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may result in increased rsFC to other areas of the brain (i.e., the amygdala, cerebellum, and 

hypothalamus) for aide in attenuating to relevant stimuli (Kirouac, 2021; Todd et al., 2012). 

Individuals with anxiety exhibit functional connectivity abnormalities in brain regions 

involved in attention and reward during attention allocation tasks (Oldrati & Schutter, 2018). 

This suggests a dysfunctional interplay between attention allocation and cognition in individuals 

with anxiety, whereas anxious individuals appear less capable of upregulating attention networks 

relative to non-anxious individuals—hence why we see attention bias deficits in anxious 

populations. In studies concerned with rewarding sustained attention away from aversive (i.e., 

negative, fearful) stimuli (Chantiluke et al., 2012; Oldrati & Schutter, 2018), there was an 

observed decrease in functional connectivity within neural circuits concerning the thalamus, 

ACC, cerebellum, and hippocampus (i.e., the fronto-striato cerebellar network; the cingulate–

pontine–cerebellar circuit). Furthermore, similar studies show a decrease in sustained attention 

from aversive stimuli is modulated by a decrease in cerebellar activation (Chantiluke et al., 

2012).  

Brain activation deficits between the cerebellum, thalamus, and hippocampus in 

individuals with anxiety are more pronounced during attention control tasks relating to negative, 

aversive stimuli, presumably reflecting poor upregulation of attention allocation within attention 

networks. ABM treatment has been shown to target neural changes within networks associated 

with the cerebellum, thalamus, and hippocampus (Britton et al., 2014; Lazarov et al., 2018; Liu 

et al., 2018). The results of the current study extend these previous findings by showing 

decreased rsFC between these regions and the cerebellum.  
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Cerebellar-seeded rsFC changes in resting-state networks following ABM  

Altered functional connectivity in resting state networks have been shown to sustain cognitive 

and affective deficits in anxiety. However, little research has explored the effects of ABM on 

these neural networks, and associated decreases in symptomatology—such as decreased attention 

bias. There was several cerebellum-seeded resting-state decreases in the ABM training group 

within resting state networks following their training. Left cerebellum and the right crus rsFC 

decreases within the salience network, whereas left cerebellum and left crus rsFC decreases 

within the DMN. Abnormalities in both the salience network and the DMN have been linked 

with anxiety and its symptomology—most notably attentional control deficits (Kaiser et al., 

2015; Sharma et al., 2017).  

The current study provides further evidence that these cerebellar-regions are connected to 

the salience network. This network to two main regions within the cerebellum: the lateral portion 

of the left lobules VI and the right crus I. Lobules VI–VII (crus I) are connected, through the 

pontine and dentate nuclei, with posterior and lateral hypothalamus (Habas et al. 2009; Sharma et 

al., 2017). As the lateral cerebellum is mainly connected to associative cortices, it is postulated 

that the cerebellum-insula functional connectivity clusters detected within the salience network 

in the current study are preferentially linked with lobules VI– crus I of the cerebellum.  

Previous research confirmed the role of vermal lobule VI and the hemisphere of lobules 

VI– crus I in threat-related processes like, fear, and startle reactions, and attention deficits 

(attention bias) concerned with threat (Dimitrova et al., 2004; Sang et al., 2012). rsFC studies 

indicate that neural-circuit changes housed within the salience network were positively related to 

state anxiety (Kim & Whalen., 2011; Baur et al., 2013), suggesting that increased connections 

https://www.frontiersin.org/articles/10.3389/fnbeh.2015.00350/full#B3
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within this network reflects an increased sensitivity to salient events, which  allows for biased, 

inaccurate attentional and perceptual processing (Baur et al., 2013; Geng et al., 2016). 

 In the current study, the heightened cerebellum-insula rsFC prior to ABM treatment 

within the salience network may be associated with weaker cognitive control, which is consistent 

with an anxiety theory that suggests that trait anxiety includes an impoverished recruitment of 

prefrontal attentional mechanisms to trigger the allocation of attentional resource (Bishop, 2009). 

This may result in problems with attention control and emotion regulation (Geng et al., 2016). 

Other studies (see Hakamata et al., 2018; Hilland et al., 2018) have found functional connectivity 

changes within the salience network following attention bias modification in both depressed and 

anxious individuals. These studies particularly found changes from insula within salience 

functional connectivity.  

Similarly, the current study predominantly saw decreased rsFC from the cerebellum to 

the insula within the salience network. These studies failed to report or investigate any functional 

changes within the cerebellum. However, given the ample connections the cerebellum has within 

the salience network, as well as the current studies observed rsFC decreases within the 

cerebellum following ABM training, we can speculate that the cerebellum may modulate 

attention-changes in these trait-anxious individuals. Taken together, these findings indicate that 

ABM treatment may enact general changes to attention-control via the salience network—

specifically modulated by connections from the cerebellum to the insula. 

Attention bias towards threatening stimuli has been linked to increased rsFC within the 

DMN (Xiong et al, 2020). Grimm and colleagues showed that anxiety disorders are characterized 

by impaired activation in the anterior DMN during attention-control tasks (Carlson et al., 2017; 

Grimm et al., 2009). The DMN known as set of brain areas that are more activated when an 
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individual is at rest, is well-established for its role in spontaneous cognitive events (i.e., the 

elicitation of spontaneous thoughts and reactions; Imperatori et al., 2019, Whitfield-Gabrieli & 

Ford, 2012). Among the subregions of the cerebellum, Crus I is thought to be linked to the 

DMN, with increased Crus I–DMN connectivity is observed in treatment-resistant depression 

and anxiety (Guo et al., 2015). Moreover, individuals with anxiety show disrupted functional 

connectivity between the posterior cerebellum and the cerebral cortex (Lee et al., 2020; Xiong et 

al., 2020); mainly including the DMN and the limbic system indicating that the cerebellum might 

be associated with the onset of anxiety. 

Typically, the DMN elicits decreased activation and functional connectivity during 

attention-demanding or stimulus dependent tasks (such as the training implemented in the current 

study). However, in the case of anxious individuals, activations and connectivity are increased 

during these tasks (Buckner et al., 2008; Imperatori et al., 2019). This can potentially be 

attributed to failure of a high trait-anxiety individual’s ability to synchronize brain areas within 

the DMN (i.e., the cerebellum) when they're in a resting state. This explanation is in-line with the 

attention control theory (Eysenck et al., 2007), which suggests that high trait-anxious individuals 

tend to over-control situations by allocating excessive attention resources to scan for potential 

threat. This results in a constant state of over-attenuation to their environment as well as attention 

bias to stimuli they perceive as threatening. Hyper-activation of the DMN may result in deficits 

of attention regulation, which in turn, results in attention bias. (Berggren and Derakshan, 2013). 

This notion aligns with the findings in the current study, as we saw decreased activation of 

cerebellar-seeded rsFC in the DMN, as well as a decrease in attention bias, in the ABM training 

group.  

Cerebellar-seeded rsFC to the Lateral Occipital Cortex 
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Such as with the cerebellum, the lateral occipital cortex (LOC) has been implicated in 

ample literature concerned with anxiety and attention bias. Yet, there has been little discourse 

surrounding its role in the etiology of anxiety and its link to anxious symptomatology. The 

current study saw the most cerebellar-seeded rsFC changes to the LOC. Specifically, rsFC 

between the right cerebellum and the LOC was correlated with heightened levels of trait-anxiety, 

while decreases in rsFC from the left cerebellum, right cerebellum, and the vermis to the LOC 

were associated with decreases in attention bias in the ABM training group. The LOC is well 

known from previous studies in regards to its role in object perception (Malach et al., 1995; 

Lerner et al., 2008), as well as a visual area important for processing shape information (Grill-

Spector et al., 2000; Kourtzi & Kanwisher, 2001), as well as facial recognition and processing 

(Karten et al., 2013; Walz et al., 2014).  

Although the LOC in individuals with anxiety and depression has exhibited structural and 

functional abnormalities (Modi et al., 2015; Nagy et al., 2012; Schreiner et al., 2019; Walz et al., 

2014) how this brain region interacts with other regions and networks still needs some 

clarification.  In previous rsFC studies, the LOC of individuals with anxiety and depression had 

increased interaction with the DMN, as well as heightened rsFC to areas such as the amygdala, 

thalamus, and hypothalamus, as compared to non-anxious and depressed individuals (Nagy, 

Greenlee, & Kovács, 2012; Pannekoek et al., 2013; Walz et al., 2014). However, other studies 

have shown activation in LOC to the DMN where high trait-anxious individuals showed 

significant decreases in rsFC—compared to low trait-anxiety groups (Modi et al., 2015), as well 

as decreases in rsFC from the cerebellum to the LOC (Westlund et al., 2019).  

These theories provide a plausible explanation for the observed rsFC to the LOC from the 

cerebellum. However, they still do not explain contributions of the LOC, as well as cerebellum-
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LOC connectivity that may be contributing to anxiety symptomatology—including attention 

bias. ROI-based rsFC studies demonstrate widespread interconnections between the cerebellum, 

specifically lobule VII and VIII and occipital cortices, such as the LOC.  These functional 

connections might rely on cortico-pontine afferents and/or cerebello-thalamo-cortical afferents in 

agreement with anatomical tracing from human tractography studies (Habas, 2020; Habas & 

Manto, 2018). These pathways have long been implicated for their role in attention deficits 

(Olson et al., 2007). Treatments that aim to better control these deficits, such as ABM training, 

have been shown to decrease functional connectivity within these circuits (Fortenbaugh, 

DeGutis, & Esterman, 2017; Kim et al., 2016; Shao et al., 2016). As such, we also saw a 

decrease in connectivity between the cerebellum and LOC in the ABM training group.  

Attention allocation is a cognitive process that enables us to focus on certain aspects of 

the environment for the benefit of improved performance (Cameron et al., 2002; Guggenmos et 

al., 2015). However, for individuals with anxiety, this focus is misguided, resulting in biased 

attention to threatening stimuli, as well as decreases in attention resources to for the processing 

of goal-relevant information.  One way in which attention has been found to impact neural 

processing in anxious individuals is through an amplification of neural responses to attended 

spatial locations, objects, or features (Treue, 2003), which may explain why many studies 

concerned with attention bias have seen functional connectivity in the LOC.  

The role of the LOC may, in part, explain why there was ample connectivity from the 

cerebellum to this region, as the current study implemented the use of facial stimuli in our 

attention bias training, In ABM training, participants see threatening faces paired with a non-

threatening face—triggering biased attention towards the threatening faces as opposed to the 

non-threatening faces. However, participants are immediately thereafter required to engage in 
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another visuospatial task (identifying the location of the probe), which may limit processing of 

these images. Perhaps the reduction in attention bias variability associated with ABM training 

(Abend et al., 2019; Badura-Brack et al., 2015) is evidence of a reduced tendency to fluctuate 

between over- and under-attending to threat in response to involuntary attention allocation 

processes. This normalization may include increased LOC activity and reduced posterior 

occipital responses in individuals with anxiety treated with ABM training, as observed in the 

current study. 

 Given that both the cerebellum and the LOC are not typically implicated in disorders 

such as anxiety, the realm of rsFC between these two brain regions needs further investigation to 

determine how it may impact the etiology and subsequent symptomatology of anxiety disorders. 

Nonetheless, the results of the current study, coupled with the results of previous studies, 

indicate that reduced stability of LOC connectivity, particularly rsFC changes seeded within the 

cerebellum, may be an important factor underlying neurocognitive dysfunctions and symptom 

severity, such as attention bias, in anxiety disorders.  

Overall, there were vast amounts of cerebellar-seeded rsFC decreases following ABM 

training. The cerebellar seeded decreases were to regions already established for their roles in the 

etiology and maintenance of anxiety.  The current study found decreases from across varying 

regions of the cerebellum to key brain regions such as the amygdala, ACC, thalamus, and 

hippocampus. Attention bias may result from failure of the ACC to regulate attentional control. 

The current study saw decreases from the cerebellum to the ACC following ABM training. 

Given the role of the ACC in attention control, the connectivity from the cerebellum may provide 

further understanding for the underlying neural circuitry modulating dysregulated attention. The 

results provide further evidence for the potential of the cingulate–pontine–cerebellar neural 
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circuit, seeded within the cerebellum and projecting to the ACC, in dysregulated attention 

control.  

The amygdala is one of the most nitrous structures in terms of the etiology of anxiety 

disorders—yet its role in the symptomatology of attention bias is largely unexplored. the 

decreased connectivity from the cerebellum to the amygdala in the ABM training group may, in 

part, provide support for the notion that anxious individuals exhibit attention bias towards threat, 

and that ABM underlies changes in attentional bias resulting from ABM. The amygdala is 

known for increased responses to threat-relevant stimuli, whereas the cerebellum is known to 

potentially modulate attention control. These results suggest that anxious individuals engage the 

cerebellum, alongside the amygdala to attenuate to threat-relevant stimuli.  

 This notion is also supported further by the observed rsFC decreases from the cerebellum 

to the thalamus and hippocampus: two other critical regions implicated in aberrant attention 

regulation and control. The thalamus has been shown to filter un-attenuated emotional stimuli, 

with increased rsFC linked to threat related attentional bias and attentional control. The 

hippocampus has been shown to aid in attention control. Cerebellar rsFC to these regions is 

thought to help modulate up regulation of attention; thus, we see a decrease in cerebellar-seeded 

rsFC to these areas after ABM training.  

 Decreased connectivity from the cerebellum to both the DMN and the salience network 

may help underlie the proposed neural changes. In the current study, the cerebellum-insula rsFC 

within the salience network in anxious individuals may be associated with weaker cognitive 

control. The rsFC from the cerebellum to the DMN may provide further evidence for the role of 

the cerebellum in modulating attention control. 
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Overall, these results provide evidence for the role of the cerebellum in attention deficits: 

specifically, those related to anxiety disorders. The results provide further notion for further 

research to target the neural substrates of the cerebellum in disorders associated with 

dysregulated attention.  Lastly, the results provide further support in implementing the 

cerebellum as a potential target for ABM treatment. Given the results of the current study, future 

clinical efforts aimed at increasing one’s attention regulating may wish to further investigate the 

role of the cerebellum. 

Clinical Implications  

The current study provides further evidence for the neural substrates of ABM training. 

Thus, aiding in the understanding of how this treatment works and modulates functional brain 

changes.  In particular, the current study focused on the underlying biology of anxiety, and how 

this in turn may lead to symptom reduction. The cerebellum, although overlooked, may be a 

critical target for future therapeutic efforts concerned with symptom reduction in anxiety and 

attention disorders. The results from this study alone do not provide enough evidence to justify 

sole investigations into rsFC in the cerebellum as an outcome of ABM treatment. Although the 

current study did not see a decrease in trait-anxiety following ABM treatment (although other 

studies did, see Britton et al., 2014; Hakamata et al., 2018; Mogg, Watters, & Bradley, 2017), it 

did see a stark decrease in attention bias following the completion of training. Changes in 

attention bias in anxious individuals may provide some further treatment courses concerned with 

altering biased attention.  

The observed functional connectivity abnormalities may help psychologists, therapists, 

and other professionals recognize the functional importance of specific cues, both explicit and 

implicit, for their clients with anxiety or other varying clinical disorders. Looking away from, or 
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diverting attention away from, or preferring certain stimuli (attention bias) is likely to reduce 

threat for a social-phobic patient because it makes it more difficult for other people to engage the 

patient in a conversation and thus provides a psychological escape (or relief) for the patient (see 

Chen et al., 2002; Mobini & Grant, 2007).  It is important to note that such deliberate therapeutic 

intervention can be counterproductive without proper execution, as it can engage the participant 

in both safety-seeking and avoidance behaviors—rendering such treatment as ineffective (see 

Thwaites & Freeston, 2005).  

Nonetheless, targeting attention allocation deficits in clinical populations may also grant 

clinicians with information they can utilize to elicit negative automatic thought and responses 

associated with both implicit and explicit anxiety-inducing stimuli in real-life situations. Once 

these cures provoke observable defects and symptoms that can be identified by the clinician, 

more targeted therapeutic interventions to counter these deficits and symptoms can be utilized 

and tailored to the clients. It is important to identify specific attentional preferences of the clients 

to formulate a more effective treatment plan.  

The observed attention bias deficits and resolution following ABM treatment can allow 

clinicians to better understand attention bias, but also, what may be modulating symptomology in 

their own clients. This further aids clinicians in developing treatment plans for their clients—

aiding in more beneficial outcomes. It is important to note that the observed attention bias 

changes are not limited to just anxiety disorders. Many other psychological and neurological 

disorders (i.e., attention deficit hyperactivity disorder (ADHD), schizophrenia, bipolar disorder 

(BPD), major depressive disorder (MDD), and autism spectrum disorders) exhibit some sort of 

attention bias, as well as trouble with attention allocation (Amianto et al., 2013; Lee et al., 2020; 
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Shakiba, 2014;). The findings in the current study, coupled with previous literature, may denote 

ABM a therapeutic target for clinical outcomes of disorders other than anxiety.  

Providing support for the results in the current study, there is growing evidence 

implicating the cerebellum in not only its emblematic motor, balance, and involuntary 

movements (Buckner et al., 2011; Parvizi et al., 2001); but also, its role in cognitive and 

affective processes, as well as attention modulation (Lee et al., 2020; De Smet et al., 2013; 

Moreno-Rius, 2018; Schmahmann, 2019). The functional involvement of the cerebellum in both 

psychological and neurological disorders is supported by the current study, as well as other 

functional neuroimaging studies (Clausi et al., 2017; Shakiba, 2014; Villanueva. 2012) As 

previously discussed, the cerebellum was found to be associated with not only anxiety, but also 

psychological and neurological disorders (Amianto et al., 2013; Baumann & Mattingley, 2010; 

Phillips et al., 2015; Shakiba, 2014).  

Advances in the understating of the functional role of the cerebellum provides further 

clinical implications for the etiology and symptomatology in such disorders, and may aid in 

future advances in therapeutic and pharmaceutical interventions. Future research utilizing 

varying motor and cognitive tasks in different types and subtypes of psychological and 

neurological disorders is still needed to further investigate the exact role the cerebellum has in 

the etiology and symptomatology of these disorders. 

General Limitations                                                                                                                        

The current study was not without limitations. To begin, this study lacks statistical power. 

The initial number of participants was estimated to be around 120. However, due to the COVID-

19 pandemic, as well as attrition from the study, and insufficient data for some of our 

participants, the current study had 41 participants. The COVID-19 pandemic imposed executive 



  61 

orders to close the schools, laboratories, and imaging centers in which data was collected. Due to 

these circumstances, many post-treatment fMRIs were not collected, rendering the data for these 

participants unusable for this study. Attrition is a common limitation of multisession ABM 

studies (see Enock et al., 2014) the unfortunate reality is that at-home based ABM training has an 

even higher attrition rate, as it is administered remotely and done at-will by the participants (see 

Beard et al, 2012; Enock et al., 2014; MacLeod & Clarke, 2015).  

In line with other multi-session, at-home ABM studies, this study saw a large impact on 

data collection due to attrition, resulting in a smaller sample size. It is also important to note that 

the sample of participants used for this study was not a clinical sample; rather, participants were 

recruited if they exhibited high levels of both state and trait anxiety (although the current study 

only assessed trait anxiety). If a clinical population with clinically diagnosed anxiety was used, 

the results could be further implemented and generalized to such populations. Furthermore, there 

were restrictions as to the assessment of anxiety symptomatology due to the implementation of 

the STAI-T and STAI-S surveys. The STAI surveys are self-reported, and have been shown to be 

less effective at measuring anxiety alone; rather, it measures generalized symptomology of both 

anxiety and depression (Beck et al., 1998; Knowles & Olatunji, 2020). Other surveys, such as the 

Worry Domains Questionnaire (WDQ), should be implemented in further studies to accurately 

assess anxiety symptomatology and any subsequent changes observed. The first hypothesis may 

have been limited by only using high anxious individuals, which further limits the range of 

anxiety values assessed. Lastly, the results of the current study were limited due to the small 

significance of the observed changes. No results were significant at the pFWE < .05 level, with 

small voxel changes still noted after riding the analyses of this correction. The small observed 

changes may, in part, be due to the methodological limitations already discussed previously.  
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Future Directions  

Future studies concerned with assessing the role of the cerebellum in anxiety disorders, or 

the role of the cerebellum in attention bias, should implement more strict measures to assess 

changes. Other than implementing different methodology to assess anxiety (as mentioned 

previously), future studies would also benefit from a non-anxious control group. That is, a 

control group that does not have any reported levels of anxiety, as opposed to the anxious control 

group used in the current study. This will allow researchers to narrow in on whether observed 

effects are changes to anxiety themselves, and what changes are simply regression to the mean. 

The current study intended to implement a third rsfMRI to assess long-term modulated changes 

in the cerebellum following ABM treatment, but was unable to incorporate this due to attrition 

and the COVID-19 pandemic. Future studies should also assess any long-term rsFC changes in 

order to assess if any observed changes are short-term or long-term. Other studies implementing 

ABM treatment have reported that although participants seem eager to begin training, this 

optimism can subside, leading to high rates of attrition (Beard et al., 2012; Kuckertz et al., 2019). 

This, in part, can be attributed to the repetitive nature of a dot-probe paradigm, such as the one 

implemented in the current study. Future efforts should focus on ways to further engage 

participants in their training—hopefully resulting in less attrition.  

Furthermore, most studies concerned with the role of the cerebellum in anxiety disorders 

indicate increased functional connectivity to and from the cerebellum may have a role in the 

etiology and symptomatology; however, this hyperactivity is also observed in a wide-array of 

other psychological and neurological disorders. This may, in part, be due to the observed 

attention impairments across these disorders. However, it would be beneficial to further 

investigate which, if any, areas are contributing to specific, contrasting deficits particular to 
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anxiety. For example, comparing functional connectivity in the cerebellum during acute episodes 

of anxiety with episodes of MDD may help research efforts concerned with the role the 

cerebellum plays in each respective disorder. Further investigation into psychotherapeutic 

interventions on cerebellar function as a target of anxiety therapies is still warranted and 

necessary. In addition, future studies would benefit from investigating cerebellar functional 

connectivity across varying anxiety disorders as well as symptom clusters in each particular 

anxiety disorder. This would aid in specific therapeutic targets for each disorder, rather than a 

generalized target aimed for all anxiety disorders.  

Conclusion 

The current study found that trait anxiety is correlated with increased cerebellar-seeded 

rsFC to several key brain regions (i.e., the ACC and the thalamus). These results provide further 

evidence for the notion that the cerebellum may represent a neural correlate of the etiology and 

maintenance of anxiety. The cerebellum has vast projections across the cerebral cortex, making 

its role outside its emblematic functioning plausible. Connections to threat and affect processing 

regions from the cerebellum were linked to heightened levels of trait anxiety—supporting the 

results from previous literature. Providing evidence for the role of the cerebellum in anxiety may 

warrant further clinical efforts to target neural changes within the cerebellum. Since there is still 

little research surrounding the role of the cerebellum in anxiety disorders, future research efforts 

should target functional connectivity changes within the cerebellum in anxious and non-anxious 

populations in order to implement further understanding of its role.  

The current study also uncovered vast decreases in rsFC from the cerebellum to key brain 

regions and networks (i.e., ACC, thalamus, amygdala, hippocampus, salience network, and 

DMN). There is more research that supports the cerebellum’s role in attention deficits than in 
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anxiety, so it is plausible why the current study saw the most changes in this regard. Areas such 

as the ACC and thalamus have ample support for their role in dysregulated attention. Given the 

decreased rsFC from the cerebellum to these areas, we can speculate that the cerebellum has a 

role in modulating attention deficits. Coupled with the results of previous research, this study 

provides further evidence for the role of the cerebellum in anxiety disorders, and may extend its 

findings as evidence for the role of the cerebellum in attention-related disorders. To the 

knowledge of the author, this was the first study that investigated cerebellar-seeded rsFC as an 

outcome of ABM training in highly anxious individuals.  

The results may contribute to the wide array of new, up-and-coming literature that is 

concerned with the role of the cerebellum in neuropsychological disorders. This study 

investigated rsFC in the cerebellum prior to and following ABM training in highly anxious 

individuals. These individuals were recruited for both their preexisting attentional biases to 

threat, as well as high levels of trait anxiety in order to thoroughly investigate the effectiveness 

of ABM training. Although the observed cerebellar-seeded rsFC was not apparent utilizing the 

strict FWE correction, the vast array of cerebellar connectivity observed, specifically to threat 

and affective processing regions, may suggest underlying modulations of the cerebellum in 

support of the hypotheses.  

The results provide further notion that ABM might have the potential to reshape the 

abnormal patterns of spontaneous cerebellar-seeded brain activity in relevant neural circuits, 

which are thought to be associated with a predisposition for anxiety. The rsFC between the 

cerebellum and other brain networks and regions were regarded as mainly constituting as having 

a pivotal role in attentional control, and salience monitoring and detection, as well as anxiety 

symptomatology. Dysregulation between these brain regions and networks in anxiety disorders 
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may explain the negative bias and abnormal cognitive control and attention allocation deficit—

all of which are common in attentional bias towards threat and anxiety. Despite the limitations of 

the current study, there is enough evidence to support the role of the cerebellum as a plausible 

underlying neural substrate of anxiety disorders. Since this is not a clinical sample, rather a 

general sample of anxious individuals, further investigation into the role of the cerebellum in 

anxiety disorders should utilize clinically diagnosed individuals to generalize the effects noted 

into such populations.  
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APPENDIX G 

 

Protocols 

 

Screening Protocol All screening will occur in person in the lab. 

 

Greet & Welcome the Participant – Get their information onto the sheet of paper 

 

1. Seat and give the participant the consent form and allow them time to read it over. 

 

a. While they read it over, enter their data into the computer program and start up the testing 

computer. 

 

b. Once they are finished with the consent form, ask them if they have any questions and if they 

would like a copy of the consent form. 

 

c. Sign their consent form and keep the signed copy. File it away. 

 

d. Remind the participant that they are volunteering to participate in the study and they can leave 

any time without penalty. 

 

2. Measure the participant’s head circumference and note this in the spreadsheet on the google 

team drive. 

 

3. Seat the participant 59 cm from the screen. ASK them to TURN OFF or SILENCE their 

CELL PHONES. 

 

a. Ask if it is comfortable, and give them the following instructions: 

 

Dot-Probe Task: Each trial of the experiment will start with a small ‘+’ (plus sign) in the center 

of the screen. At all times keep your eyes fixated on the plus sign. After an initial period of 

fixation two stimuli will be briefly presented: one on each side of the screen. After these, stimuli 

disappear. A small dot will appear either on the left or on the right side of the screen. Your task 

is to locate this dot: left or right. To do this, use your right hand. Use your right index finger on 

the Red button on the keyboard to indicate left-sided target dots. Use your right middle finger on 

the Green button on the keyboard to indicate right-sided target dots. AS SOON AS YOU 

LOCATE THE DOT MAKE A RESPONSE. IT IS IMPORTANT THAT YOU RESPOND AS 

QUICKLY AND ACCURATELY AS POSSIBLE. All responses are recorded anonymously. 

During the testing session we will not be actively monitoring your responses. DO YOU HAVE 

ANY QUESTIONS? 

 

TO QUALIFY FOR INCLUSION IN THE REMAINDER OF THE STUDY THE 

PARTICIPANT MUST HAVE AN INCONGRUENT – CONGRUENT DIFFERENCE SCORE 

≥ 7ms [red scores: included; white scores: excluded]. To end this experiment after you record the 

difference score press “q” on the keyboard 
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4. After the experiment, administer the computerized STAI-T Questionnaire, and ask again if 

they have any questions? 

 

TO QUALIFY FOR INCLUSION IN THE REMAINDER OF THE STUDY THE 

PARTICIPANT MUST HAVE A TRAIT ANXIETY SCORE ≥ 40 [if the color of the scores are 

red]. 

 

5. After the STAI, administer the DASS: “please read the instruction very carefully”. When they 

complete the DASS, ask participant to fill-in the CERQ. 

 

 6. Check to see if the app works on their phone. Enter Participant # -1 (note the negative sign) 

and Pin # 1941. This will allow you to access the app as an administrator. 

 

a. Perform these checks to the participant’s phone to make sure the app is compatible with the 

participant’s phone: 

 

i.Does the phone have the ability to provide a website link to the homescreen of the phone? 

(NOTE: Enter Participant # -1 and PIN from the website before adding the app to the homepage) 

 

1. Use safari for iPhones, Chrome/Firefox for Android 

 

ii.Once the APP is on the homepage: 

 

1. Are you able to enter values? 

 

2. Does it have the sensitivity to select different answers on the PANAS? (This is in the very 

beginning pertaining to the words that relate to how they are feeling.) 

 

3. Are you able to provide reaction time responses that fall within the “good” range? 

 

a. If functionality is slow, the phone might be not up to date with its current operating system. 

Ask the participant to update their phone. 

 

4. Does the phone automatically rotate to landscape mode as well as take up the entirety of the 

screen? 

 

b. After checking the compatibility of the participant’s phone, enter cabinlab.net/#/clear into the 

browser. This will reset the participant number and remove administrator access. Remove icon 

from the participant’s home screen at this time. 

 

7. Statements regarding further participation and additional steps. Read the correct statement to 

the participant based on their screening results. 

 

When they meet the inclusion criteria... 
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(1)read the following statement “(their name) you've met the inclusion criteria! We would like to 

schedule your EEG and MRI sessions at this time. We also need to take a measurement of your 

head size to determine the appropriate EEG cap for the EEG session.” 

 

(2)Record their head size (Do not schedule more than 3 EEG sessions of the same cap size on the 

same day). Work to schedule their next session(s). Note, that it will be important to also 

tentatively schedule their post-training session(s). This will allow us to determine if they will be 

in town and if necessary, they can make arrangements to their schedule. Note that the post 

training session will include the STAI, dot-probe, & EEG measures in one session (probably 

about 1.5-2hr as well as a separate MRI session). If the participant cannot schedule their 

session(s) at this time ask them: 

 

“Please get back to us with your availability within 24 hours (24hrs for the pre-training sessions, 

post-training as soon as they can)” 

 

Also, remind the participant: 

 

“When we schedule your EEG session please arrive with washed hair and no makeup. This 

includes all types of hair gel or product and all face makeup. Thank you!” 

 

(May need to also reiterate when we send a reminder of when they are completing EEG). 

 

(3)Personal Data Needs to be collected and linked to the participant ID. This should be kept in a 

password protected spreadsheet in the CABIN lab (Mac:). Personally identifiable information 

will be collected in order to create de-identified global unique identifiers (GUIDs) on the NIMH 

Data Archive (NDA), which allows for the linkage of data across multiple NDA datasets. Data to 

be collected includes: 

 

a.Full legal name at birth (as it appears on their birth certificate) 

 

ii.e., first, middle, & last name are all needed 

 

ii.no initials or nicknames/abbreviated names 

 

b. date of birth 

 

c. City/municipality of birth 

 

d. Sex (at birth) 

 

When they do NOT met the inclusion criteria.. 

 

Based on our screening criteria, you do not match with some of the features we are looking for 

and therefore you will not be involved in further experiments. Please notice that this does not 

mean you had a bad performance during the screening. We thank you for your interest and 

participation in the study. If you have any questions or concerns please contact either Dr. Fang 
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(lfang@nmu.edu) or Dr. Carlson (joshcarl@nmu.edu). If you feel that you have the need for 

counseling please contact the NMU counseling center at 906-227-2980, they have free services 

for students. 
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APPENDIX H 

 

 

Consent Form 

 

NORTHERN MICHIGAN UNIVERSITY 

INFORMED CONSENT STATEMENT 

 

Title of Project: Characteristics of Attention Bias Modification 

 

Investigators: Dr. Joshua M. Carlson (Assistant Professor, Department of Psychology, NMU) 

 

You are invited to participate in our research study. The purpose of this study is to better 

understand the neural characteristics of attentional behavior. A research assistant at Northern 

Michigan University will be conducting the study under the advisory of Dr. Joshua M. Carlson. 

 

INFORMATION 

 

120 people will participate in the full study, which will consist of 2 experimental sessions at 

NMU lasting no longer than 2 hours each. We will also collect MRI scans of your brain during 

two separate sessions: 1 before and 1 after training. These sessions will occur at UP Health 

System – Marquette and will last 2030min in length. You will also complete at home training 

sessions on your Phone over the course of 6 weeks. You will receive online survey at 3 and 6 

months after the last lab session as follow-up feedback of the study. 

 

Participants will be males or females between the ages of 18 and 42 with normal or corrected to 

normal vision (i.e., by wearing contacts or glasses). After reading this document and agreeing to 

participate in this study, we will begin the experiment. 

 

Screening First, you will complete an MRI screening form to determine eligibility for MRI 

testing. You will then complete an attentional probe task on a computer. Each trial will start with 

a white fixation cue (+) centered on a black background. You should always maintain fixation in 

this cue. Then two stimuli will be briefly presented simultaneously on the left and right side of 

the screen. Afterward, a target stimulus will be presented either on the left or the right side of the 

screen. Your goal is to identify the location of the target stimulus as quickly as possible speed is 

very important in this experiment. After completing the attention task, you will fill out several 

brief questionnaires assessing your personality type. 

 

We will go over the task instructions in detail prior to testing and answer any questions you 

might have about these instructions. 

 

Full participation in the laboratory, MRI, and training sessions (described below) will be based 

on your responses to the measures obtained during the screening session. If you do not qualify 

for full participation, you will receive partial compensation for the screening portion (see 

compensation section below). 
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Lab Session  

During the laboratory sessions, brain activity will be recorded with sensors placed on your head. 

The sensors to be used to record your brain activity will be applied in the following manner. 

First, the circumference of your head will be measured in order to determine your cap 

size/placement. The sensor cap may be soaked in a salt solution, allowed to briefly dry, and then 

will be placed on your head. A computer connected to the cap will be recording your brain 

activity while performing an attention task. During the task, a Research Assistant will oversee 

the study procedures from a control room and will be able to observe you while you perform the 

task. If for any reason you need assistance, you can signal to the Research Assistant for 

assistance. 

 

MRI Session  

You will also receive an MRI of your brain during two separate sessions: 1 before and 1 after 

training. These sessions will occur at UP Health System – Marquette and will last 20-30min in 

length. 

 

UP Health System – Marquette will be providing a contractual service to researchers from 

Northern Michigan University, which allows the purchase of time on the MRI scanner solely for 

the purposes of this study. UP Health System – Marquette is in no way involved with reviewing 

or examining the MRI data collected in this study for research or medical purposes. Only the 

researchers from Northern Michigan University lead by Dr. Carlson will have access to and 

analyze the MRIs obtained in this study. The researchers from Northern Michigan University are 

in no way qualified to make medical assessments about the MRIs collected in the study. The 

MRIs collected in this study will be anonymously correlated with the measures obtained in this 

study for research purposes. Thus, UP Health System – Marquette is not involved with the 

research or the MRIs collected in this study, and the procedures performed in this experiment are 

not medically diagnostic in nature. Nevertheless, the collection of MRI scans has the potential to 

detect incidental findings. That is, abnormalities identified during the analysis of the MRIs that 

could indicate potential health concerns for the participant that are beyond the aims of the study. 

For example, MRI scans could uncover possible evidence of prior stroke, tumors, or aneurysm. 

Most incidental findings are minor abnormalities that are common, pose no clinical risk, and 

require no medical referral. For example, a largescale 2009 study in the British Medical Journal 

found the overall rate of incidental findings in brain MRIs to be around 3%. However, serious 

incidental findings that require medical referral are much rarer (< 1%). If such an incidental 

finding is detected, the principal investigator will contact you to discuss what the finding 

possibly means. You will then be referred to your medical doctor for follow-up. You will not 

have access to your individual MRI results, but at the conclusion of the study, if interested, you 

can obtain the group-level results of the study, which will be published in an academic journal. 

 

Training  

You will complete this same attention task described above during at home training sessions over 

the course of 6 weeks. After the at home portion of the experiment you will return to the lab on 

NMU and complete a final laboratory session. 

 

Follow-up 
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You will receive online survey assessing your personality and emotion regulation at 3 and 6 

months after the last lab session. You can answer all the items online within no more than 15 

minutes. 

 

RISKS 

 

Risks associated with participation in this study are considered minimal. If you experience any 

discomfort with the neuroimaging cap, please notify the experimenter so that adjustments can be 

made to improve your 

 

78 comfort. There is a slight risk of skin irritation due to the salt solution the cap is soaked in. If 

this occurs, the cap will be removed immediately, and facilities are available for the skin to be 

rinsed. Although it is unlikely, some of the survey questions could elicit unexpected thoughts or 

feelings. If you ever feel uncomfortably anxious or depressed, the NMU Counseling Center 

(906-227-2980) has free services for NMU students. 

 

The following risks are related to MRI: 

 

The MRI scanner attracts certain metals; therefore, if you have any metal in your body (such as 

pacemakers, infusion pumps, aneurysm clips, metal prostheses, joints, rods, or plates) you will 

be excluded from the study. 

You may feel anxious about the tight space within the MRI machine. You can stop the study at 

any 

 

The MRI produces a loud noise throughout the MRI session that some people find 

uncomfortable. We will minimize your perception of this noise by using earphones to attenuate 

outside noise. 

 

You cannot be pregnant or breastfeeding to participate in this study. MRI may not be safe during 

pregnancy. Therefore, if you are pregnant, you will be excluded from the study. 

 

BENEFITS 

 

There are no direct benefits to the participants other than research experience and monetary 

compensation. The results of this experiment will significantly contribute to our understanding of 

human attentional behavior. 

 

CONFIDENTIALITY 

 

The data collected from participants will be stored on a computer in a secure lab using an 

unidentifiable subject number. This consent form with your name will be the only record of your 

participating in this research. There will be no link between your name and your performance 

data. The content form will be stored in a locked filing cabinet in a secure lab location. 

 

COMPENSATION 
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You will receive $65 for fully completing this research study. If you choose not to participate in 

this study, there is no penalty. Participants not meeting screening criteria for full participation 

will receive $10 for partial participation. Participants who withdraw from the study before 

completion will also receive $10 for partial participation. 

 

CONTACT 

 

79 If you have questions at any time about the study or the procedures, or if you experience 

adverse effects as a result of participating in this study, you may contact the principal 

investigator, Dr. Joshua M. Carlson (joshcarl@nmu.edu and 906-227-2798) in the Department of 

Psychology, Northern Michigan University. This project has been reviewed and approved by the 

University Research Ethics Board at Northern Michigan University. If you feel you have not 

been treated according to the descriptions in this form, or your rights as a participant in research 

have been violated during the course of this project, you may contact the IRB chair Derek 

Anderson (dereande@nmu.edu) and NMU’s IRB administrator Rob Winn (rwinn@nmu.edu). 

 

PARTICIPATION 

 

Your participation in this study is voluntary; you may decline to participate without penalty. If 

you decide to participate, you may withdraw from the study at any time without penalty and 

without loss of benefits to which you are otherwise entitled. If you withdraw from the study 

before data collection is completed your data (if part of data is collected) will be returned to you 

or destroyed by either Dr. Carlson or the experimenter. You have the right to omit any 

question(s)/procedure(s) you choose. 

 

DATA SHARING AND PUBLICATION 

 

De-identifiable data obtained from this study will be broadly shared on the National Institute of 

Mental Health (NIMH) Data Archive. Shared data will not contain your name or any other 

personally identifiable information. The goal of the NIMH Data Archive is to promote rapid 

scientific progress by making the study data available to other researchers in the field. The 

results of the research may be published in journal articles, and other scientific conferences and 

university colloquia. If you wish, the results of this study will be e-mailed to you. 

 

CONSENT 

 

I have read and understand the above information. I have received a copy of this form. I agree to 

participate in this study. 

 

Participant's signature_____________________ email _____________________ Date 

_________________ 

 

Age_________________ Gender_____________________ 

Investigator's signature____________________________________  Date ________________ 
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APPENDIX I 

 

At the beginning of the ABM: Instructions provided to participants  

Attentional biases in anxiety: People with stress and anxiety tend to focus their attention on 

negative information and interpret situations negatively. This tendency is understandable given 

the life circumstances that may have caused this stress in the first place. However, this tendency 

to focus on the negative can also cause problems because it seems to be an automatic habit. It is 

very difficult to change this habit consciously by trying to focus your attention on neutral or 

positive information. The app training task is designed to combat this habit. The task itself is 

very repetitive and easy, but it may help you change the habit of focusing on negative 

information precisely because of the repeated presentations (Beard, Weisberg, & Primack, 2012). 

 

At-home training app: The task is similar to the one you completed in the lab. Each trial of the 

session will start with a small ‘+’ (plus sign) in the center of the screen. At all times, keep your 

eyes fixated on the plus sign. After an initial period of fixation, two stimuli will be briefly 

presented: one on each side of the screen. After these stimuli disappear: a small dot will appear 

either on the left or on the right side of the screen. Your task is to locate this dot as quickly as 

possible. Each test should take between 5-10 minutes. 

 

Concentration is very important when you are building a new habit. Therefore, please take the 

training task in a quiet distraction free environment. So, while doing the task, please do not listen 

to music, watch videos, and please silence all notifications in other apps. In other words please 

put your phone on do not disturb. To acquire a habit in a correct form, please respond as quickly 

and accurately as possible. Over the six-week period, your goal is to decrease your response time 

to the location of the dot. You may not see a decrease in reaction time from each session to the 

next, but the overall trend from start to finish should be a decrease in reaction time. Remember 

that the study requires you to complete 6 sessions per week (no more than 3 trials in a single day) 

for a total of 6 weeks. You are also encouraged to discover any clues of the task or use any 

strategies that could help you perform better. 
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APPENDIX J 
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