
© 2024 Terra Science and Education	 21	

Contributions of MT and LIP to Perceptual Decision-Making: 
Systematic Comparison of Different Manipulation Methods      

Hridank A. Garodia        
Dhirubhai Ambani International School, G block BKC, Mumbai, Maharashtra, 400098, India; hridankgarodia@gmail.com 

ABSTRACT: Decision-making involves multiple neural processes across many different brain areas. In perceptual decision-
making, the middle temporal area (MT) and lateral intraparietal area (LIP) are important. Brain activity needs to be manipulated 
to understand the causal role of a brain area. Past studies have used varied task designs with only one method of manipulation 
applied to a single brain area, making it extremely difficult to pinpoint the precise contribution of a given area. We performed an 
analysis, examining twelve studies involving different types of neural manipulation within the same motion discrimination task. 
We examined four different types of neural manipulation: microstimulation, lesions, reversible inactivation, and optogenetics. We 
found that the results of the reviewed studies are most compatible with the following. The effects of manipulations are much larger 
for MT than for LIP. This suggests that MT provides the primary input for decision-making, whereas LIP refines the resulting 
saccadic eye movement to allow saccades to a specific visual field region. We also found that microstimulation is the most robust 
mode of manipulation, perhaps because it provides inputs to neurons that carry the most informative signals. This paper highlights 
the importance of adopting similar experimental designs to understand causal roles. 

KEYWORDS: Behavioral and Social Sciences; Neuroscience; Perceptual Decision-Making; Neural Manipulation; Motion 
Discrimination.

�   Introduction
Although the brain can be divided into many different re-

gions using various methods, determining the unique function 
of each region remains highly challenging. Among all brain 
systems in mammals, the visual cortex is perhaps the most 
thoroughly investigated. In primates, the visual cortex has 
been separated into more than 30 distinct areas based on their 
anatomical and functional properties.1 A general method for 
characterizing the causal role of a specific brain region involves 
altering its activity and then measuring the resultant effects on 
behavior.2 These alterations can result in behavioral changes; 
thus, comparing the results can reveal certain things.

This paper examines the effect of altering two brain regions 
involved in decision-making using the following manipulation 
methods: electrical microstimulation, lesions, drug-infused 
inactivation, and optogenetic inactivation. Regarding the 
behavioral paradigm, we focus on visual perceptual deci-
sion-making using a motion discrimination task (see General 
Task Design) and compare the contributions of areas MT and 
LIP in this task. We used MT and LIP because they have been 
implicated in perceptual decision-making, and many studies 
use the same experimental paradigm (REFs).

First, these four methods of altering brain activity are re-
viewed, then their effects on decision-making are compared.

Electrical Microstimulation:
Electrical microstimulation is an invasive method of activat-

ing neurons by inserting the tips of microelectrodes into the 
cortex so that the electrodes are close to the target neurons. 
This allows the stimulation of very low tissue volumes at very 
low amplitudes of current (typically 10𝜇A).3 It allows us to 

stimulate a very small and precise area of target neurons. Neu-
roscience often uses microstimulation to determine a causal 
relationship between cortical activity and brain function.1 In 
microstimulation, the current is provided for a very short peri-
od. Some studies provide current information from the onset 
of the random dot motion until the choice is made, often less 
than 1 second.4

Permanent Inactivation by Lesioning:
If we test the performance on a specific task, both with and 

without a specific brain region, we can determine the extent 
to which the brain region contributes to the specific function 
of the task. This is the principle that lesions rely on. Lesions 
or ablations are the permanent removal or destruction of ner-
vous tissue. They have been widely explored in the past to study 
brain function. There are two main types of lesions: physical 
and chemical. Physical lesions have several disadvantages, 
with the most significant being the undercutting of fibers un-
derlying the cortex. Chemical lesions most often include the 
injection of neurotoxins or acids (ibotenic or kainic). It is very 
difficult to ensure that lesions only affect the intended area, as 
some neighboring regions could be damaged too, or some parts 
of the intended area could be spared. Since lesions are often 
irreversible, the temporal length is the entire duration of the 
study from the lesion’s onset.5 Over long periods after lesions, 
other brain areas may start to compensate. Some studies vary 
the time from the lesion at which the experiment is conduct-
ed.6
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Reversible Pharmacological inactivation:
Reversible inactivation is often produced by intracerebral 

injection of neural-blocking drugs (in the pharmacological 
sense) to study the function of specific structures in the brain.7 
Behavioral defects immediately after the inactivation can elu-
cidate the contribution of a given brain area to that function. 
These drugs are most often injected through micropipettes 
or hypodermic cannula. This is especially useful if the target 
is small and the experimenter needs to prevent damage to 
overlying structures. This may not be easy to control, though. 
However, there is often difficulty in matching the size and 
shape of the inactivated region to the target, so ways to de-
termine the spread of inactivating agents must be developed.8 
Muscimol, a GABA-A agonist, is used frequently in inactiva-
tion studies.9 The effects of muscimol persist for 12-24 hours.7

Optogenetics:
Optogenetics is a neuromodulation approach that controls 

neural activity using light. Target neurons are genetically mod-
ified to express light-sensitive proteins. After this modification, 
the neurons can be stimulated or silenced with millisecond 
temporal accuracy in the presence of light.10 In this paper, we 
will only look at the silencing of such modified neurons. Re-
cent advances in optogenetic control show a single-cell spatial 
resolution.11 The temporal resolution of optogenetic inactiva-
tion is in the order of milliseconds.12 However, this temporal 
profile is limited by rebound activity. When the light is re-
moved, the spike rate (known as ‘rebound activity’) rises above 
baseline and gradually returns to baseline over hundreds of 
milliseconds. This rebound activity depends on the light dura-
tion and intensity.13

�   Discussion 
This paper compares the above four manipulation methods 

using existing literature. We compare papers from a specific 
motion discrimination task to test the effect on visual percep-
tual decision-making. Twelve papers were used, all with the 
same random dot motion task (described below), so the re-
sults can be directly compared. The bias and change in slope of 
the psychometric function, along with the change in reaction 
time, were compared. The figures were estimated to determine 
the median in some experiments where exact statistics were 
not presented. While the experimental design varied slightly 
in some experiments, the general experimental design is ex-
plained below.

General Task Design:
Monkeys were trained to perform the motion discrimination 

task (Figure 1). The monkeys had to indicate the net direc-
tion of motion in a random dot display by making a saccadic 
eye movement towards one of the choice targets. A random 
fraction of dots was displaced in apparent motion, called per-
cent coherence. The remaining dots were moving randomly. 
Positive percent coherence indicates net movement in the pre-
ferred direction, and negative indicates in the null direction. In 
some studies, monkeys received a reward (a drop of water or 
juice) upon choosing the target towards which there was a net 

movement of dots. Response time is defined as the interval be-
tween the onset of the random dot motion and the time when 
the monkey makes the saccadic eye movement.

There are several ethical concerns for this type of task, par-
ticularly regarding the invasive procedures. The manipulation 
methods, such as microstimulation and lesioning, require the 
insertion of electrodes into the brain or the intentional de-
struction of specific brain regions. Furthermore, implanting 
head-holding devices and eye position coils could also require 
invasive surgery. This can cause significant pain and long-term 
harm to the test subjects. Moreover, the use of rewards such as 
water and juice is also ethically concerning if the monkeys are 
deprived of these rewards to motivate performance.

Monkey Preparation:
One or more rhesus monkeys (Macaca mulatta) were used 

in each study. Details of surgical, training, and recording pro-
cedures have been previously published.14 The monkeys were 
implanted with a head-holding device and a search coil for 
eye position. The monkeys were pointed towards a computer 
monitor on which the visual stimulus was presented. For the 
spatial and temporal resolution of the manipulation method, 
refer to specific subsections in the introduction.

Summary of Individual Studies’ Results:
In this section, the results of each study used for the analy-

sis are summarized and tabulated. The tables below show the 
change in the slope of the psychometric function, the bias of 
the psychometric function, and the change in reaction time. 
This helps determine the effect of manipulating the specific 
area.

Microstimulation Studies:
Study 1. a (Table 1) microstimulated specific neurons in 

MT to test its effect on the bias of the psychometric func-
tion and the change in reaction time. In this study, a liquid 
reward was provided for a choice of direction for the net 
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Figure 1: Task Design - monkeys chose the direction of motion based on 
the random dot motion display. The direction was either in the preferred or 
the null direction of neurons whose activity was altered. The monkey made a 
saccadic eye movement to one of the two targets (marked in red). The location 
of targets can vary in different experiments, but this doesn’t affect the results. 
Note the difference in the area of the receptive field of MT and LIP neurons. 
RF represents the receptive field. RT represents response time.
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movement of dots. Unlike the typical 10μA of current, 5μA 
was used in these experiments. While the authors didn’t mea-
sure the change in slope of the psychometric function, it has 
been determined visually to be insignificant. Based on the bias 
monkeys’ psychometric functions, 1. a found that microstim-
ulation added 13.7±1.3% and 27.2±1.2% motion coherence in 
the preferred direction of the stimulated neurons for monkeys 
B and N, respectively. At times, despite the microstimulation, 
monkeys still chose the null direction when motion coherence 
was highly negative. They also noticed changes in RT when 
microstimulation took place versus when it didn’t. When the 
monkeys chose the preferred direction of stimulated neurons, 
RT was lower on average (Monkey B: 39±8 ms; Monkey N: 
37±5 ms). When the monkeys chose the null direction of neu-
rons stimulated, RT was higher on average (Monkey B: 44±7 
ms; Monkey N: 58±4 ms). The study also classified microstim-
ulation as similar to adding motion coherence in the preferred 
direction of stimulated neurons to reach the same RT thresh-
old (Monkey B: 11.6±1.4%; Monkey N: 17.4±1.1%). It is 
noticeable that the addition of motion coherence in the bias of 
the psychometric function was more than the apparent addi-
tion of motion coherence in RT for both monkeys.

Study 1. b (Table 1) tested the change in psychometric func-
tion (slope and bias) due to microstimulation. This study used 
three monkeys and averaged results. The experimenters also 
provided a liquid reward when the correct choice was made. 
The authors found that microstimulation statistically affected 
the slope in 12 out of 65 experiments (p<0.05). In 10/12 of 
these experiments, microstimulation flattened the slope, add-
ing noise to the visual stimulus and reducing sensitivity. In the 
case of the bias, microstimulation caused a statistically signifi-
cant bias in 64% of experiments conducted (89/139). In 86 of 
these 89 experiments (97%), microstimulation caused a shift 
of the psychometric function towards the preferred direction 
of the neurons stimulated. As determined from Figure 6B in 
study 1. b, the median shift fell in the range of 6-8%, adding 
motion coherence towards the preferred direction of the neu-
rons stimulated.

Study 1. c (Table 1) is an older study that measured the ef-
fect of microstimulation on only the bias of the psychometric 
function for 3 separate monkeys. In this study, out of the 62 
total microstimulation trials, 30 caused a significant effect 
(48.4%). In 29/30 of these significant experiments, microstim-
ulation shifted the function leftwards, indicating increased 
preferred directions. The median shift leftwards was in the 
range of 2-4% motion coherence, as determined from Figure 
2 in Study 1. c. However, the authors observed the monkeys as 
biased towards the null direction, so the actual shift caused by 
microstimulation was probably greater.

Study 1.d (Table 1) explores how specific parameters of mi-
crostimulation (frequency and amplitude of current) impact 
the monkey's performance in the random dot motion task. 
Other microstimulation experiments usually use a current 
amplitude of 10μA and a frequency of 200 Hz. For these reg-
ular values, the slope change of the psychometric function was 
-0.001 PPD/% Corr., which is a small but significant change. 
Also, this slope change is consistent with study 1. b since both 

show that microstimulation flattens the slope. Moreover, with 
these regular thresholds of current amplitude and frequency, 
the mean shift caused by microstimulation was 13% motion 
coherence towards the preferred direction of the stimulated 
neurons. This experiment also varied current amplitude (5, 
10, 20, 40, 80μA) and frequency (25, 50, 100, 200, 500 Hz). 
The study found that the slope strictly decreased as the cur-
rent frequency increased. An increase in current frequency 
also saw an increase in the bias of the psychometric function 
and the equivalent visual stimulus (higher current frequency 
meant more bias towards the preferred choice). However, such 
a simple trend was not observed for changes in current am-
plitude. As the current amplitude increased, the psychometric 
function's slope strictly decreased (similar to changes in fre-
quency), but the bias did not always increase (there was a lot 
more noise). This study did not measure RT.

Table 1: Effect of microstimulation in MT on slope and bias of psychometric 
function and RT.
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Permanent Lesion Studies:
Study 4 (Table 4) permanently lesioned both MT and 

MST and analyzed the effect on the bias of the psychometric 
function. This study tested the monkeys’ visual perceptual de-
cision-making twice, once soon after the lesion onset (5 weeks 
for monkey 1; 1 week for monkey 2) and once a long time 
after the lesion (12-24 months for both monkeys). During the 
first testing period, the study found the loss in motion signal 
threshold to be 3.2 lesion/intact for monkey 1 and 5 lesion/
impact for monkey 2. When they tested the threshold 12-24 
months after the lesion, the loss of motion signal threshold had 
decreased by 50% for each monkey (refer to table values). This 
further supports the claim made in the introduction that over 
a long period, other areas start to compensate for the loss in a 
particular area.

Moreover, the final effects (12-24 months after lesion) were 
also calculated as a change in motion signal to reach the same 
threshold. After the lesion was made, the original motion sig-
nal threshold for the monkeys (7.5±0.5% for monkey 1; 10±2% 
for monkey 2) increased significantly (10±1.5% for monkey 1; 
23±1.2% for monkey 2). This meant that Monkey 1 needed 
about 3% more motion coherence, and Monkey 2 needed ap-
proximately 13% more motion coherence to reach the same 
threshold.

Study 5 (Table 5) permanently inactivated MT in two mon-
keys to test how that changes the bias of the psychometric 
function. The study first measured the threshold of the psycho-

Study 2 (Table 2) focused on the effect of microstimula-
tion of area MST. The authors found that microstimulation 
in MST changed the slope on average by -0.006 PPD/% 
Correct, a small but significant change corresponding to the 
slope becoming flatter. It is noticeable that microstimulation 
in MST had a similar effect as microstimulation in MT (stud-
ies 1. b and 1.d), where the slope became flatter. The study also 
showed that microstimulation in MST biased the psychomet-
ric function leftwards, increasing motion coherence towards 
the preferred direction by a median value of 4-6% motion co-
herence. The direction of added motion coherence is the same 
when MST was stimulated versus when MT was stimulated. 
Microstimulation was statistically significant in 30 out of 46 
trials (65%). Of these 30 trials, 29 (97%) added coherent mo-
tion in the preferred direction. The percentages of statistically 
significant experiments are similar to the results of studies 1. b 
and 1. c, where MT was stimulated.

Study 3 (Table 3) focused on the microstimulation of LIP 
to see its effect on the bias of the psychometric function and 
RT. The study used 2 monkeys. For Monkey B, microstim-
ulation of LIP biased the psychometric function by adding 
2.1% coherent motion in the preferred direction. In monkey S, 
microstimulation added 1% coherent motion in the preferred 
direction. It is noticeable that microstimulation in LIP biased 
the psychometric function less than MST (Table 2) and MT 
(Table 1). The average bias was in the same preferred direc-
tion for all 3 areas. When looking at choices made towards the 
preferred direction, microstimulation reduced reaction time by 
equivalent to adding coherent motion in the preferred direc-
tion (4.3% for monkey B and 1.7% for monkey S). For choices 
made towards the null direction, microstimulation increased 
the reaction time similarly, adding 7.7% coherent motion for 
monkey B and 1.6% for monkey towards the preferred di-
rection. Here, we see that the LIP contributes more to the 
reaction time than the bias of the psychometric function since 
stimulating LIP changed the reaction time significantly more 
than the bias of the psychometric function. However, micro-
stimulation in MT still had a greater change in reaction time 
(study 1. a) than in LIP.

DOI: 10.36838/v6i10.4

Table 2: Effect of microstimulation in MST on psychometric function and 
RT.

Table 3: Effect of microstimulation in LIP on psychometric function and 
RT.

Table 4: Effect of lesions in both MT and MST on bias of psychometric 
function.

ijhighschoolresearch.org



	 25	

Study 7. a (Table 7) reversibly inactivated specific regions of 
LIP using muscimol injections. In these experiments, one of 
the two targets was placed in the retinotopically matched re-
gion to the inactivated LIP neurons. The authors did not find 
statistically significant changes in the bias of the psychomet-
ric function or the slope change. There was a 3.7% reduction 
from the sloping baseline and a -0.4% motion coherence shift 
of psychometric function. While the change in slope and bias 
were in the same direction as MT inactivation, they were sig-
nificantly smaller when LIP was inactivated. 

Study 7. b (Table 7) reversibly inactivates specific regions of 
LIP using muscimol, similar to study 7. a. The findings of this 
study are the same as Study 7. a when considering the change 
in slope. Inactivation makes the slope slightly flatter, which is 
inconsistent among many trials and, therefore, insignificant. 
When looking at the bias of the psychometric function, this 
study produces a bias against controversial choices (opposite 
of the bias created in 7. a). This is not surprising because of 
the accompanying compensation from other neurons and 
the minimal bias magnitude. This study also finds that this 
psychometric function bias dissipates over many trials, which 
supports the idea that compensation by unaffected circuits 
comes into play.

Optogenetic Inactivation:
Study 8 (Table 8) injected specific regions of area MT in 

each monkey with an AAV vector to express redlight sensi-
tive chloride pump jaws controlled by the CaMKIIa promoter. 
This study tested the changes in the psychometric function 
- bias and slope - when neurons of MT were inactivated by 
photo suppression. However, the experimental procedure for 
this study was slightly different. The monkeys had 3 choic-
es instead of the regular 2 choices: null direction, preferred 
direction, or sure bet. In the sure bet choice, they would re-
ceive a smaller reward (compared to if the answer was null 
or preferred and correct) regardless of the motion direction. 
Photo suppression caused an increase in the slope of the psy-
chometric function, which was associated with an increase in 
sensitivity. The suppression also biased the monkeys’ decisions 
against the preferred choice. When the degree of suppression 

metric function before the injection (about 20±3% for monkey 
Y and 19±4% for monkey C). Then, they permanently inacti-
vated a specific part of MT using muscimol injections. They 
tested the monkeys’ visual perceptual decision-making various 
times after the inactivation. Forty-five minutes after the inac-
tivation, the average increase in motion coherence to meet the 
same threshold was 31±22% (35±26% for monkey Y; 22±9% 
for monkey C). The threshold values further increased until 
18 hours after the injection, with an average of 65±13% added 
motion coherence (monkey Y: 70±12%, monkey C: 57±11%). 
They tested the decision-making two days after the injection 
and found that all bias had disappeared. This is consistent with 
our earlier results, which show that other areas can compensate 
for a lost area. Note that this study tests both grating motion 
and random dot motion tasks, but we are only considering the 
results of the random dot motion since this is the same task for 
other experiments. This study found that MT plays a strong 
causal role in motion discrimination for random dot motion, 
consistent with other studies (Tables 1 and 4).

Reversible pharmacological inactivation studies:
Study 6 (Table 6) reversibly inactivated specific regions 

of MT using muscimol injections. The motion stimulus was 
placed in the region retinotopically matched to the inactivat-
ed MT neurons. Testing 2 monkeys, the study found a 68.5% 
reduction from baseline in the slope. The slope became statis-
tically significant (p=0.002) flatter when inactivation occurred. 
The authors also moved the random dot motion outside the 
inactivated area and noticed that performance was restored, 
confirming that the effects were not due to general changes. 
The bias seen in the psychometric function due to the inacti-
vation was almost negligible. However, it is important to note 
this may be prone to error, given that it was determined visual-
ly (the paper did not provide exact data).

DOI: 10.36838/v6i10.4

Table 5: Effect of lesions in only MT on the bias of psychometric function.

Table 6: Effect of reversible pharmacological inactivation in MT on 
psychometric function.

Table 7: Effect of reversible pharmacological inactivation in LIP on 
psychometric function.
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was more than 45%, there was a shift of -2.1±0.6% coherence 
of the psychometric function.

Nevertheless, this bias dissipated over a large number of 
trials. The bias during the first 500 trials was -3.5%±1.1% 
coherence, but the bias after 501 trials dissipated to - 0.7% 
coherence. Suppression of MT biased the confidence function 
(sure-bet choices) to the preferred direction. A similar trend 
followed in the confidence function, where the bias dissipated 
over large numbers of trials (refer to Table 8 for data). This fur-
ther provides evidence of the compensation of non-suppressed 
neuronal circuits for suppressed ones.

Comparison Between MT and LIP:
When comparing how much LIP and MT each contribut-

ed to perceptual decision-making, it is first visible that LIP 
and MT both have similar qualitative effects. For example, 
if we compare studies in Table 1 and Study 3, we find that 
microstimulation of both LIP and MT bias the psychomet-
ric function in the same direction. Moreover, from Studies 6 
and 7(a, b), we see that the inactivation of MT and LIP had 
the same qualitative change in slope. While these changes look 
similar, there are key differences. Firstly, the tested region of 
LIP overlapped with one of the two choices, whereas the test-
ed region of MT overlapped with the motion stimulus. This 
directly limits the comparisons that can be made. Secondly, 
the magnitude of change in perceptual decision-making that 
occurred when LIP was altered was significantly smaller than 
when MT was changed (refer to Tables 1, 3, 6, 7). Even the 
change in RT when LIP was microstimulated compared to 
when MT was microstimulated was smaller (refer to Study 1. 
a and 3). It is also noticeable that the alteration of LIP had a 
much larger effect on RT than on bias or slope change of the 
psychometric function (Study 3).

These differences suggest some important things about LIP 
and MT and their involvement in perceptual decision-making. 
We see that MT has a greater contribution to decision-making 
than LIP. In essence, MT makes the decisions, while LIP fine-
tunes them. This is consistent with previous studies.19

A previous study has explored this in the context of a dif-
fusion model,19 showing that MT provides the momentary 
evidence accumulated into the decision variable represented 
by LIP neurons. As a result, a slight change in the firing rate 
of these neurons is represented as a function of time, and the 

combined influence of MT on the decision variable is signifi-
cant. They have also shown that a change in the firing rate of 
LIP brings the decision variable closer to the bound. Still, the 
effect is not cumulative and, therefore, insignificant.

Comparison Between Different Manipulation Methods:
We now compare the magnitude and direction of the dif-

ferent manipulation methods on perceptual decision-making. 
We use studies from MT to compare the methods since we 
have at least one MT study for each method. Of the four ma-
nipulation methods (microstimulation, irreversible inactivation 
by lesions, reversible pharmacological inactivation, and optoge-
netic inactivation), microstimulation is the only one that biases 
the psychometric function toward the preferred direction. The 
other methods all bias decision-making in the null direction. 
This is unsurprising because microstimulation increases the 
electrical current in the target neurons, increasing activity, while 
the other inactivation methods reduce activity. It is important 
to note that the average magnitude of bias of the psychometric 
function when microstimulation occurred was greatest relative 
to other manipulation methods.

Moreover, microstimulation flattened the psychometric 
function’s slope, reducing sensitivity to the stimulus. Surpris-
ingly, pharmacological inactivation (reversible) also flattened 
the slope. On the other hand, optogenetic suppression of MT 
caused an increase in slope and an associated increase in sen-
sitivity. We could not find studies that measured slope change 
for permanent lesioning. Furthermore, given that we have only 
1 study for reversible pharmacological inactivation and optoge-
netic suppression, this result is unreliable.

Due to a lack of literature on this task design, more data was 
needed to compare RT changes between different manipula-
tion methods.

Limitations:
Given that we could only compare studies with exactly the 

same task design, there were a limited number of studies. For 
example, for the manipulation method of optogenetics, there 
was only one study with this task design. At the same time, 
studies often tested very few monkeys, sometimes just 1 or 2. 
This small sample size of papers and of test subjects in each 
paper could have affected the results.

The motion discrimination task also varied slightly in some 
studies. For example, one of the microstimulation studies had 
a different current amplitude and frequency than the others. 
In lesion studies, the lesion could have spread over to nearby 
regions of tissues, which is difficult to predict and could have 
affected results.

Additionally, there was some variability in the preparation 
and training protocol for the monkeys before the experiment. 
For example, study 4 measured the monkeys both early in 
training and after a long time of training, which was different 
from other studies. These variations in training methods could 
have led to differences in the monkeys’ performances.

Furthermore, choice bias is common in human and animal 
psychophysics, where subjects are biased toward a specif-
ic target. Some studies tested choice bias and adjusted their 
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Table 8: Effect of optogenetic inactivation in MT on the slope and bias of 
psychometric function.
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conclusions, while others didn’t. Another limitation is that few 
studies didn’t give statistical data, such as median or mean, so 
they had to be estimated from graphs.

�   Conclusion 
The primary findings are consistent with the idea that MT 

provides the primary input for decision-making. At the same 
time, LIP tunes the decision to allow saccades to a specific 
portion of the visual field.21 It is also apparent that micro-
stimulation is the most effective method of manipulating the 
brain activity of specific neurons because it can provide inputs 
to neurons that carry the most informative signals. This paper 
further emphasizes the importance of adopting similar exper-
imental designs for understanding the brain. The studies that 
the International Brain Laboratory is conducting emphasize 
this importance as well.24

Considering that all parts of the oculomotor system are in-
volved in this task, it is important to examine other involved 
areas, such as Frontal Eye Field (FEF) and Superior Colliculus 
(SC). In the future, a study should be conducted that manip-
ulates all different areas of the oculomotor system, all with 
the same experimental design, to truly determine the causal 
contribution of each region. Additional studies could also in-
volve targeted interventions, including localized stimulation, 
inhibition, or lesion techniques paired with high-resolution 
neuroimaging and behavioral assessments.

�   Acknowledgments 
The author would like to thank Dr. Alireza Soltani for his 

mentorship and contributions to this paper, such as helpful dis-
cussion and technical assistance.

�   References
1. Cicmil, N., & Krug, K. (2015). Playing the electric light orchestra—

how electrical stimulation of visual cortex elucidates the neural ba-
sis of perception. Philosophical Transactions of the Royal Society B: 
Biological Sciences, 370(1677), 20140206. https://doi.org/10.1098/
rstb.2014.0206

2. Genon, S., Reid, A., Langner, R., Amunts, K., & Eickhoff, S. B. 
(2018). How to Characterize the Function of a Brain Region. Trends 
in Cognitive Sciences, 22(4), 350–364. https://doi.org/10.1016/j.
tics.2018.01.010

3. Hughes, C., Herrera, A., Gaunt, R., & Collinger, J. (2020). Bidirec-
tional brain-computer interfaces. Brain-Computer Interfaces, 163–
181. https://doi.org/10.1016/b978-0-444-63934-9.00013-5

4. Jochen Ditterich, Mazurek, M. E., & Shadlen, M. N. (2003). Micro-
stimulation of visual cortex affects the speed of perceptual deci-
sions. Nature Neuroscience, 6(8), 891–898. https://doi.org/10.1038/
nn1094

5. Lomber, S. G. (1999). The advantages and limitations of permanent 
or reversible deactivation techniques in the assessment of neural 
function. Journal of Neuroscience Methods, 86(2), 109–117. https://
doi.org/10.1016/s0165-0270(98)00160-5

6. Liu, L. D., & Pack, C. C. (2017). The Contribution of Area MT to 
Visual Motion Perception Depends on Training. Neuron, 95(2), 
436-446.e3. https://doi.org/10.1016/j.neuron.2017.06.024

7. Martin, J. H., & Ghez, C. (1999). Pharmacological inactivation 
in the analysis of the central control of movement. Journal of 
Neuroscience Methods, 86(2), 145–159. https://doi.org/10.1016/
s0165-0270(98)00163-0

8. Malpeli, J. G. (1999). Reversible inactivation of subcortical sites by 
drug injection. Journal of Neuroscience Methods, 86(2), 119–128. 
https://doi.org/10.1016/s0165-0270(98)00161-7

9. Gallo, M. (2007). Reversible Inactivation of Brain Circuits in Learn-
ing and Memory Research (F. Bermúdez-Rattoni, Ed.). PubMed; 
CRC Press/Taylor & Francis. https://www.ncbi.nlm.nih.gov/
books/NBK3922/

10.Mahmoudi, P., Veladi, H., & Pakdel, F. G. (2017). Optogenetics, 
Tools and Applications in Neurobiology. Journal of Medical Sig-
nals and Sensors, 7(2), 71–79. https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC5437765/#:~:text=In%20this%20method%2C%20
expression%20of

11.Shemesh, O. A., Tanese, D., Zampini, V., Linghu, C., Piatkevich, 
K., Ronzitti, E., Papagiakoumou, E., Boyden, E. S., & Emiliani, 
V. (2017). Temporally precise single-cell-resolution optogenetics. 
Nature Neuroscience, 20(12), 1796–1806. https://doi.org/10.1038/
s41593-017-0018-8

12.Boyden, E. S., Zhang, F., Bamberg, E., Nagel, G., & Deisseroth, 
K. (2005). Millisecond-timescale, genetically targeted optical con-
trol of neural activity. Nature Neuroscience, 8(9), 1263–1268. https://
doi.org/10.1038/nn1525

13.Li, N., Chen, S., Guo, Z. V., Chen, H., Huo, Y., Inagaki, H. K., 
Chen, G., Davis, C., Hansel, D., Guo, C., & Svoboda, K. (2019). 
Spatiotemporal constraints on optogenetic inactivation in cortical 
circuits. ELife, 8. https://doi.org/10.7554/elife.48622

14.Roitman, J. D., & Shadlen, M. N. (2002). Response of Neurons in 
the Lateral Intraparietal Area during a Combined Visual Discrim-
ination Reaction Time Task. The Journal of Neuroscience, 22(21), 
9475–9489. https://doi.org/10.1523/jneurosci.22-21-09475.2002

15.Salzman, C., Murasugi, C., Britten, K., & Newsome, W. (1992). 
Microstimulation in visual area MT: effects on direction discrimi-
nation performance. The Journal of Neuroscience, 12(6), 2331–2355. 
https://doi.org/10.1523/jneurosci.12-06-02331.1992

16.Salzman, C. D., Britten, K. H., & Newsome, W. T. (1990). Cortical 
microstimulation influences perceptual judgements of mo-
tion direction. Nature, 346(6280), 174–177. https://doi.
org/10.1038/346174a0

17.Murasugi, C. M., Salzman, C. D., & Newsome, W. T. (1993). Mi-
crostimulation in visual area MT: effects of varying pulse amplitude 
and frequency. Journal of Neuroscience, 13(4), 1719–1729. https://
doi.org/10.1523/JNEUROSCI.13-04-01719.1993

18.Celebrini, S., & Newsome, W. T. (1995). Microstimulation of ex-
trastriate area MST influences performance on a direction discrim-
ination task. Journal of Neurophysiology, 73(2), 437–448. https://doi.
org/10.1152/jn.1995.73.2.437

19.Hanks, T. D., Ditterich, J., & Shadlen, M. N. (2006). Microstim-
ulation of macaque area LIP affects decision-making in a motion 
discrimination task. Nature Neuroscience, 9(5), 682–689. https://doi.
org/10.1038/nn1683

20.Rudolph, K. (1999). Transient and Permanent Deficits in Motion 
Perception after Lesions of Cortical Areas MT and MST in the 
Macaque Monkey. Cerebral Cortex, 9(1), 90–100. https://doi.
org/10.1093/cercor/9.1.90

21.Katz, L. N., Yates, J. L., Pillow, J. W., & Huk, A. C. (2016). Dissoci-
ated functional significance of decision-related activity in the 
primate dorsal stream. Nature, 535(7611), 285–288. https://doi.
org/10.1038/nature18617

DOI: 10.36838/v6i10.4

	 ijhighschoolresearch.org



	 28	

22.Jeurissen, D., Shushruth, S., El-Shamayleh, Y., Horwitz, G. D., & 
Shadlen, M. N. (2022). Deficits in decision-making induced by 
parietal cortex inactivation are compensated at two timescales. Neu-
ron. https://doi.org/10.1016/j.neuron.2022.03.022

23.Fetsch, C. R., Odean, N. N., Jeurissen, D., El-Shamayleh, Y., Hor-
witz, G. D., & Michael Neil Shadlen. (2018). Focal optogenetic 
suppression in macaque area MT biases direction discrimination 
and decision confidence, but only transiently. ELife, 7. https://doi.
org/10.7554/elife.36523

24.International Brain Laboratory. (2024). International Brain Lab-
oratory. International Brain Laboratory. https://www.international-
brainlab.com/

�   Author
Hridank Garodia is a rising junior at Dhirubhai Ambani 

International School in Mumbai, India. He has developed a 
strong interest in behavioral sciences and biomedical engineer-
ing by reading a variety of books. He is passionate about using 
technology to solve real-world problems and plans to major in 
biomedical engineering.

DOI: 10.36838/v6i10.4

ijhighschoolresearch.org


