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Highlights 

・On the cerebellar channel we captured response related to the fine motor.  

・During fine motor, the response of the cerebellum differs from the occipital lobe. 

・The cerebellar responses do not differ between ASD and typical development. 

・NIRS enables us to capture the cerebellar activity in a way close to daily living. 
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Measurements of the lateral cerebellar hemispheres using near-infrared spectroscopy 

through comparison between autism spectrum disorder and typical development 

 

Abstract 

The cerebellum plays a vital role in cognition, communication with the cerebral cortex, and fine 

motor coordination. Near-infrared spectroscopy (NIRS) is a portable, less restrictive, and 

noninvasive functional brain imaging method that can capture brain activity during movements by 

measuring the relative oxyhemoglobin (oxy-Hb) concentrations in the blood. However, the 

feasibility of using NIRS to measure cerebellar activity requires discussion. We compared NIRS 

responses between areas assumed to be the cerebellum and the occipital lobe during a fine motor 

task (tying a bow knot) and a visual task. Our results showed that the oxy-Hb concentration 

increased more in the occipital lobe than in the cerebellum during the visual task (p = .034). In 

contrast, during the fine motor task, the oxy-Hb concentration decreased in the occipital lobe but 

increased significantly in the cerebellum, indicating a notable difference (p = .015). These findings 

suggest that we successfully captured cerebellar activity associated with processing, particularly 

fine motor coordination. Moreover, the observed responses did not differ between individuals with 

autism spectrum disorder and those with typical development. Our study demonstrates the 

meaningful utility of NIRS as a method for measuring cerebellar activity during movements. 
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Introduction 

The cerebellum is a brain region that is involved in motor control. The cerebellar hemisphere has 

diverse functions other than motor function, and the lateral part of the cerebellar hemisphere is also 

involved in the regulation of emotions, thoughts, and cognition that are not directly related to motor 

planning, such as working memory [1]. Furthermore, the cerebellum exchanges information closely 

with the cerebrum through cerebrocerebellar association [2] and plays a role in regulating 

processing in the cerebrum [3,4,5]. Thus, the function of the cerebellum is believed to be more 

complex than previously thought, and various measurements have helped in elucidating its 

function. 

Functional magnetic resonance imaging (fMRI) has been widely used to study cerebellar 

activity due to its high spatial resolution [6,7]. However, fMRI has some limitations. It requires 

participants to be immobilized in a supine position within a confined space, thereby restricting their 

movements during measurements. This limits the assessment of coordinated motor function, which 

necessitates more extensive body movements. In addition, fMRI measurements generate noise, 

making it difficult to use auditory stimuli. Moreover, for participants who are uncomfortable with 

confined spaces and noise, such as children and individuals with autism spectrum disorder (ASD), 

performing stress-free measurements may be difficult because of the singularity of the 

measurement space. 

To address the limitations of fMRI in evaluating the cerebellum, near-infrared 

spectroscopy (NIRS) offers a promising alternative. NIRS is a noninvasive technique that measures 

changes in oxygenated hemoglobin (oxy-Hb) and deoxygenated hemoglobin (deoxy-Hb) 

concentrations in the cerebral blood by analyzing the absorbance of near-infrared light (700–900 

nm) [8]. It is based on the neurovascular coupling hypothesis, which explains the relationship 

between neural activity and cerebral blood flow in specific brain regions [9]. NIRS primarily 

assesses the cerebral cortex, as the near-infrared light can penetrate up to 3 cm from the scalp [10]. 

Compared with fMRI, NIRS provides higher time–frequency resolution and allows real-time 

measurements. Because NIRS is a portable machine, it reduces physical constraints and enables 

performing studies in more natural settings. However, little is known about the application of NIRS 

in evaluating the cerebellum, and its feasibility for measuring cerebellar activity requires proper 



 
3 

 

investigation. Although a previous study has performed noninvasive investigations of cerebellum-

targeted channeling using electroencephalography (EEG) and magnetoencephalography (MEG) 

[11], no studies have examined NIRS responses in the cerebellum. 

The cerebellum is believed to regulate various brain functions, including movement. 

Individuals with ASD often face challenges in coordinated movements [12] and fine motor skills 

[13], which may be related to cerebellar dysfunction [14]. Thus, it is essential to investigate 

cerebellar functions specific to individuals with ASD. 

In the present study, we aimed to determine the feasibility of using NIRS for evaluating 

the cerebellum. We included participants with both typical development (TD) and ASD. 

Anatomically, the lateral part of the cerebellum is the region at which the near-infrared light 

reaches, so we aimed to investigate the response of the cerebellum using a cap covered over the 

cerebellar region and discuss the possibility of measuring the activity of the lateral cerebellar 

hemisphere via NIRS using fine motor and visual tasks. We also attempted to assess the feasibility 

of cerebellar measurement using NIRS by examining two points: (1) whether the responses 

obtained in the cerebellum differed from those in the adjacent occipital lobe and (2) whether the 

responses can be interpreted to be originating from the cerebellum. 

 

Materials and methods 

Participants 

This study was approved by the ethics committee of our university hospital, and informed consent 

was obtained from all participants. We recruited 39 adults (20 men and 19 women, mean age 28 ± 

6.9 years), including 20 with ASD and 19 with TD. Participant characteristics and cognitive and 

behavioral assessment results are presented in Table 1. The ASD group included outpatients or 

community-dwelling individuals without psychosis or medication diagnosed with ASD according 

to the criteria outlined in the Diagnostic and Statistical Manual of Mental Disorders, Fourth 

Revised Edition (DSM-IV-TR) [15]. The TD group consisted of mentally and physically healthy 

individuals who were assessed using cognitive and behavioral measures and were recruited from 

the local community, matching the ASD group’s age and gender distribution. Among the 

participants, 33 were right-handed, 5 were left-handed, and 1 was ambidextrous. 
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Cognitive and behavioral assessments 

Each participant’s intelligence quotient (IQ), verbal IQ, and performance IQ were previously 

assessed using the Wechsler Adult Intelligence Scale-Third Edition [16]. All participants with 

scores falling within the 80–120 range were included. The severity of autism was evaluated using 

module four of the autism diagnostic observation schedule (ADOS-2) [17], a series of 

semistructured interview and assessment tools. The assessment focused on communication and 

social interaction with standardized values. Furthermore, multidimensional scales for pervasive 

developmental disorders and attention-deficit hyperactivity disorder (MSPA) were employed. The 

MSPA encompasses four domains related to ASD: communication, group adaptability, empathy, 

and restricted interests/behaviors. In addition, two coordinated motor domains were evaluated: 

gross motor and fine motor [18]. MSPA is a comprehensive neurodevelopmental assessment 

conducted through interviews based on daily observations. Each domain was rated on a 9-point 

scale with 0.5 increments from 1 to 5. 

Fine motor task 

To assess fine motor skills, we employed the task of tying a bow with two loops. Practice trials 

were conducted to ensure that the participants could perform the task smoothly. The task comprised 

two phases: a rest phase and a bowknot phase. During the rest phase, the participants were 

instructed to refrain from actions as much as possible. In the bowknot phase, the participants were 

orally guided to repetitively tie a bow with two loops using a long rubber band that had been cut in 

one place as many times as possible. To prevent the task from being simplified using familiar 

methods, participants were instructed to use a specific knot-tying technique, such as the Ian knot, 

which is not commonly known. Each trial consisted of a 10-second rest phase, a 20-second 

bowknot phase, and another 10-second rest phase. This block of the task was repeated four times. 

Visual task 

A visual task was employed to compare brain activity in the fine motor task. This task involved a 

rest phase and a visual presentation phase. During the visual presentation phase, participants were 

instructed to observe and memorize meaningless shapes attentively. Each shape was displayed on a 

PC monitor for 2 seconds, followed by a 2-second black screen interval. This pairing of shape 

presentation and the black screen was repeated four times, and the total duration of one trial for the 
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visual task was 16 seconds. A 20-second rest phase was provided before and after the visual task, 

and the trial was repeated three times. 

NIRS measurement 

Our measurements utilized a multiple-channel functional near-infrared spectroscopy system 

(LABNIRS, Shimadzu Corporation, Japan). We situated six emitter and six receiver probes in a 

grid pattern. The midpoint between the probes was defined as channels, representing measurable 

points. The occipital channels were positioned according to the extended 10-20 EEG system, 

whereas the cerebellum channels were placed approximately 3 cm below the most caudally located 

external occipital protuberance, following the extended 10-20 EEG system. Channels 1 to 15 were 

designated as occipital channels, and channels 16 to 17 represented the cerebellum channels (see 

Figure 1). We measured three types of signals: oxy-Hb, deoxy-Hb, and the sum of oxy-Hb and 

deoxy-Hb (total-Hb). A previous study showed that deoxy-Hb was more unstable than oxy-Hb and 

had various changes and that the change in oxy-Hb concentration was correlated more closely with 

cerebral blood flow [19]. Therefore, the relative change in oxy-Hb concentration was shown as a 

waveform on a monitor in real time. 

Data analysis 

We visually inspected the measured brain activity waveforms and removed artifacts. The occipital 

channels consisted of channels 3 and 6 for the left side and 5 and 7 for the right side. If any 

channels were rejected, the remaining channels were used. The average of the retained channels 

was used as the occipital channel. These channels were named O1 (left) and O2 (right). The 

cerebellar channels were 16 and 17 and were named as Cr1 (left) and Cr2 (right). 

We applied a bandpass filter (0.01–0.05 Hz) to the NIRS raw data using MATLAB to 

remove baseline drift or artifacts. The baseline value was calculated as the mean of the 5-second 

epoch before the task. In the fine motor task, the task value was the mean of the 11-second epoch 

from 5 seconds after task initiation until task completion (16 seconds). In the visual task, the task 

value was calculated as the mean of the 11-second epochs starting from 5 seconds after the first 

visual presentation until task completion. Epochs with artifacts were excluded. 

For the visual task, we obtained data from 31 participants in O1 (ASD = 15; TD = 16), 31 

in O2 (ASD = 16, TD = 15), 35 in Cr1 (ASD = 19, TD = 16), and 30 in Cr2 (ASD = 18, TD = 12). 
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For the fine motor task, we obtained data from 33 participants in O1 (ASD = 17, TD = 16), 31 in 

O2 (ASD = 15, TD = 16), 32 in Cr1 (ASD = 17, TD = 15), 28 in Cr2 (ASD = 14, TD = 14). The 

obtained values were relative, and direct comparisons among participants were inappropriate due to 

variations in optical path lengths for the same region [20]. Therefore, we calculated the oxy-Hb 

response score by dividing the difference between the task and baseline values by the baseline 

standard deviation. 

For statistical analysis, a four-way analysis of variance (ANOVA) was conducted using 

IBM SPSS version 19.0 (IBM Corp., Armonk, NY, USA). The factors examined were group (ASD 

or TD), task (visual presentation vs. fine motor), region (occipital vs. cerebellum), and laterality 

(right vs. left). The group factor was between participants, whereas the other factors were within 

participants. A significance threshold of p < 0.05 was adopted. 

We also performed Pearson’s correlation analyses to examine the relationship between 

developmental traits and brain activity. In particular, we explored correlations between oxy-Hb 

response scores in the fine motor task (O1, O2, Cr1, and Cr2 channels) and the six MSPA domains 

(communication, group adaptability, empathy, restricted interest/behaviors, gross motor, and fine 

motor) and the two ADOS domains (communication and social interaction). 

 

Results 

We calculated the means and standard errors of oxy-Hb response scores for the ASD and TD groups 

(Figure 2) and performed a four-factor ANOVA (Table 2). No significant three-way or two-way 

interaction effects or main effects were observed. We found one-way interaction effects for task × 

region (F(1,15) = 12.472, p = .003) and task × laterality (F(1,15) = 5.557, p = .032), which led to 

the identification of four subsequent simple main effects. 

In the occipital region, the oxy-Hb concentration increased during the visual task but 

decreased during the fine motor task (F(1,15) = 23.50, p < .001). During the visual task, the oxy-Hb 

concentration increased significantly more in the occipital region than in the cerebellum region 

(F(1,15) = 5.44, p = .034). During the fine motor task, the oxy-Hb concentration increased in the 

cerebellum region but decreased in the occipital region (F(1,15) = 7.58, p = .015). In the right 

hemisphere, the oxy-Hb response was larger during the visual task than during the fine motor task 
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(F(1,15) = 9.60, p = .007). However, this difference was not observed in the cerebellum, as 

depicted in Figure 2, and a significant simple interaction between task and region was found in the 

right hemisphere (F(1,15) = 22.11, p < .001). Further analysis revealed a significant simple main 

effect only in the occipital region (left: F(1,15) = 8.07, p = .012; right: F(1,15) = 5.44, p < .001), 

indicating a significant decrease in hemoglobin concentration in the right occipital lobe during the 

fine motor task. Moreover, a significant difference was found when we examined the left and right 

simple main effects in the occipital lobe during the fine motor task (F(1,15) = 10.47, p = .006). No 

significant group differences were identified between ASD and TD. 

Correlation analyses were performed to assess the relationship between developmental 

traits and fine motor skills (Table 3). No significant correlations were found between the six MSPA 

domains and the oxy-Hb response score or between the two ADOS domains and the oxy-Hb 

response score. 

 

Discussion 

We explored whether cerebellar activity could be measured from the brain surface in real time 

using NIRS. To investigate this, we added cerebellar channels and compared the response of the 

lateral cerebellar hemispheres to NIRS light with that of the visual cortex. 

In the occipital region, we observed significant effects between the visual and fine motor 

tasks. The oxy-Hb concentration in the occipital area increased during the visual task, which was 

consistent with the findings of Villringer [8], in which the oxy-Hb concentration increased in the 

visual cortex when participants were presented with visual stimuli. Since previous studies showed 

the increase in oxy-Hb concentrations in the region of interest indicated neural activity in that area 

[21,22,23], the occipital channels evaluated in our visual task could be identified with the visual 

cortex. Conversely, we observed a decrease in oxy-Hb concentration in the same area during the 

fine motor task. Although the physiological mechanisms of the negative shift underlying 

neurovascular linkage remain unclear, previous studies shed light on the deactivation of oxy-Hb. 

Research conducted by Devor et al. [24,25] in rats demonstrated that vasoconstriction and 

decreased blood oxygenation, reflected by decreased oxy-Hb signals, correspond to neuronal 

inhibition. Hence, in NIRS measurement, a decrease in oxy-Hb signal may indicate cortical 



 
8 

 

deactivation [26]. Similarly, Sakatani [27] proposed that the decrease in oxy-Hb concentration is 

associated with the suppression of neural activity in the region of interest. As another discussion 

limited to this negative shift, the steal phenomenon, in which the oxy-Hb concentration decreases in 

the region of interest as it migrates to activated brain regions, explains the decreasing oxy-Hb 

concentration [28,29]. Considering these perspectives, the decrease in the oxy-Hb concentration 

during the fine motor task may indicate that the visual channels were deprived of oxy-Hb due to the 

activation of brain regions involved in fine motor tasks, leading to the suppression of activation. 

Regarding the cerebellum, as shown in Figure 2, we observed an increase in oxy-Hb 

response in both tasks without significant differences. Previous fMRI studies have demonstrated 

that the lateral cerebellar hemispheres are activated during tasks requiring finger tapping in fine 

motor tasks [30,31,32]. Considering that NIRS detects activation of the region of interest through 

an increase in oxy-Hb concentration, the observed increase in oxy-Hb response during the fine 

motor task in our study may indicate cerebellar activation. In addition, the oxy-Hb response also 

increased during the visual task. Previous studies implied that the lateral cerebellar hemispheres 

were activated during perception task [33,34], and the increase during the visual task in our study 

suggests the involvement of cerebellar cognitive functions.  

By examining the changes in oxy-Hb concentration among different brain regions, we 

observed significant effects in both the visual and fine motor tasks. During the visual task, the 

occipital lobe exhibited a higher oxy-Hb concentration than the cerebellum, indicating its direct 

involvement in visual processing. In contrast, during the fine motor task, the cerebellum was 

activated and the occipital lobe was deactivated, as depicted in Figure 2. Considering scattering 

effects prevent determination of the optical path length, it is important to note that NIRS 

measurements represent the relative change in oxy-Hb concentration [21]. Therefore, caution must 

be exercised when interpreting the significant differences observed in visual tasks. However, the 

increase or decrease observed in the fine motor task may hold crucial significance beyond the 

validity of numerical comparisons between regions ,though direct numerical comparisons between 

regions are not inherently suitable for interpretation. The observed differences in response can be 

understood in terms of the steal phenomenon, where there is a shift in oxy-Hb concentration from 

the visual cortex to the cerebellum, resulting in the suppression of activation in the visual cortex 
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and activation in the cerebellum. 

Furthermore, we identified a left–right difference in the occipital region during the fine 

motor task. Krystal [35] noted that tapping tasks lack spatial accuracy constraints, making it 

challenging to generalize to visuomotor aiming. In our study, the participants were not specifically 

instructed regarding eye usage during the fine motor task. The laterality observed in the fine motor 

task could also be influenced by ocular dominance according to hand dominance. Previous studies 

have shown that the response of the occipital lobe complex is more contralateral to the dominant 

eye, and ocular dominance is associated with a cerebral basis [36,37]. Moreover, dominant eyes are 

typically aligned with dominant hands [38]. In our study, 2 participants were left-handed, 28 were 

right-handed, and 1 was ambidextrous, suggesting that the lower right occipital lobe reactivity was 

due to right-eye dominance. While drawing definitive conclusions about left–right differences falls 

outside the scope of this study, future investigations considering dominant eye factors will offer 

more conclusive insights into laterality. 

This study investigated individuals with ASD as representatives of diversity. Although no 

significant differences were found between the ASD and TD groups, individuals with ASD tended 

to exhibit greater brain activation in the regions of interest: the cerebellum for the fine motor task 

and the occipital regions for the visual task (see Figure 2). However, it is important to consider 

individual differences, as there was a large variance in oxy-Hb concentration changes in this study. 

In complex cognitive performance, Pratusha et al. [39] have shown that individual differences in 

brain usage may be apparent to the extent that they can be captured by NIRS. The fine motor task 

performed in this study required a complex cognition, which can reflect individual differences, 

although as mentioned earlier, individual strategy differences in eye usage are likely to be reflected. 

For example, participants who showed increased brain activity in the occipital lobe during the fine 

motor task might have better visual attention. Further research can explore the relationship among 

individual differences, strategy variations, and ASD traits during the fine motor task. 

One limitation of NIRS in this study was its inferior spatial resolution, which prevented 

detailed examination of specific areas. However, NIRS excels in simultaneous measurements. To 

complement its spatial resolution, integrating NIRS with large-scale equipment, such as fMRI and 

positron emission tomography (PET), could provide valuable insights. Alternatively, simultaneous 



 
10 

 

measurements with EEG and MEG can be conducted to capture fine motor movements with 

minimal constraints and high temporal resolution. EEG, known for its strength in estimating signal 

sources [40], can contribute to a more detailed understanding by examining the origin of signals 

from cerebellar responses. Although this study has some issues such as left–right differences due to 

dominant eye and individual variations, the observed differences in response between the 

cerebellum and occipital regions remain significant even after accounting for these factors. In 

addition, the measurement of cerebellar activity in the ASD and TD groups suggests that this 

method holds potential for wide applicability across diverse populations. Building upon this study, 

we anticipate further insights into cerebellar measurements in the future, with efforts made to 

translate them into practical applications. 

 

Conclusion 

In this study, we established a cerebellar channel and investigated its NIRS response. We 

found that the response was different from that of the adjacent occipital lobe. Furthermore, the 

response observed in the cerebellum was clearly attributable to cerebellar function. We measured 

cerebellar activity in individuals with ASD, similar to typically developing individuals. These 

findings highlight the promising potential of NIRS for assessing the cerebellum and improving our 

understanding of brain function during movement. 
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Tables 
Table 1 
Distributions of Age, Gender, IQ, and scores of domains of the MSPA and ADOS. 

  
ASD(n=20) 

(male:female = 10:10)  
TD(n=19) 

(male:female = 10:9) 
    Mean SD Range   Mean SD Range 

Age 29.2 6.2 21–41   26.1 7.5 21–48 

WAIS 
IQ 111.5  11.9  86–134  114.9  11.0  85–129 

VIQ 114.1  14.0  84–140  117.3  14.1  85–141 
PIQ 105.7  12.7  82–129   108.6  10.9  87–128 

MSPA 

Communication 3.26  0.64  2.5–4.5   1.71  0.50  1–2.5 
Group adaptability 3.28  0.55  2.5–4.5  1.47  0.41  1–2.5 

Empathy 3.08  0.67  2–4  1.53  0.54  1–2.5 
Restricted 

interest/behaviors 3.35  0.65  2–4.5  1.88  0.45  1–2.5 

Gross motor 2.15  0.92  1–4  1.32  0.43  1–2 
Fine motor 1.68  0.78  1–3.5  1.50  0.56  1–2.5 

ADOS 
Communication 1.00  2.50  0–5   0.00  0.00  0–2 

Social interaction 1.00  2.50  1–13   0.00  0.00  0–4 

ADOS, autism diagnostic observation schedule; ASD, autism spectrum disorder; IQ, intelligence 

quotient; VIQ, verbal IQ; PIQ, performance IQ; MSPA, multidimensional scale for pervasive 

developmental disorders and attention-deficit hyperactivity disorder; TD, typical development; 

WAIS, Wechsler Adult Intelligence Scale 
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Table.2  
Interactions, main effects and simple main effects of four-way ANOVA 

 
factor F-value p-value 

three-way interaction task × region × laterality × group 0.991 .335 

two-way interaction 

task × region × group 1.709 .211 
task × laterality × group 0.001 .972 
region × laterality × group 0.262 .616 
task × region × laterality 1.172 .296 

one-way interaction 

task × group 0.002 .963 
region × group 0.317 .582 
laterality × group 1.694 .213 
task × region 12.472 .003 
task × laterality 5.557 .032 
region × laterality 0.348 .564 

main effect 

group  0.015 .904 
task 2.466 .137 
region 2.944 .107 
laterality 2.136 .165 

simple main effect condition F-value p-value 

task region occipital 23.5 .000 
cerebellum 0.64 .435 

region task visual 5.44 .034 
fine motor 7.58 .015 

task laterality left 0.22 .649 
right 9.6 .007 

laterality task visual 2.34 .147 
fine motor 4.36 .540 

Group, participants with autism spectrum disorder or typical development; task, visual or fine 

motor task; region, the occipital or cerebellum; laterality, left or right of the brain. 

Simple main effects were analyzed only if the one-way interaction was significant. 

F-values indicate the ratio of the unbiased variance of the group to the unbiased variance of the 

residuals. 
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Table 3. 
Correlations between behavioral assessment and oxy-Hb response scores by NIRS 
    O1 O2 Cr1 Cr2 

MSPA 

Gross motor 0.23 0.24 −0.07 0.08 
Fine motor −0.05 −0.03 −0.06 −0.10 
Communication −0.12 −0.02 −0.08 0.08 
Group adaptability −0.12 0.02 0.01 0.02 
Empathy −0.20 −0.05 0.04 0.02 
Restricted interest/behaviors −0.15 0.13 0.13 −0.01 

ADOS 
Communication −0.25 −0.12 −0.10 −0.19 
Social interaction 0.01 0.10 −0.13 −0.11 

ADOS, autism diagnostic observation schedule; MSPA, multidimensional scale for pervasive 

developmental disorders and attention-deficit hyperactivity disorder; NIRS, near-infrared 

spectroscopy; O1 and O2, left and right occipital channels, respectively, according to the 

international 10–20 EEG system; Cr1 and Cr2, left and right cerebellum, respectively, located 6 cm 

below O1 and O2. We had no significant correlation. 
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Figure captions 

Figure 1. Arrangement of the electrodes. 

Left: location of each channel. The black circles indicate emitter probes and the white circles show 

receive probes. Numbers denote measurable NIRS channels. Center: Channel positions in the 

caudal plane. Right: Channel positions in the sagittal plane. 

 

Figure 2. Oxy-Hb response scores in different channels. 

Mean values and standard errors of oxy-Hb response scores for all participants in each channel. 

Vertical bars represent standard errors. O1 and O2 correspond to the left and right occipital 

channels, respectively, based on the international 10–20 system. Cr1 and Cr2 indicate the left and 

right cerebellum channels located 6 cm below O1 and O2, respectively. ASD, autism spectrum 

disorder; TD, typical development. 
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