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Previous studies have shown that the color red can affect basic motor functioning. However, these studies utilized simple gross motor tasks rather than those assessing complex fine motor skills. Moreover, these empirical studies were theoretically based on the threat–behavior link in human and non-human animals, and neglected the relationship between arousal and motor performance. According to the Yerkes–Dodson law and the inverted-U hypothesis in sport psychology, for simple motor tasks, high arousal (associated with the color red) is more advantageous than low arousal (associated with the color blue); for complex motor tasks, low arousal (blue color) is more advantageous than high arousal (red color). The current research examined the effect of color on different kinds of motor skills (fine motor and gross motor) based on the inverted U-hypothesis. In Experiment 1, we examined the effect of red and blue on dart-throwing performance, whereas in Experiment 2, we examined the effect of red and blue on grip strength performance. The results showed that performance of fine motor skill (dart-throwing) in the blue condition was better than in the red condition, and performance of gross motor skill (handgrip) in the red context was better than in the blue context. These results indicate that the type of motor skill assessed moderates the influence of red and blue on motor performance.
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INTRODUCTION

Color is perceived visually and has been found to affect psychological function. Over the past decades, a variety of studies have examined the psychological effects of color, and most have focused on the color red, which has been explored in widely different domains. For example, some studies have found that red undermined performance on tests assessing intelligence as compared with blue in academic contexts (Mehta and Zhu, 2009). Other studies have found that red increases individual attraction in relational contexts (Elliot and Niesta, 2008). Further domains in which color has been studied include driving, dieting, financial prediction, and competitive sports (Hill and Barton, 2005; Guéguen et al., 2012; Bruno et al., 2013; Jiang et al., 2014).

In competitive sports, Hill and Barton (2005) reported that athletes wearing red uniforms had a higher ratio of wins as compared with athletes wearing blue uniforms. This work provoked further interest in testing the advantages of wearing red uniforms although subsequent findings have been inconsistent (Attrill et al., 2008; Sorokowski and Szmajke, 2011; Piatti et al., 2012; Curby, 2016). One explanation for these inconsistent findings might be that many factors may affect the performance of athletes in competition, and the impact of color in this context might not be strong enough. To explore the psychological effect of color in competitive sports more thoroughly, it is necessary to investigate the effect of red on motor behavior. While there are many studies on the relationship between red and cognitive performance in academic contexts, the relationship between red and motor behavior remains poorly studied.

In terms of the relationship between color and motor behavior, older studies have examined the effect of color on muscular strength (Green et al., 1982; Ingram and Lieberman, 1985; Profusek and Rainey, 1987; Crane et al., 2008). However, due to the lack of an explicit theoretical basis and methodological problems, these results were also inconsistent. Taking into account the threat–behavior link, Elliot and Aarts (2011) examined the effect of the color red on basic motor functioning and showed that red improves strength output and velocity of force. Payen et al. (2011) designed an experiment in which participants had to perform a maximal muscle contraction while viewing either color red, a chromatic control color, or an achromatic control color. Results showed increased strength while viewing red but no significant difference in the peak amplitude of power. Dreiskaemper et al. (2013) created an artificial fighting situation to examine the influence of red jerseys on physical parameters in combat sports. Results showed that participants in red jerseys had significantly higher heart rates and significantly higher pre-contest values on the strength test. However, these studies only examined the effect of red on gross motor skill performance (e.g., a strength task). What effect does the color red have on fine motor skill performance? Elliot and Aarts (2011) argued that future work should focus on whether red facilitates certain types of overt actions more than others. In addition, Elliot and Aarts (2011) only used the red-threat link to explain why red improved basic motor performance, and did not consider the relationship between emotional arousal and performance.

Although the relationship between color and emotional arousal is still debated, it is generally believed that long-wave colors (e.g., red) can cause higher arousal than short-wave colors (e.g., blue) (Wexner, 1954; Wright and Rainwater, 1962; Jacobs and Suess, 1975; Walters et al., 1982; Stone, 2003). Red is commonly associated with danger and aggression, and blue is commonly associated with tranquility, meaning that red may cause higher emotional arousal than blue. According to the Yerkes–Dodson law, for simple tasks, high arousal is preferable to low arousal; for difficult tasks, low arousal is preferable to high arousal due to the effects on performance (Yerkes and Dodson, 1908). Based on an analysis of previous studies, Xia et al. (2016) argued that the influence of red and blue on cognitive tasks may be modulated by the difficulty of the tasks due to the relationship between color and emotional arousal. They examined the effect of color on cognitive performance while manipulating the difficulty and type of task. The results showed that the difficulty of the task moderated the relationship between red and performance on a detail-oriented task, while blue enhanced performance on both a simple and difficult creative task. We postulate that creative tasks are difficult tasks (as compared with detail-oriented tasks), and as such, high arousal would not help performance.

The results of Xia et al. (2016) supported the assertion that the relationship between color and cognitive performance is influenced by emotional arousal. For motor tasks, is the effect of color on motor performance related to emotional arousal? Compared with gross motor skills, fine motor skills involve very precise movements which are accomplished using smaller muscles. On the difficulty–simplicity dimension, fine motor skills might be required for difficult motor tasks, while gross motor skills might be required for simple motor tasks. Therefore, the relationship between color and motor performance is consistent with the Yerkes–Dodson law. Moreover, the inverted-U hypothesis in sport psychology also indicates that optimal arousal depends on the type of motor task (Williams, 1994). Specifically, the optimal arousal for gross motor skills is higher than for fine motor skills (Oxendine, 1970).

On this basis, we conducted two experiments to further explore the effect of color (red versus blue) on different types of motor performance. Experiment 1 examined the effect of red/blue on fine motor skill (dart-throwing) performance and Experiment 2 examined the effect of red/blue on gross motor skill (handgrip) performance. Given the documented relationship between color and arousal, as well as arousal and motor performance, we predicted that blue would enhance fine motor skill (dart-throwing) performance, and red would improve gross motor skill (handgrip) performance. In addition, we also assessed anxiety and self-efficacy as process variables to explore these as possible mediators of the relationship between color and motor performance.



EXPERIMENT 1

The aim of Experiment 1 was to examine the influence of red versus blue on dart-throwing performance, anxiety, and self-efficacy.


Materials and Methods


Participants

Participants were 34 male college students and graduate students (age range = 19–25 years) who were right-handed. The study protocol was approved by the Wuhan Sports University Medical Ethics Committee. Written informed consent was obtained from each participant, and participants could freely withdraw at any time. All participants were healthy and none was color blind.



Materials and Procedure

Participants came into the research laboratory individually and the researcher explained the dart-throwing task and scoring method. Next, participants were directed to stand behind a throwing line that was positioned 237 cm from the wall in front of a standard dartboard that was mounted at a height of 173 cm. Participants were free to practice for 5 min (about 20 warm-up darts). After the warm-up, participants were instructed to perform 20 dart-throws in the control condition (white wall) as the baseline measure. Then, all participants completed 20 dart-throws in red (laboratory A) and blue (laboratory B) conditions separately. Participants took about 5 min to complete the 20 trials in each condition. During this period, participants adjusted each throwing movement and completed all the throwing process. To avoid sequence effects, half the participants completed 20 dart-throws in the red condition and then completed 20 dart-throws in the blue condition. The remaining half completed the conditions in reverse order. In laboratory A, the dartboard was hung on a red wall which was 2 m long and 1.5 m wide. The dimensions of laboratory B were identical but the dartboard was hung on a blue wall. The temperature of each laboratory was 20°C, and each was moderately bright and soundproof. The RGB criteria of red (255, 0, and 0) and blue (0, 0, and 255) were applied to the background wall. The HSL (hue, saturation, and lightness) criteria were as follows: red (0, 240, and 120) and blue (160, 240, and 120). When participants completed 20 dart-throws in the red or blue condition, they were asked to close their eyes for 3 min to eliminate visual after-sensation from the color.

The dartboard was an 18-inch international standard board with black and white on the reverse side. To avoid the influence of the red bull’s-eye, it was changed to black. The darts were made of pure copper and weighed 25 grams. They were a metallic color. Darts that hit the bull’s-eye were awarded 10 points, darts that hit the circle adjacent to the bull’s-eye were awarded 9 points, and darts that hit the next adjacent circle were awarded 8 points, and so on. Darts that missed the dartboard completely were awarded 0 points.

After completing the first 10 darts, two assessments were administered sequentially. Participants were asked to complete measures of anxiety and self-efficacy. A single item was used to assess anxiety (“I am anxious about the task”) and another to assess self-efficacy (“I will perform my best in the next task”) on a 9-point scale, from 1 (“not at all true of me”) to 9 (“very true of me”).



Statistical Analysis

Firstly, all data were tested for normal distribution to examine whether they were conformed to normal distribution. Secondly, to test the influence of red versus blue on dart-throwing performance, we performed analysis of covariance (ANCOVA) to control for baseline performance. The dependent measure was the total score across the 20 trials. Thirdly, paired-samples t-tests were used to compare anxiety and self-efficacy in the red and blue background conditions.




Results and Discussion

A sample K-S analysis proved that the data was a normal distribution (Z = 0.067, P = 0.200). A repeated measures ANCOVA revealed a significant effect of color background condition, F(1, 67) = 8.61, p = 0.005 (p < 0.01), η2 = 0.12. Dart-throwing performance was higher in the blue background condition (M = 133.29, SD = 15.87) than the red (M = 124.53, SD = 10.84), consistent with the hypothesis that blue would enhance the performance of fine motor skill (i.e., dart-throwing). Thus, it appears that background color had a differential effect on motor performance as the high arousal induced by red had a minimal positive influence on fine motor skill whereas the low arousal induced by blue was beneficial.

Paired-samples t-tests showed significant differences for anxiety in the different color conditions, t = 3.65, p = 0.001, Cohen’s d = 0.3929(a small to medium effect size for anxiety; Cohen, 1988). Participant anxiety was higher in the red condition (M = 3.59, SD = 2.35) than the blue (M = 2.71, SD = 2.07). There was also a significant difference for self-efficacy, t = –2.72, p = 0.01, Cohen’s d = 0.427(a nearly medium effect size for self-efficacy; Cohen, 1988). Participant self-efficacy was higher in the blue background condition (M = 7.24, SD = 1.52) than the red (M = 6.56, SD = 1.66).

In order to further explore whether anxiety and self-efficacy influenced performance independent of color condition, we conducted a mediational analysis on the results of Experiment 1. An indirect effect of color on motor performance via anxiety was not significant (B = −0.29, p > 0.05), and the bootstrapping revealed the null mediation effects (95% CI: [−0.12, 0.07]). The above interval contained 0, which indicated that the mediating effects of anxiety were not significant. An indirect effect of color on motor performance via self-efficacy was also not significant (B = −0.41, p> 0.05), and the bootstrapping revealed the null mediation effects (95%CI: [−0.16, 0.08]). The above interval contained 0, which indicated that the mediating effects of self-efficacy were also not significant. Although the results of dart-throwing performance confirmed the inverted-U hypothesis, null mediation of anxiety and self-efficacy indicated that anxiety and self-efficacy may be not strong contributors to dart-throwing performance.




EXPERIMENT 2

The aim of Experiment 2 was to examine the influence of red versus blue on handgrip performance, anxiety, and self-efficacy. Experiment 2 used a between-subject color manipulation and different procedure than Experiment 1 based on a study by Elliot and Aarts (2011).


Materials and Methods


Participants

A total of 64 male college students and graduate students were recruited from Wuhan, China (age range 18–25 years). All participants were male, right-handed, and with no experience in combat sports or weight lifting. They were instructed to refrain from participating in any rigorous physical activity or consuming caffeine prior to the experimental session. The study protocol was approved by the Wuhan Sports University Medical Ethics Committee. Written informed consent was obtained from each participant, and participants could freely withdraw at any time. All participants were healthy and none was color blind.



Materials and Procedure

A total of 64 participants were randomly assigned to a red (n = 32) or blue (n = 32) condition. Participants entered a soundproof laboratory with comfortable light and were told that the purpose of the experiment was to test their maximum handgrip force. The experimental task included two handgrip force tests. Following instructions provided by the research assistant, participants performed a 5-min arm warm-up. After the warm-up, they were presented with a grip dynamometer, shown how to operate it, and were allowed to get acquainted with it.

The research assistant recorded participant performance on the first handgrip task as a baseline measure. Next, participants were given a piece of red or blue paper, on which they completed a brief demographics questionnaire and two items relating to anxiety and self-efficacy (as in Experiment 1). The RGB criteria of red (255, 0, and 0) and blue (0, 0, and 255) were applied to the red and blue paper. The HSL criteria were as follows: red (0, 240, and 120) and blue (160, 240, and 120). Finally, participants completed the second handgrip force test.



Statistical Analysis

Firstly, all data were tested for normal distribution to examine whether they were conformed to normal distribution. Secondly, to compare participant handgrip force test performance between the red condition and blue condition, we performed ANCOVA to control for baseline performance. Thirdly, independent t-tests were used to examine anxiety and self-efficacy in the two conditions.




Results and Discussion

A sample K-S analysis proved that the data was a normal distribution (Z = 0.112, P = 0.058). ANCOVA revealed a significant effect of color condition, F(1, 2) = 5.44, p = 0.023, η2 = 0.10. Participant performance in the red condition (M = 52.83, SD = 0.57) was higher than in the blue condition (M = 50.94, SD = 0.57). This result was consistent with the hypothesis that red rather than blue would enhance gross motor skill (handgrip) performance. This suggests that the motor skill improvement induced by red has a significant effect on strength (gross motor skill) in contrast to Experiment 1 where a positive effect on performance was induced by blue (fine motor skill).

However, independent t-tests showed that there were no significant differences in anxiety (t = 0.58, p = 0.57) or self-efficacy (t = 1.41, p = 0.16) between the two color conditions. Although this was inconsistent with our hypothesis, it does not mean that viewing red enhanced grip strength independently of arousal. The possible reason is that anxiety and self-efficacy are not strong contributors to performance on this task. Nonetheless, these results revealed that the red condition enhanced participants’ gross motor performance compared to the blue condition.




GENERAL DISCUSSION

The results of Experiment 1 showed that in the fine motor skill condition, dart-throwing performance in the blue context was better than in the red context. Participant anxiety and self-efficacy scores provide an explanation for the relationship between color and dart-throwing performance. Compared with blue, red caused higher anxiety and lower self-efficacy. Thus, the results of Experiment 1 were consistent with our predictions. According to the inverted-U hypothesis, higher arousal is detrimental to fine motor skill performance. In Experiment 1, participants’ anxiety scores were higher and dart-throwing performance was lower in the red condition, consistent with the assertion that red is detrimental to fine motor skill. The results are also consistent with previous research on cognitive tasks demonstrating that high arousal is disadvantageous when completing difficult tasks (Xia et al., 2016). In addition to the relationship between arousal and motor performance, one possible reason that red reduces fine motor skill may also be related to the red-threat link (Elliot and Aarts, 2011). As a threat signal, red could increase participant anxiety and task distraction, meaning that participants need to mobilize mental resources to inhibit distraction and maintain their attention on the task. We suggest that viewing red depletes individuals’ resources for self-control, and this impairs performance on skill-based motor tasks (e.g., dart-throwing). The results of Experiment 1 showed that participants’ anxiety scores were higher in the red condition than in the blue condition. An alternative to the idea that red depletes individuals’ resources for self-control is that the red color increased anxiety, which in turn interfered with coordination and control of dart throwing by increasing muscular tension.

The results of Experiment 2 showed that participants had stronger grip strength in the red context compared to blue. These results are in line with our hypothesis, and also in agreement with the findings of Elliot and Aarts (2011). It is suggested that red could improve gross motor skill performance. As the results of Experiment 2 are consistent with Elliot and Aarts (2011), the red-threat link could explain why red enhanced grip strength. More specifically, the red-threat link activated participants’ avoidance/defense systems, which enabled them to mobilize resources for defense. There were no significant differences in participant anxiety or self-efficacy scores between the red and blue conditions. These null findings for anxiety and self-efficacy do not mean that viewing red enhances grip strength independently of arousal. There are two possible reasons for these null findings. First, in contrast to Experiment 1, the red/blue stimulus (which was the questionnaire) was presented before the grip task in Experiment 2, and the duration of viewing red/blue in Experiment 2 may have been too short. Most participants completed the questionnaire in around 30 s, which means participants were exposed to the red/blue stimulus only for this time. Payen et al. (2011) found no effect of color on general arousal and mood when the duration of red stimulus in their study was about 2 s. Although the duration of viewing red in Experiment 2 is longer than Payen et al. (2011), it may still be difficult to improve participant anxiety levels so quickly. In addition, in contrast to the two grip strength tests, anxiety and self-efficacy were assessed only once. The lack of pretest measurements for anxiety and self-efficacy scores may also lead to the lack of difference between the two groups.

The study by Hill and Barton (2005) showed that combat athletes wearing red uniforms won significantly more often than athletes wearing blue uniforms. Namely, athletes in red had advantages over those in blue. However, this study failed to clarify whether the red uniform reduced the performance of the opponents or improved the performance of the wearers. Later studies confirmed the association between red and aggressiveness (Geng et al., 2021), and found that the red-aggressiveness link affects observers’ subjective judgments (e.g., that of referees) (Hagemann et al., 2008; Krenn, 2014, 2015). Based on the red-aggressiveness link, it seem to suggest that red affect observers’ (referees) judgment of competitive performance, but it not answer the question of how red affect opponents’ motor behavior.

From an applied perspective, the results of Experiments1 could explain the advantage of red uniforms as found by Hill and Barton (2005). There are many movements requiring target hitting in combat sport. The athlete’s aim is to hit opponents accurately (e.g., boxing, tae kwon do). This is similar to dart-throwing, which emphasizes the precision of movement. Red might be distractive when completing fine motor skills because it is associated with threat and high arousal. Thus, red may be detrimental to fine motor skills requiring precision over an extended period of time, as it depletes individuals’ cognitive resources.

However, the results of Experiment 2 show that viewing red before a motor task enhances grip strength, suggesting that red may be beneficial for gross motor skills requiring short bursts of brute force. From this point of view, combat athletes wearing red uniforms would serve to enhance the strength of their opponents (Falcó et al., 2016). It should be noted that, like Elliot and Aarts (2011), the duration of viewing red in Experiment 2 was relatively short. Elliot and Maier (2014) argued that prolonged exposure to a certain color may cause participants to adapt to that color and thus weaken the psychological effect of it. It is unclear whether a longer duration of viewing red still leads to improved gross motor skill performance.

The present study explored the effects of red and blue on different types of motor performance. In addition to comparing the effects of red and blue on cognition and behavior (including motor skills), red and green are often compared (O’Connell et al., 1985; Zhang and Han, 2014; Briki et al., 2015; Krenn, 2015; Hong et al., 2020). Similar to blue, green is also a naturally color with shorter wavelength (Goldstein, 1942). An early study showed that long-wavelength colors may induce feelings of high arousal while short-wavelength colors may induce feelings of low arousal (Walters et al., 1982). Future research should compare the effects of red and green on motor skills, and test whether green has the same effects as blue.



LIMITATIONS

Based on the results of the present study, it can be concluded that performance of fine motor skill (dart-throwing) in the blue condition was better than in the red condition, and performance of gross motor skill (handgrip) in the red context was better than in the blue context. However, the present study has limitations that need to be taken into consideration. Firstly, although the results of the present study are consistent with the inverted U hypothesis, the study only measured anxiety rather than arousal. Arousal is a general physiological and psychological activation of the organism that varies on a continuum from deep sleep to intense excitement (Robert, 2011). In terms of the definition of arousal, arousal includes physiological arousal and psychological arousal. Physiological arousal is a solid foundation for psychological arousal. Psychological arousal is a kind of subjective experience and cognitive evaluation based on physiological arousal. Physiological arousal is typically measured using heart rate, skin conductance, or EEG. Psychological arousal is typically measured by asking participants about their level of excitement, energy, or tension. In addition, psychological arousal can be negative (e.g., anxiety) or positive (e.g., excitement). Anxiety is a negative emotional state in which feelings of nervousness, worry, and apprehension are associated with activation or arousal of the body (Robert, 2011). Therefore, anxiety may be a negative psychological arousal, which is an emotional response that can be triggered by arousal and can also increase arousal. Obviously, anxiety cannot be equated with arousal, and it is a part of arousal. As the study lacked a direct measure of arousal, this may be the reason why the study did not find anxiety as a modulating factor that affects grip strength performance. Secondly, all participants were males, there is evidence about differences between males and females regarding color effect (Falcó et al., 2016). Therefore, further research should include more subjects, such as females. Finally, the methodology conducted in two experiments was different. In Experiment 1, a within-subjects design was used to expose participants to the different colored walls during dart-throwing. However, in Experiment 2, the participants were exposed to the two different colors in a between-subjects design. Moreover, the timing and duration of exposure as well as the size of the colored stimulus was different in the two experiments. Consequently, it may be inappropriate to make comparisons across the two experiments. Indeed, the measures of anxiety and self-efficacy were quite crude in present study. Future research should adopt more rigorous methods to explore this issue. In order to increase ecological validity, future research should also conduct a more ecologically valid approach.



CONCLUSION

Our experiments identified differential influences of red and blue on two types of motor skill. More specifically, red was associated with poorer performance than blue on dart throwing whereas red was associated with better performance than blue on a hand grip task.
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