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Abstract:  

Background and Study Aim: Handedness has been studied for years in different contexts. 

Several connections with sports results have been obtained, especially highlighting the 

advantage of left-handed players. However, the relationship of handedness with precision in 

sports has not been clarified. The aim of present study was to identify the relationship between 

handedness and hit precision in fencing. 

Material and Methods: The research participants were 58 female foil fencers aged 14–17 

years (junior category). The Edinburgh Inventory Handedness Questionnaire was used to 

measure hand preference and for dividing the athletes into three subgroups (right-handed, left-

handed, ambidextrous). Hit precision was determined using the Favero EFT-1 electronic board. 

Handedness differentiated the participants’ performance in hit precision. 

Results: The hit precision of left-handed participants was greater than right-handed and 

ambidextrous participants, but only when using the left hand. The smallest differences in the 

hit precision score were observed between right-handed and ambidextrous fencers; left-handers 

stood out significantly. Moreover, the left-handed and ambidextrous fencers displayed smaller 

differences in their use of both hands during hitting compared to right-handed fencers. 

Conclusions: More and newer solutions are needed to make player scoring easier. A focus is 

also needed on the precision of movement execution in fencing, which can be crucial to success. 

Keywords: fencing, female, foil, hit precision, handedness 

 

1. Introduction 

Lateralisation is one aspect of motor development that manifests in functional 

asymmetry. It most often involves upper limb activities. The preference for using one 

hand rather than the other is called handedness. This trait is associated with complex 

brain asymmetries influenced by genetics, environment and neurodevelopment [1, 2]. 

Considering the preference for performing various daily activities distinguishes the 

left-handed, right-handed and those who can use both hands, the so-called 

ambidextrous (no clear preference). The ambidextrous make up only around 1–2% of 

the total population, according to various sources [3]. The proportion of right-handed 

to left-handed people in the population appears to have remained unchanged for 
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several thousand years [4]. Depending on what activity is observed (for example, 

throwing or using a hammer) left-handed people comprise around 10–13% of the 

population [5-7]. 

Healthy right-handed individuals tend to prefer the right hand for complex tasks that 

involve the use of tools, such as writing with a pen, slicing with a knife or cutting with 

scissors. This preference is often an indicator of the dominant hand as assessed by 

standardised questionnaires [8, 9]. A tendency to use tools more often with the right 

hand is shown by more than 85% of the total population, indicating left hemisphere 

dominance to control hand movements [10-12]. Being left-handed has been shown to 

confer some advantage in sports. Top-level athletes show an overrepresentation of 

left-handers. Left-handers have been characterised as more common among trained 

and elite athletes in various sports, including tennis, rock climbing, handball, boxing 

and wrestling, in contrast to the non-sporting population [13-16]. These observations 

apply mostly to interactive sports, where two or more players play or compete against 

each other in direct contact (e.g. tennis, cricket, boxing, fencing), but less so in non-

interactive or individual sports (e.g. golf, swimming) [6, 17]. A higher proportion of 

left-handers can also be confirmed in baseball [18], cricket [19, 20] and fencing [21]. 

Fencing, in particular, shows a significant overrepresentation of left-handed athletes. 

In a study that analysed functional asymmetry among female fencing athletes with a 

master class in the sport, a very high left-handed dominance of 40% was observed [22]. 

This is usually explained by the fact that, being in the minority, they are used to 

confronting right-handed players. As a result, they develop more effective fighting 

strategies [23, 24]. On the other hand, theories exist about the neurofunctional 

advantage of left-handers. Explaining them requires further research [25]. 

Many factors affect success in sports, such as genetic potential, occupation, physical 

environment, daily nutrition, quality of sleep, training, injury, coach–athlete 

relationship, body structure and body composition [26]. In fencing, as in many other 

sports, success is connected with extremely important skills: the precision of 

performing certain specific actions, which can guarantee success or contribute to 

failure [27, 28]. In studies of motor (functional) asymmetry, precision of movement is 

understood as the speed and accuracy of performing a movement task [29]. In this 

paper, precision is understood as the accurate thrust of a weapon into a well-defined 

hitting area. 

Precision is influenced by several factors, such as the type of uncertainty an athlete 

has with a guided weapon, fatigue after exercise and the athlete’s lateralisation type 

[30]. Witkowski et al. attempted to determine the relationships between the ability to 

maintain precision and control movements and fatigue in fencing. The study included 

20 fencers, who were divided into two groups based on their level of sporting prowess. 

The first group consisted of Poland’s top athletes, members of Olympic teams. The 

second group consisted of players on the Polish fencing team who were not members 

of the Olympic team. The results allowed for observing similar physiological reactions 

of the body to an increase in fatigue in both groups of athletes. According to the 

authors, in competitive fencers, physical exercise did not significantly affect the ability 

to maintain precision and control of movements. Additionally, competitive fencers 

were characterised by greater precision during various stages of exercise compared to 

less fit athletes [31]. 

Fencing requires a high level of coordination to achieve speed and accuracy [32]. So-

called coordination endurance provides athletes with greater accuracy of movement, 
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which is understood in sports as the precise control of an object, and in fencing, a 

weapon, at any time during a sports fight [33]. According to Stein, each person 

manifests the so-called speed–accuracy trade-off: the shorter the movement time, the 

lower the accuracy [30]. In the case of elite fencers, the interaction manifests itself in 

a different way of handling the weapon, which is characterised by high hit accuracy. 

According to research, the precision of movement in fencing, as well as reaction time, 

the timing of the entire fencing action and spatial orientation, determine the highest 

level of an athlete’s performance [34]. Despite ongoing research on female fencing 

athletes, many questions remain. To date, not all the factors determining the precision 

of inflicting hits in this sport have been identified. This is very important because the 

most thoughtful and precise movements are necessary for high results and sporting 

success. The hand is the most specialised organ in fencing, especially important in the 

acquisition of technical skills. Hence, the aim of the study was to identify the 

relationship between the type of handedness and hit precision. 

2. Materials and Methods 

Participants 

A total of 58 female athletes aged 14–17 (14.43 ±1.36) years practising foil fencing in 

the junior (under 17) category, representing at least an intermediate level of 

specialised preparation, participated in this study. Their average experience was 5–

12 years. The variation in training experience in the study was due to the different 

sports levels of the female athletes studied. The age of starting fencing training and 

specializing in the sport varied. Some female athletes start as early as age 5, giving 

them up to 12 years of experience. Others, on the other hand, start specialized training 

only at the age of 12, with about 5 years of experience.  

The inclusion factor for the study was the athletes' participation in the European Cup 

of Cadet Women in Fencing, which took place in Poznań, January 12–13, 2019. 

Finally, all athletes had to have the right age, skills and ranking in the Polish Fencing 

Association.   

All participants were chosen so as to represent similar fencing skills, so neither age 

nor training age should have affected the results. All participants were healthy. They 

were informed and instructed on the study procedure prior to the study. 

The research was carried out during the starting period, on the eve of the 2019/2020 

season competition. In the annual training cycle, training is constructed for the 

participation of athletes in eight World Cups, which are held on five continents. 

Depending on the date, preparation for the Cup lasts from 4 to 6 weeks and is designed 

to determine the strongest team for the European and World Championships, which 

take place in late June and early July, followed by a period of de-training. A general 

preparation period begins in September, followed by a specialised preparation period 

in October, and then the season begins in November. Under-17 athletes have control 

starts in World Cups to verify their sports level. 

Participation in this study was voluntary, and qualification was purposeful. No 

participant had medical contraindications to participate. Approval to conduct the 

study was obtained from the Bioethics Committee at the Karol Marcinkowski Medical 

University in Poznań (Resolution No. 255/19).  
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The theoretical model connected with factors that can determine hit precision in 

fencing has been proposed: somatic factor, functional factor and handedness [35]. In 

present paper relationship between the type of handedness and hit precision was 

identified. All measurements were completed in 1 day. 

Hand preference measurement 

The strength of hand preference was determined by the Edinburgh Inventory 

Handedness Questionnaire [8]. It contains questions about the preference for using 

the right or left hand in performing a range of everyday activities such as writing, 

drawing, cutting, throwing, using a knife alone, brushing teeth and lighting a match. 

Participants are asked to describe and demonstrate how to perform each activity. 

Some tasks require the use of both hands. The preference for using hands is marked 

by the researcher by writing ‘1’ in the appropriate hand column and ‘0’ in the other. If 

the preference for using the right or left hand is dominant and the respondent would 

not use the other hand in the activity performed, the researcher marks ‘2’ and ‘0’ in 

the columns, respectively. On the other hand, if the use of one or the other hand is 

indifferent, then in turn the researcher writes ‘1’ in one column and ‘1’ in the other. 

Based on the observations and the participant’s answers, the lateralisation coefficient 

is determined, the value of which reflects to what extent the person is right- or left-

handed. The following scale was used in the study: always right 2 points, usually right 

1 point, no preference 0 points, always left 2 points, usually left 1 point. Scores were 

then counted by analogy, following the methodology of Gonzales [36]. 

Hit precision measurement 

To assess the precision of hits, all athletes took a test which was performed using the 

Favero EFT-1 electronic board (Favero Electronics Srl Arcade [TV], Italy) according 

to methodology used in Witkowski et al. study [31]. 

Three of the nine tests described in the procedure were used. Each participant was 

informed what actions were to be carried out and which sequence. The athlete’s task 

was to perform in the shortest possible time a series of embeddings of the end of the 

weapon (punts) into randomly appearing, red-lit targets. The tests allowed for 

accurately determining the precision of inflicting hits in different variations. Test 1 

consisted of hitting two randomly appearing targets, which were illuminated in red in 

10 cycles. Each cycle began with the illumination of the first target. A correct, accurate 

hit on the first target was followed by the illumination of the second target. During 

the execution of the task, the participants were in a fencing stance at a distance 

suitable for performing a straight push. In the event of not hitting the target or not 

performing the hit sequence correctly, a time of 2.50 seconds was added to the test 

and counted towards the overall average performance of the given programme. Test 2 

consisted of hitting three randomly appearing targets that illuminated red in 10 

cycles. Each cycle began with the illumination of the first target. A correct, precise hit 

on the first target was followed by the illumination of the second target. A correct, 

accurate hit on the second target was followed by the illumination of the third target. 

In case of not hitting the target or not correctly performing the hit sequence, the 

participant was credited with a time of 2.70 seconds, counted towards the overall task 

performance average. Test 3 consisted of hitting three red-lit targets simultaneously 

in three cycles. In case of not hitting the target or not correctly executing the hit 

sequence, the participant was credited with a time of 3.00 seconds, counted towards 

the overall task execution average. The tests were performed twice, using both the 
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dominant and non-dominant hand. The averaged time from the all three tests for each 

hand separately, to the nearest 0.01 second, was used for analysis. 

Statistical analysis 

Basic descriptive statistics were calculated, and means were compared, using 

Student’s t-test for two groups with equal variance or the non-parametric Mann–

Whitney U test for variables without normal distribution. The strength of the effect 

(r) made it possible to determine the size of the differences between the two groups. 

One-way ANOVA or Kruskal-Wallis H analysis was done for three groups. Tukey’s 

least significant difference post-hoc test was used to assess which of the groups 

differed. The eta squared (E2), was used as the measure of the Kruskal-Wallis test 

effect size. 

To determine the relationships between variables, a series of correlation analyses 

were performed using Pearson’s (r) and Spearman’s (rho) coefficients.  

A value of p = 0.05 was taken as the level of statistical significance. The statistical 

analyses used the IBM SPSS statistics package version 25. 

3. Results 

Indicators First, we decided to test whether handedness was a differentiating factor 

among the study group in terms of hit precision. Competitors, depending on their 

handedness, were com-pared with each other using the non-parametric Kruskal–

Wallis test (right-handed vs. left-handed vs. ambidextrous). The results indicated that 

all three groups of fencers differed significantly in terms of hit precision, however, the 

effects of the differences were weak (Table 1).  

Table 1. Differences in right and left hands precision between three groups of fencers and their 

significance. 

 

Hit precision was measured as an averaged time from the all three test trials for each hand separately 

using the Favero EFT-1 electronic board. Legend: M: mean; SD: standard deviation; H: result of 

Kruskal–Wallis test of significance of differences; p: p-value; E2: eta-square – effect size 

The analysis resulted in a statistically significant effect of the handedness variable (F 

(2, 26.6) = 5.386, p = 0.011). It also showed statistically significant differences between 

all groups (p = 0.001). Left-handed individuals had lower scores in left-handed 

precision than right-handed and ambidextrous individuals (F (2, 26.6) = 5.386, p = 

0.011). On the other hand, they had higher scores in right-handed precision than 

right-handed and ambidextrous fencers (F (2, 25) = 6.275, p = 0.006).  

Right-handed fencers averaged 0.210 points better in right-handed precision, while 

left-handed athletes averaged 0.170 points better in left-handed precision. 

Ambidextrous players also achieved different results in the precision of hits between 

hands (0.170 points), with better results obtained with the right hand. 

Functional 

characteristic 

Right-handers 

(n = 21) 

Left-handers 

(n = 10) 

Ambidextrous 

(n = 27) 

 

M SD M SD M SD H p E2 

Right hand precision 0.78 0.13 0.98 0.15 0.79 0.17 9.18 0.010 0.16 

Left hand precision 0.99 0.17 0.81 0.14 0.96 0.17 8.28 0.016 0.14 
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To determine statistically significant differences between groups in the precision of 

the right and left hands, the Mann–Whitney U test was conducted. The results 

obtained are included in Table 2. 

Table 2. Significance of differences in right and left hands precision according to handedness. 

Functional 

characteristic 
Handedness  U p r 

Right hand precision 

Right-handed vs left-handed individuals 37.50 0.004 −0.64 

Right-handed vs ambidextrous 280.00 0.941 −0.01 

Left-handed vs ambidextrous 55.50 0.007 0.59 

Left hand precision 

Right-handed vs left-handed individuals 39.50 0.006 0.62 

Right-handed vs ambidextrous 250.00 0.622 0.08 

Left-handed vs ambidextrous 60.50 0.014 −0.53 

Hit precision was measured as an averaged time from the all three test trials for each hand 

separately using the Favero EFT-1 electronic board. Legend: U: non-parametric Mann–

Whitney test; p: p-value; r: strength of effect. 

It was observed that left-handed individuals differed from right-handed and 

ambidextrous people in terms of right-hand (p = 0.004, p = 0.007, respectively) and 

left-hand precision (p = 0.006, p = 0.014, respectively). The strength of the effect of 

these differences was moderate. Between right-handed and ambidextrous 

participants, no significant differences existed in the precision of right- (p = 0.941) and 

left-handed hits (p = 0.622). 

4. Discussion 

The aim of our study was to identify the relationship between the type of handedness 

and hit precision. The athletes studied were characterised by different handedness. In 

a group of 58 girls, 36% were right-handed, 15% were left-handed and 49% were 

ambidextrous. The literature on upper limb lateralisation is disparate, which, among 

other things, may be due to the use of different research methods to distinguish 

individuals with different handedness types. In a study by Bescos et al. [37], out of 87 

fencers from 32 countries, 21% were left-handed. According to the results of a study by 

Vorack et al. [38], out of 99 fencers, 11.1% had a dominant left hand. The present study 

confirms that in some sports, including fencing, an overrepresentation of left-handed 

individuals exists [31].  

In our study the right- and left-handed participants as well as ambidextrous performed 

the same task with using both hands. They had to perform a series of gun tip 

embeddings in randomly appearing targets in the shortest possible time, which made 

it possible to accurately determine the precision of inflicting hits in different variants. 

It is very important for fencers to respond quickly and accurately to attacks from either 

side, and they should anticipate the opponent’s moves, including lateral shifts in 

position [39]. We hence decided to choose the three most diverse test trials, which were 

averaged separately for each hand which made it possible to assess the hits precision. 
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Compared with athletes from other sports, fencers are generally not faster in reaction-

time tests but are more accurate, with left-handers performing the best. Left-handers 

have the advantage in many sports, but this may be particularly evident in interactive 

sports that are characterized by high spatiotemporal pressure (e.g. table tennis, 

fencing) as opposed to slower interactive sports (e.g. tennis, squash) [39]. Our study is 

the first to examine a potential interaction between handedness and hit precision 

among female foil fencers. We revealed differences regarding the hit precision 

depending on handedness. First, we stated, that handedness differentiates three 

groups of fencers in terms of the hit precision with both right and left hands. 

Significant differences were shown between right-handed and left-handed athletes, as 

well as between left-handed and ambidextrous athletes. Left-handers had significantly 

lower right-hand precision and significantly higher left-hand precision compared to 

the other groups. The smallest differences in the hit precision were observed between 

right-handed and ambidextrous fencers, with left-handers standing out. Left-handers 

are less strongly lateralized than right-handers [8]. One reason could be that almost 

all tools and facilities (e.g., scissors, notebooks, spiral staircases) in daily life are 

designed for right-handed people. People who are not right-handed have often been 

made to use their right hand for many occupational tasks [5] so the difference between 

hands in some activities could be diminished. 

We also observed that the left-handers and ambidextrous fencers displayed smaller 

differences than their right-handed counterparts in their use of both hands during 

hitting so they were less lateralized. In other study similar observation was done 

where left-handers fencers were less lateralized, which was connected with superior 

motor performance [34]. Fencers demonstrated more symmetric patterns of arm 

performance that were associated with substantially better accuracy and quality of 

movement in the left arm. They had greater symmetry in arm performance than non-

fencers [40]. Additionally, left-handers tend to demonstrate more symmetric arm 

movements then right-handed individuals [41]. 

We stated, that left-handers were slightly better than right-handers in this activity at 

using their non-preferred hands, but the difference was small. Overall, little difference 

existed between right- and left-handers in using their preferred hand, but left-handers 

were considerably better than right-handers in using their non-preferred hands. 

Generally, scoring a point in fencing requires accuracy, among other things, and 

precision in the use of the blade is extremely important. The idea is to ensure that the 

move made is exactly as planned. Our results confirm previous findings in other 

research evidencing the important role of handedness and fencing performance. 

The analyses carried out undoubtedly have their limitations. One is certain 

ambiguities arising, such as from the commonly adopted method of assessing hand 

dominance, which makes it difficult to compare the results of studies by different 

authors, as well as to interpret the data obtained. Additionally, the size of the group is 

too small to be able to make definite conclusions about the effect of handedness on hit 

precision in female foil fencers. 

Fencing requires more and newer solutions to make scoring easier. Fagan et al. [42] 

suggested that in the recruitment process, selectors at all levels should be encouraged 

to pay special attention to left-handed players. They may show some performance 

advantage over peers with other types of handedness. In the context of the available 

literature and our analysis, it also seems important to focus on the precision of 

movement execution in fencing, which can be crucial to success. 
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5. Conclusions 

Handedness differentiated the participants’ performance in hit precision. The 

smallest differences in the hit precision score were observed between right-handed 

and ambidextrous fencers; left-handed athletes stood out significantly. Moreover, the 

left-handed and ambidextrous fencers displayed smaller differences in their use of 

both hands during hitting than their right-handed counterparts, indicating that they 

were more symmetrical in hit precision. Applying these findings to athletes in sports 

that require movement precision could provide valuable information on the potential 

relationship between handedness and precision in performing a given movement task. 

However, this requires further research.  

 

Data Availability Statement: The data supporting this study’s findings are 

available from the corresponding author upon reasonable request.  

Conflicts of Interest: The authors declared no conflict of interest. 
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