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Abstract 

The chewing process has a significant impact on the quality of human life. The condition of the 

teeth and jaw will affect self-confidence and nutritional intake. This research aims to develop 

and test a bite force measuring instrument using stainless steel material from car leaf springs 

for toughness and flexibility - in the form of cantilevers. The research was carried out by 

making a gnathodynamometer to measure the accuracy and accuracy of the readings. Testing 

is carried out by p1roviding a tool with a known mass and comparing the results with the weight 

of the mass as well as trialling the use of the tool to Electrical Engineering Education Students 

which is an educational implementation of Basic Electronics, Electronic Instrumentation, 

Microcontrollers, and other courses. So this tool is also designed to support students' 

psychomotor processes by acting as a trainer/learning medium. Development research method 

with waterfall and respondents 73 students. The device uses Arduino Nano to process bite-

force data from the HX711 module. The test used a mass of 45,590; 96.648; and 144,952 

Newtons. The results stated that the gnathodynamometer was effective enough to be used with 

an uncertainty of 0.192 and an RMSE value of 0.554. The study did not measure the maximum 

capacity of the device due to limitations of the test equipment, and more research is needed 

before testing on human subjects. The Psychomotor Learning Outcomes graph obtained the 

percentage of students who completed 83.87%, and the percentage of students who did not 

complete it was 16.13%. So, it can be concluded that this tool can be used as a learning medium 

in the form of a bite measuring trainer (gnathodynamometer) which can help students 

understand the process of using the tool until empirical measurements are recorded and 

become learning in the use of gnathodynamometer. 
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INTRODUCTION 

Traffic management and accident management is Chewing is one of the necessary processes 

for everyone. But not everyone has good chewing skills. Several factors include decay, loose 

teeth, malocclusion, temporomandibular joint function, or jaw fracture (Brassard et al., 2020). 

In addition, malocclusion or imbalance between the upper and lower teeth can also affect how 

we chew food. Temporomandibular joint function (TMJ) or jaw fractures can also cause 

problems in chewing ability (Miró et al., 2023). Problems during the chewing process have a 

significant impact on the quality of life of humans. When a person has problems chewing food, 

it can affect his nutritional intake and make him feel uncomfortable eating (S. Kim et al., 2021). 

In addition, this problem can also cause embarrassment or lack of confidence in the individual 

who experiences it. In this case, it can be challenging for those with unhealthy mouths. 57.6% 

of the Indonesian population has oral problems. They have a vision of dental and conditional 
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health by measuring how strong the bite is. A jaw gauge (gnathodynamometer) is needed to 

measure bite force (Alunda & Lee, 2020).  

 

A jaw gauge or gnathodynamometer is a device used to measure a person's bite force. This tool 

is commonly used by dentists and oral and maxillofacial surgery specialists to evaluate the 

health condition of a person's teeth and mouth(Ismail et al., 2022). The device can determine 

the pressure generated when a person bites into food. Critical because good chewing ability is 

also affected by the force of a person's bite(Miró et al., 2023). This force can be measured using 

a particular device called a bite force meter (Amon et al., 2022). The device is usually attached 

to the front of the patient's teeth and asked to bite the plate or sensor contained in the tool. 

Then, the bite force will be displayed in Newtons (N) or pounds-force (lb-f)(Sakamoto, 2022). 

The value of a person's bite force can be prejudiced by various factors such as age, gender, 

body size, dental and oral health conditions, and daily physical activity. For example, research 

shows that men have greater bite force than women. In addition, children generally have weaker 

bite forces than adults (Wittler et al., 2021). 

 

Bite force measurement can be helpful in dentistry, such as orthodontics and restoration 

procedures on damaged teeth and treating TMD (temporomandibular disorders) because the 

value of the bite force can provide information about the function of the masticatory system 

and assist doctors in diagnosing and planning further medical actions (Journal of Zoology - 

2022 - Deeming - Inter‐relationships among Body Mass  Body Dimensions  Jaw Musculature 

and Bite Force.Pdf, n.d.). 

A gnathodynamometer is placed in the patient's mouth, telling them to bite as hard as possible 

without hurting. However, biting strength differs between individuals, determined by age and 

sex (Saffari et al., 2020). The dominant side has greater bite force than the non-dominant side 

(Beli et al., 2019). But the biting force is not affected by the palatine torus (Brassard et al., 

2020). Despite this, there are cases in which the palatine's torus can cause discomfort, such as 

difficulty speaking or eating. However, the torus palatine generally will not affect a person's 

ability to bite food firmly (Beli et al., 2019). 

 

The gnathodynamometer tool can be a testing tool for students as a learning medium as a 

trainer. There is no trainer tool used in learning to check bite force which is very useful for 

health students in gnathodynamometer training. Meanwhile, to find out the gap in previous 

research, in a search with a web application, https://openknowledgemaps.org found research 

mapping as in Figure 1 below, which can be explained that the novelty value of this research 

is still high to be continued and has a good impact on improving the quality of education, 

especially in the health sector using technology. 
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Figure 1. Research Gap Related to Gnathodynamometer (Open Knowledge Maps, 2023) 

 

This research was conducted by making a gnathodynamometer to measure the accuracy and 

precision of its readings. Testing is performed by giving the tool a known mass and comparing 

the result with the mass weight and trial of using tools to Electrical Engineering Education 

Students. The results can be calculated to determine if the device is effective enough to display 

measurement results (Y. Yang et al., 2019). Bite force can be measured using measuring 

devices with sensors such as Strain Gauge Transducer, piezoresistive transducer, pressure 

transducer, piezoelectric transducer, and pressure sensitive film. Another alternative is using 

gummy candy (D. S. Kim et al., 2020).  

 

 

METHODOLOGY 

Research Methods 

The research method uses a waterfall with stages in Figure 2; Phase I: a feasibility study. The 

goal of the first step is to build a tool to check the bite strength of the teeth and determine what 

to design and what functions (Li et al., 2021). The software's specifications must be met are 

outlined and listed at this point (Placeholder1) (Şengül Ayçiçek et al., 2021). This stage begins 

the software development process, where an analysis of the needs or requirements of the system 

to be developed is carried out. Phase II: The project's hardware requirements are determined 

during this stage. Packaging and component requirements stage developers begin to design the 

interface's appearance and the overall system architecture to determine how the application 

works (Event Horizon Telescope Collaboration et al., 2022). 

 
Figure 2. Waterfall Method (McCormick, 2012) 

 

Phase III of the system design process will be implemented by assembling a prototype bite 

force check device using a barbell. In the next installation, the implementation of this 

installation design is fully completed (Brassard et al., 2020). Furthermore, implement or create 

programs based on the design results in the previous stage. Testing is carried out by providing 

a tool with a known mass and comparing the results with the weight of the mass as well as 

trialling the use of the tool to Electrical Engineering Education Students which is an educational 

implementation of Basic Electronics, Electronic Instrumentation, Microcontrollers, and other 

courses. So this tool is also designed to support students' psychomotor processes by acting as 

a trainer/learning medium. The evaluation phase is looked at, and the design phase utilizes new 

components (Kiran et al., 2021). This gnathodynamometer will use strain gauge sensors on the 

cantilever based on the reference, then 2 strain gauges on the cantilever in the Wheatstone 

bridge half-bridge configuration as Figure 3: 

 
Figure 3. Wheatstone Bridge Half-Bridge Configuration (Anderson Langone Silva et al.) 
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When the cantilever is deformed, the voltage that crosses the Wheatstone bridge is then 

amplified and converted into a digital signal using the HX711 module and processed by 

Arduino Nano so that the results can be seen on the LCD screen (Meng, 2022). This 

configuration consists of two strain gauges connected in series and mounted on a test specimen 

such as a beam, plate, or cylinder. In each strain gauge, there is a change in resistance that 

occurs when the specimen is distorted or strained due to loading. A Wheatstone bridge then 

amplifies the change in resistance to produce an output signal in the form of electric voltage 

(Rochman & Yunianto, 2019). In the Wheatstone half-bridge configuration, only two-gauge 

strains of the same type and identical resistance values are used. These two gauge strains are 

connected in series so electric current can pass through them simultaneously (Şengül Ayçiçek 

et al., 2021). 

 

The output signal of the two-gauge strains will be the difference between their output voltages 

when given a specific load on the specimen. The difference can be calculated and converted to 

units of force or pressure according to the sensitivity of the strain gauge sensor (Anderson et 

al., 2021). The advantages of the Wheatstone half-bridge configuration are more cost-effective 

than the entire bridge configuration because it only requires 2 sensors. However, the sensitivity 

is not as good as in the complete bridge configuration because it only gets half the resistance 

change information on the Wheatstone bridge circuit (Hildebrandt et al., 2021). 

Phase IV: The idea and application flowchart are now realized, and the equipment is ready. 

Test the system after it has been implemented to ensure the quality and functionality of the 

application before the public uses it. The gnathodynamometer will be tested against high loads 

so that it uses a cantilever form (Şengül Ayçiçek et al., 2021). The cantilever is made of 

stainless steel leaf springs from Toyota Kijang Cars. Steel was chosen for its outstanding 

resistance to high loads without permanent deformation (Mikalef & Gupta, 2021). Phase V: 

Equipment testing. After going through the trial process and being declared passed, it only 

enters the operationalization stage or direct use by the user. Testing will be conducted using 3 

known weights from 45,590 N, 96,648 N, and 144,952 N. These weights were chosen to 

represent the biting style of children aged 8-12 years [9]. Then compare the readings. The 

collected data is then calculated to determine the average reading value, standard deviation, 

standard error, and RMSE (Root Mean Square Error). An RMSE value of less than 1 indicates 

that the tool is practical. This study did not measure the maximum load capacity due to the 

limitations of the test equipment (Lamatenggo et al., 2020).  

Electronoc Circuit 

 

 
Figure 4 Electronic Circuit 

 

In the Figure 4 above, box A is the input section where bite pressure will affect Strain Gauge 

S1 and S2. Resistance changes will affect the Wheatstone Bridge's balance, resulting in tension. 

Wheatstone Bridge is one type of electrical measuring device used to measure an object's 

resistance value (resistance) using the principle of comparison (Concas et al., 2021). This tool 
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was first invented by Samuel Hunter Christie in 1833 and then further developed by Sir Charles 

Wheatstone in 1843. The working principle of the Wheatstone bridge is to compare the 

resistance values of four resistors in an electrical circuit. The circuit consists of three fixed 

resistors and one variable resistor, usually called a galvanometer or microammeter (Yoga 

Widiana et al., 2019). When the resistance value between the two sides of the bridge is the 

same, then there will be no net current flowing through the galvanometer (Oliver, 2021). One 

example is to measure the voltage of a strain gauge sensor or load sensor on a digital scale 

(Saniman et al., 2020). The voltage will be amplified by the HX711 module in box B, part of 

the signal amplifier. The digital signal generated by the HX711 module will be sent to the 

Arduino Nano in box C, after which the measurement results can be displayed on the LCD 

screen in box D. 

 

Analysis Cantilever - Von Mises Strain 

 
Figure 5 Simulation with 600 N Load 

 

Cantilever analysis is one technique for measuring materials' strength using cantilever 

structures. The cantilever structure consists of beams or rods placed at a fixed point, and the 

other end is free to move as Figure 5 (S. Yang et al., 2021). In cantilever analysis, a unique tool 

in the form of a micro spring is used as a pressure sensor at the free end of the rod. By attaching 

the material sample to the tension side of the rod and providing a specific tensile force, there 

will be a change in deformation or bending in the material sample (Siregar et al., 2023). 

At the time of this deformation, the micro spring will record data about how much attraction is 

enerated and how much change in shape occurs. These data will later be processed to calculate 

the modulus of elasticity and maximum strength of the material sample (Sihombing & Listiari, 

2020). Simulations are conducted to determine the best Strain Gauge installation position to 

get accurate readings. From the simulation results above, it is known that strain occurs in 

indigo-colored areas until maximum strain occurs in red areas. The strain gauge is attached to 

the green part (Myles et al., 2021). 

Research Parameters 

The parameters of this study are tool manufacturing, calibration, and testing of measuring 

instruments. 
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Figure 6. Gnathodynamometer with LCD 

 

Figure 6 above shows the cantilever coated with disposable latex rubber to prevent transmission 

of bacteria between patients when tested on humans. The LCD screen displays the results; 3 

buttons are used to start the measurement, tare the results are displayed, and calibration (Guo 

& Xiao, 2021). Data retrieval begins with giving the cantilever a known weight. The weight 

must be measured with a digital scale. Digital scales were chosen because they have the same 

working principle as gnathodynamometers. Digital scales have an uncertainty of 1 gram or 

0.0098 N. The position of the scale on the measuring instrument is shown: 

 

 
Figure 7 Data Retrieval Process 

 

Figure 7 above shows the data retrieval process. The barbell was measured on a digital scale, 

then attach the barbell to the gnathodynamometer, recording the reading value (Basu et al., 

2019). To reduce random error, repeat the measurement (in this case, each weight is measured 

10 times) and then statistically analyze as the difference in weight position affects the reading 

value (Zhong et al., 2021). 

The collected data is calculated using this formula: 

                                                         (1) 

Where is the average value of x, and n is the amount of data. Calculate the standard deviation 

using this formula: 

                                              (2) 

From the formula, s is the standard deviation of the square root of the array x minus If we add 

the uncertainty of the weights used with the standard division of the measured data, we get total 

uncertainty. The RMSE value can be calculated using this formula: 
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Somewhere RMSE is the Root Mean Square Error, y is the predicted value. The precision is 

calculated using this formula: 

                                             (4) 

s is the standard deviation and is the mean value. When the device was tested on humans, a 

cantilever was placed on the posterior tooth because it had maximum biting power. 

Data Analysis Techniques  

1. Expert Validation Analysis 

Expert validation analysis is carried out by gathering experts to assess the media to 

determine media shortcomings. The values of the Likert Scale range used are 1-4, with 4 

as the largest value. 

 

Validation Percentage (%) =    
𝑗𝑢𝑚𝑙𝑎ℎ 𝑠𝑘𝑜𝑟 𝑡𝑜𝑡𝑎𝑙

𝑠𝑘𝑜𝑟 𝑘𝑟𝑖𝑡𝑒𝑟𝑖𝑢𝑚
 × 100%           (5) 

 

Information: 

Criterion score = Max score of each item x ∑ item score x ∑validator              (6) 

  (Riduwan, 2015:21) 

 

 

 

Table 1 Expert Validation Score Interpretation 

 

Assessment 

Percentage 
Interlent 

0 – 20% Invalid 

21 – 40% Less Valid 

41 – 60% Quite Valid 

61 – 80% Valid 

81 – 100% VeryValid 

(Riduwan, 2015: 22) 

 

2. Student Response Analysis 

After the CANTILEVER JAW Tool was applied, student responses were measured using 

response questionnaires. Interpretation of student response questionnaire scores according 

to the following Table 2: 

Table 2 student responses Interpretation 

 

Table 

Interpretation of 

Student 

Response 

Questionnaire 

Scores 

Presentase (%) 

Category 

85% ≤ Response Very Positive 
70% ≤ Response < 85% Positive 
50% ≤ Response < 70% Less positive 
Response < 50% Not positive 

(Yamasari, 2010:4) 

Analysis of questionnaire results obtained from each aspect will be calculated using the 

following formula: 

P =
𝑓

𝑁
x 100%          (7) 

 (Yamasari, 2010:4) 

3. Learning Outcomes Analysis 

100% =
x

s
rsd
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The posttest is used to calculate student learning outcomes. Analysis of student learning 

outcomes is used to determine the difference in student scores after doing posttest 

questions. The calculation of learning outcomes is carried out according to the scoring 

guidelines shown in the table as follows: 

Individual Completeness: 

Final Grade = (Student Score)/(Maximum Score) x 4               (8) 

Information: 

Student score  = The score the student gets 

Max score = Maximum score obtained 

 

 

Table 3 Learning Outcome Value Guidelines 

 

Letter 
Competency Value of 

knowledge and skills 

A 3,85 - 4,00 

A- 3,51 - 3,84 

B+ 3,18 - 3,50 

B 2,85 - 3,17 

B- 2,51 - 2,84 

C+ 2,18 - 2,50 

C 1,85 - 2,17 

C- 1,51 - 1,84 

D+ 1,18 - 1,50 

D 1,00 - 1,17 

(Regulation of the Minister Education and Culture No. 104 year 2014) 

 

4. Completeness of Classical 

P = (number of students completed)/(total students) x 100%          (9) 

Information: 

P = Percentage of classical learning completeness 

(Regulation of the Minister Education and Culture No. 104 year 2014) 

 

Table 4 Learning Completeness Category 

 

Criterion Information 

85%≤P≤100% Excellent 

70%≤P≤85% Good 

55%≤P≤70% Good enough 

40%≤P≤55% Not Good 

P<40% Very Lacking 

(Regulation of the Minister Education and Culture No. 104 year 2014) 

 

 

RESULTS AND DISCUSSION 

Correction of Measuring Instrument Readings 

Calibration is carried out by comparation the readings of the tool with similar tools, in this case, 

digital scales, because both use strain gauge sensors (Miró et al., 2023). It aims to ensure that 

the readings from the digital scale are accurate and under applicable standards. In digital 

balance calibration, one method often used is to use a solid weight reference with a known 

mass with certainty. This solid object reference is then placed on the scale's surface and 



Ulfah Mediaty Arief et al. 469 

 

Migration Letters 

measured at the value of its mass or weight (Tsai et al., 2021). After that, the measurement 

results can be compared with the reference value of solids to determine whether there is a 

difference between the two values. If a difference exists, adjustments or resettings can be made 

to the measurement system to produce even more accurate readings. 

 

Calibration is essential in maintaining the accuracy and accuracy of a measuring instrument 

such as a digital scale. By calibrating regularly, we can also know when to clean the strain 

gauge sensor. Before the tool is calibrated, the readings need to be corrected so that the output 

data of the HX711 module is easy to understand. The raw data from this module is HEX data 

between 800000 to 7FFFFF, with the first bit used for the negative sign. The steps to adjust the 

correction factor can be seen in the correction sub-program of the program (Asyraf et al., 2020). 

Setting the correction factor starts by emptying the load on the sensor to get a value of 0. Then 

give the measured load on the digital scale, in this case, using a load of 5 kg, which is read on 

the digital scale weighing 5210 grams or 5.21 kilograms. After the load is placed on the 

measuring instrument, adjust it so it can measure according to the load given. After the 

calibration factor value can be stored in the Arduino EEPROM memory so that there is no need 

to calibrate, each measuring instrument is turned on (Gu et al., 2019). From the calibration 

results that have been carried out, a calibration value of -63970.25 is obtained. The raw data 

obtained will be divided by the calibration value to obtain the measurement results in 

Newtonian units. 

Measure measurement results (in Newtons) 

Table 5 Measurement (in Newton) 

 

No. 

Offset = -1,714 

5 kg 

(45,59 

N) 

+ offset 

10 kg 

(96,648 

N) 

+ offset 

15 kg 

(144,952 

N) 

+ offset 

1. 46,892 45,178  99,013 97,300  147,021 145,308  

2. 46,732 45,018  99,135 97,421  146,699 144,985  

3. 46,705 44,991  99,004 97,290  146,474 144,761  

4. 46,526 44,812  99,020 97,307  146,337 144,623  

5. 46,406 44,692  99,139 97,425  146,429 144,715  

6. 46,638 44,924  99,045 97,331  146,520 144,807  

7. 46,720 45,007  99,030 97,316  146,566 144,853  

8. 46,763 45,050  99,055 97,341  146,564 144,851  

9. 46,772 45,059  99,092 97,378  146,539 144,825  

10. 46,879 45,165  99,094 97,380  146,490 144,776  

 

From the results of the calculation above and referring to Table 5 on accuracy test effectiveness 

indicators, it can be seen that the jaw strength measuring instrument tested is classified as less 

effective, namely the average RMSE value of 1.72, but this less effective measuring instrument 

can be corrected by giving an offset value to the measurement results (Mohamed et al., 2021). 

The offset value is calculated by calculating the average measurement difference between the 

reading and the measured load so the measurement results are closer to the measured load 

value. The average RMSE value after offset is 0.508. 

Measurable data results 

The collected data is displayed: 

 

Table 6 Data on Measured Tooth Strenght Result (in Newton) 

 

Tes no. Wight (±0,0098) 
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 45.590 N 96.648 N 144.952 N 

1 45.178 97.300 145.308 

2 45.018 97.421 144.985 

3 44.991 97.290 144.761 

4 44.812 97.307 144.623 

5 44.692 97.425 144.715 

6 44.924 97.331 144.807 

7 45.007 97.316 144.853 

8 45.050 97.341 144.851 

9 45.059 97.378 144.825 

10 45.165 97.380 144.776 

Average 44.990 97.349 144.850 

Standard 

Deviation 
0,149 0,049 0,187 

Total 

Uncertainty 
0,154 0,054 0,192 

Precision 0,332 0,051 0,129 

RMSE 0,508 

 

Table 6 can be calculated the average value using formula (1), and we get an average reading 

value of 44,990 N at a weight of 45,590 N, 97,349N at a weight of 96,648 N, and an average 

value of 144,850N at a weight of 144,952 N. From this average value, we can calculate the 

standard deviation using the formula and obtain a standard deviation of 0.149 at a weight of 

45,590 N, 0.149 at 96.648 N, and 0.187 at 144.952 N. If we add the standard deviation with 

the uncertainty of the weight, we get a total uncertainty of a gnathodynamometer of 0.192N. 

Uncertainty is chosen from the most significant uncertainty. The RMSE value is calculated 

using a formula, and an RMSE value of 0.554 is obtained, so it is concluded that this tool is 

quite effective for measuring bite force because the result is close to the weight of the mass 

(Wang et al., 2019).  

 

Media Validation Results 

Media validation is divided into three aspects, which is broken down into 13 indicators. Each 

of these aspects is the aspect of media display, programming and expediency. Validation results 

are obtained from two validators. The following are the results of media validation in graphic 

form. 

 
Figure 8. Media Validation Graph 

 

Based on the graph as Figure 8, the validation value for the media display aspect obtained a 

result of 94%, for the programming aspect obtained a validation result of 100%, while for the 

expediency aspect it obtained a value of 90%, so that the overall media validation data 

recapitulation result was 94.6%. The results of media validation are included in the category 

of very valid for use in learning digital photo composition. 

Student Response Questionnaire Validation Results 
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The student response questionnaire was validated by three validator lecturers covering three 

aspects, namely system analysis, user satisfaction, and information quality. Each aspect 

produces which is depicted in the graph as follows. 

 
Figure 9. Validation Results of Student Response Questionnaire 

 

Based on the graph Figure 9 of the validation results, it can be seen that the system analysis 

aspect obtained 96.27% results, the user satisfaction aspect obtained 92.4% results and the 

information quality aspect obtained 97.5% results, so that the overall results for student 

response validation obtained 95.27% which is included in the range of 81-100%, thus showing 

that the student response questionnaire questions are included in the Very Valid category. 

 

Psychomotor Question Validation Results 

The psychomotor problem consists of five questions validated by two validators. Based on the 

recapitulation results, the average value shows that the pricomotor validation results get 90% 

results. The average result of the psychomotor validation question shows that the validation 

results are included in the Very Valid category. 

 

Student Response Results 

 

 
Figure 10. Student Response Results 

 

The students' response after using Cantilever Jaw media obtained a total score of 3063 with a 

percentage of 82.4% in the positive category. With the value of each aspect of 81.27% for 

system analysis, 81.37% for User satisfaction value and 84.52% for information quality as 

Figure 10. 

 

Results of Psychomotor Analysis 

Student learning outcomes are obtained from posttest scores on Psychomotor questions after 

using Cantilever Jaw media. The class average is 79.03 while the KKM score is 80 which 

means that the class average score has not exceeded the KKM score for gnathodynamometers 

subjects. Of the 73 students, there were 68 completed students and 5 incomplete students. 
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Figure 11. Graph of Student Psychomotor Learning Outcomes 

The percentage of classical learning completeness displayed based on the graph obtained the 

percentage of students who completed 83.87%, and the percentage of students who did not 

complete it was 16.13% as Figure 11. 

 

CONCLUSION 

This research has succeeded in designing and making an Arduino nano-based bite force 

measuring device with a strain gauge sensor, and to used as a trainer/learning medium as an 

educational implementation in Electrical Engineering Education student learning courses. 

Basically, in some areas of geoscience, parameter calibration has been an accepted practice for 

many years (Oliver, 2021). This measuring instrument has been calibrated by comparing 

measuring instruments and digital scales. So, a correction factor of -63970.25 is obtained. This 

correction factor is needed to understand the raw data obtained from the HX711 module. After 

the raw data is divided by the correction factor, data will be obtained in kilograms. Then the 

data is converted into Newtonian units. This study also successfully tested the accuracy of 

measuring instruments by calculating the RMSE value from the data obtained. They can 

measure humans' bite force at different ages, so they must be small enough to be inserted into 

people's mouths. The study showed that the gnathodynamometer was effective enough to be 

used with an uncertainty of 0.192 and an RMSE value of 0.554. This study did not measure the 

maximum capacity of the tool due to the limitations of the test equipment, and further research 

is needed before testing on human subjects. This tool has been tested in the laboratory by 

electrical engineering education students and can be used as a trainer for health or medical 

students. It can be concluded that this tool can be used as a learning medium in the form of a 

bite measuring trainer (gnathodynamometer) which can help students understand the process 

of using the tool until empirical measurements are recorded and become learning in the use of 

gnathodynamometer. 

 

Acknowledgment 

We would like to thanks, Department of Electrical Engineering, Faculty of Engineering, 

Semarang State University Building E8, UNNES Sekaran Campus, Gunungpati, Semarang, 

50299, Indonesia, for their helpful feedback and support. 

 

References 

 
Alunda, B. O., & Lee, Y. J. (2020). Review: Cantilever-based sensors for high speed atomic force 

microscopy. Sensors (Switzerland), 20(17), 1–39. https://doi.org/10.3390/s20174784 

Amon, A., Gruen, D., Troxel, M. A., Maccrann, N., Dodelson, S., Choi, A., Doux, C., Secco, L. F., 

Samuroff, S., Krause, E., Cordero, J., Myles, J., Derose, J., Wechsler, R. H., Gatti, M., Navarro-

Alsina, A., Bernstein, G. M., Jain, B., Blazek, J., … Weller, J. (2022). Dark Energy Survey Year 

3 results: Cosmology from cosmic shear and robustness to data calibration. Physical Review D, 

105(2). https://doi.org/10.1103/PhysRevD.105.023514 

Anderson, N. T., Kelson, J. R., Kele, S., Daëron, M., Bonifacie, M., Horita, J., Mackey, T. J., John, C. 

M., Kluge, T., Petschnig, P., Jost, A. B., Huntington, K. W., Bernasconi, S. M., & Bergmann, K. 

D. (2021). A Unified Clumped Isotope Thermometer Calibration (0.5–1,100°C) Using Carbonate-



Ulfah Mediaty Arief et al. 473 

 

Migration Letters 

Based Standardization. Geophysical Research Letters, 48(7), 1–11. 

https://doi.org/10.1029/2020GL092069 

Asyraf, M. R. M., Ishak, M. R., Sapuan, S. M., Yidris, N., & Ilyas, R. A. (2020). Woods and composites 

cantilever beam: A comprehensive review of experimental and numerical creep methodologies. 

Journal of Materials Research and Technology, 9(3), 6759–6776. 

https://doi.org/10.1016/j.jmrt.2020.01.013 

Basu, A. K., Sah, A. N., Pradhan, A., & Bhattacharya, S. (2019). Poly-L-Lysine functionalised 

MWCNT-rGO nanosheets based 3-d hybrid structure for femtomolar level cholesterol detection 

using cantilever based sensing platform. Scientific Reports, 9(1), 1–13. 

https://doi.org/10.1038/s41598-019-40259-5 

Beli, D., Fabro, A. T., Ruzzene, M., & Arruda, J. R. F. (2019). Wave attenuation and trapping in 3D 

printed cantilever-in-mass metamaterials with spatially correlated variability. Scientific Reports, 

9(1), 1–11. https://doi.org/10.1038/s41598-019-41999-0 

Brassard, C., Merlin, M., Guintard, C., Tre-Leroy, E. M., Barrat, J., Bausmayer, N., Bausmayer, S., 

Bausmayer, A., Beyer, M., Varlet, A., Houssin, C., Callou, C., Cornette, R. L., & Herrel, A. (2020). 

Bite force and its relationship to jaw shape in domestic dogs. Journal of Experimental Biology, 

223(16). https://doi.org/10.1242/jeb.224352 

Concas, F., Mineraud, J., Lagerspetz, E., Varjonen, S., Liu, X., Puolamäki, K., Nurmi, P., & Tarkoma, 

S. (2021). Low-Cost Outdoor Air Quality Monitoring and Sensor Calibration. ACM Transactions 

on Sensor Networks, 17(2). https://doi.org/10.1145/3446005 

Event Horizon Telescope Collaboration, Akiyama, K., Alberdi, A., Alef, W., Algaba, J. C., Anantua, R., 

Asada, K., Azulay, R., Bach, U., Baczko, A.-K., Ball, D., Baloković, M., Barrett, J., Bauböck, M., 

Benson, B. A., Bintley, D., Blackburn, L., Blundell, R., Bouman, K. L., … Wouterloot, J. G. A. 

(2022). First Sagittarius A* Event Horizon Telescope Results. II. EHT and Multiwavelength 

Observations, Data Processing, and Calibration. The Astrophysical Journal Letters, 930(2), L13. 

https://doi.org/10.3847/2041-8213/ac6675 

Gu, X. J., Hao, Y. X., Zhang, W., Liu, L. T., & Chen, J. (2019). Free vibration of rotating cantilever pre-

twisted panel with initial exponential function type geometric imperfection. Applied Mathematical 

Modelling, 68, 327–352. https://doi.org/10.1016/j.apm.2018.11.037 

Guo, Z., & Xiao, Z. (2021). Research on online calibration of lidar and camera for intelligent connected 

vehicles based on depth-edge matching. Nonlinear Engineering, 10(1), 469–476. 

https://doi.org/10.1515/nleng-2021-0038 

Hildebrandt, H., Van Den Busch, J. L., Wright, A. H., Blake, C., Joachimi, B., Kuijken, K., Tröster, T., 

Asgari, M., Bilicki, M., De Jong, J. T. A., Dvornik, A., Erben, T., Getman, F., Giblin, B., Heymans, 

C., Kannawadi, A., Lin, C. A., & Shan, H. Y. (2021). KiDS-1000 catalogue: Redshift distributions 

and their calibration. Astronomy and Astrophysics, 647, 1–14. https://doi.org/10.1051/0004-

6361/202039018 

Ismail, A. A., Bakar, M. A., Ehsan, A. A., & Zolkefli, Z. E. (2022). Thermal-Induced Damage on Solder 

Joints of High-Density Adjacent Ball Grid Array Components During the Rework Process. Jurnal 

Teknologi, 84(6–2), 1–8. https://doi.org/10.11113/jurnalteknologi.v84.19321 

Journal of Zoology - 2022 - Deeming - Inter‐relationships among body mass  body dimensions  jaw 

musculature and bite force.pdf. (n.d.). 

Kim, D. S., Choi, Y. W., Shanmugasundaram, A., Jeong, Y. J., Park, J., Oyunbaatar, N. E., Kim, E. S., 

Choi, M., & Lee, D. W. (2020). Highly durable crack sensor integrated with silicone rubber 

cantilever for measuring cardiac contractility. Nature Communications, 11(1), 1–13. 

https://doi.org/10.1038/s41467-019-14019-y 

Kim, S., Bae, S. H., & Son, I. (2021). Effect of the enepig process on the bonding strength of bite-based 

thermoelectric elements. Archives of Metallurgy and Materials, 66(4), 967–970. 

https://doi.org/10.24425/amm.2021.136407 

Kiran, A., Hodek, J., Vavřík, J., Brázda, M., Urbánek, M., & Cejpek, J. (2021). Design & Modelling of 

Double Cantilever structure by Stainless Steel 316L deposited using Additive Manufacturing 

Directed Energy Deposition Process. IOP Conference Series: Materials Science and Engineering, 

1178(1), 012027. https://doi.org/10.1088/1757-899x/1178/1/012027 

Lamatenggo, M., Wiranto, I., & Ridwan, W. (2020). Perancangan Balancing Robot Beroda Dua Dengan 

Metode Pengendali PID Berbasis Arduino Nano. Jambura Journal of Electrical and Electronics 

Engineering, 2(2), 39–43. https://doi.org/10.37905/jjeee.v2i2.6906 

Li, Y., Deng, S., Dong, X., Gong, R., & Gu, S. (2021). A Free Lunch From ANN: Towards Efficient, 

Accurate Spiking Neural Networks Calibration. 

McCormick, M. (2012). Waterfall vs. Agile Methodology. MPCS, N/A. 



474 Cantilever Jaw Measuring Instruments As Microcontroller Learning Trainers 
 
 

 

Meng, Y. (2022). Calibration Strategy of the JUNO Experiment. Proceedings of Science, 402. 

https://doi.org/10.22323/1.402.0239 

Mikalef, P., & Gupta, M. (2021). Artificial intelligence capability: Conceptualization, measurement 

calibration, and empirical study on its impact on organizational creativity and firm performance. 

Information and Management, 58(3), 103434. https://doi.org/10.1016/j.im.2021.103434 

Miró, A., Buscà, B., Arboix-Alió, J., Huertas, P., & Aguilera-Castells, J. (2023). Acute effects of jaw 

clenching while wearing a customized bite-aligning mouthguard on muscle activity and force 

production during maximal upper body isometric strength. Journal of Exercise Science and 

Fitness, 21(1), 157–164. https://doi.org/10.1016/j.jesf.2022.12.004 

Mohamed, K., Elgamal, H., & Kouritem, S. A. (2021). An experimental validation of a new shape 

optimization technique for piezoelectric harvesting cantilever beams. Alexandria Engineering 

Journal, 60(1), 1751–1766. https://doi.org/10.1016/j.aej.2020.11.024 

Myles, J., Alarcon, A., Amon, A., Sánchez, C., Everett, S., DeRose, J., McCullough, J., Gruen, D., 

Bernstein, G. M., Troxel, M. A., Dodelson, S., Campos, A., MacCrann, N., Yin, B., Raveri, M., 

Amara, A., Becker, M. R., Choi, A., Cordero, J., … Wester, W. (2021). Dark Energy Survey Year 

3 results: Redshift calibration of the weak lensing source galaxies. Monthly Notices of the Royal 

Astronomical Society, 505(3), 4249–4277. https://doi.org/10.1093/mnras/stab1515 

Oliver, R. ( dalam Zeithml.,  et. al. 2018 ). (2021). 済無No Title No Title No Title. Angewandte Chemie 

International Edition, 6(11), 951–952., VI(1), 2013–2015. 

Open Knowledge Maps. (2023). Research Gap. https://openknowledgemaps.org/ 

Rochman, S., & Yunianto, B. I. (2019). Prototype Automatic Lights Control System in the Mosque Area 

Based on Arduino Nano. BEST : Journal of Applied Electrical, Science, & Technology, 1(1), 32–

35. https://doi.org/10.36456/best.vol1.no1.2022 

Saffari, P. R., Fakhraie, M., & Roudbari, M. A. (2020). Nonlinear vibration of fluid conveying cantilever 

nanotube resting on visco-pasternak foundation using non-local strain gradient theory. Micro and 

Nano Letters, 15(3), 183–188. https://doi.org/10.1049/mnl.2019.0420 

Sakamoto, M. (2022). Estimating bite force in extinct dinosaurs using phylogenetically predicted 

physiological cross-sectional areas of jaw adductor muscles. PeerJ, 10. 

https://doi.org/10.7717/peerj.13731 

Saniman, S., Ramadhan, M., & Zulkarnain, I. (2020). Rancang Bangun Smart Glass Telemetri Tegangan 

Menggunakan Teknik Simplex Berbasis Arduino Nano. J-SISKO TECH (Jurnal Teknologi Sistem 

Informasi Dan Sistem Komputer TGD), 3(1), 12. https://doi.org/10.53513/jsk.v3i1.191 

Şengül Ayçiçek, G., Arık, G., Kızılarslanoğlu, M. C., Can, B., Yıkılgan, İ., Duymuş, M., & Ülger, Z. 

(2021). Jaw Bite Force to Predict Masseter Muscle Thickness and Swallowing Functions. Journal 

of Ankara University Faculty of Medicine, 74(2), 200–205. 

https://doi.org/10.4274/atfm.galenos.2021.38258 

Sihombing, Y. A., & Listiari, S. (2020). Detection of air temperature, humidity and soil pH by using 

DHT22 and pH sensor based Arduino nano microcontroller. AIP Conference Proceedings, 

2221(March). https://doi.org/10.1063/5.0003115 

Siregar, I. M., Yunus, M., & Siregar, V. M. M. (2023). A Prototype of Garbage Picker Ship Robot Using 

Arduino Nano Microcontroller. Internet of Things and Artificial Intelligence Journal, 2(3), 150–

168. https://doi.org/10.31763/iota.v2i3.540 

Tsai, W. P., Feng, D., Pan, M., Beck, H., Lawson, K., Yang, Y., Liu, J., & Shen, C. (2021). From 

calibration to parameter learning: Harnessing the scaling effects of big data in geoscientific 

modeling. Nature Communications, 12(1). https://doi.org/10.1038/s41467-021-26107-z 

Wang, L., Zhao, L., Jiang, Z., Luo, G., Yang, P., Han, X., Li, X., & Maeda, R. (2019). High accuracy 

comsol simulation method of bimorph cantilever for piezoelectric vibration energy harvesting. AIP 

Advances, 9(9). https://doi.org/10.1063/1.5119328 

Wittler, N., Roy, F., Pack, K., Werninghaus, M., Roy, A. S., Egger, D. J., Filipp, S., Wilhelm, F. K., & 

Machnes, S. (2021). Integrated Tool Set for Control, Calibration, and Characterization of Quantum 

Devices Applied to Superconducting Qubits. Physical Review Applied, 15(3), 1. 

https://doi.org/10.1103/PhysRevApplied.15.034080 

Yang, S., Liu, L., & Xu, M. (2021). Free Lunch for Few-shot Learning: Distribution Calibration. 1–13. 

Yang, Y., Allen, M., London, T., & Oancea, V. (2019). Residual Strain Predictions for a Powder Bed 

Fusion Inconel 625 Single Cantilever Part. Integrating Materials and Manufacturing Innovation, 

8(3), 294–304. https://doi.org/10.1007/s40192-019-00144-5 

Yoga Widiana, I. W., Raka Agung, I. G. A. P., & Rahardjo, P. (2019). Rancang Bangun Kendali 

Otomatis Lampu Dan Pendingin Ruangan Pada Ruang Perkuliahan Berbasis Mikrokontroler 



Ulfah Mediaty Arief et al. 475 

 

Migration Letters 

Arduino Nano. Jurnal SPEKTRUM, 6(2), 112. 

https://doi.org/10.24843/spektrum.2019.v06.i02.p16 

Zhong, Z., Cui, J., Liu, S., & Jia, J. (2021). Improving calibration for long-tailed recognition. 

Proceedings of the IEEE Computer Society Conference on Computer Vision and Pattern 

Recognition, 16484–16493. https://doi.org/10.1109/CVPR46437.2021.01622 

 


