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Abstract 44 
 45 

Although the unwanted intrusive thoughts (UITs) exist widely in human beings and show similar 46 

characteristics between clinical and nonclinical forms, its control process remains unclear. 47 

Thoughts of choking under pressure, particularly among high-achieving athletes, represent a 48 

meaningful UIT type due to their psychological and performance-related impact. Taking a 49 

dynamic view of UIT control process, this study tested the effect of thought-control strategies 50 

among sub-elite to elite athletes, applied to individualized choking thoughts. Ninety athletes 51 

recollected recent athletic choking experiences prior to being randomized into one of three 52 

thought control interventions using strategies of either acceptance, passive monitoring (control), 53 

or suppression. To control for individual differences, athletes’ working memory capacity was 54 

measured and modeled as a covariate at baseline. The activation of choking thoughts during and 55 

after the intervention was gauged through multiple measurement approaches including conscious 56 

presence in mind, priming, and event-related potentials (P3b and N400 amplitudes). Results 57 

indicated that, relative to the control, suppression led to enhanced priming and reduced conscious 58 

presence of choking thoughts, whereas acceptance resulted in an opposite pattern of reduced 59 

priming and increased conscious presence of choking thoughts. In addition, thought-related 60 

stimuli elicited less negative-going N400 amplitudes and more positive-going P3b amplitudes 61 

than control stimuli. These findings advance understandings of the control mechanism 62 

underpinning UITs, and generate applied implications regarding UIT control in high-risk 63 

populations such as those with athletic expertise. 64 

 65 
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Introduction  68 

A life free of unwanted intrusive thoughts is rarely attainable, whether the thoughts are 69 

associated with traumas, ethics, or failure, just to name a few. Research has revealed that around 70 

90% of the nonclinical population experience unwanted intrusive thoughts (UITs), which are 71 

similar to clinical obsessional thoughts (Clark & Purdon, 1995). Athletes represent a particularly 72 

interesting group with regard to UITs because they devote great efforts to achieve optimal 73 

performance under stressful competitive situations and often times fail. Such challenging 74 

situations frequently give rise to experiences of choking under pressure. Choking is defined as 75 

“the occurrence of inferior performance despite individual striving and situational demands for 76 

superior performance” (Baumeister, 1984, p. 610), and can both cause, and be caused, by UITs 77 

(Liu et al., 2019). Surprisingly, research addressing choking under pressure has predominantly 78 

focused on the causes of choking (for a review, see Beilock & Gray, 2007; Gray, 2019), but no 79 

studies have attempted to understand the aftermath of choking.  80 

Whereas this gap in the literature is unfortunate given its clinical (e.g., high prevalence of 81 

failure-based depression; Hammond, Gialloreto, Kubas, & Davis, 2013) and performance-82 

enhancement (Liu, Eklund, Tenenbaum, 2015) implications, progress might have been slowed by 83 

challenges in researching UIT control, particularly the inconsistency in conceiving and 84 

measuring human thought activation (Kwok, Leys, Koenig-Robert, & Pearson, 2019). We argue 85 

that such conceptual and measurement inconsistencies are responsible for the admitted difficulty 86 

of synthesizing primary evidence in two thought suppression meta-analyses (Abramowitz, Tolin, 87 

& Street, 2001; Magee, Harden, & Teachman, 2012). Viewing the above difficulties as 88 

opportunities, this study aimed to help advance the general research of thought control and 89 

involved testing the effect of thought control strategies on choking thoughts among sub-elite to 90 
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elite athletes. Two focal thought control strategies, acceptance and suppression, were compared 91 

to a neutral control of passive monitoring on multiple thought-activation measures across 92 

temporal phases.  93 

Thought Control Strategies 94 

Thought control research gained momentum with the discovery of the “ironic effect” of 95 

thought suppression. The ironic effect was first observed in a seminal study by Wegner and 96 

colleagues, who demonstrated that instructions to actively suppress a thought of a white bear 97 

were counterproductive, increasing rather than decreasing the frequency of reporting this thought 98 

after suppression (Wegner et al. 1987). Subsequent meta-analyses demonstrated this result to be 99 

reliable (Abramowitz et al., 2001) and applicable to both clinical UITs (e.g., posttraumatic stress 100 

disorder [PTSD] thoughts) and non-clinical UITs (Magee et al., 2012). 101 

The finding that suppression is counterproductive in thought control lead to exploration 102 

of alternative strategies. Passive monitoring is a passive strategy, which involves monitoring 103 

thought occurrences in one’s mind without volitional thought control and it frequently serves as a 104 

neutral control condition for experiments testing active strategies (Lavy & van den Hout, 1990). 105 

Distraction, or substitution, is an active strategy of blocking the suppressed thought in mind by 106 

attending to distractors and tends to be spontaneously adopted in achieving thought suppression 107 

(Wegner, Schneider, Knutson, & McMahon, 1991). Although distraction was shown to attenuate 108 

the ironic effects of suppression (Wegner et al., 1987), it tends to be effective only within a 109 

limited time of effortful self-distraction and is thus not recommended (Clark et al., 1993; Lavy & 110 

van den Hout, 1990). Acceptance, sometimes labeled as “think” (Wegner, Erber, & Zanokos, 111 

1993), “concentration” (Wenzlaff & Bates, 2000), or “expression” (Sparrow & Wenger, 2006), is 112 

another active strategy wherein individuals focus on being mentally open to thoughts and not 113 
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controlling thought contents or occurrences/recurrences (Hayes, Strosahl, & Wilson, 1999). This 114 

is a defining characteristic of mindfulness (Garland, Gaylord, Boettiger, & Howard, 2010). 115 

Wegner and Smart (1997) suggests that acceptance should be more effective than 116 

suppression in controlling UITs. Suppressed UITs are predicted to become subconsciously 117 

primed, a mental profile referred to as deep activation. A UIT in deep activation is predicted to 118 

receive further suppression and further priming, and so on (Wegner & Smart, 1997). Acceptance 119 

is predicted to break this vicious cycle, “unpriming” UITs by moving them from a state of deep 120 

activation to a state of surface activation, wherein the thought becomes highly accessible to 121 

consciousness (Sparrow & Wegner, 2006). This surface-activation hypothesis of acceptance 122 

bears at least face validity when considering similar notions reflected in psychotherapeutic 123 

techniques such as expression of traumatic experiences in PTSD therapy (Pennebaker, 1997) and 124 

desensitization therapy in specific phobia (Lavy, van den Hout, & Arntz, 1993). 125 

Several studies offer preliminary support for the effectiveness of acceptance strategies for 126 

controlling UITs. For example, after 10 minutes of active thought control, acceptance reduced 127 

introspective report of personal UIT frequency relative to suppression among participants with 128 

and without the diagnosis of obsessive-compulsive disorder (OCD; Najmi, Riemann, & Wegner, 129 

2009). In addition, during the period of active thought control, acceptance shortened Stroop-like 130 

RTs to words related to success and failure thoughts compared to suppression (Wegner et al., 131 

1993). Moreover, after 5 minutes of active thought control, abstinent alcoholics using acceptance 132 

suffered less interference from the word “alcohol” in a Stroop-like task than counterparts using 133 

suppression (Klein, 2007). Lastly, an ERP study using noun words (e.g., mountain) as target 134 

thoughts in a lexical decision task revealed more negative-going N400 amplitudes associated 135 

with acceptance than suppression, suggesting more semantic processing (i.e., less thought 136 
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activation) of target noun words needed in acceptance than suppression (Giuliano & Wicha, 137 

2010).  138 

Challenges in the Field 139 

Although conceptual frameworks of thought control and preliminary evidence have 140 

pointed to acceptance as a promising UIT control strategy instead of suppression, the process-of-141 

action is still unclear due to a combination of conceptual and measurement issues. Two such 142 

difficulties have been identified. First, the ironic effect of thought suppression is not unitary, but 143 

rather depends on the timing of measurement in relation to the period of thought control. Both 144 

Abramowitz et al.’s (2001) and Magee et al.’s (2012) meta-analysis highlighted that the ironic 145 

effect should be subdivided into a rebound effect and an immediate enhancement effect. The 146 

rebound effect is an indication of thought activation after the discontinuation of suppression. 147 

Both meta-analyses supported the rebound effect by obtaining small-to-moderate synthesized 148 

effect sizes. The immediate enhancement effect refers to the demonstration of thought activation 149 

during the period of effortful suppression. However, contrary to expectation, neither meta-150 

analyses reached support for the immediate enhancement effect of suppression.  151 

A second difficulty in understanding thought control process relates to conceptualizing 152 

thought activation. Thought activation can take several forms dictating how it is measured. One 153 

measurement approach focuses on gauging a given thought’s conscious presence in mind 154 

(Wegner & Smart, 1997), which is indicated by thought frequency and/or duration, as measured 155 

through introspective and retrospective reports. Introspective report is typically performed in a 156 

thought monitoring task wherein one either verbalizes a stream of consciousness (e.g., Lavy & 157 

van den Hout, 1990), or marks thought occurrences as events (e.g., Wegner et al., 1987).1 158 

 
1 The event-marking procedures can be either overt (e.g., ringing a bell, see Wegner et al., 1987) or covert (e.g., 

pressing a key, see Lambert, Hu, Magee, Baedel, & Teachman, 2014). 
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Retrospective report is frequently achieved through diary entries (e.g., Muris, Jongh, 159 

Merckelbach, Postema, & Vet, 1998) or as answers to question items (e.g., Lin & Wicker, 2007). 160 

Another measurement approach targets on quantifying thought priming2 (i.e., readiness to 161 

enter consciousness; Wegner & Smart, 1997). Priming of a thought is measured by creating a 162 

task conflict between processing thought-related and task-operating information, and is inferred 163 

from such task performance. The most representative task tapping thought priming has been the 164 

Stroop-like color-naming task (e.g., Wegner & Erber, 1992), wherein one responds as quickly as 165 

possible to the physical colors of stimulus words while trying to ignore the semantic meaning of 166 

the words. The color-naming response time (RT) is used to indicate thought priming with 167 

thought-related words expected to result in longer RT (suggesting more priming) than thought-168 

irrelevant words when controlling for other dimensions such as the word length and valence.  169 

Yet another measurement approach to capture thought activation utilizes the amplitude of 170 

two event-related potential (ERP) components, the N400 and P3b, to highlight cortical activity 171 

that is not reducible to psychological constructs such as thought priming (Polich, 2012). The 172 

N400 is an ERP component that typically peaks negatively with a post-stimulus latency around 173 

400 ms over centro-parietal regions (Kutas & Federmeier, 2011). The N400 amplitude has been 174 

argued to indicate neural activity of memory activation/retrieval given a semantic context, in that 175 

a less negative voltage is associated with more memory activation and easier memory retrieval. 176 

The P3b is a modality-independent ERP component that peaks positively over centro-parietal 177 

scalp regions with post-stimulus latency around 300 ms (Hillyard & Kutas, 1983). The amplitude 178 

of this component has been shown to predict event memorability and is thought to index context-179 

 
2 Wegner and Smart (1997) actually used the term “accessibility”, which is similar to the concept of priming. 

Priming was used for simplicity and even Wegner and colleagues chose this term in their later writing. (e.g., 

Sparrow & Wegner, 2006). 
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updating processes for maintaining accurate schemas of the environment (Donchin, 1981). The 180 

P3b amplitude has also demonstrated a positive association with the amount of cognitive 181 

resource allocation in multi-tasking conditions, with more positive amplitudes reflecting greater 182 

allocation to processing the primary task (Isreal, Chesney, Wickens, & Donchin, 1980). The only 183 

existing ERP study of thought control demonstrated that both N400 and P3b amplitudes 184 

predicted thought activation (Giuliano & Wicha, 2010). The study followed a cross-over design 185 

and involved having participants either suppress or express noun words (e.g., mountain) as 186 

thoughts for 2 minutes prior to performing a lexical decision task, which included additional 187 

control words and non-words. The N400 amplitude measured from medial central scalp locations 188 

was found to be less negative in the suppression than expression condition, only when 189 

participants had not crossed over to using the other thought control strategy. This suggested that 190 

the N400 was sensitive to thought activation induced by suppression relative to acceptance. In 191 

addition, the focal noun words were found to elicit less negative N400 amplitudes and more 192 

positive P3b amplitudes (at posterior scalp locations) than control words, regardless of the 193 

thought control strategy, suggesting that both components were sensitive to words that had been 194 

previously rehearsed. 195 

The Current Study 196 

 Recognizing current challenges in thought control literature brings opportunities. First, 197 

the non-unitary constructs, thought activation and ironic effect of suppression, create a 198 

comprehensive empirical space, wherein several forms of thought activation (“what”) evolve 199 

over time relative to a period of active thought control (“when”). Capturing the empirical space 200 

demands careful design and effortful measurements to the degree that no research of this nature 201 

exists to date. Second, although the preliminary evidence suggests acceptance as a promising 202 
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replacement of suppression in controlling UITs, it has several weaknesses, a) none of the studies 203 

included a neutral control (i.e., passive monitoring) so that, when a difference between 204 

acceptance and suppression is revealed, it is impossible to judge whether the difference is due to 205 

a counterproductive effect of suppression, a favorable effect of acceptance, or a combination of 206 

both, b) except for Najmi et al. (2009), no studies have investigated thought control effects on 207 

UITs from individualized life experiences, c) no studies have controlled for key factors of 208 

individual differences in thought control. For example, it was argued that differences in 209 

controlling intrusive thoughts arise partially from differences in executive control abilities (Levy 210 

& Anderson, 2008). Indeed, higher executive control abilities (measured by working memory 211 

capacity [WMC]) predicted more retrieval-induced forgetting (Aslan & Bäuml, 2011) and less 212 

ironic effect in suppressing UITs (Brewin & Smart, 2005). Lastly, the choking experiences from 213 

an athlete population represents clinically and performance-wise meaningful UITs demanding 214 

mental control, but have never been scientifically examined (Liu et al., 2019).  215 

We aimed to fill the above gaps by conducting a randomized controlled study 216 

investigating the intervention effect of three control strategies (i.e., suppression, passive control, 217 

and acceptance) on individualized thoughts of recent choking experiences among sub-elite to 218 

elite athletes. This study involved measuring multiple indicators of thought activation, including 219 

thought frequency, thought duration, RT in an emotional Stroop task, as well as N400 and P3b 220 

amplitudes, across an intervention and post-intervention time phase. Moreover, individual 221 

differences on WMC were measured at baseline and controlled for when inferring causal effects 222 

of the thought control strategies.  223 

We hypothesized that, relative to control, suppression would lead to a deep activation of 224 

choking thoughts with core features of dampened conscious awareness, but increased priming. 225 
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That is, relative to passive monitoring, suppression would result in lower thought frequency and 226 

duration, and longer RT. In contrast, acceptance would result in surface activation of choking 227 

thoughts with core features of increased conscious awareness but reduced priming relative to 228 

control. Namely, acceptance should induce higher thought frequency and duration, and shorter 229 

RT than passive monitoring. Our primary prediction regarding ERPs followed Giuliano and 230 

Wicha (2010) in that the N400 would be reduced in the suppression condition relative to the 231 

other conditions, reflecting sensitivity to deep activation of the suppressed words. We also 232 

expected less negative-going N400 and more positive-going P3b amplitudes associated with 233 

thought-related than control stimuli in all conditions, reflecting facilitated semantic processing 234 

and memory retrieval.  235 

 236 

237 
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Method 238 

Participants 239 

The study included 90 athletes who were 18 years old or older (Mage = 20.69, SDage = 240 

1.82) and came from varying competition levels, including NCAA Division I, professional sports 241 

(e.g. golf), and Olympics. Athletes (38 males, 52 females) were recruited from two public 242 

universities in the southeast region of the United States. Table 1 shows the sample’s 243 

demographics. Athletes were recruited through a college-wide subject pool, invitation via email, 244 

and flyers distributed on both campuses. Based on the a priori power analysis using a small 245 

effect size (�̅� = 0.30, equivalent to f  = .15) reported in a relevant meta-analysis (Abramowitz et 246 

al., 2001), G*Power 3.1 (Faul, Erdfelder, Buchner, & Lang, 2009) suggested that the current 247 

study required at least 78 athletes to reach a power (1-𝛽) of .80 in detecting a within-between 248 

factor interaction with 𝛼 = .05, Ngroups = 3, Nmeasurements = 4, correlated repeated measures (r = 249 

0.5), and a non-sphericity correction (𝜖 = 1).  250 

All athletes reported normal or corrected-to-normal vision. In addition, athletes with 251 

dreadlock hairstyles were notified of the particular difficulty in EEG capping prior to their 252 

participation. All athletes gave informed consent approved by a local institutional review board 253 

and each was compensated $40 at study completion. In addition, athletes recruited from the 254 

college-wide subject pools also received three course credits for their participation. 255 

 256 

257 
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Table 1 258 

 Sample demographic information 259 

Demographic Variable  Frequency Percentage 

Sports    

 Baseball 11 12.22  

 Basketball 6 6.67  

 Cross Country 8 8.89  

 Diving 2 2.22  

 Football 2 2.22  

 Golf 4 4.44  

 Soccer 3 3.33  

 Softball 7 7.78  

 Swimming 5 5.56  

 Tennis 6 6.67  

 Track and Field 13 14.44  

 Volleyball 1 1.11  

 Sand Volleyball 4 4.44  

 Multi-Sports 14 15.56  

 Other 4 4.44  

Time in Season   

 In Pre-Season 44 48.89  

 In Season 28 31.11  

 In Post-Season 18 20 

Ethnicity    

 White 59 65.56  

 Black 16 17.78  

 Hispanic/Latino 6 6.67  

 Pacific Islander 1 1.11  

 Multi-Ethnic 7 7.78  

 Other 1 1.11  

Note. Multi-sports = participating more than one sport. (e.g., cross-country and track and field; 260 
sand volleyball and volleyball). 261 
 262 

Procedures 263 

The study was conducted in two laboratories. In the first laboratory, the athlete reported 264 

information on inclusion criteria, gave informed consent, and completed the computerized 265 

complex span tasks. In the second laboratory, the athlete completed the main experiment that 266 
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involved several steps. First, the athlete filled out a demographic information form while 267 

receiving EEG capping. Second, the athlete was prompted to recall a very poor sport 268 

performance that was emotionally distressing, both during and after its occurrence. The athlete 269 

was further required to describe the choking experience in 50 words by writing on a blank paper. 270 

Third, the athlete relived the experience by visualizing it for 2 minutes and writing down several 271 

words associated with the experience.3 Finally, the athlete was randomized to one of the three 272 

experimental arms to complete all three measurements of memory activation (i.e., introspective 273 

report, priming, ERPs) in both phases (see Figure 1). Instructions given in each thought-control 274 

condition were as follows: 275 

1. Acceptance: “For the next 5 min, your task is to imagine that your thought of that 276 

very poor performance is coming out of your ears on signs held by marching soldiers. 277 

Please allow the soldiers to march by in front of you, like a parade. Do not argue with 278 

the signs, or avoid them, or make them go way. Just watch them march by. 279 

Visualizing your thoughts in this way is your primary task. In the meantime, if you 280 

are thinking of that very poor performance, please press and hold the spacebar for as 281 

long as the thought’s appearance in your mind. If you are thinking of other things, 282 

please do nothing but continue to monitor your mind. It is important that you keep 283 

monitoring everything in your mind throughout the 5-minute period.” 284 

 285 

2. Control (Passive Monitoring): “For the next 5 min, your task is to monitor 286 

everything that comes to your mind, such as your thought of that very poor 287 

 
3 To verify whether the thought-related wordlist was representative of the semantic space of the recalled choking 

experience, a frequency analysis on words written by athletes after reliving the experience was conducted. Results 

supported using the thought-related wordlist in that 51.08% (189/370) of words written by athletes were in the 

wordlist. Details of the frequency analysis can be found in Supplement 4. 
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performance or anything else. Monitoring your mind in this way is your primary task. 288 

In the meantime, if you are thinking of that very poor performance, please press and 289 

hold the spacebar for as long as the thought’s appearance in your mind. If you are 290 

thinking of other things, please do nothing but continue to monitor your mind. It is 291 

important that you keep monitoring everything in your mind throughout the 5-minute 292 

period.” 293 

 294 

3. Suppression: “For the next 5 min, your task is to try not to think of your thought 295 

of that very poor performance. Please try as hard as you can. Suppressing the thought 296 

in this way is your primary task. In the meantime, if you are thinking of that very 297 

poor performance, please press and hold the spacebar for as long as the thought’s 298 

appearance in your mind. If you are thinking of other things, please do nothing but 299 

continue to monitor your mind. It is important that you keep monitoring everything in 300 

your mind throughout the 5-minute period.” 301 

 302 
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 303 

Figure 1. Flow chart of study design 304 

 305 

Design 306 

Figure 1 displays the study design consisting of a baseline and two intervention-related 307 

phases. The baseline included measuring WMC using a computerized version of three complex 308 

span tasks, as well as preparing procedures for the thought control experiment. Afterwards each 309 

athlete performed the main experiment, which involved a 3 (Strategy: control, suppression, 310 

acceptance) × 2 (Phase: intervention, post-intervention) mixed factorial design. Strategy was a 311 

between-participant factor and Phase a within-participant factor. In addition, a surveyed factor 312 

(Season: pre-season, in-season, post-season) from the demographic information was included to 313 
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control for one’s participation timing in relation to season cycle of their sport. Each athlete 314 

completed a 5-minute thought-monitoring task and a Stroop-like color-naming task while EEG 315 

data was collected during each phase. The intervention and post-intervention phase included four 316 

and one block(s) of the color-naming task, respectively, reflecting a preservation of statistical 317 

power for ERP data in the intervention phase. 318 

  319 

Measurements 320 

Complex span tasks. A shortened and automated version of complex span task 321 

(Oswarld, McAbee, Redick, & Hambrick, 2015) was used to measure WMC. This consisted of 322 

three complex span tasks, including reading, operation, and symmetry/spatial span, done in 323 

conjunction. In the reading and operation span tasks, athletes verified the correctness of 324 

sentences and arithmetic operations, respectively, while memorizing English letters. In the 325 

symmetry span task, athletes judged the symmetry of visual patterns presented on an 8×8 square 326 

matrix while memorizing the location of elements in a 4×4 square matrix (see Conway et al., 327 

2005 for details). This set of complex span tasks was standardized and computerized with 328 

reported Cronbach alpha for reading, operation, and symmetry span as .76, .71, .69, respectively 329 

(Oswarld et al., 2015). A desktop computer operated the task set using E-Prime 2.0 (Psychology 330 

Software Tools, Pittsburgh, PA). Scoring of each complex span task adopted the partial credit 331 

method recommended by Conway et al. (2005). Using Mplus 7.0 (Muthén & Muthén, 2012), 332 

WMC was represented by latent factor scores (M = 0, SD = 0.91), estimated from the three 333 

complex span tasks (see Supplement 1 for the factor model).  334 

Thought-monitoring task. The present thought monitoring task is similar to that of 335 

Lambert et al. (2014). Specifically, athletes were instructed to monitor their minds for 5 minutes 336 
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during the intervention and post-intervention phase. At each phase, athletes pressed and held the 337 

space bar on the keyboard of a computer when they thought of the choking experiences. At each 338 

time phase, the frequency of space bar presses indicated thought presence and the total duration 339 

of space bar presses indicated how long the thought remained in their mind.  340 

Color-naming task. A computerized color-naming task was employed to measure 341 

thought activation in the form of priming. The task was programmed in Matlab using 342 

Psychophysics Toolbox (Brainard, 1997) and the task procedures were adapted from former 343 

studies (e.g., Wegner & Erber, 1992). Four lists of eight uppercase words were displayed in 344 

either red or blue font. The four word lists included: 345 

1. Thought-related list: FAILURE, FRUSTRATE, DISAPPOINT, UPSET, SAD, MAD, 346 

ANGER, EMBARRASSED 347 

2. Positive-control list: DANCER, JOKE, BEAUTY, MOVIE, TERRIFIC, CHRISTMAS, 348 

ENGAGED, RAINBOW 349 

3. Negative-control list: SIN, TOBACCO, BOMB, ABDUCTION, FUNERAL, PRISON, 350 

CANCER, REJECTED 351 

4. Neutral-control list: APPLIANCE, BATHROOM, MUSEUM, PATENT, STATUE, 352 

COLUMN, VIOLIN, WAGON 353 

Words related to choking experiences were chosen from responses of three groups in a 354 

preliminary word association task. Specifically, 32 graduate students majored in sport 355 

psychology, 22 undergraduate students taking a sport psychology course, and 28 undergraduate 356 

students taking an exercise psychology course were asked to generate words they associated 357 

with the thought of a very poor performance in their own sports. The most frequently generated 358 

words across the three groups were included in the thought-related list. None of the words from 359 
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the three control word lists appeared as a response in the word association task. The control lists 360 

were selected from the MRC Linguistic Database (Wilson, 1988) to match the thought-related 361 

list on frequency, length, and number of syllables. Additionally, the four wordlists showed an 362 

expected order of positive valence rating (i.e., Positive > Neutral > Negative = Related) and 363 

arousal level rating (i.e., Positive = Negative = Related > Neutral) according to Affective Norms 364 

for English Words (ANEW; Bradley & Lang, 1999). Details of each word list are listed in 365 

Supplement 2.  366 

Figure 2 displays the sequence of actions in a given trial. A black fixation mark first 367 

appeared at the center of the computer screen for 2 seconds. Then, a word stimulus appeared for 368 

0.6 seconds, followed by a blank white screen for 2.4 seconds. The inter-trial interval was 5 369 

seconds. Responses were accepted after the word offset, until the end of the white screen. The 370 

task required responding to the word color as fast and accurately as possible by pressing either 371 

“↓” (for red) or “→” (for blue) key using the index or middle finger of the right hand, 372 

respectively. The words occupied approximately 0.6 (height) × 3 (width) degrees of visual angle 373 

and were viewed at 60 cm distance. In a given task block, every word appeared one time in both 374 

colors, resulting in a total of 64 trials (4 lists × 8 words × 2 colors). The sequence of trial 375 

presentation was randomized.  376 

Following prior studies (e.g., Wegner & Erber, 1992), a secondary task of rehearsing a 9-377 

digit number was added to the color-naming task to help reveal priming by increasing cognitive 378 

load. Five 9-digit numbers were used in a fixed sequence (i.e., 442371999, 199669460, 379 

001875295, 446441272, 664593111) across the five blocks of the color-naming task for each 380 

athlete. The recall of these 9-digit numbers was verified after completing each color-naming task 381 

block. Analyzing the correctness of numbers recalled in the present study showed that for a given 382 



 19 

9-digit number, 93.6% of athletes rehearsed it correctly throughout the color-naming task block. 383 

At the end of the study, athletes also answered a manipulation check question for this number-384 

rehearsing task, “How hard have you tried to memorize those 9-digit numbers during the color-385 

naming task?”. The question was rated on a 7-point Likert scale ranging from 1 (tried least 386 

effort) to 7 (tried best effort). Results revealed that athlete tried hard to memorize the numbers 387 

(M = 5.68, SD = 1.45). In short, evidence supported that the secondary task was successful in 388 

increasing cognitive load while the athletes were performing the color-naming task.  389 

 390 

 391 

Figure 2. Sequence of action in a given trial of the color-naming task 392 

 393 

EEG recording and ERP measures. EEG was recorded using a 64-channel 394 

BrainAmpDC amplifier (Brain Products, Munich, Germany) with 62 equidistant AgCl electrodes 395 

held on by an elastic cap. Additionally, one electrode was placed under the right eye (15% of 396 
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interaural distance lateral and 20% of inion-nasion distance down from FPz), and two electrodes 397 

were placed at a location lateral to the outer canthi of both eyes. Electrode impedance was 398 

reduced to less than 5 kohms prior to EEG recording.4 Athletes were seated in an electrically 399 

shielded, sound attenuated chamber approximately 60 cm away from the monitor. Visual stimuli 400 

were presented on a 23.6 inch, 120-Hz ViewPixx LED backlight monitor with rise and fall times 401 

comparable to CRT monitors. Throughout the experimental recording, EEG was monitored, and 402 

electrodes were adjusted as needed to keep impedances below the desired level. Right mastoid 403 

was used as reference during recording. 404 

EEG data from one participant was excluded due to a mistake in data recording, resulting 405 

in a sample size of 89 for subsequent ERP analyses. The ERP measurements followed several 406 

steps using EEGLAB (Delorme & Makeig, 2004) and ERPLAB (Lopez-Calderon & Luck, 2014) 407 

toolboxes. First, the EEG recordings were resampled from 1000 to 500 Hz and re-referenced to 408 

the average of both mastoids. Second, all correctly reported trials were categorized based on 409 

event markers and time-locked to the moment of stimulus presentation in the color-naming task 410 

for a [-200, 650] ms epoch window. Third, trials with artifacts (including eye blinks, muscle 411 

activity, and drifting) were rejected for each athlete based on the individualized criteria. The 412 

overall trial acceptance rate was 89.8% and the acceptance rate did not differ among groups, 413 

F(1,87) = 0.036, p = .85. Table 2 shows the trial number accepted at each level of factorial 414 

combination. Lastly, based on the proposal that P3b tends to occur in the post-N400 period when 415 

a word-related response involves lexical processes (Roehm, Bornkessel-Schlesewsky, Rösler, & 416 

Schlesewsky, 2007), the N400 amplitude was measured as the average ERP amplitude from 417 

medial electrodes in the 300-440 ms post-stimulus epoch window (Giulioano & Wicha, 2010), 418 

 
4 Two athletes with dreadlock hairstyles had electrodes showing impedance more than 10 kohms but their EEG 

recording appeared free of artifact. 
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and the P3b amplitude as the average ERP amplitude from electrodes around Pz in the 440-650 419 

ms post-stimulus epoch window (Giulioano & Wicha, 2010). An overview of recorded ERP 420 

traces can be found in the Supplement 3.  421 

 422 

Table 2 423 

 Means (and SDs) for trial number accepted at each level of factorial combination 424 

    related negative positive neutral 

Intervention  acceptance 54.77 (6.98) 55.67 (5.82) 54.83 (6.19) 54.3 (7.37) 

Phase control 55.03 (5.47) 53.93 (4.22) 53.17 (4.9) 53.63 (5.4) 

 suppression 54.45 (4.12) 54.55 (4.36) 55.86 (4.31) 56 (3.27) 

      

Post- acceptance 13.67 (1.88) 13.7 (2.15) 14.13 (1.5) 13.73 (2.03) 

Intervention control 13.73 (1.72) 13.73 (1.62) 14 (1.78) 14 (1.58) 

Phase suppression 12.9 (2.38) 13.45 (2.56) 13.69 (2) 13.38 (2.06) 

 425 

 426 

Data Analyses 427 

Statistical analyses were conducted using SPSS 20.0 and R 3.4.4. A preliminary analysis 428 

was conducted to verify that WMC did not differ among experimental arms (p > .67). The formal 429 

hypothesis testing was realized through multiple ANCOVA models (see Liu, Lebeau, 430 

Tenenbaum, 2016) run on indicators of memory activation with two factors (i.e., Phase and 431 

Strategy) and one covariate (i.e., WMC). The surveyed factor, Season, was also modeled to 432 

enhance the causal inferences by accounting for the context of season timing in sports (Gelman 433 

& Hill, 2007). 434 

For conscious presence of the choking thought, two ANCOVAs were separately 435 

conducted on thought frequency and total duration, respectively. Both ANCOVAs included a 436 

Phase × Strategy × Season structure with WMC as a covariate. For thought priming, ANCOVA 437 
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was conducted on color-naming RT after removing outliers more than 2 SDs from the mean 438 

(Ratcliff, 1993). The ANCOVA included a Phase × Strategy × Wordlist (including 4 levels: 439 

related, positive, negative, neutral) × Season structure with WMC as a covariate. Lastly, for 440 

psychophysiological processes of thought activation, two ANCOVAs were separately conducted 441 

on N400 and P3b amplitudes, respectively. Both ANCOVAs included a Phase × Strategy × 442 

Wordlist × Season structure with WMC as a covariate.  443 

The interpretation of effect size estimates was based on Cohen’s (1988) standards. 444 

Greenhouse-Geisser correction was adopted when the assumption of sphericity was violated in a 445 

given ANCOVA. The alpha level was set at .05. When multiple comparisons based on more than 446 

three mean estimates were required, Sidak method was employed to control for alpha inflation 447 

(Howell, 2012).  448 

449 
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Results 450 

Introspective Report 451 

Thought Frequency. ANCOVA conducted on thought frequency showed a significant 452 

effect of Phase, F(1,80) = 7.08, p = .009, ηp2 = .08, demonstrating that athletes had decreased 453 

frequency of thinking choking experiences from the intervention (M = 5.47, SD = 3.79) to post-454 

intervention (M = 4.76, SD = 4.17) phase. A significant effect of Strategy was also revealed, 455 

F(2,80) = 8.85, p < .001, ηp2 = .18, showing that acceptance led to more frequent report of 456 

thinking choking experiences (M = 7.29, SD = 4.40) than control (M = 5.06, SD = 3.39), p < .03, 457 

which further resulted in more frequent report than suppression (M = 3.01, SD = 3.17), p = .04.  458 

Thought duration. ANCOVA run on total duration of thoughts revealed a significant 459 

effect of Phase, F(1,80) = 31.01, p < .001, ηp2 = .28, a significant effect of Strategy, F(2,80) = 460 

13.76, p < .001, ηp2 = .26, and a significant Phase × Strategy interaction, F(2,80) = 4.03, p < .03, 461 

ηp2 = .09. Figure 3 displays the interaction. During the intervention, acceptance led to longer 462 

report of choking thought (M = 138.63, SD = 74.99) than control (M = 96.28, SD = 78.77), p 463 

= .03, which showed longer report than suppression (M = 29.98, SD = 48.08), p = .001. 464 

However, following the acceptance intervention (M = 89.62, SD = 70.46) participants generated 465 

a similar duration of choking thoughts relative to control participants (M = 60.32, SD = 63.35), 466 

and both acceptance and control showed longer duration than suppression (M = 14.51, SD = 467 

21.40), ps < .01.  468 

The overall result of introspective report suggested a successful thought control 469 

intervention with distinguishable thought control effects in the post-intervention phase: Relative 470 

to control, acceptance showed similar total duration, but higher frequency, implying a shorter 471 

duration per thought occurrence, whereas suppression constantly demonstrated lower frequency 472 
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and shorter duration of thought. These results are generally consistent with the a priori 473 

hypothesis, specifically that suppression would result in less conscious awareness of suppressed 474 

thoughts than the other strategies. 475 

 476 

Figure 3. Means and SEs showing a Phase × Strategy interaction on total thought duration. * p < 477 

.05, ** p < .01. The p value is associated with pairwise comparison.  478 

 479 

Priming 480 

With WMC being a significant covariate, F(1,80) = 4.36, p = .04, ηp2 = .05, ANCOVA 481 

conducted on color-naming RTs revealed a significant effect of Wordlist, F(3,240) = 4.68, p 482 

= .005, ηp2 = .06. The positive wordlist elicited faster RTs (M = 475.24, SD = 75.22) than 483 
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memory-related wordlist (M = 487.18, SD = 58.65), p < .01, but these were not significantly 484 

different from RTs to negative wordlist (M = 482.33, SD = 82.49) and neutral wordlist (M = 485 

481.32, SD = 76.52). In addition, a significant Phase × Strategy × Wordlist interaction was 486 

identified, F(6,240) = 2.41, p = .03, ηp2 = .06. Analyses of the 2-way interactions tested on each 487 

level of the Wordlists revealed a Phase × Strategy interaction, solely on thought-related words, 488 

F(2,80) = 5.19, p = .008, ηp2 = .12. Figure 4 displays the Phase × Strategy × Wordlist interaction 489 

showing that, following the intervention, control (Mintervention = 483.36, SDintervention = 79.94; Mpost-490 

intervention = 506.96, SDpost-intervention = 110.14) and suppression (Mintervention = 496.82, SDintervention = 491 

90.02; Mpost-intervention = 522.65, SDpost-intervention = 119.09) generated slower RTs, ps < .04, whereas 492 

acceptance (Mintervention = 463.46, SDintervention = 60.45; Mpost-intervention = 449.82, SDpost-intervention = 493 

54.37) led to faster RTs, p < .05. Together with results from introspective report, these findings 494 

support the hypothesis that suppression caused deep thought activation (i.e., not reportable but 495 

primed) and acceptance resulted in surface thought activation (i.e., reportable but not primed). 496 
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 497 

Figure 4. Line plots (with SEs) showing a Wordlist × Time × Strategy interaction on color-498 

naming RT. The p values are associated with testing of the Time × Strategy interaction for each 499 

wordlist. 500 

 501 

N400 and P3b Amplitudes 502 
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N400 amplitude. With WMC being a significant covariate, F(1,79) = 4.44, p = .04, ηp2 503 

= .05, an ANCOVA conducted on N400 amplitude demonstrated a significant effect of Phase 504 

(Figure 5a), F(1,79) = 9.96, p = .002, ηp2 = .11, showing an increasingly negative voltage from 505 

the intervention phase (M = 6.85, SD = 4.52) to the post-intervention phase (M = 6.17, SD = 506 

4.93). Moreover, a significant effect of Wordlist (Figure 5b), F(3,237) = 14.82, p < .001, ηp2 507 

= .16, was observed. Pairwise comparisons revealed that memory-related words (M = 7.25, SD = 508 

4.57) elicited less negative-going voltage than positive words (M = 6.34, SD = 4.85), p < .001, 509 

negative words (M = 6.08, SD = 4.53), p < .001, and neutral words (M = 6.38, SD = 4.96), p 510 

= .001. Figure 6 shows N400 amplitudes for the region of interest (ROI) electrodes across time 511 

phases. The result revealed that thought-related words induced less effortful semantic processing 512 

than control words. No significant effects associated with Strategy were identified and thus no 513 

evidence was found to support the hypotheses that suppression would elicit less negative-going 514 

N400 amplitudes than acceptance.5  515 

 516 

 
5 A Season × Wordlist × Strategy interaction was actually identified, F(12, 237) = 1.97, p = .03, ηp2 = .09. However, 
we did not consider this result as reliable because Season was treated as a nuisance factor in the experimental 
design, and because no significant results were identified in follow-up testing of simple simple main effects of 
Strategy.  
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 517 

 518 

Figure 5. Means and SEs showing a Phase effect (a) and a Wordlist effect (b) on N400 519 

amplitude, and a Phase effect (c) and a Wordlist effect (d) on P3b amplitude. * p < .05, ** p < 520 

.01. The p values are associated with pairwise comparisons. 521 

 522 

 523 
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   524 

 525 

Figure 6. Effect of wordlist in N400 (left column) and P3b (right column) in each time phase.  526 

 527 

P3b amplitude. With WMC being a significant covariate, F(1,79) = 5.56, p = .02, ηp2 528 

= .07, ANCOVA on the P3b amplitudes demonstrated a significant effect of Phase (Figure 5c), 529 

F(1,79) = 8.11, p = .006, ηp2 = .09, showing a decreased positive voltage from the intervention 530 

phase (M = 7.88, SD = 5.08) to the post-intervention phase (M = 7.37, SD = 5.34). Moreover, a 531 

significant effect of Wordlist (Figure 5d), F(3,237) = 9.331, p < .001, ηp2 = .11, was observed. 532 

Pairwise comparisons revealed that thought-related words elicited more positive-going voltage 533 

(M = 9.33, SD = 4.06) than positive words (M = 8.34, SD = 4.22), p = .001, negative words (M = 534 
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8.44, SD = 4.25), p = .002, and neutral words (M = 8.17, SD = 4.21), p = .001. Figure 6 shows 535 

P3b amplitudes for all the ROI electrodes across time phases. This result is consistent with the 536 

prediction and demonstrates that greater neural resources were allocated to naming the color of 537 

thought-related words than control words. No significant effects associated with Strategy were 538 

identified.  539 

 540 

541 
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Discussion 542 

 The present study consisted of a randomized controlled intervention aimed at advancing 543 

knowledge about thought control on UITs that were based on personal choking experiences 544 

among sub-elite to elite athletes. With baseline control of individual differences in working 545 

memory capacity, the causal effects of thought control strategy were tested on three types of 546 

thought activation measures including introspective report (conscious presence), Stroop-like RTs 547 

(priming), as well as N400 and P3b amplitudes (psychophysiological processes). Results 548 

supported the a priori hypotheses in that, relative to the control, suppression resulted in deep 549 

activation where the choking thought was less reportable but more primed, whereas acceptance 550 

led to surface activation where the choking thought was more reportable but less primed. 551 

However, no effects of thought control strategy on ERP amplitudes were identified, although 552 

both N400 and P3b amplitude demonstrated sensitivity in distinguishing thought-related words 553 

from control words as predicted.   554 

 The present study is the first to experimentally show that suppressing individualized 555 

UITs, such as choking experiences, results in deep activation. That is, although suppression 556 

could reduce introspective thought report, it enhanced thought priming so that the thought 557 

intrusiveness was heightened once cued by relevant information. This finding generates direct 558 

support to Wegner and Smart’s (1997) conceptualization of thought activation caused by 559 

suppression. Given arguments that UITs tend to trigger suppression intentions (Najmi & Wegner, 560 

2008), the observed suppression-induced deep activation may contribute to forming a self-561 

sustaining loop of UIT control: A suppression-primed UIT tends to have elevated intrusiveness 562 

that motivates its further suppression. Indeed, athletes assigned to the suppression condition 563 

demonstrated extended suppression efforts by reporting less frequency and shorter duration of 564 
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choking thoughts relative to control in the post-intervention phase, where they were no longer 565 

required to suppress choking thoughts, but passively monitored their minds. Revealing this self-566 

sustaining, yet detrimental, loop of UIT suppression is a step forward towards understanding the 567 

mechanism of developing several clinical obsessions such as PTSD and OCD (Salkovskis, 568 

1996).  569 

Because the present evidence revealed a suppression-induced deep activation and the UIT 570 

suppression-priming loop in an experimental duration of about 45 minutes, it can be viewed only 571 

as showing an acute effect of suppressing individualized UITs. The chronic effect of suppressing 572 

individualized UITs is still unknown, although correlational studies have suggested consistent 573 

evidence in that one’s disposition for using suppression in thought control was able to fully 574 

mediate the severity of trauma history and PTSD symptoms (Garland & Roberts-Lewis, 2013). 575 

Future experimental studies are recommended to extend the current measures of thought 576 

activation to a wider temporal scope so that more chronic effect of suppressing individualized 577 

UITs can be examined.  578 

 Showing the suppression-induced deep activation for individualized UITs brings a new 579 

perspective in viewing the thought suppression research. First, the evidence is aligned with 580 

theories of thought suppression in that at least a dual-process framework needs to be considered 581 

in measuring thought activation, including a given thought’s conscious presence in mind and 582 

subconscious priming (Wegner, 1994; Wegner & Smart, 1997). Second, the suppression-induced 583 

deep activation supports a rebound effect on priming, but not introspective reports of choking 584 

thoughts among athletes. In other words, detecting the rebound effect of suppressing 585 

individualized UITs depends on the type of thought activation that is measured. These findings 586 

question the results from past meta-analyses of thought suppression, which synthesized effect 587 
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sizes of all the thought activation measures without distinction. For instance, Magee et al.’s 588 

(2012) meta-analysis “used numerous types of dependent measures, including thought frequency, 589 

thought duration, reaction time tasks measuring thought activation, and retrospective estimates of 590 

thought recurrences” (p. 193). Missing such a distinction likely contributes to the acknowledged 591 

high variability of effect size in both meta-analysis of thought suppression (see Abramowitz et 592 

al. 2001; Magee et al., 2012). Moreover, the dependence between rebound effects and the 593 

dependent variable used to measure thought activation may be moderated by the degree to which 594 

the target thoughts are unwanted. If the thought is highly unwanted due to personal relevance and 595 

negative emotional attachment, one may be motivated to further suppress thoughts, like those in 596 

current study, leading to a rebound effect that is manifest in measures of thought priming. In 597 

contrast, if the thought is neutral (e.g., white bear), one may stop censoring a previously 598 

suppressed thought and start thinking about it, creating a rebound effect such as that shown in 599 

measures of conscious presence. These hypotheses are worth testing in future empirical studies 600 

and quantitative reviews. 601 

The present study is also the first to experimentally show an acceptance-induced surface 602 

activation of individualized UITs. Opposite to suppression, acceptance unprimes choking 603 

thoughts. Acceptance is thus evidenced as an effective strategy in preventing the suppression-604 

induced deep activation, at least across a current 45-minute period . Moreover, the average color-605 

naming RT across all stimulus words were faster in the acceptance condition (455 ms) than those 606 

in suppression (501 ms) and passive monitoring (489 ms) conditions (Figure 4). This pattern of 607 

results, although not statistically significant (p = 0.11), was also revealed in previous pilot 608 

studies and was meaningful in magnitude (Δ ≥ 34 ms; cf. Kousta, Vinson, & Vigliocco, 2009). 609 

This suggests that, in addition to generating the unpriming effects that apply selectively to 610 
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thought-related words in the Stroop-like color-naming task, acceptance may have also reduced 611 

overall cognitive load in the task so that faster color-naming RTs to all words can be achieved 612 

compared to other conditions. Because cognitive load can take the form of emotional 613 

disturbances (Wegner, 1994), this observation is consistent with findings that, relative to 614 

suppression, acceptance results in better (i.e., more positive and/or less negative) emotional 615 

responses to thoughts of varying nature. For instance, relative to suppression, acceptance has 616 

been shown to reduce distress level in controlling for OCD thoughts among clinical patients 617 

(Najmi et al., 2009), to decrease anxiety perception in thoughts of high-stake exams (Lepore, 618 

1997) and distressing stories (Lin & Wicker, 2007) among college students, and to increase 619 

positive affects after watching positive film clips among people with difficulties in emotional 620 

regulation (Erisman & Roemer, 2010). Therefore, the benefit of accepting UITs seems to reside 621 

in not only thought control but also self-regulation in general. 622 

The joint evidence of suppression-induced deep activation and acceptance-induced 623 

surface activation deepens understandings on dynamics of human mind. One such dynamic is 624 

embodied in research of mind wandering, whose conceptualization with executive control is in 625 

contention. Specifically, one side argues that mind-wandering reflects a recruitment process of 626 

executive control resources (Smallwood & Schooler, 2006), whereas the other side argues that 627 

mind-wandering should be viewed as failure of executive control (McVay & Kane, 2010). The 628 

present findings shed light on that, in cases of controlling UITs in mind, mind-wandering can 629 

result from both recruitment of executive control resources and failure of executive control. 630 

Given that a UIT under deep activation tends to have the mind wander back to the target thought 631 

over and over again from other thoughts (Najmi & Wegner, 2008) and a UIT under surface 632 

activation sensitizes the mind to wander to other thoughts than the target one (Wegner, 1997), 633 
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both suppression and acceptance of a UIT lead to wandering minds. However, the mind 634 

wandering driven by UIT suppression represents an unintended result of executive control, 635 

whereas the mind wandering driven by UIT acceptance symbolizes a successful utilization of 636 

executive control resources. This insight invites future mind wandering research to consider the 637 

factor of thought control strategy when conceptualizing the relationship between mind 638 

wandering and executive control. 639 

 An important aspect of this study is the inclusion of psychophysiological evidence related 640 

to thought activation. Specifically, less negative-going N400 amplitudes and more positive-going 641 

P3b amplitudes are observed in response to thought-related words than thought-irrelevant control 642 

words in the Stroop-like color-naming task. This finding can be understood in that thought-643 

related words elicit easier semantic retrieval given the recalled choking experiences and more 644 

resources allocated to naming the word color than control words. Such a finding supports the 645 

validity of the current color-naming task in tapping activation of choking thoughts and suggests 646 

the value of considering N400 and P3b amplitudes in future thought control research. However, 647 

given the spatial and temporal overlap between N400 and P3b components, it is difficult to 648 

differentiate the two from each other in the current finding, a challenge that has been noted in the 649 

past (cf. Arbel, Spencer, & Donchin, 2011; Roehm, Bornkessel-Schlesewsky, Rösler, & 650 

Schlesewsky, 2007, Friedman & Johnson, 2000).  651 

 At least two explanations can be applied to the null findings regarding thought control 652 

strategies on the N400 amplitude. First, it is possible that thought control strategy has no effect 653 

on the processes indexed by N400 amplitude. The N400 amplitude may be only sensitive to the 654 

relevance of stimuli to the content of mind. In other words, the psychophysiological processes 655 

reflected by N400 amplitude may be only sensitive to whether a stimulus is semantically related 656 
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to a recollected thought or not. Once a given thought is recollected, using different thought 657 

control strategies will not trigger differential psychophysiological responses between thought-658 

related stimuli. The only study revealing the effect of thought control (i.e., think vs. suppress) on 659 

N400 amplitude followed a crossover design using noun words (i.e.,, mountain, uniform, factory, 660 

journal, anchor, lamp, branch, pond, envelope, dawn) as target thoughts in a lexical decision task 661 

(Guiliano & Wicha, 2010). In addition, the thought control effect was only revealed before 662 

participants were crossed over to using the other thought control strategy. Therefore, the transfer 663 

of Guiliano and Wicha’s finding to the current study may be low due to the combination of 664 

design differences, such as target thought differences. Second, given that the thought control 665 

strategy was implemented here as a between-participant factor, the present study may not have 666 

sufficient statistical power to reveal such an effect. This is particularly likely for the 667 

measurement in post-intervention phase that included only one trial block in the color-naming 668 

task. That is, only about one dozen trials were available for each wordlist for a given athlete in 669 

the post-intervention phase, and this may not be sufficient to capture the effects of thought 670 

control in this phase of the study.  671 

Finally, the present research bears two applied implications. First, to safeguard the mental 672 

wellbeing of UIT-sensitive populations such as high-achieving athletes, psychotherapists can 673 

help clients cope with UITs by adopting an acceptance strategy instead of suppression. 674 

Acceptance may help turn the UIT into a neutral thought so that the UIT is no longer perceived 675 

as distressing. As a matter of fact, accepting and learning from past failures works in tandem 676 

with the notion of a growth mindset, which refers to an individual’s belief that human abilities 677 

are malleable (as opposed to being fixed) and every experience is valuable for personal 678 

development (Dweck, 2008). Anecdotally, the present study included an Olympian. When asked 679 
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to generate feeling words associated with a choking experience in her sports (running), the 680 

Olympian demonstrated difficulty and finally wrote one word, “relaxed.” The Olympian later 681 

explained such a moment by saying “I have forgiven myself in that performance.” Given that 682 

most athletes generated negative feeling words (e.g., upset), this anecdote suggests that the 683 

Olympian has adopted an acceptance-like strategy to neutralize the negative emotional values 684 

attached to her choking experience and to move on to new challenges. Second, the benefit of 685 

acceptance may go beyond mental aspects by enhancing athletes’ motor performance. For 686 

instance, in four experiments of golf-putting, Liu et al. (2019) showed that ironic and 687 

overcompensating motor processes could be elicited by activating avoidance goals in mind prior 688 

to movement execution. Given that suppression of choking experiences is likely to cause long-689 

term activation on choking thoughts, Liu et al. argued that such activated choking thoughts may 690 

serve as triggers for repeated choking experiences, particularly when athletes compete in similar 691 

competitive settings under high pressure. Future applied studies are thus encouraged to test this 692 

hypothesis so that the impact of choking experiences on ensuing sports performance can be 693 

understood. 694 

 695 

 696 

 697 

 698 
699 
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Supplement 2: Details of The Wordlists 919 
 920 
    MRC Psycholinguistic Database   ANEW 

    KF Frequency Length Syllable #   Valence Arousal  

Related List        

 failure 89 7 2  1.7 4.95 

 frustrate 4 9 2  2.48 5.61 

 disappoint 15 10 3  2.39 4.92 

 upset 14 5 2  2 5.86 

 sad 35 3 1  1.87 4.2 

 mad 39 3 1  2.44 6.76 

 anger 48 5 2  2 8.22 

 embarrassed 8 11 4  3.03 5.87 

Mean  31.50  6.63  2.13   2.24  5.80          
Negative List       

 sin 53 3 1  2.8 5.78 

 tobacco 19 7 3  3.28 4.83 

 bomb 36 4 1  2.1 7.15 

 abduction 1 9 3  2.76 5.53 

 funeral 33 7 3  1.39 4.94 

 prison 42 6 2  2.05 5.7 

 cancer 25 6 2  1.5 6.42 

 rejected 33 8 3  1.5 6.37 

Mean  30.25  6.25  2.25   2.17  5.84          
Positive List        

 dancer 31 6 2  7.14 6 

 joke 22 4 1  8.1 6.74 

 beauty 71 5 2  7.82 4.95 

 movie 29 5 2  6.86 4.93 

 terrific 5 8 3  8.16 6.23 

 christmas 27 9 2  7.8 6.27 

 engaged 47 7 3  8 6.77 

 rainbow 4 7 2  8.14 4.64 

Mean  29.50  6.38  2.13   7.75  5.82          
Neutral List        

 appliance 5 9 3  5.1 4.05 

 bathroom 18 8 2  5.55 3.88 

 museum 32 6 2  5.54 3.6 

 patent 35 6 2  5.29 3.5 

 statue 17 6 2  5.17 3.46 

 column 71 6 2  5.17 3.62 

 violin 11 6 3  5.43 3.49 

 wagon 55 5 2  5.37 3.98 

Mean   30.50  6.50  2.25    5.33  3.70  
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Supplement 3 926 
 927 

Wordlist-wise ERP Trace Plot for All the Electrodes in the Intervention Phase 928 
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Wordlist-wise ERP Trace Plot for All the Electrodes in the Post-Intervention Phase 933 
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Intervention-wise ERP Trace Plot for All the Electrodes in the Intervention Phase 936 
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Intervention-wise ERP Trace Plot for All the Electrodes in the Post-Intervention Phase 939 
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Supplement 4: Validity Check for Thought-Related Wordlist  943 
 944 

 945 

Word  Frequency Percentage 

upset  26 7.03  

sad  32 8.65  

mad  9 2.43  

frustrate  27 7.30  

embarrass  19 5.14  

disappoint  41 11.08  

anger  32 8.65  

failure  3 0.81  

 Subtotal 189 51.08  

    

(other words)  181 48.92 

 Total 370 100 
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