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2. Title of the proposal  
 
The anxiety paradox: examining the role of rumination and worry in social interactions 

3. Summary of the proposed research 
Although people suffering from anxiety experience considerable difficulties in social functioning, not many 

studies have investigated the underlying cognitive and neural mechanisms mediating these effects. An 

important factor underlying such difficulties are rumination and worry, which distract people from 

engaging in productive social interactions. We seek to investigate how worry and rumination impact 

social interaction in the context of a tacit coordination (TC) task, while we record the associated neural 

mechanisms using hyperscanning methods. An important mechanism driving rumination and worry is 

self-referential thinking. For this reason, we intend to test the effects of self-dissolution practices such as 

meditation on rumination and worry, and following that, TC. The present project thus aims explore the 

unique contribution of those two stress-related components in social interactions and provide useful 

information about understanding the multifaced and complex nature of anxiety. Ultimately, we hope to 

be able to suggest more effective and targeted therapies to address these phenomena in treatment.    
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4. Research proposal 

Approximately one in three people will exhibit some form of anxiety disorder during their lifetime 

(Bandelow & Michaelis, 2015; National Institute of Mental Health, 2020). Especially, after the outbreak of 

the Covid-19 pandemic with associated restrictions on social life, people’s mental health was severely 

impacted and anxiety symptomatology was greatly increased (Chaturvedi et al., 2021; Mohammadi et 

al., 2020). These Covid-19 related consequences highlight two major points. Firstly, humans are an 

inherently social species that crave social interactions. Secondly, social life is an integral part of well-

being that can be significantly influenced by anxiety. These realizations pose an important question 

regarding the actual impact of anxiety in social life. With this proposal, our main aim is to investigate the 

role of anxiety in social interactions, the underlying cognitive and neural mechanisms, and propose more 

targeted treatments.   

 
4a. Research topic 

Humans exhibit a prodigious ability to successfully cooperate even when overt exchange of 

information is not possible. For cooperation to happen under such circumstances, it is necessary people 

to coordinate their decisions and perform joint actions (Kwaadsteniet & Dijk, 2012). Tacitly coordinating 

(Schelling, 1960) demands the collaborating individuals to dynamically adjust their strategies according 

to other people intentions and actions. To do this, individuals are assumed to create certain mental 

models about others’ beliefs, emotional states and intentions. By relying on these presuppositions, 

people are then able to predict others’ behavior and adapt their own to match their partners 

communicative system (Resches & Pérez Pereira, 2007).  

The cognitive capacity to infer others’ mental state is often referred to as mentalising or Theory 

of Mind (TOM; Baron-Cohen et al., 1985; Frith, 2012; Wimmer & Perner, 1983). TOM is said to deploy 

several subcomponents of Executive Functioning (EF; Leslie et al., 2004; Perner & Lang, 1999) such as 

inhibition, attentional shifting and working memory monitoring and updating (Miyake et al., 2000). In a 

previous study, we used EEG hyperscanning to examine the role of working memory (WM) on a TC task. 

Hyperscanning is a promising new approach that attempts to reveal the neural dynamics involved in 

multiparticipant settings by the synchronous measurement of interacting individuals’ brains. Notably, we 

found decreased brain-to-brain coupling in brain regions related to social processing and cognitive control 

under high cognitive load as compared to low load. Accordingly, people are under high cognitive load less 

efficiently coordinated as opposed to when they were under low load.  

To our knowledge, even though anxiety has strong effects on social behavior (Wu et al., 2013), 

there is not much work attempting to identify the underlying cognitive and neural mechanisms that 

impact social interactions. With this research proposal we wish to extend previous results and examine 

whether and how anxiety-related cognitive impairments influence TC in real-time multiparticipant 

settings using EEG hyperscanning. Specifically, anxiety consists of an interesting phenomenon to 

investigate as on the one hand it seems to improve the accuracy in perspective-taking mentalization 

(Knight et al., 2019; Zainal & Newman, 2018), while on the other hand, it impedes WM performance 

(Darke, 1988; Moran, 2016; Oei et al., 2006; but also see Lukasik et al., 2019). This would in turn 

hinder social coordination since as we have just established requires WM resources.  
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4b. Approach  
 
In this project, we will investigate the possible impact of anxiety on TC, the underlying cognitive 

processes and neural mechanisms, and based on our findings explore different therapeutic interventions.  

 
1st Study 
 

To gain a better experimental insight into how anxiety symptomatology influences social 

coordination, we will perform a behavioral study using the basic paradigm of TC validated in our previous 

study. In addition to this, we will induce anxiety in healthy individuals by means a threat of shock. Our 

choice of healthy participants is based on the reason that clinically identified anxiety is often comorbid 

with other mental and psychiatric disorders and thus hard to determine which cognitive impairments can 

be attributed to anxiety (Bolton & Robinson, 2017). 

Methods 

 Social coordination: Pairs of participants will have to perform on TC task in which they will 

need to coordinate their actions over time and select the same image over a set of four 

abstract images.  

 Anxiety induction:  

o Plan A: The pairs will perform the coordination task in two conditions: under threat 

of shock, i.e., administrating non-painful electric shocks to participant's wrists at a 

pseudorandom time point, and neutral or safe condition that will be used as control. 

The threat of shock manipulation has been used in multiple studies showing that 

induced anxiety impairs -mainly- the encoding of new information and therefore WM 

performance (Bolton & Robinson, 2017; Robinson et al., 2013; Weymar et al., 

2013).   

o Plan B: An alternative approach in case no significant outcomes emerge from the 

threat manipulation would be to more specifically target the social aspects of 

anxiety. An interesting approach would be participants to perform on the TC task 

while being submitted to a cold pressor test (CPT). This test is often used for 

anxiety induction as it activates the sympathetic nervous system (Lamotte et al., 

2021) and is positively correlated with anxiety sensitivity (AS; Dodo & Hashimoto, 

2017). Apart from inducing stress though, this manipulation incorporates physical 

coldness that is associated with social coldness (Bargh & Shalev, 2012; Zhong & 

Leonardelli, 2008). Following the reasoning of embodied cognition, we would thus 

expect the CPT to simultaneously evoke physical stress and psychological distress 

related to social interactions. 

 Self-report measures:  

o Prior to experiment participants will answer the State-Trait Anxiety Inventory (STAI; 

Spielberger et al., 1970) to control for trait anxiety.  

o As a manipulation check, participants will retrospectively report how anxious they 

felt (from 1 “not at all anxious,” to 5 “extremely anxious”) during the threat and 
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safe conditions. 

o We will also administrate the Penn State Worry Questionnaire (PSWQ; Meyer et al., 

1990) to examine the possible association between worrisome thinking and TC, and 

the Ruminative Responses Scale (RRS; Treynor, 2003) for checking ruminative 

thinking and TC. 

Hypothesis 

 We predict that individuals under the threat of shock condition (or CPT) will less effectively 

manage to tacitly coordinate (lower accuracy) and will take more time to reach a decision 

(slower reaction times). 

 Moreover, we expect the PSWQ to either correlate positively or to be uncorrelated with TC, 

whereas the RRS to negatively correlate with TC. 

2nd Study 

 
To explore the possible underlying cognitive processes and neural mechanisms, after establishing 

that indeed anxiety has a significant impact on TC, we will expand on our hypothesis of the differential 

effects between worry and rumination on TC. Particularly, rumination refers to the abstract and 

uncontrolled perpetuated negative thinking about past stressful life events with a focus on self-referential 

thought (Nolen-Hoeksema et al., 2008; Papageorgiou, 2006; van Vugt et al., 2018). Consequences of 

such thinking processes have been shown to render individuals socially unapproachable and 

uncommunicative as well as unmotivated to engage in remedial behaviours (Nolen-Hoeksema et al., 

2008; Papageorgiou, 2006; Watkins, 2008). Additionally, it has been documented that ruminating 

depletes WM resources in the expense of other tasks (Curci et al., 2013; Whitmer & Gotlib, 2013). 

Therefore, anxiety-related rumination is a resource-consuming process that might compete with TOM 

abilities and, thus, interfere with effective coordination. 

On the contrary, worry consists of repetitive thinking about mostly external factors such as social 

and intimate interactions with a more focus on future potential outcomes. Worrisome thinking as 

opposed to ruminative, has been argued to constitute a problem-solving process that can lead to 

instrumental behaviours (Papageorgiou, 2006). To illustrate, Zainal & Newman (2018) found that worry 

in GAD patients increases accuracy in mentalizing abilities. This implies that, when placed in a social 

environment, worrisome individuals exhibit high motivation to engage in decoding and reasoning of 

others underlying intentions in order to gain better control over potential future negative outcomes and 

attenuate personal distress. Furthermore, it has been demonstrated that worry is positively correlated 

with empathy (Erickson & Newman, 2007), a fundamental component in the development of perspective-

taking mentalization (Ibanez et al., 2013; Völlm et al., 2006), while uncorrelated to rumination 

(Joireman, 2004; Knight et al., 2019).  

To experimentally test this, we will induce anxiety-related worry and rumination, explore the 

mediating role of WM and use hyperscanning for measuring interbrain synchronization (IBS) - as a more 

potent method of capturing the neural mechanisms underlying social interactions (Astolfi et al., 2011; 

Minagawa et al., 2018).  

Methods 
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 Social Coordination: pairs of participants will perform the validated TC task as described 

above.  

 Anxiety Induction: In this study, we will induce worry and rumination by exposing the 

participants to text matching typical worrisome and ruminative thinking: e.g., “I am worried 

I am not going to perform good in the upcoming exams”, “I worry about my loved ones’ 

health” and respectively for rumination “Why am I such a loser”, “I am in such a bad mood”, 

“Why do bad things happen to me”. In the control condition, the text will be unrelated to 

emotional states, symptoms or the self, e.g. “I like being in the nature”, “I prefer tea to 

coffee”. Instructions will include to take time and think about how these statements relate to 

oneself and judge whether they are personally true or not by pressing a corresponding key. 

 WM Assessment: For measuring the impact of the anxiety induction on WM at each stage of 

the experiment and exploring WM’s mediating role between anxiety and coordination, the 

same sentences will be used to assess WM in the form of a reading span task (RST). 

Participants will be asked to remember the last word of every sentence. Performance will be 

assessed every 10 trials by asking to recall as many words as possible.  

 Self-report measures: The same questionnaires as administrated before.   

 Neuroimaging: EEG hyperscanning.  

 Analysis: trials will be grouped depending on condition (worry, rumination, control). 

Hypothesis 

 We expect that under conditions of rumination as opposed to worry and control participants will 

less effectively coordinate their actions (lower accuracy) and will take more time to reach a 

decision (slower reaction times).  

 Worry even though is not expected to significantly interfere with coordinating accuracy, it is 

anticipated to have increased reaction times as a result of overly thinking others’ behavior. 

 WM performance is expected to have a mediating role on the above effects by prioritizing self-

referential thinking in rumination and social relevant information in worry.  

 IBS as a neuro-marker of effective interpersonal coordination (Reinero et al., 2021) is expected 

to decrease in states of ruminative thinking, while possibly unaffected in worry. Previous 

research showed that more individualistic processes such as thinking about oneself exhibit 

greater cortical activity in the individual and a corresponding lower IBS between partners (Astolfi 

et al., 2011). 

 

3rd Study 
Given that results from the 2nd study confirm our hypotheses, a third study will focus on the 

exact role of rumination and examine possible interventions. A core component in rumination is thinking 

about the self. Maladapting self-reflection, also brooding, refers to recurrent and judgmental thinking 

about one’s self (Nolen-Hoeksema et al., 2008; Trapnell & Campbell, 1999) that significantly interferes 

with social interactions (Mellings & Alden, 2000; Weaver et al., 2020; Wong & Moulds, 2009). Also, 

repetitive negative self-thinking has been suggested to compete for cognitive resources with other task-

related processes (van Vugt et al., 2018) and negatively affect inhibitory control over WM (Whitmer & 



                                                           
 

PhD Fund      

Application form  
 

 

 6 

Banich, 2010, 2010). Provided that negative self-focus is the main factor hampering proper social 

functioning, we wish to examine how different practices aide people with anxiety-related rumination to 

be more engaged in social interactions and better coordinate with other individuals.  

Therefore, in this study we will examine two different types of interventions by implicitly or 

explicitly targeting the threaten image of self in ruminative thinking. Firstly, “self-dissolution effect” 

practices such as mindfulness meditation have been found to reduce symptoms of stress, anxiety and 

depression, improve inhibition of intrusive thoughts (Gallant, 2016), facilitate prosocial behaviors 

(Luberto et al., 2018) and exhibit increased IBS (Chen et al., 2021) by indirectly drawing the focus of 

attention from self to present moment. Secondly, self-compassion practices have been reported to 

reduce negative affect in ruminators (Odou & Brinker, 2015; Raes, 2010), improve EF (Harris et al., 

2017) and attenuate stress-related rumination (Samaie & Farahani, 2011) by directly enhancing self-

acceptance.  

Methods 

 Social Coordination: Again, pairs will perform on the TC twice, prior and post training. 

 4-weeks training:  

o Mindfulness-Based Stress Reduction (MBSR; Kabat-Zinn, 2005)).  

o Compassion Focused Therapy (CFT; Gilbert, 2009)). 

o Control group – no training.  

 Self-report measures: Measured prior and post training 

o To test Five-Facets of Mindfulness (FFMQ; Baer et al., 2006) 

o Self-Compassion Scale (SCS; Neff, 2003) 

o STAI & RRS  

 Neuroimaging: EEG hyperscanning 

Hypothesis   

 We expect pairs after training to better coordinate, an effect that will also be reflected by 

increased IBS compared to prior-training 

 Additionally, based on the work by Frostadottir & Dorjee (2019), we anticipate CFT to have more 

broad positive effects on TC regardless of rumination scores, while MBSR to more specifically 

improve performance in high ruminators.  

 

Knowledge utilization 

This work has the potential to critically improve scientific understanding of the underlying 

mechanisms of anxiety that implicate in social functioning. As a social animal, it is fundamental for 

humans to be able to efficiently function within the society. Therefore, being able to zoom into specific 

components of anxiety that hamper social interactions and propose targeted therapeutical plans is of 

out-most importance. The proposed project will provide important information for scientists and health 

care providers that can utilize this knowledge and apply cognitive and neural outcomes to their practices. 

For instance, IBS results could be used in neurofeedback therapies to facilitate self-control while 

meditation. The ultimate purpose of this project is to alleviate some suffering of many people with 

anxiety and struggling in their everyday social life.  
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4c. Word count (sections 4a-4b, max 2000)  

 

2 0 4 7 
 
 
4d. Time plan and feasibility (max. half a page) 
 

Delays are to be expected in the preparation of the EEG experiment and data collection of the dyads. 
EEG preparation and clearance requires substantial time. Additionally, experiment drop-outs or lost data 
are doubled since both participants data will be needed for the TC and IBS analysis. Finally, in study 3 an 
intermediate period of one month training is required which may introduce further delays.  
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