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Abstract

Handedness, as an inherent characteristic in the human subsystem, is often overlooked or considered
as having “no obvious connection” to safety. To explore the relationship between handedness and
safety, this study proposed three hypotheses and conducted a series of questionnaires, experiments,
and statistical analyses around them. This research system is considered a method that can accurately
reflect the relationship between handedness and system safety. The results showed that left-handed
testers had excellent operational and correct capture abilities in the predetermined safety scenario.
Individual factors did not affect this advantage, and the advantage even expanded with the increase
of individual factor scores. In addition, when considering the palm travel angle a and arm extension
direction f, the characterization phenomenon of handedness showed incomplete symmetry.
However, regardless of how a and § changed, the overall performance of left-handed people was still
better than that of right-handed people. This further proves that left-handed operators have better
accident prevention and control capabilities for accidents themselves, and this advantage makes the
system closer to inherent safety. For a specific operating position (train driver), we found that left-
handed drivers performed better than right-handed drivers in braking time (83.6ms ahead of
braking) and emergency braking error rate (decreased by 7.7%o), indirectly verifying the unique
advantage of left-handed manipulators in accident prevention or control. This study proves that
handedness can become a new influencing factor of HCI safety and verifies its importance and
criticality as an evaluation criterion, which establishes a bridge between handedness and safety.

Keywords: handedness; HCI; numerical analysis; handling safety; braking ergonomics

1. Introduction

Safety issues have always been the focus of attention in various fields around the world. With
the popularization and application of new man-machine cooperative devices, the role of human
factors in the field of safety has been paid more and more attention [1,2]. Dominant hand, as one of
the inherent characteristics of human beings, has an important influence on people ‘s sports
performance, cognition and attention in daily life. Most of the previous studies have focused on the
effect of dominant hand on human cognition and sport performance [3]. However, the relationship
between dominant hand and safety is often neglected or considered to be “ no obvious link “, so there
are few studies on its application and value in the field of safety. We believe that the application and
value of dominant hand in the field of safety need to be further explored.

The development and persistence of laterality is a key feature of human motor behavior, in
which the asymmetry of hand use is the most prominent [4]. Sanja Budisavljevic et al. defined the
handedness in response to this asymmetry: one hand tends to play a dominant and manipulative
role, which is called the dominant hand while the other hand plays a supportive and stable role.
Right-handedrs and left-handers were distinguished according to the degree and direction of hand
habitus, and the asymmetry between the two is called handedness [5].
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Scholars in various fields [6-8] studied and recorded the differences between the dominant
hand, among which the characteristics of creativity, novelty pursuit, spatial ability and mental
rotation task were positively correlated with left-handers. At the same time, some scholars use Annett
‘s nail plate [9] knock fast [10,11], circle marking [12], and kinematic tasks [13] to evaluate the
performance ability of the hand. It was found that people may have differences in the external
performance ability in related fields due to the difference in the dominant hand. However, it is almost
not considered that there is a link between handedness and safety in previous studies, which leads
to the relationship between handedness and safety is often ignored or subconsciously considered to
have no connection. A recent study has attracted our attention [14]. Researchers conducted a field
survey and analyzed the braking preparation of shared electric motorcycle drivers. They found that
people are more inclined to left-handed braking, but left-handed brakes may have potential safety
hazards during braking because of their design, which causes our doubt on the opinion that ‘safety
is not affected by the dominant hand’. A large number of literature show that left-handers perform
better than right-handers in spatial processing ability. At the same time, the ability of spatial image
memory, intuition, body coordination and visual perception dominated by right brain is obviously
better than that of right-handers due to the high degree of right brain development of left-handers
[15]. When some positions have to be prepared for emergency operation, can left-handed people use
their left hand to operate keys to improve the overall safety of the system? (For example, the response
time difference of 1 second may lead to a safety distance reduction of nearly 100 meters when the
high-speed train is running at full speed; the design of military aircrafts pays more attention to the
driver ‘s response to stimuli) Also, in HCI system design [16,17], people also did not incorporate the
handedness into the principle of Human Engineering (HE). Therefore, it is impossible to determine
whether the handedness can indirectly affect the safety of operation, especially in some emergency
operation positions. Itis not clear whether the asymmetry between the dominant hands has an impact
on HCI under emergency operation. However, it is worth pondering whether handedness may
directly lead to differences in people ‘s perception of safety, which cannot be verified in existing
literature and studies. In summary, previous studies have tended to explain the principles and
phenomena of the asymmetry of dominant hands, and have not established a link between dominant
hand as an inherent characteristic of human beings and safety, and it is impossible to distinguish
whether the relationship between them is direct or indirect.

In the HE principle, the human arm can be regarded as a multi-degree-of-freedom component,
and the muscle appears as a power source in which the human acts as a torque on the bone through
muscle contraction, thereby driving limb movement [18]. From the perspective of biomechanics, the
human arm, as a separate subsystem, exhibits different motion characteristics due to the limitations
of arm freedom and muscle contraction when it extends forward f, lateral extension f3, and medial
flexion and extension f2. The left and right arms of human are basically symmetrical only from the
perspective of structure, but studies have shown that [19,20] the left and right arms of the human still
show different responses and the difference is not large due to the influence of the habit of using the
hand when they move in the same movement distance and the opposite movement direction. The
representation (mechanical response speed, error rate, etc.) are also different when the palm travel
angle «, the arm extension direction (3, and the distance 1 are different. The above situation may be
more obvious when the left and right hands are used as dominant hands respectively. Therefore, the
influence of handedness cannot be ignored from the perspective of safety. At the same time, a study
[21] indirectly proved the performance of chirality in arm movement asymmetry, and this
representation phenomenon can reflect the influence of handedness on operation safety through
specific competitive operation rate and error rate for the purpose of rapid response and precise
operation.

In summary, the asymmetry of the dominant hand is always based on the laterality of the human
body, and shows the asymmetry of behavior and operation. This asymmetry will always show the
left or right advantage when is based on the purpose of completing the goal and shortening the time.
Furthermore, the gap between left and right will be infinitely enlarged when this advantage is used
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as a safety assessment factor in emergency situations. Although HE design [22] has made great
progress in the field of safe HCI field, it is rarely considered in existing studies and designs to regard
the asymmetry of the hand as a certain factor affecting system safety. According to Daniel K. Shipp,
“The best safety measures are those taken before the accident”. Therefore, this paper attempts to
analyze the influence of handedness on system safety, especially in the aspect of human-computer
interaction under emergency operation. A new evaluation factor of system safety was proposed and
verified by us, which can effectively improve the safety of human-computer cooperative operation.
The research in this paper reveals the important influence of handedness in the field of HCI safety,
which is of great significance for HCI safety design and operator selection, especially in emergency
operation scenarios such as high-speed trains and aerospace.

2. Handedness and Safety

In various application fields, hundreds of human and mechanical cooperation devices have been
designed and manufactured, which are used to promote strong interaction between humans and
autonomous systems, as well as for training, security collaboration, and physical task assistance [23].
When people operate these devices, they will be limited by external factors, equipment factors, their
own factors, and management factors. The synergy of many factors can be regarded as a ‘Human-
Computer Associative Systems’ (HCAS). On the basis of pursuing efficiency and operability, safety
is also considered as one of the design standards of HCI (HE). The so-called system safety not only
refers to the safety of HCAS itself, but also refers to the fact that HCAS can suppress, eliminate or
mitigate the risk of accidents under the synergistic effect of human and machinery when safety
problems occur.

In HCAS, humans and equipment appear as separate subsystems. For the equipment subsystem,
a series of design models have been proposed based on different research objects, including
equipment size, layout, and color. For example, a layout model is proposed to reduce activation time,
center-fixation, gaze time, and errors in automotive button design [24], and a study examines the
effects of button color and background on augmented reality interfaces [25]. The safety of equipment
has always been a concern for designers and users, and has generally reached the target in today’s
manufacturing and application fields. When humans are involved as a subsystem in HCAS, their
subjectivity and individual differences make it difficult to control the safety level of the subsystem
within a certain allowable range. At the same time, when humans appear as uncertain factors, the
overall safety of the system is affected by multiple factors, resulting in variable and complex
characteristics. To address this issue, researchers have conducted extensive studies on the human
subsystem, but they mainly focus on mental and operational health, and knowledge level as research
targets. Handedness, as one of the individual factors of humans, is rarely considered as a safety factor
by researchers.

Handedness is one of the manifestations of human laterality, and there are differences in various
abilities between left-handers and right-handers, which are caused by asymmetry. The main cause of
handedness is currently unknown [26,27], but this does not hinder exploration of the representation
of handedness. The known differences in abilities mainly manifest as differences in creativity [28],
artistic ability, and spatial ability [29]. In a study conducted at a university in China, we found that
students with different dominant hands may have differences in speed and efficiency (accuracy)
when participating in a key pressing task. The purpose of this experiment was to verify the
differences between left-handers and right-handers at that time, and it is worth considering that
handedness may have an impact on the safety of emergency operations when speed is mapped to
emergency operation rate and efficiency is mapped to operation error rate. In addition, humans are
subjective, and the representation of interactive operations may be different under “purposeless” and
“purposeful” conditions. If students are informed that “their operations may affect their own safety,”
the representation of left-handers and right-handers may be different from that under the previous
“purposeless” operation. Therefore, we speculate that in certain situations, handedness may affect
the speed and efficiency of emergency operations, thereby affecting the safety of HCAS. However,
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before proving this speculation, we need to understand whether the relationship between
handedness and safety perception is direct or indirect. That is to say, whether handedness directly
affects human safety perception (intrinsic factors), or indirectly affects human-machine operations
through external performance abilities (reaction ability, movement ability, spatial processing ability,
etc.) (extrinsic factors). Therefore, we propose three hypotheses regarding the above issues:

a. The existence of handedness directly affects the safety perception of left-handers and right-
handers differently.

b. The existence of handedness leads to differences in operational ability between left-handers
and right-handers, which indirectly affects the safety of HCAS.

c. The existence of handedness does not affect the safety of HCAS.

2.1. Direct Effect

To verify hypothesis a, based on the principles of safety psychology, we designed a set of survey
questionnaires (I) and recruited 38 college students aged 20-25 (left-handers #=19; right-handers
m=19) who agreed to participate in the questionnaire survey. It is understood that all participants
have taken an introductory psychology course at this university and have received good grades in
the course. In addition, when we use this data, we did not make exact subdivisions for the
participants” average age or gender.

Participants answered six common safety perception questionnaires by choosing one of two
options: (A) yes or (B) no. Table 1 shows the specific content of the questionnaire and the choices of
the two groups of testers. It should be noted that the scores of the items were adjusted based on the
optimal option of the item.

Table 1. Safety cognition.

Left-handers/Persons Right-handers/Persons
B A B
(A) yes B score (A B score
no yes no
Whether 'to pay attention to 18 1 0.947 19 0 1,000
their own safety
Whether to pay at.tentlon to 17 ) 0.895 17 ) 0.895
safe operation
\'Nhet}Ter there has been any 3 16 0.842 ) 17 0.895
intentional unsafe behavior
Whether something will still
be implemented when it 0 19 1.000 1 18 0.947
may affect the safety of
others
Whether they will take the
initiative to ensure the safety 16 3 0.842 17 2 0.895
of others
Will actively participate in
learr.ung safety knowledge 16 3 0.842 15 4 0.789
(which may focus on their
own safety and others)
Average score 0.895 0.903

Among the 38 participants, left-handed and right-handed testers showed almost identical scores.
By taking the arithmetic mean of each item’s score, we found that the difference in “safety perception”
scores between left-handers and right-handers was 0.008, which may be influenced by the sample
size, but it is unlikely to exceed 1% of the total score. Therefore, we may conclude that hypothesis a
is not valid, which means that the existence of handedness does not cause differences in safety
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perception between left-handers and right-handers. It is worth noting that some participants showed
a negative attitude in this questionnaire survey. It is understood that they do not disregard safety,
but consistently believe that safety issues will not occur around them.

It should be noted that the data provided in Table 1 cannot draw a conclusion that hypothesis b
is valid or prove that hypothesis c is valid, as they are not mutually exclusive. However, if hypothesis
b is denied, hypothesis c is verified to be valid. Therefore, verifying whether hypothesis b is valid is
the key to solving the problem.

2.2. Indirect Influence

To verify whether hypothesis b is valid, it is necessary to clarify which factors appear as
interfering factors and which factors can measure safety. The external performance ability mentioned
in hypothesis b may not all be factors that can measure operational safety. Among them, the
mechanical response ability [30] based on HE is a measure of arm reaction and motor ability. Research
shows [31] that differences in handedness may lead to differences in the completion rate of kinematic
tasks, so it can be used to evaluate safety issues in emergency HCI. At the same time, we further
hypothesize that when handedness may indirectly affect the safety of E-HCI, the safety of HCAS is
consequently affected, and we can conclude that handedness can indirectly affect system safety.

It should be noted that even if the indirect impact is caused by external factors, people can make
up for these differences through postnatal training. In addition, differences in certain individual
factors (such as body shape, exercise status, sleep quality, etc.) may also prevent us from accurately
reflecting the relationship between handedness and emergency operation safety. Therefore, we must
distinguish which factors may affect the relationship between the two and which factors must appear
as measuring factors. We invited 5 experts in relevant fields to select important influencing factors,
as shown in Table 2.

Table 2. Classification of influencing factors.

Type 1 Type 2 Representative factors Explain
Degree of muscle Currently, these factors have not been
development in the found to have a connection with
Common .
four limbs handedness, and they are necessary
factors . . .
Degree of freedom of  aspects of human biology. Differences in
the bone-joint handedness do not affect their existence.
Finger flexibility The so-called variable factor refers to the
Body size (height, existence of a factor that interferes with
weight) the correct judgment of the relationship
People’s sleep quality between handedness and operational
Concentration safety when it is used as a factor for
Interference Human sitting posture evaluating the correlation between
factor Arm initial trend handedness and operational safety. The
Variable status differe'nce be'tween it and the common
factor Palm-key position factor is that it may not be mastered by
relationship every tester or there may be significant
Equipment layout differences between testers.
Size and color of the  Due to the uncertainty of variable factors,
keys it is impossible to completely eliminate
them. Therefore, we only exclude the
) main influencing factors for the kinematic
External environment tasks required to be completed in this
study.
Measuring Sex By taking the measuring factors as control
factors Hand direction « variables, we can reflect the differences in

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.1258.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 July 2025 d0i:10.20944/preprints202507.1258.v1

6 of 27

Arm extension emergency operation safety between left-

. . handers and right-handers in various
direction f

aspects.

To conduct experiments based on the influencing factors listed in Table 2, it is important to note
that measuring factors are different from interfering factors. When conducting experiments,
interfering factors must remain consistent or similar, while measuring factors will inevitably change.
In addition, interfering factors do not have the possibility to change the nature of the relationship,
while measuring factors may have the potential to change it. Therefore, by controlling the measuring
factors, we can more accurately evaluate the differences in emergency operation safety between left-
handers and right-handers.

3. Data Collection and Experimental Design

3.1. Data Collection

The participants in this study were 726 students aged 20-25 from the same university who agreed
to participate in the experiment. It is worth noting that to ensure that the participants had a higher
level of safety awareness, all of them were selected from the “Safety Engineering” major at the
university. Before conducting the specific experiment, the students had to first complete a task to
indicate whether they were left-handed or not. The measurement of handedness is usually assessed
through experimental tasks or questionnaire reports describing daily habits. The Oldfield
Handedness Questionnaire is the most popular assessment tool, which uses the lateral preference
inventory to express the degree of preference for right-handedness or left-handedness [33]. However,
the Oldfield Handedness Questionnaire is not applicable in Chinese society. The “Chinese
Handedness Scale,” proposed in 1980, is a reference to the Annett Handedness Questionnaire and
Oldfield Handedness Questionnaire, and is specifically designed for the Chinese population. It can
better express the degree of preference for right-handedness or left-handedness among the Chinese
population.

According to the statistical data of the “Chinese Handedness Scale,” out of the 726 experiment
participants, only 37 were left-handed (accounting for 5.1%), including 16 left-handed females and
21 left-handed males. Among the 726 testers, there were a total of 689 right-handed testers, including
361 males and 328 females. To ensure the symmetry and randomness of the experimental data, we
grouped all left-handers into one group, the L group, and randomly divided all right-handers into 17
groups, with varying numbers of people in each group. However, each group could only have a
number of people chosen from (35, 37, 39, 41). We then selected one of the 17 groups at random to
serve as the right-handed group, the R group, which contained 39 people. In total, the 76 people in
the L and R groups would further participate in the experiment.

3.2. Experimental Design

To better reveal the different representations of handedness in emergency HCI, this study was
divided into three experiments (Experiment 1, Experiment 2, Experiment 3).

3.2.1. Experiment 1

This experiment is based on the variable factors listed in Table 2, and the individual data of 76
testers were collected to establish a database of handedness scores related to individual factors in
order to solve the interference problem of variable factors.

For all testers, they were required to participate in a survey questionnaire (II), the specific content
of which is shown in Annex 1. The questionnaire II was formulated by summarizing previous data
and conducting on-site investigations to develop an “addition and subtraction formula
questionnaire,” which has a maximum score of 100 points and a basic score of 1 point. In addition,
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before the start of Experiment 1, we informed the testers that their score data would not be made
public and that the score would not have any competitive significance.

3.2.2. Experiment 2

Based on a special scenario (considering safety) and interference factors (consistency), we
observed the interaction process between two groups of testers and digital instruments. By
measuring reaction time, movement time, and error rate, we obtained the arm mechanical response
time in emergency HCI and the efficiency of correct operation. Experiment 2 provides data support
for studying the differences in safety between left-handers and right-handers in emergency
operations.

In order to fit the complex emergency operation environment, we selected a relatively enclosed
room and controlled unnecessary factors such as room lighting and desk height to ensure that each
participant was in the same scenario when participating in the experiment. The main digital
instrument used in this experiment is a variable sliding reaction and movement time tester (The
instrument is validated).

(1) Testers entered the room and took their seats in the order determined by random draw, as
shown in Figure 1. They placed their dominant hand naturally on the experimental platform, and
then, according to the position of the tester’s dominant hand shoulder, the position of the digital
instrument was determined.
®  While keeping their body posture, the testers extended their dominant arm forward parallel to

the table, with the palm facing the table surface. At this point, the experiment assistant adjusted

the position of the instrument so that its center was located at the wrist of the tester’s dominant
hand and the central axis coincided with the “arm-shoulder” central axis. The position of the

instrument at this time was recorded as Position A.
® Based on Position A and the tester’s height, adjust the height of the chair so that the line

connecting the tester’s eye on the dominant hand side and the center of the device forms a 60°

angle with the table surface. Studies have shown that when the operator mainly focuses on a

target (main display screen), they can also roughly observe the cone surrounding the gaze line

at an angle of about 30°. When the tester’s position, chair height, and instrument position are set
according to the above method, any tester can ensure a comfortable and consistent operating
scenario.

®  When the arm position is uniquely determined, using the shoulder joint as the center and the
distance from the center to Position A as the radius, rotate 45° to the left or right (depending on
the handedness) to determine position A’, which is defined as Position B. Position B is another
test position for the instrument. It should be noted that at this time, the device should also be

rotated 45° compared to its position at A, as shown in Figure 2.

(2) Adjust the position of the stimulus button so that it is 120mm away from the proximity
switch. The tester presses the proximity switch, and when a random stimulus is presented, i.e., the
light turns on, the instrument starts timing. When the subject’s finger leaves the response button, the
timer stops, and the internal instrument automatically records the reaction time. Meanwhile, the
instrument starts timing again. When the subject presses the target button corresponding to the
stimulus, the timer stops again, and the internal instrument automatically records the movement
time. If the subject presses the wrong target button, the instrument will consider it as an error; if the
movement time exceeds 9.999 s, the instrument will also consider it as an error. In these two cases,
the experiment will not have movement time and will not count towards the total. Before the
experiment begins, the tester will be informed of the principles and importance of the experiment,
and the tester will receive a vague hint: this experiment may affect safety (when the tester makes a
mistake or has a movement time exceeding 0.5 seconds, the instrument will emit a piercing sound
wave). Therefore, the tester is advised to capture and press the button as quickly as possible when
the stimulus is presented.
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Figure 2. Location Schematic.

(3) The experiment is carried out in two sets at positions A and B, with a total of 10 stimuli per
set (we found that when subjects perform more than 20 operations at once, it may cause fatigue or
form muscle memory), and all four sets of experiments require the tester to maintain an upright
posture, leaning against the chair, with no restrictions on the head. At the same time, the tester is
informed that there is no need to pay attention to body posture when the stimulus is presented. In
addition, before the experiment begins, the tester is allowed to familiarize themselves with the testing
process and methods until they feel confident in completing the task well, at which point the formal
experiment can begin. Ask the tester to place the index finger of their dominant hand naturally on
the proximity switch, with the instrument at position A. Record the average reaction time, average
movement time, and the number of errors for the two sets of experiments. When position A is
completed, move the instrument to position B and test again, recording the time and the number of
errors. During this period, the tester is not allowed to adjust their body posture.

3.2.3. Experiment 3

Experiment 3 is based on the actual data obtained from Experiment 2. We will calculate the
average movement time for both the L and R groups and find the five testers closest to that data, and
ask them to participate in the experiment again. Experiment 3 aims to verify the movement
differences between the left and right dominant hands at different o and  values, and further explore
the characterization phenomena of HCI in emergency scenarios for both. For hypothesis 2, the
collection and analysis of data in Experiment 3 are essentially exploratory in nature.

In this experiment, two sets of experiments are carried out for positions A and B, with each set
having 20 trials, and other settings referring to Experiment 2. It is important to note that in this
experiment, when recording data, the data is divided into eight regions according to the button
positions (each region is a 25° sector with the axis as the radius), as shown in Figure 3. The specific
time taken for each button press in each region is recorded, as well as the number of button errors.

It is worth noting that the appearance of the stimulus from the instrument is random, and no
one can predict whether all eight directional buttons will be lit during a set of experiments. Therefore,
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in a set of experiments, if there is a button that has not been lit within 20 trials, the experiment will

restart.
* E e
E | e
] | ®
- = .. i 1 20seem
® - S
—

Figure 3. Regional division of the keys.

4. Results

4.1. Experiment 1

Experiment 1 uses questionnaire II, which is divided into three main categories: basic items,
bonus items, and deduction items, with a total of 20 sub-items. This experiment is based on the data
in Table 2 and uses the scoring method to calculate the individual factor scores of all testers, which
can be seen in Table 3 and Table 4. All individual factors that may affect the validity of hypothesis b
are reflected in questionnaire II. For example, finger flexibility may affect the speed and efficiency of
button operation, and finger flexibility is not only determined by innate conditions but may also be
influenced by acquired training (computer typing speed, proficiency in buttoned instruments, etc.),
which are reflected in Table 3 and Table 4.

Table 3. Left-handers score status.

Number Sex ]-3asic Lt Item 5 Subdivision TP
item
01 Woman 1 .. 1 . 0 30
02 Woman 1 .. 1 . -1 36
36 Woman 1 .. 7 . -1 66
37 Man 1 . 7 . 0 66
Average 1 .. 4.89 e -0.53 46.65

! Please contact the Corresponding Author for specific data, and the following table is the same.

Table 4. Right-handers score status. .

Number Sex ]-3a51c Item 5 Subdivision TP
item

01 Man 1 ... 4 .. 0 30

02 Woman 1 ... 4 e 0 33

38 Man 1 ... 7 .. 0 62

39 Man 1 ... 10 .. 0 65
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Average 1 . 6.18 . -0.23 48.7

Scores that are too high [80,100) or too low [1,20) may cause severe data dispersion. Through
Table 3 and Table 4, it can be found that the total scores of all participants are basically between 30-
66, and the scores are relatively concentrated. This indicates that all 76 participants can serve as
testers. The scores of each sub-item can be compared in the form of bar charts.

According to Figure 4, the score proportions of various items for participants in the L and R
groups are similar (difference: left-handers tend to have a sports advantage, while right-handers tend
to have a typing advantage), and the score differences are small. The item with the largest score
difference is “personality traits,” with a difference of 2.249 points. It is worth noting that statistics
show that left-handed females tend to have a more “negative” personality compared to right-handed
females, while this is not evident among males. In addition, left-handed participants are more
proficient in using musical instruments, which is consistent with the research of John P. Aggleton
and Robert W. Kentridge[6]. Apart from this, the absolute value of the deduction items for the L
group is higher than that for the R group. This is because two left-handed participants had injuries
to their left arm, and one had a history of surgery. However, the differences in other items are all
within 2 points, indicating that the individual factors of left-handed and right-handed participants
are basically similar.

Figure 4. Plot of the score statistics for each item.

The total score of left-handed participants is slightly lower than that of right-handed
participants. Theoretically, the score is positively correlated with the operating ability, which is a
characterization phenomenon of the influence of individual factors on operating ability. Therefore, it
is preliminarily inferred that the operating ability of right-handed participants is better than that of
left-handed participants.

4.2. Experiment 2

The data obtained from Experiment 2 is shown in Table 5 (left-handers) and Table 6 (right-
handers). Tables 5 and 6 display the experimental results for error rate, reaction time, and movement
time. The original sequence of the test is reconstructed in the tables through the item numbers.

grou Average Averag
. gener gener Error
Positi P average RTon averag e ET
number al al number
on coun RT/s one e ET/s onone
RT/s ) ET/s . n
txi side/s side/s
A 1 2.511 0.251 0.2585 3.032 0.303 0.2975 0

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.1258.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 July 2025 d0i:10.20944/preprints202507.1258.v1

11 of 27
2 2.669 0.266 2.929 0.292 0
1(woma
1 2.492 0.249 3.210 0.320 0
n) B 0.251 0.3185
2 2.536 0.253 3.169 0.316 0
1 2.387 0.238 2.021 0.202 0
A 0.245 0.208
37 2 2.523 0.252 2.147 0.214 0
(man _—
) 1 2.314 0.231 1.937 0.193 0
B 0.234 0.197
2 2.376 0.237 2.013 0.201 0
A 0.26905 0.26226
B 0.26984 0.25726 Total 14
average 0.26944 0.25976
Table 5. Performance of the left-handers in Experiment 2.
Table 6. Performance of the right-handed individuals in Experiment 2.
- grou gener Averag Averag Error
Positi P average eRTon genera averag e ET
number al number
on coun RTl/s one 1ET/s e ET/s onone
RT/s . . n
txi side/s side/s
1 3.168 0.316 3.391 0.339 0
A 0.294 0.328
1(woma 2 2.722 0.272 3.179 0.317 0
n) 1 2.713 0.271 3.279 0.327 0
B 0.2755 0.328
2 2.801 0.280 3.295 0.329 0
1 2.887 0.288 2.603 0.260 0
A 0.285 0.252
39 2 2.826  0.282 2443  0.244 0
(man —— _ _
) 1 2.719 0.271 2.334 0.233 0
B 0.275 0.236
2 2.794 0.279 2.395 0.239 0
A 0.28178 0.289
B 0.27995 0.28726 Total 24
average 0.28067 0.28813
421.RT

Regarding the results of the RT for left-handers and right-handers, see Tables 5 and 6. In terms
of individual test data, x1 and x3 are significantly larger than x2 and x4. This is because, in the first set
of tests at any position, testers always have feelings of tension and apprehension (fear of pressing the
wrong key), as confirmed by the consistent feedback from testers after the experiment. However, the
time difference between the two is small, and the data is still reliable. At the same time, we find that
the time taken at position B is shorter compared to position A. This is because the triceps in the arm
are in a contracted state at position B, compared to position A. When the stimulus occurs, the arm-
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palm-finger system can respond more quickly. Therefore, the differences among these variables are
not caused by handedness.

According to the data in Tables 5 and 6, gender differences are not significant in both the L (left-
handers) and R (right-handers) groups, with females showing lower average reaction abilities
compared to males, which is consistent with the research results of Thomas Buser et al. It is worth
noting that under consistent constraint conditions, the average RT: for left-handers (269.44ms) is less
than the average RTr for right-handers (280.67ms), which is consistent for both positions A
(RT=269.05ms, RTr=281.78ms) and B (RT=269.84ms, RTr=279.95ms). Therefore, overall, left-handers
have better emergency response capabilities than right-handers. In addition, if the data from the two
groups (L and R) is too dispersed, meaning the total average reaction time is significantly affected by
individual data, the conclusion may not be proven correct. To further verify this point, we matched
the scores of the testers in Experiment 1 with their reaction times (assigning “Dimensions” to the
reaction times). Tables 7 and 8 show this correlation.

Table 7. Left-handed score versus test time.

Position Position Error number
Number Sex TP RT RT ET ET "
0.2585 0.2975
01 Woma 4, 0.255 0.308 0
n 0.251 0.3185
0.265 0.296
02 Woma . 0.268 0.2985 0
n 0.271 0.301
0.232 0.232
36 Woma o (0365 0.2305 1
n 0.241 0.229
0.245 0.208
37 Man 66 0.2385 0.2025 0
0.234 0.197
Average 46.65 0.26944 0'2:97 14
Table 8. Right-handed scores versus when tested.
Position Position Error number
Number Sex TP RT RT ET ET "
0.280 0.356
01 Man 30 0.275 0.3425 0
0.271 0.329
0.294 0.328
02 Woma 0.285 0.328 1
n 0.2755 0.328
0.252 0.258
38 Man 62 0.2575 0.256 0
0.263 0.254
0.285 0.252
39 Man 65 0.270 0.244 0
0.275 0.236
Average 48.70 0.28067 0'25 81 24

According to the data in Tables 7 and 8, we present the relationship between individual factors

and reaction time using a scatter plot (with the x-axis representing the score and the y-axis
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representing reaction time), as shown in Figure 5. Figure 5(a) and (d) show the scatter plots of the
average reaction time and scores for the four groups of L and R testers, while (b) and (c) show the
scatter plots of the average reaction time and scores for the two groups of L testers at positions A and
B, respectively. The experimental data is found to be stable while also exhibiting different
characteristics.

0.40 =

035 Linear regression

Time (s)

0.40 5

.30

Moo Standard devinton
91

Time (:
H

Time (s)
{

MuseStodaed deistion
nams

(©)

(d)

Figure 5. Score with RT, (a) Mean RT of the L group; (b) RT at position A in group L; (c) RT of position B in group
L; (d) Mean RT of the R group.

As shown in Figure 5(a) and Figure 5(d), the standard deviation for the L group is 0.02101 and
for the R group is 0.03114. The standard deviation reflects the degree of dispersion of a dataset; both
groups have relatively small standard deviations, indicating that these values deviate little from the
average. We also used the MeantStandard deviation to analyze the dispersion of the data points and
found that the dispersion for the L and R groups is 31.58% and 13.04%, respectively, which is within
an acceptable range. At the same time, all the original data points (tester reaction times) fluctuate
around the mean. When analyzing the data fitting, we found that r% (left hand correlation coefficient)
is 0.11707 and r2 is 0.02247, both showing weak correlation. This proves that regardless of whether a
person is left-handed or right-handed, the correlation between RT and individual factor scores is
relatively weak, which is also shown in Figure 5(b) and Figure 5(c). Additionally, research has found
[34] that reaction time represents the time interval from stimulus to response when a stimulus
activates sensory organs, is transmitted to the brain through the nervous system, is processed and
then transmitted from the brain to effectors to act on external objects. As a result, reaction time serves
as a measure of the coordination and rapid response ability of the human nervous and muscular
systems, mainly influenced by the nervous system and not significantly affected by acquired
activities. Testers with different dominant hands, due to the impact of brain hemisphere
specialization, show that left-handers have better reaction ability than right-handers. In summary,
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left-handers have an advantage in reaction ability when dealing with sudden stimuli compared to
right-handers.

4.2.2. ET and Mechanical Response Time (MRT)

The results for the L and R groups’ ET can be found in Tables 5 and 6. Similar to reaction time,
each tester’s ET also exhibits the phenomenon of unstable data in the first set of tests, which is still
caused by anxiety and overthinking. At the same time, the movement time also shows the difference
between position B and position A, but this difference only exists within the L or R groups and does
not affect the comparison between groups. According to Tables 5 and 6, under consistent constraint
conditions, the average movement time for left-handers (ET=259.76ms) is less than that for right-
handers (ETr=288.13ms). This is consistent for both positions A (ET=262.26ms, ETr=289.00ms) and B
(ET=257.26ms, ETr=287.26ms). Additionally, when comparing the score situation with ET, the ET at
positions A and B maintains the same trend as the average ET of the testers. This is similar to RT,
which means that regardless of the initial position of the arm, the overall trend remains consistent.
Figure 6 reflects the consistency of the change trend in different positions.

0204
30

Game

Figure 6. ET trends at different locations.

ET, which represents the time from receiving the stimulus signal and the brain issuing a
command to the start and end of the action, is influenced not only by the transmission of information
in neural synapses, but also by a series of factors such as finger flexibility, arm movement ability, and
other interference factors. Therefore, merely comparing the average time advantage for ET is
insufficient to prove the difference in emergency operation movement ability between left-handers
and right-handers. To further confirm this point, we present the relationship between individual
factors and average ET in the form of a scatter plot (with scores on the x-axis and reaction time on the
y-axis), as shown in Figure 7. Figure 7(a) and 7(b) show the scatter plots of the mean reaction time for
the four sets of tests for the L and R group testers, with their corresponding scores.

040 4 040

ET ET
Linear regression ines

smasbox 2 _—
020 Feopan 020 yo
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Figure 7. Score with ET, (a) L group; (b) R group.

As shown in the figure, all the original data points (tester ET) are significantly negatively
correlated with the x-axis data. Analyzing the data fitting, the left-hand correlation coefficient (%) is
0.89271, and the right-hand correlation coefficient (r22) is 0.82275. The absolute value of the correlation
coefficient is greater than 0.7, indicating strong correlation for both left-handers and right-handers.
This proves that regardless of whether a person is left-handed or right-handed, the correlation
between ET and individual factor scores is relatively strong. Therefore, we must further process the
ET data group, divide the tester’s original data into score segments, and then compare them. The
division method is as follows: divide the scores into intervals according to a certain gradient (5
points): [30, 35), [35, 40), [40, 45), [45, 50), [50, 55), [55, 60), [60, 66]. Then, calculate the arithmetic mean
of the tester scores within each score interval. The statistical results are shown in Figure 8(a).
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Figure 8. Test time and time difference in the different scoring intervals, (a) ET; (b) MRT.

According to Figure 8(a), except for the [40, 45) interval, the average movement time in other
score intervals still shows that left-handed testers perform better than right-handed testers. Although
the average time in the [40, 45) interval shows a contrary conclusion, it is normal to have local
deviations due to the asymmetry of the samples (L#R). Meanwhile, by observing the time difference
changes, we find that in the [40, 45) interval, the time difference between left-handers and right-
handers is only -0.0265, while the corresponding time difference in other intervals is significantly
greater than 100ms. Additionally, we find that the change trend of the time difference has a certain
positive correlation with the score interval, but this correlation is not obvious. To address this
phenomenon, we introduce the concept of Mechanical Response Time (MRT). MRT refers to the total
time from receiving the stimulus to completing the task, and it can be simply expressed as:

MRT = RT+ET (1)

According to Tables 5 and 6, the MRT for left-handers is 529.2ms, while the MRT for right-
handers is 568.8ms. Under the same constraint conditions, the L group is faster than the R group by
an average of 39.6ms (6.96%). Moreover, as shown in Figure 8(b), the MRT shows the opposite change
trend with the variation of score intervals, indicating that MRT is negatively correlated with the score
(though not strictly correlated). This means that as the individual factor score increases, MRT may
decrease, and the time difference of MRT is positively correlated with the score. This suggests that
the rate of MRT decrease becomes faster as the score decreases. Therefore, there is an inevitable strong
negative correlation between individual factor differences and both ET and MRT. In summary, when
L group and R group testers receive a sudden stimulus, the overall performance of the L group is
better than that of the R group. This advantage still exists even if individual factors are considered,
and it becomes more apparent as individual factor scores increase. In dealing with sudden stimuli,
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left-handers have a better ability to complete kinematic tasks with emergency operation
characteristics than right-handers.

4.2.3. Operation Mistake

According to Tables 5 and 6, the average Error rate (Er) for left-handers is 1.84%, while the
average Er for right-handers is 2.61%. The number of errors (n) for left-handers is significantly less
than that for right-handers. In addition, we find that all testers exhibit the same pattern: those with
poor sleep quality and overly active personalities may be more prone to errors in emergency
operations, but this is unrelated to their RT and ET performance. It is worth noting that for both left-
handed and right-handed testers, errors always occur in a few fixed-position buttons. We are
concerned that the Er statistics in Tables 5 and 6 may be affected by equipment parameters (the
stimuli appear randomly, and not all eight indicator lights are necessarily lit in a group test).
Therefore, it is necessary to carry out Experiment 3 from the perspective of Er.

4.3. Experiment 3

The data shown in Tables 9, 10, 11, and 12 are obtained from Experiment 3. They represent the
characterization phenomena of movement time and error rate caused by changes in direction
parameters (palm travel angle o and arm extension direction f) for the L group and R group in
Positions A and B. According to the biomechanics classification of arm movement types [18], we
divide arm extension into three directions in this experiment: (1 (arm forward extension,
corresponding to L1 and R1 positions), 2 (arm inward flexion, left-handers correspond to R2, R3, R4
positions; right-handers correspond to L2, L3, L4 positions), and s (arm outward extension, left-
handers correspond to L2, L3, L4 positions; right-handers correspond to R2, R3, R4 positions). Ln and
Rn are separately represented asa. Experiment 3 did not record reaction time because it is not affected
by direction parameters, which was confirmed in “4.2.1 RT".

Table 9. Right-handed representation in the case of Position A.

Error Error
Irradiation Average Regio
Number 01 05 numbe Er numbe
loop &/ ° ET nET
r r
0.292 30
R2 0.2252 ... 0.26612 3
8 %
0.277 10
(25,100) R3 0.2423 ... ; 0.27006 1 o 0.2604 4
o
0.266
R4 0.2094 ... 9 0.24502 0
0.323
R1 0299 ... 9 0.31248 0
0.324 0.3080
(-50,25) L1 0267 ... 0.3057 0 0
4 3
0.331
L2 0.3006 ... . 0.30592 0
0.298 10
L3 0.285 e 0.29544 1
9 % 0.2844
(-100,-50) 1
0.302 5
L4 0.2449 ... ) 0.27346 0
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0.302
(-100,100) Average 02592 ... 3 0.284275 5 5% 5
Table 10. Right-handed representation in the case of Position B.
Irradiatio Error .
Average Region Error
n loop « Number 01 .. 05 numbe  Er
ET ET number
/° r
R3 02779 ... 0.2653  0.26408 1 10%
(50,100) 0.26082 2
R4 02718 ... 0.2384  0.25756 1 10%
R1 0.3003 ... 0.2723  0.29136 0
(-25,50) R2 0.2982 ... 0.2953 0.2964 1 10%  0.28988 1
L1 0.2965 ... 0.2706 0.2819 0
L2 03176 ... 0.3191  0.31744 2 20%
(-100,-25) L3 0.3258 ... 0.255 0.29092 0 0.30026 3
L4 0.3435 ... 0.2549  0.29242 1 10%
0.3039
(-100,100) Average 5 ... 027136  0.28651 6 6% 6

4.3.1. Group R Data Analysis

Concerning the results on the influence of direction parameters on right-handers, please refer to
Tables 9 and 10. Based on the data from the R group, the eight positions correspond to different
response phenomena, in which both the average movement time (ET) and the operation error rate
are significantly affected by changes in direction parameters.

(1) A position

Regarding the performance of right-handers at Position A, we can observe different response
phenomena for different key stimuli, which may result from the combined effects of a and f3.
Following the performance patterns of movement time (ET) in Table 9, we reorganize the data,
dividing a into three regions, as shown in Figure 9 (a), represented by Red (25, 100), Yellow (-50, 25),
and Green (-100, -50) respectively. The study found that the red region has the optimal average
movement time, but a high error rate of 13.34%, with f=(33) and a=(R2, R3, R4); the green region has
a relatively faster (medium) average movement time and an error rate of 5% (medium), with $=([32)
arm flexion and a=(L3, L4); the yellow region has the slowest average movement time, but an error
rate of 0 in 30 stimuli, with g=(1, f2) and a=(R1, L1, L2). For the red region, we find that R3 and R4
have the fastest speeds, which is because when test subjects receive stimuli from R3 and R4, the arm
extension speed is affected by the triceps brachii, brachialis, and extensor digitorum muscles
(collectively referred to as the “muscle group”), as illustrated in Figure 9. Moreover, it is understood
that almost every test subject reported feeling relaxed when the lateral keys were illuminated, while
feeling fatigued when L1 and L2 were illuminated. In addition, the higher error rate in the red region
is due to test subjects stating that when R3 and R4 were illuminated, their fingers could quickly
capture the keys, but during the finger movement process, the lateral position of the palm obscured
the stimulating light, leading to errors in finger capturing. However, this was not evident for other a
values. The above findings represent the performance of right-handers at Position A when receiving
urgent stimuli.
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Figure 9. Zoning, (a) Position A; (b) Position B.
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Figure 10. The “muscle group” of the arm.

(2) B position

Similar to Position A, the performance of right-handers at Position B is also influenced by the
combined effects of a and . However, at Position B, the red region shrinks, and R2 is no longer
included. Both the Yellow and Green regions extend 25° to the right (toward the lateral side of the
arm). It is worth noting that the yellow region at Position B performs better in terms of reaction time
and error rate than the green region. In contrast, the green region’s performance at Position B is not
as good as at Position A. This is because Position B is on the 45° line to the right of the body’s central
axis, and at this position, the green region takes on some of the yellow region’s functions under
unfavorable conditions. The specific patterns can be observed in Table 10. Similarly to Position A,
test subjects still reported that keys in the lateral area were easier to capture. The above findings
represent the performance of right-handers at Position B.

4.3.2. Group L Data Analysis

Regarding the results of the influence of direction parameters on left-handers, please refer to
Tables 11 and 12. These results show a certain mirror pattern compared to the characterization
phenomena of right-handers.

Table 11. Left-handed representation in the case of Position A.

Error Error
Irradiation Average Region
Number 01 e 05 numbe Er numbe
loop a/° ET ET
r r
L2 0.2332 ... 0.2514 0.2359 2 20%
(-100,-25) 0.22545 3
L3 0.2115 ... 0.2471 0.22418 1 10%
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L4 0.1956 ... 0.2312  0.21628 0
L1 0.2668 ... 0.2988 0.2776 0
(-25,50) R1 02513 ... 0.2855  0.27644 1 10%  0.27619 1
R2 0.2747 ... 0.2894  0.27454 0
R3 0.2698 ... 0.2771  0.26848 0
(50,100) 0.26353 0
R4 0.2536 ... 0.2996  0.25858 0
(-100,100) Average 0.2446 ... 0.2725 0.254 4 4% 4
Table 12. Left-handed representation in the case of Position B.
Error
Irradiation Averag Error Regio
Number 01 05 Er numbe
loop a/° eET number nET
r
L3 02144 ... 0.2152 0.2358 0 0.2288
(-100,-50) 1
L4 0.2056 ... 01945 0.22182 1 10% 1
L1 0.2851 ... 0.2416  0.27932 3 30%
0.2641
(-50,25) L2 0.2665 ... 0.2312  0.26052 0 5 3
R1 02224 ... 0.2256 0.2527 0
R2 0.2310 ... 0.2298 0.2499 1 10%
(25,100) R3 0.2687 ... 0.2441 0.26166 0 0.2593 1
R4 02559 ... 0.2411 0.26634 0
(-100,100)  Average 0.2437 ... 0.2279 0.2535 5 5% 5

Here is a set of illustrations.

Similar to the A and B positions of right-handers, the performance of left-handers at positions A
and B is also influenced by the combined effects of @ and . The red (-100, -25), yellow (-25, 50), and
green (50, 100) regions for left-handers are symmetric with respect to the midline axis compared to
the three regions for right-handers, as shown in Figure 11. It should be noted that while § is
symmetric, the specific values of @ are not symmetric. For example, the average reaction time for left-
handers in the red region at Position A is 225.45ms, with an error rate of 10%, which is significantly
better than right-handers. However, for left-handers at Position A, the green region’s performance in
terms of reaction time and error rate is significantly better than the yellow region, which is the
opposite of right-handers. Similarly, left-handers at Position B also exhibit differences between the
yellow and green regions. It is understood that left-handed test subjects agreed with the right-handed
test subjects’ description of the yellow region, but they believed that for the red region, the yellow
region might be more prone to errors. The data in Table 11 can verify this point.
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(@) (b)

Figure 11. Zoning, (a) Position A; (b) Position B.

Figure 12 shows the individual data of the five test subjects in Groups L and R at different
positions. Taking Figure 12(a) as an example, the trends in individual data among the test subjects
are generally consistent. The optimal « for left-handers (@=Li) and right-handers (@#=Ri) are symmetric
with respect to the midline axis, both at the outermost position of fs. However, the least optimal
positions (slowest reaction times) are not symmetric, which can be proven by comparing Figures
12(b) and 12(d). In addition, the statistics on error rates in Tables 9, 10, 11, and 12 are also used to
demonstrate the asymmetry. In summary, when the left and right hands are used as the dominant
hands, even with the same movement distance and symmetric movement direction (Li and Ri), the
characterization phenomena of the dominant hand change at this moment (incomplete symmetry).
At the same time, within the same region, the overall performance (speed and error rate) of left-
handers is better than that of right-handers, and the value of a does not affect this pattern.

(b) (d)
Figure 12. A ladder diagram of each « orientation, (a) A-R; (b) B-R; (c) A-L; (d) B-L.

Overall, in emergency operation scenarios where personal safety is considered, left-handed test
subjects have better motor skills, reaction abilities, and correct capture abilities than right-handed test
subjects. Individual factors do not change this advantage, and the advantage is even amplified as
individual factor scores increase. In addition, when considering the palm travel angle o and arm
extension direction f, the characterization phenomena of the dominant hand show incomplete
symmetry. However, regardless of how « (Li and Ri) and f change, the overall performance (speed
and error rate) of left-handers is still better than that of right-handers. In conclusion, due to the
existence of hand dominance, there are differences in operating abilities between left-handers and
right-handers, which indirectly affect the safety of HCAS. Hypothesis b is considered to be
established.

4.4. Applying Extensions
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Considering the overall safety of emergency operation positions, they widely exist worldwide,
such as high-speed train driving positions, pilot positions, and firefighting equipment operation
positions. When hypothesis b is considered established, the conclusions obtained from the
experiments (in emergency operation scenarios where personal safety is considered, left-handed test
subjects have better motor skills, reaction abilities, and correct capture abilities than right-handed test
subjects) will have an impact on the actual operation positions. The differences in dominant hands
may cause a chain reaction and affect safety. Therefore, we have to prove the significance and impact
of the conclusions in practice.

Taking the CRH5G high-speed train driving position as the main analysis object and based on
the HE principle, we use the conclusions obtained from experiments 1, 2 and 3 to determine the
emergency brake valve positions suitable for left-handed or right-handed drivers. Then, according to
the vector coordinates (direction and distance) and button size of the position, we use Fitts” law [34]
to determine the time difference required for left-handed and right-handed drivers to capture the
brake valve in scenarios requiring emergency braking.

It is worth noting that the CRH5A train uses a button-type brake valve, while some vehicles use
a brake lever. They are consistent in principle. For the convenience of the study, we choose the brake
valve-type train driving cab. Figure 13 shows the CRH-type driving cab operating platform and a
three-dimensional model of the driver’s basic operating posture, with the button representing the
pre-set position of the brake valve.

(a) (b)

Figure 13. Operating stand in the cockpit.

Based on previous studies [35,36], we focus on the differences in dominant hands to determine
the valve position coordinates suitable for left and right dominant hands. Before this, we need to
exclude equipment factors unrelated to this study: valve body color, shape, appearance, etc., as well
as personnel factors unrelated to this study: driver’s sitting posture, driver’s psychological quality,
etc. Environmental factors and management factors are not considered. The determination of valve
position coordinates will be divided into three steps: 1. Determine which positions cannot be set with
brake valves; 2. Determine the optimal brake valve setting orientation through the conclusion of
experiment 3; 3. Combining the results of a and b, we can determine the optimal valve position that
is suitable for both left-handed and right-handed drivers, allowing them to perform emergency
braking operations effectively and safely.

1. Identify admissible areas

The disallowed areas refer to the areas where brake valves cannot be set according to
regulations, as well as the areas prone to accidental touches and high error rate areas. It is understood
that the layout of the train driving cab needs to be strictly designed according to the specifications.
Based on previous research [32], we have developed a selection model for all disallowed areas, as
shown in Figure 14 (a) and (b).
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Figure 14. A selection model for impermissible regions; (a) Left-handed selection model; (b)Right-handed

selection model; (c) Legend.

Area I is the train control basic button area, where emergency brake valves cannot be set; Area
IIis the prone-to-accidental-touch area, which includes two accidental touch scenarios: the area swept
by the arm during the movement of the palm from position A to position B, and the area within
100mm around the palm; Area III is prone to obstructing the view of the display screen; Area IV is
the high-error-rate area (>10%) measured in Experiment 3.

2. Set the orientation to determine

As we know, train drivers are required to place their hands in front of their body (Position A).
To alleviate the discomfort caused by maintaining the same posture for an extended period, they will
place their hands on the sides of the table (Position B) when it doesn’t affect their operation.
Experiment 3 provides two sets of positions A and B, corresponding to the standard hand placement
and the natural hand placement for train drivers. In an emergency, the driver’s hands may be in either
position A or B. Therefore, we choose the intersection point /D of the bisector of the optimal area «
of positions A and B as the optimal position for the valve.

For left-handed drivers, we choose the (-100, -62.5) interval as the optimal area for position A,
considering that although the red area has the best MRT, the error rate (E=10%) is relatively high.
Therefore, we select a quarter of the red area’s angle as the optimal area, with the bisector O1A=-
81.25° as the optimal line. For position B, the directions O2A, O:2B, and O2C are all selectable, and their
intersection points with O1A are /Da, |Ds, and JDc. However, point JDs is beyond the operable
distance (100cm from the shoulder joint). Similarly, when analyzing the optimal orientation for right-
handed drivers, only point JDc can be selected.

3. Determine the optimal position of the valve

Fitts” Law refers to the time it takes to reach a target using a “pointing device” being related to
two factors: the distance between the current position of the device and the target (), and the size of
the target (w). Fitts” Law was proposed in 1954 by Dr. Fitts from the United States and is one of the
most widely used models in the human-computer interaction (HCI) field. Studies have shown [37]
that Fitts’ Law can be expressed based on the arm’s kinematics, making it very suitable for human
behavior data in various situations. The expression of Fitts" Law in this study is shown in Equation

2):
[
MRT=a+blog2(—+lJ ()
w
I represents the movement amplitude; w represents the target width, which is 5cm; MRT
represents the mechanical response time of the arm; a and b are empirical coefficients. The coefficient

a is determined by the individual factors of the test subject (left-handed 4=0.08, right-handed 4=0.12),
and b is determined by the experimental equipment, with a statistical value of 0.16.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.1258.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 July 2025 d0i:10.20944/preprints202507.1258.v1

23 of 27

According to Equation (2), for left-handed drivers, J[Da (MRT:1=601.2ms, MRT>=477.6ms) is more
suitable as the optimal valve position than JDc (MRTi=646.1ms, MRT>=520.6ms). Therefore, the
optimal position for left-handed drivers is [Da (MRT:=601.2ms, MRT>=477.6ms), and the optimal
position for right-handed drivers is JDc (MRT1=685.7ms, MRT>=560.2ms). When the constraint
conditions are the same, the braking time for left-handed drivers is shorter than that for right-handed
drivers (braking starts 83.6ms earlier). Assuming the train is traveling at full speed (350km/h), in the
event of an emergency, left-handed drivers can provide at least an additional 8.135m of safety
distance compared to right-handed drivers. In addition, under the same constraint conditions, the
emergency braking error rate for left-handed drivers is 7.7%o lower than that for right-handed
drivers. In summary, during high-speed train travel, left-handed drivers’ emergency braking
operations can better avoid accidents.

5. Discussion and Conclusions

5.1. Discussion

In order to explore the relationship between handedness and safety, this study adopted a
combined method of questionnaire and experimental analysis to investigate the characterization
phenomena of testers with different dominant hands. To identify whether the connection between
handedness and safety is directly or indirectly related, we proposed three hypotheses and conducted
a series of questionnaires, experiments, and simulations around these hypotheses. In our first
hypothesis, we expected the presence of handedness to directly affect left-handers and right-handers’
perception of safety and lead to differences; however, the results of questionnaire I indicated that this
was not the case. Among the 38 participants, right-handers scored only 0.008 points higher than left-
handers (out of 100 points), and these results may be due to the small sample size; as the sample size
increases, the difference in scores between the two groups may continue to fluctuate within an
acceptable range.

Based on hypothesis a, we preliminarily inferred that there might be a lack of a bridge connecting
handedness and safety, and at least one such bridge is needed. Therefore, in our second hypothesis,
we expected that due to the presence of handedness, there would be differences in operational
abilities between left-handers and right-handers, thereby indirectly affecting the safety of HCAS. The
data from Experiment 2 showed that this was correct, but we must note that testers with different
dominant hands may have many commonalities and individual differences. Therefore, we combined
the data from Experiment 1 and Experiment 2, and the results showed that left-handers always had
an advantage over right-handers in emergency operation capabilities, and individual factors would
not change this advantage; as the scores of individual factors increased, the advantage became more
apparent. At the same time, when considering the palm progression angle a and arm extension
direction §, the characterization phenomena of dominant hand showed incomplete symmetry, but
regardless of how a (L: and Ri) and  changed, the overall performance (speed and error rate) of left-
handers was still better than that of right-handers. Experiment 3 further verified the conclusions of
the previous two experiments.

The reasons for this phenomenon (advantage) were explained in the article. Firstly, we ruled out
the influence of safety cognition and individual factors on the results through a detailed
questionnaire I. In addition, we were concerned that this might be caused by differences in the
“muscle-skeletal system” of the left and right hands, but this was denied in our literature review [38].
Thus, we inferred that this was due to the human body’s lateralization and the asymmetrical
development of the cerebral hemispheres, which are unique characteristics of left-handers and right-
handers.

Based on theoretical research, we introduced specific operation positions and analyzed the
impact of different handedness on emergency safety operations. The results showed that in the event
of an emergency, left-handed drivers could maintain at least an additional 8.135 meters of safety
distance compared to right-handed drivers. Moreover, under the same constraints, the emergency
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braking error rate of left-handed drivers was 7.7%o lower than that of right-handed drivers. In
summary, during high-speed train operation, left-handed drivers’ emergency braking operation can
better avoid accidents. We introduced practical applications to reinforce the indication that the left
hand is more advantageous for overall safety.

The contribution of this study to the existing literature and safety management practices
includes the following aspects.

5.1.1. Theoretical Implication

Theoretically, this study, based on physiological phenomena and HE principles, demonstrates
that handedness can serve as a new influencing factor for HCI safety. It establishes a bridge between
handedness and safety, providing innovative solutions for addressing new issues in the field of
safety.

In previous studies, some scholars have proposed connections between handedness and various
factors, such as imagination [39], artistic ability [40], spatial processing ability [41], responsiveness
[42], and skill level [43]. Other researchers have analyzed the relationship between handedness and
physiological [44] and pathological [45] factors. However, the connection between handedness and
external safety has not been well explored. This study uses university students with varying
handedness and a certain level of safety awareness as subjects. Based on kinematic data (RT, ET, and
Error rate under changing a and f) and individual factor quantification data, a model was
constructed to associate handedness and safety. This model helps to address uncertainty issues in the
field of safety. Furthermore, by combining HE principles, it was found that many safety HCI designs
tend to ignore the lateral dominance of the human body. They often assume that handedness does
not play a role when the hand (fingers, palm, and arm) is involved in the operation of HCAS. This is
because previous studies have focused on right-handed operations, and it was believed that right-
handed operation is sufficient to address safety issues. A few scholars have considered left-handers
[46] in their designs, but they believe that left-handers, due to their small proportion, cannot be one
of the standards for assessing position interaction design and do not think that the safety of a
collaborative system may be affected by handedness. Thus, handedness has not been incorporated
into HCI design as a safety measurement factor.

5.1.2. Practical Implication

The main purpose of this study is to explore the connection between handedness and safety and,
through questionnaires and experiments, we have verified the theoretical correlation between the
two. However, how beneficial is this theoretical model when applied to practice? This was discussed
when we conducted a simulation calculation for train driver positions. The application results show
that left-handers have a significant advantage in emergency braking operations and are better at
avoiding traffic accidents. Therefore, in actual train driver training, the training of left-handed drivers
can be introduced to improve the reaction speed and coping ability of train drivers in emergency
situations, thereby enhancing railway traffic safety. In addition, this study has certain guiding
significance for improving the safety of transportation, machinery manufacturing, aerospace,
healthcare, and other fields. For example, in the field of machinery manufacturing, the needs of left-
handers can be considered to improve the safety of mechanical operations; in the aerospace field, the
ability of pilots to handle emergencies can be improved, reducing the occurrence of flight accidents;
in the healthcare field, the ability of medical staff to handle emergencies such as first aid can be
enhanced, further improving the safety of the healthcare field.

In summary, the practical application significance of this study lies in improving the safety of
human-machine collaborative operations, providing guidance for practical applications. In
particular, in the training of train drivers, pilots, and other emergency operators, the results of this
study can provide scientific and practical teaching methods for training institutions to ensure the
safety and stability of railway transportation operations. Moreover, based on the handedness
phenomenon and HE principles, this study provides a new approach that can help design and create
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more efficient and accurate safety systems. Such systems can improve people’s perception and
response speed in the safety field, thereby better protecting people’s lives and property safety.

5.2. Conclusions

In summary, this study used a combination of questionnaire and experimental analysis to study
the relationship between handedness and safety. Three hypotheses are put forward and verified one
by one according to the different contact methods (direct and indirect). Firstly, the “safety cognition
score” of participants was analyzed, and it was proved that hypothesis a was not valid, that is, people
would not have differences in ‘safety cognition’ because of different dominant hands. Secondly, we
analyzed the influencing factors of hypothesis b, and divided it into several interference factors and
measurement factors. On this basis, three groups of core experiments were carried out, which used
questionnaires and simulation experiments to analyze the experimental results and questionnaire
results. Then, it is concluded that left-handers are always better than right-handers in emergency
operation ability, and individual factors will not change this advantage, which is even more obvious
with the increase of individual factor score. Moreover, the representation phenomenon of the used
hand shows incomplete symmetry when the palm travel angle a and the arm extension direction f3
are considered. However, the overall performance (rate and error rate) of the left-handers is still
better than that of the right-handers, no matter how « (Li and Ri) and  change. And we explain the
reasons for this phenomenon, and then verify the correctness of Hypothesis b. (there is a difference
in the operation ability between the left-handers and the right-handers due to the existence of the
handedness, which indirectly affects the safety of HCAS). At the same time, Hypothesis c is
considered to be negative. Secondly, to further strengthen this indication (advantages in safety), we
introduced specific operation positions and analyzed the driving safety level of high-speed train
drivers with different dominant hands in emergency operation scenarios. Ultimately, it was proven
that left-handed drivers’ emergency braking operations during train operation could better avoid
accidents, and left-handed drivers were closer to inherent safety.
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