger and more long-lasting aftereffect than 10-minute 
of continuous adaptation. This finding suggests that the ‘space’ between 
the adaptation periods potentiated the magnitude of the after-effect for 
contrast adaptation. The prediction is that OD plasticity would also exhibit a 
“spacing effect” if contrast adaptation and OD plasticity have a common 
basis. However, our data (Min, Baldwin, Hess, unpublished- data plotted 
in Fig. 2B) shows no evidence for a spacing effect for OD plasticity. 

In our preliminary study, the experimental procedure was similar to 
that in previous spacing effect studies (Magnussen & Greenlee, 1986; 
Magnussen & Johnsen, 1986). Subjects were monocularly deprived (i.e., 
patched) for 1 h, then spent 30 min without a patch (i.e., space), then 
they were patched for 1 hr again. There were three different conditions 
for the ‘space.’ In the first condition, subjects spent the 30 min ‘space’ in 
the dark (both eyes were deprived of light and contrast; this is labelled as 
‘Dark’ in Fig. 2B). In the second condition, both eyes of the subjects were 
occluded and deprived of contrast but not luminance with translucent 
patches (labelled as ‘Occl’ in Fig. 2B). In the third condition, the subjects 
were allowed to view normally without a patch during the 30-min 
‘space’ (labelled as ‘Open’ in Fig. 2B). As for controls, we patched the 
same subjects (matched subject design) for 1 and 2 hrs (crimson and blue 
bars in Fig. 2B). For our measurement, we used a binocular phase 
combination task. Eye balance was measured before patching (i.e., 
baseline) and at 0, 3, 6, 12, 24, 48 and 96 min after patching. We 
determined changes in sensory eye balance by computing the difference 
in eye balance after patching with respect to baseline. The data shown in 
Fig. 2B is the area under curve (integrated changes in eye balance over 
96 min). We observed that the patching effect from 2 h of deprivation 
was slightly larger than that for conditions with 30-min ‘space’ (Fig. 2B) 
although there was no significant difference between the groups 
(Kruskal-Wallis test, χ2(4) = 5.65, p = 0.23). If there was a spacing ef-
fect, we would have observed a larger shift in eye dominance relative to 
the 2 hrs of continuous patching for the three conditions with the 
‘space.’ Therefore, it seems that the ‘space’ between the patching ses-
sions does not magnify the changes in eye balance, as it does for contrast 
deprivation (Magnussen & Greenlee, 1986; Magnussen & Johnsen, 
1986). 

10. Temporal frequency 

Contrast adaptation is associated with not only a reduction in 
contrast gain but also a response delay which is reflected in increased 
reaction times (Menees, 1998). This response delay, similar to the 
contrast gain change, is tuned for spatial frequency. The finding that 
when contrast gain is reduced (as in the case of adapting to a high 
contrast), there is an associated temporal delay, is not unexpected, as 
processing dynamics are known to reduce at low stimulus contrast 
(Albrecht, 1995). If OD plasticity was simply due to contrast adaptation 
(albeit, involving an increase in contrast gain as the result of a lack of 
stimulation), then one would expect OD plasticity to be associated with a 
speeding up of the response of the patched eye (i.e., the opposite of the high 
contrast adaptation condition). Novozhilova et al. (Novozhilova et al., 
2021) showed that the deprived eye’s response is delayed which is the 
opposite of what would been expected on the basis of the gain changes 
associated with adapting to zero contrast. Thus, the temporal consequences 
that result from one eye being patched (OD plasticity) are the opposite of that 
expected on the basis of the gain changes associated with contrast adaptation 
(in this case adapting both eyes to zero contrast). 

11. Colour 

The contrast adaptation effects from achromatic and chromatic 
stimuli are complex in that they show asymmetries and depend on 
whether threshold or suprathreshold measures are used (Magnussen & 

Johnsen, 1986; Menees, 1998). In general, both the effects of contrast 
adaptation (Heinrich & Bach, 2001) and OD plasticity (Zhou et al., 
2017) are reduced for chromatic compared with achromatic stimuli. 
More specifically, after contrast adaptation to achromatic stimuli, 
detection thresholds for chromatic test stimuli are unaffected (Heinrich 
& Bach, 2001). The results for OD plasticity are quite different; after 
monocular deprivation of achromatic image content, there are compa-
rable OD changes for achromatic as well as chromatic stimuli (Zhou 
et al., 2017). Thus, the selectivity of the effects for chromatic and ach-
romatic inducing stimuli are very different for OD plasticity compared 
with contrast adaptation. Contrast adaptation exhibits chromatic 
selectivity, whereas OD plasticity does not. 

12. Incremental sensitivity 

A short-term (milliseconds to 10 min) contrast adaptation after 
viewing a high contrast stimulus increases contrast detection thresholds 
(Blakemore & Campbell, 1969) and contrast incremental thresholds in 
the low contrast range (Greenlee & Heitger, 1988; Ross & Speed, 1991; 
Gold et al., 2000; Heinrich & Bach, 2001; Gardner et al., 2005; Pestilli 
et al., 2007). A long-term (i.e., 4 hrs) contrast deprivation using a 
translucent patch, which is the opposite of high-contrast adaptation, 
reduces contrast incremental thresholds in the low contrast range. 
Therefore, exposure to both abnormally high and low contrasts affects 
contrast gain in different directions with expected alternations to in-
cremental sensitivity in the low contrast range, suggesting possibly a 
similar underlying regulatory mechanism. Changes in contrast incre-
mental sensitivity have been examined in the context of OD plasticity. 
For example, Wang et al. (Wang et al., 2020) assessed contrast incre-
mental sensitivity after depriving one eye with an opaque occluder for 
2.5 hrs and showed that there was no change in incremental sensitivity 
of the deprived eye after the patch was removed. However, Wang et al. 
(Wang et al., 2020) did show a change in the degree of interocular 
suppression as assessed with continuous flash suppression using an 
opaque patch. In addition, Kwon et al. described an almost complete 
interocular transfer for the contrast deprivation effect in terms of in-
cremental sensitivity, whereas the results of Wang et al. for OD plasticity 
show no direct or transferred effect for incremental sensitivity. Recently, 
we have extended measurements to a range of different timepoints after 
patch removal for both deprived and nondeprived eyes using a trans-
lucent patch (Fig. 3) and replicated the Wang et al conclusion for an 
opaque patch that the incremental sensitivity of the deprived eye (OD 
plasticity) does not significantly change from baseline as the result of 
short-term patching (Min et al., unpublished). What this suggests is that 
the change in eye dominance as a result of patching, which defines OD 
plasticity, may be fundamentally different from contrast adaptation; it 
cannot be simply explained by a change in the response gain of the type 
that Kwon et al. (Kwon et al., 2009) showed after contrast deprivation. 
This seemingly contradictory result may be reconciled in the following 
way. The contrast deprivation effects of Kwon et al. were binocular in 
nature, as there was no imbalance between the eyes. To illustrate, when 
the adapted eye was deprived of contrast for four hours as part of the 
contrast adaptation procedure, the nonadapted eye was entirely 
occluded throughout the experiment (Kwon et al., 2009). In this set-up, 
both eyes were deprived of contrast. Conversely, OD plasticity, by 
definition, involves a monocular deprivation that sets up a binocular 
imbalance (one eye is nondeprived); this causes an interocular shift, 
during which the deprived eye experiences a gain in its sensitivity and 
an enhanced contribution to binocular vision, whereas the non-deprived 
eye experiences a sensory change in the opposite direction (Zhou et al., 
2013; Chadnova et al., 2017; Reynaud et al., 2020). Contrast adaptation 
and OD plasticity seem to be very different, possibly involving poten-
tially different sites in the brain and underlying mechanisms. 
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12.1. The zero-contrast argument 

As alluded to previously, it could be argued that there is fundamental 
difference between depriving an eye with a patch, as is often done in the 
case of short-term monocular deprivation, and reducing the contrast, as 
is done in contrast adaptation; zero contrast and reduced contrast are 
not equivalent. While this may be true, the same monocular deprivation 
effects have been shown using translucent patches that do let through 
low spatial frequency information, albeit at much reduced contrasts 
(Zhou et al., 2013). The binocular phase combination task that is used to 
quantify the resultant imbalances involves the use of a low spatial fre-
quency target (0.3c/d) and the zero contrast argument for a translucent 
occluder would not strickly apply in this case. Furthermore, the effects of 
short-term monocular deprivation are of the same form when the 
deprivation is produced by opaque patches (Zhou et al., 2013), trans-
lucent patches (Zhou et al., 2013) or spatial filtering without the use of 
any patch (Zhou et al., 2014). 

12.2. Relationship to the animal deprivation studies 

Time scale. Animal studies involving monocular deprivation 
invariably result in reduced vision in the deprived eye (Hubel & Wiesel, 
1970), the opposite of the short-term deprivation discussed here. 
Although it has previously been uncertain to what extent this is a 
childhood vs adulthood difference, it has recently been shown that it is 
more likely due to the period of the monocular deprivation; short 
deprivation (up to 5 hrs) results in strengthening of the deprived eye’s 
input whereas longer periods of deprivation (e.g. 10 hrs) leads to a 
weakening of the deprived eye’s input (Ramamurthy & Blaser, 2021). 

Meta plasticity. Neural plasticity can be modulated by other factors 
including prior darkness (He et al., 2007; Duffy & Mitchell, 2012). This 
is an example of meta plasticity and has provided a means of rapidly 
improving the visual deficit resulting from a prolonged period of prior 
monocular deprivation in young animals. Unpublished results from the 
Zhou lab (Min et al., 2022) have recently demonstrated that a period of 
prior darkness can also modulate the effects of short-term monocular 
deprivation in human adults. 

13. Conclusions 

In this paper, we argue that OD plasticity, which results from short- 
term monocular deprivation, is not simply a consequence of the ho-
meostatic changes that underlie contrast adaptation. Due to the inherent 
binocularity of the primate visual system, the consequences of depriving 
one eye of its visual input also depend on whether the other eye has a 
normal input or not. There are both excitatory and inhibitory circuits 

that reciprocally regulate the gain of monocular inputs before binocular 
combination (Meese et al., 2006). OD plasticity is a consequence of a 
disruption to this binocular control circuit whereas contrast adaptation 
does not have the same interocular competitive basis. The former is 
fundamentally a between-eye effect, whereas the latter is fundamentally 
a within-eye effect. Their neural bases are likely to be different. 
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