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Abstract 

 

An Empirical Study using a Smart Eating-Speed 

Guide System 

 

In this paper, we present three prototype devices which can provide the 

user with appropriate eating speed guidance. The purpose of our study is to 

improve the user’s eating behavior by delivering real-time feedback while 

eating. The device measures the user's eating speed and delivers visual or 

tactile feedback. The study with the first prototype showed that the visual or 

tactile feedback of the device helps to maintain proper eating speed. However, 

the sensor attached to the chin and neck gave the user discomfort, and the 

meaning of visual feedback was not clearly communicated to the user. To 

improve these, the second prototype consisted of a wrist band and a device 

with an hourglass and a traffic light as a metaphor. In the usability test of this 

device, it was shown to be effective to have a proper eating speed and the 

accuracy of the device was high. We developed a portable third type to test 

for a longer period of time. For thirteen days, participants were tested for 

their effect on the eating-speed of the device through actual eating. The 

result from the test showed the person's self-efficacy according to the 

lighting and vibration feedback of the device varied from person to person. It 

is likely that users will be able to use it effectively if they set the lighting 

signal or vibration separately. 
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I. Introduction 

 

The increase in overweight and obesity is a major public health concern. 

Obesity is a known risk factor for numerous health problems, including 

hypertension, high cholesterol, diabetes, cardiovascular diseases, respiratory 

problems (asthma), musculoskeletal diseases (arthritis) and some forms of 

cancer [3,18]. One of the main reasons of overweight and obesity is eating too 

much calories. Various studies suggested monitoring systems for the detection 

of food intake and the classification of the types of food [1,7,11,22,25]. 

Another reason of overweight and obesity is to eat fast. In particular, fast-

eating behavior can be a possible cause not only for overweight and obesity 

but also for esophagitis. Slow-eating behavior, on the other hand, is beneficial 

in many ways. As we eat slowly, we can feel full and satisfied with lesser food. 

Slow eating also helps better digestion as we can chew more before we 

swallow. Thus slow eating can prevent possible risks and problems arising 

from fast eating (e.g., reflux esophagitis, obesity, etc.). 

 

People who have a habit of eating fast are hard to eat slowly. They try to 

eat slowly at first, but soon unconsciously eat fast due to their eating habits. 

Eating slowly is good for health, but there are very few studies on how to 

control the eating speed in an effective way and systematic manner. 

 

In this paper, we design and evaluate the feedback devices in order to 

guide the user’s eating speed without giving intrusiveness to the user. We 
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focus on the design process of our system that helps the user eat slowly (that 

is, in an appropriate speed) and evaluate the usability of our system. Our 

target users include patients who have obesity or dyspepsia as well as those 

who have a tendency of eating fast. Our device aims to help the users monitor 

their eating speeds by providing appropriate visual and/or tactile feedbacks. 

 

 

II. Related Work 

 

1. Effect of Eating-Speed 

 

Fast eating habit can be a cause for overweight and obesity. According to a 

research team at Nagoya University in Japan, eating quickly leads to more 

weight gain even with the same amount of food [20]. They figured out fast 

eating speed causes high possibility of hormone and insulin hypersecretion 

[21]. The number of chews per bite can also affect weight gain [8]. Eating 

quickly is also known to cause gastritis [15]. When eating slowly, the 

secretion of appetite-reducing hormones also increases [2], which means that 

the slower you eat, the lower appetite you have; thus, the less food you will 

consume. Westchester University of Pennsylvania suggests chewing your food 

30 to 50 times per mouthful. This will help slow you down, and mix the food 

thoroughly with saliva to help digestion [26]. 
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2. Monitoring of Eating Activity 

 

Many previous studies related to eating-monitoring systems have focused 

on the patients having obesity or digestive problems, providing functions such 

as monitoring eating behavior in daily living or calculating calories 

[1,7,11,22,25]. In those studies, sensors are attached to the chin, neck, or 

ears in order to monitor eating behaviors of users. For instance, a study on 

food intake measurement employed a necklace to which a piezo (piezoelectric) 

sensor was attached; the sensor measurements were used to detect food 

consumption and to classify the food types [7]. To distinguish daily activities 

from eating behaviors, some systems attached proximity sensors to an ear [1] 

or piezo sensors to the chin [11], enabling the system to recognize and 

distinguish patterns through the sensor values. 

 

Dong, et al. [25] introduced a system for detecting a bite by measuring the 

movement of the wrist. The use of a wrist band is more convenient and 

simpler than attaching sensors to the body. They conducted an accuracy test 

for their suggested algorithms to count the user’s bite numbers for each type 

of food. The result showed that the accuracy of wrist motion was high for food 

bites, but it was not for liquid bites relatively. 

 

Several previous studies on the systems that guide the right eating speed 

are as follows. The Kooijman Dish [12] delivers feedback via light by 

detecting changes in the weight of the food contained in a dish, which uses a 
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visual feedback for stimulating a good eating behavior. In her system, users 

check the light status (on or off) to control their eating speed. Slowee [10], a 

smart visual and tactile feedback device, aimed for guiding appropriate eating 

behavior via controlling chewing numbers and eating time. Their pilot study 

showed that number of chews and eating speed can be controlled when the 

users understood the meaning of the feedback in real time. In Slowee the 

sensors were attached in the chin and neck, which had disadvantages in 

usability. 

 

Inspired by these previous studies, our suggested system is designed to 

monitor the user’s eating speed by using a wristband-shaped system and to 

provide appropriate feedback accordingly. 

 

 

3. Observational Research for Monitoring Eating Habits 

 

Touvier et al. [14] applied 24-hour recall method to observe the eating 

habit of the users and interviewed them by telephone for self-recorded and 

specified data at every meal. The self-recording was through computer and 

pictures with breakfast/lunch/dinner, categories of food, amount of food, and 

its weight. In Bellisle, et al. [6] ’s study, the participants kept diet-diaries to 

figure out how meals and snacks affected on their diets. They recorded all 

food and fluid intakes, what they ate (snacks or meals). The weekly food diary 

also contained information on the circumstances such as time and place, 
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number of persons present, and affective states (hunger, thirst, mood, anxiety, 

palatability). 

 

 

4. Usability Analysis based on Health Behavior 

 

Traditionally, Technology Acceptance Model (TAM) has been often used to 

verify the usability of a new information system or device [19]. According to 

TAM, perceived usefulness and ease of use can explain the influence of the 

device on the user’s attitudes to the system [5]. The TAM is described also 

by adding a variety of factors in accordance with the purpose of the 

experimenter [23]. In this paper, we investigate the ease of use (e.g., 

discomfort or difficulty in handling when users use a device directly) and 

perceived usefulness causing positive experiences for controlling eating 

behavior. 

 

Theory of Reasoned Action (TRA), a theoretical background of TAM, is 

also used to describe health behaviors. This theory, however, has a limitation 

for explaining a variety of phenomena, because human beings are not always 

reasonable and rational [24]. To evaluate usability influenced by eating 

behavior, we thus adopted a planned behavior theory (PBT) dealing with 

perceived behavior control. We employ evaluation factors from TAM and PBT 

for qualitative analysis. 
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In this paper, we envision that our empirical study on the third prototype 

can draw a kind of social interaction model among individuals, the device, and 

a group of people who sharing the dining experience with our device. 

 

 

III. The 1st Prototype: A Real-Time Feedback 

Unit with EMG and PIEZO Sensors 

 

1. Design of the 1st Prototype 

 

The 1st Prototype consists of two units - a sensor unit and a feedback 

device unit. The former measures the user’s eating behavior and the latter 

delivers feedback to the user. The sensor unit consists of a headphone-

shaped EMG(Electromyography) sensor and a necklace-shaped piezo sensor, 

and the device unit consists of a light or a wristband. (See Figure 1) 
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Figure 1. Module Configuration 

 

 

Figure 2. Hardware 
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2. The Sensor Unit 

 

Figure 3. Attachment of Sensors 

 

We devised the wearable sensor shape to measure the chewing and 

swallowing behaviors of users as follows: ① The sensors are attached to both 

sides of the chin and to the neck of the user. ② The necklace-shaped piezo 

sensor is worn below the neck. ③,④ Three poles of the EMG sensor are 

embedded in the headphone-shaped module and attached to both sides of the 

chin. (See Figure 3) 

 

The movements of the user’s masticatory muscles are detected by the 

EMG sensor whenever the user chews food. Whenever the user swallows food, 

vibration occurs around the neck, and the piezo sensor detects this 

vibration.(See Figure 2) 

 

The sensor values are received and analyzed by Micro-

Controller(RFduino). The EMG sensor and piezo sensor values are collected 
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at one of the internal interrupts inside RFduino. Data collected at another 

interrupt, are analyzed and delivered via light or vibration feedback. 

 

 

Figure 4. EMG/Piezo sensor waveforms 

 

Figure 4 shows that two different waveforms periodically occur when the 

sensors are attached to the user. The left one (Figure 4a) illustrates the 

waveforms at the normal eating speed and the right one (Figure 4b) shows 

those at the fast eating speed. The upper waveform in each figure appears 

from the EMG sensor when the user chews food; the lower waveforms (larger 

than the noise value) are shown from the piezo sensor when the user 

swallows. As you can see in the figure, the number of spikes (i.e., the number 

of swallows) increases in the lower waveforms as the user eat fast. The 

number of chews per swallow also decreases as the user eat fast. 

 

As the waveform amplitude of the EMG/ piezo sensor value varies from 

individual to individual, each user has to set the threshold value for the sensor 

to themselves. The median value of the amplitude received from the sensor 
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for 10 swallows of food is obtained for each user and a half of this median 

value is set as the threshold. When the amplitude of each sensor calculated in 

real time exceeds the threshold, it can be detected. Based on the detected 

data, we calculated the number of chews, the number of swallows, and the 

whole eating time. 

 

 

Figure 5. Feedback using a Light and Vibration through the wristband 

 

The 1st Prototype provides two types of feedback – visual feedback using a 

light and tactile feedback using vibration at a wristband. Adafruit Neopixel 

RGB LED Strips were used as the device to display the colored lighting; they 

emit RGB values set at the 30 LEDs. As the color of the light we chose either 

yellow or blue. A vibration motor (running at 3V and rotating at 9000±2000 

rpm) was used to produce vibration at the wrist (See Figure 2b and Figure 5). 

 

 

3. Performance Test 
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Figure 6. Equation for Accuracy and Precision. 

 

As a performance test, we conducted an accuracy test by recruiting 10 

participants in their 20s (five males and five females). Accuracy of measuring 

chewing motions and swallowing motions was calculated according to the 

formula as in Figure 6. 

 

The four cases in accuracy were determined as follows: 

1) True Positive (TP): if the measured value is true when the user takes 

food. 

2) True Negative (TN): if the measured value is false when the user does 

not take food. 

3) False Positive (FP): if the measured value is true when the user does 

not take food.  

4) False Negative (FN): if the measured value is false when the user takes 

food. 

 

The accuracy of chewing motion was relatively higher than that of 

swallowing motion (.938 and .794, respectively). We speculate that it is 

because chewing motion is measured by muscle movements, so that it is not 

significantly different from person to person. Swallowing motion, on the other 
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hand, is measured via the piezo sensor, which is sensitive to unnecessary 

motions. If the attached area is fixed, its accuracy would be high. As we eat 

food, however, the mouth or neck moves from side to side, which can possibly 

make errors. 

 

 

4. Pilot Study 

 

As a pilot study to investigate the usability of our device, we recruited 10 study 

participants (4 females, 6 males; age from 19 to 26, average 22.7); they are different 

from the participants at the accuracy test. All tests was conducted in the laboratory. 

While potato chips are not representative of all the food types, but we 

selected them because they were often used in previous studies 

[7,10,11,17,25]. The main purpose of the pilot study is to measure the influence of 

the feedback devices (LED Lights Vs. Wristband Vibration) on the user’s chewing 

habits (such as number of chews, number of swallows, and the whole eating time, 

etc.). 

 

Procedure 

For each participant, tests were conducted intermittently for six times (twice a day 

for three days). A total of six meals were provided, with 30 grams of potato chips per 

test. Test videos were recorded, and the number of chews, the number of swallows, 

and the eating time were analyzed from the recorded video.  

 

- Test 1 (“(-)control”): normal state without the device. 

- Test 2 (“only device”): wearing the device without feedback. 
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- Test 3 (“light”): wearing the device with light feedback delivered. 

- Test 4 (“vibe”): wearing the device with vibration feedback delivered. 

- Test 5 (“light(perc)”): wearing the device with light feedback. The participants 

were informed that the light would turn on blue when the number of chews per 

swallow is less than the recommended number (‘perc’ means “perceived the informed 

facts”). 

- Test 6 (“vibe(perc)”): wearing the device with vibration feedback delivered. Prior 

to this, The participants were informed that the wristband would vibrate when the 

number of chews per swallow is less than the recommended number. 

 

Test 1 was conducted without any control variable to see normal eating habits of 

the user. Test 2 was conducted to check the effect of the device wearing. Test 3 and 

4 were conducted to investigate the effect of wearing the device with feedback with 

no prior explanation. Test 5 and 6 were conducted to check if there would be any 

differences when the participants were fully aware of the device’s functions. For 

cancelling possible ordering effects, five of the participants underwent the light test 

followed by the vibration test, and the other five participants underwent the vibration 

test first followed by the light test. 

 

 

Table 1. Comparison of the number of chews 

Mean : 346, 345, 549, 541 
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SD : 135, 70, 260, 180 

 

 

 

Table 2. Comparison of chews per swallow 

Mean : 11.9, 11.2, 15.8, 16.6 

SD : 2.9, 3.2, 4.7, 5.5 

 

 

Table 3. Comparison of the eating time (seconds) 

Mean : 306, 315, 359, 418 

SD : 166, 87, 178, 232 

 

 

5. Result and Discussion 

 

The six test conditions revealed a significant difference in results between 

Test 1 and Test 5 and 6, in which each function of the device was explicitly 
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explained to the user. There was no significant difference between Test 1 and 

Test 3 and 4, which indicates that user’s awareness of the meaning of the 

feedback device is essential to improve the user’s eating habit. Tables 1 

through 3 compare the statistics (mean and SD) in Test 1, 2, 5 and 6 for the 

number of chews, the number of chews per swallow, and the whole eating time, 

respectively. 

 

As shown in Table 1, the overall average number of chews by the 

participants was increased (57.7% on average) when they were wearing the 

device (and being aware of the feedback meanings) compared to that when 

they did not wear the device. T-test shows that there is a significant 

difference between Test 1 and Test 5/Test 6 (plight(perc)=0.007, 

pvibe(perc)=0.0002). There was no significant difference in the numbers of 

chews between light feedback and vibration feedback. As for the number of 

swallows for the different test rounds, no significant difference was shown. 

 

Table 2 compares the average number of chews per swallow by different 

test rounds. T-test shows that the number of chews per swallow increased 

significantly when the participants were informed of the device’s functions 

compared to that when they either wore no device or received no feedback 

(plight(perc)=0.009, pvibe(perc)=0.001). There was also no significant 

difference between light feedback and vibration feedback. 

 

As for the average eating time, T-test shows that there was a significant 
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difference between Test 1 and Test 6 (pvibe(perc)=0.02). There was no 

significant difference between Test 1 and Test 5(plight(perc)=0.07)(See 

Table 3). 

 

After the six tests were done, the participants answered a survey 

questionnaire on the usefulness and intrusiveness of the device via the 5-

point Likert-scale(1: Strongly disagree; 5: Strongly agree). The participants’ 

mean scores of the questions about whether the user’s control of the number 

of the chews is affected by the changes in light and vibration were 3.8 and 4.0, 

respectively. Responses about whether food intake was interrupted by light or 

vibration were 2.1 and 2.8, respectively, indicating that light was less intrusive 

than vibration. 

 

   We showed that the first prototype can make positive influence on the 

user’s immediate behavioral improvements. But users feel uncomfortable with 

sensors attached to the chin and neck, and the accuracy of detecting 

swallowing is low. In the next prototype, we would improve based on the 

following three points. 

 

- The user should be comfortable to wear. 

- The user should be more aware. 

- Accuracy of measurement should be improved. 

 

 

 



  

17 

 

IV. The 2nd Prototype : A Real-Time Tabletop 

Feedback Unit with a Wristband 

 

1. Design of the 2nd Prototype 

 

To improve the inconvenience of wearing the first prototype, we started 

the ideation from wristband. A wristband is a convenient form to keep track of 

the user’s physical activities. People often wear a band around their wrists as 

accessories such as watches or bracelets. Thus the form of a wrist watch is 

beneficial to the users in terms of availability and unobtrusiveness [13]. In 

addition, a study showed that the wrist appeared to be visually more 

accessible than other body parts or accessories (such as arm, shoulder, thigh, 

waist; brooch, shoe) [4]. It is why many smart watches and wristband-

shaped activity trackers are so popular these days. Therefore, we suggest an 

eating-speed guide device in the form of a wristband. 

 

We also introduced a tabletop with a metaphor of traffic light and hourglass 

to make it easy for the user to understand. The system comprises a wristband 

unit and a tabletop unit. The tabletop unit can be placed on the table.  

 

We chose two different feedback methods. The visual feedback was 

implemented as a tabletop unit with the traffic light metaphor and a form of an 

hourglass (See Figure 7). The tactile feedback was implemented in the 
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wristband unit. 

 

The wristband unit measures the user’s motion of her bite and sends tactile 

feedback to the user when she eats faster than the pre-established time for a 

bite. The tabletop unit shows visual feedback delivered from the wristband 

unit. 

 

 

Figure 7. Tabletop Unit as Visual Feedback 

with the Metaphor of Traffic Lights and a Form of an Hourglass 

 

 

2. Hardware Configuration  
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Figure 8. System Hardware. 

 (a) Wristband Unit (① Coin battery, ② Battery adapter, ③ MPU-6050 

(Accelerometer / Gyro), ④ Blueinno2, ⑤ Vibration Motor, ⑥ Body using 3D printing, 

⑦ Wrist Strap);  

(b) Tabletop Unit (① Blueinno2, ② Arduino Pro Mini, ③ 33 RGB LEDs, ④ Battery, ⑤ 

Recharge Jack, ⑥ Body Cutting Acrylic, ⑦ Top & Bottom using 3D printing). 

 

 

Figure 8 shows the hardware parts of our system. In Figure 8a (wristband 

unit), Blueinno2 is a microcontroller development board based on Arduino and 

calculates the movement of the wristband based on the raw data of MPU-

6050 (Accelerometer and Gyro sensor) through SPI telecommunication. 

Depending on the result of the calculation, it activates Vibration Motor. The 

calculated results are transferred to the tabletop unit through Bluetooth in 

Blueinno2. It uses Bluetooth 4.0; the wristband works as slave, and the 

tabletop works as master. In Figure 8b (Tabletop unit), the wristband sends 

the measured values through Bluetooth signal and the Blueinno2 in the 

Tabletop receives these signal values. Based on the received signal values, it 
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controls 33 RGB LEDs. 

 

 

3. A Scenario of Visual Feedback 

 

A scenario for visual feedback is as follows. Put the tabletop unit on a table. 

When the user turns on the device, all LEDs in the device turn into green 

(Figure 7a). If the user starts her motion of a bite, the LED color of the device 

turns into yellow and it fades out gradually from the top (Figure 7b). After the 

yellow color comes off completely, it turns into green again. If the user acts 

her motion of a bite during the yellow light, it turns into red light (Figure 7c). 

The red color turns into green color after a certain period of time passes. 

 

The tabletop unit implies a metaphor of traffic lights and has a form of an 

hourglass. The LED colors of the device has the same meaning as those of the 

traffic lights – “which is green for go-ahead and red for stop. When the green 

light is on, users are allowed to eat; when the red light is on, they are 

supposed to stop eating. When the yellow light is on, it fades gradually out 

from the top to bottom like sand falling down in the hourglass. The purpose of 

this action is to let the user know about the time of each bite. Regarding the 

visual feedback using the tabletop unit, we set up the following two 

hypotheses: 

 

- Hypothesis 1: When the user watches the LED color change of the tabletop 
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device, the user’s total eating time will increase. 

- Hypothesis 2: When the user watches the LED color change of the tabletop 

device, the user’s chewing numbers per bite will increase.  

 

Without the tabletop unit, tactile feedback can be transferred through the 

wristband unit. When the user eats faster than the pre-defined time for a bite, 

a vibration motor is activated and a gentle vibration is transferred to the 

user’s feedback for 2 seconds. The time setting for the tactile feedback is the 

same as that for the tabletop unit. Regarding the tactile feedback using the 

wristband unit, we set up the following two hypotheses: 

 

- Hypothesis 3: When the user checks the vibration from the wristband, the 

user’s total eating time will increase.  

- Hypothesis 4: When the user checks the vibration from the wristband, the 

user’s chewing numbers per bite will increase. 

 

 

4. Algorithm for Detecting a Bite 

 

This subsection explains about how to measure the user’s motion of a bite. 

Dong, et al. [25]’s study proposed a noble method for measuring food intake 

via automated tracking of wrist motion. Their paper showed high accuracy in 

eating solid foods by using gyro-scope values. 
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We also used gyro-scope values to measure biting motion in real time via a 

portable wristband. In addition to the biting motion measurements which have 

been implemented in other papers, we have also implemented the function to 

notify when a eating speed is faster than proper. The implementation method 

is as follows. 

 

Blueinno2 receives data of MPU-6050 through I2C (Inter Integrated 

Circuit) about x, y, z axis values from Accelerometer and Gyro. Based on 

these data, it figures out the movement of the wrist. The default sensitive 

setting value of MPU-6050 is 250 degrees/sec. Gyro sensor value output 

range is 250 degrees/sec and its value is 16383 [16]. It monitors sensor 

value in 100msec period. If one of x, y, z axis of the wrist motion rotates more 

than 70 degrees/sec for 200msec, it determines as the motion of a bite. 

 

In addition, we use two types of time for the device settings – (1) time to 

move for a bite; (2) time to fully chew for a bite. During the time for a bite to 

move, no feedback is sent. After the time for a bite to move passes, visual 

and/or tactile feedback is sent during the time to fully chew for a bite. 

 

 

5. Performance Test 

 

As a performance test, we conducted an accuracy test by recruiting 15 

voluntary participants in their 20s (7 females and 8 males). Each participant 
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consumed 30 grams of potato chips. We experimented with the tests and 

formula we used in 3.3. 

Accuracy was 0.9673 and precision was 0.9659. The main reason for the 

error was because the system counted extra motions as motions of a bite. 

 

 

6. Pilot Study  

 

We conducted a pilot study (n = 45; 22 women and 23 men; ages from 17 

to 31 with average 22.68) to investigate if there are any differences in 

usability and significance between visual feedback and tactile feedback.  

 

Participants were voluntarily recruited from the university students. The 

study proceeded in the same environment as in the performance test. Each 

participant ingested about 30 grams of potato chips with no time limit. We 

divided 45 participants randomly into three groups: Group A (“Control”: 8 

women, 7 men – without device), Group B (“Visual”: 7 women, 8 men – with 

visual feedback), and Group C (“Tactile”: 7 women, 8 men – with tactile 

feedback). The participants in Group B were explained saying “This device 

shows green, yellow, or red light. If the time for your food-eating is less than 

a certain period of time, the red light will appear.” The participants in Group C 

were explained saying “If the time for your food-eating is less than a certain 

period of time, the wristband will let you know through vibration.” 
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Under the participants’ consent we video-recorded them to analyze the 

number of chews, time, the number of swallows, and the number of picking up 

food. After the completion of the study, they filled out the survey 

questionnaire.  

 

Through the analysis of the recorded video of Group A, we derived the two 

required time values (time to move for a bite and time to fully chew for a bite) 

for setting our device used for the participants in Group B and Group C. As it 

took maximum 6.72 seconds for the participants in Group A to put potato chip 

in their mouth, we set 7 seconds for the time to move for a bite.  As it took 

maximum 20.78 seconds to eat each potato chip, we set the time to fully chew 

for a bite as 30 seconds. 

 

 

7. Result 

 

We compared eating time, the number of chews per bite, the number of 

bites for Group A(“Control”), Group B(“Visual”) and Group C(“Tactile”). To 

investigate if there are any statistical differences of the mean values among 

groups, we ran the one-way analysis of variance (ANOVA). There were 

significant effects for the overall eating time, F(2, 41)=8.46, p<.01, for the 

number of bite, F(2, 41)=7.64, p<.01, and for the number of chews, F(2, 

41)=6.72, p<.01. But there is no significant effect for the number of chews for 

bite (p=.13). In the above results, we found that there was a difference 
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between total eating time, number of times and number of chews. And then we 

looked at the difference between the groups through the post-hoc test. 

Though the Scheffe post-hoc test, as for the overall eating time, there were 

significant differences (p = 0.012 between “Control” group and “Visual” group; 

p = 0.001 between “Control” group and “Tactile” group. The above results 

showed that both Visual and Tactile feedbacks are effective in increasing the 

user’s mealtime. Hypotheses 1 and 3 were accepted by the above results. As 

for the number of chews for bite, there was no difference between groups (p > 

0.1). The above results show that both Visual and Tactile feedbacks did not 

increase the user’s number of chews for bite. Thus Hypotheses 2 and 4 were 

rejected by the above results. Regarding the total number of bites, there was a 

significant difference between “Control” group and “Tactile” group (p = 0.002) 

and no difference between “Control” and “Tactile” group (p > 0.3). The 

difference (i.e., increase) in the number of bites for the same amount implies 

that the participants in the tactile group consumed smaller amount of potato 

per each bite. (See Table 4)  
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Table 4. Quantified Comparison among group 

(a) Comparison of the eating time (seconds) 

(Mean: 297.80, 552.87, 615.27; SD: 149.12, 199.37, 292.45 

(b) Comparison of chews for bite 

(Mean: 350.73, 552.67, 701.80; SD: 129.67, 187.25, 390.53) 

(c) Comparison of the total number of bites 

(Mean: 32.07, 39.07, 49.40; SD: 10.39, 12.90, 14.18) 

 

The survey questionnaire included questions for the intrusiveness of the 

device (“Were you interrupted by this device when eating?”), ease of 

recognition (“Did you easily recognized the feedback - light 

change/vibration?), and the influence of the device (“Did the device’s 

feedback -light change/vibration - have an effect on your eating?”) using the 

5-point Likert-scale (1: Not at all; 3: medium; 5: Very much). First, the mean 

ratings for the device’s intrusiveness were 2.06 for the visual group and 3.13 

for the tactile group. Next, the mean ratings for the ease of feedback 

recognition were high for both groups – 4.33 for the visual group and 4.13 for 

the tactile group. Finally, the mean ratings for the device’s influence on eating 

were 3.0 for the visual group and 3.13 for the tactile group. 
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8. Discussion 

 

The analysis of the recorded video showed that there were several 

participants who stopped eating and were waiting for the signal for the next 

bite. We asked them about their behaviors and they answered that they did 

because they thought they were eating fast due to the feedback. In the similar 

vein, several participants in the tactile group told us that they would eat at 

appropriate speed if the device let them know when to eat the next bite. 

 

The pilot study showed that both visual and tactile feedback could 

contribute to reducing the user’s eating-speed. Furthermore, tactile feedback 

could possibly reduce a total amount per bite. Based on the results from this 

pilot study, we updated our device and conducted another pilot study for a 

longer period of time (13 days), which is described in the next section. 

 

 

V. The 3rd Prototype: An Integrated Device 

Considering Oriental Dining Culture 

 

1. Design of the 3rd Prototype 
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Our third prototype is designed focusing on portability based on the results 

of the study with the first prototype. As shown in Figure 9, we improved the 

wristband device by attaching four LEDs onto the wristband, based on the 

opinions from the participants in the tactile feedback group – letting them 

know about the time period of a bite – in the previous study. When the device 

turns on, the LED lights up after initialization (Figure 9a). If it lights up like 

this (that is, the first and the fourth LEDs on; the second and the third LEDs 

off), it means ready for use. The four LEDs will be on when the user acts the 

motion of a bite (Figure 9b), and they will turn off one by one according to the 

setting value of the time to fully chew for a bite. If the user moves the 

wristband before all LEDs off, it will let the user know about it through 

vibration. 

 

 

Figure 9. Different LED uses of the 2nd prototype 

(a: ready state; b: onset of a bite). 

 

 

2. Hardware Configuration 

 

Figure 10 shows the hardware configuration of our updated wristband. 
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Compared with the wristband shown in Figure 8a, updated are two 

functionalities – LEDs and a micro SD card adapter. 

 

The first updated function is 4 yellow LEDs (⑤ in Figure 10). As explained 

above, the period of one bite is represented as four LEDs. If the wristband 

detects the user’s motion of a bite, all the four LEDs turn on. Based on the 

user’s setting time, the LEDs turn off one by one. Starting from the four LEDs 

on, the time for a bite for the user is measured when the four LEDs off. When 

all the four LEDs are off, it starts to detect the user’s motion again. 

 

The second updated function is Micro SD Card Adapter (⑦ in Figure 10). 

When the power of wristband is on, it saves data every second with the format 

of running time, status (ready, eating, violation), motion changes, and vibration 

alarm. 

 

 

Figure 10. Hardware of Our Integrated Device 

(① Cover ② Blueinno2 ③ MPU-6050(Accelerometer/Gyro) ④ Blueinno2 ⑤ 4 
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Yellow LEDs ⑥ Vibration Motor ⑦ Micro SD Card Adapter). 

 

3. Method 

 

To investigate the usability of our updated prototype and its effect on the 

user’s behavior change, we conducted a relatively long-term (13 days) study. 

 

Participants 

We recruited eight volunteering participants (four males and four females) 

who had motivation to monitor weight. The four male participants were in the 

obesity BMI (Body Mass Index) range and the four female participants were 

on their diet. The average age of male participants was 27.75 years 

(SD=4.27), the BMI of those was 31.28(SD=6.00). The average age of male 

participants was 25.00 years (SD=2.00), the BMI of those was 20.70 

(SD=0.89). 

 

After recruiting, we explained the participants about the purpose of our 

study – to find out eating behaviors by using the device. Then we told them 

the procedure and any possible inconvenience that this study might cause. 

Finally, we addressed them that it was entirely up to them whether to continue 

the study or not. They were also told that they can stop the study any time if 

they don’t want any more. 

 

Procedure 

In the study with the first prototype, the default setting value for eating 
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time was based on eating potato chips. In this study, similarly, the default 

setting value for eating time was based on eating a typical Korean meal which 

usually consists of a bowl of rice, a bowl of soup, and several side dishes as in 

Figure 11. 

 

 

Figure 11. Example of a Typical Korean meal. 

 

Before the study, as the eating time could be different between male and 

female, we asked the participants to self-record a video about their eating 

Korean meals. Particularly we asked them to chew at least 30 times for a bite 

and to repeat it at least 15 times when eating. Through the analysis of their 

self-recorded video, we figured out the period of a bite (15 seconds for the 

female participant; 10 seconds for the male participants) and the period of 

chewing 30 times (36 seconds for the female participant; 29 seconds on 

average for the male participants). Based on these values we set up different 

time settings of for each participant. The study proceeded with the following 

three phases. 
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- First phase (3 days): With device and no feedback 

- Second phase (7 days): With device and vibration feedback with LED timer 

- Third phase (3 days): With device and no feedback 

 

The purpose of the first phase was to obtain data about the participants’ 

normal eating habit (i.e., eating speed). The second phase was expected to be 

in the changing process of their eating speeds. Finally, the third phase was to 

investigate whether their eating speeds could be still controlled without the 

help of the device feedback. 

 

Before the study proceeded, the participants filled out a survey 

questionnaire about their eating habits and their expectations for the device. 

The study did not put any restrictions on place and food. Depending on the 

type of food and the location of the meal, the results of the study may be 

affected. The participants were also asked to keep writing photo and daily 

diaries. Through the photo diary, they recorded what they ate. In the daily 

diary, they wrote how many times they ate, place, time, feeling, number of 

people accompanied, taste, excitement, and the amount of food. Furthermore, 

they were asked to write what they eat when they could not take photo diary. 

Daily diary was written by using a Google survey form. 

 

Every time they finished each phase, we interviewed them to obtain the 

feedback from them. Finally, after the participants finished the 3rd phase, we 

interviewed them if there were any differences before and after the study. 
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4. Quantitative Analysis  

 

Using the log files stored in the Micro SD card in the wristband, we 

compared the data in the first phase with those in the third phase. The paired 

t-test showed that there was difference (decrease) for the female 

participants in the number of bites that violated the expected number of bites 

per total bites, t(13)=3.23, p=0.007, and for the male participants, 

t(13)=3.82, p=0.002. As for the time (seconds) per bite, there was also 

difference (increase) for the female participants, t(13)=-3.32, p=0.006, but 

no difference for the male participants, p>0.05. As for the number of bites that 

violated the expected number of bites per minute, there was also difference 

(decrease) for the female participants, t(13)=3.69, p=0.003, and also 

difference for the male participants, t(13)=2.64, p=0.02. That is, both female 

participants and male participants could eat slowly (i.e., less bite numbers and 

longer duration per bite) in the third phase of the study without the help of 

feedback from the device (see Figure 8 for the details). 
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Table 5. Comparison between the 1st Phase and 3rd Phase (Female group) 

(a) Violation Rates for the Total Bites (%) (Mean: 71.64, 62.73; SD: 6.40, 10.58);  

(b) Time per Bite (Seconds) (Mean: 6.13, 8.49; SD: 1.01, 2.18) 

(c) Violation Bites per Minute (Mean: 7.34, 5.12; SD: 1.82, 1.93) 

 

 

Table 6. Comparison between the 1st Phase and 3rd Phase (Male group) 

(a) Violation Rates for the Total Bites (%) (Mean: 67.11, 50.21; SD: 

6.19,17.69);  

(b) Time per Bite (Seconds) (Mean: 6.23, 6.62; SD: 1.64, 1.35);  

(c) Violation Bites per Minute (Mean: 7.09, 5.07; SD: 2.17, 3.09) 

 

 

5. Qualitative Analysis  
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The survey interview was conducted considering the followings. First, the 

participant’s perceived ease of use and usefulness of the device were 

investigated, from the Technology Acceptance Model (TAM). Next, we 

examined the participant’s attitude to eating behavior, subjective norm, and 

perceived behavior control since usability may depend on their dining 

environments. It can explain the participant’s health behavior based on the 

Theory of Planned Behavior (TPB). The analysis was made through an 

interview along with the questionnaire results and the diaries written by the 

participants. The interview was conducted for one hour on the last day in each 

phase of the study. We employed an integrated model using the two models, 

since both technological satisfaction and the user’s overall tendency toward 

health behavior need to be considered in intention-relating healthcare domain. 

 

Attitude to eating behavior 

Overall the participants considered that eating behavior is important, which 

often prevented them from fully enjoying their meals. In other words, they 

frequently had a feeling that eating meals is a serious task with specific goals. 

 

F1: “While being on a diet I used to delay any eating until the next morning. So 

I feel happy when I eat but I feel guilty at the same time.” 

M1: “In my case, eating is similar to working. Calculation of calorie for 

maintaining my weight is like a duty to me. So, if I begin to enjoy having meals, 

I would definitely never control myself.” 
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It is found out that the participants used to set up a goal depending on the 

foods when they ate. Thus they easily felt some sort of guilt either when they 

could not achieve their own goals or when they violated their own rules about 

the foods. The participants replied that it is important for the device to help 

and guide them to achieve their goals.  

 

M2: “Even when I don’t use the system, I hope that it can remind me of 

controlling my eating speed. Like - Oh, I have to eat slowly now.” 

F1: “I think, like me, many people may want to change their eating habits. 

Usually, however, they just do not think about that while eating. So it will be 

great if the system can collect data and automatically notice the user about his 

or her eating habit.” 

 

Perceived ease of use 

We investigated whether the participants had any difficulties during their 

use of the device. They had no difficulties either in the usage of the device or 

in the signals delivered from the device. They easily recognized the meaning 

of the tactile feedback (i.e., vibration) and that of LED lights while eating 

meals. They were also satisfied with the overall process related to wearing 

and operating the device. 

The most uncomfortable experience of participants in this experiment is the 

process of wearing device. They felt uncomfortable at the part where they had 

to wear the device every meal, and they also said that it would be convenient 
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to keep it in the same way as a regular watch. 

 

F3 : “The process of wearing device before eating was very troublesome. It 

was also uncomfortable that other people watched me when I wore the device.” 

M4 : “It was inconvenient that I have to wear the device every during meals. If 

I continue to wear it all day, I can use it more conveniently.” 

 

People usually eat meals with their non-wearing hand. The equipment we 

suggest was awkward or uncomfortable because participants had to wear 

device on the eating hand. 

 

M2 : “There was a sense of awkwardness and uncomfortable feeling when I 

wore the device on my right hand.” 

 

It was inconvenient that participants had to turn their wrists when they saw 

lighting notices. They wanted it to be in a more comfortable place. Participants 

did not feel uncomfortable with the size and weight of the device, but they 

wish it would be great if it was a smart band type which is always wearable 

and inconspicuous. 

 

M3 : “The LED size of the device was small and it was uncomfortable to turn 

the wrist every time. I hope that it would be easier to see.” 

 

Perceived usefulness 
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Participants responded that the provision of objective information had 

helped them regulate their eating behaviors. After the completion of the third 

phase in the study, the participants were asked how well the change of their 

eating behaviors, if any, was maintaining. They replied that the provision of 

information on how well they were doing would be necessary even though 

they were well aware that they need to eat slowly. 

 

F1: “I think that the device has some pros and cons. But one thing for sure, I 

ate more slowly than before.” 

M1: “One positive change was that I ate only one dish at a time as I was 

chewing more.” 

M2: “Even without controlling the eating speed, I need the device because I 

can pay my attention to my eating behavior. Without the device, I might turn 

back again.” 

M2 : “There is time to vibrate during picking upside dishes. Especially when 

there are many kinds of food.” 

 

Korean-style meals usually require several dishes and bowls during meal 

time, and Koreans usually eat small portions from several dishes for a bite. 

For this reason, there were often situations where several sequential moves 

should be considered as a single movement for a bite, which was not correctly 

measured at the current stage of our device. The male participant stated that 

he tended to ignore the whole feedback from the device when it mistakenly 

sent the vibration alarm. 
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M1: “In my opinion, it would be better not to use when I am so hungry. This 

device seemed to ignore my contextual situation.” 

M2: “I often felt I was tamed to the device. For example, I had set a dining 

table for the device to detect properly.” 

 

Overall, participants used expression that the device’s vibration alert is a 

little stress rather than disturbing the eating environment. 

 

Subjective Norm 

From the social viewpoint, dining types can be divided into two – either 

eating alone or eating with company. For this reason, in addition to the 

usability factors such as ease of use and perceived usefulness, the notion of 

subjective norm needs to be considered. 

 

F3 : “It was annoying to explain the purpose of device for everyone who has 

not seen the device. I want it to be a smart band, not a prototype.” 

M2 : “While eating meals with other people, I explained what the device was 

and used for.” 

 

Participants said that people who had a meal together wondered what the 

device was and they had to answer it. The appearance of the device was not a 

general smart band but a prototype, so that it attracted people’s attention. 

They said if the device is a regular smart band, they would feel free to use it 
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while having meals with other people. 

 

M1: “Light feedback seemed unnatural for me when I have my company. I had 

to keep checking about my company’s responses whenever I took a look at the 

light feedback.” 

M3 : “I do not think there was a difference between when I ate alone and ate 

with others. Having a meal with talking to other people seems to take longer to 

eat.” 

F1: “Although I was wearing the device, I wanted to focus on my friends 

whom I had not seen for a while. In that case I rarely followed the guide of the 

device.” 

 

The participants mentioned that their friends or company during the dining 

showed great interests on the device that they wore. Some participants stated 

that the attention from his dining company made him uncomfortable for eating, 

but other participants said that they did not care about it. Participants 

commonly mentioned that they sometimes had to ignore the feedback alert 

from the device depending on the types and purposes of the meals. 

 

Perceived Behavioral Control 

Perceived behavioral control can be often related to self-efficacy, and 

technological support may help the users change their behaviors. In this study, 

it is the device’s LED signal and vibration alert that drives behavioral changes 

to the user. According to the lighting and vibration of the device, self-efficacy 
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appears depends on participants.  

 

M3 : “Vibrations from device niggled me a lot. I do not want to adjust the 

speed of the meal because of the vibration. It is helpful to control myself by 

watching the lights of device.” 

F2 : “Device vibrated when my meal speeded up without knowing it, and it 

helped to control the speed.” 

 

Most participants said that vibration was the most bothering thing when 

comparing the light and vibration from the device. Some participants said that 

they did not want to adjust speed of the meal because of the vibration, rather 

than their willingness to adjust the speed. On the other hand, some 

participants responded that vibration helped to adjust speed of the meal 

especially getting faster. 

 

F4 : “I feel like I get to eat fast when I am hungry, and the speed varies 

depending on the type of meal.” 

M4 : “When I had a heavy schedule, my mind was urgent, so I eat quickly.” 

 

Participants said that the speed of eating varied according to the feeling of 

hunger, kinds of meal and schedule. 

 

 

6. Discussion 



  

42 

 

 

Regarding their attitudes to eating behaviors, according to the planned 

behavior model, the participants showed a positive tendency to the intended 

action to control their eating speed. Quantitative analysis also showed that the 

feedback of the device could reduce the violation bites of the participants. 

 

At the interview on the last day of the study, we asked the participants to 

say freely about any improvement of the device. Most participants wanted to 

have a smaller and less-noticeable device. They also wanted to wear it all the 

time and it turns on automatically when they eat foods. Some female 

participants said that it would be good if they could share what they ate and 

how they felt via social network systems such as Facebook or Twitter, which 

they believed could make positive effect on them in terms of motivation. 

 

Lighting and vibration feedback of the device showed different self-

efficacy according to each individual. It is expected that users use it 

effectively after reviewing and modifying each setting individually. 

 

The result of study showed that depending on the type of meal, device 

delivered inappropriate notifications. Algorithm for distinguishing between 

situations where a false positive measured on a device in a real meal needs to 

be improved. 
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VI. Conclusion and Future work 

 

In this paper we presented three prototypes for measuring the user’s 

eating speed and giving him appropriate feedback with either visual or tactile 

modality. The results from the study with the first and second prototype 

device showed that there was an increase in overall eating time through the 

feedbacks. Based on the usability problem of the first prototype, we improved 

and verified it in the second prototype. Also the study with the third prototype 

experiment showed that it is effective in controlling meal speed in real meals. 

 

However, each participant had different preferences for visual or tactile 

feedback. This part seems to need to set differently depending on the type of 

meal or situation through individual settings. In addition, according to the 

eating situation, although it was not eating motion, device measured it as biting 

motion(false positive). In this case, device needs an algorithm that recognizes 

and identifies false positive situations. In the future work, we will focus on 

these issues and improve the usability of the meal speed guide device. 
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논문요약 

 

스마트 식사 속도 가이드 시스템에 대한 실증 연구 

 

성균관대학교 

휴먼ICT융합학과 

김주희 

 

본 논문에서는 적절한 식사 속도를 가이드 하는 기기를 소개한다. 본 연구의 

목적은 사용자가 디자인한 기기를 착용하고 식사하는 동안 기기의 피드백을 통해서 

적절한 식사 속도를 갖는 것이다. 기기는 사용자의 식사 속도를 측정하고 시각적 

혹은 촉각적 피드백을 전달하는 기능을 갖고 있다. 첫번째 프로토타입의 실험을 

통해서 기기의 시각적, 촉각적인 피드백을 통해 적절한 식사 속도를 갖는데 도움을 

주었다. 다만 턱과 목에 부착한 센서가 사용자에게 불편함을 주고, 시각적인 의미가 

사용자에게 명확하게 전달되지 않았다. 두번째 프로토타입에서 이를 개선하여 

모래시계와 신호등을 메타포로 한 디바이스와 손목 밴드로 구성했다. 이 기기의 

사용성 실험에서 적절한 식사 속도를 갖는 데 도움을 주고, 기기의 정확성이 높은 

것으로 나타났다. 우리는 좀더 오랜 기간을 테스트하기 위해 휴대 가능한 세번째 

타입을 제작했다. 피험자들 대상으로 13일 동안 실제 식사를 통해 기기가 주는 

식사 속도에 대한 효과를 테스트했다. 테스트 결과, 기기의 조명과 진동이 개개인에 

따라 자기 효능감이 다르게 나타났다. 사용자들이 조명 신호나 진동을 개별 설정을 

해야 좀 더 효과적으로 사용할 수 있을 것으로 보인다. 
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주제어: 식사 속도, 식사 측정, 손목 밴드, 피드백 디바이스,  
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