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Abstract
Background  The revised Reinforcement Sensitivity Theory (rRST) assumes the existence of three systems controlling 
motivation and behavior: the behavioral activation system (BAS), the behavioral inhibition system (BIS), and the 
fight-flight-freeze system (FFFS). This study aims to examine for the first time the features of BAS, BIS, and FFFS among 
karate players in comparison with athletes representing other sports disciplines (physical education students) and 
physically inactive people. The specific configuration of temperament traits and profiles characterizing karate players 
will also be found.

Methods  The cross-sectional study was performed among male karate athletes and control groups (physically active 
and inactive men). The study used the modified Reinforcement Sensitivity Questionnaire (rRSQ) to measure BAS, BIS, 
and FFFS.

Results  The ANOVA showed that both karate competitors KS and KK scored significantly higher in BAS than the 
sample of PI participants. In addition, KK athletes scored significantly lower in Freeze than in PI and KS groups. 
Research also suggests that KK athletes presented significantly lower overall scores in FFFS than PI individuals. 
Furthermore, the results of K-means cluster analysis indicated the existence of two distinct patterns of temperamental 
traits: (1) Cluster 1 suggests avoidance tendencies (high Flight and Freeze, and low BAS, BIS, and Fight levels); while 
(2) the Cluster 2 describes approach tendencies (high BIS, BAS and Fight scores, and low levels of Flight and Freeze). 
Significantly more KK athletes were included in Cluster 2 than in Cluster 1, compared to PI, PA, and KS samples.

Conclusions  The research indicates that individuals engaged in karate, particularly those practicing Kyokushin 
karate, tend to exhibit a heightened sensitivity to rewards (high BAS). This finding holds significance for coaches and 
sports instructors, suggesting that motivating karate athletes through incentives is more effective, while the use of 
punishment should be minimized during training. Additionally, the study proposes that the practice of Kyokushin 
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Introduction
Main assumptions of the revised reinforcement sensitivity 
theory
Gray’s [1–4] revised reinforcement sensitivity theory 
(rRST) posits the existence of three distinct biologi-
cally based motivational systems influencing individu-
als’ behavioral tendencies: (1) the behavioral approach 
system (BAS) responds to rewards and the cessation of 
punishment, triggering emotions like hope and happiness 
that promote approach behaviors; (2) the fight-flight-
freeze system (FFFS) responds to immediate punishment 
or threats, activating emotions like panic, fear, and rage 
that initiate escape, avoidance, or fight behaviors; and 
(3) the behavioral inhibition system (BIS) is responsible 
for resolving goal conflicts, such as those between BAS 
(approach) and FFFS (avoidance), or within each of these 
systems.

The BAS system operates as a reward system, manag-
ing responses to all pleasurable stimuli [3, 5]. McNaugh-
ton and Corr [4] showed that FFFS behavior should be 
considered defensive avoidance, and BIS behavior should 
be considered defensive approach. The FFFS system is 
regarded as a component of the threat response, over-
seeing the emotion of fear and propelling escape and 
avoidance behaviors [5]. The BIS system serves as the 
foundation for the emotion of anxiety and is conceptual-
ized as a mechanism for detecting and resolving conflicts 
[6]. Furthermore, Berkman [7] provides empirical vali-
dation for the revised RST, showing that the behavioral 
activation system (BAS) is sensitive to both conditioned 
and unconditioned incentives, and the behavioral inhi-
bition system (BIS) is sensitive to conflicting incentives. 
The rRST provides a unique link between the brain and 
behavior and has implications for understanding individ-
ual differences in personality, emotion, motivation, and 
learning [6, 8]. The three distinct traits of temperament 
BAS, FFFS, and BIS were confirmed in a large longitudi-
nal study [8], showing age and gender invariance.

Application of the reinforcement sensitivity theory to 
physical activity and sport
Although RTS can be crucial to understanding exercise 
behavior in athletes, the BIS-BAS reinforcement theory 

has rarely been explored in the context of sports and 
physical activity (PA). Research has shown that the BIS 
and BAS can influence individual differences in approach 
and avoidance motivation in sports and physical activi-
ties [9–12]. Some studies have examined the relationship 
between BIS and physical fitness, its affective response to 
exercise, and its role as a personality correlate of physi-
cal activity [13, 14]. The BIS exhibited a negative correla-
tion with cardiovascular fitness and the ability to tolerate 
high-intensity exercise among adolescents [13]. Adoles-
cents with elevated BIS scores reported more negative 
Feelings Scale (FS) responses to exercise at both mod-
erate and intense levels. On the other hand, the BAS 
showed a positive correlation with exercise enjoyment. 
Adolescents with high BAS scores reported more posi-
tive emotions and higher energetic arousal during mod-
erate exercise. However, the connection between BAS 
and affect was less pronounced during the challenging 
exercise task [13].

Studies showed that PA is positively related to BAS 
[12, 15, 16] but unrelated to BIS [16]. Wilson et al. [14] 
evidenced that BIS predicted objectively measured PA 
(positive association), while BAS was positively related 
to self-reported PA in college women. Furthermore, stud-
ies have shown that BAS sensitivity is positively related 
to participation in high-risk sports, while BIS sensitivity 
is negatively related [11]. Research suggests that BIS and 
BAS sensitivity can be related to sports levels. In particu-
lar, athletes in downhill sports scored significantly higher 
on Reward Sensitivity (BAS) than beginners and non-
participants. In addition, proficient participants scored 
significantly lower on Punishment Sensitivity (FFFS and 
BIS) compared to beginners and non-participants [11]. 
In contrast, another study showed that the sample of 
elite athletes in speed skating exhibited lower results in 
the BAS compared to the sample of physical education 
students [17]. In another study [9, 10], both BIS and BAS 
have been correlated positively with response inhibition, 
which is relevant in sports performance and expertise. 
However, no differences were found in response inhibi-
tion between athletes experienced in intercept sports 
(biathlon and alpine skiing) and non-athletes. These stud-
ies showed inconsistency in relation to levels of sports 

karate has the potential to significantly diminish the freezing response in threatening situations and enhance overall 
fear management by reducing levels of the Fight-Flight-Freeze System (FFFS). Consequently, the Kyokushin karate 
style may be considered more advantageous than the Karate Shotokan (KS) style in these aspects, despite both 
styles contributing to the improvement of BAS. Given that a higher BAS is linked to positive emotions, optimism, and 
happiness, karate training emerges as a form of health intervention, acting as a preventive measure against mental 
disorders and promoting overall well-being.
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participation. Therefore, more studies are required to 
explain the contribution of RTS in sports and PA.

The purpose of the current study
The studies mentioned above suggest that the BIS-BAS 
theory can offer insights into individual differences in 
approach and avoidance motivation in the context of 
sports and physical activity and may have implications 
for understanding sports expertise and performance. 
Current research suggests differences in particular levels 
of temperamental traits across sports disciplines. How-
ever, to the best of our knowledge, rRST has never been 
explored among karate athletes. The present study fills 
this gap and aims to explore for the first time the BAS, 
BIS, and FFFS traits among karate competitors in com-
parison to athletes representing other sports disciplines 
(physical education students) and inactive physical peo-
ple. Furthermore, it is interesting whether temperamental 
traits are incorporated in a specific pattern for karate ath-
letes, distinguishing them from people who are physically 
active and inactive. Therefore, the specific configuration 
of temperamental traits within the profile characterizing 
karate athletes will be explored in this study using explor-
ative cluster analysis. K-means clustering is a profile sta-
tistical analysis that can consider both the relationships 
between variables and the categorization of individuals 
into groups based on similarities and differences between 
individuals. In this way, we will explore whether there are 
specific temperamental profiles for karatekas, represent-
ing two basic styles of fight: Kyokushin and Shotokan. 
Understanding individual differences in temperamental 
traits in people representing different sports disciplines is 
important for the sports psychology area and can be used 
in sports selection and targeted support for athletes. In 
this preliminary study, we want to understand the tem-
peramental traits of karate athletes in order to develop 
better master programs for individual athletes, sports 
psychologists, and coaches in the future.

While there is no direct evidence specific to karate, 
insights from related studies can provide some under-
standing of the potential influence of BIS/BAS tempera-
ment on karate athletes. Previous findings suggest that 
personality traits and psychological factors may play 
a role in the context of martial arts performance. Stud-
ies have shown that BAS sensitivity is positively related 
to participation in high-risk sports, possibly due to their 
approach-oriented motivation and sensitivity to reward 
cues [11], which are positively related to high sensa-
tion seeking [18], extroversion, and impulsivity [1, 19]. 
On the other hand, individuals with higher BIS sensitiv-
ity, which is associated with avoidance motivation, may 
be less inclined to engage in high-risk sports. Although 
not specific to karate, this finding suggests that individu-
als with higher BAS sensitivity may be more inclined 

to participate in physically demanding and challeng-
ing sports, which could potentially include karate. The 
following hypotheses about intergroup differences in 
temperamental traits will be verified using analysis of 
variance (ANOVA):

H1  Because of participating in aggressive and high-risk 
sports, karate athletes demonstrate higher levels of BAS 
than people who are physically active and inactive [11].

H2  Due to the constant need to make decisions about 
using defensive or offensive strategies in the interaction 
with the rival’s behavior during a sports fight, BIS lev-
els are higher in karate competitors compared to other 
groups of physically active and inactive individuals [9, 10].

H3  Karate competitors score higher in Fights than the 
other groups because of their frequent participation in 
combat.

H4  The levels of Flight and Freeze, as well as FFFS, are 
lower in karate athletes than in non-karate groups [11].

Methods
Study design and procedure
The cross-sectional study was conducted in Poland from 
1 October 2022 to 18 May 2023. The study protocol was 
approved by the University Research Ethics Commit-
tee of Opole University of Technology (9 July 2022; No. 
2/2022). The study was anonymous and voluntary, and all 
participants provided their informed consent to partici-
pate in this study. Since karate is a more common sports 
discipline among men than women in Poland, we decided 
to examine only males to avoid potential sources of bias 
related to unequal and unrepresentative gender samples. 
The study aims to find a specific pattern of temperamen-
tal traits in karate athletes. Therefore, we selected three 
distinguished groups to research: (1) karate athletes, (2) 
non-karate athletes, and (3) non-athletes. Deliberately, 
two different styles of karate were selected, one involv-
ing full-contact fighting (Kyokushin) and the other with-
out direct contact (Shotokan). Therefore, the inclusion 
criteria comprised a minimum age of 16 years and male 
gender. In addition, at least one year of participation in 
karate training in Shotokan or Kyokushin karate style 
was required from the sample of karate athletes. The a 
priori power analysis showed that the total sample of 180 
people is required to perform the ANOVA test for four 
groups (non-athletes, athletes, Shotokan karate athletes, 
and Kyokushin karate athletes), assuming a minimal 
power of 0.80 (1 – β), p = 0.05 (α), and medium effect size 
ƒ = 0.25 [20].

A paper-and-pencil questionnaire was administered 
to karate athletes during the Winter grouping of the 
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national team WKF Shotokan in Spała 2023, at the Gli-
wice Kyokushin Karate Club, and the grouping of black 
belts Shinkyoukushin in Stara Wieś. Trainers invited 
eligible students to participate during training sessions, 
and those meeting the inclusion criteria and providing 
written consent voluntarily joined the research. While 
119 karatekas responded to the invitation, one declined; 
seven were below 16 years of age, and 30 were female, 
leading to their exclusion from further statistical analy-
ses. The final sample included 81 male karate athletes. 
The other two groups of non-karate athletes and non-
athletes participated in the online survey. Academic 
instructors teaching physical education classes at the 
Opole University of Technology (Poland) encouraged 
their students to take part in the research. The study’s 
invitation was distributed via the university’s email list. 
Initially, 190 university students expressed interest, but 
15 declined, and 10 did not meet the inclusion criteria 
(specifically, being male), resulting in a final sample of 
165 non-karateka participants forming the control group. 
The total sample of 246 participants is appropriate for the 
ANOVA test, with a power of 0.92, as suggested in post-
hoc power analysis [20].

Measurement
The revised Reinforcement Sensitivity Questionnaire 
(rRSQ) was developed by Jackson [21] as a 30-item self-
report measure of five dimensions of the rRST (six items 
each): BAS (e.g., “I actively look for new experiences”), 
BIS (e.g., “I want to avoid looking bad”), and FFFS, rep-
resented by Fight (e.g., “When provoked, I easily get into 
a fight”), Flight (e.g., “I am likely to run if harassed by a 
stranger in an unfamiliar place”), and Freeze (e.g., “If I 
got scared in my bed at night, I would remain motion-
less”). Participants respond to each item using a 5-point 
Likert scale (from 1 = “I completely disagree” to 5 = “I 
completely agree”). The reliability scores assessed in cur-
rent research using McDonald’s ω were 0.78, 0.52, 0.74, 
0.63, 0.72, and 0.62 for the BAS, BIS, Fight, Flight, Freeze, 
and FFFS, respectively. We translated the RSQ into Pol-
ish using a bilingual expert and then back-translated it 
into English, as recommended by Beaton et al. [22]. The 
confirmatory factor analysis (CFA) showed that there is 
acceptable factor structure for five-factor model (for BAS, 
BIS, Fight, Flight, and Freeze as factors), with the follow-
ing fit indices: χ2 = 660.51, df = 314, p < 0.001, χ2/df = 2.10, 
CFI = 0.79, SRMR = 0.075, RMSEA = 0.067, 95% confi-
dence interval (CI = 0.060, 0.074). When the hierarchical 
structure was assumed, including BIS, BAS, and FFFS as 
a second-order bi-factor for Fight, Flight, and Freeze sys-
tems, fit indices improved, χ2 = 554.79, df = 297, p < 0.001, 
χ2/df = 1.87, CFI = 0.84, SRMR = 0.063, RMSEA = 0.059, 
95% confidence interval (CI = 0.052, 0.067), which means 

that the Polish version of the rRSQ is valid instrument for 
temperamental traits measurement, due to the rRST.

Statistical analysis
As a preliminary analysis, descriptive statistics were per-
formed, including minimal (min.) and maximal (max.) 
score in each rRST scale, mean (M), standard deviation 
(SD), skewness, and kurtosis, as well as McDonald’s ω for 
reliability coefficient. Missing data (less than 10%) were 
replaced using the full information maximum likelihood 
(FIML) imputation method. Confirmatory factor analy-
sis (CFA) was performed to check the factor structure 
and validity of the rRST in Polish. Construct validity was 
evaluated also using several goodness-of-fit criteria [23, 
24], including ML χ2, df and p-value (the ratio χ2/df < 2 
is considered very good fit, between 2 and 3 – good, and 
acceptable < 5), standardized root mean squared residual 
(SRMR ≤ 0.08 is acceptable), root mean square error of 
approximation (RMSEA; acceptable fit if ≤ 0.08, adequate 
fit if < 0.06, and good if 0.04), and comparative fit index 
(CFI is acceptable if ≥ 0.90, and good if > 0.95). A one-way 
ANOVA was performed to examine differences between 
four groups of participants (KS, KK, PA, and PI) in the 
following rRST scales: BIS, BAS, Fight, Flight, Freeze, 
and FFFL. The Bonferroni post-hoc test was performed 
to examine the difference between particular groups. The 
partial eta-square coefficient (η²p) was applied to exam-
ine effect size. A value of 0.01 can be interpreted as weak, 
0.06 as average, and 0.14 as strong. Also, the Pearson’s 
χ2 test of independence was conducted for categorical 
data as a sensitivity analysis. The Cramer’s V or φ statis-
tics were used to assess effect size for Pearson’s χ2 test. 
Finally, the K-means cluster analysis was performed to 
examine the temperamental profile of participants, using 
the Hartigan-Wong algorithm for cluster extraction. The 
independent samples Student’s t-test was conducted to 
test differences in temperamental traits between clus-
ters, with Cohen’s d as an effect size (additional sensitiv-
ity analysis). All statistical analyses were performed using 
the software JAMOVI, ver. 2.3.28 for Windows.

Results
Participants characteristics
The study involved a sample of 246 male participants 
aged 16 to 60 (M = 24.72, SD = 8.51). This sample com-
prised 72 individuals self-reporting as physically inac-
tive (PI; 29.27%), 93 indicating physical activity (PA; 
37.81%), and 81 karate athletes divided into two styles 
and groups: Shotokan practitioners (KS; n = 39, 15.85%) 
and Kyokushin practitioners (KK; n = 42, 17.07%). Within 
the karateka sample, the average duration of the train-
ing experience was 12 years (M = 11.80, SD = 8.63, rang-
ing from 1 to 43 years). On average, karatekas engaged 
in training four days per week (M = 3.72, SD = 1.56), with 
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20 athletes training two days a week (24.69%), 25 indi-
viduals practicing three days a week (30.86%), 12 par-
ticipants exercising four days a week (14.82%), and 24 
men (29.63%) declaring training five days or more. The 
average duration of a typical training session was 6  h 
(M = 6.22 ± 3.58). Among the karatekas, two individu-
als did not specify any kyu or dan ranks. Kyu ranks were 
distributed as follows: four people at 8 kyu (4.94%), two 
athletes at 7 kyu (2.47%), one person each at 6 and 5 kyu 
(1.24%), ten individuals at 4 kyu (12.35%), 11 participants 
at 3 kyu (12.58%), nine individuals at 2 kyu (11.11%), and 
18 karatekas at 1 kyu (22.22%). Regarding dan ranks, 16 
karateka athletes held 1 dan (19.75%), four individuals 
held 2 dan (4.94%), and one person each held 4, 5, and 
6 dan (1.24%). In terms of disciplines, 50 karateka ath-
letes (61.73%) specialized in Kumite, while 34 athletes 
(13.82%) focused on kata. In the karateka group, 39 indi-
viduals participated at the regional level of competition 
(48.15%), 36 at the national level (44.44%), 19 at the Euro-
pean level (23.46%), and 15 competed in world champi-
onships (18.52%).

In the total sample, 18 participants (7.32%) had com-
pleted primary education, 5 (2.03%) had secondary edu-
cation, 153 (62.20%) had high school education, and 70 
(28.46%) held a Master’s degree or higher. Regarding rela-
tionship status, 116 individuals (47.15%) were in a rela-
tionship, while 130 (52.85%) were single. Economic status 
varied, with 15 respondents (6.10%) reporting unsatis-
factory status, 58 (23.58%) indicating average status, 112 
(45.53%) reporting good status, 54 (21.95%) stating very 
good status, and 7 individuals (2.85%) reporting excellent 
economic status.

Descriptive statistics
Descriptive statistics were examined for the rRST scales, 
including BIS, BAS, and FFFS, to check whether a para-
metric test can be performed (Table  1). Since the total 
sample is large (N = 246) and skewness and kurtosis 
ranged between − 1 and + 1 for all variables (besides the 
FFFS scale for the PA sample), we decided that the para-
metric test would be performed in the following steps.

Table 1  Descriptive statistics for the revised reinforcement sensitivity theory (rRST) scales of temperament: behavioral activation 
system (BAS), behavioral inhibition system (BIS), and fight-Flight-Freeze System (FFFS), stratified by type of physical activity
Variable Group N M SD Min. Max. Skewness Kurtosis
BAS Total sample 246 21.80 4.65 6 30 -0.71 0.51

Physically Inactive 72 20.17 5.19 6 30 -0.75 0.65
Physically Active 93 21.98 4.43 10 30 -0.51 -0.31
Karate Shotokan 39 22.64 3.92 15 30 -0.10 -1.02
Karate Kyokushin 42 23.43 4.04 12 29 -0.79 0.29

BIS Total sample 246 19.33 3.36 10 30 0.00 0.38
Physically Inactive 72 19.32 3.61 11 29 0.02 0.49
Physically Active 93 19.27 3.65 10 30 0.08 0.18
Karate Shotokan 39 18.97 2.96 13 27 -0.03 0.30
Karate Kyokushin 42 19.83 2.57 13 25 -0.29 0.08

Fight Total sample 246 17.81 4.50 8 30 0.13 -0.39
Physically Inactive 72 17.90 4.49 8 30 0.27 -0.16
Physically Active 93 17.45 4.24 9 29 0.31 -0.10
Karate Shotokan 39 18.28 4.67 10 27 -0.02 -0.59
Karate Kyokushin 42 18.00 4.99 8 27 -0.28 -0.65

Flight Total sample 246 14.78 4.08 6 28 0.64 0.62
Physically Inactive 72 15.33 3.70 6 26 0.21 0.19
Physically Active 93 14.58 4.27 6 28 0.69 0.99
Karate Shotokan 39 15.18 4.35 9 26 1.01 0.89
Karate Kyokushin 42 13.91 3.94 8 26 0.91 0.79

Freeze Total sample 246 14.81 4.92 6 29 0.38 -0.47
Physically Inactive 72 15.82 4.89 6 26 0.09 -0.83
Physically Active 93 14.80 4.92 6 29 0.57 0.28
Karate Shotokan 39 15.56 4.71 8 25 0.29 -1.07
Karate Kyokushin 42 12.43 4.47 6 22 0.68 -0.33

FFFS Total sample 246 47.40 8.66 27 86 0.58 1.26
Physically Inactive 72 49.06 7.65 31 64 -0.22 -0.69
Physically Active 93 46.83 8.78 32 86 1.25 3.51
Karate Shotokan 39 49.03 8.44 34 75 0.56 0.89
Karate Kyokushin 42 44.33 9.50 27 71 0.69 1.10
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Analysis of variance for the revised reinforcement 
sensitivity theory scales of temperament and types of 
physical activity
The results of one-way ANOVA are presented in Table 2; 
Fig. 1. Significant differences were found in BAS, Freeze, 
and FFFS between four groups of participants: Physically 
Inactive (PI), Physically Active (PA), Karate Shotokan 
(KS), and Karate Kyokushin (KK). The Bonferroni post-
hoc test showed that the PI sample scored significantly 
lower in BAS than Karate competitors: KS (p = 0.039, 
Cohen’s d = -0.55) and KK (p = 0.002, Cohen’s d = -0.72). 
Furthermore, the KK sample scored significantly lower in 
Freeze than PI (p = 0.002, Cohen’s d = 0.71) and KS groups 
(p = 0.022, Cohen’s d = 0.65). Also, KK athletes presented 

significantly lower FFFS scores than PI participants 
(p = 0.029, Cohen’s d = 0.55).

Temperamental profiles of athletes
The results of the K-means cluster analysis (visualized 
in Fig. 2) showed that two distinct patterns of tempera-
mental traits (BAS, BIS, Fight, Flight, and Freeze) are 
presented in the sample (N = 246). In the first cluster 
(n = 111), participants scored low in BAS, BIS, and Fight 
scales, while they scored high in Flight and Freeze. In 
contrast, people in the second cluster (n = 135) scored 
high in BAS, BIS, and Fight, but they presented low lev-
els of Flight and Freeze (Fig.  2). Principal component 
analysis (PCA) enables the condensation and visualiza-
tion of information within a dataset comprising individu-
als or observations characterized by multiple correlated 
quantitative variables. Each variable can be viewed as a 
distinct dimension in this context (see Fig.  3). The first 
cluster explains 36.7% of temperament variance and 
describes Approach-Avoidance motivational tendencies 
(see Fig. 3). In the approach, the motivational dimensions 
include BAS and Fight (associated with positive emotions 
and optimism), while Flight and Freeze constitute the 
avoidance tendencies (related to fear). The second cluster 
explains 28.6% of temperament variance and is related to 
high BIS scores (responsible for anxiety level).

Table 2  The one-way ANOVA for the revised reinforcement 
sensitivity theory (rRST) scales as dependent variable and type of 
physical activity (four groups of participants: physically inactive, 
physically active, Karate Shotokan, and Karate Kyokushin)
Variable SS MS F (3, 242) p η²p

Behavioral Activation System 334.02 111.34 5.42 0.001 0.063
Behavioral Inhibition System 15.93 5.31 0.47 0.705 0.006
Fight 22.77 7.59 0.37 0.773 0.005
Flight 64.14 21.38 1.29 0.278 0.016
Freeze 333.75 111.25 4.82 0.003 0.056
Fight-Flight-Freeze System 725.83 241.94 3.32 0.021 0.040

Fig. 1  Mean values and 95% confidence intervals in the revised Reinforcement Sensitivity Theory (rRST) scales of temperament: Behavioral Activation 
System (BAS), Behavioral Inhibition System (BIS), and Fight-Flight-Freeze System (FFFS), for four groups of participants: Physically Inactive (group 0 on 
horizontal axis), Physically Active (group 1), Karate Shotokan (group 2), and Karate Kyokushin (group 3)
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Fig. 3  Cluster plot and Principal Component Analysis (PCA) for Behavioral Activation System (BAS), Behavioral Inhibition System (BIS), Fight, Flight and 
Freeze Systems in the total sample (N = 246)

 

Fig. 2  Mean values in Cluster 1 (n = 111) and Cluster 2 (n = 135) samples in particular scales of the revised Reinforcement Sensitivity Theory of tempera-
ment: Behavioral Activation System (BAS), Behavioral Inhibition System (BIS), Fight, Flight and Freeze Systems
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We examined the distribution of participants rep-
resenting four types of physical activity (PI, PA, KS, 
and KK) in each cluster, using Pearson’s χ2 test of inde-
pendence (Table  3). The differences were significant, 
χ2(3) = 15.79, p < 0.001, Cramer’s V = 0.25. In particular, 
among KK athletes prevailed those who represent Clus-
ter 2 (81% vs. 19%), while in the other samples (KS, PA, 
and PI), the frequencies in Cluster 1 and Cluster 2 were 
almost equally distributed (Table 3). As a sensitivity anal-
ysis, we examined the particular differences between the 
two groups using Pearson’s χ2 test of independence. Sig-
nificantly more KK athletes are included in Cluster 2 than 
in Cluster 1, compared to the PI sample [χ2(1) = 15.55, 
p < 0.001, φ = 0.37], PA group [χ2(1) = 9.76, p = 0.002, 
φ = 0.27], and KS [χ2(1) = 6.82, p = 0.009, φ = 0.29]. PI does 
not differ significantly from PA and KS samples, as well 
as PA from the KS group in the distribution of partici-
pants in Cluster 1 and Cluster 2.

Furthermore, as a sensitivity analysis, the Student’s 
t-test was conducted to examine significant differences 
in temperamental traits between clusters (Table 4). Par-
ticipants included in Cluster 2 scored higher than those 
in Cluster 1 in BAS, BIS, and Fight and lower in Flight, 
Freeze, and FFFS. The absolute value of Cohen’s d ranged 
between 0.44 and 1.49, indicating a medium to large 
effect size for these comparisons.

Discussion
The present study explored the rRST temperamental 
traits in karate athletes. Although the BIS/BAS tempera-
ment, which is part of the Reinforcement Sensitivity 

Theory (RST), has been studied in various contexts, spe-
cific research on its application to martial arts, such as 
karate, was limited. For the first time, we provide direct 
evidence on the BIS/BAS temperamental traits in karate 
athletes, compared to non-karate athletes and people 
who are physically inactive. The study partially con-
firmed our hypotheses. We assumed that participation 
in an aggressive combat sport is related to higher levels 
of BAS (H1), BIS (H2), and Fight (H3), whereas lower 
levels of FFFS, Flight, and Freeze (H4). Both karate ath-
letes in Kyokushin and Shotokan styles scored higher in 
BAS than physically inactive participants, but they did 
not differ from people engaged in PA. Therefore, the H1 
was confirmed partially. Hypotheses H2 and H3, which 
state that BIS and Fight, respectively, are higher among 
karate athletes than other groups, were not confirmed 
in this study since no significant intergroup differences 
were found in BIS and Fight scales. Hypothesis H4 was 
partially confirmed since individuals practicing karate 
Kyokushin showed lower scores in Freeze compared to 
physically inactive people and karate Shotokan athletes. 
Furthermore, lower FFFS levels were found in karate 
Kyokushin athletes than in the physically inactive sample. 
Furthermore, two clusters were identified in this study, 
showing two opposite patterns of temperament: Cluster 1 
with avoidance tendencies (high Flight and Freeze, while 
low BAS, BIS, and Fight) and Cluster 2 with approach 
attitude (high BAS, BIS, and Fight, while low Flight and 
Freeze). The current research provides insights into the 
potential influence of temperament and psychological 
factors on sports participation and performance in karate 
discipline. The current results will be discussed based on 
scientific literature.

Behavioral approach system (BAS) in karate athletes
We found that karate competitors scored significantly 
higher in BAS than physically inactive participants. 
Although these differences were not presented between 
karate athletes and physically active people, our first 
hypothesis (H1) was partially confirmed. Furthermore, 
Fight was not significantly higher in karate athletes than 
in other control groups. The present results suggest that 
participation in any physical activity or sport can increase 

Table 3  Distribution of participants representing four types 
of physical activity (physically inactive, physically active, Karate 
Shotokan, and Karate Kyokushin) in the first and second cluster
Samples Cluster 1

(n = 111)
Cluster 2
(n = 135)

n % n %
Physically Inactive 41 56.9 31 43.1
Physically Active 44 47.3 49 52.7
Karate Shotokan 18 46.2 21 53.8
Karate Kyokushin 8 19.0 34 81.0
Note. Percentages represents proportion in rows

Table 4  Student’s t-test to examine differences between clusters in temperamental traits
Variable Cluster 1

n = 111
Cluster 2
n = 135

t(244) p d

M SD M SD
Behavioral Activation System 18.85 4.45 24.23 3.19 –11.03 < 0.001 –1.41
Behavioral Inhibition System 18.54 3.68 19.99 2.92 –3.43 < 0.001 –0.44
Fight 16.21 4.10 19.13 4.40 –5.34 < 0.001 –0.68
Flight 17.31 3.90 12.70 2.87 10.64 < 0.001 1.36
Freeze 18.04 4.26 12.16 3.68 11.59 < 0.001 1.49
Fight-Flight-Freeze System 51.55 8.81 43.99 6.88 7.55 < 0.001 0.97
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levels of BAS. Zhu et al. [12] showed that exercise has 
been shown to enhance the midbrain-striatal dopamine 
(DA) system and improve the brain reward function in 
adolescents, which is strongly associated with BAS. Also, 
the rRST suggests shorter response latencies in specific 
tasks, which is related to BAS [25].

Overall, as a critical component of Gray’s RST, BAS 
is associated with sensitivity to reward and motivation 
to approach goal-oriented outcomes [26–29]. BAS is 
an appetitive-motivational system that is activated by 
reward consumption and conditioned signals of reward 
or non-punishment, triggering approach behavior [30]. 
Behavioral activation aims to increase pleasurable feel-
ings and create a sense of meaning by deliberately prac-
ticing certain behaviors. Physical activity is a central part 
of behavioral activation, which improves mental health 
and well-being. Therefore, the differences between karate 
athletes and physically active men were not shown in 
BAS. The present results suggest that the practice of any 
PA and sport may be equally related to higher BAS. The 
results indicate that approach attitude and reward-driven 
motivation could be generally used to improve both PA 
and sports levels.

Behavioral inhibition system (BIS) in karate athletes
Hypothesis H2 was not confirmed in the present study, 
suggesting that karate training is not related to BIS lev-
els. No difference in BIS was found between karate and 
non-karate athletes, as well as between athletes and phys-
ically inactive participants. We assumed that constant 
consideration between the choice of approach and avoid-
ance techniques during a karate fight leads to heightened 
BIS. BIS is engaged in resolving goal conflicts between 
approach-avoidance (e.g., BAS and Flight, or Fight and 
Freeze), approach-approach (e.g., BAS and Fight), and 
avoidance-avoidance (e.g., Freeze or Flight). Unlike the 
hasty approach motivated by BAS and active avoidance 
prompted by FFFS, behavioral inhibition allows for a cau-
tious approach or passive avoidance of perceived threats. 
When conflicts arise, the BIS induces anxiety to inhibit 
ongoing behaviors, focus attention on the threat, and 
motivate a controlled assessment of the situation [31].

Response inhibition, which is linked directly to the BIS, 
has been proposed as a cognitive mechanism important 
for improving performance in sports [9, 10]. Hoverer, 
response inhibition did not differentiate athletes from 
non-athletes in the previous study [10], which seems to 
be consistent with current findings. On the other hand, 
BIS sensitivity is negatively related to participation in 
high-risk sports [11], which can explain why karate ath-
letes do not outperform other athletes and non-athletes 
in BIS in our study.

BIS is related to avoidance behaviors and response 
inhibition, which may negatively influence an athlete’s 

motivation to exercise and their performance in sports 
[15]. Indeed, previous studies found a negative relation-
ship between BIS and affective response to exercise and, 
as a consequence, engagement in physical activity [10, 
15]. High activity of the BIS has been linked to high levels 
of anxiety, depression, and somatic disorders, which also 
may impact an athlete’s motivation to engage in physi-
cal activity [32]. The study suggests that higher BIS levels 
may make athlete adolescents more vulnerable to stress-
ful experiences and situations, indicating its potential 
impact on mental well-being [33]. Previous studies have 
shown a greater difficulty in suppressing anger among 
athletes under anger-provoking conditions, indicating 
a lower activation of the BIS and a higher activation of 
the BAS [34]. However, the relationship between BIS and 
physical activity is an area of ongoing research. Further 
studies may provide additional insights into the role of 
the BIS in the context of physical activity and sport.

Feight, flight, and freeze systems (FFFS) in karate 
competitors
The present study suggests that training in combat 
sports, like karate, seems not to be related positively to 
fight tendencies, which is inconsistent with hypoth-
esis H3. Although a successful fight is the primary goal 
of karate training and competition, the level of the Fight 
scale was similar in karate athletes to that of the other 
groups. Previous studies have shown that aggression lev-
els are higher in athletes representing contact sports and 
low competitive levels [35]. Additionally, higher levels of 
aggression were associated with worse executive func-
tions and reduced inhibition control [36, 37]. However, 
athletes usually demonstrate better behavioral inhibition 
than non-athletes [38]. The results of the study by Xia et 
al. [34] indicated that implicit anger (as a component of 
aggression) significantly reduced behavioral inhibition 
in contact athletes but not in non-athletes. Furthermore, 
numerous research studies have evidenced that engage-
ment in martial arts and combat sports has a positive 
impact on reducing aggression [39–46].

Summarizing the studies mentioned above, although 
aggressive behavior can play a crucial role in contact 
sports, little is known about the mechanism that reduces 
aggression in people engaged in martial arts training. 
The role of behavioral approach and avoidance motiva-
tion systems can be helpful in explaining the reduction 
of levels of aggressive behavior among martial arts com-
petitors. Therefore, further study should examine a medi-
ating role of the rRST traits on the relationship between 
aggression and sports success in karate. It is suggested 
that long-term practice in both aggressive and defensive 
behaviors during karate training reduces fight tendencies 
and aggressive behavior. However, longitudinal research 
could be helpful in confirming this speculation.
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The study also showed that Freeze differs the KK sam-
ple from the KS and PI samples (but not from the PA 
group). As assumed, KK athletes scored significantly 
lower than PI and even the KS group. In addition, the 
total score of FFFL (composed of summarized scores in 
Fight, Flight, and Freeze) was significantly lower in KK 
than in non-athletes. Therefore, the hypothesis H4 was 
also partially confirmed. Karate athletes must fight with 
fear during training and competitions. It is possible that 
training in KK is an excellent opportunity to cope with 
Freeze and Flight reactions. Repeated practice can lead to 
mastery in controlling negative emotions (such as anger 
and frustration) and better coping with stress. Karate is 
based on a specific scoring system (points and penal-
ties) during training and competition, which involves 
punches, swinging legs, and kicks to the face and body. 
Karate athletes can use different tactics, such as offen-
sive, defensive, or counter-attacking, depending on the 
current and dynamic situation. Karatekas must rely on 
predetermined strategy and initiative when making deci-
sions, such as taking risks to gain points and penalties or 
deciding whether they should expose or protect them-
selves. Therefore, self-control, emotion regulation, and 
cognitive processing during decision-making are crucial 
to achieving success in the Karate discipline [47, 48].

Temperamental profiles in participants
The K-means Clustering showed that participants in this 
study demonstrated two distinct patterns of tempera-
mental traits. One temperamental configuration (Clus-
ter 1) includes low BAS, BIS, and Fight scores and, at the 
same time, high Flight and Freeze. In other words, low 
approach and high avoidance tendencies are represented 
in Cluster 1. We can name this sample “sensitive to pun-
ishment” (STP). The systems of BAS, BIS, and Fight 
seem to play a crucial role in profiling participants and 
explain 28% of the variance in temperament. The oppo-
site pattern of temperament consists of high BAS, BIS, 
and Fight levels and simultaneously low levels of Flight 
and Freeze (Cluster 2). As such, Cluster 2 characterizes 
people with a high approach and low avoidance motiva-
tions, named “sensitive to reward” (STR). Furthermore, 
these individual differences explain 37% of the variance 
in temperamental traits. Together, these two dimensions, 
STP and STR, explain 56% of temperamental variance. 
The present study fully supports Gray’s rRST and clearly 
demonstrates evidence for two-dimensional approach-
avoidance motivational tendencies [26, 27, 29, 49, 50].

Moreover, we found that the KK sample is represented 
predominantly by individuals sensitive to reward (Clus-
ter 2). The KK sample differs from all three other samples 
because the PI, PA, and KS groups presented similarly to 
each other and had almost equal frequency distributions 
of STP and STR clusters. The present results suggest that 

only KK training can enhance approach tendencies. Par-
migiani [51] examined the relationship between personal-
ity traits, endocrine response, and agonistic outcomes in 
karate athletes. The study found that karate athletes who 
lose fights demonstrate a higher level of harm avoidance 
and anxiety (suggesting high FFFS and BIS, respectively) 
as well as a lower level of novelty seeking (responded to 
BAS) than winning karate competitors. Harding (2004) 
examined the effects of reinforcement and extinction on 
response variability and stimulus generalization in mar-
tial arts training and found that students showed growth 
in a variety of techniques when reinforcement was pro-
vided. The rRST provides a more comprehensive under-
standing of responses to threat and punishment (FFFS) 
and sensitivity to avoidance motivation (BIS), as well as 
sensitivity to reward and approach motivation [7, 8].

Conclusions and practical implications of the study
The present study fully confirmed the rRST assumptions, 
evidencing the existence of two primary dimensions that 
guide human motivation, namely approach-avoidance 
behavioral tendencies. The rRST highlighted that both 
FFFS and BIS are associated with negative emotions, 
while high BAS is linked to positive emotions, which 
directly translates into avoidance or approach motiva-
tion, respectively [4, 25, 31, 52]. Heponiemi et al. [52, 
53] found that individuals with high BIS sensitivity were 
more likely to experience unpleasant emotions during 
stressful situations, while those with high BAS sensitivity 
experienced increased pleasant emotions during reward-
ing tasks. The study indicates that karate athletes can be 
characterized as reward-sensitive persons (high BAS). 
This fact implies for coaches and sports instructors that 
karate athletes should be motivated by incentives, while 
punishment should be avoided during sports training.

Sports psychologists and coaches should utilize the 
current findings to improve sport selection and psycho-
logical support. It seems valuable to examine tempera-
mental traits among adolescent athletes to save time and 
resources in a sports area. Successful sport profile seems 
to include people, presenting approach tendencies, and 
“sensitive to reward” patterns. On the other hand, sports 
psychologists can focus on improving BAS, BIS, and 
Fight and simultaneously on mitigating Flight and Freeze, 
as well as avoidant tendencies.

The study may also have implications for individual 
engagement in PA and any sport. Overall, behavioral 
activation can be used to improve motivation in sports 
by promoting engagement in activities that align with 
the individual’s values and goals, leading to increased 
pleasure, joy, and a sense of accomplishment [54–56]. 
However, further research and comparative studies are 
needed to directly compare the effectiveness of behav-
ioral activation with other interventions for increasing 
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physical activity in athletes. The ANOVA showed that 
Kyokushin karate athletes scored significantly lower on 
the Freeze scale than Shotokan karatekas. We speculate 
that Kyokushin karate practice can significantly reduce 
freeze reactions in threatening situations and generally 
improve coping with fear by reducing FFFS levels. There-
fore, the KK style can be seen as more beneficial than the 
KS style, although both karate styles improve BAS. How-
ever, longitudinal research is required to verify the causal 
assumptions. Since BAS is related to positive emotions, 
optimism, and happiness, karate training can be consid-
ered as a health intervention that prevents mental disor-
ders and promotes well-being.

The research failed to demonstrate that the BIS distin-
guishes karateka from control groups. It is proposed that 
psychological support should be directed at increasing 
BIS in karate athletes, which may contribute to enhanc-
ing their sporting accomplishments. Several techniques 
can potentially be considered to improve the BIS in ath-
letes. Training programs that focus on cognitive mecha-
nisms, such as response inhibition, executive functions, 
and cognitive flexibility, may be necessary for enhanc-
ing performance in sports and engagement in PA [57]. 
On the other hand, continued engagement in sports 
and athletic activities and maintaining a healthy lifestyle 
may contribute to the development and enhancement 
of inhibitory control and the BIS. Research has shown 
that physical activity can enhance the BIS and improve 
well-being [32]. Therefore, promoting an active lifestyle 
among athletes may indirectly influence the BIS. Individ-
ualized approaches that consider the unique characteris-
tics and needs of athletes would be essential when sports 
psychologists and coaches implement such techniques.

Limitation of the study
Although the results of this study are significant for 
understanding the role of rRST in sports and PA par-
ticipation, some limitations do not allow for generaliza-
tion. The present study sample is not large and does not 
include women. Therefore, it is unclear whether gender 
has any effect on the rRST traits. Future studies should 
include a larger sample that is more representative of 
karate competitors of both genders. The self-report ques-
tionnaire (primarily online) can also be a source of mea-
surement bias. Therefore, psychophysiological methods 
can be used in the future to examine BAS, BIS, and FFFS 
using more objective methods. Furthermore, it would be 
interesting to compare various martial arts disciplines 
in terms of temperament. Longitudinal studies could 
explain in the future to what extent temperament con-
tributes to sport and PA and, conversely, how sport and 
PA determine the development of personality traits and 
adaptation to changes in the environment.

Author contributions
CK: Conceptualization, Methodology, Investigation; Project administration, 
Validation, Writing – original draft, Writing – review & editing. AMR: 
Conceptualization, Methodology, Formal Analysis, Resources, Validation, 
Visualization, Data curation; Writing – original draft, Writing – review & editing. 
KG: Validation, Writing – review & editing. PW: Investigation; Writing – review 
& editing.

Funding
Not applicable.

Data availability
The datasets used and/or analyzed during the current study are available from 
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
The studies involving humans were approved by the University Research 
Ethics Committee of Opole University of Technology (9 July 2022; No. 
2/2022). The studies were conducted in accordance with local legislation and 
institutional requirements. All participants provided their informed consent to 
participate in this study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Faculty of Physical Education and Physiotherapy, Opole University of 
Technology, Opole, Poland
2Institute of Psychology, University of Opole, Opole, Poland
3Department of Sports Education and Humanistics, Faculty of Sports, 
University of Prešov, Prešov, Slovakia

Received: 29 February 2024 / Accepted: 20 August 2024

References
1.	 Gray JA. Perspectives on anxiety and impulsivity: a commentary. J Res Pers. 

1987;21:493–509.
2.	 Gray JA. Brain systems that mediate both emotion and cognition. Cogn 

Emot. 1990;4:269–88.
3.	 Gray JAlan, McNaughton Neil. The neuropsychology of anxiety: an enquiry 

into the functions of the septo-hippocampal system. 2000:424.
4.	 McNaughton N, Corr PJ. A two-dimensional neuropsychology of 

defense: fear/anxiety and defensive distance. Neurosci Biobehav Rev. 
2004;28:285–305.

5.	 Corr PJ. Reinforcement sensitivity theory and personality. Neurosci Biobehav 
Rev. 2004;28:317–32.

6.	 Smillie LD, Pickering AD, Jackson CJ. The new reinforcement sensitivity 
theory: implications for personality measurement. 2006.

7.	 Berkman ET, Lieberman MD, Gable SL. BIS, BAS, and response conflict: testing 
predictions of the revised reinforcement sensitivity theory. Pers Individ Dif. 
2009;46:586–91.

8.	 Espinoza Oyarce DA, Burns R, Butterworth P, Cherbuin N. Bridging classical 
and revised reinforcement sensitivity theory research: a longitudinal analysis 
of a large population study. Front Psychol. 2021;12:737117.

9.	 Eriksson LJK. An exploration of the behavioral inhibition system (BIS), 
response inhibition, and possible implications in sports. Thesis for Doctoral 
degree in Psychology. Mid Sweden University; 2021.

10.	 Eriksson LJK, Sundin Ö, Jansson B. Exploring response inhibition, the 
behavioral inhibition system and possible sex differences in athletes and 
non-athletes. Int J Environ Res Public Health. 2023;20:6340.

11.	 Thomson CJ, Carlson SR. Personality and risky downhill sports: associations 
with impulsivity dimensions. Pers Individ Dif. 2014;60:67–72.



Page 12 of 12Kuśnierz et al. BMC Sports Science, Medicine and Rehabilitation          (2024) 16:178 

12.	 Zhu J-H, Li S-F, Wang P, Xin X, Zhao Q, Chen S-C, et al. Correlation and 
pathways of behavioral activation systems mediating physical activity level 
and depressive symptoms among college students. World J Psychiatry. 
2023;13:784–92.

13.	 Schneider ML, Graham DJ. Personality, physical fitness, and affective response 
to exercise among adolescents. Med Sci Sports Exerc. 2009;41:947.

14.	 Wilson KE, Das BM, Evans EM, Dishman RK. Personality correlates of physical 
activity in college women. Med Sci Sports Exerc. 2015;47:1691–7.

15.	 Li S, Wang X, Wang P, Qiu S, Xin X, Wang J et al. Correlation of exercise 
participation, behavioral inhibition and activation systems, and depressive 
symptoms in college students. Sci Rep. 2023;13.

16.	 Li L, Wang L, Duan Y, Xiao P, Zhou Y, Luo X, et al. Intelligent physical activity 
versus modified behavioral activation in adolescent and young adult cancer 
patients with psychological distress: a randomized, controlled pilot trial. 
Cancer Med. 2023;12:1935–48.

17.	 Rogowska AM, Tataruch R, Niedźwiecki K, Wojciechowska-Maszkowska B. 
The mediating role of self-efficacy in the relationship between approach 
motivational system and sports success among elite speed skating athletes 
and physical education students. Int J Environ Res Public Health. 2022;19.

18.	 Zuckerman Marvin. Sensation seeking: beyond the optimal level of arousal. 
Psychology; 2016.

19.	 Smillie LD, Jackson CJ. Functional impulsivity and reinforcement sensitivity 
theory. J Pers. 2006;74:47–84.

20.	 Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible statistical power 
analysis program for the social, behavioral, and biomedical sciences. Behav 
Res Methods. 2007;39:175–91.

21.	 Jackson CJ. Jackson-5 scales of revised reinforcement sensitivity theory 
(r-RST) and their application to dysfunctional real world outcomes. J Res Pers. 
2009;43:556–69.

22.	 Beaton DE, Bombardier C, Guillemin F, Ferraz MB. Guidelines for the process 
of cross-cultural adaptation of self-report measures. Spine (Phila Pa 1976). 
2000;25:3186–91.

23.	 Hu LT, Bentler PM. Cutoff criteria for fit indexes in covariance structure 
analysis: conventional criteria versus new alternatives. Struct Equ Model. 
1999;6:1–55.

24.	 Hu LT, Bentler PM. Cutoff criteria for fit indexes in covariance struc-
ture analysis: conventional criteria versus new alternatives. https://doi.
org/101080/10705519909540118. 2009;6:1–55.

25.	 De Pascalis V, Sommer K, Scacchia P. Extraversion and behavioural approach 
system in stimulus analysis and motor response initiation. Biol Psychol. 
2018;137:91–106.

26.	 Arnetta PA, Newman JP. Gray’s three-arousal model: an empirical investiga-
tion. Pers Individ Dif. 2000;28:1171–89.

27.	 Monni A, Olivier E, Morin AJS, Olivetti Belardinelli M, Mulvihill K, Scalas LF. 
Approach and avoidance in Gray’s, Higgins’, and Elliot’s perspectives: a 
theoretical comparison and integration of approach-avoidance in motivated 
behavior. Pers Individ Dif. 2020;166.

28.	 Bijttebier P, Beck I, Claes L, Vandereycken W. Gray’s reinforcement sensitivity 
theory as a framework for research on personality-psychopathology associa-
tions. Clin Psychol Rev. 2009;29:421–30.

29.	 Corr PJ, Pickering AD, Gray JA. Personality and reinforcement in associative 
and instrumental learning. Pers Individ Dif. 1995;19:47–71.

30.	 Karjalainen T, Tuominen L, Manninen S, Kalliokoski KK, Nuutila P, Jääskeläinen 
IP, et al. Behavioural activation system sensitivity is associated with cerebral 
μ-opioid receptor availability. Soc Cogn Affect Neurosci. 2016;11:1310–6.

31.	 Corr PJ, Deyoung CG, Mcnaughton N. Motivation and personality: a neuro-
psychological perspective. Soc Personal Psychol Compass. 2013;7:158–75.

32.	 Firoozjah MH, Homayouni A, Shahrbanian S, Shahriari S, Janinejad D. Behav-
ioral activation / inhibition systems and lifestyle as predictors of mental dis-
orders in adolescent athletes during Covid19 pandemic. BMC Public Health. 
2022;22.

33.	 Toyoshima K, Masuya J, Ono M, Honyashiki M, Hashimoto S, Kusumi I et al. 
Effects of the interaction between affective temperaments and BIS/BAS on 
depressive symptoms in individuals with major depressive disorder. Int J 
Environ Res Public Health. 2022;19.

34.	 Xia X, Zhang G, Wang X. Anger weakens behavioral inhibition selectively in 
contact athletes. Front Hum Neurosci. 2018;12:398392.

35.	 Sofia R, Sofia R, Cruz JFA. Unveiling anger and aggression in sports: the effects 
of type of sport, competitive category and success level. Revista De Psicolo-
gia Del Deporte. 2017;26:21–8.

36.	 Micai M, Kavussanu M, Ring C. Executive function is associated with antisocial 
behavior and aggression in athletes. J Sport Exerc Psychol. 2015;37:469–76.

37.	 Verona E, Bresin K. Aggression proneness: transdiagnostic processes involving 
negative valence and cognitive systems. Int J Psychophysiol. 2015;98:321–9.

38.	 Jacobson J, Matthaeus L. Athletics and executive functioning: how athletic 
participation and sport type correlate with cognitive performance. Psychol 
Sport Exerc. 2014;15:521–7.

39.	 Harwood A, Lavidor M, Rassovsky Y. Reducing aggression with martial 
arts: a meta-analysis of child and youth studies. Aggress Violent Behav. 
2017;34:96–101.

40.	 Lafuente JC, Zubiaur M, Gutiérrez-García C. Effects of martial arts and combat 
sports training on anger and aggression: a systematic review. Aggress Violent 
Behav. 2021;58:101611.

41.	 Kostorz K, Sas-Nowosielski K. Aggression dimensions among athletes practis-
ing martial arts and combat sports. Front Psychol. 2021;12:696943.

42.	 Wojdat M, Janowska P, Pujszo M, Stępniak R. A comparative analysis of the 
level of aggression between female and male judokas society. J Educ Health 
Sport. 2017;7:95–106.

43.	 Frigout J, Degrenne O, Delafontaine A. The level of aggressiveness dur-
ing karate practice of inmates in correctional settings. Front Psychol. 
2020;11:567668.

44.	 Gubbels J, van der Stouwe T, Spruit A, Stams GJJM. Martial arts participa-
tion and externalizing behavior in juveniles: a meta-analytic review. Aggress 
Violent Behav. 2016;28:73–81.

45.	 Kuśnierz C, Rogowska A, Görner K. Emotional intelligence and aggression in 
kyokushin and shotokan karate athletes. Archives Budo. 2023;19:137.

46.	 Stanković N, Todorović D, Milošević N, Mitrović M, Stojiljković N. Aggres-
siveness in Judokas and team athletes: predictive value of personality traits, 
emotional intelligence and self-efficacy. Front Psychol. 2022;12:824123.

47.	 Frigout J, Tasseel-Ponche S, Delafontaine A. Strategy and decision making in 
karate. Front Psychol. 2020;10.

48.	 Potoczny W, Herzog-Krzywoszanska R, Krzywoszanski L. Self-control and 
emotion regulation mediate the impact of karate training on satisfaction 
with life. Front Behav Neurosci. 2022;15.

49.	 Corr PJ. Testing problems in J. A. Gray’s personality theory: a commentary on 
Matthews and Gilliland (1999). Pers Individ Dif. 2001;30:333–52.

50.	 Corr PJ. J.A. Gray’s reinforcement sensitivity theory and frustrative nonreward: 
a theoretical note on expectancies in reactions to rewarding stimuli. Pers 
Individ Dif. 2002;32:1247–53.

51.	 Parmigiani S, Dadomo H, Bartolomucci A, Brain PF, Carbucicchio A, 
Costantino C, et al. Personality traits and endocrine response as possible 
asymmetry factors of agonistic outcome in karate athletes. Aggress Behav. 
2009;35:324–33.

52.	 Heponiemi T, Keltikangas-Järvinen L, Puttonen S, Ravaja N. BIS/BAS sensitivity 
and self-rated affects during experimentally induced stress. Pers Individ Dif. 
2003;34:943–57.

53.	 Heponiemi T, Keltikangas-Järvinen L, Kettunen J, Puttonen S, Ravaja N. 
BIS-BAS sensitivity and cardiac autonomic stress profiles. Psychophysiology. 
2004;41:37–45.

54.	 Rethorst CD, Trombello JM, Chen P, Carmody TJ, Lazalde A, Trivedi MH. Adap-
tion of tele-behavioral activation to increase physical activity in depression: 
protocol for iterative development and evaluation. Contemp Clin Trials Com-
mun. 2023;33:101103.

55.	 Molkara T, Mokhtarzadeh S, Goldoozian Mashhad R. Sport behavioral activa-
tion in professional and non-professional exercising. Aust J Basic Appl Sci. 
2012;6:131–3.

56.	 Lambert JD, Greaves CJ, Farrand P, Price L, Haase AM, Taylor AH. Web-based 
intervention using behavioral activation and physical activity for adults with 
depression (the eMotion study): pilot randomized controlled trial. J Med 
Internet Res. 2018;20.

57.	 Albaladejo-García C, García-Aguilar F, Moreno FJ. The role of inhibitory control 
in sport performance: systematic review and meta-analysis in stop-signal 
paradigm. Neurosci Biobehav Rev. 2023;147.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/101080/10705519909540118
https://doi.org/101080/10705519909540118

	﻿Sensitivity to rewards and punishments in karate athletes: an examination of the temperamental characteristics and profile of karate competitors according to the revised reinforcement sensitivity theory
	﻿Abstract
	﻿Introduction
	﻿Main assumptions of the revised reinforcement sensitivity theory
	﻿Application of the reinforcement sensitivity theory to physical activity and sport
	﻿The purpose of the current study

	﻿Methods
	﻿Study design and procedure
	﻿Measurement
	﻿Statistical analysis

	﻿Results
	﻿Participants characteristics
	﻿Descriptive statistics
	﻿Analysis of variance for the revised reinforcement sensitivity theory scales of temperament and types of physical activity
	﻿Temperamental profiles of athletes

	﻿Discussion
	﻿Behavioral approach system (BAS) in karate athletes
	﻿Behavioral inhibition system (BIS) in karate athletes
	﻿Feight, flight, and freeze systems (FFFS) in karate competitors
	﻿Temperamental profiles in participants
	﻿Conclusions and practical implications of the study
	﻿Limitation of the study

	﻿References


