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Abstract 14 

Esports players often use the fingers on their left hand to produce quick key hits on 15 

keyboards. It is unknown whether such hits can be a burden on fingers or cause overuse 16 

injuries. Numerous studies have focused on key hits; however, those studies have 17 

primarily focused on the speed. Therefore, in this study, we evaluate rapid key hits 18 
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using a combination of input data, video data, and surface electromyography (EMG) for 19 

fingers that are not accustomed to moving. Ten male subjects were asked to repeatedly 20 

hit the same key on a keyboard quickly using their left ring finger for 30 s. The results 21 

indicated that the input speed of a continuous single hit (6.48 Hz for 0–5 s) decreased 22 

over time (5.02 Hz for 25–30 s). Matching input and surface EMG data  revealed 23 

movement with muscle activity but without an input, that is, a miss-hit. Video results 24 

demonstrated that some subjects hit supplely while others hit with unnatural form. Until 25 

now, there was only a measure of whether the speed was fast or slow for rapid key hits. 26 

A combined analysis of input data, EMG data, and video data can be used to evaluate 27 

miss-hits and hitting form. 28 

 29 
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Abstract : e ポーツプレーヤーは、左指を使って高速で膨大な量の打鍵を行う。37 

今まで指の動作の研究は行われているが、主に速度に焦点を当てている。そこ38 

で本研究では、最も使いにくい左薬指の打鍵の特徴を、入力データ、表面筋電39 

図（EMG）、ビデオの組み合わせで観察し、評価した。男性被験者 10 名にキー40 

ボードの同じキーを左手薬指で素早く 30秒間連続打鍵してもらった結果、入力41 

速度は時間の経過とともに低下することが示された（0-5 秒：6.48Hz、25-3042 

秒：5.02Hz）。ビデオと表面筋電図データを比較した結果、打ち損じがあり、打43 

ち損じから算出した入力成功率は 95.3±5.4％(83.2 ～ 100%)であった。ビデオの44 

結果、しなやかに打つ被験者と、薬指以外の指が不自然な被験者がいた。これ45 

までは、キーを連打する速度が速いか遅いかという尺度しかなかったが、入力46 

データ、筋電図データ、動画データを組み合わせて解析することで、ミスヒッ47 

トや打球フォームを評価することができた。 48 

 49 

  50 



Introduction 51 

In recent years, as a competition involving computer games, electronic sports (esports) 52 

has attracted worldwide attention 1,2. Esports players need to have fine motor skills. In 53 

particular, they use fingers and cognitive abilities to manipulate digital activities in 54 

virtual environments3.  55 

A world championship is held for computer games operated using a mouse and 56 

keyboard. In such competitions, players often operate the mouse with their right hand 57 

and the keyboard using their left hand. Depending on the game, players may 58 

occasionally hit keys as many as 500 times per minute4,5. Generally, humans have less 59 

mobility of tapping in their ring and little fingers of the left hand6; however, esports 60 

players are generally used to operating the keyboard with all their left fingers. 61 

Several studies have reported on top-notch esports players suffering from injuries 7–9. In 62 

physical sports, overuse injury causes repetitive microtrauma and overload in the 63 

musculoskeletal system. Consequently, it can adversely affect the performance of an 64 

athlete; in worst cases, it could even end an athlete's career10. The factors that 65 

characterize competitive typing are still unknown. To know whether there is a load or 66 

not, it is necessary to determine the characteristics of key hits using the left hand. In 67 

particular, key hits can be a burden on fingers that are difficult to use. 68 



Research on finger movement has been conducted in a wide variety of fields, such as 69 

physical education, medicine, rehabilitation, computers, and music6,11–20. Previous 70 

studies have used a variety of methods, such as typing on a keyboard, touching a sensor, 71 

or detecting actions with a sensor. More specifically, those studies primarily focused on 72 

evaluating the number of inputs or the number of actions. Studies that focus on the 73 

success rate of the number of inputs relative to the number of actions or on the method 74 

of typing have not been reported. If one makes a desperate key hit, they are likely to 75 

miss a hit or disrupt their form.  76 

In the field of physical sports, surface electromyography(EMG)21,22 or video 77 

recording23,24 has been used to analyze the movements of large muscles such as arms 78 

and legs. EMG is commonly used to assess muscle fatigue, and it can be used to 79 

quantitatively measure myoelectrical activity non-invasively in real time. However, 80 

EMG alone cannot determine the actual movements being performed. Video analysis is 81 

a predominantly performance-focused subject; still, it cannot reveal the load of muscle 82 

activity. By combining these approaches, it may be possible to better evaluate key hits at 83 

speeds that are difficult to visually confirm from multiple perspectives. 84 

This study aims to verify the motion characteristics of esports, and to evaluate the 85 

characteristics of key hits on a computer keyboard by recording the key hits, surface 86 



EMG, and then performing video analysis. 87 

 88 

Materials and Methods 89 

Subjects 90 

In total, ten healthy males participated in the study. The average age, height, and weight 91 

of these men were 25.4 ± 2.6 years, 171.7 ± 7.5 cm, and 69.8 ± 12.0 kg, respectively. 92 

None of the subjects had any prior experience playing computer games.  93 

We targeted non-players in this study because the lack of basic data makes it impossible 94 

to determine whether variability trends are player-specific or a general tendency. The 95 

target age group was those in their twenties, which is a relatively common age group 96 

among players. 97 

This study was approved by the University of Tsukuba Human Ethics Committee (East 98 

2020-84). Before the experiments, written informed consent was obtained from all 99 

participants. 100 

 101 

Key hit method 102 

A laptop computer is used as the inspection device. A one-handed keyboard (beri G30 103 

buruberi, China) is connected to a computer using a universal serial bus. A hemisphere 104 



with a 5 cm diameter is attached to the surface of the keyboard as a palm rest to unify 105 

the way of hitting. The time elapsed while the key is pressed is recorded using a 106 

computer program written in JavaScript (ES2020(ECMAScript2020)) executed on a 107 

browser (Google Chrome ver90.0.4430.212). The participants could observe the current 108 

number of key hits displayed on the screen. 109 

The height of the chair is adjusted so that the shoulders are naturally lower (slightly 110 

abducted) while the elbows rest comfortably on the armrests. The participants choose a 111 

key they can press using their finger at an angle that naturally draws an arc (Figure 1). 112 

Figure 1 113 

The participants were instructed to repeatedly strike the keyboard at the maximum 114 

possible speed for 30 s to obtain the maximum number of key hits using only left ring 115 

fingers.  No instructions were given for accuracy. No interventions, such as 116 

encouragement, were provided during the task. The participants were instructed to not 117 

lift their elbows, wrists, or palms although they were not fixed. 118 

 119 

Aggregation of key hits 120 

The input time was calculated using Microsoft® Excel® 2019 MSO. The first hit of the 121 

input time is set to 0 s. The 30-s section was divided into six periods: T1 (0–5 s), T2 (5–122 



10 s), T3 (10–15 s), T4 (15–20 s), T5 (20–25 s), and T6 (25–30 s). Accordingly, the 123 

average changes in the number of key hits per second were calculated for each section. 124 

 125 

Surface EMG  126 

We examined the presence of muscle activity and firing patterns. To this end, we used a 127 

surface EMG Telemyo (NORAXSON) and extracted EMG data from the forearm 128 

extensor and flexor muscles. The EMG data were obtained using the bipolar derivation 129 

method; surface EMG Ag–AgCl electrodes (Kendall Disposable Surface 130 

EMG/ECG/EKG Electrodes 1 3/8" (35 mm)) were attached to the belly muscle of the 131 

extensor digitorum brevis and flexor digitorum profundus. The distance between the 132 

centers of the two electrodes was 20 mm. Before the electrode was attached, the skin of 133 

the electrode-attached part was wiped with absorbent cotton soaked with alcohol. The 134 

sampling frequency of EMG was set to 1000 Hz, and the root mean square (RMS) value 135 

of all waveforms measured using the analysis software myoRESEARCH was calculated 136 

every 100 ms.  137 

 138 

Video shooting 139 

The movement at the time of the key hit was captured using a video camera (GoPro 140 



HERO7, GoPro, Inc. California, USA). The footage was obtained from the side of the 141 

little finger and above at a video framerate of 30 frames per second (fps). A video 142 

editing software PowerDirector (CyberLink Corp. Taiwan) was utilized to advance 143 

frames, visually confirm the pressing operation, and record the time when the pressing 144 

operation occurred. 145 

 146 

The values were obtained as mean ± standard deviation. The number of key hits of T2, 147 

T3, T4, T5, and T6 was compared with that of T1 using the Wilcoxon rank-sum test 148 

with Bonferroni correction. SPSS 27 (IBM Corporation, USA) was employed to 149 

perform statistical analysis on the obtained data.  150 

 151 

Results 152 

Input speed and change over time 153 

For all participants, the total number of single hits of the left ring finger over a period of 154 

30 s was 168.7 ± 24.6 hits (139–219 hits). The average change in the number of hits 155 

over time for T1–T6 was 6.48 ± 1.31, 6.02 ± 1.02, 5.64 ± 1.08, 5.44 ± 0.54, 5.14 ± 0.58, 156 

and 5.02 ± 0.60 Hz, respectively. It is evident that the key hit speeds of T5 and T6 were 157 

significantly slower than those of T1 (Figure 2). 158 



Figure2 159 

When the individual data was analyzed, the subjects with higher speeds in the early 160 

stages tended to slow down more significantly. 161 

 162 

Collation of input, muscle activity, and video 163 

Each set of data was imported into Microsoft Excel®, and the input recording, time of 164 

muscle activity, and time of pressing operation were compared. Figure 3 presents the 165 

input record that indicates the collation result of the representative example. 166 

Figure3 167 

Input records are indicated by the vertical dotted lines in the figure, and muscle activity 168 

records are indicated by the wavy lines. The top row shows the forearm extensor 169 

muscles, and the bottom row shows the forearm flexor muscles. 170 

Each record was set to 0 s: the time of the first hit of the input record, first burst of the 171 

flexor muscle, and when the button was pushed all the way down during the first 172 

pressing motion that was confirmed by the video.  173 

 174 

(1) Input records （vertical dotted lines） 175 



For the input records, the higher the speed, the narrower the input record interval, and 176 

the interval gradually increases over time. Generally, the input records are evenly 177 

spaced; however, there were instances where the spacing was unnaturally wide . 178 

(2) Muscle activity recording （wavy lines） 179 

Bursts of forearm extensors and forearm flexors appeared alternately and at equal 180 

intervals. As with input, the faster the speed, the narrower the burst interval. 181 

(3) Video image and video-confirmed pressing 182 

The pressing operation was confirmed in video shooting. 183 

(4) Comparison of input, EMG, and video 184 

When these three evaluation results were collated, the data was generally consistent. 185 

However, there was no input, and there was a press action in the confirmation by EMG, 186 

and a hand form that could not be confirmed by the input result or muscle activity.  187 

 188 

Analysis of individual results 189 

Table 1 summarizes the input records, confirmation results of the muscle activity based 190 

on surface EMG, and pressing motion observed from the moving images of each 191 

subject. 192 



Some subjects almost had the same number of muscle activities and inputs, that is, the 193 

success rate was approximately 100% (Nos. 3, 4, 5, 6, and 7), while others had fewer 194 

inputs than the number of muscle activities, that is, the success rate was lower (Nos. 1, 195 

2, 8, 9, and 10). 196 

In the videos, the four fingers drew a natural arc (Nos. 1, 2, 3, 4, 7, and 9) and there 197 

were other videos where the other fingers near the ring finger were raised (Nos. 5, 6, 198 

and 8), there was a participant who hit with the little finger strongly (Nos. 5 and 10). 199 

More specifically, some participants gradually increased the elevation height between 200 

fingers other than the ring finger (Nos. 1, 2, 5, and 8), and others changed form to 201 

release the tension in the hand (Nos. 2, 5, 8, and 9). 202 

Table 1 203 

 204 

Discussion 205 

The characteristics of key hit operation were evaluated by combining the input 206 

recording with surface EMG data and video recording.  207 

Studies on the quick upward and downward motions of fingers have been extensively 208 

conducted to evaluate the motor function of the upper limbs. For example, in the field of 209 

physical education, the finger tapping test is used as an agility test to measure rapid, 210 



repetitive movements of the limbs.  211 

Most previous studies evaluated the speed of finger tapping on the right index finger. 212 

Although the conditions are different, hitting frequency by the right index finger in non-213 

esports-players are considered to be approximately 5.1–6.1 Hz6,11,14,15 with a 214 

deceleration of approximately 1 Hz under continuous tapping for 10 s or more16–20. The 215 

left ring finger strikes slower than other fingers6, 216 

Thomas et al.13 conducted a tapping test using a smartphone app for elite esports players 217 

and found tapping frequencies of 7.4 Hz and 7.1 Hz for the right- and left-hand index 218 

fingers, respectively. Overall, esports players may be able to move their fingers faster 219 

than non-players. 220 

The results of this study show that frequency by the left ring finger was 6.48 Hz in the 221 

first 5 s, and it gradually dropped to 5.02 Hz in 25–30 s; the number of key hits and the 222 

deceleration in finger movement observed in this study are considered to be within a 223 

reasonable range. 224 

 225 

Matching the data from the three devices 226 

Until now, key hits have only been focused on speed. However, by collating EMGs and 227 

videos used in the field of sports, we intend to acquire new information on key hit 228 



behavior. 229 

 230 

Characteristics of one device 231 

The input record shows the number of successful inputs. Performance is the most 232 

crucial result for a competitor. Because the input records are spaced evenly, it is possible 233 

to predict the number of miss-hits when there is an unnatural spacing of hits.  234 

From the recorded muscle activity, bursts of forearm extensor and flexor muscles 235 

alternately appear, and the number of pressing movements can be confirmed. It can also 236 

be an indicator of muscle fatigue. We detected high-speed movements, such as 237 

keystrokes, using electromyography. 238 

From the video record, it is evident what kind of hand form is being used to type and 239 

whether that form changes over time.  240 

The possible evaluations by input data, surface EMG, and video are different, and each 241 

have own good detection, as listed in Table 2. 242 

Table 2 243 

 244 

Characteristics that match two devices 245 

Upon comparing the input and EMG, we found that there are times when there is a 246 



pushing action in EMG; however, there is no input action, i.e., a miss-hit.  247 

 When input and video are compared, we found that there is a timeperiod when there is 248 

a pressing action in the video; however, there is no input action, and there is an 249 

attempted but unsuccessful typing action, i.e., a missed typing action. 250 

A comparison of EMG and video revealed the occurrence of muscle activity, although it 251 

could not be confirmed in the video. EMG is suitable for detailed detection. In contrast, 252 

although not confirmed by EMG, the video helped confirm specific individual 253 

differences in form, such as the way the left ring finger, other fingers, and wrist joints 254 

move, as well as how the form changes during the process. 255 

EMG can detect even minute activities in the muscle to which the electrodes are 256 

attached, and the video is suitable for confirming the entire key hit movement. 257 

To infer fatigue, it is necessary to check both EMG for detailed data and video for 258 

overall understanding. 259 

By matching the data from the two devices, a comparison of the number of inputs and 260 

number of movements confirms the presence of hit errors and enables the calculation of 261 

success rates. 262 

 263 

Characteristics that match the three devices 264 



When input, EMG, and video are matched, the number of movements and inputs can be 265 

determined from EMG and inputs, and the difference between them provides the 266 

number of miss-hits.  267 

In addition to determining the hitting style, the relationship between the number of 268 

inputs, EMG, and hitting style can also be determined by checking the video.  269 

We confirmed the status of the miss-hits by matching the data from the three devices. 270 

 271 

Personal characteristics by collating EMGs and videos 272 

In this study, regarding the miss-hits, some subjects have miss-hits at a rate faster than 273 

average speed (Nos. 1 and 2), some subjects hit rhythmically without miss-hits and at a 274 

speed close to the average value (Nos. 3–7), and others had miss-hits at a rate slower 275 

than the average speed (Nos. 8–10). The speed and number of mistakes may allow us to 276 

consider the direction of future training. 277 

Regarding the way of hitting, some subjects placed their palms on the palm rest, and 278 

some participants tapped with flexion and extension of the wrist joints, while others 279 

tapped using the joints beyond the metacarpophalangeal joint. A similar trend was 280 

observed between finger tapping and hand tapping25, and the result for hand tapping 281 

was faster. It is also necessary to consider how to hit quickly and without burden. 282 



 283 

Limitations 284 

Until now, it was unclear how to hit keys with the left ring finger and its conditions. In 285 

the conditions set in this study, there may be individual differences in the method of 286 

performing the task. 287 

More specifically, there is a possibility that the strategies are different; for instance, 288 

some subjects prioritize speed and others prioritize accuracy. However, this point is 289 

unknown because we have not confirmed it. 290 

In the future, besides speed and accuracy data, it is also useful to verify the relationship 291 

between the strategy instruction method, thoughts of the subjects, and the way of 292 

hitting. 293 

 294 

Conclusion 295 

Previously, there was only a measure of whether the speed was fast or slow for key hits. 296 

However, in this study, it was possible to confirmed the status of the miss-hits for the 297 

first time by matching the data from input records with electromyogram data and video 298 

data. 299 

 300 
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Figure 1 Video shooting screen (keyboard and hand placed on it) 

 
 

 
 

Figure 2 Key hit speed 
The change in key hit frequency over time for each participant is shown using a thin 

line, and that for an average of 10 people is shown using a thick line. 



 1 

 2 
 3 

Figure 3 Example images showing collation of input, muscle activity, and 4 
pressing motion 5 

 6 
Input records are indicated by the vertical dotted lines in the figure, and muscle activity records are 7 

indicated by the wavy lines. The top row shows the forearm extensor muscles, and the bottom row shows 8 
the forearm flexor muscles. The videos were visually inspected and compared with the input data. 9 



Table 1 Number of inputs, number of muscle activities, hit success rate, and form of hitting of each subject 1 
* The details are presented in the descending order of the total number of key hits 2 

 3 
 Number of 

inputs 
Muscle 
activity  

Hit success 
rate Video Observations The moment the ring finger is 

lifted 
The moment the ring finger sinks 

in. 

No. 1 219 232 94.4 
The wrist joint is the fulcrum, and it 
is supple and striking. 
The index finger is raised gradually.  

  

No. 2 205 223 91.9 

Hitting like a poke without raising 
the ring finger too high. 
The other finger is gradually raised; 
however, it is lowered once in 19 s 
and then raised gradually. Finally, 
after 25 s, the wrist is used. 

  

No. 3 170 171 99.4 
Striking supplely with hand joints. 
The form of hitting over time does 
not change much. 

  

No. 4 165 165 100 
Striking supplely with hand joints. 
The form of hitting over time does 
not change much. 

  

No. 5 164 166 98.8 
Left finger moves considerably. 
The other finger is gradually raised; 
however, it is lowered in 9 s. 

  



No. 6 161 163 98.8 
Striking supplely with hand joints. 
The form of hitting over time does 
not change much. 

  

No. 7 160 160 100 
Striking in a supple manner with 
hand joints. 
The form of hitting over time does 
not change much. 

  

No. 8 153 160 95.6 
Not much use of the wrist. 
The other finger is gradually raised; 
however, it is lowered for a moment 
in 8, 16, and 22 s. 

  

No. 9 151 166 91.0 
Not much use of the wrist. Hitting 
like a poke. 
Middle finger rises considerably in 
12 s, and the power is momentarily 
released in 23 s. 

  

No. 10 139 167 83.2 

Not much use of the wrist. 
The ring finger is pressed in hard, 
causing hyperextension of the DIP 
joint. 
The DIP of the middle and little 
fingers may bend at the same time 
when the key is pressed. 
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Table 2 Comparison of input data, EMG, and video 
 

 Number of hits Number of 
actions 

State and 
change  

of actions 
Input data ◎ △ × 
EMG × ◎ × 
Video × 〇 ◎ 

 

◎ : optimum, 〇: acceptable, △ : Guessing is allowed, × : impossible 


