Running Head: EMOTIONAL STROOP IN ATHLETES
Attentional distraction from negative sports words in athletes under low- and high-pressure conditions: Evidence from the sport emotional Stroop task

Abstract 
To compete successfully, athletes should focus attention on task-relevant information, thereby inhibiting task-irrelevant information, which can be emotion-laden (e.g., worries about performance). So far, there is a lack in research assessing athletes’ processing of emotional stimuli. Further, objective measurements assessing general inhibition performance lack of ecological validity in regard to being performed under low-pressure conditions. We investigated for the first time athletes’ processing of emotional task-irrelevant information in low- and high-pressure conditions. Forty athletes performed a modified emotional Stroop task (i.e., sport emotional Stroop task, SEST) measuring attentional processing of emotional task-irrelevant stimuli. Results show an interference effect under low (p = .011) and high pressure (p = .021) for negative sports words. No effect was found for positive sports words neither in the low (p = .271) nor the high pressure condition (p = .393). Results are discussed as they relate to the threat-relatedness hypothesis and the arousal hypothesis as well as attentional control theory. Possible fields of application for the SEST are reviewed at the end. 
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To perform successfully, athletes should focus their attention on task-relevant information (Mann, Williams, Ward, & Janelle, 2007). So far, research has shown that athletes perform better than nonathletes on measures of processing speed (i.e., reaction time) and various attention paradigms (i.e., focusing attention on task-relevant stimuli while inhibiting allocation of attention to task-irrelevant distractions; Voss, Kramer, Basak, Prakash, & Roberts, 2010, p. 814). Nevertheless, information that is task-irrelevant and emotional for athletes, such as positive and negative thoughts about performance outcome (e.g., winning, losing), can distract from relevant information (i.e., focus on the task at hand) and influence performance (Mann et al., 2007), particularly in stressful situations (e.g., Parfitt & Hardy, 1993). For example, if an athlete is worried about the opponent, the score, or potentially important observers, the attentional resources available to focus on task-relevant information are reduced (see Eubank, Collins, & Smith, 2000, p. 293), thereby negatively influencing performance. Thus, the goal of this study was to understand athletes’ processing of emotional information that is task-irrelevant under low- and high-pressure conditions, as high-pressure conditions reflect athletes’ usual competitive sports environment. 
A rather general approach in sports to assess cognitive functions, including information processing, especially in applied sports psychology, is the Vienna Test System SPORT (Schufried GmbH, Austria). The test measures visual, auditive, and long-term “attention” as well as concentration under low-pressure conditions, using stimuli that are not sport specific and emotional. We believe that the ecological validity of the stimuli used and the measurement situation (i.e., low pressure), though it will remain a task performed in front of a computer in a laboratory, can be improved for four reasons. First, taking part in a competition means that something is at stake for the athletes, and hence it represents a stressful and high-pressure situation. Second, this also implies that athletes are emotionally involved and concerned about the results of their performance (i.e., outcome). Third, these emotional concerns about performance occur mentally as thoughts. Theses thoughts are not task-relevant or goal-oriented, such as “we will lose because of me” (Latinjak, Zourbanos, López-Ros, & Hatzigeorgiadis, 2014). Importantly, these non-relevant emotional stimuli were not investigated in the previously mentioned eye tracking studies (e.g., Wilson et al., 2009). And last, those thoughts are nevertheless usually related to the sports setting, such as, “there are people watching.” Thus, an instrument operationalizing an athlete’s processing of emotional task-irrelevant information would benefit from higher ecological validity that would be achieved by using sports-related emotional stimuli in high-pressure testing situations. The information obtained could be used to develop strategies for modifying attentional focus and later testing the efficacy of the strategies used (see Eubank et al., 2000). 
The emotional Stroop task has been the most frequently used task to operationalize the processing of emotional information (Williams, Mathews, & MacLeod, 1996). Participants are asked to name the ink color in which a word is written (e.g., blue) as quickly as they can, thereby inhibiting the actual meaning of the word (e.g., death). The difference in reaction time to emotional words (e.g., positive or negative words) and neutral words represents the emotional interference effect, also called the emotional Stroop effect (for review see Williams et al., 1996). The greater the difference (in milliseconds) is, the higher the Stroop interference effect, indicating a higher attentional bias toward emotional task-irrelevant stimuli (Williams et al., 1996).  
Findings of a Stroop interference effect for information that is highly relevant to a person are robust and have been reported repeatedly and across many different domains of personal relevance (MacLeod, 1991). A meta-analysis provided confirmation of the emotional Stroop effect (i.e., as a paradigm) for healthy individuals comparing negative stimuli (i.e., threat-related) with neutral stimuli (Bar-Haim, Lamy, Pergamin, Bakermans-Kranenburg, & van IJzendoorn, 2007). Only a few studies have used the emotional Stroop task in the sports domain (e.g., Schirlin et al., 2009; testing attentional bias toward doping words). To our knowledge, only two studies have focused on athletes as a participant group and additionally induced mood changes via emotional recollection of the participants (i.e., thinking about good and bad performance experiences; Eubank et al., 2000; Eubank, Collins, & Smith, 2002). Both studies used the same sample and focused on the anxiety–performance relationship. They found that the athletes’ interpretation of anxiety’s influence on performance (i.e., facilitative or debilitative) influenced their reaction time to positive and negative stimuli (i.e., positive and negative adjectives such as “proud” or “tense” and neutral nouns such as “bed” or “key”; Eubank et al., 2000) as well as to ambiguous words (e.g., “score” or “result”; Eubank et al., 2002). They also found that athletes who perceived anxiety as being debilitative spent more time processing negative stimuli, whereas athletes who perceived anxiety as facilitative spent more time processing positive stimuli in all conditions (i.e., neutral, positive, and negative mood condition).
Despite the relevance for the sports setting to examine the influence of anxiety interpretation on attentional bias, the studies present three methodological issues. First, the mood induction used, that is, emotional recollection (i.e., participants were asked to think about good or bad performance experiences) could be improved, as mentioned by the authors (Eubank et al., 2000). Second, none of the studies used emotional task-irrelevant stimuli that pertain to competitive sports settings, even though it has been pointed out that relatedness to concerns represented by the stimuli is of importance for healthy participants when looking for interference effects (Williams et al., 1996). Last, the number of syllables was not controlled for. Controlling for the number of syllables of a word is an important stimulus dimension, as words with higher numbers of syllables slow down response time independent of the valence of the word, as pointed out repeatedly by reviews (e.g., Cox, Fadardi, & Pothos, 2006; MacLeod, 1991; Williams et al., 1996). Taking the syllable count of all the words used in Eubank et al. (2000, 2002), we see that positive words totaled 51 syllables, negative words 47 syllables, and neutral words 34 syllables. This issue alone makes it hard to draw conclusions from this data set. 
The most frequent explanation for the reactions to emotional Stroop interference stimuli is an attentional bias toward negative and threatening stimuli because they attract more processing resources (Beck’s 1976 schema theory; in Williams et al., 1996). Also referred to as the threat-relatedness hypothesis (Ruiz-Caballero & Bermúdez, 1997) or categorical negativity theory, the explanation puts the emphasis on the attentional bias toward negative and threatening stimuli (Pratto & John, 1991, cited in Dresler Meriau, Heekeren, & Van Der Meer, 2009). Williams et al. (1996) postulated that this bias might not be restricted to only negative and threatening stimuli but can potentially be extended to positive stimuli. This has been referred to as the arousal hypothesis (see Dresler et al., 2009; also the emotionality hypothesis in Ruiz-Caballero & Bermúdez, 1997), which posits that attentional bias depends not on valence (i.e., positive vs. negative) but on the level of arousal (i.e., high vs. low; Dresler et al., 2009) because the first appraisal of a stimulus is related to arousal and not valence (see also Anderson, 2005; Lang, Greenwald, Bradley, & Hamm, 1993; Schimmack, 2005).  
Empirically, there is only partial evidence for an attentional bias for positive words (see Ruiz-Caballero & Bermúdez, 1997). Studies, for example, by Schimmack (2005) and Lang et al. (1993), found that healthy participants looked longer at arousing pictures regardless of whether they were positively or negatively valenced. Studies using word stimuli, such as Pratto (1994), Dresler et al. (2009), and Putman and Roelofs (2011), also detected an attentional bias toward positive words that were highly arousing. These results are of great interest for the sports context, as even positive distractions (i.e., stimuli) are theoretically assumed to impact performance negatively (Baumeister & Showers, 1986). 
During an increased state of anxiety (i.e., experimentally manipulated via evaluative instructions, and competitive situations; Derakshan & Eysenck, 2009, p. 168), the top-down, goal-driven system, which usually affects an individual’s current goals, expectations, and knowledge, gives way to the bottom-up, stimulus-driven system that is influenced by salient stimuli, which is associated with a reduced inhibition of task-irrelevant stimuli (attentional control theory; Derakshan & Eysenck, 2009; Eysenck, Derakshan, Santos, & Calvo, 2007). In other words, according to the attentional control theory, an increase in anxiety leads to increased attention to salient stimuli at the cost of less attention to task-relevant information. In a situation of increased state anxiety, salient stimuli will be mostly, but potentially not only, threat-related stimuli. As the Stroop effect has also been explained by automatisms (e.g., Cohen, Dunbar, & McClellan, 1990) and shown to be higher in effect size when participants have current concerns related to the emotional words (Cox et al., 2006, pp. 469–470), it is likely that the interference effect for negative stimuli is also present under high-pressure conditions and larger in its effect. A stronger interference effect can also be expected for positive stimuli in our study. As athletes in a competitive situation experience psychosocial stress due to observation and comparison to others as well as judgment by others, we would argue that a positive word such as “winning” can also be considered a salient stimulus, even though attentional control theory is based on mainly negative and threatening stimuli. 
Overall, objective instruments with higher ecological validity are needed to assess and understand athletes’ processing of emotional stimuli. Thus, we sought to understand how athletes process emotional task-irrelevant information in low-pressure and high-pressure conditions to provide a deeper understanding of how this might affect performance in competitive sports settings. We hypothesized for the low-pressure condition a Stroop interference effect for negative sports words (on the basis of the threat-relatedness hypothesis; Ruiz-Caballeo & Bermúdez, 1997) and positive sports words (on the basis of the arousal hypothesis; Dresler et al., 2009). For the high-pressure condition, we expected a larger Stroop interference effect on the basis of the attentional control theory (Derakshan & Eysenck, 2009) for both negative and positive sports words on the basis of the argument that positive sports words such as “winning” can be considered salient stimuli for athletes. 
Material and Method
Participants
Forty athletes (16 women, 24 men, Mage= 24.1 years, SD = 2.0, age range 21–31 years) from different sports voluntarily participated in the experiment. They had been involved in their sport for a mean of 13.3 years (SD = 6.2) and were training a mean of 8.3 h/week (SD = 4.9). Prior to data collection, the athletes signed an informed consent form, following requirements of the Declaration of Helsinki. Participants were all nonsmokers. They stated they were not on any medication and did not abuse drugs. Further, they had no history of heart-related disorders. See Table 1 for participants’ descriptive data.
***** Insert Table 1 here *****
Materials
Stimuli. Stimulus words were from four categories: neutral nonsports words, negative sports words, neutral sports words, and positive sports words. As any stimulus category related to personal concerns (e.g., sports-related words for our sample of involved athletes) might draw attention (Williams et al., 1996), calculating the dependent measure of interference by comparing emotional to neutral sports words might be a very insensitive measure (due to a potential ceiling effect of salience interference from neutral sports words). Therefore, neutral nonsports words were included in the task to calculate an interference score as emotional sports words versus neutral nonsports words. We decided that if preliminary analyses showed that neutral sports words resulted in significantly longer response times than neutral nonsports words, we would use this latter more sensitive interference score for secondary analyses. All words were three syllables long (see recommendations by Cox et al., 2006), except one word in each category that was four syllables long. 
In a pilot study, words were rated by 56 sports students (20 women, 36 men; Mage = 21.1 years, SD = 3.4; Msports experience = 12 years; SD = 4.7) on a 9-point scale, ranging from 1 (negative) to 9 (positive) for valence, from 1 (not arousing) to 9 (very arousing) for arousal, and from 1 (not at all threatening) to 9 (very threatening) for threat, following Putman and Berling (2011). The mean valence rating for neutral nonsports words (e.g., house) was 5.81, SD = 0.89; for negative sports words (e.g., loser) 2.52, SD = 0.68; for neutral sports words (e.g., warm-up) 6.03, SD = 0.84; and for positive sports words (e.g., winner) 8.06, SD = 0.59. A repeated measures analysis of variance (ANOVA) with word category as the independent variable and word valence as the dependent variable revealed a significant difference in valence ratings, F(3,165) = 525.11, p < .001, p2 = 0.91. Post hoc analyses using Bonferroni correction showed that negative sports words were rated significantly more negative in valence than neutral nonsports words (p < .001, d = 4.19), neutral sports words (p < .001, d = 4.62), and positive sports words (p < .001, d = 8.72). Also, positive sports words were rated significantly more positive than neutral nonsports words (p < .001, d = 3.04) and neutral sports words (p < .001, d = 2.84). No difference in valence rating was found between neutral nonsports and neutral sports words. 
The mean arousal rating for neutral nonsports words was 2.03, SD = 1.28; for negative sports words 5.8, SD = 1.96; for neutral sports words 3.53, SD = 1.74; and for positive sports words 5.95, SD = 1.81. The repeated measures ANOVA showed a significant difference in arousal ratings, F(3,165) = 135.93, p < .001, p2 = 0.712. Post hoc analyses using Bonferroni correction show that neutral nonsports words were rated significantly less arousing than negative sports words (p < .001, d = 2.33), neutral sports words (p < .001, d = 0.99), and positive sports words (p < .001, d = 2.54). Neutral sports words were rated significantly less arousing than positive sports words (p < .001, d = 1.36). No difference in arousal rating was found between negative and positive sports words. 
The mean threat rating for neutral nonsports words was 2.11, SD = 1.32; for negative sports words 5.7, SD = 1.44; for neutral sports words 2.43, SD = 1.46; and for positive sports words 2.25, SD = 0.98. The repeated measures ANOVA showed a significant difference in valence ratings, F(3,165) = 151.38, p < .001, p2 = 0.733. Post hoc analyses using Bonferroni correction show that negative sports words were rated significantly more threatening than neutral nonsports words (p < .001, d = 2.6), neutral sports words (p < .001, d = 2.26), and positive sports words (p < .001, d = 2.85). No further significant differences in threat ratings were detected.
Sport Emotional Stroop task (SEST). We presented the SEST, using the words previously rated in the pilot study, to participants on a 19-in. flat-screen monitor (1,280 × 960 pixels at 60 Hz) at a viewing distance of ~60 cm, using Inquisit 4 by Millisecond Software. Words appeared in 28-pt Arial font in the middle of a white screen. Participants were asked to name the color the word was written in as fast and as accurate as possible while ignoring the meaning of the word. A headset was placed on their head for stability with a microphone right in front of their mouth to record the answers. To familiarize the participants with the task, we ran 10 practice trials with practice words (e.g., “one,” “two”). Each trial of the SEST started with a black fixation cross (+). After 500 ms the fixation cross disappeared and the target word was shown. In total, there were 15 neutral nonsports words, 15 neutral sports words, 15 negative sports words, and 15 positive sports words used in this experiment. Each word was presented three times in different colors. In total 180 trials were completed in randomized order. See the list of words used in the Appendix. 
Subjective measures of stress. On a subjective level, stress was measured on a visual analogue scale (VAS), a 100-mm line on which participants made a cross at a point from 0 (not anxious at all) to 100 (very anxious) to answer the question “How stressed do you feel right now?” The reliability and validity of the VAS for assessing stress was confirmed in earlier studies (e.g., Flynn, van Schaik, & van Wersh, 2004).
Objective measures of stress: Mean heart rate (HR). HR is influenced by the sympathetic nervous system and therefore, can be considered to some extent as an indicator of stress (Vrijkotte, van Doornen, & de Geus, 2000). We measured HR using the eMotion HRV Sensor (type MT-WBA-1-HRV; Mega Electronics Ltd., Finland) with a sampling rate of 1,000 Hz. Disposable electrodes were placed on the body without any specific skin preparation—the negative electrode on the right infraclavicular fossa (just below the right clavicle) and the positive on the intercostal space between the 10th and 11th rib on the left side of the body. Mean HR data were taken for 5 min at baseline and during the last 5 min of the SEST, following the recommendations of the Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology (1996). 
High-pressure condition: Induction of pressure via evaluative instructions and competitive situations. A combination of stressing factors, that is, rewards, audience presence, competition, and ego involvement, were used to induce psychosocial stress, following the recommendations of Baumeister and Showers (1986) as well as Derakshan and Eysenck (2009, p. 168). This pressure induction has also been found to increase mean HR and subjective measures of stress in previous laboratory studies (e.g., Laborde, Furley, & Schempp, 2015). We first told the participants that it was a competitive task and they would be in competition with fellow athletes. We then told participants they would receive a reward in front of everyone during a lecture if they performed well. To increase self-awareness, we turned on a webcam that directly streamed the participants’ face onto a second computer screen, so that the participants could see themselves peripherally. Additionally, we had the first experimenter sit very close to the participant and a second experimenter enter the room and sit in a location that was always, at least peripherally, visible to the participant (see Figure 1). As part of the cover story, we also told participants that we were interested in behavioral aspects such as posture, eye movement and such and thus, written notes had to be taken by the experimenters. The constant sound of pen on paper was meant to give the participants the impression that they were under constant observation and were being judged. If participants were first in the low-pressure condition, the experimenter stated that the first trial was for practice. 
***** Insert Figure 1 here *****
Low-pressure condition. In the low-pressure condition, participants sat in front of the computer while the experimenter sat in the room not facing the participants in order not to increase pressure. Participants were told to follow the instructions on the screen and to ask the experimenter if something was unclear. The experimenter also stated that there were practice trials to prevent possible pressure. If participants performed the high-pressure condition first, the experimenter stated that the task was the same and that the experimenters were interested simply in how they would perform the second time around without anyone observing.
Procedure
Prior to the experiment, participants were instructed neither to eat nor to drink anything but water 2 h before the experiment. They were further instructed not to engage in any strenuous physical activity 24 h prior to the experiment. 
Participants were asked to come to the lab on two separate occasions (low-pressure and high-pressure condition; within-subject design), approximately 1 week apart to keep learning effects to a minimum. The experimental order was counterbalanced. The experimental sessions lasted 75 min and were conducted between 8:00 a.m. and 8:00 p.m., with time kept consistent within each participant to account for potential diurnal preferences in performance.
First, participants were welcomed and signed an informed consent form. Then, electrodes were attached to record mean HR. After that, participants were asked to relax for 5 min as a baseline measurement for their mean HR, which was followed by filling out the VAS at baseline. Then, they were asked to perform the SEST in the low-pressure or high-pressure condition. After the task, participants were asked to fill out the VAS again. At the end, participants were thanked for their participation. After the second time, participants were debriefed and told that the recorded video data as well as the notes that were taken by experimenters were deleted and destroyed right after testing. 
Data Reduction and Analyses
All dependent variables were first checked for normality and outliers. For mean HR data, two datasets that were incomplete due to technical difficulties had to be excluded from the manipulation analyses. For the SEST, all trials with incorrect answers were removed (3.15%). In a second step, two filters were used. In the first filter, trials with response times lower than 200 ms and higher than 3,000 ms were excluded to account for extreme results (see Putman & Berling, 2011). In a second, finer filter, reaction times higher or lower than two standard deviations from the mean were also removed to account for outliers (see Dresler et al., 2009). Mean HR data was exported from Biotrace to Kubios software (University of Eastern Finland, Kuopio, Finland). 
To detect whether the pressure induction was successful, we conducted two separate repeated-measures 2 (Condition: low vs. high pressure) × 2 (Task: baseline vs. SEST) analysis of variance (ANOVA) with order (first performing in the low- or high-pressure condition) as a between-subjects factor. In the first we entered VAS as a dependent variable having 40 participants and for the second we entered mean HR as a dependent variable with 38 participants. In comparison to running a multivariate ANOVA, we are not losing the two data sets of missed HR recordings, as they would not have been included in a multivariate ANOVA. 
To detect the Stroop interference effect, we first calculated interference scores by subtracting response time for neutral sports words (respectively, neutral nonsports words) from response time for emotional task-irrelevant words (i.e., positive and negative sports words). Second, we performed two one-sample t-tests, comparing the mean of the interference scores for negative and positive sports words to 0, to test if these interference scores using the self-relevant neutral sports words as reference condition were sensitive enough to measure emotional interference. Power was calculated using G*power 3.1 post hoc.
To detect changes in attentional bias due to condition (low and high pressure), we ran a 2 (Condition: low vs. high pressure) × 2 (Interference scores’ valence: negative vs. positive) repeated-measures ANOVA, entering order (first performing in the low- or high-pressure condition) as a between-subjects factor to control for possible order effects. 
Interactions effects were further investigated using t-tests. Order effects will be reported but not further analyzed as we counterbalanced order in the study design and controlled for it in the statistical analyses when entering order as a between subject factor. The initial level of significance for all tests was set at .05. 
Results
Manipulation Check
For the self-reported and thus, subjective level of stress (i.e., VAS), the repeated measures ANOVA including all 40 participants, revealed a main effect of condition, F(1,38) = 7.93, p = .008, p2 = .17 and task, F(1,28) = 12.63, p = .001, p2 = .25. In detail, participants reported significantly higher levels of stress in the high-pressure condition and after the SEST compared to baseline. There was also an interaction effect of Condition × Task, F(1,38) = 5.09, p = .030, p2 = .12. Following up on the Condition × Task interaction two dependent t-tests were run, showing that there was no difference in subjective levels of stress at baseline (p = .319, d = 0.17) but after the SEST participants reported significantly higher levels of stress in the high-pressure condition, t(39) = 3.09, p = .004, d = 0.59.
On an objective level (i.e., mean HR), the repeated measures ANOVA including only 38 participants, revealed a main effect of condition, F(1,36) = 5.49, p = .025, p2 = .13, and task, F(1,36) = 9.41, p = .004, p2 = .21. In detail, participants had significantly higher mean HR in the high-pressure condition and during the SEST compared to at baseline. Also, an interaction effect for Condition × Task, F(1,36) = 4.64, p = .038, p2 = .11, were found. Following up on the Condition × Task interaction two depended t-tests were run, showing that there was no difference in mean HR during BL (p = .229, d = 0.15) but during the SEST mean HR was significantly higher during the high-pressure condition, t(37) = 2.92, p = .006, d = 0.41). Lastly, we detected an interaction effect for Order × Condition, F(1,36) = 11.28, p = .002, p2 = .24. See Table 2 for descriptive data on the objective (i.e., mean HR) and subjective (VAS) measures of pressure.

***** Insert Table 2 here *****
Interference Scores
Reaction time did not differ between neutral sports and neutral nonsports words in the low-pressure, t(39) = 0.69, p > .05, d = 0.04, or high-pressure, t(39) = 1.78, p > .05, d = 0.16 condition. Therefore we continued all analyses using the more sensitive measure of interference scores calculated with neutral sports words in order to stay as close as possible to the sports context. See Table 3 for descriptive data on correct responses, response time, and interference scores. Most importantly, the table shows that for the low-pressure condition, a significant interference effect for negative sports words occurred, t(39) = 2.69, p = .011, d = 0.43, with a .85 power. For positive sports words, there was no significant difference comparing this interference score to 0, p = .271, d = 0.18. For the high-pressure condition, a significant interference effect for negative sports words was detected, t(39) = 2.41, p = .021, d = 0.38, with a .76 power. For positive sports words there was no significant difference comparing this interference score to 0, p = .393, d = 0.14. 

***** Insert Table 3 here *****

Effects of condition on SEST performance. The 2 (Condition: low vs. high pressure) × 2 (Interference scores’ valence: negative vs. positive) repeated-measures ANOVA with order as a between-subjects factor showed no significant main effect of condition (p = .717, p2 = .003) and valence (p = .071, p2 = .08). It revealed a significant interaction effect for Condition × Order, F(1, 38) = 4.99, p = .04, p2 = .11.
Despite finding no statistical support for an interaction effect for Condition × Valence (p = .53), we decided to do explorative post hoc testing for positive and negative words separately, as the theoretical and empirical evidence, particularly for negative emotional stimuli, is strong (see Derakshan & Eysenck, 2009) and a main effect for valence that indicates a tendency for significance was found in our data. Additionally, a better comparison with the literature on this topic is thereby possible. 
For the interference scores for negative sports words, a mixed ANOVA with condition as an independent variable and order as a between-subjects factor revealed no significant main (p = .567, p2 = .01) or interaction effects (p = .194, p2 = .04). Regarding positive sports words, only a significant interaction effect was found for Order × Condition, F(1, 38) = 6.37, p = .016, p2 = .14.
Discussion
The aim of this study was to examine how athletes process emotional task-irrelevant information in low- and high-pressure conditions. Overall, our manipulation check revealed that the pressure induction was successful in inducing stress on both a subjective and an objective level by increasing the mean HR. This is in line with previous findings using similar stressors (e.g., Laborde et al., 2015).
Regarding negative sports words in the low-pressure condition, we found that athletes showed an attentional bias toward negative sports information, confirming part of our first hypothesis. An attentional bias toward negative words has been shown repeatedly in healthy and clinical individuals using threatening stimuli. Nevertheless, considering the words used for those different target groups, our result is highly interesting. Healthy participants are usually confronted with words about death or violence that trigger selective encoding of danger-related information (see Beck’s schema theory, 1976). The words used for clinical patients are related to their condition (e.g., phobias or anxiety diagnosis) and thus also trigger danger-related information. To our knowledge, our results show for the first time, with a task using matched stimuli dimensions (i.e., number of syllables), that athletes take longer to process negative sports words in comparison to neutral nonsports words and neutral sports words. These results provide additional evidence for the threat-relatedness hypothesis (Ruiz-Caballeo & Bermúdez, 1997). More importantly, our results show objectively that indeed, athletes are cognitively distracted by negative sports words, a premise for several theories in sports psychology.  
Athletes’ processing of negative emotional stimuli under high pressure did not change and thus we must reject our second hypothesis. Even though an attentional bias toward negative sports information was detected in the high-pressure condition, there was no significant difference between the low- and high-pressure conditions. This is not in line with the attentional control theory that posits an increase in bottom-up processing and thus an increase in attention toward salient stimuli. We identified three possible explanations for these results. First, as the effect sizes in the low- and high-pressure condition are almost medium and of high power for negative sports words, it becomes statistically difficult to find significant difference between conditions. Another explanation might be that the increased level of anxiety was not high enough. Even though our anxiety induction led to an increase in subjective and objective stress and closely followed the recommendations given by Derakshan and Eysenck (2009), it is nearly impossible to induce the same level of stress as experienced during an actual competition, and thus we may not have increased the stress level as much as potentially necessary to detect a change in attention. Last, athletes interpret anxiety as facilitative for performance rather than debilitative (see Eubank et al., 2000), which is assumed within the attentional control theory (i.e., trait anxiety; Derakshan & Eysenck, 2009; p. 168) and could explain why we detected no differences in interference scores between conditions. Unfortunately, as such data was not collected with our questionnaire, this is speculative. 
Regarding positive sports words in low- and high-pressure condition, we did not detect an attentional bias in either condition, nor a change in attentional processing from the low- to the high-pressure condition. This is not in line with previous literature showing an interference effect under low-pressure condition, for example, in healthy males for erotic words, which are highly arousing but positive in valence (Putman & Roelofs, 2011). As the ratings in our pilot study showed no significant difference between positive and negative sports words for arousal (mean difference: -0.15) but did so for valence—that is, negative sports words were rated significantly more negative in comparison to positive sports words (mean difference: 5.54)—our results do not support the arousal hypothesis (Dresler et al., 2009). Regarding the high-pressure condition, it appears that even though, we argue in the introduction that positive sport words are also salient stimuli, our data does not confirm this assumption. Possibly methodological advancements need to be considered such as using picture stimuli or a block design instead of an event related design, as both are known to increase the effect (see review by Bar-Haim et al., 2007). 
The present study has some limitations that future research should address. To clearly state that the interference effect for emotional sports words is present exclusively in athletes, a nonathlete control group needs to be tested for direct comparison. Future research should assess additional questionnaires that could have been useful as potential explanations for our findings. Specifically, motivation and goal orientation, for example, should be assessed using the Competitive State Anxiety Inventory-2 (CSAI-2; Cox, Martens, & Russell, 2003) as a trait instrument but also by using single items during testing. Also, the same participants that perform the SEST should be the once rating the words to acknowledge possible different interpretation of words on threat, arousal, or valance. Last, we recommend future research using the SEST exclude neutral nonsports words, as no difference has been found and time during testing could be saved.  
On an applied level, SEST could possibly be used as a prognostic tool for athletes. For example, the emotional Stroop task has been used as a predictor of anxiety in response to upcoming exams (Pury, 2002), in response to challenges (Nay, Thorpe, Roberson-Nay, Hecker, & Sigmon, 2004) or emotional vulnerability to stress (van den Hout, Tenney, Huygens, Merckelbach, & Kindt, 1995). The SEST could help practitioners test effects of possible interventions on attention processing. Nevertheless, before doing so, the methodological issues of reliability need to be solved (e.g., Strauss, Allen, Jorgensen, & Cramer, 2005) and especially for athletes, further replication and extension of the current results is of course needed. 
Conclusion
Performance can suffer as a result of attending to emotional task-irrelevant information. This study investigated how athletes process such information under low- and high-pressure conditions. Our results show for the first time a Stroop interference effect in athletes, that is, an attentional bias toward negative sports words in low- and high-pressure conditions. No interference effect was found for positive sports words, hinting at a valence-specific bias. The sport emotional Stroop task (SEST) could be used as a prognostic tool for athletes in the applied field as well as for research purposes.
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