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Comparison of the Effectiveness of Gamification, 
Tracking Patterns, and Visual Gauges in Improving 
Hand Motor Performance Through Biofeedback

Purpose: The scientific methods for evaluating muscle activity involve the use of various 
techniques. Biofeedback, which consists of equipment providing individuals with real-time 
feedback regarding their physiological responses, is crucial in enhancing neuromuscular 
function. Despite its potential, the effectiveness of biofeedback interventions on motor 
performance remains a topic of debate. This study aimed to investigate the effectiveness of 
different biofeedback interventions on motor performance improvement in hand. This study 
contributes to a more comprehensive understanding of the role of biofeedback in motor function 
improvement in hand.

Methods: A total of 60 individuals were randomly assigned to one of four groups: Aircraft, visual 
gauge, pattern-tracking, and a control group. Preintervention and postintervention assessments 
were performed to evaluate motor performance in hand. Statistical analysis was conducted using 
the paired t-test to compare the root mean square error between groups.

Results: The pattern-tracking group demonstrated significant motor performance improvement, 
with a statistically significant difference in root mean square error (P<0.001). This finding suggests 
that this specific biofeedback approach may effectively enhance motor performance in hand.

Conclusion: The study’s findings support the task-oriented approach, which emphasizes the 
importance of adaptability to environmental changes, and the part versus whole training theory, 
which argues that breaking down a motor task into smaller components improves performance. 
The results highlight the importance of similar practices to the final objective for motor function 
improvement in the hand area. The study’s findings have implications for developing effective 
biofeedback interventions for motor performance improvement in individuals with hand-
related motor impairments. Furthermore, the conclusions can be applied to various populations, 
including athletes and individuals in different lines of work, who can benefit from improved 
motor performance in their hands.
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Introduction

he scientific method for evaluating and es-
timating muscle activity involves record-
ing, measuring, and analyzing the biological 
signals produced during muscle contraction. 
This method is based on the use of equip-

ment that allows for the comparison of the type of activity 
and amount of muscle work with the changes in the indica-
tors of the signals. Importantly, any body movement and 
physical activity under different conditions is caused by the 
activity and contraction of muscles related to that move-
ment [1, 2]. One of the techniques commonly utilized is 
biofeedback. Biofeedback is a process that involves moni-
toring and providing biological data to an individual and has 
been rooted in the field of physiological psychology since 
the 1960s [3, 4]. Biofeedback is a straightforward and ef-
ficient approach that can be applied to many individuals to 
enhance neuromuscular function. This technique involves 
attaching electrical sensors to the individual, which mea-
sure and process information related to the body’s nerves, 
muscles, and autonomous activities. The sensors then 
provide audio or video feedback to the individual and the 
therapist. Biofeedback’s primary objective is to understand 
voluntary actions through audio or visual means and enable 
individuals to consciously alter their physiological actions 
to achieve optimal health [5]. Biofeedback involves instru-
mentation to provide an individual with real-time informa-
tion about a specific physiological process regulated by 
the autonomic nervous system that is not fully understood. 
During biofeedback training, the individual actively works 
toward restoring health and may passively accept instruc-
tions to a greater or lesser extent [1].

 In rehabilitation, the incorporation of games are em-
braced due to their persuasive and motivational capa-
bilities and their capacity to establish reward systems. 
Although these elements are regarded as significant con-
tributors to the therapeutic outcomes of interventions, it 
is essential to recognize that they do not guarantee the 
desired therapeutic results. Despite this limitation, using 
games for rehabilitation has remained a vital component. 
One notable aspect of these games is their reward system, 
which engages the neural system to facilitate long-term 
learning—something that cannot be easily disregarded 
[6]. The concept of gamification involves incorporat-
ing game design elements into nongame contexts. Nu-
merous studies have demonstrated its effectiveness in 
boosting motivation and engagement in various fields, 
including education. Research has shown that gamifi-
cation can enhance learning experiences by fostering a 
more committed and motivated mindset among learners 
[7, 8]. Conventional and interactive games, which utilize 
gaming software, are designed to increase motivation for 
exercise performance in biofeedback [9]. 

Pattern tracking in biofeedback refers to monitoring 
and analyzing the patterns of physiological responses, 
such as brainwaves, muscle tone, skin conductance, 
heart rate, and pain perception, to gain greater awareness 
and control over these functions [10, 11]. One key study 
on pattern tracking in biofeedback is the biofeedback 
training for pattern recognition study, which found that 
participants who used the pattern similarity biofeedback 
system showed a significant improvement in their clas-
sification score for the retrained gesture [10].

T

Highlights 

• Gamification showed limited effectiveness in enhancing motor skills.

• Visual gauges had minimal impact on hand function improvement.

• Tracking-based feedback outperformed other biofeedback strategies.

Plain Language Summary 

 We studied how different biofeedback methods (using equipment to give people real-time feedback on their body’s 
responses) can improve muscle activity and performance. We divided 60 people into four groups and offered different 
types of biofeedback training to three groups. The results showed that only one biofeedback type, “pattern-tracking”, 
significantly improved motor performance. This finding suggests that this specific approach may effectively enhance 
motor skills. The study also found that breaking down a task into smaller parts and practicing each separately can 
improve performance. The study concludes that the similarity between the practice and the final goal is crucial for 
improving motor function.
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Visual gauge biofeedback is a method of biofeedback 
therapy that utilizes visual cues to provide individuals 
with information about their physiological responses, 
such as muscle activity [12]. Visual gauge biofeedback 
is useful in treatment, mainly motor function and gait 
rehabilitation. Various studies have demonstrated its ef-
fectiveness, and it is a valuable resource for individuals 
and therapists alike [13].

Motor skills and motor learning are essential compo-
nents of hand biofeedback, a technique that improves 
motor control and performance in individuals with 
various motor disorders [14]. Motor skills are acquired 
through repeated practice to control the movements of 
joints and body parts voluntarily. Scientists call this pro-
cess motor learning, control, or skill acquisition. Study-
ing motor learning and control is crucial for enhancing 
performance and promoting rehabilitation. The upper 
limb’s movement function includes grasping and ex-
tending toward objects and maintaining a hold on them 
[15]. Individuals with information about their muscle 
activity have been shown to modestly improve motor 
control compared to the ones with impaired hands [16]. 
A study was conducted in an electronic parts manufac-
turing factory to examine the effectiveness of the two 
interventions in reducing muscle tension in the hand 
area. The first group received muscle learning therapy, 
whereas the second group utilized adult learning meth-
ods and cognitive behavioral techniques to enhance their 
ability to manage muscle tension symptoms in the hand 
area, stress, and problem-solving. The workers were ran-
domly divided into the control and intervention groups. 
Baseline data were collected before training via symp-
tom notes and electromyography recordings of the tra-
pezius and forearm muscles of the left and right arms. 
After 6 weeks, significant differences were observed 
between the control and intervention groups. The control 
group presented increased muscle tension, the second 
group demonstrated a significant decrease, and the first 
group presented little change. These disparities were not 
sustained in the subsequent evaluations. The first group 
continuously increased their capacity to reduce muscle 
tension in the trapezius region after 6 and 32 weeks and 
demonstrated some efficacy for the forearm [17]. 

Motor learning and motor performance are two distinct 
concepts that are related but not interchangeable. Motor 
learning is about acquiring the ability to produce skilled 
actions through practice and experience, resulting in a 
relatively permanent change. On the other hand, motor 
performance is about executing a motor skill; various 
factors and results can influence a temporary, non-per-
manent change [18].

Studies on hand motor performance are necessary to deep-
en our understanding of the complex interactions between 
cognitive processes, neural control, and physical move-
ments involved in hand function. These studies aim to un-
cover the underlying mechanisms influencing hand perfor-
mance and the factors contributing to individual differences 
in hand function. Research in this area seeks to improve mo-
tor skills and performance, which are crucial for everyday 
activities, work, and overall quality of life. By investigat-
ing the effects of various factors, such as handedness, sex, 
and motor practice, on hand motor performance, scientists 
can develop more effective training methods and interven-
tions to enhance motor skills [19]. Research on hand motor 
performance contributes to understanding the intricate rela-
tionships between brain function, cognitive processes, and 
physical movements. By exploring the neural mechanisms 
underlying hand motor control, scientists can advance our 
knowledge of brain-body interactions and develop more ef-
fective interventions for motor disorders [20].

Materials and Methods 

At the outset, the research plan was shared with in-
dividuals who expressed interest and were willing to 
participate. Informed consent was obtained from all 
the participants. To ensure the validity and reliability of 
the study, the following inclusion and exclusion criteria 
were established.

Inclusion criteria

 Participants must be between 18 and 35 years old. 
They must be currently studying and not have any 
known balance-related problems or conditions (e.g ver-
tigo, inner ear disorders, etc.). Also, they must not have 
any known hand-related issues or conditions (e.g arthri-
tis, carpal tunnel syndrome, etc.). 

Exclusion criteria

 Participants who did not wish to participate in the 
study, experienced pain or discomfort during the study, 
and became tired or fatigued during the study were ex-
cluded. These criteria were established to ensure that the 
study population is representative of the target popula-
tion and to minimize any potential biases or confounding 
variables.

Sixty individuals were randomly assigned to one of 
four groups. The device was then connected to a display 
system, and a suitable cuff was attached. The experiment 
utilized a Pressure Biofeedback MOLEB device to col-
lect data on participants’ pressure responses (Figure 1).

Ebrahimi A, et al. Comparing Biofeedback Strategies for Hand Function. PTJ. 2025; 15(2):151-164.
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First, as depicted in the Figure 2, the individual’s ini-
tial maximum power was measured in the “gauge visual 
feedback” section.

The participant was requested to exert the greatest pos-
sible amount of force, and this pressure level was docu-
mented as the maximum voluntary contraction (MVC) 
force. To account for individual variations, the partici-

pants were instructed to carry out the task once; the ob-
tained value was multiplied by 70% and established as 
the anticipated value that the individual was expected to 
attain, and the device was correspondingly adjusted. We 
considered the maximum voluntary contraction force for 
each participant.

Figure 1. Overall view of the equipment used for our research

Figure 2. Software display view

Ebrahimi A, et al. Comparing Biofeedback Strategies for Hand Function. PTJ. 2025; 15(2):151-164.
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We established the base value (lower limit) as 6 and 
the upper limit as 70% of the individual’s MVC strength 
(Figure 3).

The intervention involved using a chair equipped with 
an armrest, with the subject’s hand on it. The partici-
pant was instructed to press the cuff multiple times, and 
explanations were provided without the device captur-
ing any data. To guarantee that the individuals received 
accurate feedback on their performance, two forms of 
feedback—visual and auditory—were incorporated, as 
depicted in the Figure 4.

The data for each individual were documented. As our 
preassessment method, we asked all participants to use 
pattern-tracking software on the device. One of the pat-
tern-following software programs of the device, known 
as the sinusoidal pattern, was subsequently selected. 

The first group was chosen to participate in the Aircraft 
game (Figure 5). The participants were instructed to ma-
nipulate the hand pressure on the cuff to maneuver the 
plane through rocky terrain. The objective was to maintain 
a continuous flight without crashing for as long as pos-
sible, with the duration measured in time. This task was 
scheduled for 15 min, divided into four intervals of game-
play (2.5 min), followed by a 30-second break (Figure 6).

Figure 4. Audio and visual feedback can be turned on/off. 

Ebrahimi A, et al. Comparing Biofeedback Strategies for Hand Function. PTJ. 2025; 15(2):151-164.
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In the second group, in the gauge segment, the partici-
pants were instructed to press the cuff according to the 
given command and then rest their hands. Two items 
were observed in the program. The first item pertains to 
reaching the low level, passing the high level, and then 
returning to the low level, which the counter counts each 
time it is performed. The second item is related to endur-
ance and is activated by the “mode counter timer’ button. 
The study required 50 trials, and the participants were in-

structed to perform the task in two sets of 20 trials each, 
with an additional final set of 10 trials. As a result, the 
individual had to press and release the cuff 50 times. In 
another section of the gauge program, the duration of the 
activity was taken into account, with a value of 6 s, in-
dicating that the individual must hold the cuff with hand 
pressure for 6 s, and the resting time was set to 6 s for this 
study. Each time an individual remains within the entire 
range, the counter counts. Altogether, these individuals 

Figure 5. Game software’s are green – Aircraft was selected.

Figure 6. Aircraft game display

Ebrahimi A, et al. Comparing Biofeedback Strategies for Hand Function. PTJ. 2025; 15(2):151-164.
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performed the test for 10 min. One minute rest was taken 
after 20 presses, another one minute rest after 20 presses 
for the second time, and one minute rest after 10 presses 
for the last time (Figures 7 and 8).

For the third group, one of the pattern-following soft-
ware programs of the device, known as the sinusoidal 
pattern, was subsequently selected. This time, the task 
done by the participants at the beginning of the experi-
ment was put on repeat mode, and the group was in-
structed to adjust the hand pressure to track the pattern 
as closely as possible and maintain this pressure for 12 
minutes. This process was performed by compressing 
the cuff for 2.5 min and then allowing a rest period of 30 
s, which was repeated four times (Figure 9).

The orange-colored pattern is the desired pattern the 
examiner selects according to their diagnosis. The purple 
graph is the pattern the test-taker follows.

The fourth experimental group functioned as the con-
trol group, and their performance was assessed through 
the completion of three games and tracking tasks, as well 
as the measurement of a gauge. The examiner recorded 
a 4-minute video of each task and presented it to the in-
dividuals in the fourth group. During this process, the 
individual was instructed to press the cuff, which was 
not connected to any device, and to provide no feedback 
on their performance. 

Figure 7. Gauge section – Resting circle completes as the individual keeps their hand rested.

Figure 8. Gauge section – Try section completes when the individual keeps their hand pressure.

Ebrahimi A, et al. Comparing Biofeedback Strategies for Hand Function. PTJ. 2025; 15(2):151-164.
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After the test has been done for each group, the exam-
iner will perform a postassessment test. In this test, each 
individual was asked to perform the test that they had 
done before the beginning of the test (pattern-tracking 
segment). Following completing these assessments, all 
participants from all four groups provided numerical 
data (Figure 10).

The provided image presents information regarding the 
display of various graphical representations, such as the 
desired pattern, pattern performed by the individual, er-
ror graph, and correlation curve, which determines the 
similarity level between the individual’s performance 
and the desired pattern set by the examiner. The image 
also shows the quantitative determination of an indi-
vidual’s motor performance improvement based on pa-
rameters such as the mean error, correlation, maximum 
upper deviation, and maximum lower deviation from the 

Figure 9. The sinusoidal pattern

Figure 10. Sample of results after sinusoidal assessments

Ebrahimi A, et al. Comparing Biofeedback Strategies for Hand Function. PTJ. 2025; 15(2):151-164.
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set pattern. Correlation is one of the obtained variables 
and is a numerical value between 1 and -1, where 1 indi-
cates the highest similarity to the desired pattern, and -1 
indicates the lowest similarity to the desired pattern. The 
image further shows the setting of the reaction time for 
the start of the final measurement, which is 200 ms for 
women and 250 ms for men, and the presentation of the 
maximum jump to the positive side and the maximum 
jump to the negative side as other variables. The image 
concludes by stating that the obtained numbers were 
saved in photo and Notepad file formats and that these 
numbers were subsequently entered into Excel to get the 
final results. Noticeably, the device was engineered to 
maintain consistent effort across all software programs, 
ensuring that variations did not influence participants’ 
responses to software-specific requirements. This design 
feature helped to minimize errors and ensure the reliabil-
ity of the results.

Results

The mean age of the participants in the first group was 
23.67 years, with 26.7% being female and 73.3% male. 
In the second group, the mean age was 23 years, with 
60% of the participants being female and 40% male. 
In the third group, the mean age was 22.07 years, with 
46.7% of the participants being female and 53.3% being 
male. In the fourth group, the mean age was 25.87 years, 
with 73.3% of the participants being female and 26.7% 
being male. Across all the groups, 51.7% of the partici-
pants were female, and 48.3% were male (Table 1).

The mean values of the variables, including the root 
mean square error, correlation, maximum upper devia-
tion, and maximum lower deviation, were calculated for 
each group before and after the test. In the first group, in 
which the participants performed the designed game on 
the device, the root mean square errors before and after 
the test were 4.6227 and 3.5869, respectively. Similarly, 
in the second group, where the participants performed 
exercises with device compression, the root mean square 
errors before and after the test were 3.9015 and 3.6203, 

respectively. In the third group, in which the participants 
followed the displayed pattern on the screen, the root 
mean square errors before and after the test were 3.8154 
and 2.1539, respectively. Finally, in the fourth group 
(control), the root mean square errors before and after 
the test were 3.3907 and 3.1117, respectively (Table 2).

The correlation coefficients for each group before and 
after the test were as follows. In the first group, the mean 
correlation before the test was 0.5147, and after the test 
was 0.6200. For the second group, the mean correlation 
before the test was 0.5037, and after the test was 0.5447. 
In the third group, the mean correlation before the test 
was 0.5739, and after the test was 0.8667, and for the 
fourth group, the mean correlation before the test was 
0.6865 and after the test was 0.7629. Additionally, the 
mean maximum upper deviations in each group before 
and after the test were as follows: 7.5945 before and 
6.8563 after the test in the first group, 7.2417 before and 
6.6045 after the test in the second group, 6.6145 before 
and 3.6793 after the test in the third group, and 5.6363 
before and 4.9907 after the test in the fourth group. The 
mean maximum lower deviations in each group before 
and after the test were as follows: In the first group, 
-11.0044 before and -8.9808 after the test; in the second 
group, -10.5864 before and -8.0889 after the test; in the 
third group, -11.0975 before and -7.2313 after the test; 
and in the fourth group, -10.7045 before and -9.6275 af-
ter the test (Table 3).

The results of the Dunnett method revealed that the dif-
ferences between groups 1 and 4 (P=0.7496) and groups 
2 and 4 (P=1) were not statistically significant. How-
ever, the difference between groups 3 and 4 (P=0.006) 
was significant, suggesting a change in performance for 
group 3 after the test (Table 4).

In the paired t-test, comparing variables before and af-
ter the test yielded a significance level of 0.05.

Table 1. The demographic information of the participants in each group, including mean age and gender distribution

Groups Mean Age (y) Female (%) Male (%)

Gauge 23.67 26.7 73.3

Game 23 60.0 40.0

 Pattern-tracking 22.07 46.7 53.3

Control 25.87 73.3 26.7

Ebrahimi A, et al. Comparing Biofeedback Strategies for Hand Function. PTJ. 2025; 15(2):151-164.
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The results of our experiment in group 1 revealed no 
significant difference in the root mean square error, with 
a difference of 0.36. Additionally, comparing the cor-
relation variables did not indicate a significant differ-
ence (P=0.142). The maximum upper deviation variable 
showed no significant difference (P=0.487). However, 
the maximum lower deviation variable had the signifi-
cance difference (P=0.054). Based on these findings, we 
can conclude that there was no significant improvement 
in motor function in the hand area after performing the 
test in one session.

In group 2, the paired t-test revealed a negligible dif-
ference in the root mean square error of 0.206, which 
was not statistically significant. Similarly, the correlation 
variable indicated no notable change in participants’ mo-
tor function before and after the test (P=0.411). In the 
paired comparison of the third variable (maximum upper 
deviation), there was no significant difference before and 
after the test (P=0.436). However, for the fourth variable 
(maximum lower deviation), there was a significance 
difference (P=0.150). Hence, the outcomes demonstrat-
ed no substantial improvement in the motor function of 
the hand area in Group 2 after a single testing session.

The statistical analysis of our study in group 4 revealed 
no significant change in the root mean square error 
(P=0.195). Similarly, the correlation variable suggested 

no significant difference (P=0.085). For the third and 
fourth variables, maximum upper deviation and maxi-
mum lower deviation, the paired comparison results 
showed no significant differences before and after the 
test (P=0.548 and P=0.101, respectively). Our study in 
group 4 revealed no significant improvement in motor 
function in the hand area after performing the test in one 
session.

In Group 3, the paired t-test revealed a substantial dif-
ference in the root mean square error (P<0.001), which 
was statistically significant. This finding suggests a sig-
nificant difference between the variables before and after 
the test. In addition, the correlation variable indicated a 
significant difference (P<0.001). Concerning the paired 
comparison of the third variable, the maximum upper 
deviation suggested a statistically significant differ-
ence before and after the test (P=0.002). For the paired 
comparison of the fourth variable, the maximum lower 
deviation, there was a significant difference (P=0.001). 
Overall, the results of our experiment in group 3 indi-
cate a significant difference in the variables following a 
single testing session (Table 5).

Table 2. The mean values of the root mean square error in each group before and after the test

Groups
Root Mean Square Error (Mean)

Before After

Gauge 4.6227 3.5869

Game 3.9015 3.6203

Pattern-Tracking 3.8154 2.1539

Control 3.3907 3.1117

Table 3. The mean of correlation and maximum upper and lower deviation in each group before and after the test

Groups
Correlation (Mean) Maximum Upper Deviation (Mean) Maximum Lower Deviation (Mean)

Before After Before After Before After

Game 0.5147 0.6200 7.5945 6.8563 -11.0044 -8.9808

Gauge 0.5037 0.5447 7.2417 6.6045 -10.5864 -8.0889

Pattern-Tracking 0.5739 0.8667 6.6145 3.6793 -11.0975 -7.2313

Control 0.6865 0.7629 5.6363 4.9907 -10.7045 -9.6275

Ebrahimi A, et al. Comparing Biofeedback Strategies for Hand Function. PTJ. 2025; 15(2):151-164.
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Table 4. Pairwise comparison of groups in the pre-post-test stages

Dependent Variables Group (I) Group (J) Mean Difference (I-J) Std. Error Sig.

RMSE 
(pre-test assessment)

1 4 1.23201 0.54860 0.074

2 4 0.51073 0.54860 0.675

3 4 0.42467 0.54860 0.780

Correlation 
(pre-test assessment)

1 4 -0.17093 0.10289 0.239

2 4 -0.18187 0.10289 0.197

3 4 -0.11173 0.10289 0.568

Maximum positive 
error 

(pre-test assessment)

1 4 1.95820 1.13737 0.215

2 4 1.60533 1.13737 0.362

3 4 0.97813 1.13737 0.723

Maximum negative 
error 

(pre-test assessment)

1 4 -0.29987 0.90098 0.975

2 4 0.11813 0.90098 0.998

3 4 -0.39300 0.90098 0.948

RMSE 
(post-test assessment)

1 4 0.48507 0.44785 0.570

2 4 0.50860 0.44785 0.534

3 4 -0.95780 0.44785 0.093

Correlation 
(post-test assessment)

1 4 -0.14293 0.09555 0.317

2 4 -0.21840 0.09555 0.067

3 4 0.10373 0.09555 0.568

Maximum positive 
error 

(post-test assessment)

1 4 1.86553 1.12979 0.244

2 4 1.61373 1.12979 0.353

3 4 -1.31147 1.12979 0.517

Maximum negative 
error 

(post-test assessment)

1 4 0.64673 1.40172 0.939

2 4 1.53860 1.40172 0.560

3 4 2.39620 1.40172 0.220

Difference of RMSE

1 4 -0.74694 0.43264 0.213

2 4 -0.00213 0.43264 1.000

3 4 -1.38247* 0.43264 0.006

Difference of correla-
tion

1 4 -0.02800 0.08012 0.972

2 4 0.03653 0.08012 0.941

3 4 -0.21547* 0.08012 0.025

Ebrahimi A, et al. Comparing Biofeedback Strategies for Hand Function. PTJ. 2025; 15(2):151-164.
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Discussion

According to the study findings, age does not signifi-
cantly affect the various groups’ performance. These 
findings suggest that, among individuals aged 18 to 35 
years, their physiological conditions and motor function 
improvement are similar. Moreover, the study reveals 
that sex has no relationship with motor function im-
provement, which was influenced by the type of experi-
ment in which the participants were involved.

The findings of this study support the effectiveness of 
biofeedback interventions in improving motor perfor-
mance in hand. The pattern-tracking group demonstrated 
significant motor performance improvement, aligning 
with existing research suggesting biofeedback can be 
an effective tool in enhancing neuromuscular function 
[21]. The results of this study have implications for the 
development of effective biofeedback interventions for 
motor performance improvement in individuals with 
hand-related motor impairments. The study’s findings 

Dependent Variables Group (I) Group (J) Mean Difference (I-J) Std. Error Sig.

Difference of maxi-
mum positive error

1 4 0.09267 1.30032 1.000

2 4 -0.00840 1.30032 1.000

3 4 2.28960 1.30032 0.200

Difference of maxi-
mum negative error

1 4 -0.94660 1.54781 0.874

2 4 -1.42047 1.54781 0.684

3 4 -2.78920 1.54781 0.185

RMSE: Root mean square error.

Table 5. Comparing variables before and after the test in each group

Groups Pair Sig. (2-tailed)

1 (Game)

RMSE (post-test assessment) - RMSE (pre-test assessment) 0.036

Correlation (post-test assessment) - correlation (pre-test assessment) 0.142

Maximum positive error (post-test assessment) - maximum positive error (pre-test assessment) 0.487

Maximum negative error (post-test assessment) - maximum negative error (pre-test assessment) 0.054

2 (Gauge)

RMSE (post-test assessment) - RMSE (pre-test assessment) 0.206

Correlation (post-test assessment) - correlation (pre-test assessment) 0.411

Maximum positive error (post-test assessment) - maximum positive error (pre-test assessment) 0.436

Maximum negative error (post-test assessment) - maximum negative error (pre-test assessment) 0.150

3 (Pattern track-
ing)

RMSE (post-test assessment) - RMSE (pre-test assessment) 0.000

Correlation (post-test assessments) - correlation (pre-test assessment) 0.000

Maximum positive error (post-test assessment) - maximum positive error (pre-test assessment) 0.002

Maximum negative error (post-test assessment) - maximum negative error (pre-test assessment) 0.001

4 (Control)

RMSE (post-test assessment) - RMSE (pre-test assessment) 0.195

Correlation (post-test assessments) - correlation (pre-test assessment) 0.085

Maximum positive error (post-test assessment) - maximum positive error (pre-test assessment) 0.548

Maximum negative error (post-test assessment) - maximum negative error (pre-test assessment) 0.101

RMSE: Root mean square error.
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can be applied to various populations, including athletes 
and individuals in different lines of work, who can ben-
efit from improved motor performance in their hands. 
Furthermore, the conclusions can be generalized to other 
areas of motor function improvement, such as rehabilita-
tion and ergonomics [22]. The use of biofeedback in mo-
tor performance improvement is not a new concept, and 
previous studies have shown its effectiveness in various 
areas, such as masticatory muscle activity management 
[21] and everyday stress management [23]. 

The study focuses on improving motor function 
through task-oriented and part versus whole training ap-
proaches. The Motor Control book by Shumway-Cook 
[24] supports these findings, emphasizing the impor-
tance of functional tasks and adaptability to environmen-
tal changes. 

Part versus whole training allows the individual to at-
tain a professional level in each component, known as 
task analysis [24, 25]. In our study, participants were ini-
tially asked to perform a pattern from the pattern-track-
ing segment—those in the third group who practiced the 
pattern in smaller and more parts performed better than 
others.

Conclusion

The study demonstrates that individuals who utilize 
diverse techniques to address problems or execute mo-
tor tasks have a higher success rate than those who rely 
solely on muscle activation to follow a set pattern. This 
finding suggests adaptability and task analysis are cru-
cial for relearning and improving motor function. This 
study demonstrated this result, where individuals from 
the pattern-tracking group presented enhanced mo-
tor function, as they were compelled to utilize various 
nerves and adapt to new conditions because of the al-
tered pattern location on the screen. This improvement 
was evident even after a single session. 

Overall, the findings suggest that practicing functional 
tasks, adapting to environmental changes, and breaking 
down motor tasks into smaller components can lead to 
enhanced motor function and improved performance.

This study had several limitations. These limitations in-
clude a small sample size, inadequate assessment tools, 
and lack of investigation into long-term effects. Address-
ing these limitations in future research is crucial for pro-
viding a more comprehensive understanding of motor 
performance improvement.
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