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Abstract 

 

 Comparison of neural activation in the cerebellum in autistic 

adolescents with healthy control adolescents  

 

Mithra Thiruvettar Sathishkumar, M.S Stat 

The University of Texas at Austin, 2016 

 

Supervisor:  Lawrence Cormack 

 

Neuropathologic, neurochemical, and MRI (magnetic resonance imaging) 

anatomic studies have shown that the cerebellum is the most consistent site of brain 

abnormality in autism. However, there are very few functional MRI studies done to 

understand the functioning of this brain region in autism.  

In this study, we wanted to determine how the cerebellum responds during 

response inhibition. We compared neural activity in the cerebellar regions in autistic 

adolescents and control adolescents.  

Bonnet et al. (2009) describe two paradigms (Go task and Go/No-Go task) to 

determine response inhibition. We used similar paradigms in our study. 10 autistic and 10 

control subjects were used for our study. Data were analyzed using Neuroimaging tool 

FSL (Smith et al. 2004). General Linear Model was used to test the hypothesis to 

determine if both groups have any difference in inhibition.   

Results show that the autistic group has more activation during response 

inhibition than the control group. This could be because of the loss of Purkinje cells 
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(Bailey et al. 1998, Kemper et al. 1998). The brain may be rewiring itself and it may use 

a greater expanse of cerebellar tissue to achieve the same end goal.  
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Chapter 1: Introduction   

 In recent years, autism spectrum disorder (ASD) has grown to become a major 

public health issue. This issue in particular has received attention due to a considerable 

increase in autism prevalence, highlighting the need for an increased understanding of 

these disorders. An important first step is to determine their underlying neurobiology.   

There is considerable amount of evidence of cerebellum abnormality in autism. 

Many magnetic resonance imaging (MRI) studies have shown that the cerebellum is one 

of the most consistent sites of brain abnormality in autism (Allen et al. 2003). In fact, 

postmortem studies have shown cerebellar abnormalities in the great majority of the cases 

in which the cerebellum has been examined (Bailey et al. 1998, Allen et al. 2003, Vargas 

et al. 2004). There is structural, anatomic and microscopic evidence of cerebellum 

abnormality in autism (Ritvo et al. 1986, Bailey et al. 1998, Allen et al. 2005). However, 

even with this evidence, we don‟t know how the pathology might contribute to the 

behavior and symptoms of autism. One way to understand the involvement of the 

cerebellum would be to understand how it might contribute to the functioning in the 

autistic population. Functional magnetic resonance imaging (fMRI) is a natural avenue 

towards understanding that. fMRI neuroimaging data on the cerebellum in autism are 

relatively limited, with few studies designed specifically to address cerebellar function.  

Originally the cerebellum was considered to be dedicated to motor control (Evarts 

et al. 1969, Ito 1984). It is now apparent that cerebellar lesions can lead to a range of 

behavioral, cognitive, affective, and perceptual impairments (Allen et al. 1997, Allen et 

al. 1998). In addition, psychiatric conditions that are characterized by perceptual and 

cognitive, as well as motor disturbances, including autism, schizophrenia, and attention 
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deficit hyperactivity disorder, are associated with cerebellar pathology. (Baumann et al. 

2015).  

In this study we aimed to use functional magnetic resonance imaging (fMRI) to 

differentially assess the functioning of the cerebellum. We wanted to determine whether 

the cerebellum functions abnormally in autistic subjects when compared to normal 

controls in the context of response inhibition. We chose a task based on the work of 

Bonnet et al. (2009), who provided a model for detecting cerebellar activation in healthy 

subjects using response inhibition tasks. Their paradigm used a Go task and a Go/No-Go 

task while doing fMRI. In the Go task, the subjects were asked to press a button only 

when they see a particular condition. In the Go/No-Go task, they were asked to press a 

button when they see a particular condition (“Go”), while keeping in mind not press any 

button when they see an alternate condition (“No-Go”). Comparison of these 2 tasks 

indicated response inhibition.  We used similar tasks in our study to detect any 

differences in activation between the 2 groups of subjects.  

 

Hypothesis 

In our study, the participants completed 2 experiments or runs. The first run was 

the “Go” task and the second run was “Go/No-Go” task. 

We will look at condition Run1 (“Go” task) subtracted from Run2 (“Go/No-Go” 

task). In fMRI analysis, we can get this by finding where Run2 has a greater activation 

than Run1 (Run2 > Run1). This comparison would give results for only the No-Go task, 

which is response inhibition.   

Null hypothesis: Run2>Run1 for autistic and controls groups would be the same. 

That is, there is no difference in response inhibition between both groups.  
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The alternate hypothesis would be that there is a difference in inhibition between 

both the groups.    
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Chapter 2: Participants and Data Collection   

Participants 

10 ASD (18 years, 10 months - 24 years, 4 months; average age 20 years, 10 

months) and 10 control subjects (18 years, 9 months - 25 years, 6 months; average age 21 

years) participated in this study.   

All the ASD participants had high functioning autism spectrum disorder. The 

ASD participants were recruited through autism websites, support groups and local 

community agencies. Control subjects were recruited from online advertisement at the 

University of Texas at Austin.  

Informed consent that was approved by the Institutional Review board at the 

University of Texas at Austin and was obtained from all control and ASD participants 

who were able to make their own medical decisions. Parental/Guardian consent and 

participant assent were obtained for the remaining participants. Both those with autism 

and neurotypical controls were required to answer a set of medical questions to document 

any medical conditions, psychiatric illnesses, and current medications. All the 

participants were screened for contraindications to MRI. Persons who had any 

ferromagnetic metal anywhere in their body, cardiac pacemakers, certain tattoos, dental 

braces, and any other potential dangerous object for use in the MRI environment were 

excluded from the study.   

 

MRI Acquisition 

Scanning was performed on a GE Signa 3T scanner at the University of Texas at 

Austin. The scanning protocol involved collection of a high-resolution structural scan 

(3D image of the brain made of 1 mm X 1 mm X 1 mm cubes) and 2 functional MRI 
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(fMRI) scans. Functional MRI data were acquired while participants completed the “Go” 

and “Go/No-Go” tasks. They were very low resolution images of the brain collected 

every 3 seconds for the duration of each experimental run. This gave us a 4D image of 

the brain with time as the fourth dimension. The collected brain image was made up of 3 

mm X 3mm X 3 mm cubes called voxels.  
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Chapter 3: fMRI Data   

During the functional scan, we obtained a Blood Oxygen Level Dependent 

(BOLD) signal. BOLD signal arises from the combination of blood flow, blood volume 

and blood oxygenation in response to changes in neuronal activities. The BOLD contrast 

was found to depend on the total amount of deoxygenated hemoglobin (Hemoglobin 

without attached oxygen) in a specific brain area, which in turn depends on the balance 

between oxygen consumption and oxygen supply. Meaning, if there is more neural 

activity in the brain, then there is an increase in BOLD signal.  

In a typical fMRI experiment, a low resolution image of the entire brain is 

collected every few seconds. Over the course of the experiment (of time duration t), many 

sets of entire brain images (called “volumes”) are recorded. A single volume is made of 

many individual cubes or voxels. Over the course of the experiment, we get a time series 

made up of continuous brain volumes.  

Figure 1: fMRI time series (Telesford et. al 2010) 
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:  

 

Figure 1 shows fMRI time series collected over time „t‟ with example time series 

for 2 random voxels.  

Since the MRI images are sensitive to local blood oxygenation level, certain parts 

of the brain images taken during the „task‟ phase should show increased intensity when 

compared to the images collected during the „rest‟ phase. The goal of fMRI analysis is to 

detect the parts of the brain that show increased intensity during the „task‟ phase, but 

since all fMRI images have low and high frequency noise, we need to identify which 

voxels‟ time-series has a higher signal of interest compared to the noise level. (Smith, 

2004) 
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Chapter 4: Experimental methods   

Experiment parameters:  

In our experiment, for every 3 seconds, one brain image was collected. Hence 

over a period of 3 minutes 36 seconds, 72 sets of images were collected for each of the 2 

fMRI runs.  

 

Experiments:  

Participants (Both ASD and Control) were shown 2 tasks – “Go” Task and 

“Go/No-Go”. We always showed the “Go” task before the “Go/No-Go” task to establish 

the pre-potent response being inhibited in the “No-Go” portion of the task.  

The tasks were similar block designs. They both had nine 24-second blocks 

alternating between rest and task, starting with rest block. All the rest blocks had plus 

sign (a fixation cross) shown.  

 

 

 

 

 

 

 

Figure 2: fMRI Task 

 

Rest Rest Rest Rest Rest 

Task Task Task Task 
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Stimuli:  

For both tasks we showed circles, triangles or plus sign (as explained in the 

section below). They were shown in white in the center of a black screen.  They occupied 

about 10% of the screen size.   

 

Tasks:  

GO TASK: 

In the Go task, during the task blocks, participants were shown circles. Every time 

they saw a circle, they were asked to press a button with their index finger once.  

During each of the rest block, they were shown fixation cross.    

 

 

GO/NO-GO TASK: 

In the Go/No-Go task, during the task blocks, participants were shown triangles 

and circles. They were asked to press a button using their index finger once whenever 

they saw a circle and not to press anything when they saw a triangle.  

During each rest block, they were shown fixation cross.   
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Chapter 5: Analysis   

Pre-processing of fMRI data:  

The fMRI data were analyzed using neuroimaging software FSL (Smith et al. 

2004). The raw data obtained contained noise that needed to be removed. For example, 

physiological noise such as heart rate and electrical noise like scanner spikes or brief 

changes in brightness of the data due to electrical instability were removed. The 

participant might have also moved during a scan, causing a problem, which needed to be 

corrected. The steps below outline the preprocessing steps that were followed before the 

actual statistical analysis.  

 

MOTION CORRECTION: 

Even movements like swallowing will create motion in the head during a scan. 

Since the voxel size is about 3 mm in length on all sides, minute movements can affect 

the data collected and cause significant changes on the obtained signal. Standard motion 

correction techniques were used by shifting and transforming all the images in a time 

series to a single reference image, usually the first image collected in the series. Each 

image in a series was aligned to the reference image to obtain transformation parameters. 

All these parameters were combined to get a transformation matrix, which was applied to 

all the images in the series to obtain the realigned version of the original data. The 

realignment was done by either translating or rotating on the 3 axes. Hence, we used 6 

degrees of freedom (DOF) 
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TEMPORAL HIGH PASS FILTER: 

The most common noise in fMRI data is low frequency drift or slow scanner 

drifts, where the mean of the data drifts up or down gradually over the course of the 

experiment. Such noise was removed by using a high pass filter that allows only the high 

frequencies to pass through.  

 

SPATIAL SMOOTHING:  

The most common means of spatial smoothing involves using a gaussian filter at 

full width at half maximum (FWHM) to be double the length of the voxel size to remove 

high frequency trends or small-scale changes in the image (Poldrack et al. 2011). The 

image was convoluted with a 3D Gaussian filter. This step was done to increase the 

signal-to-noise ratio.  

 

SPATIAL NORMALIZATION (FOR  INTERSUBJECT  REGISTRATION):  

Brains are highly variable in size and shape across individuals. When we are 

about to analyze a group of subjects‟ data, we need to transform all the data into a 

common space (also known as “standard space”). There are various standard templates 

available. For this analysis, we used the Montreal Neurological Institute template 

averaged from 152 brains (MNI152). Each subject‟s fMRI scans were registered to 

his/her own high resolution structural scan and the transformation matrix was obtained. 

The person‟s structural brain was registered to the MNI152 template and another 

transformation matrix was obtained. The combination of these two matrices gave one that 

was used to transform the fMRI data to the MNI152 template.  
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BRAIN ISOLATION:  

The software determined the boundary between brain and non-brain tissues and 

output an image with just the brain tissue without any skull, dura, etc.  

 

Pre-processing of Structural data:  

The only pre-processing step needed to do on structural or anatomical data was 

brain isolation.  
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Chapter 6: Statistical Model for Single Subject Analysis 

BOLD hemodynamic response:  

The change in the MRI signal triggered by neuron activity is called the 

hemodynamic response function (HRF). The main characteristics are the peak height 

(maximum observed amplitude), time to peak (the time the HRF takes to peak from the 

stimulus onset), Poststimulus undershoot (the late undershoot once the response falls 

down).  

 

Figure 3: Hemodynamic response 

The relationship between the BOLD signal and the neural response is linear time 

invariant (LTI). That is, if the neural response is scaled by a factor of x, then the BOLD 

response is also scaled by a factor of x. Part A of figure 4 shows that if the neural 

response (red) is doubled, it results in a larger BOLD response (blue).  It also indicates 
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additivity. Part B of figure 4 shows that neural responses for separate events (green) add 

linearly to create the BOLD response (blue) (Poldrack et. al 2011). 

 

 

Figure 4: Example of Linear Time Invariance (Poldrack et al. 2011) 

Time Invariance means if a stimulus is shifted by t seconds, the corresponding 

BOLD response will shift by the same amount. This is also seen in part B of figure 4 

where 2 nearby red neural responses invoke 2 separate nearby green responses which 

adds up to the one big blue response (Poldrack et al. 2011).   
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MODEL OF THE BOLD RESPONSE  

Since the transformation from neuron activity to BOLD signal is mostly LTI, we 

can create the expected BOLD signal form a given neural input using convolution. 

Convolution blends two functions together in an LTI manner.  

The hemodynamic function is denoted by h(t).  

 

 ( )   (     )   
 

 
 (      ) 

 

where,                       (     )  
 

   ( )
     

  
 ⁄  

 
This model is referred to as the double gamma function (Bai et al. 2007). We 

chose this model as the HRF function, since it captured the shape that closely resembles 

the BOLD response and will ensure a good fit with the general linear model (GLM) 

regressors (Poldrack et al. 2011).  

The stimulus onset time series is denoted by f(t). To model the expected BOLD 

response, we convolved the stimulus f(t) with the HRF h(t).   

 

(   )( )  ∫ ( ) (   ) 
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The GLM has the following form:  

     Y =            X                  +          

where,  

Y = Matrix of BOLD time series (that we collect) 

X = Design matrix that has regressors in columns and time in rows 

 = The vector of parameter estimates  

 = error variance matrix which has the residual error for each voxel (independent & 

normally distributed) 

 

 

Figure 5: GLM model (Harris et. al 2012, Bajada et al. 2012) 

For the first level analysis of fMRI data, we replace each letter with a set of 

matrices that are 2D representations as shown in figure 5  
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Figure 6: Single voxel regression model for BOLD signal 

The image above shows an example model: BOLD signal over time is the 

dependent variable. x1 indicates the block design task (that we will convolve) and e is the 

error term. 1 corresponds to -task. In solving the equation, we have one known 

quantity, which is the experimental data. We find the areas in the brain that fits the model 

best.  

In our experiment, we have 2 runs. We fit the model for both runs separately and 

then continue to the steps described in the next chapter.  
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Chapter 7: Statistical Model for Group Analysis   

  

Contrasts between runs:  

After running the first level analysis for all subjects (controls and autistic), we 

started with the second level where each subject‟s run2 is compared with run1. We use 

fixed effects analysis for this step since it is within each same subject.  

We started with the null hypothesis that both betas (corresponding to both runs) 

are equal. This was to get Run2>Run1.   

i.e, H0 = 2 - 1 = 0 

 

We use the contrast [-1 1] to compare Run2 - Run1. The brain activity we got 

from this contrast shows where Run2 is > Run1, or Go/No-Go > Go areas of activation.  

 

Run1 Run2 

1 0 

0 1 

Table 1: Model for second level analysis  

 

 Run1 Run2 

Run2 > Run1 -1 1 

Table 2: Contrast for second level analysis 
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Contrasts between subjects:  

Next, we ran the third level analysis where we compared the control group 

Run2>Run1 activation with that of the autistic group. Since we were running a group 

analysis and we wanted to generalize this result to a population, we needed to account for 

between subjects‟ variability. Hence, we used mixed model analysis for this step.  

 

 Group Autistic Control 

Sub1 1 1 0 

Sub2 1 1 0 

. . . 1 . . . . . . 

Sub10 1 1 0 

Sub11 1 0 1 

Sub12 1 0 1 

. . . 1 . . . . . . 

Sub 20 1 0 1 

Table 3: Model for third level analysis. 

 

 

Contrast Autistic Control 

Autistic > Control 1 -1 

Control > Autistic -1 1 

Table 4: Contrast for third level analysis.  
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Chapter 8: Results:  

To view the contrasts, we overlaid the result activation we obtained (Autistic > 

Control and vice versa) on top of the average anatomical brain of all the subjects in each 

group.  

We set the threshold for both the contrast images to show only the cluster of 

voxels that have a p value of < 0.05 

The images are shown in 3 views: coronal (looking from back to front), sagittal 

(looking from side of the brain) and axial (looking from top to bottom). The cross hairs 

on one view indicate the slices shown in the other views.  

 

Autistic > Controls:   

In figure 7, the activation in yellow shows where Run2>Run1 or inhibition is 

greater for autistic subjects when compared to controls. We can see that the cerebellum 

shows more inhibition in this contrast. We also obtained some activation in Frontal lobe 

(in right paracingulate gyrus, right superior frontal gyrus, right postcentral gyrus, right 

and left frontal pole, left cingulate gyrus, left motor cortex) and temporal lobe (left 

inferior temporal gyrus, right temporal fusiform cortex)     
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Figure 7: Autistic > Controls for Run2>Run1  

(Views: Top left = Coronal, Top right = Sagittal, Bottom left = Axial. R = right, L = left, 

P = Posterior, A = Anterior, S = superior, I = inferior) 
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Controls > Autistic:   

In figure 8, the activation in blue shows where Run2>Run1 or inhibition is greater 

for controls subjects when compared to autistic. We can see that the cerebellum did not 

have much inhibition activation in this contrast.  We primarily get activation in the 

parietal lobe (left post central gyrus, right superior parietal lobule), temporal lobe (right 

lingual gyrus, left amygdala), left and right occipital lobe.  
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Figure 8: Controls > Autistic for Run2>Run1 

(Views: Top left = Coronal, Top right = Sagittal, Bottom left = Axial. R = right, L = left, 

P = Posterior, A = Anterior, S = superior, I = inferior) 
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Both contrasts, no threshold:   

We set threshold at p < 1 to see which parts of the brain showed more activation 

for both groups. In figure 9, the activation in red/yellow shows where Run2>Run1 or 

inhibition is greater for autistic group when compared to controls. In the sagittal slice, we 

can see that the cerebellum is mostly yellow. The activation in blue shows where 

Run2>Run1 or inhibition is greater for controls group when compared to the autistic 

group.  
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Figure 9: Run2>Run1 for Autistic>Controls (red/yellow) and Controls>Autistic (blue)  

(Views: Top left = Coronal, Top right = Sagittal, Bottom left = Axial. R = right, L = left, 

P = Posterior, A = Anterior, S = superior, I = inferior) 
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p values for Autistic > Controls   

Figure 10 shows the p values for the contrast Run2>Run1 for the autistic group 

compared to controls, the darker being close to 0 and lighter being close to 1.  

 

 

 

Figure 10: p values for Run2>Run1 for Autistic > Controls  

(Views: Top left = Coronal, Top right = Sagittal, Bottom left = Axial. R = right, L = left, 

P = Posterior, A = Anterior, S = superior, I = inferior) 
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p values for Controls > Autistic 

Figure 11 shows the p values for the contrast Run2>Run1 for the control group 

compared to autistic, the darker being close to 0 and lighter being close to 1. 

 

 

Figure 11: p values for Run2>Run1 for Controls > Autistic  

(Views: Top left = Coronal, Top right = Sagittal, Bottom left = Axial. R = right, L = left, 

P = Posterior, A = Anterior, S = superior, I = inferior)  
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Chapter 9: Discussion  

Figure 7 shows activation in the cerebellum for the autistic group compared to the 

controls when we set the threshold at p < 0.05, which we did not see for the controls 

group in figure 8. When we did not set any threshold, figure 9 shows most of the 

cerebellum activated for the autistic group. From these images, we can see that the 

autistic subjects show more inhibition for cognitive tasks in the cerebellum when 

compared to controls. We are not concerned about what the activations mean in the rest 

of the brain in this study; hence we are not going to discuss that. We reject the null 

hypothesis that both groups have no difference when it comes to inhibition in the 

cerebellum.  

Inhibition in the Autistic group could be attributed to the loss of Purkinje cells in 

the cerebellum for autistic patients (Bailey 1998, Kemper 1998). It is known that the 

brain has neural plasticity. When cells are lost in one area, it could be that the brain uses 

more expanse of cerebellar tissue to achieve the end goal and hence more cells in the 

cerebellum are used. This explains the increase in activation in the autistic group.  

We have to keep in mind that response inhibition is an active process. Courchesne 

and Allen (1997) suggests that the autistic patients struggle to learn a new task. It could 

also be that a new task requires more effort from the autistic group than when compared 

to the control group. As they learn the same task over time, the activity decreases and it 

becomes more focal. If we change the task in some way, the activation comes back. A 

follow-up study is recommended where the same task is done over and over again for 

both groups and compared at each stage to see if this inhibition in autistic group holds up. 
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This way we can be sure that the autistic subjects have more response inhibition than 

normal controls.   
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