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ABSTRACT 

 
Mindfulness meditation (MM) has been shown to improve mental flexibility. However, 

the processes underlying the benefits are still unknown. This study was conducted to 

investigate two possible mechanisms responsible for improved flexibility following 

MM training: mindfulness and meta-awareness. I hypothesized that 1) meta-awareness 

increases after MM but not in the documentary movie watching control group (MV), 2) 

free-moving thoughts become more positive after MM, not MV, and 3) free-moving 

thoughts mediate between meta-awareness and mental flexibility in MM but not MV. 

Fifty participants underwent eight 20-minute sessions of either MM or MV over three 

weeks. Participants also completed several cognitive tasks, surveys, and expressive 

writing task before and after the intervention. Results did not support the first 

hypothesis that meta-awareness increases after MM. However, there was partial 

support for the second hypothesis that free-moving thoughts became more positive 

after MM. The MV group wrote less about social processes and transitioned into a 

negative state marginally more often than the MM group. The third hypothesis was not 

supported: free-moving thoughts was not a mediator between meta-awareness and 

mental flexibility. However, free-moving thoughts was a predictor of cognitive switch 

cost for the MM group, indicating that as participants were less likely influenced by 

their thoughts, they could switch between cognitive task sets. The present study 

demonstrated that MM led to positive shifts in mental states, which was associated 

with stronger cognitive flexibility. As participants maintained a positive mental state 

and transitioned to it more easily, their behaviors became more adaptive. These results 

suggest that mindfulness may be crucial for building emotional resilience and emotion 
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regulation. In conclusion, mindfulness may be a useful tool to help individuals break 

maladaptive habitual behaviors and form new healthy ones. 

 

Keywords: meditation, meta-awareness, free-moving thoughts, free association 

semantic task, cognitive flexibility, switch cost 
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CHAPTER I 

INTRODUCTION 

Mental flexibility (hereon, flexibility) is the readiness and capacity to adjust 

goals and adapt to changing demands of a situation (Lezak et al., 2012) in multiple 

dimensions (Genet & Siemer, 2011). It is essential in everyday life, complex, and 

requires the integration and execution of multiple processes. Road navigation, for 

example, requires adjusting plans in the event of unanticipated traffic circumstances. 

Mental flexibility is essential for solving problems with new strategies, switching 

between conversational topics, learning new skills, and regulating emotions. Mental 

flexibility allows one to focus, suppress irrelevant information, change one’s way of 

thinking, and persist less in rigid thoughts or habits.  

Failure to flexibly engage in situations may lead to repetitive behaviors and 

cause long-term adverse health, psychological, and social consequences (Varanda & 

Fernandes, 2017). Diverse pathologies such as obsessive-compulsive disorder, post-

traumatic stress disorder, Parkinson's disease, and Huntington's disease exhibit these 

deficits as inflexible or repetitive behaviors. For example, patients with obsessive-

compulsive disorder have difficulty disengaging from compulsive behaviors; 

individuals with Huntington’s disease perseverate on behavior or thought and are 

unable to adjust to a situation accordingly (Nilsson et al., 2015).  

Mindfulness-based interventions (MBIs) are known to improve mental 

flexibility (Zhou et al., 2020). However, the processes underlying MBIs leading to 

improved mental flexibility are still debatable. Meta-awareness, a primary process in 

mindfulness, may be a precursor to mental flexibility as it helps one be more sensitive 
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to ongoing thoughts, allowing individuals to shift from one mental state to another 

(Christoff et al., 2016; Dunne et al., 2019). However, very few, if any, studies have 

investigated its role in flexibility after MBIs. Although clinical studies have shown the 

efficacy of MBIs, they lack controlled mechanistic experiments, which hinders the 

internal validity of these interventions (Dimidjian & Segal, 2015; Van Dam et al., 

2018). Thus, this study investigated the role of meta-awareness and ongoing thought 

in mental flexibility after meditation training. 

Mental flexibility 

The term “mental flexibility” used in this context is an umbrella term for 

cognitive and affective flexibility. Cognitive and affective flexibility are related forms 

of mental flexibility but require different processes. Cognitive flexibility is the 

capacity to switch between two concepts to adjust behaviors to the context of a 

situation (Uddin, 2021). It requires the executive frontal lobes, typically involving 

inhibition, switching, and updating (Goldfarb et al., 2017; Miyake et al., 2000). Patient 

studies have shown that frontal lobe damage causes individuals to fail at cognitive 

flexibility tasks, such as the Wisconsin Card Sorting Task and Stroop task (Strauss et 

al., 2006). Although these processes have distinct latent executive functions, all three 

processes are required to track stimuli in temporal order and update rules according to 

the task demands under the term “flexibility.”  

Affective flexibility is the ability to flexibly attend to and disengage from 

affective material (Malooly et al., 2013) with appropriate modulation of emotional 

responses (Coifman & Summers, 2019). Affective flexibility was not discussed 

explicitly until recent years (Bonanno & Burton, 2013; Hsieh & Lin, 2019; 
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Kobylinska & Kusev, 2019), using tasks that incorporate switching (Marcus et al., 

2016), such as the emotional set-shifting task (Genet et al., 2013; Genet & Siemer, 

2011; Malooly et al., 2013) and the Emotional Picture Sorting task (Aker & Landro, 

2014; Deveney & Deldin, 2006). Individuals unable to adapt to affective rule changes 

(Genet et al., 2013) may ruminate and fall into depression (Willis & Burnett Jr, 2016). 

They persist in negative affective content, have difficulty shifting away from them, 

and may interpret and associate them with their identity (Wen et al., 2019). More 

importantly, affective flexibility is distinct from cognitive flexibility in that the former 

is associated with rumination (Genet et al., 2013; Malooly et al., 2013).  

“Mental flexibility” used in the context of this paper refers to set-shifting or 

switching aspects of executive functions. It differs from cognitive control, which 

refers to conflict monitoring in inhibitory control (Braem et al., 2019). Cognitive 

control tasks require conflicting information, such as information congruent or 

incongruent with current goals, while mental flexibility tasks typically require shifting 

between task sets. Moreover, the neural substrates and dynamics of cognitive control 

and flexibility differ. While cognitive control mainly involves the dorsal anterior 

cingulate cortex and the cognitive control network (Botvinick et al., 2001; Dehaene et 

al., 1994), flexibility mainly involves the frontoparietal cortex and network (Dajani et 

al., 2020; Kupis et al., 2021). In summary, mental flexibility and cognitive control are 

related yet distinct, where mental flexibility is constrained to switching between task 

modes.  

Free-moving thoughts 
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We spend 50% of our time with our mental content, especially with free-

moving thoughts (Mills et al., 2018). Free-moving thoughts are ongoing mental events 

that arise freely without task-related constraints (Christoff et al., 2016). They reflect 

the state of the individual’s mind since they have three properties: 1) dynamic as 

thoughts shift from one topic to another rapidly; 2) associative as shifts between topics 

occur as a function of pre-existing associations between topics; and 3) state-dependent 

because the topics and their dynamics can be influenced by external factors, such as 

the environment or internal factors such as mood or ongoing goals (Mildner & Tamir, 

2019). For example, current concerns may redirect one’s thoughts to the same topic no 

matter how much one tries to shift away from that topic. If an individual overidentifies 

with a thought, such as “I am a failure,” they may ruminate (“It is better that I do not 

exist,” “Everyone looks down on me”) and become “stuck,” i.e., unable to switch out 

of that mental state. Consequently, the individual may construct a rigid and biased 

identity associated with that semantic content (failure and negativity). As the 

individual identifies with this thought, the individual may start ruminating on related 

thought contents, such as, “Everyone thinks I am bad.”  

Identifying, observing, and understanding freely-moving thought is crucial to 

daily living, enabling people to adapt to situations flexibly. Skills such as these will 

help diminish the saliency, relevance, and maladaptive impacts of thoughts on the 

individual (Ruimi et al., 2020). Individuals are more open and receptive to more 

adaptive thoughts by disidentifying from these thoughts. Therefore, they can remap 

their thought dynamics, leading to a positive reappraisal of mental events, causing 
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individuals to be more flexible in their thoughts, emotions, and behavior (Garland et 

al., 2015; Garland & Fredrickson, 2019).  

Despite this, studies on the role of free-moving thoughts in flexibility are 

limited since they were only recently discussed (Christoff et al., 2016) and empirically 

explored (Mills et al., 2018). In one study (Mills et al., 2018), participants had to 

answer probes regarding their mental state ten times daily over ten days. The authors 

found that free-moving thoughts are separate from related constructs like mind-

wandering as they demonstrated weak correlations between mind-wandering and free-

moving thoughts. Capturing free-moving thoughts also provides richness to an 

individual’s mental world over a set period and is associated with affect at the present 

moment (Mills et al., 2021).  

Another recent study quantified the dynamics and qualities of ongoing 

thoughts using a free association semantic task (Andrews-Hanna et al., 2021). 

Participants generated dynamic chains of ten words or phrases from a given seed word 

in this task. The seed word may be a positive, negative, or neutral valence. 

Specifically, each generated word needs to be related to the previous word, contrasting 

with another previous association task, which takes the seed word as the chain. 

Therefore, the free association semantic task forms a dynamic chain of thoughts in a 

short period. The authors demonstrated that individuals with high trait rumination 

consistently generated negative words, even if the seed word was positive (Andrews-

Hanna et al., 2021). Conversely, individuals with lower trait rumination tended to use 

more positively valenced words. In summary, free-moving thoughts are crucial to 

flexibility as rigid thoughts may result in poor mental flexibility. Thus, identifying and 
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making sense of these thoughts could alter mental flexibility. One psychological 

process that allows us to gain insight into our thoughts is meta-awareness. 

Meta-awareness 

Meta-awareness refers to the capacity to detect one’s ongoing mental state and 

its qualities (Dunne et al., 2019). By becoming more aware of their mental events, 

individuals are better able to transform persistent maladaptive thoughts into positive 

and adaptive thoughts, emotions, or behaviors (Bernstein & Zvielli, 2014; Zvielli et al., 

2015). Mindfulness, for example, facilitates behavioral change through 

disidentification and nonreactivity (Bernstein et al., 2019; Ruimi et al., 2018). 

Disidentification is the experience of treating mental events as separate entities from 

one’s sense of self, while nonreactivity is the reduced effect of mental contents on 

other mental processes such as emotion, attention, and flexibility (Bernstein et al., 

2015). By becoming aware of one's mental state and events, one can adjust and switch 

to new states of mind or emotions (switching).  

In two studies, highly anxious participants were trained to develop meta-

awareness of their attentional biases to emotional stimuli (Bernstein & Zvielli, 2014; 

Zvielli et al., 2015). Individuals given feedback about their biases in a dot-probe task 

had reduced bias of emotional attention dynamics and emotional reactivity to stressors 

(Zvielli et al., 2015). In contrast, individuals with poor meta-awareness attended to 

stressors with biases and could not respond positively to these stimuli. They tend to 

persist in certain behaviors or find it difficult to change their mental states.  

This was supported in another study that investigated if real-time meta-

awareness affects the regulatory processing of emotional information (Ruimi et al., 
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2018). Seventy-five adults who were daily, long-term, non-deprived smokers 

completed the visual emotional dot-probe task to measure meta-awareness of 

attentional bias to smoking cues. At random periods throughout the task, participants 

were probed on their meta-awareness. They were asked if the stimulus affected their 

response and, if it did, whether their attention moved away or towards the stimulus. In 

trials with momentary meta-awareness, participants could regulate their attention with 

less bias in the subsequent trial. By detecting mental events as they occur and 

identifying their characteristics, individuals may be able to transform persistent 

maladaptive thoughts, emotions, or behaviors into adaptive ones. Therefore, meta-

awareness plays a critical role in mental flexibility. Developing meta-awareness is one 

of the first steps toward developing mental flexibility.  

Development of meta-awareness through mindfulness to transform free-

moving thoughts 

Meta-awareness of free-moving thoughts may be developed via mindfulness. 

Mindfulness is defined as attending to and being aware of the present [mental state] 

(Anālayo, 2018a). It is cultivated through training diverse cognitive and affective 

processes, including sustained attention, attentional shifting, nonjudgment, inhibition, 

emotion regulation, acceptance, and clarity in a complex setting (Lutz et al., 2015). 

Mindfulness training, such as mindfulness of the breath, may seem simple but requires 

integrating intricate cognitive and affective processes (Shankland et al., 2021). 

Furthermore, the primary objective of mindfulness is to develop meta-awareness 

(Anālayo, 2018b), fostering a higher perception and openness to one’s internal and 

external environment (Shankland et al., 2021). As a result, the individual may better 
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observe and describe their mental states while reacting less to them (Fuochi & Voci, 

2020; Ibaceta & Madrid, 2021). It also enhances the ability to switch between two 

processing modes during a task flexibly (Chang et al., 2017), reduces self-related 

biases (Shi & He, 2019), disengages from the current mental state in favor of another 

(Bernstein et al., 2019), and de-automizes previously learned responses (Hanley & 

Garland, 2019). In other words, mindfulness enhances mental flexibility on multiple 

dimensions. 

According to the Buddhist Psychological Model of Mindfulness, awareness of 

an object arises when a stimulus enters the field of perception and makes contact with 

a sense organ or when an object of cognition (thought, memory, emotion) arises in the 

mind (Grabovac et al., 2011). For ease of interpretation, mental events will be used to 

represent awareness of an object. Accompanying mental events is the experience of 

“feeling,” the affective dimension of the experience of the mental event itself 

(Anālayo, 2018b). This type of feeling could be pleasant, unpleasant, or neutral and is 

not emotion as known in psychology. Mental events are transient and do not contain a 

long-lasting identity (Grabovac et al., 2011). However, when a person craves a type of 

feeling, either by wanting a pleasurable feeling or disliking an unpleasurable feeling, 

one clings onto the thought in two ways, attachment, and aversion. The examples, “I 

like feeling A; therefore I want A (attachment)” or “I dislike feeling B; therefore I do 

not want B (aversion),” are the two forms of clinging. Rigidity occurs when an 

individual clings onto a feeling and turns a supposed impermanent event into a part of 

their identity. Thus, this loop reinforces rigidity in mental states, causing an individual 

to be fixated on their identity as described earlier (e.g., “I am like this, a failure”). 
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Meditation practice attempts to alter rigid behaviors or thoughts by breaking 

the chain between feeling and craving (Anālayo, 2018b). Through meditation, one 

becomes more aware and sensitive to the driving force of feeling toward craving. For 

example, when an individual feels a pleasant, unpleasant, or neutral feeling during 

meditation practice, one is aware of it without further mental proliferation such as “I 

like or do not like this feeling.” With deeper practice, one gains insight into the nature 

of mental events: they are impermanent and devoid of an intrinsic self. When they 

have developed mindfulness and meta-awareness, they can let go of the attachment to 

certain experiences or mental events. The propensity of feeling leading to craving is 

then weakened and dissolved. As a result, one can switch to other mental states 

without the need to suppress or inhibit current mental states. 

Meta-awareness training grounded in mindfulness concepts has been shown to 

reduce bias and improve attentional control (Bernstein & Zvielli, 2014; Zvielli et al., 

2015). Participants developed a greater awareness of their biases and were able to 

adjust their behavior based on the visual-emotional dot-probe task demands. 

Individuals who develop meta-awareness realize that thoughts are not “them”, thus 

relinquishing their attachments to these thoughts (Lutz et al., 2015). They interpret 

mental contents as discrete and impermanent events rather than part of their identity 

(thoughts are transient and devoid of a “self”). Hence, these thoughts become less 

salient to the individual, carry less affective qualities, and have less influence on the 

individual (reduced reactivity). This corresponds to the reduced influence of the 

hedonic tones of mental events on the individual. They can reappraise mental events 

more positively and become more flexible in thoughts, emotions, and behaviors 
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(Garland et al., 2015; Garland & Fredrickson, 2019). Nevertheless, few studies have 

explicitly followed up with training meta-awareness on free-moving thoughts and 

flexibility, an essential outcome of mindfulness training (Ruimi et al., 2018; Ruimi et 

al., 2020). Even a brief analog mindfulness manipulation was unsuccessful (Ruimi et 

al., 2018). It may take longer for substantial effects to emerge. The lack of 

experimental methods to capture free-moving thoughts after mindfulness training 

warrants further investigation. Few tasks have been developed to investigate the 

“feelings” associated with the trajectory of mental events. 

Purpose of the Study and research questions 

Rigorous research on meta-awareness and free-moving thoughts can uncover 

how meta-awareness and free-moving thought trajectories alter flexibility. It will also 

reveal how mindfulness-based interventions strengthen mental flexibility and the 

relationship among these elements. Therefore, the purpose of this study was to 

investigate the processes of mindfulness supporting flexibility through mindfulness 

meditation (MM) training. If meditation impacts meta-awareness and free-moving 

thought dynamics, then meta-awareness should increase after MM, and thoughts will 

become more positive. I hypothesize that 1) meta-awareness will increase in the MM 

group compared to the control group, and 2) free-moving thoughts will be more 

positive after MM compared to the control group.  

If there is a relationship between mindfulness, meta-awareness, free-moving 

thoughts, and flexibility, then mindfulness training should impact meta-awareness, 

which changes free-moving thoughts and mental flexibility. Therefore, I hypothesized 

that 3) free-moving thoughts will mediate between meta-awareness and scores of 
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mental flexibility for the MM group. I expect that the transition odds ratio (TOR) will 

mediate between the diagnostic odds ratio (DOR) and metrics of mental flexibility. 

Specifically, higher DOR and TOR will be negatively associated with switch costs for 

cognitive and affective switching and the Stroop effect for the prime-affective Stroop 

task, while positively associated with the number of spontaneous switches. 
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CHAPTER II 

METHODS 

Participants and sample size 

Based on previous research on flexibility in mindfulness training programs, the 

sample size required was 25 participants in the mindfulness group and 26 in the 

control group (Shankland et al., 2021). Furthermore, the repeated-measures analysis of 

variance (ANOVA) effect size (η2) from a within-between subject’s interaction was η2 

= .77. Given η2, Cohen’s f was .29. Hence, based on power analysis for repeated-

measures ANOVA within-between interactions at Cohen’s f = 0.29, α =.05, 1-β =.95, 

the total number of samples required was 42 (21/21). This sample size was 

comparable to the final sample size obtained from a previous study using the Stroop 

task at time point 2 (Shankland et al., 2021), after accounting for an approximately 20% 

attrition rate in the program. Although attrition rates of virtual MBIs tend to be lower 

than in-person interventions (6% compared to 20-25%), precaution still needs to be 

taken if attrition rates go beyond the 6% threshold (Jiang et al., 2021).  

Furthermore, since the study was conducted online, the reaction time (RT) 

differences between online and in-person experimental platforms need to be 

considered (de Leeuw & Motz, 2016). Recent studies reported similar effects in terms 

of accuracies and reaction times across platforms (Bazilinskyy & Winter, 2018; de 

Leeuw & Motz, 2016). However, one still needs to be cautious about other factors, 

such as environmental conditions where the participant performs the tasks. Hence, to 

account for attrition rates at 20% and 20% for the variability in factors not accounted 

for in online studies, 54 students were recruited from Texas Tech University. 
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Participants were mainly psychology students recruited from the SONA system and 

TechAnnounce. Gender distribution and ethnicity were stratified to ensure equal 

representation across intervention groups. Participants were excluded if they reported 

1) taking any stimulants currently, 2) medicating for mental illness, 3) having a current 

diagnosis for mental illness, 4) having any recent psychological trauma for the past 

three months, or 5) having past or current participation in meditation practice or yoga 

to rule out existing systematic training effects. Four participants were excluded from 

the study either due to exclusion criteria or because they declined to continue with the 

study. One participant dropped out due to a conflicting schedule; two decided to 

discontinue the study, and one had a new approved medical prescription that would 

interfere with the intervention effects. Hence, 50 participants remained in the study. 

This study was approved by the local institution’s Institutional Review Board, and 

participants provided informed consent for the study. 

Intervention 

Mindfulness meditation (MM) 

Weekly MM audio instructions were recorded by an experienced meditator 

with 20 years of meditation experience. MM entails focusing one’s attention on the 

breath openly without judgment. Participants were instructed to focus on the sensation 

of their breaths without attempting to control the rhythm or depth of respiration. When 

participants became aware that their minds had wandered away from their breaths, 

they were told to focus their attention back on breathing. Set topics for each week 

were 1) mindfulness and the body, 2) mindfulness and thoughts, 3) mindfulness and 

emotions, and 4) living a mindful life. Details on the intervention script can be found 
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in Appendix A. The script was adapted from a Buddhist Chan meditation from Fo 

Guang Shan Nan Tien Temple (Temple, n. d.). In short, participants meditated for 20 

minutes per session for eight sessions over three to four weeks. 

Documentary movie watching (MV) 

The control group watched several short documentaries on Netflix and 

YouTube across eight sessions. MV was designed to be an active control for facilitator 

attention and the time elapsed in MM. Participants were not allowed to sleep, use their 

phones, or talk to the experimenter during MV to simulate the silent moment during 

MM. Documentary clips were designed to end at the 20-minute mark and continue 

during the next session if it was a longer documentary. See Appendix A for more 

details on the documentary clips. 

Assessments 

Mental flexibility and mindfulness outcomes 

The Emotion Regulation Questionnaire (Gross & John, 2003a) and Cognitive 

Flexibility Scale (Martin & Rubin, 1995) were used to examine affective and cognitive 

outcomes of flexibility as they are sensitive to how an individual can flexibly adjust 

their thoughts or emotions. The State-Mindfulness Scale (SMS; Tanay & Bernstein, 

2013) and Five-Facet Mindfulness Questionnaire (FFMQ; Baer et al., 2006; Baer et al., 

2008) were used to examine state- and trait-level measures of mindfulness before and 

after the entire intervention.  

The SMS has two subscales: Mindfulness of the body and mind (Tanay & 

Bernstein, 2013). The scale was developed based on the practice of mindfulness 

grounded in traditional and contemporary views of mindfulness: to be mindful of the 
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body and the mind. The SMS-body subscale captures bodily sensations while SMS-

mind captures mental events.  

There are five subscales to the FFMQ: observing, describing, acting with 

awareness, non-judgment, and non-reactivity (Baer et al., 2006; Baer et al., 2008). 

Observing refers to noticing or attending to internal and external experiences, such as 

sensations, emotions, thoughts, or behaviors. The FFMQ-describing subscale captures 

the labeling of experiences with words. Acting with awareness describes the behavior 

of attending and being aware of one’s behavior in the present moment, in contrast to 

behaving automatically without awareness (automatic pilot). The FFMQ-nonjudgment 

describes the experience of taking a non-evaluative stance toward one’s mental state’s 

characteristics. Finally, non-reactivity allows mental events to come and go without 

being carried away by them. 

As a manipulation check on the intervention, I hypothesized that participants in 

the MM group, compared to the MV group, would increase in all the subscales of the 

SMS and FFMQ. No predictions were made with the Emotion Regulation 

Questionnaire or Cognitive Flexibility Scale, as they are out of the scope of this 

dissertation. 

Meta-awareness: Visual emotional dot-probe task  

The visual emotional dot-probe task was used to assess implicit bias before and 

after meditation (Ruimi et al., 2018). A total of 240 trials were set for this task. In a 

typical trial, participants were presented with a fixation cross (500ms), followed by a 

250ms blank black screen, followed by two stimuli presented simultaneously for 

500ms (See Figure 1).  
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Figure 1. Typical trial of the visual emotional dot-probe task 

One stimulus was presented to the left of the fixation cross and the other to the 

right. One presented stimulus was always neutral, while the other was either negative 

(50%) or neutral (50%). One stimulus was replaced by a small white probe 

immediately after the stimulus presentation, presented randomly to the left or right. 

Participants were told to focus on the fixation cross and, as quickly and as accurately 

as possible, press the ‘g’ or ‘h’ key using their index and middle fingers on their 

dominant hand if the dot-probe was on the left or right, respectively. Participants were 

given a maximum of 1000ms to respond, after which the next slide was presented. The 

inter-trial interval was set at 500ms. Neutral trials consist of 50% of the total trials. 

Critical trials were set at 50%, with half congruent and the other half incongruent. On 

congruent trials (25%), the probe appeared on the emotional stimulus (target), while 

on incongruent trials (25%), the probe appeared on the neutral stimulus (non-target). 

Participants were also repeatedly probed on random trials (25%) distributed 

randomly across congruency and probes (all trials) regarding their attention and 

awareness of bias during the dot-probe task. Participants were asked, “Did one of the 

pictures influence your response?” Participants had to choose one from the following 
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three: 1) the left picture, 2) the right picture, and 3) neither picture. If participants 

chose the first or second option, they were asked, “How did the picture influence your 

response?” They were given two options: 1) My attention moved away from it, and 2) 

My attention focused on it. Participants pressed the “1”, “2”, or “3” keys depending on 

their choices. This task has been shown to capture the dynamic state of an individual’s 

attentional biases due to fluctuating emotions.  

Free-moving thoughts: Expressive writing essay and Free Association 

Semantic Task 

An expressive writing essay exercise was used to assess free-moving thoughts. 

Participants were asked to answer an essay prompt about an event they encountered 

that day in three minutes. Participants explored their thoughts, feelings, and the impact 

of the event on their lives and relationships with others (Pennebaker, 1997). This 

method has been adapted for many studies of expressive writing and linguistic 

analysis (Pennebaker, 2018). They reflect the individual’s attentional focus, emotional 

state, clarity of thoughts, and thinking styles (Tausczik & Pennebaker, 2009) and can 

predict ongoing thoughts and flexibility (Pennebaker et al., 2003). Similar methods 

have been used in mindfulness research and demonstrated good reliability in capturing 

qualities unique to specific meditation techniques and changes in qualities of free-

moving thoughts.  

For example, adults with substance-use disorder who undergo eight weeks of 

mindfulness-based relapse prevention used more present-focused phrases and fewer 

impersonal pronouns, and reported more positive affective outcomes after the 

intervention (Collins et al., 2009). In the ReSource Project, participants reported 
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unique characteristics of awareness and mental states brought by different meditation 

techniques (Przyrembel & Singer, 2018). Hence, expressive writing may capture 

thought dynamics after mindfulness training that cannot be obtained through cognitive 

tasks or questionnaire-based studies. 

The Free Association Semantic Task was used to assess the dynamics of free-

moving thoughts (Andrews-Hanna et al., 2021; Gray et al., 2019). Participants were 

asked to list words starting from a root word and continue naming words associated 

with the previous word until ten words were named. Then, participants rated the 

emotional valence, arousal, and amount of dominance for each generated word on a 

sliding scale. Valence refers to the emotional pleasantness of the thought, and arousal 

refers to the amount of excitement of the thought. For example, anger and elation have 

high arousal, while sleepy, bored, and relaxed have low arousal. Finally, dominance 

refers to feeling control/influence over one’s thoughts. Higher dominance reflects 

being less influenced by one’s thoughts or feeling in control over one’s thoughts. 

There were three root words for three different valences, positive, negative, and 

neutral, totaling nine root words at each assessment phase. The root words used at pre-

intervention assessment were 1) failure, pain, and shame for negatively-valence words, 

2) win, beautiful, and future for positively-valence words, and 3) noise, want, and 

teach for neutral-valence words. At post-intervention assessment, the root words were 

1) worry, alone, and crisis for negatively-valence words, 2) festive, trip, and heart for 

positively-valence words, and 3) breath, advice, and beginning for neutral-valence 

words. 
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The Free Association Semantic Task was used to measure free-moving 

thoughts because it could capture thought dynamics according to the Buddhist 

Psychological Model of Mindfulness. As the model states that hedonic tones and other 

affective qualities accompany mental events, the word ratings from the free 

association semantic task could capture the dynamics between thoughts through these 

ratings. Furthermore, the changes in trajectories of these qualities could be examined 

as individuals rated them for each word. 

Mental flexibility: Cognitive switching 

Cognitive switching task (Armbruster et al., 2012), affective switching task 

(Kraft et al., 2020), and prime-affective-switching tasks (Shankland et al., 2021) were 

used to investigate cognitive, affective, and behavioral-affective flexibility, 

respectively. They are experiments that have been used successfully to show 

differences and changes in flexibility. The prime-affective switching task is a new task 

that uses the priming effect, an implicit and behavioral measure, to investigate 

affective flexibility. Past research has also shown that mindfulness can de-automatize 

behaviors and allows one to be more perceptive of the environment (Shankland et al., 

2021). 

The cognitive switching task requires participants to classify digits (1 to 9, 

excluding 5) as odd/even or higher/lower than 5 (Armbruster et al., 2012). Participants 

were instructed to place their index and middle fingers of their dominant hand on the 

letters ‘G’ and ‘H.’ In a typical setup (Figure 2), a fixation cross (500ms) was 

presented, followed by the stimulus (2000ms) and a blank screen (500ms).  
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Figure 2. Typical trial for cognitive switching task 

There were two types of trials in the cognitive switching task: baseline and 

critical. Baseline trials (70%) required participants to perform an odd/even 

discrimination task for the upper digit. Participants pressed ‘G’ if the digit was odd 

and ‘H’ if it was even. An additional lower digit was presented on critical trials (30%). 

A vertical line and a superimposed cue were always presented with the stimulus. If the 

cue was on the top third of the vertical line (distract trial), participants had to ignore 

the bottom digit and continue the baseline task. If the cue was on the lower third of the 

line (switch trial), participants had to switch to decide if the lower digit was 

greater/lesser than 5. Participants had to press ‘B’ if the digit was less than 5 and ‘N’ if 

it was more than 5. If the cue was approximately in the middle (± 1px; ambiguous 

trial), participants could decide if they wanted to switch or stay on the baseline trial. 

The ambiguity of the cue's location makes it impossible to determine if it was in the 

top or low half of the line. This trial can determine the participant’s tendency towards 

flexible behaviors. After each critical trial, participants returned to perform the 

baseline task. There were a total of 240 trials for the cognitive switching task. The 

cognitive flexibility task (task switching) contains three different types of critical trials 
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specific to three different processes of cognitive flexibility. The distract trial typically 

involves inhibition as the bottom digit is a distractor, requiring inhibition. The switch 

trial requires pure switching as participants now need to switch to the other task mode 

for the bottom stimulus. Finally, the ambiguous trial examines individual differences 

in spontaneous switching in the presence of an ambiguous stimulus. All three trials do 

not contain conflicting information, i.e., congruent or incongruent information; hence 

cognitive control mechanisms are not involved. 

Mental flexibility: Affective switching 

The affective switching task was similar to the cognitive switching task, except 

that the baseline task was a neutral (male/female) discrimination task while the switch 

task was an affective (“happy”/”angry”) discrimination task (Kraft et al., 2020). In a 

typical setup (Figure 3), a fixation cross (500ms) was presented, followed by the 

stimulus (2000ms) and a blank screen (500ms).  

 

Figure 3. Typical trial for the affective switching task 

There were two types of trials baseline trial and critical trial. Baseline trials 

(70%) required participants to perform a female/male face discrimination task for the 

upper stimulus. Participants pressed ‘G’ for female faces and ‘H’ for male faces. On 
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critical trials (30%), the stimulus switched from being presented at the top to the 

bottom and continued for several trials before switching to the top. When the stimulus 

was at the bottom, participants had to decide if the face showed was either happy (‘B’) 

or angry (‘N’). There were 240 trials for the affective switching task. 

Mental flexibility: Prime-affective Stroop 

The prime-affective switching task is a variant of the emotional Stroop task 

and is important for higher-order affective flexibility (Shankland et al., 2021). In a 

typical trial, participants were shown a fixation cross for 500ms, followed by a 240ms 

prime of the target stimulus (Figure 4).  

 

 

Figure 4. Typical trial for the prime-affective Stroop task 

Then, a 120ms white noise masking was applied to prevent retinal persistence. 

Next, the target picture and a superimposed word were shown to the participant for 

1000ms, followed by 500ms intertrial interval. The participant’s task was to decide if 

the picture shown was “happy” or “angry” using buttons ‘G’ and ‘H,’ respectively. On 

incongruent trials (20%), the presented word did not match the presented picture. 

There were 2 emotions × 2 congruency factors, leading to 4 different conditions. To 
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ensure enough trials for analysis, 240 trials were used in the task. The prime-affective 

Stroop task mainly measures inhibitory control rather than switching due to the Stroop 

effect (presence of incongruent stimulus). Thus, the prime-affective Stroop measures a 

higher-order form of affective flexibility requiring cognitive control. 

Design and procedure 

This study used a mixed factorial design with intervention as the between-

subjects factor and timepoint as the within-subjects factor. Participants completed 

informed consent and rules and regulations (See Appendix B) before the study and a 

zoom briefing session. The zoom briefing session introduces the study and outlines 

Zoom rules for the participants. Participants had to adhere to the rules and regulations 

of using Zoom for the study as the environmental conditions for the zoom study 

should be close to that of an in-person study. Participants were not allowed to log in to 

Zoom on their phones at any study phase; they were also required always to keep their 

cameras on and ensure they were in a quiet and comfortable space without distraction. 

Participants then completed the study assessments upon completing the zoom briefing. 

Then, participants were randomly allocated to either MM or MV to complete eight 

intervention sessions over four weeks, 30 minutes each. Waves of intervention 

occurred in groups of up to five participants to ensure appropriate facilitator attention 

over the participants. After intervention completion, participants once again completed 

the assessments.  

All study components were conducted using Zoom. REDCAP was used to 

collect responses on the expressive writing task, free association semantic task, and 

questionnaires. Computerized tasks were coded using jsPsych, a JavaScript library for 
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web-based experiments (de Leeuw, 2015), and hosted on Heroku. In typical 

psychophysical experiments, a previous study comparing reaction times between in-

person and online experimental platforms found a consistent but negligible reaction 

time difference between in-person and online platforms (de Leeuw & Motz, 2016). 

jsPsych also has custom packages developed by the community to account for 

synchronous stimulus onset, synchronize with the user’s hardware refresh rate, and 

record these data (Kuroki, 2021). This creates an even more precise measurement of 

the participant’s response in addition to preloading the stimuli before the experiment. 

With preloading, stimuli are downloaded and stored in the local memory of the 

participant’s computer, so stimuli are presented without delay during the experiment. 

Moreover, online studies using jsPsych were able to replicate effects comparable to in-

person studies, thus demonstrating the reliability of jsPsych as a platform for web-

based studies.  

Statistical analysis 

All analyses were conducted in R, using R Studio.  

Manipulation check: State/trait mindfulness 

To check if mindfulness training indeed increases state and trait mindfulness, 

the subscales of the SMS (SMS-body, SMS-mind) and FFMQ (FFMQ-observe, 

FFMQ-describing, FFMQ-act-aware, FFMQ-non-judgment, FFMQ-non-reactivity) 

were analyzed using mixed-ANOVAs to test for main effects of training and timepoint 

and their interaction term. Box-plots and QQ-plots were used to check for outliers and 

normality, respectively. Extreme outliers (values that fall outside of three times the 



Texas Tech University, Winson Fu Zun Yang, December 2022 
 

25 

interquartile range below the first quartile or three times IQR above the third quartile) 

were removed from the analysis. 

Meta-awareness: diagnostic odds ratio 

The diagnostic odds ratio (DOR) was computed as an index for meta-

awareness for the visual emotional dot-probe task (Ruimi et al., 2018). To compute the 

DOR, objective and subjective trial-level biases were first computed. Objective trial-

level bias was computed by taking the difference in reaction time between a congruent 

or incongruent trial and the subsequent neutral trial. If trial-level biases > 0, there is 

attention towards the stimulus; if trial-level biases < 0, there is attention away from the 

stimulus. Subjective trial-level biases were obtained from the awareness probes. Given 

that there are objective and subjective trial-level biases, a confusion matrix of true 

positives (TP), true negatives (TN), false positives (FP), and false negatives (FN) can 

be computed. A true positive occurred when the participant’s subjective and objective 

bias score endorsed a bias. A true negative occurred when the participant’s subjective 

and objective bias score endorsed no bias. A false positive occurred when the 

participant indicated a bias, but objective trial-level biases did not. A false negative 

occurred when the participant indicated no bias, but objective trial-level biases did. 

Then, DOR was calculated as follows: 

DOR = TP
FP

/ FN
TN

. 

Since some participants may endorse 0 on any of the 2×2 cells (creating an 

undefined DOR), a constant value of 0.5 was added to all cells in the table for 

participants with undefined DOR (Littenberg & Mioses, 1993). A DOR = 1 indicates 

that a participant can discriminate between biased and non-biased trials at chance level. 
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A DOR < 1 suggests that a participant does not accurately discriminate between 

biased and non-biased trials and thus has no meta-awareness of bias. A DOR > 1 

indicates that a participant can discriminate between biased and non-biased trials and 

has meta-awareness of bias. For example, a DOR of 3 indicates that the odds of 

correctly detecting biased trials (TP) are three times greater than the odds of 

inaccurately detecting non-biased trials (FP).  

As the data contains several zero-values, an ANOVA using the raw or log-

transformed DOR may not represent the distribution and the nature of the data. 

Furthermore, negative binomial or Poisson models were inappropriate as the outcome 

variable was not count data but continuous. Hence, a custom-made hurdle-log-normal 

mixed model was used to analyze the effects of MM on DOR (Liu et al., 2019). The 

hurdle-log-normal mixed model specifies a logistic parameter for values that indicate 

if the outcome is zero and a standard linear mixed model for the logarithmic 

transformation of the non-zero responses (Liu et al., 2019). 

Free-moving thoughts: Word Categories & Markov chain model 

Linguistic Inquiry and Word Count was used to categorize sentiments from 

essays into several categories relevant to mental states, mindfulness, and flexibility 

(Tausczik & Pennebaker, 2009). These categories are insight, positive affect, negative 

affect, and social processes, totaling four dependent variables. Three 2 (intervention 

group) x 2 (timepoint) ANOVAs were used to examine if the number of words in each 

category changed after the intervention. Individuals who wrote less than 30 words 

were removed from the analysis. Box-plots and QQ-plots were used to check for 

outliers and normality, respectively. Extreme outliers (values that fall outside of three 
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times the interquartile range below the first quartile or three times IQR above the third 

quartile) were removed from the analysis. 

Free-moving affective state changes were examined by computing a two-state, 

discrete-time Markov Chain model on the free association semantic task. Valence 

ratings were mean-centered before computing the Markov chain transition states 

across the nine trials. Hence, for each word generated, if the mean-centered valence is 

below 0, it is considered a negative state. Similarly, the individual would be in a 

positive state if the mean-centered valence was above 0. Ratings at post-test were 

centered on the pre-test values rather than mean-centering the post-test values to 

measure the relative change from baseline.  

Markov chain was then used to compute the transitional probabilities. Markov 

chain models indicate how a system (in this case, valence of word) changes its state or 

remains in the current state over time based on specific probabilities. In this study, we 

examined two states, positive (P) and negative (N), thus resulting in four possible 

transitions, namely staying in positive (PP) or negative (NN), transitioning from 

positive to negative (PN), or negative to positive (NP). Transitional odds ratio 

(TOR) of transitioning to a positive state compared to a negative state was computed 

to reduce the number of analyses from four to one. This was calculated using the 

following formula: 

TOR = N→P
P→P

/ N→N
P→N

. 

Similar to DOR, since some participants may endorse 0 on any of the 2×2 cells 

(creating an undefined TOR), a constant value of 0.5 was added to all cells in the table 

for participants with undefined TOR (Littenberg & Mioses, 1993). 
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Investigating the odds ratio at time t to another at time t+1 will help explain 

the dynamic changes in free-moving thoughts after meditation. For example, if TOR is 

3, the odds of transitioning to a positive state are 3 times the odds of transitioning into 

a negative state given a previous state.  

Relationship between mindfulness, meta-awareness, free-moving thoughts, 

and mental flexibility: A mediation model 

For each experimental flexibility task, reaction times less than 300ms were 

removed. Four multi-group synchronous mediation models were conducted to 

examine if free-moving thoughts mediate between meta-awareness and mental 

flexibility (Figure 5). The synchronous mediation model is an alternative to the cross-

lagged panel models, allowing for within-wave (cross-sectional) effects (Demirer et al., 

2021). The synchronous mediation model was used instead of running mediation with 

change scores, as these have a significant amount of measurement error and would 

decrease the power of the statistical model (Castro-Schilo & Grimm, 2017).  

The X-variable was the log-odds of the DOR, the mediator was the log-TOR 

for the dominance dimension of the free association semantic task ratings, and the Y-

variable was the metrics of interest in mental flexibility. Model 1 examined the 

switching cost (Y-variable) in the cognitive switching task, where switch cost is 

computed as the reaction time difference between the switch and baseline trials. Model 

2 examined the individual differences in spontaneous switching, where the number of 

spontaneous switches (Y-variable) was computed as the number of times participants 

switched on the ambiguous trials. Model 3 examined the switching cost (Y-variable) 

in the affective switching task, where switch cost is computed as the reaction time 
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difference between the switch and baseline trials. Finally, model 4 examined the 

Stroop effect (Y-variable) in the prime-affective Stroop task, where the Stroop effect 

is computed as the reaction time difference between the congruent and incongruent 

trials.  

 

 

Figure 5. Multi-group synchronous mediation model. 

The figure shows the synchronous mediation model. Curved lines represent 

covariances among the variables. Dotted lines represent the autoregressive effects of a 

variable due to time. Black lines were the effects of interest, while grey lines were not 

interpreted. Thick dashed lines show the cross-sectional effects in typical mediation 

models, while the thick solid lines depict the direct and indirect effects of the variables 

from pre-intervention to post-intervention. The a-path is the effects of meta-awareness 

(X-variable) on free-moving thoughts (mediator). The b-path is the effect of free-

moving thoughts on mental flexibility (Y-variable). Finally, the c-path is the direct 
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effect of meta-awareness on mental flexibility. The intervention groups are not shown 

as the mediation is conducted separately for two groups in the same model, just like in 

multi-group cross-lagged panel models. 
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CHAPTER III 

RESULTS  

Manipulation check 

FFMQ and SMS subscales for each group are shown in Table 1. 

Table 1. Means and standard deviations of the SMS and FFMQ 

Mean 
(SD) 

MM Group  MV Group 
pre post change  pre post change 

SMS        
Body 19.96 

(5.23) 
23.44 
(3.38) 

3.48 
(4.64) 

 21.08 
(5.07) 

22.48 
(4.57) 

1.40 
(3.51) 

Mind 50.00 
(7.93) 

57.12 
(8.17) 

7.12 
(8.71) 

 55.12 
(8.46) 

59.64 
(9.66) 

4.51 
(7.89) 

        
FFMQ        
Observe 27.08 

(5.54) 
29.52 
(4.18) 

2.44 
(5.39) 

 28.16 
(4.38) 

28.28 
(4.04) 

0.12 
(3.43) 

Describe 24.52 
(5.43) 

26.80 
(5.64) 

2.28 
(3.85) 

 26.16 
(5.93) 

25.44 
(5.39) 

-0.79 
(3.96) 

Act-aware 21.24 
(5.45) 

23.96 
(4.67) 

2.72 
(4.69) 

 22.16 
(5.65) 

22.84 
(5.63) 

0.68 
(4.53) 

Nonjudge 20.80 
(5.67) 

24.36 
(7.42) 

3.56 
(7.13) 

 22.08 
(6.20) 

22.32 
(4.61) 

0.24 
(4.13) 

Nonreact 18.88 
(3.98) 

22.72 
(3.60) 

3.84 
(4.56) 

 20.04 
(3.38) 

21.60 
(4.09) 

1.56 
(2.96) 

SMS: State-mindfulness scale, FFMQ: Five-facet mindfulness questionnaire, MM: 
mindfulness meditation, MV: documentary movie watching 

State-mindfulness 

The two subscales of SMS are mindfulness of the body and mind (Tanay & 

Bernstein, 2013). The SMS-body subscale captures bodily sensations while SMS-

mind captures mental events.  

Mixed ANOVA revealed a significant main effect of timepoint for SMS-body, 

F(1, 48) = 17.59, p < .001, η2 = .068, and SMS-mind, F(1, 48) = 24.52, p < .001, η2 

= .11.However, there was no significant main effect of intervention group, F(1, 48) = 



Texas Tech University, Winson Fu Zun Yang, December 2022 
 

32 

0.005, p = .94, η2 = .000078, or its group × timepoint interaction, F(1, 48) = 3.20, p 

= .08, η2 = .013 for SMS-body. Similarly, there was no significant main effect of 

intervention group, F(1, 48) = 3.024, p = .78, η2 = .049, or its group × timepoint 

interaction, F(1, 48) = 1.22, p = .27, η2 = .0060, for SMS-mind. In summary, SMS-

body and SMS-mind increased similarly for both interventions. 

Trait-mindfulness 

The five subscales of the FFMQ are FFMQ-observe, FFMQ-describe, FFMQ-

actaware, FFMQ-nonjudge, and FFQM-nonreact (Baer et al., 2006; Baer et al., 2008). 

Observing refers to noticing or attending to internal and external experiences, such as 

sensations, emotions, thoughts, or behaviors. The describing subscale captures the 

labeling of experiences with words. Acting with awareness describes the behavior of 

attending and being aware of one’s behavior in the present moment, in contrast to 

behaving automatically without awareness (automatic pilot). The non-judgment 

describes the experience of taking a non-evaluative stance toward one’s mental state’s 

characteristics. Finally, non-reactivity allows mental events to come and go without 

being carried away by them. 

Mixed ANOVA revealed a significant group × timepoint interaction for 

FFMQ-describe, F(1, 48) = 7.59, p = .008, η2 = .022, significant main effect of 

timepoint for FFMQ-act-aware, F(1, 48) = 6.80, p = .012, η2 = .025, where FFMQ-act-

aware increased after the intervention. There was also a significant main effect of 

timepoint, F(1, 48) = 5.32, p = .025, η2 = .025, and group × timepoint interaction, F(1, 

48) = 4.06, p = .049, η2 = .019, for FFMQ-nonjudgde, and significant main effect of 
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timepoint, F(1, 48) = 24.65, p < .001, η2 = .12, and group × timepoint interaction, F(1, 

48) = 4.40, p = .044, η2 = .023, for FFMQ-nonreact.  

There were no significant main effect of group, F(1, 48) = 0.005, p = .94, η2 

= .000080, timepoint, F(1, 48) = 4.01, p = .051, η2 = .020, or group × timepoint 

interaction, F(1, 48) = 3.29, p = .08, η2 = .016, for FFMQ-observe. Similarly, there 

were no significant main effect of group, F(1, 48) = 0.32, η2 = .0060, p = .57 or 

timepoint, F(1, 48) = 1.78, p = .19, η2 = .0050, for FFMQ-describe. There were also 

no significant main effect of intervention group, F(1, 48) = 0.005, p = .94, η2 

= .000090, or group × timepoint interaction, F(1, 48) = 3.29, p = .08, η2 = .0090 for 

FFMQ-act-aware. Finally, there were also no significant main effect of intervention 

group for FFMQ-nonjudge, F(1, 48) = 0.064, p = .80, η2 = .0010, or FFMQ-nonreact, 

F(1, 48) = 0.00047, p = .89, η2 = .0000073.  

Post-hoc tests revealed that FFMQ- nonreact significantly increased after MM, 

t(48) = 5.00, p < .001, and MV, t(48) = 2.03, p = .048, FFMQ-describe significantly 

increased after MM, t(48) = 2.70, p = .0096, but not for the MV group, t(48) = 0.13, p 

= .90, and FFMQ-nonjudge marginally increased after MM, t(48) = 2.93, p = .0053, 

but not for the MV group, t(48) = 0.99, p = .32. 

In summary, FFMQ-describe and FFMQ-nonjudge increased after MM only. 

Although there was a significant group × timepoint interaction for FFMQ-nonreact, 

both intervention groups increased in FFMQ-nonreact significantly. The results 

suggest that MM participants became more adept at labeling their experiences with 

words, were able to take a non-evaluative stance toward them, and were less 
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influenced by their mental events. The manipulation checks indicated that mindfulness 

had been manipulated on several dimensions. 

Changes in meta-awareness after intervention 

The mean and standard deviation of DOR can be found in Table 2. The hurdle 

log-normal mixed model converged -2LL = -142.14, AIC = 308.27, BIC = 329.95. 

Intervention group (Z = 1.18, p = .24), timepoint (Z = 0.71, p = .48), and group × 

timepoint interaction (Z = -0.59, p = .55) were not significant predictors of DOR. For 

the zero-value component, intervention group (Z = 0.65, p = .52), timepoint (Z = 0.020, 

p > .99), and group × timepoint interaction (Z = -1.14, p = .26) were not significant 

predictors of zero-values of DOR. In short, the results did not support my first 

hypothesis that meta-awareness improved after MM. 

 

Table 2. Summary table of tasks on meta-awareness and free-moving thoughts 

Mean (SD) MM Group  MV Group  
pre post change  pre post change 

Meta-awareness: Visual emotional dot-probe task 
DOR 1.18 

(1.35) 
1.65 

(2.15) 
0.47 

(2.27) 
 1.54 

(1.75) 
1.81 

(2.24) 
0.27 

(3.10) 
        
Free-moving thoughts: Word categories 
Insight 4.12 

(2.58) 
4.89 

(3.74) 
0.76 

(3.75) 
 4.83 

(2.04) 
4.43 

(2.59) 
-0.40 
(3.28) 

Positive emotion 3.27 
(2.27) 

3.26 
(2.06) 

-0.016 
(0.18) 

 3.08 
(2.73) 

3.27 
(2.42) 

0.18 
(3.73) 

Negative emotion 2.94 
(3.06) 

2.17 
(2.09) 

-0.77 
(2.55) 

 2.15 
(1.55) 

2.38 
(2.12) 

0.23 
(2.60) 

Social processes 3.83 
(3.63) 

4.83 
(5.20) 

1.00 
(5.22) 

 6.11 
(4.14) 

3.45 
(3.25) 

-2.66 
(3.95) 

        
Free-moving thoughts: Free Association Semantic Task 
TOR 1.33 

(1.05) 
1.20 

(1.05) 
-0.13 
(2.64) 

 1.10 
(1.41) 

0.77 
(0.93) 

-0.33 
(1.32) 

DOR: Diagnostic Odds Ratio, TOR: Transitional Odds Ratio 
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Changes in free-moving thoughts after intervention 

The means and standard deviations of the outcome variables of the expressive 

writing exercise and free association semantic task are shown in Table 2. 

Expressive writing exercise  

For the insight category, five outliers were removed from the analysis. Mixed 

ANOVA revealed no significant main effect of group, F(1, 43) = 0.038, p = .85, η2 

= .00057, timepoint, F(1, 43) = 0.12, p = .74, η2 = .0010, and group × timepoint 

interaction, F(1, 43) = 1.23, p = .27, η2 = .011.  

For the positive emotions category, six outliers were removed from the 

analysis. Mixed ANOVA revealed no significant main effect of group, F(1, 42) = 

0.030, p = .86, η2 = .00068, timepoint, F(1, 42) = 0.027, p = .87, η2 = .00032, and 

group × timepoint interaction, F(1, 42) = 0.85, p = .85, η2 = .00045.  

For the negative emotions category, five outliers were removed from the 

analysis. Mixed ANOVA revealed no significant main effect of group, F(1, 43) = 0.28, 

p = .60, η2 = .0040, timepoint, F(1, 43) = 0.50, p = .49, η2 = .0040, and group × 

timepoint interaction, F(1, 43) = 1.70, p = .20, η2 = .012.  

For the social category, four outliers were removed from the analysis. Mixed 

ANOVA revealed no significant main effect of group, F(1, 44) = 0.20, p = .66, η2 

= .0030, or timepoint, F(1, 44) = 1.48, p = .23, η2 = .010. However, there was a 

significant group × timepoint interaction, F(1, 44) = 7.17, p = .010, η2 = .049. Post-

hoc test revealed that individuals in the MV group wrote less about social processes 

after intervention, t(44) = 2.75, p = .0086. There was no change for the MM group, 

t(44) = -1.04, p = .31. In short, there was partial evidence showing that free-moving 
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thoughts changed after MM. MM participants wrote similarly on social processes, 

while MV participants wrote less. 

Free Association Semantic Task 

The hurdle log-normal mixed model converged -2LL = -163.28, AIC = 350.56, 

BIC = 373.50. Intervention group (Z = 0.25, p = .80) and timepoint (Z = 1.38, p = .17) 

were not significant predictors of TOR. However, the group × timepoint interaction 

was marginally significant (Z = -1.95, p = .051), where the MV group transitioned into 

a negative state more than a positive state compared to the MM group. For the zero-

value component, intervention group (Z = -0.0023, p > .99), timepoint (Z = -0.0052, 

p > .99), and group × timepoint interaction (Z = 0.0047, p > .99) were not significant 

predictors of zero-values of TOR.  

As an additional analysis, mixed-ANOVA was also conducted on the 

transformed log-TOR. Nine outliers were removed from the analysis. Mixed ANOVA 

revealed no significant main effect of intervention group, F(1, 39) = 0.18, p = .68 or 

timepoint, F(1, 39) = 2.01, p = .16. However, there was a group × timepoint 

interaction, F(1, 39) = 5.74, p = .022. However, post-hoc test revealed no significant 

change in log-TOR after intervention for either the MM (t(48) = 1.40, p = .17) or MV 

group (t(48) = 0.68, p = .50). 

The results partially supported my hypothesis that free-moving thought 

dynamics changed after MM. Participants mentioned more social processes and could 

still transition to a positive mental state after MM.  

Role of MM, meta-awareness, and free-moving thoughts in mental 

flexibility 
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Mediation model 1: Cognitive flexibility switch cost 

For the MM group, log-TOR was not a significant mediator between log-DOR 

and cognitive switch cost (βindirect = -.017, Z = -0.21, p = .83). The direct effect of log-

DOR on cognitive switch cost was, however, marginally significant (βdirect = -.32, Z = -

1.86, p = .063).  Only log-TOR was a significant predictor of cognitive switch cost 

(βdirect = -.42, Z = -2.26, p = .024). log-DOR was not a significant predictor of log-TOR 

(β = .040, Z = 0.21, p = .83). The paths can be found in Figure 6. 

For the MV group, log-TOR was not a significant mediator between log-DOR 

and cognitive switch cost (βindirect = .22, Z = 1.74, p = .083). Log-DOR was also not a 

significant predictor of log-TOR (β = -.17, Z = -0.86, p = .39) or cognitive switch 

(βdirect= .022, Z = 0.17, p = .86).  

 

Figure 6. Synchronous mediation model for cognitive switch cost 

Black dashed lines show the mediation effects of interest in the model, while grey 

lines were other paths not central to the analysis. amarginal significance, *p < .05. 
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Mediation model 2: Cognitive flexibility spontaneous switch rate 

For the MM group, log-TOR was not a significant mediator between log-DOR 

and spontaneous switch rate (βindirect = .0030, Z = 0.15, p = .88). The direct effect of 

log-DOR on spontaneous switch rate was not significant as well (βdirect = -.20, Z = -1.16, 

p = .25). Log-DOR was also not a significant predictor of log-TOR (β = -.031, Z = -

0.16, p = .87). The paths can be found in Figure 7. 

For the MV group, log-TOR was not a significant mediator between log-DOR 

and spontaneous switch rate (βindirect = .054, Z = 0.83, p = .41). The direct effect of log-

DOR on spontaneous switch rate was also not significant (βdirect= -.26, Z = -1.41, p 

= .16). Log-DOR was also not a significant predictor of log-TOR (β = -.18, Z = -1.01, p 

= .31). 

 

Figure 7. Synchronous mediation model for spontaneous switch rate 

Black dashed lines show the mediation effects of interest in the model, while grey 

lines were other paths not central to the analysis. 
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Mediation model 3: Affective flexibility switch cost 

For the MM group, log-TOR was not a significant mediator between log-DOR 

and affective switch cost (βindirect = -.0040, Z = -0.95, p = .92). The direct effects of log-

DOR on affective switch cost was also not significant (βdirect = -.22, Z = -1.40, p = .16). 

Log-DOR was also not a significant predictor of log-TOR (β = -.017, Z = -0.095, p 

= .92). See Figure 8 for more details. 

For the MV group, log-TOR was not a significant mediator betwene log-DOR 

and affective switch cost (βindirect = .024, Z = 0.58, p = .56). The direct effect of log-

DOR on affective switch cost was also not significant (βdirect= .14, Z = 0.95, p = .34). 

Log-DOR was also not a significant predictor of log-TOR (β = -.12, Z = -0.65, p = .51). 

 

Figure 8. Synchronous mediation model for affective switch cost 
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Black dashed lines show the mediation effects of interest in the model, while grey 

lines were other paths not central to the analysis. 

 

Mediation model 4: Primed affective flexibility Stroop effect 

For the MM group, log-TOR was not a significant mediator between log-DOR 

and the Stroop effect (βindirect = -.0030, Z = -0.16, p = .88). The direct effect of log-DOR 

on Stroop effect was not significant as well (βdirect = .035, Z = 0.18, p = .86). Log-DOR 

was also not a significant predictor of log-TOR (β = -.032, Z = -0.17, p = .87). See 

Figure 9 for more details. 

For the MV group, log-TOR was not a significant mediator between log-DOR 

and the Stroop effect (βindirect = 0.035, Z = -0.68, p = .50). The direct effect of log-DOR 

on the Stroop effect was also not significant (βdirect= .073, Z = 0.38, p = .70). Log-DOR 

was also not a significant predictor of log-TOR (β = -.018, Z = -0.90, p = .37). 

Mediation analyses did not support my hypothesis that free-moving thoughts 

mediated between meta-awareness and mental flexibility after MM. Meta-awareness 

marginally predicted cognitive switch cost, while free-moving thoughts predicted 

cognitive switch cost. 
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Figure 9. Synchronous mediation model for Stroop effect 

Black dashed lines show the mediation effects of interest in the model, while grey 

lines were other paths not central to the analysis. 
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CHAPTER IV 

DISCUSSION 

The aim of this study was to investigate the role of meta-awareness and 

dynamics of free-moving thought play in mindfulness meditation on mental flexibility. 

I investigated the relationships among these processes using novel tasks (visual 

emotional dot-probe task and free association semantic task), task switching 

paradigms (cognitive and affective switching), a prime-affective Stroop task, and an 

expressive writing task. I hypothesized that 1) meta-awareness increases in the MM 

group compared to the MV group, 2) valence on ongoing free-moving thoughts will be 

more positive after MM compared to MV, and 3) meta-awareness and free-moving 

thoughts mediate between mindfulness and scores of mental flexibility. The results of 

this study indicated that 1) short-term MM does not improve meta-awareness 

(hypothesis 1 not supported), 2) short-term MM maintains the expression of social 

processes and protects individuals from traveling into a negative mental state 

(hypothesis 2 partially supported), and 3) changes in free-moving thoughts predicted 

flexibility after MM (hypothesis 3 not supported).  

Meta-awareness does not improve with short-term meditation training 

The critical process of meditation training is enhancing meta-awareness 

(Garland et al., 2015; Garland & Fredrickson, 2019; Shankland et al., 2021) by 

becoming more sensitive to one’s mental state (Dahl et al., 2015; Dunne et al., 2019). 

During one loop of mindfulness, the individual should notice that the mind had 

wandered away from the meditation object, e.g., the breath, and attempt to bring the 

focus back to it. Repeating this loop during meditation should strengthen meta-
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awareness, allowing the individual to become an “observer” to their mental state rather 

than an “actor.” As a result, individuals can broaden their attention to other details in 

their mental space (Fuochi & Voci, 2020; Ibaceta & Madrid, 2021). Despite these 

expectations, this study revealed that participants who completed a short-term MM do 

not have significantly higher meta-awareness than those who completed MV. 

First, the structure of the meditation program in this study is vastly different 

from other meditation programs. Typically, structured meditation programs are six to 

ten weeks long, with at least 1.5 contact hours per week with the facilitator and daily 

self-practice. For example, Mindfulness-Based Stress Reduction is eight weeks long, 

2.5 hours each week, with daily self-practice and a full-day meditation retreat 

(Carmody & Baer, 2009), Mindfulness-Oriented Recovery Enhancement is 2 hours 

long for six to eight weeks, with daily practice (Garland, 2013), and Cognitive-based 

compassion training is 1.5 hours long weekly with daily self-practice (Ash et al., 

2019). This study only required participants to practice for 20 minutes two to three 

times a week for a total of eight sessions.  

A short duration of training, such as in this study, may also not be enough to 

develop meta-awareness; novices require more time to practice and develop the skill. 

Moreover, very few studies have explicitly explored meta-awareness development 

through meditation. A brief mindfulness manipulation has failed to achieve significant 

results with the visual emotional dot-probe task (Ruimi et al., 2020). Even lengthening 

the duration to eight sessions yielded non-significant results. It is possible that novices 

have not developed the components of mindfulness or the momentary meta-awareness 

necessary to accomplish the task. Our manipulation checks revealed that only the 
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describing, nonjudgment, and non-reactivity subscales of the FFMQ increased after 

MM compared to MV. Participants did not improve in the observing subscale of the 

FFMQ. The observing subscale measures the attention toward internal and external 

experiences. It was a core mindfulness component taught in this study that participants 

were instructed to simply observe their own experiences during meditation. The ability 

to observe one's mental state is necessary for meta-awareness. There were also non-

significant changes in state-mindfulness after the intervention. Although participants 

developed trait mindfulness generally, they may not be adept at utilizing it in different 

situations (state-mindfulness); their skills were still unpolished at post-intervention. 

Several lines of evidence support this argument. A study compared meditators 

and non-meditators (novices) on mindful traits throughout a 6-week mindfulness 

course and 6-week post-course follow-up (de Bruin et al., 2014). Meditators showed 

remarkable improvement in trait mindfulness during the meditation program compared 

to novices. Only six weeks after completing the course did novices develop 

mindfulness. In contrast, recent meta-analyses have reported mixed findings on the 

effects of in-class sessions and dosage of intervention on executive functions (Im et al., 

2021; Millett et al., 2021; Yakobi et al., 2021). Many have also suggested that meta-

awareness only develops at an advanced stage of meditation (Chiesa et al., 2013; de 

Bruin et al., 2014; Garland et al., 2015; Garland & Fredrickson, 2019; Grabovac et al., 

2011).  

A second reason for the non-significant findings could be that the visual 

emotional dot-probe task is not generally sensitive to meta-awareness. In the previous 

study, participants who underwent meta-awareness training could identify their biases, 
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disidentify, and shift to a less biased state (Ruimi et al., 2020). However, the visual 

emotional dot-probe task has not gone through a rigorous validation process as a task 

that measures general meta-awareness. The visual emotional dot-probe task uses 

explicit external feedback to detect attentional biases, while MM uses internal 

feedback to detect the individual’s mental state. Individuals trained in the same 

explicit task type may not transfer the skills learned to other tasks (Simons et al., 

2016), and the effects are bounded to the task type (Gronholm-Nyman et al., 2017).  

For example, a habit-breaking intervention study on intergroup bias found that 

individuals were more likely to notice bias in their lives and label them, amongst other 

outcomes (Forscher et al., 2017). The intervention was developed specifically for 

breaking intergroup bias; hence it may have been effective in that regard. A recent 

event-related potential study investigated the effects of mindfulness-based cognitive 

therapy on attentional bias in anxiety (Gupta et al., 2022). They found no significant 

changes in P1 components even though participants who responded to mindfulness-

based cognitive therapy demonstrated positive, reliable changes in anxiety and 

depression scores. The P1-related component is sensitive to attended stimuli and is an 

index of how much attention is allocated to threatening stimuli in anxiety. According 

to the authors, a mismatch between tasks might cause non-significant results in the P1 

event-related potential. As the visual emotional dot-probe task is a dot-probe task, it 

may not be reliable or valid in capturing meta-awareness. Future research may explore 

tasks that are sensitive to free-moving thoughts and meta-awareness in general. In 

summary, results indicated that short-term meditation training does not improve meta-

awareness. 
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Role of meditation in free-moving thought dynamics  

The present study contributed information about free-moving thoughts after 

meditation training using the expressive writing exercise and the free association 

semantic task. In the expressive writing task, participants were asked to explore their 

thoughts, feelings, and the impact of the event on their lives and relationships with 

others (Pennebaker, 1997). Results indicated that in contrast to those who meditated, 

those who did not meditate reduced expression of their social circle (words such as 

talk, us, and friend). There were no significant changes in other categories even 

though participants who meditated wrote less on negative emotions and more on 

insight than those who did not.  

The results are consistent with previous studies showing that meditation 

improves social interaction (Lindsay et al., 2019). Compared to just monitoring, or 

active control, participants who learned meditation that included acceptance and 

monitoring had lower loneliness and increased daily social contact. Similar to the 

meditation technique used in the prior study, the meditation technique in this study 

included social elements, for example, being mindful of their actions, speech, 

emotions, and thoughts towards themselves and others. Rather than focusing solely on 

cognition or emotion, this type of meditation training is humanistic and focuses on 

several layers of meditative development (Sparby & Sacchet, 2021), including social 

life (Chen, 2018; Chen, 2019). This is consistent with contemplative traditions where 

meditation is practiced in all aspects of one’s life so that individuals may lead more 

fulfilling lives with better well-being (Hsing Yun, 2010, 2018). Therefore, meditators 

are bound to experience social benefits from this meditation. 
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In contrast, participants may have yet to develop sensitivity to their emotions; 

they may not have expressed more positive or less negative emotions, as shown by the 

insignificant changes in emotion or insight. The free association semantic task results 

indicated that participants were less likely to dwell in a negative state after MM at 

marginal significance. Furthermore, additional analyses using log-odds found 

significant interactions. MM training attempts to provide insight into the nature of 

one’s mind, i.e., mental events are transient, and we become rigid due to our 

attachments to accompanying hedonic tones, thinking that these are the thoughts. 

Through MM, the attachment towards these hedonic tones weakens, individuals 

become less rigid, and can shift towards more healthy mental states. While 

participants in MM were able to do that, it was only at marginal significance. In short, 

results from both tasks seem to support limited changes in thought dynamics through 

MM. 

Changes in free-moving thoughts lead to reduced switch costs in cognitive 

flexibility after short-term mindfulness meditation 

Free-moving thought was tested as a mediator between meta-awareness and 

different metrics of mental flexibility (cognitive-switching spontaneous switch rate, 

cognitive-switching switch cost, affective-switching switch cost, Stoop effect). The 

synchronous mediation models did not support the hypothesis that thought dynamics 

mediated between mindfulness and mental flexibility, as no significant mediators 

(indirect effects) were found in the models. Only changes in free-moving thoughts led 

to reduced switch costs in cognitive flexibility after MM. Several reasons could 

explain this finding.  
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First, there could be no relationship between meta-awareness, free-moving 

thoughts, and mental flexibility. Meta-awareness had no direct or indirect effect on 

mental flexibility for any of the four cognitive task metrics. It only had a marginal 

effect on cognitive switch cost for the MM group. Moreover, it was not a predictor of 

free-moving thoughts. Meta-awareness may not have been developed during the short-

term meditation and, therefore, not affect cognitive flexibility much (Chiesa et al., 

2013). Moreover, it is a bottom-up skill, while cognitive flexibility is top-down 

(Chiesa et al., 2013). It is important to note that the top-down and bottom-up processes 

here should not be regarded as antithetical. Instead, they are described as 

complementary processes associated with varying degrees of dominance depending on 

the stage of meditation practice.  

Novice meditators gradually shift from using top-down processes to bottom-up 

processes as they become experienced and adept at meditation. Initially, they practice 

non-reactivity and non-judgment by inhibiting their thoughts (top-down process) and 

redirecting their attention back to their breath (Chiesa et al., 2013; Grabovac et al., 

2011). As they become adept and develop stronger meta-awareness, they gain insight 

into their mental events: (1) they are transient (arise and go away), (2) they notice their 

habitual reactions that lead to rigidity, and (3) mental events do not contain or 

constitute any lasting, separate entity that could be called a “self” (Grabovac et al., 

2011). Naturally, there is no need to apply cognitive control since the individual is not 

attached to these transient events. This constitutes the notion of “letting go” in 

meditation. As the driving force behind their attachment weakens, suppression is 

unnecessary, and they can switch to another mental state without constraints. 
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Participants were not taught insight meditation to recognize the nature of mental 

events, which are transient and do not consist of an inherent “self” as it requires 

extended practice. Therefore, meta-awareness may only predict mental flexibility at 

the later stage of meditation practice. 

The lack of a relationship between free-moving thought dynamics and mental 

flexibility could also be another reason.  A partial relationship was found between 

free-moving thoughts and mental flexibility, with only the MM group demonstrating a 

significant relationship between free-moving thoughts and cognitive flexibility. Log-

TOR was negatively associated with switch cost, demonstrating that as participants 

were less influenced by their mental states, the cost of switching between task sets 

decreased. They were able to switch between tasks more readily and adapt to new 

rules. The words and ratings generated in the free association semantic task were 

proxies for ongoing mental events and their hedonic tones. According to the Buddhist 

Psychological Model of Mindfulness, individuals become inflexible in behaviors when 

they become attached to the hedonic tones of mental events and proliferate on that 

thought (Grabovac et al., 2011). Through MM, individuals become less discriminative 

and reactive to their thoughts, reducing the driving force of feeling toward craving. 

They can shift their mental states more easily rather than needing to re-appraise to 

apply more top-down control towards their thoughts. Thus, a continuous mindfulness 

practice loop may have led to the negative relationship between free-moving thoughts 

and cognitive switch cost. 

No other associations were found between free-moving thought dynamics and 

other metrics of mental flexibility (spontaneous switch rate, affective switch cost, 
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Stroop effect). A reason that could explain the inconsistency between cognitive tasks 

is the different processes required for different tasks. Cognitive task switching requires 

switching between two task sets (Goldfarb et al., 2017; Miyake et al., 2000). In 

contrast, the Stroop task requires individuals to inhibit irrelevant information while 

switching to the relevant information (Strauss et al., 2006). The Stoop task used in this 

study is more complex as it investigates habitual emotional behaviors using a priming 

effect on an emotional Stroop task (Shankland et al., 2021). In affective flexibility, the 

mechanisms are slightly different, requiring inhibition (Genet & Siemer, 2011) and 

affect switching (Genet et al., 2013), distinct from cognitive flexibility (Malooly et al., 

2013). Therefore, the relationship between thought dynamics and flexibility may be 

constrained to only cognitive flexibility (Konjedi & Maleeh, 2021). Nevertheless, this 

does not explain the nonsignificant relationship between log-TOR and spontaneous 

switch rate. One potential reason is that participants might have found out that there 

were no penalties if they did not switch during the ambiguous trial. Hence, they might 

have taken the route with the least effort, that is, to stay at the location of the baseline 

trial.  

A third reason for insignificant findings may be the small sample size for 

mediation analysis. The sample size in this study was only 25 per group, totaling 50 

participants. Mediation analysis requires larger sample sizes, from at least 200 to 1000, 

to be reliable and stable (Schoemann et al., 2017; Sim et al., 2022). Others have also 

indicated more waves of data collection to reduce errors and increase accuracy in the 

model (Cain et al., 2018). For example, in an intensive longitudinal analysis, five 

waves of 20 participants had better model fit and accuracy than three waves of 33 
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participants. However, sample size is a challenge for mindfulness-based interventions 

due to funding availability, interests, and the extended duration of the study. In this 

study, many participants declined to participate as the duration was too long (a month), 

leading to low sample size. Future studies must consider the number of time points for 

data collection and training duration.  

Nevertheless, free-moving thoughts was a predictor of cognitive flexibility in 

MM. Participants in the MM group had lower switch cost as their log-TOR increased. 

Being less influenced by thoughts may be a precursor to flexible behaviors as it 

weakens the inertia and rigidity in maladaptive thoughts. This process has implications 

for broader literature on emotion regulation (Dahl et al., 2015; Wielgosz et al., 2018) 

and mental health outcomes such as resilience (Raphiphatthana et al., 2018). Being 

able to transition into positive thoughts will protect individuals from transitioning into 

negative mental states, fostering resilience. Similarly, MM may help regulate emotions 

better as the individual does not become fixated on unhealthy emotions. Although 

infancy at best, the results suggest that mindfulness requires different mechanisms 

from cognitive reappraisal. Cognitive reappraisal is an emotion regulation strategy in 

which individuals reinterpret a situation or event to reduce the emotional impact on the 

individual (Gross & John, 2003b). It is established that mindfulness training is 

associated with and leads to positive reappraisal (Garland et al., 2009). Nevertheless, 

the mechanisms were still debatable. The relinquishment of feeling toward craving 

(“letting go”) might be the missing link. MM does not entail the re-interpretation of an 

event but rather non-attachment (Kocovski et al., 2015). MM participants were less 

likely to stay in negative mental states, indicating non-attachment. However, the free 
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association semantic task is still unable to parse out the distinct mechanisms between 

switching and re-appraisal as participants were not asked if they re-interpreted their 

mental events leading to specific word choices. For a deeper understanding of 

mindfulness, researchers need to distinguish between these two mechanisms in future 

studies. In summary, participants could foster more adaptive thought dynamics after 

MM, which was related to stronger cognitive flexibility. 

Limitations and future directions 

Although this study provided valuable insights into the processes of meditation 

practice on mental flexibility, it is not without limitations. First, we opted to remove 

the time limit spent on the free association semantic task, as putting individuals under 

time pressure to name words may cause individuals to stumble and fail to express their 

thoughts (Pirzadeh & Pfaff, 2012). For example, they will use more negative or self-

referential words. Such cases will systematically confound participants’ choice of 

words or their ratings. However, one unintended consequence of not imposing a time 

limit might be that it caused participants to carefully choose words instead of writing 

down words they initially thought of. 

Second, MV watching may be a neutral condition compared to other control 

groups that train cognitive processes, such as task switching training. A more active-

control group that does not involve mindfulness but trains mental flexibility or meta-

awareness could have been used (Tang et al., 2007; Tang & Posner, 2014; Tang et al., 

2012). These comparisons might have helped understand if the ingredients of MM 

specifically improve mental flexibility over and beyond conventional cognitive 

enhancement programs.  
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Third, other analytical methods for time-series data were not considered in this 

study. I utilized a discrete Markov chain to analyze the probability of transitioning 

between states. Others have used multilevel approaches to analyze ecological 

momentary data, specifically affective dynamics (Brown & Ryan, 2003; Keng et al., 

2021). Most of these studies used state-mindfulness to predict everyday affect. 

However, the range of the time series in this study was within seconds rather than days 

or weeks. It is challenging to capture state-mindfulness within seconds or minutes. 

Indicies of mindfulness via the Free Association Semantic Task could be developed to 

capture multiple dimensions of mindfulness (Lutz et al., 2015). 

Finally, the significant results in the FFMQ and expressive writing could have 

also been due, in part, to the meditation instructions (Appendix A) rather than the 

meditation practice itself. This is because the meditation instructions included 

mindfulness-oriented and social-oriented words such as “place your awareness on 

your breath,” “do something that helps, uplifts you or others,” “Say something 

wholesome and pure to yourself and, others,” and “It is what helps us build 

relationships with other people.” The exposure to mindfulness instructions, rather than 

the practice itself, may have affected participants’ responses on the questionnaires, i.e., 

the mindfulness scales and expressive writing exercise. A study investigated if 

priming individuals with mindfulness activated the participants’ capacity for 

mindfulness to reduce stress (Bergeron et al., 2016). They used a scrambled sentence 

task to prime participants with mindfulness. Their results indicated that individuals 

who were exposed to mindfulness concepts showed a reduction in cortisol levels 

compared to a control group, suggesting that exposure to the word “mindfulness” or 
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related concepts alone is able to induce the benefits of mindfulness. Future studies 

considering mindfulness as an intervention may overcome these demand 

characteristics and priming effects of meditation instructions by including an 

instructions-only control group. 

Future studies should also investigate the dosage required for novice 

meditators to develop meta-awareness beneficial in their secular life. This would help 

identify mechanisms involved at certain milestones, which could be used to develop 

more personalized and deeper practice. Another consideration in future is whether 

free-moving thoughts unfold similarly in a naturalistic environment as in controlled 

settings. One example is studying whether naturalistic paradigms, such as watching 

movies and conversing, result in a different pattern of dynamic thoughts after 

meditation training. Finally, dynamic shifts in selective attention after MM should be 

further investigated from a dynamic systems theory as MM has shown to alter 

moment-to-moment thought dynamics in this study (Skoranski et al., 2019). Moreover, 

dyadic-based studies using naturalistic paradigms and dynamic systems approach 

could further enhance the understanding of mindfulness in natural environments where 

mental flexibility is crucial. 

Notwithstanding these limitations, the present study demonstrated that short-

term meditation practice did not increase meta-awareness. However, individuals 

became less judgmental or reactive to thoughts, and thought dynamics shifted more 

positively after MM. Participants were more likely to shift to a positive thought after 

MM, which was associated with stronger cognitive flexibility.  

 

  



Texas Tech University, Winson Fu Zun Yang, December 2022 
 

55 

REFERENCES 

Aker, M., & Landro, N. I. (2014). Executive control of emotional processing: A set-
shifting task. The Clinical Neuropsychologist, 28(8), 1311-1320. 
https://doi.org/10.1080/13854046.2014.984762  

Anālayo, B. (2018a). The emphasis on the present moment in the cultivation of 
mindfulness. Mindfulness, 10(3), 571-581. https://doi.org/10.1007/s12671-018-
1074-1  

Anālayo, B. (2018b). In the seen just the seen: Mindfulness and the construction of 
experience. Mindfulness, 10(1), 179-184. https://doi.org/10.1007/s12671-018-
1042-9  

Andrews-Hanna, J. R., Woo, C. W., Wilcox, R., Eisenbarth, H., Kim, B., Han, J., 
Losin, E. A. R., & Wager, T. D. (2021). The conceptual building blocks of 
everyday thought: Tracking the emergence and dynamics of ruminative and 
nonruminative thinking. Journal of Experimental Psychology General. 
https://doi.org/10.1037/xge0001096  

Armbruster, D. J. N., Ueltzhöffer, K., Basten, U., & Fiebach, C. J. (2012). Prefrontal 
cortical mechanisms underlying individual differences in cognitive flexibility 
and stability. Journal of Cognitive Neuroscience, 24(12), 2385–2399. 
https://doi.org/10.1162/jocn_a_00286  

Ash, M., Harrison, T., Pinto, M., DiClemente, R., & Negi, L. T. (2019). A model for 
cognitively-based compassion training: theoretical underpinnings and proposed 
mechanisms. Social Theory & Health, 19(1), 43-67. 
https://doi.org/10.1057/s41285-019-00124-x  

Baer, R. A., Smith, G. T., Hopkins, J., Krietemeyer, J., & Toney, L. (2006). Using 
self-report assessment methods to explore facets of mindfulness. Assessment, 
13(1), 27-45. https://doi.org/10.1177/1073191105283504  

Baer, R. A., Smith, G. T., Lykins, E., Button, D., Krietemeyer, J., Sauer, S., Walsh, E., 
Duggan, D., & Williams, J. M. (2008). Construct validity of the five facet 
mindfulness questionnaire in meditating and nonmeditating samples. 
Assessment, 15(3), 329-342. https://doi.org/10.1177/1073191107313003  

Bazilinskyy, P., & Winter, J. (2018). Crowdsourced Measurement of Reaction Times 
to Audiovisual Stimuli With Various Degrees of Asynchrony. Human Factors, 
60(8), 1192-1206. https://doi.org/10.1177/0018720818787126  

Bergeron, C. M., Almgren-Dore, I., & Dandeneau, S. (2016). "Letting Go" (Implicitly): 
Priming Mindfulness Mitigates the Effects of a Moderate Social Stressor. 
Front Psychol, 7, 872. https://doi.org/10.3389/fpsyg.2016.00872  

Bernstein, A., Hadash, Y., & Fresco, D. M. (2019). Metacognitive processes model of 
decentering: Emerging methods and insights. Current Opinion in Psychology, 
28, 245-251. https://doi.org/10.1016/j.copsyc.2019.01.019  



Texas Tech University, Winson Fu Zun Yang, December 2022 
 

56 

Bernstein, A., Hadash, Y., Lichtash, Y., Tanay, G., Shepherd, K., & Fresco, D. M. 
(2015). Decentering and related constructs: A critical review and 
metacognitive processes model. Perspectives on Psychological Science, 10(5), 
599-617. https://doi.org/10.1177/1745691615594577  

Bernstein, A., & Zvielli, A. (2014). Attention feedback awareness and control training 
(A-FACT): Experimental test of a novel intervention paradigm targeting 
attentional bias. Behaviour Research and Therapy, 55, 18-26. 
https://doi.org/10.1016/j.brat.2014.01.003  

Bonanno, G. A., & Burton, C. L. (2013). Regulatory flexibility: An individual 
differences perspective on coping and emotion regulation. Perspectives on 
Psychological Science, 8(6), 591-612. 
https://doi.org/10.1177/1745691613504116  

Botvinick, M. M., Braver, T. S. B., Deanna, M. C., Cameron, S., & Cohen, J. D. 
(2001). Conflict monitoring and cognitive control. Psychological Review, 
108(3), 624–652. https://doi.org/10.1037//0033-295X.I08.3.624  

Braem, S., Bugg, J. M., Schmidt, J. R., Crump, M. J. C., Weissman, D. H., Notebaert, 
W., & Egner, T. (2019). Measuring Adaptive Control in Conflict Tasks. 
Trends in Cognitive Sciences, 23(9), 769-783. 
https://doi.org/10.1016/j.tics.2019.07.002  

Brown, K. W., & Ryan, R. M. (2003). The benefits of being present: Mindfulness and 
its role in psychological well-being. Journal of Personality and Social 
Psychology, 84(4), 822-848. https://doi.org/10.1037/0022-3514.84.4.822  

Cain, M. K., Zhang, Z., & Bergeman, C. S. (2018). Time and other considerations in 
mediation design. Educational and Psychological Measurement, 78(6), 952-
972. https://doi.org/10.1177/0013164417743003  

Carmody, J., & Baer, R. A. (2009). How long does a mindfulness-based stress 
reduction program need to be? A review of class contact hours and effect sizes 
for psychological distress. Journal of Clinical Psychology, 65(6), 627-638. 
https://doi.org/10.1002/jclp.20555  

Castro-Schilo, L., & Grimm, K. J. (2017). Using residualized change versus difference 
scores for longitudinal research. Journal of Social and Personal Relationships, 
35(1), 32-58. https://doi.org/10.1177/0265407517718387  

Chang, J.-H., Kuo, C.-Y., Huang, C.-L., & Lin, Y.-C. (2017). The flexible effect of 
mindfulness on cognitive control. Mindfulness, 9(3), 792-800. 
https://doi.org/10.1007/s12671-017-0816-9  

Chen, B. (2018). Venerable Master Hsing Yun's humanistic buddhism: New dawn of 
true dharma. Studies on Humanistic Buddhism I: Foundational Thoughts, 1, 
84-151.  

Chen, Y. (2019). Humanistic features in contemporary chan practices: Using Fo 
Guang Chan as an example. Studies on Humanistic Buddhism II: Practical 



Texas Tech University, Winson Fu Zun Yang, December 2022 
 

57 

Applications: Venerable Master Hsing Yun on Humanistic Buddhism, 2, 99-
116.  

Chiesa, A., Serretti, A., & Jakobsen, J. C. (2013). Mindfulness: top-down or bottom-
up emotion regulation strategy? Clinical Psychology Review, 33(1), 82-96. 
https://doi.org/10.1016/j.cpr.2012.10.006  

Christoff, K., Irving, Z. C., Fox, K. C., Spreng, R. N., & Andrews-Hanna, J. R. (2016). 
Mind-wandering as spontaneous thought: A dynamic framework. Nature 
Reviews Neuroscience, 17(11), 718-731. https://doi.org/10.1038/nrn.2016.113  

Coifman, K. G., & Summers, C. B. (2019). Understanding emotion inflexibility in for 
affective disease: Integrating current research and finding a path forward. 
Frontiers in psychology, 10, 392. https://doi.org/10.3389/fpsyg.2019.00392  

Collins, S. E., Chawla, N., Hsu, S. H., Grow, J., Otto, J. M., & Marlatt, G. A. (2009). 
Language-based measures of mindfulness: initial validity and clinical utility. 
Psychology of Addictive Behaviors, 23(4), 743-749. 
https://doi.org/10.1037/a0017579  

Dahl, C. J., Lutz, A., & Davidson, R. J. (2015). Reconstructing and deconstructing the 
self: Cognitive mechanisms in meditation practice. Trends in Cognitive 
Sciences, 19(9), 515-523. https://doi.org/10.1016/j.tics.2015.07.001  

Dajani, D. R., Odriozola, P., Winters, M., Voorhies, W., Marcano, S., Baez, A., Gates, 
K. M., Dick, A. S., & Uddin, L. Q. (2020). Measuring cognitive flexibility 
with the flexible item selection task: From fMRI adaptation to individual 
connectome mapping. Journal of Cognitive Neuroscience, 32(6), 1026-1045. 
https://doi.org/10.1162/jocn_a_01536  

de Bruin, E. I., Meppelink, R., & Bögels, S. M. (2014). Mindfulness in higher 
education: Awareness and attention in university students increase during and 
after participation in a mindfulness curriculum course. Mindfulness, 6(5), 
1137-1142. https://doi.org/10.1007/s12671-014-0364-5  

de Leeuw, J. R. (2015). jsPsych: a JavaScript library for creating behavioral 
experiments in a Web browser. Behavior Research Methods, 47(1), 1-12. 
https://doi.org/10.3758/s13428-014-0458-y  

de Leeuw, J. R., & Motz, B. A. (2016). Psychophysics in a Web browser? Comparing 
response times collected with JavaScript and Psychophysics Toolbox in a 
visual search task. Behavior Research Methods, 48(1), 1-12. 
https://doi.org/10.3758/s13428-015-0567-2  

Dehaene, S., Posner, M. I., & Tucker, D. M. (1994). Localization of a neural system 
for error detection and compensation. Psychological Science, 5(5), 303-305.  

Demirer, I., Bethge, M., Spyra, K., Karbach, U., & Pfaff, H. (2021). Does social 
support mediate the effect of multimorbidity on mental wellbeing in the 
German working population? A longitudinal mediation analysis using 



Texas Tech University, Winson Fu Zun Yang, December 2022 
 

58 

structural equation modelling. SSM Population Health, 13, 100744. 
https://doi.org/10.1016/j.ssmph.2021.100744  

Deveney, C. M., & Deldin, P. J. (2006). A preliminary investigation of cognitive 
flexibility for emotional information in major depressive disorder and non-
psychiatric controls. Emotion, 6(3), 429-437. https://doi.org/10.1037/1528-
3542.6.3.429  

Dimidjian, S., & Segal, Z. V. (2015). Prospects for a clinical science of mindfulness-
based intervention. American Psychologist, 70(7), 593-620. 
https://doi.org/10.1037/a0039589  

Dunne, J. D., Thompson, E., & Schooler, J. (2019). Mindful meta-awareness: 
Sustained and non-propositional. Current Opinion in Psychology, 28, 307-311. 
https://doi.org/10.1016/j.copsyc.2019.07.003  

Forscher, P. S., Mitamura, C., Dix, E. L., Cox, W. T. L., & Devine, P. G. (2017). 
Breaking the prejudice habit: Mechanisms, timecourse, and longevity. Journal 
of Experimental Social Psychology, 72, 133-146. 
https://doi.org/10.1016/j.jesp.2017.04.009  

Fuochi, G., & Voci, A. (2020). The de-automatizing function of mindfulness facets: 
An empirical test. Mindfulness, 11(4), 940-952. 
https://doi.org/10.1007/s12671-020-01305-w  

Garland, E. (2013). Mindfulness-Oriented Recovery Enhancement for Addiction, 
Stress, and Pain. NASW Press.  

Garland, E., Gaylord, S., & Park, J. (2009). The role of mindfulness in positive 
reappraisal. Explore, 5(1), 37-44. https://doi.org/10.1016/j.explore.2008.10.001  

Garland, E. L., Farb, N. A., Goldin, P., & Fredrickson, B. L. (2015). Mindfulness 
broadens awareness and builds eudaimonic meaning: A process model of 
mindful positive emotion regulation. Psychological Inquiry, 26(4), 293-314. 
https://doi.org/10.1080/1047840X.2015.1064294  

Garland, E. L., & Fredrickson, B. L. (2019). Positive psychological states in the arc 
from mindfulness to self-transcendence: extensions of the Mindfulness-to-
Meaning Theory and applications to addiction and chronic pain treatment. 
Current Opinion in Psychology, 28, 184-191. 
https://doi.org/10.1016/j.copsyc.2019.01.004  

Genet, J. J., Malooly, A. M., & Siemer, M. (2013). Flexibility is not always adaptive: 
Affective flexibility and inflexibility predict rumination use in everyday life. 
Cognition and Emotion, 27(4), 685-695. 
https://doi.org/10.1080/02699931.2012.733351  

Genet, J. J., & Siemer, M. (2011). Flexible control in processing affective and non-
affective material predicts individual differences in trait resilience. Cognition 
and Emotion, 25(2), 380-388. https://doi.org/10.1080/02699931.2010.491647  



Texas Tech University, Winson Fu Zun Yang, December 2022 
 

59 

Goldfarb, E. V., Frobose, M. I., Cools, R., & Phelps, E. A. (2017). Stress and 
cognitive flexibility: cortisol increases are associated with enhanced updating 
but impaired switching. Journal of Cognitive Neuroscience, 29(1), 14-24. 
https://doi.org/10.1162/jocn_a_01029  

Grabovac, A. D., Lau, M. A., & Willett, B. R. (2011). Mechanisms of mindfulness: A 
buddhist psychological model. Mindfulness, 2(3), 154-166. 
https://doi.org/10.1007/s12671-011-0054-5  

Gray, K., Anderson, S., Chen, E. E., Kelly, J. M., Christian, M. S., Patrick, J., Huang, 
L., Kenett, Y. N., & Lewis, K. (2019). "Forward flow": A new measure to 
quantify free thought and predict creativity. American Psychologist, 74(5), 
539-554. https://doi.org/10.1037/amp0000391  

Gronholm-Nyman, P., Soveri, A., Rinne, J. O., Ek, E., Nyholm, A., Stigsdotter Neely, 
A., & Laine, M. (2017). Limited effects of set shifting training in healthy older 
adults. Frontiers in Aging Neuroscience, 9, 69. 
https://doi.org/10.3389/fnagi.2017.00069  

Gross, J. J., & John, O. P. (2003a). Individual differences in two emotion regulation 
processes: implications for affect, relationships, and well-being. Journal of 
Personality and Social Psychology, 85(2), 348-362. 
https://doi.org/10.1037/0022-3514.85.2.348  

Gross, J. J., & John, O. P. (2003b). Individual differences in two emotion regulation 
processes: implications for affect, relationships, and well-being. Journal of 
Personality and Social Psychology, 85(2), 348-362. 
https://doi.org/10.1037/0022-3514.85.2.348  

Gupta, R. S., Kujawa, A., Fresco, D. M., Kang, H., & Vago, D. R. (2022). 
Mindfulness-based cognitive therapy: A preliminary examination of the 
(event-related) potential for modifying threat-related attentional bias in anxiety. 
Mindfulness, 13(7), 1719–1732. https://doi.org/10.1007/s12671-022-01910-x  

Hanley, A. W., & Garland, E. L. (2019). Mindfulness training disrupts Pavlovian 
conditioning. Physiology & Behavior, 204, 151-154. 
https://doi.org/10.1016/j.physbeh.2019.02.028  

Hsieh, S., & Lin, S. J. (2019). The Dissociable Effects of Induced Positive and 
Negative Moods on Cognitive Flexibility. Scientific Reports, 9(1), 1126. 
https://doi.org/10.1038/s41598-018-37683-4  

Hsing Yun, V. M. (2010). Infinite Compassion, Endless Wisdom: The Practice of the 
Bodhisattva Path. Buddha's Light Publications.  

Hsing Yun, V. M. (2018). Teaching, Learning, and Upholding the Way in Chan 
Buddhism. Fo Guang Shan International Translation Center.  

Ibaceta, M., & Madrid, H. P. (2021). Personality and Mind-Wandering Self-Perception: 
The Role of Meta-Awareness. Frontiers in psychology, 12, 581129. 
https://doi.org/10.3389/fpsyg.2021.581129  



Texas Tech University, Winson Fu Zun Yang, December 2022 
 

60 

Im, S., Stavas, J., Lee, J., Mir, Z., Hazlett-Stevens, H., & Caplovitz, G. (2021). Does 
mindfulness-based intervention improve cognitive function? A meta-analysis 
of controlled studies. Clinical Psychology Review, 84, 101972. 
https://doi.org/10.1016/j.cpr.2021.101972  

Jiang, A., Rosario, M., Stahl, S., Gill, J. M., & Rusch, H. L. (2021). The Effect of 
Virtual Mindfulness-Based Interventions on Sleep Quality: A Systematic 
Review of Randomized Controlled Trials. Current Psychiatry Reports, 23(9), 
62. https://doi.org/10.1007/s11920-021-01272-6  

Keng, S.-L., Tong, E. M. W., Yan, E. T. L., Ebstein, R. P., & Lai, P.-S. (2021). Effects 
of mindfulness-based stress reduction on affect dynamics: A randomized 
controlled trial. Mindfulness, 12(6), 1490-1501. 
https://doi.org/10.1007/s12671-021-01617-5  

Kobylinska, D., & Kusev, P. (2019). Flexible emotion regulation: How situational 
demands and individual differences influence the effectiveness of regulatory 
strategies. Frontiers in psychology, 10, 72. 
https://doi.org/10.3389/fpsyg.2019.00072  

Kocovski, N. L., Fleming, J. E., Hawley, L. L., Ho, M. H., & Antony, M. M. (2015). 
Mindfulness and acceptance-based group therapy and traditional cognitive 
behavioral group therapy for social anxiety disorder: Mechanisms of change. 
Behaviour Research and Therapy, 70, 11-22. 
https://doi.org/10.1016/j.brat.2015.04.005  

Konjedi, S., & Maleeh, R. (2021). The dynamic framework of mind wandering 
revisited: How mindful meta-awareness affects mental states' constraints. 
Consciousness and Cognition, 95, 103194. 
https://doi.org/10.1016/j.concog.2021.103194  

Kraft, D., Rademacher, L., Eckart, C., & Fiebach, C. J. (2020). Cognitive, Affective, 
and Feedback-Based Flexibility - Disentangling Shared and Different Aspects 
of Three Facets of Psychological Flexibility. Journal of Cognition, 3(1), 21. 
https://doi.org/10.5334/joc.120  

Kupis, L., Goodman, Z. T., Kornfeld, S., Hoang, S., Romero, C., Dirks, B., Dehoney, 
J., Chang, C., Spreng, R. N., Nomi, J. S., & Uddin, L. Q. (2021). Brain 
Dynamics Underlying Cognitive Flexibility Across the Lifespan. Cerebral 
Cortex. https://doi.org/10.1093/cercor/bhab156  

Kuroki, D. (2021). A new jsPsych plugin for psychophysics, providing accurate 
display duration and stimulus onset asynchrony. Behavior Research Methods, 
53(1), 301-310. https://doi.org/10.3758/s13428-020-01445-w  

Lezak, M. D., Howieson, D. B., Bigler, E. D., & Tranel, D. (2012). 
Neuropsychological Assessment (5th ed.). Oxford University Press.  

Lindsay, E. K., Young, S., Brown, K. W., Smyth, J. M., & Creswell, J. D. (2019). 
Mindfulness training reduces loneliness and increases social contact in a 



Texas Tech University, Winson Fu Zun Yang, December 2022 
 

61 

randomized controlled trial. Proceedings of the National Academy of Sciences, 
116(9), 3488-3493. https://doi.org/10.1073/pnas.1813588116  

Littenberg, B., & Mioses, L. E. (1993). Estimating diagnostic accuracy from multiple 
conflicting reports: A new metaanalytic method. Medical Decision Making, 
13(4), 313-321. https://doi.org/10.1177/0272989X9301300408  

Liu, L., Shih, Y.-C. T., Strawderman, R. L., Zhang, D., Johnson, B. A., & Chai, H. 
(2019). Statistical analysis of zero-inflated nonnegative continuous data: A 
review. Statistical Science, 34(2), 253-279. https://doi.org/10.1214/18-sts681  

Lutz, A., Jha, A. P., Dunne, J. D., & Saron, C. D. (2015). Investigating the 
phenomenological matrix of mindfulness-related practices from a 
neurocognitive perspective. American Psychologist, 70(7), 632-658. 
https://doi.org/10.1037/a0039585  

Malooly, A. M., Genet, J. J., & Siemer, M. (2013). Individual differences in 
reappraisal effectiveness: The role of affective flexibility. Emotion, 13(2), 302-
313. https://doi.org/10.1037/a0029980  

Marcus, O., Stanciu, O., MacLeod, C., Liebregts, H., & Visu-Petra, L. (2016). A 
FISTful of Emotion: Individual differences in trait anxiety and cognitive-
affective flexibility during preadolescence. Journal of Abnormal Child 
Psychology, 44(7), 1231-1242. https://doi.org/10.1007/s10802-015-0110-z  

Martin, M. M., & Rubin, R. B. (1995). A New Measure of Cognitive Flexibility. 
Psychological Reports, 76(2), 623-626. 
https://doi.org/10.2466/pr0.1995.76.2.623  

Mildner, J. N., & Tamir, D. I. (2019). Spontaneous thought as an unconstrained 
memory process. Trends in Neurosciences, 42(11), 763-777. 
https://doi.org/10.1016/j.tins.2019.09.001  

Millett, G., D'Amico, D., Amestoy, M. E., Gryspeerdt, C., & Fiocco, A. J. (2021). Do 
group-based mindfulness meditation programs enhance executive functioning? 
A systematic review and meta-analysis of the evidence. Consciousness and 
Cognition, 95, 103195. https://doi.org/10.1016/j.concog.2021.103195  

Mills, C., Porter, A. R., Andrews-Hanna, J. R., Christoff, K., & Colby, A. (2021). 
How task-unrelated and freely moving thought relate to affect: Evidence for 
dissociable patterns in everyday life. Emotion, 21(5), 1029-1040. 
https://doi.org/10.1037/emo0000849  

Mills, C., Raffaelli, Q., Irving, Z. C., Stan, D., & Christoff, K. (2018). Is an off-task 
mind a freely-moving mind? Examining the relationship between different 
dimensions of thought. Consciousness and Cognition, 58, 20-33. 
https://doi.org/10.1016/j.concog.2017.10.003  

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., & Wager, 
T. D. (2000). The unity and diversity of executive functions and their 



Texas Tech University, Winson Fu Zun Yang, December 2022 
 

62 

contributions to complex "Frontal Lobe" tasks: a latent variable analysis. 
Cognitive Psychology, 41(1), 49-100. https://doi.org/10.1006/cogp.1999.0734  

Nilsson, S. R., Alsio, J., Somerville, E. M., & Clifton, P. G. (2015). The rat's not for 
turning: Dissociating the psychological components of cognitive inflexibility. 
Neuroscience & Biobehavioral Reviews, 56, 1-14. 
https://doi.org/10.1016/j.neubiorev.2015.06.015  

Pennebaker, J. W. (1997). Writing about emotional experiences as a therapeutic 
process. Psychological Science, 8(3), 162-166. https://doi.org/10.1111/j.1467-
9280.1997.tb00403.x  

Pennebaker, J. W. (2018). Expressive Writing in Psychological Science. Perspectives 
on Psychological Science, 13(2), 226-229. 
https://doi.org/10.1177/1745691617707315  

Pennebaker, J. W., Mehl, M. R., & Niederhoffer, K. G. (2003). Psychological aspects 
of natural language. use: our words, our selves. Annual Review of Psychology, 
54, 547-577. https://doi.org/10.1146/annurev.psych.54.101601.145041  

Pirzadeh, A., & Pfaff, M. S. (2012). Emotion expression under stress in instant 
messaging. Proceedings of the Human Factors and Ergonomics Society 
Annual Meeting, 56(1), 493-497. https://doi.org/10.1177/1071181312561051  

Przyrembel, M., & Singer, T. (2018). Experiencing meditation - Evidence for 
differential effects of three contemplative mental practices in micro-
phenomenological interviews. Consciousness and Cognition, 62, 82-101. 
https://doi.org/10.1016/j.concog.2018.04.004  

Raphiphatthana, B., Jose, P., & Salmon, K. (2018). Does dispositional mindfulness 
predict the development of grit? Journal of Individual Differences, 39(2), 76-
87. https://doi.org/10.1027/1614-0001/a000252  

Ruimi, L., Hadash, Y., Zvielli, A., Amir, I., Goldstein, P., & Bernstein, A. (2018). 
Meta-awareness of dysregulated emotional attention. Clinical Psychological 
Science, 6(5), 658-670. https://doi.org/10.1177/2167702618776948  

Ruimi, L., Hendren, R. A., Amir, I., Zvielli, A., & Bernstein, A. (2020). Training 
meta-awareness to modify attentional dyscontrol. Mindfulness, 11(3), 785-799. 
https://doi.org/10.1007/s12671-019-01291-8  

Schoemann, A. M., Boulton, A. J., & Short, S. D. (2017). Determining power and 
sample size for simple and complex mediation models. Social Psychological 
and Personality Science, 8(4), 379-386. 
https://doi.org/10.1177/1948550617715068  

Shankland, R., Favre, P., Kotsou, I., & Mermillod, M. (2021). Mindfulness and De-
automatization: Effect of Mindfulness-Based Interventions on Emotional 
Facial Expressions Processing. Mindfulness, 12(1), 226-239. 
https://doi.org/10.1007/s12671-020-01515-2  



Texas Tech University, Winson Fu Zun Yang, December 2022 
 

63 

Shi, Z., & He, L. (2019). Mindfulness: attenuating self-referential processing and 
strengthening other-referential processing. Mindfulness, 11(3), 599-605. 
https://doi.org/10.1007/s12671-019-01271-y  

Sim, M., Kim, S. Y., & Suh, Y. (2022). Sample size requirements for simple and 
complex mediation models. Educational and Psychological Measurement, 
82(1), 76-106. https://doi.org/10.1177/00131644211003261  

Simons, D. J., Boot, W. R., Charness, N., Gathercole, S. E., Chabris, C. F., Hambrick, 
D. Z., & Stine-Morrow, E. A. (2016). Do "brain-training" programs work? 
Psychological Science in the Public Interest, 17(3), 103-186. 
https://doi.org/10.1177/1529100616661983  

Skoranski, A., Coatsworth, J. D., & Lunkenheimer, E. (2019). A dynamic systems 
approach to understanding mindfulness in interpersonal relationships. Journal 
of Child and Family Studies, 28(10), 2659-2672. 
https://doi.org/10.1007/s10826-019-01500-x  

Sparby, T., & Sacchet, M. D. (2021). Defining meditation: Foundations for an 
activity-based phenomenological classification system. Frontiers in 
psychology, 12, 795077. https://doi.org/10.3389/fpsyg.2021.795077  

Strauss, E., Sherman, E. M. S., & Spreen, O. (2006). Compendium of 
Neuropsychological Tests: Administration, Norms, and Commentary. Oxford 
University Press.  

Tanay, G., & Bernstein, A. (2013). State mindfulness scale (SMS): Development and 
initial validation. Psychological Assessment, 25(4), 1286-1299. 
https://doi.org/10.1037/a0034044  

Tang, Y. Y., Ma, Y., Wang, J., Fan, Y., Feng, S., Lu, Q., Yu, Q., Sui, D., Rothbart, M. 
K., Fan, M., & Posner, M. I. (2007). Short-term meditation training improves 
attention and self-regulation. Proceedings of the National Academy of Sciences, 
104(43), 17152-17156. https://doi.org/10.1073/pnas.0707678104  

Tang, Y. Y., & Posner, M. I. (2014). Training brain networks and states. Trends in 
Cognitive Sciences, 18(7), 345-350. https://doi.org/10.1016/j.tics.2014.04.002  

Tang, Y. Y., Rothbart, M. K., & Posner, M. I. (2012). Neural correlates of establishing, 
maintaining, and switching brain states. Trends in Cognitive Sciences, 16(6), 
330-337. https://doi.org/10.1016/j.tics.2012.05.001  

Tausczik, Y. R., & Pennebaker, J. W. (2009). The psychological meaning of words: 
LIWC and computerized text analysis methods. Journal of Language and 
Social Psychology, 29(1), 24-54. https://doi.org/10.1177/0261927x09351676  

Temple, N. T. (n. d.). Finding happiness in samsara? Training the mind outside the 
Buddhist meditation hall.  

Uddin, L. Q. (2021). Cognitive and behavioural flexibility: Neural mechanisms and 
clinical considerations. Nature Reviews Neuroscience, 22(3), 167–179. 
https://doi.org/10.1038/s41583-021-00428-w  



Texas Tech University, Winson Fu Zun Yang, December 2022 
 

64 

Van Dam, N. T., van Vugt, M. K., Vago, D. R., Schmalzl, L., Saron, C. D., Olendzki, 
A., Meissner, T., Lazar, S. W., Kerr, C. E., Gorchov, J., Fox, K. C. R., Field, B. 
A., Britton, W. B., Brefczynski-Lewis, J. A., & Meyer, D. E. (2018). Mind the 
hype: A critical evaluation and prescriptive agenda for research on mindfulness 
and meditation. Perspectives on Psychological Science, 13(1), 36-61. 
https://doi.org/10.1177/1745691617709589  

Varanda, C. A., & Fernandes, F. D. M. (2017). Cognitive flexibility training 
intervention among children with autism: a longitudinal study. Psicologia: 
Reflexão e Crítica, 30(1), 1-8. https://doi.org/10.1186/s41155-017-0069-5  

Wen, A., LeMoult, J., McCabe, R., & Yoon, K. L. (2019). Affective flexibility and 
generalized anxiety disorder: Valence-specific shifting difficulties. Anxiety 
Stress Coping, 32(5), 581-593. 
https://doi.org/10.1080/10615806.2019.1638684  

Wielgosz, J., Goldberg, S. B., Kral, T. R. A., Dunne, J. D., & Davidson, R. J. (2018). 
Mindfulness meditation and psychopathology. Annual Review of Clinical 
Psychology, 7(15), 285-316. https://doi.org/10.1146/annurev-clinpsy-021815-
093423  

Willis, K. D., & Burnett Jr, H. J. (2016). The power of stress: Perceived stress and its 
relationship with rumination, self-concept clarity, and resilience. North 
American Journal of Psychology, 18(3), 483-498.  

Yakobi, O., Smilek, D., & Danckert, J. (2021). The effects of mindfulness meditation 
on attention, executive control and working memory in healthy adults: A meta-
analysis of randomized controlled trials. Cognitive Therapy and Research, 
45(4), 543-560. https://doi.org/10.1007/s10608-020-10177-2  

Zhou, H., Liu, H., & Deng, Y. (2020). Effects of short-term mindfulness-based 
training on executive function: Divergent but promising. Clinical Psychology 
& Psychotherapy, 27(5), 672-685. https://doi.org/10.1002/cpp.2453  

Zvielli, A., Amir, I., Goldstein, P., & Bernstein, A. (2015). Targeting Biased 
Emotional Attention to Threat as a Dynamic Process in Time: Attention 
Feedback Awareness and Control Training (A-FACT). Clinical Psychological 
Science, 4(2), 287-298. https://doi.org/10.1177/2167702615588048  

  



Texas Tech University, Winson Fu Zun Yang, December 2022 
 

65 

APPENDICES 

APPENDIX A 

Intervention script 

Start of zoom session 

[The same instructions will be given to BOTH intervention groups] “Please 
ensure that you are in a quiet and comfortable place where no one can disturb you. 
Please put your mobile phone on silent and place it away from you. Please turn on 
your camera so that we can ensure you are in a place that is without distractions. 
Please also keep your audio on mute unless you wish to talk to the experimenter.” 

 

Mindfulness meditation 

Introduction to mindfulness meditation (Only during session 1) 

[take 5 to 10 minutes to introduce mindfulness meditation to participants so they 
know the purpose of mindfulness meditation] “You will go through meditation 
practice over the next four weeks. What is meditation? Meditation does not mean 
pondering something in deep thought, much less the inactivity of sitting blankly. 
Meditation is like returning home and sitting firmly and peacefully upon the seat of 
one’s own pure nature. It is a state of pure awareness without judgment. Meditation is 
done with great kindness and compassion and practice in all aspects of life.” 

“A question we might ask is why meditate? Meditation can liberate us from the mind 
and body. The state of mindfulness puts us directly in touch with the world and our 
senses instead of perceiving everything through the filter of our own minds and 
judgments. We can then see things as they really are—vibrant, alive, full of richness 
and variety. Food tastes better, music sounds better, and just about everything 
becomes more colorful and interesting. Mindfulness helps us to free ourselves from 
our destructive thought patterns. In short, simple breathing like meditation is central 
to our lives for many reasons: 

• It engages both mind and body, relaxes your body, calms the mind and 
emotions 

• It gives you an immediate and tangible object of focus, an anchor to keep you 
centered 

• It develops focus and concentration and keeps you rooted in the present 
moment 

In the next four weeks, we will explore and get to know ourselves better through 
meditation. Each session will last 20 minutes and then will be followed by 10 minutes 
of Q&A to clarify any questions you may have on that session. Any questions?” 
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Mindfulness meditation instructions 

“Please find a comfortable upright sitting position. Relax your body while keeping 
your back straight. Place the tip of the tongue on top of your mouth, so it rests on your 
palette. The shape of your tongue in this position is similar to the position when 
pronouncing an ‘L’ sound. Place one palm on top of the other facing up. The tip of 
both thumbs should lightly touch each other, and both arms should be kept close but 
natural at one’s side. Place one foot on top of the opposite leg, with the other foot 
tucked underneath. This is the half-lotus seating position. If you find this 
uncomfortable, you can sit with the ankles crossed in a stable position. If your seating 
position does not allow you to cross your legs, you may rest your feet on the ground.” 
[facilitator/experimenter to follow suit and demonstrate] 

[say in slow, soft, and gentle tone] “Close your eyes and take in three deep breaths 
[take in three deep breaths]. Release the tension in your head. Relax your head. Relax 
your eyes, facial muscles, cheeks, neck, chin… Relax your shoulders… Relax your 
upper body, your arms, wrists, and fingers… Relax your middle back, lower back… 
Relax your spine, but keep your body straight… Relax your thighs, calves, ankles, feet, 
and toes. Now, if your find any part of your body that still has tension, relax that part 
of your body… relax your entire body… and release any remaining tension.” 
[facilitator/experimenter to follow suit and demonstrate]. 

“Now, place your attention on your breath at the tip of your nostrils. There is no need 
to control your breathing; your body knows how to breathe. As you watch your breath, 
be aware of your breathing. When you breathe in, be aware that you are breathing in. 
When you breathe out, be aware that you are breathing out. Notice the experience of 
your breath; is it coarse, fine, warm, cool, long, short? Just be aware of this 
experience. Whenever you notice that your mind has wandered away, there is no need 
to worry. Just gently place your focus back to your breath again.” 

 

Week 1: Mindfulness and the body 

[wait for 5 minutes into the session] “The focus on today’s session is on our breath. 
Our breath is always with us, whether you notice it or not. The breath can be 
regulated through the contemplation of the breath. Notice each breath. By noticing 
each breath, our rough breathing can be regulated until it is so subtle and gentle that 
it is hardly there at all. There is no need to control the breath. You may notice the 
sensation of the breaths through the nostrils, whether it is coarse, fine, warm, or cool. 
These are just examples. You may also notice where the breath reaches; your lungs, 
hands, feet, or chest. Place your awareness on your breath. Focus on your breathing. 
Notice your breath, do not control your breathing… Breathing in, be aware of the 
sensations of breathing in. Be aware where the breath leads to, where the breath ends. 
Breathing out, be aware of breathing out, know that you’re breathing out, know where 
the breath leads when you’re breathing out. Observe where the breath leads when 
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you’re breathing out. Notice every sensation as you breathe in, and every sensation as 
you breathe out, while keeping your attention on the tip of your nose. ” 

 

Week 2: Mindfulness and thoughts 

[wait for 5 minutes into the session] “Thoughts are like wild horses: they gallop 
about and are not easily controlled. As you focus on your breath, you may notice some 
thoughts or many thoughts and feel like you want to control them, but you are unable 
to. It is perfectly normal that you suddenly realize you have many thoughts when you 
are meditating or when you start to meditate. This is because, in our daily lives, our 
mind is scattered, and we cannot observe our thoughts clearly. Therefore, meditation 
presents an opportunity to get to know ourselves and our thoughts. As you catch these 
thoughts, you do not need to do anything or try to control them. Just watch them come 
and go. Just like waves in the ocean naturally disappear when they reach the shoreline, 
thoughts, similarly, disappear naturally by themselves too as you take an observer 
stance. That is to say, as you meditate, you will catch onto some thoughts, whether 
they are happy, unhappy, stressful, or other thoughts. Just place your focus back onto 
your breath. Be present. Be present with your breath. There is no need to forcefully 
suppress or control your thoughts. As they arise, they will fall. Holding on to these 
thoughts is like looking at the landscape in front of you with a camera rather than 
your eyes. Put down the camera and look at the scenery with your own two eyes. 
Naturally, the horses will be tamed.” 

 

Week 3: Mindfulness and emotions 

[wait for 5 minutes into the session] “Having emotions is part of our life. As social 
beings, we form relationships with other people. As we meditate, we may feel some 
emotions as we think about some things or when our mind wanders away from the 
breath. There is no need to control our emotions when they come. All we have to do is 
to accept them. Accept these emotions as we do the same for our thoughts. There is no 
need to judge our emotions, whether they are bad, good, unhappy, or happy emotions. 
What we can do is to take a step back and observe how these emotions are represented 
within us: What sensations did you feel in different parts of your body as these 
emotions come up? What was your first reaction with that emotion? Do you reject the 
emotion, do you reject the emotion? Are you happy with the emotion, unhappy with the 
emotion? Do you feel disgust with the emotion? Do you feel surprised as the emotion 
comes up? Watching our emotions is the kindest and compassionate thing we could do 
for ourselves. We have been looking outside at how we should act, behave, or think, or 
feel; but rarely, rarely do we understand who we are at this moment. Coming face to 
face and watching our emotions can be transformative. Being true to yourself and 
acknowledging your emotions at the present moment makes us free from all the 
responsibilities and constructs we created. Therefore, be present with your emotions, 
accept them as just emotions. There is no need to label them. There is no need to judge 
these emotions. It is part of our lives, it is what makes us human. It is what helps us 
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build relationships with other people. As you meditate, watch these emotions as they 
rise. Watch these emotions and contemplate.” 

 

Week 4: Living a mindful life 

[wait for 5 minutes into the session] “The spirit of mindfulness is not in sitting 
meditation. It is in applying great kindness and compassion into every aspect of our 
lives. Not only can we practice meditation while sitting, but we can also practice 
meditation while eating, walking, standing, doing any chores, or doing anything else. 
Being in the present moment with pure awareness and not giving rise to unwholesome 
thoughts is living a mindful life. While walking, contemplate your strides. Are they 
heavy, light? Fast? Slow? Where do you land your feet first? How is your body 
posture? While doing chores, or cooking, be mindful of your thoughts and emotions. 
Are you calm? Are you enjoying the mundane chores? Or are you bored and thinking 
that it is repetitive? Being able to accept all phenomenon that arises and transform 
them into opportunities and positivity is the spirit of mindfulness and meditation. One 
way to go about this is to do one single thing of each category per day. Do good deeds. 
Do something that helps, uplifts you or others. Speak good words. Say something 
wholesome and pure to yourself and others. Encourage yourself, encourage other 
people. Think good thoughts. Think of a pure, positive, and wholesome thought daily. 
By thinking, for example, ‘I want to do better’, ’I want to become happy’; this is a 
wholesome thought. ’I want others to be happy as well. I want others to have less 
stress, less suffering.’ This is also a wholesome thought. If we can practice this daily, 
we can transform our lives and live with less stress and more happiness.” 

 

End of a meditation session 

[speak in slow, soft, and gentle tone] “Slowly bring your attention back to where you 
are. Please keep your eyes closed. Gently rub your palms together, place your palms 
over your face, and gently rub your face [facilitator also follows through all actions]. 
Massage your face, massage your eyes, ears. Rub your palms again and gently 
massage your neck. Massage your arms, fingers… massage your back, thighs, calves, 
ankles, and feet. Now, rotate your body clockwise three times [rotate body]. Now, 
rotate your body anticlockwise three times [rotate body]. You may now massage any 
part of your body that you feel like massaging. Stretch your body, stretch your arms, 
stretch your legs, stretch your back. And when you are ready, you may now slowly 
open your eyes.”  

 

Documentary Movie Watching 

Documentary movie watching introduction (Only during session 1) 

[take 5 to 10 minutes for participants to introduce the documentary watching 
session, so they know .] “You will watch documentaries over the next few sessions. 
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These documentaries come from Netflix, National Geographic Channel, and others 
through YouTube. We will watch 20 minutes of recording per session, followed by 10 
minutes of Q&A to clarify any questions you have on that session. We will meet two 
times a week over four weeks. Any questions?”  

 

Instructions before the session start 

“During the documentary watching, please do not sleep, use your phone, talk to the 
experimenter, change tabs, do anything else other than listening to the audio 
recording attentively. Any questions before we begin?”  

 

Instructions at the end of the session 

“Do you have any questions? [Wait for a few seconds] If not, thank you for tuning in 
to today’s session. We will meet again on [DATE, DAY, TIME]. ” 

 

List of documentaries  

Session Film 
Session 1 Adorable Lemurs Roam Free on This Ancient Island | Short Film Showcase (National 

Geographic Channel) 
(https://www.youtube.com/watch?v=UjSiq53nJBo) 
 
The Life of a Baby Polar Bear (National Geographic Channel) 
(https://www.youtube.com/watch?v=9vgnXRypc4o) 

Session 2 Angkor Wat (Full Episode) | Access 360 World Heritage (National Geographic 
Channel) 
(https://www.youtube.com/watch?v=C5jpbwizxBs) 

Session 3 Our Planet | One Planet | (Netflix) 
(https://www.youtube.com/watch?v=GfO-3Oir-qM) 

Session 4 Our Planet | One Planet | (Netflix) 
(https://www.youtube.com/watch?v=GfO-3Oir-qM) 

Session 5 City of the Future: Singapore (National Geographic Channel)  
(https://www.youtube.com/watch?v=xi6r3hZe5Tg) 

Session 6 City of the Future: Singapore (National Geographic Channel)  
(https://www.youtube.com/watch?v=xi6r3hZe5Tg) 

Session 7 The Lost Forest (National Geographic Channel) 
(https://www.youtube.com/watch?v=aDoanNM7O_s) 

Session 8 A Rare Look at the Secret Life of Orangutans | Short Film Showcase (National 
Geographic Channel) 
(https://www.youtube.com/watch?v=0fts6x_EE_E) 
 
A Forest Garden With 500 Edible Plants Could Lead to a Sustainable Future | Short 
Film Showcase (National Geographic Channel) 
(https://www.youtube.com/watch?v=Q_m_0UPOzuI) 
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APPENDIX B 

Rules and regulation 

Number of Sessions: 

• Assessments one week before intervention 
• Complete eight intervention sessions within four weeks. 
• Follow-up questionnaire seven days after their intervention 

 

Cancellation/Rescheduling Policy: 

• late appointments will not be accepted. Participants need to notify the experimenter if 
they are unable to attend the intervention session at their scheduled time.  

• We only allow up to 2 make-up sessions for being absent. These make-up sessions 
need to be made 48 hours before the participant’s next session. 

• No-show without follow-up communication may result in termination from the study 
 

Zoom Etiquette: 

• Please use only the computer to log in to Zoom (no mobile phones allowed) 
• Please ensure you are in a quiet and comfortable space where you will not be 

distracted by others 
• Please always turn on your camera to for experimenter ensure that your environment 

is conducive for the study 
• The experimenter will request you to turn your audio on to ensure you are in a quiet 

room 
• Put your cellphone on silent at all times during the Zoom session to avoid distraction. 

 

Failure to adhere to these guidelines could result in termination from the study.  

 

 

I have read and fully understand the contents of this document. I agree to the 
terms and conditions stated above. 

 

Printed Name: ____________________________________  

Signature: ________________________________________  

Date: ___________________________________________ 
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